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DETERMINATION OF THE 

DEPENDENCE OF THE FILTRATION 

PROPERTIES OF A BIOPOLYMER 

SYSTEM ON PRESSURE, TEMPERATURE 

AND CONCENTRATION OF 

COMPONENTS

The object of study is the biopolymer system " X", which is used as a clay-free drilling fluid for development of productive horizons. 
Biopolymer system " X" is a clay-free drilling fluid for drilling directional and horizontal wells, development of productive horizons 
under high pressures and temperatures. 

A distinctive feature of the biopolymer system is a high level of mineralization, increased heat resistance and high density, which 
significantly expands the scope of clay-free muds.

At the same time, this system has a number of significant advantages:
– high level of mineralization;
– increased heat resistance (operable up to 150 °C);
– high density, which expands the scope of application;
– provides a higher coefficient of recovery of reservoir permeability compared to traditional weighted solutions;
– low content of colloidal particles, which reduces the risk of deterioration of reservoir performance;
– ability to control filtration properties at high temperatures and pressures.
The following disadvantages can be identified based on the research:
1. Significant increase in the filtration rate with increasing temperature (nonlinear dependence with a correlation coefficient of 0.773).
2. The need to maintain a constant concentration of potassium chloride (~3 %) to ensure the development quality of productive formations.
3.  Difficulty in controlling the properties due to the need to accurately select the concentrations of various components (sodium 

chloride and organomineral colmatant).
The optimal ratio of components to ensure the stability of the system at temperatures up to 150 °C was obtained: sodium chloride 

concentration 15–20 %, stabilizer 0.75–1 %. This is due to the fact that the proposed composition has a number of features of synergistic 
interaction of the components, in particular the formation of stable complexes between biopolymers and sodium ions, which prevents 
the thermal destruction of polymer chains at high temperatures. At the same time, the stabilizer forms an additional protective layer 
around the polymer molecules, ensuring their resistance to oxidation and hydrolysis under high pressure of up to 7 MPa.

The obtained research results indicate the possibility of effective use of the biopolymer system at high temperatures and pressures 
due to the thermostabilizing effect of sodium chloride and organo-mineral colmatant.
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1. Introduction

Recently, clay-free drilling fluids have been increasingly used to 
develop productive horizons, which ensure the highest level of preser
vation of their reservoir properties  [1]. This is largely due to the low 
content of colloidal particles, the penetration of which into the pore 
space of reservoirs is one of the main factors in the deterioration of their 
productive characteristics [2]. At the same time, if recently the use of 
clay-free systems was limited to zones of abnormally low or hydrostatic 
pressures, now there is an increasing need for their implementation 

in deep wells, with high reservoir pressures and temperatures [3]. It is 
possible to increase the density of clay-free drilling fluids by treating 
them with water-soluble salts [4]. With this method of weighting, it is 
possible to avoid a violation of the ratio between colloidal and coarse-
dispersed solid phases and thereby eliminate the main cause of the 
increase in bottomhole filtration [5]. In addition, due to the increase in 
the overall mineralization of the medium, the inhibitory properties of 
the clay-free system and the thermal stability of biopolymer reagents 
increase [6]. Clay-free drilling fluids, weighted with water-soluble salts, 
retain all the positive characteristics inherent in traditional biopolymer 
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systems: low surface filtration, high level of pseudoplasticity [7], instant 
thixotropy [8].

The successful use of biopolymer clay-free systems in drilling in-
clined and horizontal wells, and in developing productive reservoirs 
with abnormally low reservoir pressure indicated high prospects for 
their further improvement [9].

At the same time, the scope of application of clay-free systems 
was limited by the low thermal stability of polysaccharide reagents, 
which are the basis for obtaining a polymer thixotropic structure.  
In the geological conditions of Ukraine, the temperature stability limit 
of biopolymer systems at 110–120 °C excludes the possibility of their 
use in DDD (Dnipro-Donetsk Depression) deposits with a depth of 
more than 3500–4000 m.

The use of weighted drilling fluids on a clay or polymer clay basis is 
associated with difficulties due to the increase in structural-mechanical 
and rheological characteristics, especially at high temperatures  [10]. 
This leads to excessive dynamic loads on permeable formations during 
circulation recovery, reduces the upper limit of the solution weighting, 
complicates hydrodynamic studies, leads to excess reagent consump-
tion and environmental pollution.

Therefore, the aim of research is to determine the patterns of change 
in the filtration properties of the biopolymer system depending on 
temperature, pressure and component concentrations to optimize its 
composition.

2. Materials and Methods

The biopolymer system " X" has undergone a number of studies, in 
particular, studies of rheological, structural-mechanical and filtration 
properties.

The technological properties of the biopolymer system " X" at tem-
peratures up to 150 °C were studied. The components of the formula-
tion are the complex reagent " X" for regulating the structural-mechani
cal, rheological and filtration properties, as well as inhibitors (sodium 
and potassium chloride) and filler [10]. The concentration of potassium 
chloride in the system is maintained at a constant level (~3 %), which is 
the minimum necessary to ensure the quality of the developing produc-
tive layers and the stability of rocks. The components of the biopolymer 
system (sodium chloride, organo-mineral colmatant heat stabilizer) 
increase its heat resistance.

Table 1 shows some information on the technological properties of 
the biopolymer system " X" for various combinations of concentrations 
of sodium chloride and organo-mineral colmatant heat stabilizer. Mea-
surements were made after thermostating the drilling fluid for 2 hours at 
a temperature of 85 °C. In particular, increasing the composition of the 
studied reagents (thermal stabilizer) increases the viscous properties, 
reduces (sodium chloride, thermal stabilizer) filtration indicators on the 
BM-6 device (at room temperature 25 °C) and Filterpress HPHT (Chi-
na) (at a pressure drop of 5.0 MPa and a temperature of 140 °C). The 
latter shows the thermostabilizing effect of the reagents used.

The experimental plan for studying the rheological, structural-
mechanical and filtration properties of the biopolymer system " X" un-
der conditions of high pressures and temperatures is given in Table 2.

Table 2

Experimental plan for studying the biopolymer system "X" under 

conditions of high temperatures

Experi-

ment

Sodium 

chloride, %
Stabilizer, %

Temperature 

T, °C

Pressure drop 

Δp, MPa

1 20 0.5 150 3

2 20 0.75 130 7

3 15 0.5 50 5

4 10 1 150 4

5 10 0.25 100 7

6 15 1 130 6

7 15 1.5 70 3

8 25 0.5 70 4

9 20 1.5 100 6

10 25 1.5 130 5

11 25 0.25 50 6

12 10 1.5 50 7

13 15 0.25 150 5

14 10 0.5 130 4

15 5 0.25 130 3

16 10 0.75 70 5

17 25 1 100 5

18 15 0.75 100 4

19 25 0.75 150 6

20 20 0.25 70 6

21 20 1 50 4

22 5 1 70 7

23 5 0.75 50 3

24 5 0.5 100 3

25 5 1.5 150 7

The research design has the following experimental factors:
–	 Sodium chloride concentration (%) – varies from 5 % to 25 % in 
5 % increments. This allows to investigate the effect of salinity on the 
properties of the biopolymer system.
–	 Stabilizer concentration (%) – levels: 0.25 %, 0.5 %, 0.75 %, 1 %, 1.5 %. 
The stabilizer plays an important role in maintaining the structural 
integrity of the biopolymer system at high temperatures.
–	 Temperature (°C) – values of 50 °C, 70 °C, 100 °C, 130 °C and 
150 °C are investigated. This range allows to assess the thermal stabil-
ity of the biopolymer system from moderate to extreme temperatures.
–	 Pressure drop (MPa) – varies from 3 to 7 MPa. This parameter is 
a dependent variable that is measured as the response of the system 
to different experimental conditions.

The plan demonstrates a balanced dis-
tribution of factors – each level of each fac-
tor occurs the same number of times (5 ex-
periments each), which provides a uniform 
statistical weight for all studied conditions.

3. Results and Discussion

One of the most important require-
ments in the technology of drilling deep 
wells in conditions of high temperatures and 
pressures is the control and management 
of the filtration properties of drilling fluids. 
The penetration of the drilling fluid filtrate 

Table 1

Technological properties of the biopolymer system "X"

Drilling mud composition
Density, 

kg/m
3

Conditional 

viscosity Т100, s

СНС1/10, 

Pa

Filtration, cm
3
/30 min

ВМ-6 НРНТ, 140 °С

"Х" 1150 15 4.8/5.7 4.0 22

"Х"+0.25 % stabilizer 1150 18 4.3/4.8 3.5 16

"Х"+1 % stabilizer 1150 22 6.2/6.7 3.5 14

"Х"+5 % NaCl 1180 10 3.8/4.3 3.0 14

"Х"+25 % NaCl 1280 16 5.2/5.7 3.0 18

"Х"+5 % NaCl+0.25 % stabilizer 1180 14 4.3/4.8 3.0 13

"Х"+10 % NaCl+1 % stabilizer 1220 21 4.8/5.7 2.5 10

"Х"+25 % NaCl+1 % stabilizer 1280 17 5.7/6.2 3.0 12
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worsens the collector properties of productive layers, which is the cause 
of drilling complications.

Studies of static filtration of the biopolymer system "X" were carried 
out on the Filter press HPHT device (Fig. 1) with the aim of predict-
ing its change depending on the temperature T, the concentrations of 
reagents for thermal stabilization of sodium chloride and the organo-
mineral colmatant of the thermal stabilizer, and the pressure drop Δp.

 
Fig. 1. HPHT filter press

The studies used a Latin experimental design for four variables: 
temperature T �� �50 70 100 130 150, , , ,     °C; sodium chloride content 
cc �� �5,  10, 15, 20, 25  %; organo-mineral colmatant stabilizer content 
ca �� �0 25. ,  0.50, 0.75, 1.00, 1.50  %; pressure drop �p �� �3,  4, 5, 6, 7  MPa.

The studies were conducted on a standard paper filter with a con-
stant pressure of 0.7 MPa on the lower valve of the device to prevent 
evaporation of the filtrate at high temperatures.

To process the measurement results, regression models � �T c c pc a, , ,� � 
in the form of second-order polynomials were used:

� � �T c c p B b T c c pc a
T

c a, , , ( , , , ),� � � � 	 (1)

where b T c c pc a, , , �� � – the vector of basis functions of polynomial 
models (Table 3).

The estimates of the parameter vector B  in (1) and the regression 
model ε for the filtration index Φ are constructed in the class E of vari-
ous combinations of basis functions from the condition of minimum 
variance adequacy:

min ( , , , )S
n r
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 � �  � Eε 	 (2)

where rε – the number of estimated parameters in the models (1); 
T c c pi ci ai i, , ,   ∆  – experimental design data (Table 3); Φi  – results of 
filtration index measurements.

In the process of laboratory research of the biopolymer system " X",  
it was noted that a statistically significant nonlinear trend of an increase in 
the filtration index from temperature (correlation coefficient r T� � 0.773) 
is characteristic. An increase in the concentrations of sodium chlo-
ride  (correlation coefficient r cc� �  –0.077) and the filler of the thermal 
stabilizer (correlation coefficient r ca� � –0.263) has almost no statisti-
cally significant effect on the nature of the change in the filtration index 
with temperature, which confirms their thermal stabilizing effect on the 
biopolymer system " X". At high concentrations of sodium chloride and 
the filler of the thermal stabilizer, a decrease in the degree of influence of 
temperature on the filtration index is observed. A statistically insignifi-
cant effect of the pressure drop ∆p on the dependence of the filtration in-
dex on temperature (correlation coefficient r p�� � 0.252) was also noted.

Table 3

Parameters of the equations of state for the filtration performance of the biopolymer system "X"

Basis  

functions bi

Model  

parameters (1)

Values of model Bi parameters (1) at rε

5 6 10 11 15 18 19

1 B1 2.640 12.784 20.022 23.313 23.925 7.387 8.704

T B2 0.077 –0.158 –0.211 –0.216 –0.217 –0.126 –0.124

cc B3 –0.054 0.054 –0.548 –1.211 –1.717 –1.425 –1.234

ca B4 –2.690 –2.690 –9.662 –11.480 –14.123 –10.535 –13.822

Δp B5 0.688 0.688 0.610 0.709 1.813 7.083 7.025

Tcc B6·10
3

– – 5.810 7.171 9.534 12.014 9.353

Tca B7 – – 0.077 0.089 0.112 0.149 0.169

TΔp B8 – – – – – –0.031 –0.035

ccca B9 – – 0.402 0.677 0.809 1.343 1.260

ccΔp B10 – – – – 0.047 –0.071 –0.118

caΔp B11 – – – – –0.319 –2.118 –1.988

Tccca B12·10
3

– – –4.823 –7.243 –9.611 –25.107 –24.147

TcaΔp B13·10
3

– – – – – – 3.401

cccaΔp B14 – – – – – –0.103 –0.024

TcccaΔp B15·10
3

– – – – – 2.844 2.361

T
2

B16·10
3

– 1.174 0.962 0.970 0.843 9.170 0.918

c
2
c B17 – – – 0.017 0.021 0.025 0.024

c
2
a B18 – – – – 2.168 4.244 4.672

Δp
2

B19 – – – – –0.152 –0.261 0.233

S
2
ε (ml/30 min)

2
4.367 2.830 2.871 2.370 2.752 3.038 3.496
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Fig. 2 shows the characteristic dependences of the filtration index Φ 
on the concentrations of sodium chloride and stabilizer filler in the 
studied range of their changes for fixed temperature and pressure drop. 
For sodium chloride, the dependence � cc� � under certain conditions 
has a minimum (Fig. 2, a), the concentration cci

∗ of which in the studied 
range is estimated from:

c

 if 

c

a a c c c

c

B B T B c B Tc B c c c

c�

�

�

� � �� � �� � ��� ��3 6 9 12 172 , , ;min max

mmin min max

max

, ;

,

 if  

 ,

  

otherwise

� �c c

c
c c

c

� �� � �
�

�
��

�
�
�

	 (3)

where c cc c
min max,  – the lower and upper limits of the change in concentra-

tions in the experimental plan. For the filler of the thermal stabilizer, the 
dependence � ca� � is linear (Fig. 2, b).

Analysis of the results of studies of statistical filtration of the bio-
polymer system "X" confirms the mechanism of thermostabilizing effect 
of sodium chloride and organo-mineral colmatant of the thermal stabi-
lizer. This mechanism is associated with an increase in total mineraliza-
tion and intensification of gelation processes, as well as thickening of 
the filtration crust and an increase in rheological properties.

Based on studies of static filtration of the biopolymer system, the pos-
sibility of its regulation at temperatures up to 150 °C and pressure drops up 
to 7 MPa was established by choosing the concentrations of sodium chlo-
ride and filler of the stabilizer. The regression dependences of the filtration 
index on the state parameters in the temperature range of 50–150 °C  
with concentrations of sodium chloride additives of 5–25 % and organo-
mineral colmatant thermal stabilizer of 0.25–1.5 % were obtained.

The study of regression models for the filtration index allows to 
more reasonably build a system of restrictions on the concentration 
of reagents taking into account thermobaric conditions [3] for specific 
layers of the well section.
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Fig. 2. Dependence of the filtration index of the biopolymer system:  

a – on the sodium chloride concentrations (ca = 0.5 %);  

b – thermal stabilizer filler (cc = 15 %), where the pressure drop (Δp = 3 MPa) 

and temperature (1 – T = 50 °С; 2 – T = 70 °С; 3 – T = 100 °С;  

4 – T = 130 °С; 5 – T = 150 °С)

Fig. 2 shows graphs of the dependence of the change in filtration 
properties depending on the concentrations of sodium chloride, col-
matant thermal stabilizer, pressure drop and temperature.

Based on the studies of static filtration of the biopolymer system, 
the possibility of its regulation at temperatures up to 150  °C and 
pressure drops up to 7  MPa was established by choosing the con-
centrations of sodium chloride and filler of the thermal stabilizer. 
Regression dependences of the filtration index on the state parame
ters in the temperature range of 50–150 °C with concentrations of 
sodium chloride additives of 5–25 % and organo-mineral colmatant  
of 0.25–1.5 %.

The practical significance lies in obtaining regression dependences 
of the filtration index on the parameters of the system state, which al-
lows reasonably selecting reagent concentrations taking into account 
the thermobaric conditions of specific formations.

There are certain limitations:
–	 temperature range up to 150 °C;
–	 pressure drops up to 7 MPa;
–	 sodium chloride concentrations 5–25 %;
–	 organo-mineral colmatant concentrations 0.25–1.5 %.
Martial law also had an impact on the research results, because 

the difficulty lies in importing the necessary equipment and reagents.
In the future, it is advisable to:
1.	 Expand the range of studied temperatures and pressures.
2.	 Investigate the influence of other components on filtration 

properties.
3.	 Optimize the composition of the system for different geological 

conditions.

4. Conclusions

The mechanism of the thermostabilizing effect of sodium chloride 
and organo-mineral colmatant has been confirmed.

The possibility of regulating the filtration properties of the system 
at temperatures up to 150 °C and pressure drops up to 7 MPa has been 
established.

Regression dependences of the filtration index on the state param-
eters in the temperature range of 50–150 °C with concentrations of 
sodium chloride additives of 5–25 % and organo-mineral colmatant of 
0.25–1.5 % have been obtained.

It has been shown that increasing the concentrations of sodium 
chloride and the thermal stabilizer filler reduces the effect of tempera-
ture on the filtration index.

A method for the justified selection of reagent concentrations tak-
ing into account thermobaric conditions has been developed.
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