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solution with potassium ions occurs with the introduction of
potassium chloride.

Abstract
In the process of drilling oil and gas wells, especially in the
intervals composed of clay rocks, various types of
complications are observed. The costs of dealing with
complications in the construction of wells remain significant,
due to the increasing complexity of drilling conditions, an
increase in the number of inclined and horizontal wells. The
complications arising in this case are more difficult to predict
and prevent without the use of physical and chemical methods
of interaction of the drilling fluid with the rock. In the design
and construction of operational or exploratory wells, they
usually try to take into account the effect of swelling of clay
rocks on the process of drilling and rate of penetration. It is
important to have data of direct experimental estimates of the
swell ability of the samples of the drilled rock in the
environments of the proposed drilling fluids in advance.

Keywords: peat, drilling mud, viscoelastic composition, clay
pellet, experimental studies.
Recently, the volume of drilling of deep exploratory and
production wells has significantly increased in the world; the
technical and technological conditions of drilling have
become much more complicated. On this basis, the
requirements for the quality of drilling and backfill solutions
used for well construction are increasing, as well as for
technological fluids used for their repair. Promising for their
preparation are the so-called "caustobioliths" - natural
organogenic materials (sapropel, peat, brown coal, etc.).
The composition of caustobioliths includes the main
components necessary for obtaining solutions used in the
drilling and repair of oil and gas wells. The mineral
component of caustobioliths is represented by fine-dispersed
clay minerals, carbonate rocks, metal oxides. The organic
component of caustobioliths contains a complex of highmolecular compounds, in particular humic compounds, easyand hard-to-hydrolyze substances, lignin, bitumen,
carbohydrates, natural fatty acids, which act as stabilizers of
the mineral component. The presence of organomineral
complexes in the composition of sapropels and peat
significantly increases the structure-forming capacity of the
solid phase and facilitates the process of controlling the
structural-rheological and technological properties of drilling
fluids based on them.

The paper presents the results of investigations of a peat alkali
solution for drilling wells in intervals composed of clay rocks,
including peat, alkaline modifier, inhibitor, flocculant and
water. To assess the effectiveness of the peat and humate
drilling muds proposed by the authors, a series of experiments
was performed to determine the swelling index of clay
samples in the medium of the solutions studied. Experimental
work was carried out on OFITE Dynamic Linear Swellmeter
for samples, containing clays. Based on the results of the
studies, the equations of dependence for swelling of clay
samples in the media of each prepared solution were
formulated. The paper also presents the results of studies of
the dependence of the static shear stress and kinematic
viscosity of a solution of the viscoelastic composition
developed by the authors, the determination of the degree of
influence of the viscoelastic composition on the filtration and
permeability properties of reservoir rocks in the reservoir
simulating conditions. The studies were carried out on the
"Model FDS-350" installation. The authors also developed a
peat-based drilling mud for penetration of reservoirs,
containing peat, potassium-containing alkaline modifier,
polymer DK DRILL, defoamer МАС-200М, weighting agent
barite, sapropel and water. The potassium-containing reagent,
which is part of the solutions, serves to modify the peat
structure-forming
agent.
Under
such
conditions,
saponification of peat particles and enrichment of the aqueous
phase of the solution with potassium ions occur
simultaneously. Additional enrichment of the peat-humate

At the end of the last century, many researchers carried out
scientific research that showed the potential of drilling muds
based on activated peat and sapropel. In particular,
experimental studies of lowland and upland peats of Western
Siberia for their application as a dispersed phase of drilling
muds were carried out.
Thanks to the research carried out in the Institute of Peat of
the Academy of Sciences of the BSSR, the Belarusian
Geological Prospecting Institute and the Moscow Gubkin
Institute of Oil and Gas, the principal possibility of using peat
as a solid phase for drilling muds was proved. It was noted
that even at low concentrations of alkaline reagents hydrolysis
of peat particles takes place, which sharply increase the
colloidal-chemical activity. Under the action of alkali,
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supramolecular complexes of decomposition products and
individual substances of the organic component, in
equilibrium with aqueous solutions of low- and highmolecular substances, are the first to undergo hydrolysis.
Fibrous residues of peat plants and cellulose components are
less susceptible to the action of alkali of low concentrations.
The presence of hydrophilic semicolloids, stabilized
hydrophobic inclusions (bitumens and resins), solutions and
dispersions of high-molecular compounds, impart valuable
rheological and technological properties to drilling muds
based on peat, which approximates them to polymeric drilling
muds [1].

compactor where at a pressure of 6,000 psi (~ 41.3 MPa) for
30 minutes samples were prepared for the studies (Figure 1).

We carried out research on the development of peat-based
formulations, the application of which is promising for
drilling and repairing oil and gas wells. So, for example, peatalkaline solution for drilling wells in the intervals composed
of clayey and permafrost rocks was developed and patented,
including peat, alkaline modifier, inhibitor, flocculant and
water [2].

Figure 1: Clay pellet for research

After preparation in the compactor, the finished samples were
placed in special cylinders (Figure 2), into which the
investigated peat-humate solutions were introduced. Samples
(pellets) were hold until the graphs of swelling results began
to smooth out (i.e., stabilize).

It is known that during drilling wells, especially in the
intervals composed of clayey rocks and argillites, various
complications associated with disturbances of the wellbore
walls are often observed. This is due to the fact that during the
drilling process, they are dampened by the mud filtrate, which
reduces the ultimate strength of these rocks and the swelling
most often contributes to the collapse. Penetration of the mud
filtrate into the horizons, folded by compacted clays, argillites
or shales, leads to their swelling, bulging into the wellbore
and, ultimately, collapsing to the bottom of the well.
Despite the accumulated experience of drilling in various
mining and geological conditions, the costs of dealing with
complications during well drilling remain significant, due to
the increasing complexity of drilling conditions. It has been
established that more than 50% of the emergency time is spent
to eliminate the complications associated with the instability
of rocks during drilling. The complications arising in this case
are more difficult to predict and prevent without the use of
physicochemical methods of interaction of the drilling mud
with the rock.
Therefore, in the design and construction of production or
exploration wells, the effect of swelling of clay rocks on the
course and results of drilling is taken into account. It is
important to have in advance data of direct experimental
estimates of the swellability of the samples of the drilled rock
in the media of the proposed drilling fluids.
To evaluate the effectiveness of our peat-humate drilling
muds, a series of experiments was conducted to determine the
swelling index of clay samples in the medium of the solutions
studied. Experimental work was carried out on the installation
of longitudinal swelling of clay pellets from OFITE [3].

Figure 2: Cylinders for research
The investigated compositions of peat-humate solutions and
test results are presented in Table 1 and in Figure 3.

For the production of clay pellets, bentonite clay powder of
the Zyryanovsk deposit of the Kurgan region was used.
Weights of a mass of 15 g were placed in a high-pressure
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Table 1: Investigated compositions of peat-humate solutions
Content of components
Peat, %

КОН, %

КСl, %

SАА,%

Polydia,%

Defoamer, %

Water, %

Solution No 1 (prototype)

6

1

1

0.004

–

–

91.996

Solution No 2

7

1

1

–

1

2

88

Solution No 3

7

1

1

–

0.5

2

88.5

Solution No 4

7

1

1

–

0.2

2

88.8

Figure 3: Research results (Pellet swelling; Solution; Experiment duration, hour)

Analyzing the results actually obtained, the authors concluded
that solutions No. 2, 3 and 4 showed high inhibitory properties
compared to solution No.1 taken as a prototype.

The graph of the dependence of solution No. 1 is described by
a polynomial function of the fourth power, and the value of
the reliable approximation is 0.9935.

Solution No. 2 had an increased intrinsic viscosity equal to
2,100 s. The conditional viscosity of solutions No. 3 and No. 4
is 114 s and 30 s, respectively.

y = -0.0004x4 + 0.0227x3 – 0.5367x2 + 7.0563x – 3.8511

(1)

The graph of the dependence of solution No. 2 is described by
a polynomial function of the fourth power, and the value of
the reliable approximation is 0.998.

Further, based on the results of studies, the equations of
swelling of clay pellets in the media of each prepared solution
were compiled (see Fig. 4-7).

y = -0,0002x4 + 0,0082x3 - 0,1883x2 + 2,9167x - 2,0908
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y = -0.0003x4 + 0.0179x3 – 0.4245x2 + 5.9129x – 3.295

The graph of the dependence of solution No. 3 is described by
a polynomial function of the fourth power, and the value of
the reliable approximation is 0.9959.
y = -0.0003x4 + 0.0137x3 – 0.2808x2 + 3.6906x – 1.9316

(4)

The authors, according to the results of the research, came to
the conclusion that solution No. 2, which has a high relative
viscosity, can be recommended as a viscoelastic composition
(VEC) for killing oil and gas wells.

(3)

The graph of the dependence of solution No. 4 is described by
a polynomial function of the fourth power, and the value of
the reliable approximation R² = 0.9952.

Therefore, the dependences of the static shear stress and the
kinematic viscosity of solution No. 2 were also investigated
on the Model 900 viscometer [4].

Figure 4: Equation of swelling of a clay pellet in solution № 1

Figure 5: Equation of swelling of a clay pellet in solution № 2
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Figure 6: Equation of swelling of a clay pellet in solution № 3

Figure 7: Equation of swelling of a clay pellet in solution № 4

(Pellet swelling; Experiment duration, hour)
Figure 8 shows the results of the dependence of shear stress on the cylinder rotation speed.

Figure 8: Results of the dependence of shear stress on the cylinder rotation speed (Shear stress, MPa; Rotational speed, rpm)
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The graph of a function is described by a polynomial function
of the third power y = 0.140x3 – 1.853x2 + 8.854x – 2.071, the
value of the reliable approximation R2 0.971.

Figure 9 shows the results of the dependence of the plastic
viscosity of the solution on the rotational speed of the
cylinder.

Figure 9: Results of the dependence of the plastic viscosity of the solution on the rotational speed of the cylinder (Plastic
viscosity; Rotational speed, rpm)

Figure 10 : Appearance of the "Model FDS-350" installation
The graph of a function is described by a polynomial function
of the forth power y = 2.666x4 – 82.11x3 + 902.5x2 – 4232.x +
7588, the value of the reliable approximation R2 = 0,987.

The experiment was carried out under the following
conditions: temperature 70 0С, rock pressure 60.60 MPa,
formation pressure 24.50 MPa, effective pressure 36.10 MPa
[5].

The next stage of the research was the determination of the
degree of the effect of the viscoelastic composition on the
filtration-capacitive properties of reservoir rocks under
conditions simulating the reservoir.

The core characteristics are shown in Table 2.
The results of determining the degree of the effect of the
viscoelastic composition on the filtration-capacitive properties
of the core are presented in Table 3.

The studies were carried out on the "Model FDS-350"
installation (Fig. 10).
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Table 2: Filtration-capacitive properties of the core of the productive formation BS10 of the Kraynee oil field
№ Well

Selection
interval, m

Core
recovery, m

Place of
sampling, m

Formation Porosity, Permeability, mD Кво, Density, g/cm3 Vpor,cm3
%
%

Lithological description

roof bottom

volume mineral

1

22

2702

2711

8.70

3.00

Aleurolite: fine-coarse-grained,
sandy, oil-saturated, carbonate,
micaceous, with carbonized
plant detritus.

BS10

17.58

23.94

19.47

2.19

2.66

3.38

2

22

2702

2711

8.70

2.82

Aleurolite: fine-coarse-grained,
sandy, oil-saturated, carbonate,
micaceous, with carbonized
plant detritus

BS10

17.61

22.25

19.92

2.19

2.66

4.021

3

22

2739

2748

8.43

6.65

Aleurolite: fine-coarse-grained,
sandy, oil-saturated, carbonate,
with fragments of argillite and
carbonized plant detritus.

BS10

14.29

20.63

31.9

2.29

2.67

3.294

Table 3: The results of determining the degree of the effect of the viscoelastic composition on the filtration-capacitive properties
of the core
Solution

Permeability for kerosene,
mD
dP,kPa

Peat-humate
solution

Permeability after treatment,
mD

Coefficient of
recovery.%

4.744

63.9

7.349

4.739

64.5

7.169

4.478

62.5

7.422

898

Time of dynamic
stage, h

Time of static
stage, h

V,
сm3

8

8

2.96

The crust cracking pressure occurred at a pressure drop of 32 atm.(q-1cm3/h)

It is possible to evaluate the effect of the viscoelastic
composition on the change in the permeability of reservoirs in
the near-wellbore zone and its recovery after killing and
repairing according to the following dependences [4]:
ОП =

А
А+𝑆

1
, 𝑆 = ( − 1) 𝑙𝑛𝑅̅ ,
𝛽

To determine the minimum permissible relative penetration
radius of VEC, one can use the formula:
𝐴∙𝛽

𝑅̅ ≤ 𝑒𝑥𝑝 [𝛼 ∙

].

(6)

(1−𝛽)

This condition (6) allows us to relate the quality index OП to
the main parameters that characterize the effect of VEC on the
formation. From inequation (6) one can obtain a condition for
determining the minimum admissible value of β for a given 𝑅̅ :

(5)

where ОП – ratio of the well productivity after killing with
the VEC to the well production rate before killing;
А = ln (Rк-Rc);

𝛽𝑚𝑖𝑛 ≥ 𝑒𝑥𝑝 [

Rк and Rc – radius of the external boundary and radius of the
well, respectively;

𝑙𝑛𝑅̅
]
𝛼∙𝐴∙𝑙𝑛𝑅̅

.

(7)

To calculate the radius of VEC penetration in a porous layer,
the following expression can be used:

S – skin effect due to the action of VEC;

𝑅̅ ≥ (1 +

β – coefficient of permeability recovery;
R = Rп/Rc – relative penetration radius of the kill fluid into the
formation, (Rп – radius of VEC penetration into the reservoir).

where

𝛼∙𝜏
𝑙𝑛𝜏+2𝑆𝑜

𝛼=

)

0,5

,

1,8∙10−3 ∙𝑘∙∆𝑃
𝑚∙𝜇∙𝜒

(8)
;𝜏=

1,94∙105 ∙𝜒∙Т
𝑅𝑐2

;

ΔР – repression on the layer, MPa;
к – formation permeability, μm2;

The value of skin effect should be limited so that for any A the
value of OП is determined with a sufficient degree of
accuracy. For this, it is necessary to represent S as the product
α·A (α is a coefficient depending on OП).

m – formation porosity, fractions;
μ – viscosity of VEC, mPa·s;
χ – piezoconductivity of the formation, m2/s;
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Т – time of exposure to VEC, days;

enrichment of the peat-humate solution with potassium ions
occurs with the introduction of potassium chloride.

Sо – skin effect before killing with VEC.

The combination of a potassium-containing alkaline modifier
with potassium chloride leads to the enrichment of the filtrate
of the peat-humate solution with potassium ions, which
actively contribute to suppressing the swelling and hydration
of clay rocks.

The value of Sо can be determined by the results of
hydrodynamic studies of wells or calculated.
Assuming that 𝑅̅ is known and having computed the volume
of VEC penetrated into the formation and limiting it by a
certain admissible value Vо, (A.A. Boyarkin et al, 2005) we
obtained a condition for the selection of the VEC viscosity:
𝜇≥

𝜋∙𝑚∙ℎ∙𝛼𝑜 ∙𝜏
𝑉𝑜 ∙(𝑙𝑛𝜏+2𝑆𝑜 )

,

1,8∙10−3 ∙𝑘∙∆𝑃

There is an opinion that there are some difficulties when
cleaning the peat-humate solution. Typically, the size of peat
particles used to treat drilling fluids ranges from 0.1 to 10
mm, which leads to clogging of the shale-shaker cells and a
decrease in the efficiency of all stages of the cleaning system.

(9)

h – thickness of the interval of killing with VEC, m.

It should be noted that when potassium hydroxide is added to
the solution, peat particles are split up, resulting in a colloid
fraction of less than 0.1 mm.

The coefficient of permeability recovery after killing with
VUS, and then completing the well, is determined by the
formula of Prof. Penkov A.I.:

Peat, which is a deposit of organic origin, is an
environmentally friendly material, cheap enough, very
affordable and at the same time has properties that allow
obtaining high-quality solutions with minimum consumption
of chemical agents from among the least toxic.

where 𝛼о =

𝑚∙𝜇∙𝜒

;

𝑅ф

𝛽 = 𝑒𝑥𝑝 [−

𝐶𝜎 (𝑐𝑜𝑠𝜃𝑅ф ∙𝑙𝑛 𝑅 )
𝑟эф ∙(∆𝑃−0.017𝜏𝑜

с
𝑅ф
√𝑘

)

],

The composition of peat includes a whole complex of
substances that are very valuable from the standpoint of
drilling muds. These are humic acid, hemicellulose, starch and
pectin substances, bitumen, lignin, etc. Humate reagents from
peat are already used to control the properties of drilling fluids
due to their availability, low cost of raw materials and ease of
preparation.

(10)

where σ – interfacial tension at the filtrate-fluid interface,
mN/m;
σО – dynamic shear stress, dPa; θ – contact angle, degree; к –
formation permeability, μm2; rэф – effective hydrodynamic
radius of the pore channels of the formation, μm; ΔР –
underbalance during development, MPa.

Peat drilling muds are environmentally friendly, easy to clean
from cuttings, after use they can be used for reclamation of
disturbed lands both in the form of solutions and formed
unused peat residues in the wells.

According to the formulas, the most important technological
parameters of blocking solutions for killing wells with a
heavily drained BHZ are the effective viscosity, concentration
and size of the crust-forming particles on which the other
properties depend: for example, the filtration index; SSS and
others.

Solutions based on peat are characterized by high thermal and
salt resistance and can be used to control absorption and to tap
productive horizons. Such solutions are combined with many
chemical reagents, do not coagulate with the introduction of
various weighting agents, are easily cleaned from cuttings.

Contamination of productive layers during drilling of wells is
a process, as a result of which the permeability of reservoirs is
significantly reduced which is partly reversible (and partly
irreversible). Sometimes there is a complete blockage of the
reservoir, and the inflow can only be initiated by special
methods of intensification. World science and expertise found
that all components of the drilling mud (solid and liquid)
actively interact with the productive layer, so the authors
developed a drilling mud based on peat for opening
productive layers, containing peat, potassium-containing
alkaline modifier, polymer DK DRILL, defoamer MAS200M, weighting agent barite, sapropel and water [6].

CONCLUSIONS
1.

It should be noted that the potassium-containing reagent,
which is part of the solutions, modifies the peat structureforming agent. Under such conditions, saponification of peat
particles and enrichment of the aqueous phase of the solution
with potassium ions occur simultaneously. Additional

2.
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Recently, the volume of drilling of deep exploratory and
production wells has significantly increased in the
world; the technical and technological conditions of
drilling have become much more complicated. On this
basis, the requirements for the quality of drilling and
backfill solutions used for well construction are
increasing, as well as for technological fluids used for
their repair. Promising for their preparation are the socalled "caustobioliths" - natural organogenic materials
(sapropel, peat, brown coal, etc.).
The composition of caustobioliths includes the main
components necessary for obtaining solutions used in
the drilling and repair of oil and gas wells. The mineral

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 19 (2017) pp. 9023-9031
© Research India Publications. http://www.ripublication.com

3.

component of caustobioliths is represented by finedispersed clay minerals, carbonate rocks, metal oxides.
The organic component of caustobioliths contains a
complex of high-molecular compounds, in particular
humic compounds, easy- and hard-to-hydrolyze
substances, lignin, bitumen, carbohydrates, natural fatty
acids, which act as stabilizers of the mineral component.
The authors developed compositions based on peat, the
use of which is promising for drilling and repairing oil
and gas wells.
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