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Abstract

Formation of salts composed mainly of NaCl and CaSO, in the bottom of columns in oil production trains causes
huge difficulties and obstacles to the sweet units running. Precipitation of salts in question is caused by the operating
temperature of 145°C at the bottom of the column. This is the origin of the increased pressure drop due to plugging
of the anti-vortex which causes compulsory stops to proceed to the cleaning operations; either by simple washing
with fresh water to dissolve NaCl or by mechanical cleaning every week by opening the column in order to remove
adherent scale deposits. To solve this problem, tests and experiments were held in order to select an own crude oil
emulsion-breaker for Ourhoud field in southern east of Algeria, to result in decrease of crude salinity after electrostatic
desalting as to have minimum scale deposits. Experimental study carried out in (Ourhoud) laboratory reveals that one
commercial emulsion-breaker from five others is chosen because of its effectiveness; this is the (CECA-SY-25E). An
anti-deposits (EC-6146-A) is further injected in production trains. After then, trains have recovered their normal walks

without recording any pressure drop.

Keywords: Stabilization column; Emulsion-breaker; Crude salinity;
Electrostatic oil desalting

Introduction

Oil and gas production operations are characterized by the
inevitability of numerous technical problems related to the nature of the
produced effluents. Scale deposition is one of the most important and
serious problems for oil Industries because it causes a lot of trouble in
design and equipment operations. These consequences could generate
equipment failure, emergency shutdown, the increase of maintenance’
cost and several decreases in production efficiency. Stopping the
Ourhoud’s oil-production unit for one day causes a production loss of
78.10° barrels, so nearly 5 million U.S Dollars. In Ourhoud’s field, the
formation waters are saturated with high concentration ions especially
Ca*" and SO,*. The bottom of stabilization column presents the favorite
place for CaSO, precipitation because of the high temperature prevailing
at the location (145°C) and thus, results to a very hard and adherent
deposit. Analysis of the hard deposit at the bottom of the column shows
that the salt is calcium sulphate. A simple pressure drop in the tubing
leads to partial evaporation of water leading to its saturation and rapid
deposition of the salt.

The calcium sulfates is known in its anhydrous form (CaSO,) and
under two other forms:

- Dehydrated calcium sulphate (CaSO,.2H,0) or gypsum.
- Hemi hydrate calcium sulphate (CaSO,.1/2H,0).

Table 1 summarizes the percentage weight of compounds present
in the scale deposit located in the bottom of stabilization column.
It can be seen clearly from iron oxide percentage that the corrosion
has been occurred severely not to mention clogging and fouling. All
crudes contain dilute dispersion/emulsion of ultrafine salty water
droplets composed by a variety of salts, solids and metals. Adverse
effects of these impurities can result in shortened unit run lengths
and reduced equipment reliability. These emulsions are generally
stable due to the presence of natural surfactants in oil such as fine

Compound NaCl | CaSO,
Weight percentage (%)  38.39  26.27

Fe,0, Organic compounds Clay
04.65 21.05 09.64

Table 1: Chemical analysis of scale deposits.

solids, asphaltenes, naphthenic acids, resins, clay...etc. [1]. To
prevent corrosion, plugging, fouling of equipment, water-soluble
salts are removed from an oil stream by electrical desalting plants
which are often installed in crude oil production units [2]. The
refiners always preheat and wash the crude oil with fresh water, add
chemical demulsifier (emulsion breaker), and use high electrical
field to remove added water and most of the inorganic contaminants
from the crude oil [1]. Several researchers carried out a study of
non-electrical desalting and proposed many achievements recently,
including different methods namely: centrifuge method [3], filtration
method, [4,5] hydro-cyclone method [6], and microwave radiation
method [7]. However, those techniques were less used in industrial
production because of the complex of the equipment, their cost and
their low reliability. Other investigators [8-11] used and developed a
mathematical model by studying the effect of different key parameters
of crude oil desalting on salts removal efficiency , namely: oil
temperature, demulsifier amount, wash water rate and drop pressure
of mixing valve and settling time. They found that the water and
salt removal efficiency increases with oil temperature, demulsifier
and wash water amounts, settling time and to a certain value of
pressure drop of mixing valve. One of the important keys is the crude
temperature. Preheating cold oil decreases its viscosity, dissolves the
film coating emulsion droplets, activates emulsion breaker and thus,
facilitates water droplets coalescence and settling [12].

The objective of this experimental work is an attempt to treat the
problem of scale deposits using two complementary manners:

- Firstly, apply an immediately solution by injecting an anti-scale
in order to inhibit the scale deposit formation.
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- Secondly, choose by bottle-tests analysis a suitable demulsifier
(emulsion-breaker) which can reduce the crude salinity to a
minimal possible value after oil desalting.

However, this second solution requires a long period because of
laboratory tests from which we must choose between five commercial
demulsifiers using six different concentrations: 10, 20, 30, 40, 50, and
100 ppm.

Experimental Procedure

This paragraph presents the determination method of free water and
emulsion, Basic Sediments and Water (BS&W) and emulsion breakers
efficiencies for the crude oil, or otherwise, the bottle test experiments.

Six series of experiments have been carried out using 10, 20, 30, 40,
50 and 100 ppm of each emulsion-breaker. We have to choose between
the five emulsion-breakers cited below:

- CECA-SY-25-E (CECA PROCHINOR)
- CS-LA-175 (CECA PROCHINOR)

- BJ-TB-9001 (BJ-UNICHEM)

- BJ-U-05317 (BJ-UNICHEM)

- MI-EB-8789 (MI-SWACO)

The results have been expressed as curves display efficiencies versus
settling time.

Determination of free water and emulsion in the crude

Just after sampling and temperature recording, we introduce a
quantity of 100 ml of crude in a graduated cylinder with conical bottom
and then centrifuged for five minutes then we record the volume (V)
of free water and the volume of emulsion in the bottom of the cylinder.
The volume in ml represents directly the percentage. The results are
presented for each sample in the table before any emulsion-breaker test.

Analysis for basic sediment and water (BS&W)

Materials and solutions needed: For analysis of Basic Sediment
and Water in the crude oil using five different emulsion-breakers, we
have to use the following materials and solutions:

« Five bottles of 100 ml volume.

o Three Pipettes of 20 ml volume.

«  Water bath.

o Centrifuge apparatus.

o Three beakers for rinsing.

 The five different commercial demulsifiers.
« Solvent (xylene).

Procedure: For determinate the (BS&W), the steps must be
followed:

«  Fill two centrifuge tubes to 50% mark with xylene.

« Mix oil sample thoroughly and fill the tubes remainder to the
100% mark and mix.

Oil well Temperature (°C)
QB-34 17

Oil salinity (mg/l)
20000

o Add a chosen volume of one demulsifier to each tube and mix.

o Place tubes in water bath at (70-80°C) for about 10 min until
they reach the chosen temperature.

+ Centrifuge the tubes for 5 min.

o Record observations to include volume of water, then solids
volume and oil.

o Calculate the water volume (V) corresponding to 100 ml of oil
sample.

Emulsion breaker efficiency: The efficiency of commercial
emulsion-breaker was calculated using the water volumes (V and V)
recorded in previous experiments by using the following expression:

Eff(%):(v\_/,v()j.mo

The total volume (V) of residual water contained in the crude
sample is determined using one (ml) of universal emulsion breaker (F-
46) following the same method above in paragraph 2.2.2

Results and Discussion

During experiments, we will choosing between five emulsion-
breakers using six different concentrations with a settling time of up to
one hour; therefore, this will need a relatively long time which means
that we will need a lot of fresh samples of crude oil. Knowing that taking
a lot of samples implies that to have samples with different properties,
despite that all samples have been taken from the same oil well (QB-
34). For these experiments we have used 6 samples for six different
concentrations, i.e. one sample for each concentration; otherwise, one
sample for five emulsion-breakers; i.e. 30 tests. We try to find a product
that provides high efliciency with low concentrations and short settling
time. Before any curves we will insert a table containing properties of
the oil’s sample used.

First experiment (10 ppm of emulsion-breaker)

Table 2 summarizes properties of the first sample of crude oil used
in the first experiment. It can be observed from the Table 2 that the
crude oil used has a high salinity. Figure 1 displays the variation of
emulsion-breaker’s efficiency versus settling time of water. It is clear that
the emulsion-breaker (CECA-LA-175) is the better but it needs more
than 40 min for settling time to reach significant efficiency (65.5%). Its
maximal efficiency was 70% after one hour of settling time.

Second experiment (20 ppm of emulsion-breaker)

Table 3 below groups properties of the second sample used in the
second test. From this table, we can see that the oil salinity is 2.3 times
high compared to the previous sample. Figure 2 shows the emulsion-
breaker’s efficiency versus settling time for the second test when adding
20 ppm of emulsion-breaker. From curves, it can be clearly seen that
the curve of emulsion-breaker (CECA-SY-25E) is above the others.
Its efficiency increases with settling time to reach the maximum of
58% after 40 minutes. 67% of efficiency was recorded after 60 minutes
of settling time for the same emulsion-breaker. Although that the
concentration has doubled, the product (CECA-LA-175) remains less
important than in the first experiment. This was explained probably by
the high value of salinity and emulsion percentage recorded with the
sample used.

Free water (%) Emulsion (%) Residual water (%)
3.5 17 23

Table 2: Sample properties.
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Free water (%) Emulsion (%) Residual water (%)
0.5 30 26

Table 3: Sample properties.

QOil well Temperature (°C) Oil salinity (mg/l)
QB-34 16 46095

80 —+— BJ-U-05317
- 60 —=—MI-EB-3789
=
z —a— CECA-SY-25E
= 40
g
£ —e— CECALA175
= 20

~ —%— BJ-U-TB-9001
0 +—r——r—T—r—T—r—Tr—r—rr
5 10 15 20 25 30 35 40 45 50 55 60
Settling time (min)

Figure 1: Efficiency vs. Settling time for 10 ppm of emulsion beaker.
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Figure 2: Efficiency vs. Settling time for 20 ppm of emulsion beaker.

Third experiment (30 ppm of emulsion-breaker)

Table 4 below summarizes the properties of the third sample used
in this experiment. From the previous table, we can see that the oil
salinity is closely lower compared to the previous sample; In addition,
this sample is colder. Figure 3 clarifies the variation of emulsion-
breaker’s efficiency vs. settling time. Adding 30 ppm of product leads to
a great differences between their efficiencies. The better product in this
case is the (CECA-SY-25E) which reaches more than 85% of efficiency
just after 30 minutes of settling time. Its maximal efficiency recorded
is 88% after 50 minutes of settling time. The product (CECA-LA-175)
is ranked the second relating to efficiency because it doesn’t reach its
maximal efficiency (85%) until 50 minutes of settling time.

Fourth experiment (40 ppm of emulsion-breaker)

Table 5 below groups properties of the fourth sample used in this
test. From the previous table, we can see that the properties of this
sample are nearly the same compared to the previous sample. Figure
4 displays the result of variation of each emulsion-breaker’s efficiency
versus settling time after adding 40 ppm. From the curves, we can notice
that there is no improvement in the effectiveness of (CECA-LA-175)
which remains approximately around 88% after 50 minutes of settling
time. However, the effectiveness of (CECA-SY-25E) varied significantly
after 30 min to 92% and reached 96% after 60 minutes.

Fifth experiment (50 ppm of emulsion-breaker)

Table 6 below summarizes the properties of the fifth sample
used in this experiment. Figure 5 displays the variation of emulsion-
breakers effectiveness versus settling time. As can be seen, emulsion-
breakers (CECA-LA-175 and CECA-SY-25E) remains the best also in
this experiment. They reached 90% of effectiveness after 40 minutes
of settling time. The maximal efficiencies recorded were 92% and 96%
respectively for CECA-LA-175 and CECA-SY-25E after one hour of
settling time.

Sixth experiment (100 ppm of emulsion-breaker)

Table 7 below groups the properties of the sixth sample used in this
experiment. Figure 6 below presents the effect of maximal emulsion-
breaker concentration on its effectiveness. The products of CECA
PROCHINOR: SY-25E and LA-175 appear as the best in this last
experiment. Such of them reached its maximal effectiveness 15 minutes
of settling time. The high efficiency recorded is that of CECA-SY-25E
with 96% followed by that of CECA-LA-175 with 89%.

Industrial Test

Industrial tests will confirm the bottle-test under operating
conditions. These tests should be carried out in winter due to the
unfavorable influence of low temperature on the stability of the
emulsion. Thus, this will present an important criterion for the selection
of the suitable product.

- The product is injected only at the satellites.
- The duration is 30 days in two stages of 15 days everyone.
- During the first stage the product will be tested at 15 ppm.

- During the second stage the product will be tested at 10 ppm
only.

- Perform sampling in several points of production trains for
controlling the salinity level, the emulsion percentage and the
settled water quality.

Selection criteria
Criteria for selection of an emulsion-breaker are the following:
- Emulsion percentage=0%
- Salinity<40 mg/l at the output of the second desalter.

- The chosen product is which leads to a minimum of oil in
settled water.

If the above conditions are not met, we increase the product
concentration and repeat again the previous industrial trial. After
three months of industrial trials with injection of an anti-deposit (EC-
6146-A), the emulsion-breaker (CECA-SY-25E) hasbeen chosen as to be
the own crude oil emulsion-breaker for OURHOUD’s field. Therefore,
production trains have resumed their normal operation; no increase
in the pressure drop was recorded. Thus, these two complementary
operations have resolved this problem.
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Oil well Temperature (°C) Oil salinity (mg/l) Free water (%) Emulsion (%) Residual water (%)
QB-34 12 43237 traces 32 26
Table 4: Sample properties.
Oil well Temperature (°C) Oil salinity (mg/l) Free water (%) Emulsion (%) Residual water (%)
QB-34 14 43110 0 33 26
Table 5: Sample properties.
Oil well Temperature (°C) Oil salinity (mg/l) Free water (%) Emulsion (%) Residual water (%)
QB-34 22 37868 traces 31 26
Table 6: Sample properties.
Oil well Temperature (°C) Oil salinity (mg/l) Free water (%) Emulsion (%) Residual water (%)
QB-34 21 23756 0.15 28 28
Table 7: Sample properties.
100 1 —+ BIU5317 100 — e BJU0s317
_ 80 1 —6— MI-EB-8789 _ 80 —s— MI-EB-8789
= T $
2 007 — & CECASY2SE s 60 —&— CECA-SY-25E
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20 --%-- BJ-U-TB-9001 20 --%-- BJ-U-TB-9001
0 0

5 10 15 20 25 30 35 40 45 50 55 60
Settling time (min)

Figure 3: Efficiency vs. Settling time for 30 ppm of emulsion beaker.
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Figure 5: Efficiency vs. Settling time for 50 ppm of emulsion beaker.
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Figure 4: Efficiency vs. Settling time for 40 ppm of emulsion beaker.

Conclusion

To avoid production losses due to stoppages of trains which
are caused by deposits, corrosion and clogging of oil equipment at
the OURHOUD?s field, laboratory analysis and experiments were
conducted in order to find and choose an emulsion-breaker. Five
emulsion-breakers agents have been proposed by the manufacturers;
30 experiments were conducted with six different doses of each
product (10, 20, 30, 40, 50 and 100 ppm). These experiences also
called bottle-test results in selecting the most effective product.
From an economic point of view, the emulsion-breaker is chosen
that if it gives maximum efficiency with a low concentration for a

100 +— BJ-U-05317

80 —e— MLEB-8789

60 —+— CECA-SY-25E

40 —e— CECALA17S

Efficiency (%)

20 --%- BI-U-TB-9001

5 10 15 20 25 30 35 40 45 50 55 60
Settling time (Imin)

Figure 6: Efficiency vs. settling time for 100 ppm of emulsion beaker.

very short settling time of residual water and emulsion. From the
previous experiments, the emulsion-breaker (CECA-SY-25E) is
shown to be the best. Complementarily, an anti-scale will be injected
to avoid any deposit.

After 3 months of industrial trials during which an anti-deposit
(EC-6146-A) and an emulsion-breaker (CECA-SY-25E) have been
injected, no increase in the pressure drop was recorded and the problem
has been resolved.
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