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Abstract. The paper provides a laboratory research of breaking natural water-oil emulsions: -
by non-stabilized ASP; by stabilized ASP; by mixture of stabilized and non-stabilized ASP in
different proportions and production of refinery water of the required quality with the use of
IronGuard 2495 as flocculant. Oil-in-water emulsion is stable. Classic methods are not suitable
for residual water treatment: sediment gravity flow; filtration; centrifuge test. Microemulsion
formed after ASP application has low boundary tension and high pH. It contributes to transfer
of oil phase into a water one, forming oil-in-water emulsion. Alkaline condition has adverse
effect on demulsifying ability of agents, flocculation and boundary tension. For breaking of
water-oil emulsion at EBU before the interchanger water or water-oil emulsion from the wells
that were not APS-treated in ratio of 1:9 shall be delivered. Residual water after EBU must be
prepared in water tanks by dilution in great volume.

1. Introduction
Mature assets are characterized by a high water-cut and low recover coefficient. It leads to cost increase
for oil production and processing.

ASP water flooding is a method of enhanced oil recovery. It is based on the idea of injection into
formation of the solution consisting of surface active agent, soda ash (caustic soda) and polymer. This
method allows producing oil that is left in the formation after utilization of the traditional flooding
method.

After ASP application the products of flowing wells are characterized by presence of stable
microemulsion.

Chemical method of enhanced oil recovery of the formation is based upon utilization of SAA
solutions, including solutions of polymers, caustics and mixtures of chemical agents (ASP) in injection
wells. In such case the products of flowing wells become caustic (high value of pH medium >9-10),
they are characterized by super low value of boundary tension tending to zero and contain hard-breaking
microemulsion.

After injection of agents increasing oil recovery of the formation developed, multiple emulsion is
delivered to initial water separation units and oil treatment units. Such emulsion is hard to break and
consists of a mixture of oil-in-water, water-in-oil and microemulsion. Such emulsions are accumulated
on the interface boundary in bulk-capacity tanks for oil, water preparation and are the reason for upset
conditions in initial water separation units and oil treatment units.

Zapadno-Salymskoye oilfield is located in the Khanty-Mansijsk Autonomous District (120 km to the
south-west of Surgut and 30 km to the west of Salym settlement). It was put in operation in 2005.

In terms of gravity the oils of Zapadno-Salymskoye oilfield are referred to middle oils — 0.876 g/cm®.
Asphaltens content is 0.85-1.87 percent, pitches — 8.4-9.8 percent, paraffins — 1.53-1.81 percent,
paraffin melting temperature is 63-64°C.

In terms of ratio of paraffin and asphaltic resinous components of oil they are classified as paraffin.
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Temperature of the formations being developed is 100-110°C, temperature of water-oil emulsion at well
mouth is 70°C. Gas-0il ratio is 45 m/t.
Produced waters are of low mineral content, their density comprises 1.008-1.011 g/cm?, pH equals
to 7.1-7.2.
After ASP application water-oil emulsion produced of 95 percent water-cut represents a stable
microdispersed oil-in-water emulsion, and its boundary tension tends to c—0 (pH=9.9).
Produced water-oil emulsion after ASP application is characterized by high water-cut of 90-95
percent, pH=9.88, water density of 1.013 g/cm? and super low values of boundary tension.
Applied ASP solution consists of the following components:
- Enordet surfactant (by SHELL) — 0.43 %;
- Isobutanol — 2.0 %;
- Soda — 2.0 %;
- Sodium Chloride — 1.1 %;
- FLOPAAM polymer (by SNF) —0.25 %
- Soda (2%) forming a part of ASP contributes to CaCO3 sedimentation of pump elements.
To determine the possible ways to solve these problems the following laboratory test were
performed:
- water-oil emulsion breakdown:
- by non-stabilized ASP;
- by stabilized ASP;
- be mixture of stabilized and non-stabilized by ASP in different proportions;
- water-oil emulsion breakdown and production of refinery water of required quality with the use of
IronGuard 2495 as flocculant.
Pilot tests for breakdown of water-oil emulsion treated by ASP solution were performed on pilot
plant Emulsion Breaking Unit (EBU).
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Figure 1. EBU basic diagram.

Water-oil emulsion (water-cut — 95 %, temperature — 15°C) is delivered to EBU.

Oil demulsifier Emulsotron R2601A (specific flow — 50 g/t) and salt inhibitor GYPTRON R4601-C
(specific flow — 50 g/m3) are dosed at EBU input. Liquid treated by demulsifier and salt inhibitor arrives
to heat interchanger where it is heated to 45 — 50°C, and then directed to two consecutively tied
separation plants C-1,2 (V=50 m? each).
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In 75-percent-full separation plants of the first and second stage gas withdrawal takes place and
discharge of produced waters. Hold-on time of liquid in separation plants is within 4 — 4.5 hours at
50 °C.

Originally there was almost no water discharge into C-1 due to high content of oil products in refinery
water (low value of boundary tension). The more water was discharged, them more oil products were in
refinery water— from 1,500 mg/l to 7,258 mg/I.

After first-stage separation in C-1 partially dry and separated liquid arrives to the last stage separation
at C-2 where gas is separated and produced water is discharged. Water content in oil after C-2 separation
plant is from 8 % to 25 %, chlorides content — 3,125-5,130 mg/l; oil products in refinery water — up to
190,390 mg/l (1.5%).

After EBU oil with different degree of water-cut (%) and chlorides content (mg/I) as well as refinery
water were delivered to pre-treatment tanks of oil treatment unit.

Pilot tests for breakdown of water-oil emulsion performed at EBU showed that this scheme and
applied chemical agents didn’t allow producing oil and water of required quality.

To enhance oil recovery of the formation the laboratory by SHELL selected ASP solution which is
capable of forming a stable microemulsion with oil in formation conditions at high temperatures,
pressure, high pH and super low boundary tension.

Laboratory tests for water-oil emulsions breaking were carried out by well-known bottle test in
accordance with the following technique:

- emulsion sample is taken from the well;
upon presence, free water is separated from emulsion;
emulsion sample is carefully mixed;
water content in emulsion is determined;
emulsion is poured into graded catchers;
catchers with emulsion are thermostated in water-bath, in this case at 70 °C and 50 °C;
demulsifier in commodity form is dosed into the catchers with the help of microliter syringe;
emulsion treated by demulsifier is manually mixed within three minutes;
catchers with emulsion treated by demulsifier are placed in water-bath;
sedimentation temperature for emulsion from Zapadno-Salymskoye oilfield is 70 °C and 50
oc;
- sedimentation time is fro 5 to 60 minutes.

The volume of separated water was recorded at set time intervals upon achievement of the preset
temperature in catchers.

Content of water separated from water-oil emulsion was calculated according to the formula:

V.
Wsep. =—"--100 (1)
orig.

Where Vi - the amount of separated water in a given period of time, ml;

Vorig. — amount of water in original water-oil emulsion, ml;
Wsep. — amount of water separated from emulsion, %.

Content of residual water in oil emulsion was calculated according to the formula:

W, -0.01V, -V,
resid. water Vsamp‘ _Vi

Where Vi is the amount of separated water in a given period of time, ml;
Vsamp. — Volume of sample taken for de-emulsification, ml;
Worig. — Original water-cut of emulsion sample, %;
Wiesid. water — residual water content in oil phase, %
Process efficiency was estimated by the speed of water separation from broken emulsion.

w

100 )
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2. Results and discussion
The study of the mixture of water-oil emulsions of wells that were treated and non-treated by ASP
showed that:

- mixture of emulsions breaks down better at 70 °C;

- favorable ratio is 9:1 - between emulsions that were treated and non-treated by ASP;

- residual water content in broken emulsion comprises up to 10%;

- with any emulsion ratios separated water contains a lot of oil products 560 mg/lat emulsions ratio
of 20:1;

- application of floccullant IronGuard-2495 has not achieved satisfactory results;

The photos of emulsion sample under the microscope with 100 g/ m® of IronGuard-2495 and 50 g/t
of Emulsotron R2601A are represented in figure 2.

Figure 2. Emulsion sample under the microscope (600x).
Oil layer (a), interlayer (b), water phase (c)

Examining of emulsion treated by Emulsotron R2601A under the microscope DINO AM-451 (600x)
showed that oil layer contains small amount of water, interlayer is a complex emulsion, and water phase

is characterized by high oil products content.

Table 1. The results of laboratory researches of breaking of
water-oil emulsions in Zapadno-Salymskoye oilfield
Amount of separated water  Residual water content
in % over the time, min.  in % over the time, min. Note

Sample  Agent, Water-cut,

0,
no. ot & 5 10 15 20 30 40 5 10 15 20 30 40
Sharply
Intex-720 tlefined
1 50 o/t ' 40 63 95 99 99 99 99 20 3.2 0.8 0.8 0.8 0.8 interface,
9 visually
clean
Emulsotron 32;?;&’
2 R2601A, 40 88 95 99 99 99 99 8 3.2 08 0.8 0.8 0.8 .
50 g/t |_nterface,
dirty water
No
boundary
g Without s 5 o o 0 0 0 40 40 40 40 40 40 interface
agent emulsion
was not
broken




EST2017 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 115 (2018) 012021 doi:10.1088/1755-1315/115/1/012021

Water-oil emulsion of the wells that were not ASP treated breaks by 99% over 15 minutes, having
sharply defined interface and clean water. In case of thorough mixing emulsion is kneaded.

3. Conclusions
On the basis of laboratory research and results of pilot tests on Emulsion Breaking Unit (EBU) the
following results were obtained:

1. Water-oil emulsion of the flowing wells that were not ASP treated breaks over 10-15 minutes at
70°C with specific flow of demulsifier of 50-70 g/t of oil. Residual water content in oil is less than 5
percent. Refinery water is visually clean with sharply defined interface.

2. Microemulsion (multiple emulsion) formed after ASP application has low boundary tension, high
pH. It contributes to transfer of oil phase into a water one, forming oil-in-water emulsion. Residual water
is characterized by high oil products content.

3. According to the data obtained in the course of the laboratory research on dilution of ASP-treated
emulsion it is found that favorable ratio is 9:1. Residual water content in oil phase is less than 10 percent.

Dosing of demulsifiers at EBU input has not achieved satisfactory results. In liquid arriving for
treatment on EBU boundary tension has the value close to zero. Additional dosing of the agent
decreasing boundary tension has an adverse effect both on oil and residual water quality.

Oil-in-water emulsion is stable. Classic method are not suitable for residual water treatment:

- sediment gravity flow;

- filtration (filtration through Blue ribbon paper filter with pore size 3-5 microns.

- centrifuge test. (The test was performed at 170° revolutions, temperature — 70°C during 40 minutes).

Alkaline condition (pH=10-11) has adverse effect on demulsifying ability of agents, flocculation and
boundary tension.

For breaking of water-oil emulsion at EBU before interchanger water or water-oil emulsion from the
well that were not APS-treated in ratio of 1:9 shall be delivered.

Residual water after EBU must be prepared in water tanks by dilution in great volume.

There is no necessity in demulsifier dosing at EBU input.

All produced water shall be completely discharged at EBU.
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