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The problem of scale is very common in the process of oil production at the initial and the final stages of field de-
velopment. Inorganic scale may precipitate from the formation fluids in various elements of the oilfield system in the
oil extraction process. These scales, which collect under certain thermodynamic and physical-technical conditions,
cause a decrease in equipment reliability and productivity. The article highlights the main factors affecting the process
of scale in field conditions, and evaluates the effectiveness of scale inhibitors. It is noted that at wells with periodic
inhibition, it is necessary to switch to more modern protection technologies — constant dosing of the inhibitor into the

annulus and setting the inhibitor in the bottom hole formation zone.
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INTRODUCTION

The scale has a complex composition; they contain not
only mineral salts, but organic components as well. In
each particular case, the determining mineral compo-
nents are one or two such compounds: for example,
scale in the downhole equipment of wells in the West
Siberian fields contains calcium carbonate and in some
cases also magnesium carbonate. The rate and condi-
tions of precipitation of solid scale depend not only on
the conditions that determine inorganic compounds but
also on organic compounds, the molecular surface prop-
erties and, the chemical activity of the latter. Precipitation
from oil wells includes calcium carbonates and sulfates,
barium sulfate, and calcium chloride. Each of these
types of salts can act as the main component of scale
on a particular object, occupying from about 40 to 90%
of the total volume of it. The remaining 10-60% is usually
sodium chlorides, barium and magnesium carbonates,
corrosion products, oil components, gas inclusions, and
mechanical impurities [1-10].

Scale formation is the process of precipitation and accu-
mulation of poorly soluble inorganic compounds caused
by supersaturation of that compound in the solution. Su-
persaturation occurs when the concentration of a com-
pound in a solution exceeds the equilibrium.

The main factors that affect the process of scale precipi-
tation in the field conditions include [11-14]:

* mixing of flood water with and the one in the reser-
voir (in the productive reservoir), which leads to the
concentration of a compound above the equilibrium;

« contact of water moving in the reservoir (both res-
ervoir one and flood water one) with the reservoir
formation;

*saychenko_LA@pers.spmi.ruv

» diffusion from oil to water of active water-soluble
components, which are adsorbed on the surface
of incipient salt crystal, which in turn stimulates the
growth of crystals in certain environments and their
adhesion to the surfaces of downhole equipment,
production tubing and formation;

* changes in thermodynamic conditions (pressure,
temperature).

The effects of these factors manifest complexly and si-
multaneously. Some factors are ambiguous. For exam-
ple, the increase of the temperature increases the solu-
bility of gypsum, which reduces scale formation, yet the
evaporation of the solvent with increasing temperature
increases the concentration of gypsum, which generally
stimulates scale.

There may be other reasons for the scale formation.
For example, laminar-turbulent transition in flow wells
and especially in gas-lift wells contributes to the buildup
of scale on the walls of production tubing, which is ex-
plained by the destruction of the wall hydrodynamic layer
of the liquid. After its breakdown, microparticles of scale
adhering to the wall serve as sedimentation centers.

To identify the most significant causes of scale formation
and accumulation at the oil-field equipment, it is neces-
sary to conduct special physical and chemical studies at
each specific field.

The main purpose of the work is to analyze the cur-
rent state of technologies and technical means used in
the operation of wells to prevent the scale in downhole
equipment, as well as to study the composition and prop-
erties of scale, the effectiveness of used inhibitors.
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MATERIALS AND METHODS

Mixing of incompatible waters, leading to scale, occurs
when the well is put on stream after well killing oper-
ation, with various methods of water flooding, when in-
compatible water from various oil layers is mixed at the
bottom of the well, etc. For example, in the case of pe-
ripheral waterflooding, mixing of injected and edge water
can lead to sedimentation in the aquifer part of the res-
ervoir, while in the case of contour waterflooding, water
injected directly into the oil part of the reservoir is mixed
with irreducible water (capillary and residual) in the pores
of the oil reservoir. In the case of water incompatibility in
the reservoir the formation of insoluble scale is possible,
complicating the oil filtration process.

When the well is put on stream after well killing oper-
ation, the produced water is mixed with the well-killing
fluid. When mixing, for example, of the well-killing fluid
based on calcium chloride with produced water of the
sodium-bicarbonate type, a formation of supersaturat-
ed calcium carbonate solution is possible, due to an in-
crease in the content of calcium ions and a decrease
of carbon dioxide in the produced water, leading to the
precipitation of calcium carbonate in the wellbore and the
downhole equipment [14-17].

Scale of calcium carbonate also occurs when wells are
killed with solutions prepared on sodium chloride base
and other salts, as well as with emulsion mixtures. In this
case, the precipitation of calcium carbonate is due only
to a decrease in the content of dissolved CO2 when mix-
ing saturated or near-saturated produced water with the
well-killing fluid [18, 19].

Due to the different permeability of the oil reservoir lay-
ers in the wellbore, associated produced waters with
different content of salt-forming ions and dissolved CO2
are mixed, which often leads to the formation of water
solutions supersaturated with calcium carbonate and
carbonate precipitation in the wellbore. This factor can
decisively influence scale when the flood water enters
the bottom-hole formation zone of the well. The mixtures
of water most susceptible to calcium carbonate precipi-
tation are of the calcium chloride type with sodium bicar-
bonate. The amount of calcium carbonate formed when
calcium chloride water is mixed with sodium bicarbonate
water depends on the volume ratio in which these waters
are mixed [20-22].

The analysis of the Priobskoye field's production well
stock failures in recent years showed an increase in the
equipment failures that revealed scale during disassem-
bly. The sample included 453 failures, the average time
between overhauls was 200 days. In 48% of cases the
presence of scale was noted, in 39.6% cases there were
hard particle impurities, and only in 5.3% cases, corro-
sion was found. More than 40% (41.2%) failures were
caused by scale and mechanical impurities.

As can be seen, the presence of scale is found in almost
half of the cases of equipment failures. This does not
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mean that the failure of electrical submersible pump unit
(ESP) occurred directly due to scale, but, still, the pres-
ence of inorganic salts is undesirable [23-25].

To analyze the composition of scale, sediments were
collected from the impellers of the ESP of different man-
ufacturers and different wells. All the pumps operated at
the Priobskoye field.

The analysis of the sample composition was performed
by the microprobe method; the elemental composition
was determined with the JXA-6400 electron probe an-
alyzer. The total content of petroleum products and
water was determined by the sediment weight change
washing with an alcohol-benzene mixture. The content
of mechanical impurities soluble in HCI was measured
by the precipitate weight change after washing with hot
10% HCI. The concentration of iron ions (to calculate the
content of iron compounds) was determined in the filtrate
after washing the sediment using the photocolorimetric
method. The analysis of the sample composition was
carried out according to the Russian National Standard
6370-83 "Method for determining the content of mechan-
ical impurities". The appearance of the samples and their
characteristics are shown below.

Evaluation of the effectiveness of scale inhibitors for sed-
imentation preventing was carried out according to the
NACE TM 0374-2007 in a liquid solution of the average
model of produced water of the Priobskoye field (Ca?* =
221,44, Mg* = 78,43, HCO,- = 1122,4, COs?*- = 6,0, Na*,
K*=6778,72, CI- = 10401,5, Fe.= 0,8, SO.2- =3,85).

ANALYSIS OF SCALE

The precipitation on the surface of the ESP impellers
was composed mostly of calcite and corrosion products,
and in two cases also quartz sand and proppant were
detected.

Scale taken from the equipment of well No. 14096 (Fig-
ure 1) consisted of a calcite crust about 1 mm thick, in
the form of aggregates of rhombohedral crystals of a
light gray color. On the inner side of the crust, there was
a thick coating of iron hydroxides (corrosion products).
The sediments contained rare rounded quartz grains and
their fragments; grain sizes were 0.1 - 0.3 mm, rarely up

Figure 1: Appearance of scale from well No. 14096
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to 0.6 mm, some proppant balls are present. The com-
position of scale from well No. 14096 is shown in the

Table 1.
Table 1: Composition of scale from well No. 14096
Ne Component of scale | Content, %
1 petroleum products 4.5
2 ferrous oxide 4,1
3 calcite 91,4

Scale taken from the equipment of well No. 12436 (Fig-
ure 2) were represented by a calcite crust less than 1
mm thick, composed of an aggregate of parallel-colum-
nar gray crystals. On the inner surface of the crust, there
was an uneven coating of iron hydroxides (corrosion
products). The composition of scale from well No. 12436
is shown in the Table 2.

lﬂ ] S’"l‘“’l;'i‘“m

Figure 2: Appearance of scale from well No. 12436

Table 2: Composition of scale from well No. 13096

No Component of scale | Content, %
1 petroleum products 4,2
2 ferrous oxide 12,6
3 calcite 83,2

Scale taken from the equipment of well No. 19617 (Fig-
ure 3) were represented by crust-like formations less
than 1 mm thick, composed of a gray cryptocrystalline
aggregate. The surface of the crust was unevenly cov-
ered with brown iron hydroxides. The deposit was 90-
95% consisted of oil-saturated calcite and 5-10%corro-
sion products represented by powdery brown particles.
The composition of scale from well No. 19617 is shown
in the Table 3.

Table 3: Composition of scale from well No. 19617

No Component of scale | Content, %
1 petroleum products 5,2
2 ferrous oxide 3,6
3 calcite 91,2
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Figure 3: Appearance of scale from well No. 19617
EFFECTIVENESS OF USED SCALE INHIBITORS

Under the current conditions, the most appropriate way
to prevent scale at the Priobskoye field was to inhibit the
products using scale inhibitors, effectively preventing the
deposition of calcium carbonate, the main scale at this
field. The method of using inhibitors occupies a special
place due to its productivity and efficiency in the field
conditions. To design this method, i.e. select the type of
inhibitor, its optimal concentration in the treated medium,
the method of introduction etc. it is necessary to under-
stand the action mechanism of scale inhibitors slowing
down the sedimentation.

Inhibitor molecules diffuse through the solution and are
adsorbed on the surface of salt microparticles. Stable
associations form, and the further growth of these stops.
The inhibitor adsorption layer on the crystal surface not
only suppresses their growth but also prevents the crys-
tals from connecting and sticking to the surface of equip-
ment and tubing. The associations due to their small size
are easily transferred by the solution.

The effect of the inhibitor is related to its concentration in
the solution (Figure 4).

The minimum threshold concentration (zone 1) corre-
sponds to the molar ratio of the inhibitor and the precip-
itating cation from 1:104 to 1:2.5. This very ratio corre-
sponds to the minimum consumption of the reagent with
the maximum inhibitory effect and should be maintained
for industrial use of the reagent.

Zone 2 is associated with the appearance of secondary
precipitation, which is a sparingly soluble inhibitor and
cation compounds.
At the maximum concentration (zone 3), water-soluble
complexes are again formed, with the ratio of the inhib-
itor to the precipitation-forming cation is 10:1 or more.
Such concentrations are unattainable in field practice.

It is necessary to switch gradually to more modern
protection technologies at wells with periodic inhibition:
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constant dosing of the inhibitor into the annular space
and setting the inhibitor in the bottom-hole zone of the
formation.

Amount of scale, mg/l

\ >

zone 1 zone 2 zone 3 zone 4

Figure 4: Dependence of the amount of scale on the
concentration of the inhibitor

The technology of constant dosing of the salt deposition
inhibitor has its limitations. Limitations are imposed by
the performance of metering units. Also, at high debits,
the time spent by the inhibitor in the receiving area of the
pump is short, and its rapid removal occurs, dramatically
reducing the efficiency of the technology [26-33].

To prevent scale, a periodic dosing of the inhibitor into
the annulus of wells is used. The following are general-
ized applicability criteria for periodic dosing technology.

Low productivity wells are treated, where there is no im-
mediate removal of the entire volume of the inhibitor by
the pump. The condition of incomplete water removal
must be met:

Re<1600 i Lkt < L¢* H;m

where Re is the Reynolds number for oil;

Lnkr — pump-setting depth, m;

L. — well depth, m;

r. — internal radius of the production casing, m;

R\«r — internal radius of the production tubing, m.

Gradually, at wells with periodic inhibition, it is necessary
to switch to more modern protection technologies — con-
stant dosing of the inhibitor into the annulus and setting
the inhibitor in the bottom hole formation zone.

The technology of constant dosing of the scale inhibitor
has limitations. Limitations are due to the performance
of dosing units. In addition, at high debits, the time spent
by the inhibitor in the pump suction area is short, and
its rapid removal occurs, which dramatically reduces the
efficiency of the technology.

The main advantage of the technology is the guaranteed
presence of the inhibitor at the ESP reception and in the
well production and the relative cheapness of the meth-
od.

Disadvantages include the cost of additional equipment
(surface dispenser), its installation and maintenance, as
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well as the risks of corrosion of the tubing or service col-
umn, the lack of protection of the area below the pump
suction.

Evaluation of the effectiveness of scale inhibitors for
the ability to prevent sedimentation was carried out ac-
cording to the NACE TM 0374-2007 standard in a liquid
solution of the average model of reservoir water of the
Priobskoye field.

The test results are shown in Table 4.

Table 4: Evaluation of the effectiveness of scale inhibitors

Scale inhibitor Con;;r;::glon, Effectiveness, %

5 78
Fox-03 N 10 83
20 90
5 93
Infor-1 10 98

20 99,5

5 84,5

SONSOL-2001B 10 91,4
20 99

5 82,6

Insan 10 90,3
20 99

The results of the experiment showed that the reagent
Infor-1 inhibits the precipitation of salts on the model wa-
ter most effectively from a starting concentration of 5 mg/
dmé.

DISCUSSION

The sample analysis of the effectiveness of preventing
scale on submersible equipment using periodic dosed
supply of a scale inhibitor included treatments for 175
wells. The evaluation criteria were changes in the well
flow rate and restoration of the dynamic level. Out of 175
treatments, only 29 wells showed no noticeable changes
in the flow rate or restoration of the dynamic level.

Thus, processing at 133 wells was technologically suc-
cessful, i.e. by 82.1 %, which is a very good indicator.
The main disadvantage of periodic dosing of the salt
deposition inhibitor is relatively long periodswhen the
well is not protected due to the uneven removal of the
inhibitor.

The second disadvantage is the lack of a simple method
for constant monitoring of the removal of scale inhibitor.

In particular, the analysis of the removal of the scale in-
hibitor from wells protected by periodic dosing showed
that the inhibitor concentration was below the minimum
working concentration for a number of samples.

The results of determining the content of the inhibitor re-
moved from the well showed that almost 30 wells in this
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sample were not protected. The reason for this situation
was the rapid removal of the inhibitor along with the an-
nular fluid.

Analysis of water saturation by salt-forming ions showed
that the most dangerous zone for salt deposition was the
zone of the submersible electric motor and pump. Scale
occurs in the bottom-hole formation zone of the reservoir
since the water saturation index exceeded 0, but the po-
tential for salt deposition is significantly less than at the
ESP.

It was found that the composition of sediments from the
surface of the ESP stages includes calcite and corrosion
products, and quartz sand and proppant were found in
some scale. The measures taken to protect wells from
salt deposition, namely periodic dosing, showed that
82.1% of the treatment at 133 wells was technologically
successful, which demonstrates the obvious disadvan-
tages of periodic dosing (relatively long periods when
the well is not protected due to uneven removal of the
inhibitor). At wells with periodic inhibition, it is necessary
to switch to newer protection technologies — constant
dosing of the inhibitor into the annulus and setting the
inhibitor in the bottom hole formation zone.
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