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A B S T R A C T  
 

During reservoir development process, the permeability of near wellbore zone decreases, and filtration 
characteristics of productive formations deteriorate due to anthropogenic impact for the primary and 

secondary improved oil recovery process and other technological operations. To restore and improve the 

productivity of wells in heterogeneous low-permeability terrigenous reservoirs, classic acid treatments 
are recommended. Aggressive secondary sedimentation or in other words, precipitation occurs during 

acid treatments in terrigenous reservoirs, confirming the effectiveness of putting wells into operation 
through the proposed chemical composition as the cleaning and stimulating operations. Therefore, a 

comprehensive approach and methods of impact on the near wellbore zone are necessary, as these are 

multifactorial processes. This research is focused on developing effective technologies to improve 
technical means or compositions that restore well productivity by decolmatizing the formation and 

substantiating effective chemical compositions. The results of this work show that the proposed method 

and chemical reagent highly improved the permeability of near wellbore zone and as a result increased 
the productivity index of the well.  

doi: 10.5829/ije.2024.37.08b.08 
 

 

Graphical Abstract1 

 
 
 

NOMENCLATURE 

Q Filtration flow PAC LV Low viscosity polyanionic cellulose 

k Permeability PAC HV High viscosity polyanionic cellulose 
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1. INTRODUCTION 

 

Today, one of the most important trends in the global oil 

and gas industry is the decline in the production of 

conventional hydrocarbon reserves. The decline in 

conventional oil reserves is forcing oil and gas companies 

to focus on hard-to-recover hydrocarbon reserves.  

British Petroleum estimates that there are 

approximately 2.621 trillion barrels of recoverable oil 

reserves. Hard-to-recover reserves account for 39% of 

the total resource base. More and more oil deposits are 

being developed in low-permeability reservoirs. As 

reported Mukhametshin and Andreev (1) that low-

permeability reservoirs up to 50.µm2 are more clayey 

than high-permeability reservoirs, and have smaller sizes 

of pore channels. The specific filtration surface of low-

permeability reservoirs is several times higher than that 

of high-permeability reservoirs. In addition to low 

filtration-capacity properties and complex geological 

structure of reservoirs, the development of such facilities 

is adversely affected by anthropogenic impact of primary 

and secondary stripping, killing and other technological 

operations, which in turn lead to contamination of the 

bottom-hole zone of the well discussed in the works of 

Haustveit et al. (2) and Almukhametova et al. (3).  

Li and Liu (4) stated that primary and secondary 

stripping, at carrying out repair works in the bottom-hole 

zone in low-permeable reservoirs is damaged 3 to 4 times 

more than in highly permeable reservoirs in similar 

conditions as reported by Zhang et al. (5). 

Leusheva et al. (6) work has described as in the 

process of drilling, development and operation of a 

production well, its bottomhole zone undergoes various 

types of impacts, which leads to significant changes in 

well performance. The greatest changes are characteristic 

of medium- and low-producing formations, and for the 

latter the changes may be irreversible. The factors of 

influence on the bottom-hole zone of the formation can 

be grouped into the following groups:  

 
1. 1. Mechanical Factors           They are associated with 

the process of rock fracture and the creation of excavation 

- wellbore. In particular, these factors cause changes in 

the stress state of the rock, which is expressed in the 

reduction of effective permeability and porosity when the 

rock is replaced by the washing fluid. 

 

1. 2. Hydrodynamic Factors            This group combines 

the effects of excessive pressures at the bottom of wells, 

which are created during the opening, treatment and 

killing of formations. As a result of repression on the 

formation in the process of downhole operations, large 

volumes of perforating fluid (PF), well killing fluid 

(WHF) or other used compositions of process fluids and 

their filtrates are squeezed into the bottomhole cavity. At 

the same time, mechanical and chemical colmatants (clay 

particles, CMC, etc.) penetrate into the bottomhole 

cavity, as well as watering of the bottomhole cavity with 

filtrate, a significant increase in water saturation of the 

reservoir in it, accompanied by displacement of 

hydrocarbon fluid to remote areas and, as a result, the 

formation's water content. 

 

1. 3. Physicochemical Factors          The impact of 

these factors is caused by different composition and 

properties of fluids and reagents penetrating into the 

bottomhole cavity. Most PF and WHF have an aqueous 

phase in their composition. As a rule, the composition 

and properties of the aqueous phase differ from those of 

formation water. Therefore, penetration of foreign water 

into the formation leads to numerous changes in reservoir 

characteristics of oil and gas saturated rocks. The 

intensity of manifestation of hydrodynamic forces at 

opening and killing of formations is determined by the 

volume and density of applied fluids and compositions. 

Documented permissible values of repressions on the 

reservoir are regulated by the "Safety Rules in the oil and 

gas industry". However, as the practice of such works 

shows, the actual value of repression usually exceeds the 

permissible one. This leads to irreversible consequences 

and causes deterioration of reservoir characteristics of 

productive rocks. Attempts to estimate the volume and 

depth of penetration into the reservoir of filtrate of PF or 

WHF show that they can reach significant values. In a 

number of cases the volumes of absorption of several 

dozens of cubic meters, the depth of penetration of which 

reached tens and even hundreds of meters from the 

bottom of the well were noted. Especially severe 

consequences from penetration of various compositions 

and fluids into formations are observed for low-

permeable, highly heterogeneous by composition of 

rock-forming minerals and reservoir properties 

productive horizons. 

The greater the volume of filtrate penetration into the 

formation, the stronger are the results of physicochemical 

processes of interaction of formation fluids and setting 

fluids with oil and gas saturated formation. Taking into 

account small size of filtration channels and huge area of 

contact surface, the nature and dynamics of capillary and 

hydrodynamic forces manifestation in the bottomhole 

formation changes. This results in deterioration of 

technological parameters of wells and bottomhole zone. 

Analysis of the results of hydrodynamic studies of wells 

and reservoirs showed that a significant part of the stock 

of producing wells is operated at the values of perfection 

coefficients at the level of 0.2 to 0.5. It means that wells 

work at 20 to 50% of their production capabilities. 

Restoration of reservoir characteristics of the formation 

usually does not occur and is possible only by carrying 

out expensive works to increase well productivity (6). 

The purpose of bottomhole treatment is to break up 

the filtration crust and prevent completion equipment 
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from becoming clogged with residuals from the cleaning 

fluid reactions. 

The use of water-soluble reagents which are 

described in the work of Litvinenko et al. (7) in 

combination with chemical treatment allows to remove 

the products of interaction products of drilling mud 

filtrate and formation fluids and physical cleaning of rock 

pore space. To improve well productivity, it is often 

necessary to perform chemical treatment of the 

bottomhole zone. 

Chemical reagents can react with polymers that bind 

solid particles to destroy both the polymers and the 

structure formed by the solid phase of the cake (8). Drill 

cuttings particles in the cake structure reduce the 

effectiveness of specialty reagent solutions. Treatment 

effectiveness is often determined by the reaction time 

required for cake breakthrough and fluid loss. Rapid cake 

breakthrough may be ineffective because the chemical 

treatment solution can rapidly percolate through highly 

permeable zones without disrupting the filtration crust 

across the entire wellbore surface in the pay zone. In 

these works, solution with a long reaction time can help 

achieve subsequent high well production rates by 

uniformly treating the entire interval, including areas of 

varying permeability (9-11). The most important element 

in improving the efficiency of well operation is 

preserving the reservoir properties of the bottomhole 

zone of the pay zone. In most cases, primary stripping 

fails to achieve the well's design flow rate. Thus, it is 

necessary to carry out works on intensification of 

hydrocarbon inflow to wells, which consist in cleaning of 

bottomhole zone contaminated during drilling and 

cementing or after prolonged operation and workover 

(killing) of the well (12, 13).  

Reservoir treatment refers to chemical methods of 

impact on the formation. During its treatment chemical 

agents react with formation rock, as well as with 

materials and substances that have penetrated into the 

bottomhole zone and changed reservoir properties. and 

changed reservoir properties of the formation in the radial 

filtration interval. 

The purpose of present study is to examine the effect 

of the disruptor composition on the filtration crust of a 

model biopolymer solution used for penetration of 

productive formations and the restoration of filtration-

capacitance properties of reservoir rock from the 

complex effect of the proposed technology. 

 
 
2. MATERIALS METHOD  
 
2. 1. Drilling Mud Preparation             To conduct the 

present study, it is initially necessary to prepare a model 

biopolymer drilling fluid used in the initial opening of 

productive formations. The composition of the solution 

is summarized in Table 1. 

TABLE 1. Composition of model mud system 

No. Component  Purpose 

1 Xanthan biopolymer Rheology modifier 

2 Lubricante Lubricante additive 

3 PAC LV Filtration reducer 

4 PAC HV Viscosity regulator 

5 Bactericide Bactericide additive 

6 Caustic soda pH adjuster 

7 Foaming agent Foaming agent 

8 Potassium chloride Mineralizer 

 
 

Xanthan is used as a stabilizer for a wide range of 

suspensions, emulsions and foams. It is highly effective 

over a wide range of temperature and pH. In addition, this 

exopolysaccharide is pseudoplastic, i.e., its viscosity 

decreases with increasing shear stress, which makes it 

widely used in applications where high viscosity at rest 

and low viscosity required under high shear operating 

conditions. In the oil industry, xanthan is used to thicken 

drilling fluids. Such muds are used to extract solids by 

drill bit to the surface. 

Xanthan biopolymer provides the necessary 

rheological properties in a wide pH range, while solids 

remain suspended when the circulation of the mud stops. 

According to the provided recipe, a model mud is 

prepared in the drilling fluids laboratory. Preparation is 

carried out with the help of high-speed agitator, with the 

number of revolutions up to 6000 revolutions per minute. 

Drilling mud parameters are measured according to ISO 

10414-1:2008 standards "Oil and Gas Industry. Control 

of drilling fluids in field conditions. Part 1: Water-based 

muds", API 13B-1 "Oil and Gas Industry. Field testing of 

drilling fluids. Part 1. Water-based muds".  

 
2. 2. Filtration Experiment            For further research 

it is necessary to form a filtration cake on the basis of the 

above model drilling mud, the formation of filtration 

caket is made by hot filtration of the mud on the device 

High Pressure High Temperature (HPHT) according to 

the standard technique at a temperature close to the 

formation values t=85 ° C and a pressure drop of 500 psi 

(3.5 MPa).  
 

 

TABLE 2. Parameters of model mud system 

No Parameter Model drilling mud, units 

1 Density 1,025, g/cm3 

2 Filtration capacity (API) 9,8, cm3/30 min 

3 Filtration (HPHT) 24, cm3/30 min. 

4 Gels10'/10' 9/10 (45/50), lbs/100 ft2 (dPa) 

5 Dynamic shear stress 26(127), lbs/100 ft2(dPa) 

6 Plastic viscosity 13, mPa-s 
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The standard filtration test time of 30 minutes is taken 

and the cake are formed on ceramic disks with 

permeability below 50 mD (Figure 1). Jaffar et al. (14) 

said that after formation of filtration cake we proceed to 

preparation of the chemical treatment of bottomhole zone 

- destruction fluid. On the basis of patent and literature 

review we took into account the data and practical 

experience of application of breaker systems at Russian 

fields. The formulations of the compositions used by 

different service solution companies are almost identical 

in composition and include: organic acid to remove 

marble crumbs, selectively directed enzymes to destroy 

the polymer group, surfactants to ensure the affinity of 

the breaker composition with formation fluid (15). 

The disadvantages of the studied chemical 

compositions are: low effectiveness on high-temperature 

(>80°C) (16) sandstone formations containing carbonates 

as cementitious material, since the presence of solvent in 

the composition insignificantly reduces the rate of 

reaction of acids with rock at high formation 

temperatures; low sediment-holding capacity in relation 

to calcium fluorides (CaF2↓), which will lead to clogging 

of filtration channels with insoluble precipitates of 

fluorides formed by interaction of fluoric acids with 

carbonate component of sandstone formation; high 

corrosive activity at high temperatures; insoluble 

precipitates occur, which colmatize the formation (17-

19). 

On this basis, the chemical composition of the 

destruction fluid was selected (Figure 2), which to a 

greater extent satisfies our conditions and the physical 

and chemical composition of the filtration cake of the 

drilling fluid.  

The composition of the destruction fluid included 

potassium fluoride peroxosolvate, chelating agent and 

non-ionogenic surfactant. The addition of the surfactant 

provides an opportunity to reduce the dissolution rate of 

the reservoir rock and also increases the washing 

properties. 

 

 

 
Figure 1. Formed filter cake after high-pressure and high-

temperature filter press 

 

 

After selecting the composition of the destruction 

fluid, we proceed to test the washing ability on ceramic 

disks. We place the prepared filtration cake in a glass 

vessel. Carefully pour the disk with filtration cake 

prepared composition of the liquid of destruction, in the 

volume of 200 milliliters, hermetically close the lid and 

leave for 24 hours at room temperature (22 °C). The test 

is followed by visual inspection and photofixation. 

To determine the efficiency of drilling fluid filtrate 

removal from the pore space, the filtration-capacity 

properties of the core material are determined. For the 

filtration experiment the RPS-812 filtration unit is used 

and thermobaric conditions are created as close as 

possible to formation conditions. Scheme of the RPS-812 

core holder is shown in Figure 3. 

The proposed unit allows to qualitatively estimate the 

depth of drilling fluid filtrate penetration into the 

productive formation and optimize the drilling fluid 

formulation for specific mining and geological 

conditions. Filtration studies which describes at works 

are carried out in the conditions of the productive horizon 

of the well while modeling the process of primary 

penetration (20, 21).  

The direction of injection and filtration of working 

fluids in the studied core samples corresponds to the real 

direction of movement of formation fluids and process 

fluids in producing wells: direct filtration corresponds to 

the process of fluid inflow from the formation into the 

 

 

 
Figure 3. Scheme of the RPS-812 core holder: 1. Natural 

core sample; 2. Core holder body; 3. Working solutions; 4. 

Formation fluid; 5. Buffer metal rings; 6. Rubber cuff for 

core crimping; 7. Solution filtration direction; 8. Formation 

fluid filtration direction; 9. Fluid supply direction for 

creating crimping pressure 

 
Figure 2. Composition of the destruction fluid 
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well and, subsequently, to the process of "development" 

of the well; reverse filtration modeled the process of 

primary opening of the well, which consists in creating a 

constant pressure drop (22).  

Before each filtration experiment in the samples of 

core material, saturation was created by filtration of the 

hydrocarbon phase model in the core holder of the 

filtration unit (23, 24). Kerosene was used as a 

hydrocarbon phase model (25-27). 

 

2. 3. Micro-CT Process         After data acquisition and 

interpretation, tomographic imaging of the core material 

is performed on the SkyScan 1173 microtomography 

system. 
SkyScan 1173 is a tomograph based on a new 

microfocus high power X-ray source of 130 kV. Thus, 

the design allows the examination of large size and high 

density samples. 

This instrument is used to obtain highly accurate 

geometric data of small to medium sized samples in a 

non-destructive manner. Inside the scanning chamber, 

hundreds of X-ray projections are taken from the sample. 

Based on these, a reconstruction algorithm can create a 

three-dimensional volumetric representation of the 

sample. 

 

 

3. RESULTS  
 

The following results were obtained during a set of 

laboratory tests. 

The results were obtained during the degradation 

fluid corrosivity test: at the time the crust was placed in 

the degradation fluid, the solution changed color from 

cloudy white to grayish. No further visible changes were 

observed. After 24 hours, 90% of the crust was washed 

off the surface of the disk, the liquid became dirty gray 

with a dense sediment at the bottom. 

A test for the presence of carbonate inclusions in the 

remaining filtration crust was also performed. This is 

done by applying a few drops of a 12% hydrochloric acid 

solution to the crust. When added, a violent reaction 

occurs with the release of gas, indicating the residual 

presence of carbonate inclusions. On visual inspection, 

particles of marble chips on the surface of the filter cake 

are noticeable (Figure 4). 

To determine the convergence of the results of 

filtration experiments and to evaluate the efficiency of 

process fluids, permeability measurements were carried 

out using the hydrocarbon phase model (kerosene). The 

results are calculated according to Equation 1 arising 

from the Darcy-Weisbach formula and the related data 

for kerosene permeability are presented in Table 3.  

k=
𝑄𝐿

𝑃𝐹
 (1) 

 

TABLE 3. Results of kerosene permeability measurements in 

the filtration unit 

№ ΔP  k 

1 0,34 1,65 

2 0,38 1,11 

3 0,31 1,36 

4 0,39 1,24 

5 0,42 1,17 

 

 

 
Figure 4. Carbonate test result (white bubbles) 

 

 

After determination of initial phase permeability, 

modeling of the process of primary formation opening 

was carried out. 

 

3. 1. Modeling of Process Primary Formation 
Opening and Drilling Fluid Filtration into 
Bottomhole Zone of the Well           During 2 hours 

with the maximum pressure drop of 1MPa the slurry mud 

(with X-ray contrast agent - potassium iodide 5% wt. %) 

was held at the core face. The direction of filtration was 

"reverse" (modeling the impact on the formation from the 

side of the well). The X-ray contrast agent is used to 

facilitate visual inspection by means of 

microtomographic imaging. 

Microtomography of the samples was carried out 

after the drilling mud exposure at the core face. The 

results of tomographic studies determined the porosity 

coefficient, as well as the volume of pores occupied by 

drilling mud. Figure 5 shows the results of reconstruction 

of the image of the core with X-ray contrast agent, after 

exposure to mud. Core segment reconstruction was 

performed to determine the depth of mud penetration. 

 

3. 2. Filtration of Hydrocarbon Phase Model and 
Measurement of Permeability Coefficient of Core 
Samples            The order of work is similar to the 

determination of relative phase permeability of samples 

by hydrocarbon phase model. Permeability coefficients 
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were determined at a constant fluid flow rate of 0.05 

ml/min.  

After estimating the coefficient of relative 

permeability change, modeling of bottomhole zone 

treatment with the destructor was performed. The 

technique was as follows: 

1) Washing the core face with the destructor at a flow rate 

of 1 ml/min for 3-5 minutes; 

2) Exposure of the destructor at a constant repression of 

0.5 MPa for 4 hours. 

3) After holding the destructor, the inflow call was 

simulated and the change in relative permeability change 

coefficient was measured. 

After pumping with the destructor, tomographic 

imaging was performed. The results of segmental 

reconstruction are presented in Figure 6. 

Based on obtained reconstruction of the segment after 

the destructor treatment it can be observed that the 

drilling fluid particles were washed out and the number 

of pores increased.  

 

 

 
Figure 5. Results of reconstruction of internal pore volume 

of core sample (blue color - pore space, red color - drilling 

mud in these pores) 

 

 

 
Figure 6. Results of reconstruction of internal pore volume 

of core sample after the destructor (blue color - pore space) 

The results of change in the relative permeability 

change coefficient and an example of graphs-results for 

determining the filtration-capacitance properties of core 

samples after treatment with the destructor are presented 

in Figures 7-9.  

 
3. 3. Interpretation of Microtomograph Imaging         
To evaluate the effectiveness of the destructor, 

tomographic studies were performed on core samples 

after modeling the flow inducement. 

 

 

 
Figure 7. Determination of permeability of sample by 

formation hydracarbone model before mud impact  

 

 

 
Figure 8. Determination of permeability by formation 

hydrocarbon model after mud 

 

 

 
Figure 9. Determination of sample permeability by 

hydrocarbon phase model after destructor exposure 
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Figure 10 shows the results of image reconstruction 

of the core with X-ray contrast agent, after exposure to 

mud. White clear lines on the image data are lines 

showing traces of drilling mud penetration into the core. 

Based on presented image in Figure 11 the result of 

reconstruction can be seen with the naked eye, the 

number of white wormholes and spots has decreased, 

which means that the drilling fluid filtrate (with X-RAY 

agent) has been washed out. In order to make sure that 

the pore space was completely cleaned from the drilling 

fluid degradation products. 

 

 

 
Figure 10. Reconstruction after microtomography of core 

sample with drilling mud 

 

 

 
Figure 11. Reconstruction after microtomography of core 

after exposure to the destructor 

 

 

4. CONCLUSIONS 
 

At contact of potassium fluoride peroxosolvate with filter 

cake an oxidizing agent is released, which promotes 

dissolution of acid-soluble colmatants, as well as 

destruction of polysaccharides. The concentration of the 

oxidizing agent is constant throughout the reaction, 

which contributes to the uniform removal of the filter 

cake. Ammonium nitrate is used to control the reaction 

start time, reaction rate, as well as to prevent the 

formation of secondary insoluble precipitates, which 

increases the rate of the limiting stage of the reaction as 

a consequence of the hydrolysis process. The process of 

ammonium nitrate hydrolysis is started by potassium 

fluoride peroxosolvate. By changing the concentration of 

ammonium nitrate, it is possible to regulate the time of 

reaction start, as well as the reaction rate of dissolution 

of acid-soluble colmatants and destruction of 

polysaccharides, while the action of the composition is 

not based on exothermic reaction. 

To improve relative permeability by kerosene after 

exposure to drilling mud and to improve cleaning of 

bottomhole zone from drilling mud filtrate, a special 

composition of the destructor was developed. 

According to the results of filtration experiment, the 

average kerosene permeability of the core was 1.65 mD. 

After modeling of primary stripping processes, the phase 

permeability by kerosene decreased from 1.65 mD to 

0.42 mD (permeability after drilling mud), and the 

coefficient of relative permeability change was 74.7%. 

Accordingly, it shows that the proposed method and 

chemical reagent highly improved the permeability of 

near wellbore zone and as a result increased the 

productivity index of the well.       
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Persian Abstract 

 چکیده 
در    یغرب  یبریس  یها  دانیم  شتریشود. امروزه ب  یبدتر م  یدیتول  یسازندها  ونیلتراسیف  یها  یژگیو و  ابدی  یکاهش م  نزدیک چاه  هیناح  یری، نفوذپذو تولید   توسعه  ندیدر فرآ

  شود.  یبدتر م یک یتکنولوژ ات یعمل ریو سا هیو ثانو هیاول تولیددر مراحل   یانسان رات ی تأث لیبه دل یدیتول یسازندها ونیلتراسیف تیو خواص ظرف مراحل توسعه هستند نیآخر

تولید ماسه    ی کهدر مخازن  کاریدیاس  عملیات در  اما  شود.  یاستفاده م  نییپا  یریمخازن ناهمگن با نفوذپذدر  چاه  یو بهبود بهره ور یابیباز  یبرا  کیکلاس  کاریدیاس  روش های

که به نوبه خود     جامع   یرگذاریتاث  یهاو روش  کردیراستا، لازم است رو  نی. در اکاهش میدهدچاه ها را    یراه انداز  یدهد که اثربخش  یرخ م  یتهاجم  هیرسوب ثانو  ،دارند

چاه  یوربهره یایفراهم کردن اح ،یفن بات یترک ایمؤثر با بهبود ابزارها  یهایمربوط به توسعه فناور ق یتحق ی ایناصل هدف ن،یشود. بنابرا جادیهستند، ا یچند عامل یندهایفرآ

روش و ترکیبات شیمیایی ارایه شده در این مقاله به خوبی باعث افزایش تراوایی سازند شدند و در نتیجه ضریب بهره وری چاه را افزایش    .مؤثر است  یی ایمیش  بات یترک  جادیو ا

 دادند. 
 

 

 


