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Highlights

BFT method does not always provide high accuracy results in the case of heavy oils.

The introduction of heavy oil into the tested systems “by weight” is more preferable.

The introduction of oil into the systems “by weight” minimizes the error of the BFT.

Tested dispersants are less effective on viscous oil.

Abstract. The use of chemical dispersants is one of the most widely used methods for responding to oil spills. The
most important characteristic of dispersants is their effectiveness. The dispersant effectiveness is a measure of how
well the dispersant breaks up and stabilizes the oil into the water column. In this paper, we studied the dispersing
ability of three proprietary dispersants with respect to light and heavy crude oils of Usinsk and Nagornoye fields with
a density of 0.816 g/cm® and 0.896 g/cm?, respectively. The dispersant effectiveness was determined using a Baffled Flask
Test; dispersant was applied to the oil slick, mixed, and the concentration of oil in a sample taken from the water column
was measured using UV-Visible spectrophotometry. A modification of the standard technique is proposed to minimize
the error of the method for the heavy crude oil by eliminating the error associated with inaccuracy of dosing. For this
purpose, oil of the Nagornoye field was added to the tested systems not “by volume”, but “by weight”. It was provided
better convergence of the experimental results. The standard deviation in the case of dosing of oil “by volume” exceeded
10% and varied from 11.87% to 13.59%. The introduction of oil “by weight” was much lower and varied from 5.66% to

6.30%. Studied dispersants have a higher dispersing ability for the less dense oil of the Usinsk field.

Keywords: chemical dispersants, oil spills, Baffled Flask Test, dispersion effectiveness.

Introduction

The experience of recent years shows that the use of
chemical dispersion has become one of the main meth-
ods used in the oil spill responses at marine environ-
ments (Cai et al., 2017; Lessard & DeMarco, 2000). This
method is based on the use of dispersants, which are
compositions of two or more surfactants in various sol-
vents. The stabilizing effect of surfactants in relation to
oil dispersions in water is based on a decrease in inter-
facial tension at the water-oil interface and the forma-
tion of a structural mechanical barrier on it as a result
of adsorption of surfactant molecules. The decrease in

interfacial tension between the oil and water phases
contributes to the decomposition of the oil film into
separate, smaller drops. In this case, effective dispersion
is achieved with a droplet size of 1 to 70 um (Li et al.,
2011). This process of dispersion of oil in the water col-
umn contributes to its biodegradation, as it significantly
increases the oil-water contact area and, consequently,
the availability of oil for microorganisms-oil degraders.
Since the role of dispersant in the spill responses is to
intensify the process of dispersing oil in water with fur-
ther stabilization of the resulting dispersions, its most
important characteristic is the dispersing ability, es-
sentially expressing the effectiveness of the dispersant.
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The dispersant effectiveness is a measure of how well
the dispersant breaks up and stabilizes the oil into the
water column (Panetta et al., 2018). Although in world
practice, there is a wide database on the effectiveness of
the use of various kinds of dispersants depending on the
type of oil, the properties of the dispersant, climatic and
other conditions, the question of the optimal method
for determining the effectiveness of dispersants remains
open. Several methods allow, under given conditions,
to evaluate the effectiveness of dispersants using labo-
ratory tests, and however, such studies do not fully allow
for the influence of natural factors. In addition, the use
of oil with various physical and chemical properties can
lead to significant errors in determining the dispersion
efficiency. Therefore, an important task is to carry out
large-scale experimental work using various oil samples
that differ in physical and chemical properties.

To this date, the following methods can be distin-
guished that are used to determine the effectiveness of
dispersants in laboratory conditions:

— French Institute of Petroleum Test (IFP) (Bocard &

Castaing, 1986)

A very satisfactory low energy test simulating field
conditions with “non-breaking” waves. The test is very
suitable for ranking dispersants. The test is conducted in
a test tank with continuous clean seawater inflow at the
surface, which causes gradual dilution of the content. To
estimate the test method effectiveness, it is crucially im-
portant to decrease the mixing energy in order to select
the best products i.e., those which remain effective even
at low energy level. The method aims to simulate real en-
vironmental conditions: contacting dispersant is added
onto the oil, and infinite dilution is achieved by the water
stream flowing through the test tank. The test tank is a
cylindrical glass vessel with two openings: an inlet open-
ing is located just below the water experimental level and
an outlet opening is located at the bottom of the vessel.
Pure seawater is supplied into a glass vessel through an
inlet opening. The test oil is placed in the closed ring and
the dispersant is applied on the top. Energy is applied to
the test oil onto the surface, by a submerged beater-ring,
and dispersed oil is collected from the bottom of the tank.
The dispersant effectiveness is measured as the amount of
oil that is dispersed and collected from the bottom outflow
opening during the test (1 hour).

- Mackay, Nadeau and Steelman Test (MNS) ( Mac-

kay et al., 1984)

MNS test is medium energy test simulating field con-
ditions of “breaking waves”. The stirring energy is gener-
ated by wind - no mechanical energy is supplied, which
maximizes the simulation of field conditions. It is less
sensitive than IFP-test. The test tank is a closed, thermo-
statically controlled 6L glass vessel, with special openings
for supplying oil, dispersant, and air flow. Oil is placed
onto the surface of the water using a protective ring, inside
which a dispersant is added. The ring prevents oil against
spreading over the water surface prior to contact with dis-
persant. After adding the dispersant, the protective ring is

removed and the system continues stirring for 10 minutes.
The amount of dispersed oil is determined spectrophoto-
metrically.

— Warren Springs Laboratory Method (WSL) (Lee

et al., 1981)

WSL test is a relatively “high energy” test using rotat-
ing flasks that make the dispersant-treated oil and water
to be mixed completely. This quite simple test is useful for
screening dispersants on non-emulsified oils. The test is
less representative for field conditions. The test is carried
out by adding a premixed mixture of oil and dispersant
to a separatory funnel containing a specified amount of
water. Then the separating funnel is rotated around the
horizontal axis for 2 minutes. After settling, a part of the
dispersed oil is taken from the bottom of the funnel to
evaluate the effectiveness of dispersant. This method is
quite simple and does not require the use of sophisticated
equipment.

- Cascading Weir Test (Daling & Lichtenthaler, 1986)

The test uses a special glass-walled gutter 8 meters
long, 20 cm wide and 7 cm deep. The gutter is installed at
a slight slope, making water to flow down over the barrier
to simulate wave action. Water is supplied into the gutter
at a constant rate, oil is supplied to the surface of the wa-
ter and spreads along the entire length of the gutter. The
dispersant is sprayed over the oil slick at a predetermined
rate. The glass-walled gutter allows the effect of dispersant
to be observed on the oil. The method requires sophisti-
cated equipment. In addition the tests require rather large
quantities of oil and water, which can cause additional
costs associated with disposal.

- Exxon Dispersant Effectiveness Test (ExXDET) (Beck-

er et al., 1991)

The ExDET test to estimate the dispersant effectiveness
is classified as shake flask testing. This test is similar to
WSL test. But in this method, after stirring, a sorbent is
placed in the water to collect undispersed oil. The method
is also not laborious, but it requires a lot of time compared
to the WSL method due to the need to extract oil from the
sorbent surface.

- Swirling Flask Test (SFT) (Fingas et al., 1989; Na-

tional regulations, 1996)

The method consists in using a modified Erlenmeyer
flask. Water is added to the flask, after which oil and dis-
persant are successively added to its surface. Then the flask
is shaken for 20 minutes. After settling, a part of the dis-
persed oil is taken through the side nozzle. At the same
time, the integrity of the film formed by undispersed oil
on the water surface is not disturbed. The method is quite
simple to be carried out, its disadvantages are the “wall
effect”, as well as the ingress of oil into the sampling nozzle
while stirring, which also leads to the fact that this oil does
not participate in the dispersion process.

— Baffled Flask Test (BFT) (Venosa et al., 2002)

The method is similar to the Swirling Flask test, but
this modification uses a flask with a horizontal outlet,
equipped with a sampling valve. It has been found that
SFT has provided inferior and poorly reproducible results
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related to the design of the test flask. In this regard, a BFT
method has been developed that uses a flask with baftles
and gives much better reproducibility and repeatability
than a SFT. The advantage of the method is the absence
of an experimental error associated with the ingress of un-
dispersed oil into the nozzle. There are also modifications
of this method, in which the determination of the amount
of oil in samples is carried out using acoustic scattering
and laser radiation scattering. These methods also make it
possible to determine the size distribution of oil droplets.

In addition to the described methods, there are cur-
rently a number of modifications of them, including
those that allow carrying out experiments on a larger
scale using appropriate units (Brandvik et al., 2013). The
literature also describes a method related to testing by
shaking, in which, after emulsification in containers,
their contents are shock-frozen, followed by separation
of the frozen contents and separate determination of the
oil content in the middle and bottom block (Salnikov
et al., 2017).

After analyzing the data on existing methods for de-
termining of the dispersants effectiveness, we can con-
clude that methods using shaking flasks, such as WSL,
ExDET, SFT, and BFT, are the most cost-effective, simple
to use, and do not require any complicated additional
equipment. Their additional advantage is the possibility
of conducting parallel tests to identify convergence of
results, as well as conducting simultaneous tests with
various oils or dispersants. Thus, the authors (Trudel
et al,, 2010) showed that the results obtained using IFP
and ExDET techniques in the best way correlated with
the data of model studies evaluating the effectiveness of
dispersants for oils with viscosities from 18690 mPa-s to
33400 mPa-s. According to (Holder et al., 2015), the re-
sults of model experiments were consistent with those
obtained using the BFT laboratory test. However, when
studying the dependence of Corexit 9500 dispersant ef-
ficiency on oil viscosity, zero dispersant efficiency by
the MNS method, was observed at an oil viscosity of
47,000 mPa-s (Fiocco et al., 1999), by the ExXDET meth-
od was above 20,000 mPa-s (Canevari et al., 2001), and
in the case of application IFP the dispersant stopped
working in the oil viscosity range from 20,000 mPa-s
to 30,000 mPa-s (Fiocco et al., 1999).

Currently, the most common method for laboratory
testing to evaluate the effectiveness of dispersants, en-
suring the best convergence of the results, is the BFT
method. However, an analysis of the literature shows
that in the case of crude oils, it does not always provide
high accuracy results (Mukherjee et al., 2011; Panetta
et al., 2018; Sorial et al., 2004; Venosa et al., 2002).

The effectiveness of dispersants was evaluated using
the SFT and BFT methods by (Sorial et al., 2004). For
the tests, 18 dispersing compositions and South Loui-
siana (SLC) and Prudhoe Bay (PBC) oils were used,
which are classified as light and medium by their specit-
ic weight by the American Petroleum Institute, respec-
tively. Statistical analysis of the results showed that the

coeflicient of variation when using the SFT method was
21.9%, while for the BFT it was 7.8%. However, even
in the case of BFT, a rather large scatter of the results
was observed for individual dispersants. So, when us-
ing dispersants Dispersit-SPC 1000 (Polychem, USA),
Enersperse 1990 (National Environmental Technology
Center, UK) and Shell Dispersant VDC (Environment
Canada, Canada), the coeflicients of variation (%) for
SLC oil were used 19.4, 28.8, 24.8, and 16.3, 19.9, 17.0
when carrying out experiments by different researchers
and one operator, respectively. For PBC oil, the cor-
responding values were used 29.0, 19.0, 45.3 and 17.2,
11.4, 16.0.

The repeatability and reproducibility of the results of
the analysis of the dispersants effectiveness by the BFT
method were evaluated (Venosa et al., 2002). In the ex-
periments, oils and dispersants were used the same as in
the study (Sorial et al., 2004). For most dispersants, the
repeatability and reproducibility factors ranged from 25
to 30% with a confidence level of 95%. Thus, when test-
ing in one laboratory and testing in different laboratories,
the maximum expected discrepancy between the results
of two experiments can vary from +12.5% to +15.0% for
a particular dispersant, which is significant.

The effect of oil composition on the dispersion effi-
ciency of Corexit 9500 was studied using the BFT method
(Mukherjee et al., 2011). The oils were prepared by the
addition of certain components (saturated hydrocarbons,
aromatic hydrocarbons, resins, and asphaltenes) previ-
ously extracted from Lloyd oil to the stabilized oils Ara-
bian Light and Mars. A standard deviation of more than
10% was observed during experiments with oils, the final
composition of which corresponded to 45% saturated and
30% aromatic hydrocarbons, 15% resins, 10% asphaltenes
(dispersion effectiveness 62.7+10.6%); 45% saturated and
40% aromatic hydrocarbons, 5% resins, 10% asphaltenes
(dispersion effectiveness 64.3£12.7%).

Similar studies by the BFT method were carried out
by (Panetta et al,, 2018). The dispersion effectiveness of
10 oils (ANS fresh, Ewing Bank, IFO 120, Alpine, ANS
weathered, Anadarko, Doba Chad, Platform Gina fresh,
Endicott, Rock) in the presence of Corexit 9500 at 20 °C
exceeded 70%. At the same time, high standard deviations
were obtained for crude oil IFO 120 (dispersion effective-
ness 84.36+11.00%) and Rock (dispersion effectiveness
74.27+14.86%). The authors correlate the results with the
high viscosity of the IFO 120 and Rock oil, 1035 cSt, and
2619 cSt, respectively. However, it should be noted that
the standard deviations for Platform Gina fresh and Doba
Chad oils with higher viscosity of 3.244 ¢St and 1.657 cSt
were significantly lower and corresponded to 3.35% and
3.26%.

In connection with the above mentioned, the goal of
this work was to determine the dispersant effectiveness for
different oils by the BFT method to minimize the error of
this method for heavy oil samples. In order to determine
the dispersant effectiveness it is proposed to make correc-
tions to procedure for the BFT outlined by (Venosa et al.,
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2002) which consists in dosing oil into the system not by
“volume”, but “by weight”.

1. Materials and methods

This study used light and heavy crude oils from Usinsk
and Nagornoye fields with a density of 0.816 g/cm® and
0.896 g/cm’, respectively, and patented dispersants: sam-
ple I (plant food phospholipids), sample II (mixture of
alkyl polyglycosides with low toxic anionic surfactants),
and sample III (mixture of alkyl sorbitans and anionic sur-
factants). Physicochemical characteristics of these oils are
shown in Table 1.

Table 1. Physicochemical characteristics of the oils

Density at Kl.n ematic| ponr Typedgf oil
0il 20° C viscosity point according to
/Cm3’ at 20 °C, °C ’ GOST
& mm?/s R 51858-2002
Usinsk 0.816 5.4 -23 extra-light
Nagornoye 0.896 54 -14 heavy

During the experiments, dichloromethane (DCM) of
qualification “high grade” (Ecos-1, Russia, purity> 99.5%),
freshly prepared distilled water and sodium chloride
(Component Reaktiv, Russia, purity> 99.9%) were used.
Following with the BFT procedure (Venosa et al., 2002),
standard systems were originally prepared. For this pur-
pose, dichloromethane, oil, and the dispersant under study
were added successively into the tank in an amount of 1:20
with respect to oil. At the same time, two standard systems
were prepared for each oil, into one of which the oil was
introduced “by volume”, in accordance with the procedure
(Venosa et al., 2002), and into the other by weight, us-
ing a Pioneer PA413C laboratory balance (Ohaus, USA),
proceeding from the value of the density of oil and the
required volume. To evaluate the natural dispersion of oil,
similar systems were prepared without the addition of a
dispersant. The amount of oil was determined using the
calibration method.

To obtain the calibration functions, the following pro-
cedure was performed. A certain amount of synthetic sea-
water (3.5% wt. NaCl solution) was added into six separa-
tory funnels and standard systems from 20 to 300 uL for
Usinsk (light) and 20 to 140 pL for Nagornoye (heavy)
crude oil were added, respectively. Two series of systems
were prepared for each oil (“by volume” and “by weight”).
For each calibration sample, the absorption spectrum was
measured at a temperature of 22 °C in the wavelength
range of 300-500 nm using a Cary 60 spectrophotometer
(Agilent Technologies, USA). The absorbance at three dis-
creet wavelengths of 340, 370, and 400 nm was recorded,
and the area under the absorbance versus wavelength
curve was calculated by applying the trapezoidal rule ac-
cording to the following equation:

Area = (Abs340 + Absy, ) /2x30+
(Absy;g + Absyyg ) /2% 30, (1)

where Abss,g, Abss;g, Abs,g is spectrophotometric absorb-
ance at the corresponding wavelength.

This area count was used to calculate the oil dispersed
(O,) and then the dispersion effectiveness of oil.

Evaluation of the effectiveness of dispersants was car-
ried out using a 150-mL trypsinizing flask that has been
modified by the placement of a glass stopcock near its bot-
tom so that a subsurface water sample can be removed
without disturbing the surface oil layer, as shown in Fig-
ure 1.

1. Light oil with dispersant I
2. Light oil with dispersant II
3. Heavy oil with dispersant III

Figure 1. Appearance of modified flasks

Two series of experiments were carried out: in the first
of them, oil was dosed “by volume”, in the second - “by
weight”. The dispersant was introduced into the system
with respect to oil 1:20, followed by shaking the system on
a rotation shaker at 200 rpm for 10 minutes. After shak-
ing, the upper and lower layers were separated, and then
the lower layer was extracted with DCM. The obtained
extracts were combined; the concentration of dispersed oil
in them was determined spectrophotometrically similar to
the procedure described for calibration solutions using the
previously obtained linear calibration curve functions. If
the values of absorbance were too high, the extracts were
diluted with DCM.

The amount of oil dispersed (O,) in the tested systems
was determined as follows:

0, =Area/tgaxVpey xVig o/ Vigo (2)

where Vpcy — volume of DCM extract, mL; Vo - total
volume of seawater in flask, mL; V;IZO - total volume of
seawater extracted, mL; tg oo - slope of the calibration
curve.

The dispersion effectiveness of oil , % (without cor-
recting for oil natural dispersion) was estimated as the ra-
tio of oil dispersed in the test system to the total oil added
to the system:

o)
B=—2x100%, ©)
PpVp

whereis p, - density of the test oil, mg/mL; V,, - volume
of oil added to test flask, mL.
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The dispersion efficiency of oil (B°, %), correcting for
natural dispersion, was calculated using Eq. (4):

B =B—Py> (4)
where B - average value of the dispersion efficiency of
oil, %; Bo — average percent of oil dispersion without dis-
persant.

In order to assess the minimum value of the dispersion
efficiency determined by this method, the oil dispersion
efficiency was carried out taking into account the bound-
ary of the confidence interval (Panetta et al., 2018; Venosa
et al., 2002).

Because of this, the final value of the effectiveness of
oil dispersion with a probability (P) of 95% was estimated
using the Eq. (5):

v=B —txSEg 5 (5)
where t - 95% critical value for a t-distribution with
(gigp + Mg —.2) degrees of freedom; SEB*EO - standard
error, defined in Eq. (6):

1/2
SEg_5, :(sjisp I Mgy + 5§ /no) , (6)

where s, - standard deviation of the seven independent
replicates (g, ) for oil-dispersant systems; s, — standard
deviation of the seven independent replicates (1) for oil
dispersed without dispersant.

a 5
) —— pure DCM
— — 0.5 plL light oil
;.\4_ — - =2 pL light oil
. —--=5 L light oil
\‘“_, .......... 10 pL light oil
53l - ~--15 L light oil
o ‘.
s “
Q2+
[
o
(%]
Qo
<
T

350 400 450 500
Wavelength (nm)

N. Grechishcheva et al. Evaluation of the dispersants effectiveness using the Baffled Flask Test

2. Results and discussion

Figures 2a, 2b show the absorption spectra of calibration
solutions of Usinsk and Nagornoye oils without dispers-
ing agents for dosing oils “by volume”. Absorption spectra
of calibration solutions of these oils with dispersant I are
depicted in Figures 3a, 3b. It can be seen from Figures 2,
3 that an increase in the concentration of Usinsk and Na-
gornoye oils in the solution leads to an increase in the
absorbance of the dichloromethane solution. Moreover,
for pure solvent absorption in the wavelength range of
300 nm - 500 nm is completely absent. It follows from the
obtained dependences that Nagornoye oil with a higher
density at the same concentration absorbs radiation in the
near UV and visible range more highly than the lighter
Usinsk oil. Figure 4 shows typical calibration curves for
determining the content of dispersed oils of Usinsk (Fig-
ure 4a, 4b) and Nagornoye (Figure 4c, 4d) in the presence
and in the absence of dispersant Sample I. Calibration
curves are given for cases of introducing oils into the sys-
tem both “by volume” and “by weight”

From the obtained curves in Figure 4, it follows that
there is a linear trend line fit to the area under the calibra-
tion curve versus the concentration of both oils in the sys-
tem (the adjusted determination factor in all cases takes
values close to 1). As can be seen from the above curves
of Figure 4, in the case of Usinsk oil (a, b), there are no
significant differences between the Area values obtained
when this oil was introduced into the system “by volume”

b) 5
—— pure DCM
— — 0.5l heavy oil
,74_ - - - -1 pL heavy oil
= :
5 —-- =2 pL heavy oil
g ----- 5 puL heavy oil
-3 10 pL heavy oil
g .
: |~ 135 4L heavy oil
Q 2+
[
o
0
Q1
< ~.. ~-e
PO b e o UL S bt
T ! H |
300 35 400 450 500

0
Wavelength (nm)

Figure 2. Absorption spectra of calibration solutions of Usinsk (light) oil (a) and Nagornoye (heavy) oil (b)
in DCM; the legends show the volume of oil added to 15 mL of DCM

a) 5
pure DCM |
% - = 2pL light oil :
’;4- F -5l lightoil |
: \ - =10 L light oil|
S Ceh e 0 e ke 15 L light oil|
@ 34 | 20 L light oil|
2 b |~ 30 L light oil|
® \ ~
024 .
= .
o <
[72] K
Q 14 By
<
0 : : = :
300 350 400 450 500

Wavelength (nm)

b) s
pure DCM
it = = 2pL heavy oil
T4 - - - -4 uL heavy oil
=} n p
. L —--=6 uL heavy oil
S [t L 9 L heavy ol
o34 ™" 11 uL heavy oil
(] \ i
% ‘.\ 14 pL heavy oil
o 2 .
— B
[] s
n >
Q14
< [
0 ; ; ; :
300 350 400 450 500

Wavelength (nm)

Figure 3. Absorption spectra of calibration solutions of Usinsk (light) oil (a) and Nagornoye (heavy) oil (b)
in DCM with dispersant I; the legends show the volume of oil added to 15 mL of DCM
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Figure 4. The calibration curves for systems with Usinsk oil with (a) and without (b) dispersant I and
Nagornoye oil with (c) and without (d) dispersant I

or “by weight”. In the case of Nagornoye oil (Figure 4c, 4d)
there is a significant difference in the slopes of the straight
lines for cases of adding oil to the system by “volume” and
“by weight”. This fact is due to the lower actual oil content
in the system if it is dosed “by volume” compared to the
calculated one. Due to the high viscosity of Nagornoye oil,
the introduced volume of this oil does not reflect its final
content in the system. In this regard, further experiments
to study the degree of dispersion of Usinsk oil were carried
out by dosing it “by volume”. In the case of Nagornoye oil,
the calculations were conducted for two cases: “by vol-
ume” and “by weight”. Table 2 shows the values of the ef-
fectiveness of Usinsk oil dispersion with and without the
studied dispersant I-III and the corresponding area of the
calibration curves.

As can be seen from the data presented, dispersant III
showed the best dispersion of oil, the corresponding 3 ex-
ceeded 90%. Moreover, the values of B within one sample
did not differ from each other in a significant way. The ex-
periments to determine 3 of Nagornoye heavy oil showed
a significant scatter of § when oil was introduced into the

system “by volume”. For all dispersants studied the values
of B varied from 60% to 140%. This fact, seems, is due
to the discrepancy between the actual oil content in the
system and the calculated one. Due to the high viscosity
of Nagornoye oil, the introduced “by volume” did not re-
flect the final oil content in the system, which introduced
errors in the calculations of B. To exclude this artifact, oil
was added “by weight” to all tested systems. Therewith, in
the case of calculating B for dosing Nagornoye oil “by vol-
ume’, values exceeding 100% were excluded. The average
values B for the tested dispersants are shown in Tables 3,
4 as well as the values of B, calculated taking into account

Table 3. The dispersign effectiveness of Usinsk oil (n = 7) at
P=0.95. B, = 7.60% (Std.Dev. = 0.84)

Dispersant B,% |Std.Dev., % B, % Y. %
I 89.25 78.86 81.65 74.26
II 90.45 9.54 82.85 77.49
111 99.92 7.34 92.93 86.59

Table 2. Usinsk oil dispersion effectiveness with (B) and without () dispersants I-III and the corresponding area
of the calibration curves (Area)

Dispersant I Dispersant II Dispersant III No dispersant
Sample

Area B, % Area B, % Area B, % Area Bo» %
1 22.37 97.56 17.84 77.92 20.02 87.41 7.80 7.13
2 18.56 81.07 18.75 81.81 22.28 97.07 6.61 6.12
3 18.73 81.76 19.38 84.65 22.52 98.42 8.21 7.51
4 19.20 83.86 20.42 89.10 22.58 98.60 8.51 7.86
5 20.27 88.61 22.35 97.69 23.30 100.56 8.63 7.98
6 22.61 98.63 22.81 99.62 24.75 108.10 9.09 8.33
7 23.25 101.60 23.44 102.40 25.02 109.30 9.40 8.61
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Table 4. The dispersion effectiveness of Nagornoye oil (n = 7) at P = 0.95. Eo 4.62 (Std.Dev. = 1.08) and 2.30% (Std.Dev. = 0.60)

when dosing “by volume” and “by weight’, respectively

B, % Std.Dev., % B, % Y, %
Dispersant
by volume | by weight | by volume by weight | by volume by weight | by volume by weight
I 71.01 37.40 11.87 5.66 66.39 35.10 56.11 30.37
1I 74.18 43.03 13.59 6.30 69.56 40.73 57.79 35.01
111 78.20 59.18 12.62 5.84 74.58 56.88 63.60 51.89
their natural dispersion using expressions 4-6. In the case Conclusions

of Nagornoye oil, the dispersion effectiveness was calculat-
ed for the dosing of oil both “by volume” and “by weight”.

As can be seen from the data in Table 4, even if
the invalid data for dosing Nagornoye oil “by volume”
are excluded from the B sample, the standard devia-
tion exceeds 10% and varies from 11.87% to 13.59%.
Moreover, in the case of dosing of oil “by weight”, the
standard deviation is much lower and varies from 5.66%
to 6.30%. “Std. Dev.” refers to the standard deviation of
the seven replicates for oil-dispersant systems. Final B
was the lower 95% confidence limit for the nominally
dispersed oil, which considered naturally dispersed oil,
across seven replicates (y).

The final results on the estimation of the effectiveness
of the dispersing ability of dispersants I-IIT in relation to
Usinsk and Nagornoye oils are presented in Table 5.

Table 5. The efficiencies of oil dispersions of the Usinsk and
Nagornoye oils with dispersants I-IIT (n = 7) at P = 0.95

B, %
Dispersant | e oil Nagornoye oil
“by volume™ “by volume” “by weight”
I 8218 6611 3515
II 8316 70+12 4145
III 93+7 74+11 5615

As can be seen from the Table 5, the introduction of
Nagornoye oil into the tested systems “by weight” is more
preferable since this allows minimizing the error of the
experiment. It should be noted that the introduction of
Nagornoye oil “by weight” also leads to a decrease in the
values of the efficiency of the dispersing ability of the test-
ed dispersants. It is known that one of the criteria for the
active use of a dispersant is to achieve an efficiency indica-
tor of its dispersing ability of at least 45% (National regu-
lations, 1996). In this regard, only dispersant III can be
considered as a potential dispersant of oil films for heavy
oils.With respect to light Usinsk oil, dispersants are more
effective than for heavy oil, which is consistent with pub-
lished data (De Percin et al., 2005; Fingas & Fieldhouse,
2003; Venosa et al., 2002).

Currently, BFT has a much higher reproducibility of re-
sults compared to other widely used methods (for example,
ExDET, WSL) and shows high convergence with the re-
sults of field tests of an accidental spill and its response.
However there are a sufficient number of publications in-
dicating high errors of the method when assessing the effi-
ciency of dispersion of highly viscous oils. Currently, there
is a limited number of publications on the development
and analysis of approaches to reduce such errors. The aim
of our study was to find approaches to reduce the error of
the BFT method when assessing the effectiveness of dis-
persants for heavy oils. In the course of our research it was
shown that one of the approaches to minimizing errors is
the introduction of heavy oil into the tested systems by the
BFT method not “by volume’, as prescribed by standard
technique, but “by weight”. Experiments to determine the
efficiency of dispersion of Nagornoye heavy oil showed
a significant variation in the values in the case of adding
oil to the system “by volume” This fact, probably, is due
to the discrepancy between the actual oil content in the
system and the calculated one. Due to the high viscos-
ity of the oil, the introduced volume does not reflect the
final oil content in the system, which introduced errors in
the calculations of oil dispersion effectiveness. Introduc-
tion of Nagornoye oil into the tested systems “by weight”
is more preferable since this allows minimizing the error
of the experiment. The effectiveness of three dispersants
with respect to dispersion of oil from the Usinsk and Na-
gornoye fields was determined by the BFT method also. It
was established that the studied dispersant samples have a
higher dispersing ability with respect to the less dense and
viscous oil of the Usinsk field.
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