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ABSTRACT 

The main lithological characteristics of reservoir rocks of the Upper Jurassic carbonate deposits are 
presented. The main reasons for the low efficiency of hydrochloric acid treatments of wells in the late 
stage of the development of oil and gas condensate fields have been established. Technologies for 
hydrochloric acid treatments are proposed in conditions of a decrease in reservoir pressure below the 
well-flowing pressure and the formation of water-oil emulsions. 
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INTRODUCTION 

The main residual oil reserves of the developed 

fields of the Mubarek oil and gas production 

department are concentrated in the horizons 

XV-P (reef) and XV-NR (nadriff) of the Upper 

Jurassic carbonate deposits [1, 2]. 
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The following lithological varieties of rocks 

have been identified along horizons XV-P and 

XV-HP: coral, coral-algal, algal, oncolytic, lumpy 

algal, lumpy, organogenic-detrital, detritus, 

oolitic, micro-grained, carbonate-argillaceous, 

limestones, breccias, dolomites, dolomites. 

Limestone grey, beige-grey biomorphic 

porous, strongly cavernous, intensely leached. 

MATERIALS AND METHODS 

The rocks are loose, of weak strength. Often, 

the core is represented by sludge, in which 

thin-platy fragments are noted. The main part 

of the section is composed of three structural 

varieties of biomorphic limestones: algal - 29%; 

organogenic-detrital - 23% and coral-algal - 18% 

with coral interlayers - 7.5%. 

There are interlayers of lumpy algal and 

detritus limestones. The productive horizons 

are characterized by the following features: 

1. The section of the deposits of the 

productive horizons of the deposits is 

composed of the same lithological varieties 

of biomorphic limestones but in different 

quantitative proportions. 

2. Algal limestones are predominant in the 

section of productive strata deposits. 

3. In horizon XV-P, along with algal 

limestones, organogenic-detrital and coral-

algal limestones with coral interlayers are 

widely developed. 

4. Chemogenic and biochemogenic 

limestones are of limited distribution, both 

in the area of the deposit and in the 

section. 

5. The pore space of reservoir rocks is formed 

due to the presence of voids between the 

shaped elements, as well as inside the 

latter. 

6. The pore space was transformed due to 

the leaching process and somewhat 

reduced due to the development of 

crucifying calcite, bitumen, and, in isolated 

cases, celestine and fluorite. 

7. Dolomitization is manifested unevenly. In 

porous limestones, it is weak, about 5%, 

developed in structural components and 

does not affect the size of the pore space. 

Its intensity increases in dense limestones 

at the top of the productive horizon. 

8. Interlayers of chemogenomic finely porous 

impermeable dolomites are noted in 

horizon XV-P. 

9. Bitumen develops along cracks and to a 

lesser extent its smears are noted in the 

pores. 

10. The admixture of clay matter is noted 

constantly. 

But its amount varies widely, both in the area 

of the deposit and in the section, reaching a 

maximum in dense impermeable rocks in the 

lower part of the section. 

11. Horizon XV-P is represented by reef 

formations, in which the porous-cavernous 

type of reservoir is predominantly 

developed. 

Horizon XV-HP is characterized by an 

alternation of dense and porous limestone 

varieties. 

The reservoirs here are also carbonates, in 

terms of the structure of the pore space, 

tending to the pore type. 

Naturally, with such characteristics of 

productive horizons, one of the widely used 

methods of influencing the bottom-hole zone 

of wells in the fields of the Bukhara-Khiva oil 

and gas region is treatment with acid 

compositions. 

To implement the process, hydrochloric, 

hydrofluoric, acetic and other similar (benzoic) 

acids are usually used. Hydrochloric acid 

interacts with carbonates: 
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with limestone  

 
3 2 2 2 2 1 1 0  0 ;СаСО НС СаС Н С     (1) 

with the dolomites: 

 
3 2 2 2 2 20 4 1 1  2 0  2 0( )CaMg C НС СаС MgCl Н С      (2) 

Hydrofluoric (hydrofluoric) acid interacts mainly with terrigenous deposits: 

with sand 

 
2 4 20  4 2 0Si HF SiF Н    (3) 

with clays 

 
4 2 2 9 3 4 20 14 2 1 9 0.H Al Si HF A F SiF Н     (4) 

During double-solution treatment, when 

hydrochloric acid and then clay-acid solutions 

are sequentially fed to the bottom hole, there 

is an intense impact on both carbonate and 

terrigenous components of the rocks. 

Two-solution treatment is effective in 

terrigenous reservoirs with a carbonate 

content of at least 0.5% [3]. 

When implementing any of the described 

methods of influencing the bottom-hole 

formation zone to stimulate the inflow of 

formation fluids, reagents of the main and 

auxiliary purposes are used. The largest 

number of chemicals is used when carrying out 

hydrochloric acid treatments. Typically, this kit 

includes the actual acid, water, corrosion 

inhibitors, stabilizers, reaction retardants and 

other additives. With the use of one or another 

measure and the accumulation of experience in 

its application, the problem of optimizing the 

implemented technology arises, taking into 

account the peculiarities of the bottom hole 

and remote zones of the formation. 

First of all, given the mineralogical composition 

and structural features of the pore space, the 

above applies to various options for the 

physicochemical impact of hydrochloric acid 

treatment. However, despite the significant 

success achieved in increasing the productivity 

of wells, the experience of using hydrochloric 

acid treatment has shown that its 

effectiveness in the traditional version has 

recently begun to decline. Analysis of the 

causes of this phenomenon shows that they 

are, as a rule, complex, complex [4]. 

It should be noted that at present the 

technologies of hydrochloric acid treatments 

are mainly of a non-systemic nature. At the 

same time, it must be admitted that, in 

practice, a large and valuable experience has 

already been accumulated in the application of 

acid stimulation in various modifications and 

combinations in relation to various geological 

conditions. The applied methods of 

hydrochloric acid treatments are effective at 

high reservoir pressures and the rate of the 

ascending flow of gas or other hydrocarbon 

fluid, which ensures the removal of liquid and 

mechanical particles from the bottom of the 

gas well. 
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But with a decrease in reservoir energy, the 

effectiveness of these methods decreases, and 

at low reservoir pressures, at which the 

hydrocarbon fluid cannot overcome the 

hydraulic resistance of the formation and the 

wellbore, they are completely inoperative [3, 

4]. 

When developing oil and gas condensate 

fields, especially with gas injection through gas 

injection and water injection through water 

injection wells, in the process of oil and gas 

withdrawal, both the water-oil contact and the 

gas-oil contact progress. 

At the same time, as a rule, the oil part of the 

reservoir is taken most intensively and in the 

process of developing the reservoir pressure 

decreases, the flow rate of wells decreases and 

by a certain period the flowing of the oil well 

may stop. 

In addition, due to the mixing of injected water 

with a temperature of 10-30 °C with oil, an oil-

water emulsion is formed, both in the 

formation and in the bottom hole zone, the 

viscosity of the fluid increases, and therefore it 

becomes difficult to extract oil from the 

formation, and production is practically 

stopped. 

Therefore, in the wells where there was a 

decrease in oil production or a stop of flowing, 

the energy of the gas-bearing layer of this well 

was used in order to lift the oil. For this 

purpose, perforation of the gas-condensate 

part of the formation and separation of the 

gas-condensate part from the oil packer was 

performed in such a well. 

A special thickened branch pipe was connected 

to the pump-compressor pipes, in which 

special holes were made to communicate the 

pipe and annular space for gas flow from the 

annular space to the pipe space, while the 

holes were made in such a way that the 

degassing and lifting of oil was carried out by a 

vortex (rotating) gas flow entering the tubular 

space with a closed annulus at the wellhead, 

while the holes in the tubing (special thickened 

pipe) are made above the packer and holes in 

the casing and below the hydrostatic level of 

the liquid in the well at different heights. 

To create a rotating gas flow, the holes in the 

tubing (special thickened pipe) were made at 

an angle of 20-40 °C to the horizontal axis of the 

well, and the holes themselves are located at 

different heights and shifted relative to each 

other sequentially by 90 °C, the number and 

area of holes are calculated with the condition 

of the possibility of lifting oil by a gas flow to 

the surface. 

If the gas product contains hydrogen sulfide to 

exclude possible corrosion of the inner surface 

of the casing strings and the outer surface of 

the tubing, during operation periodically: 

temporarily close the pipe space and open the 

annular space for oil bypassing into the annular 

space, which creates a film and protects 

against corrosion. The disadvantage of this 

technology is that the perforation of the gas 

condensate formation is required, as a result of 

which the required amount of gas entering the 

annulus is not controlled, as a result of which 

the well can only be operated with gas. 

In addition, the installation of packers is 

required, which sharply complicates both the 

development and operation of the wells. 

The main disadvantage is that when the 

emulsion is formed, production practically 
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stops due to the impossibility of raising it to the 

surface. 

In addition, with the formation of an oil-water 

emulsion, the viscosity of the liquid sharply 

increases, the pore space becomes clogged, 

and the removal of the product practically 

stops. 

The proposed technology for the operation of 

wells in oil and gas condensate fields in the 

conditions of the formation of an oil-water 

emulsion includes perforating an oil reservoir, 

running tubing (tubing) with a shoe on which a 

saddle and a ball are installed, making holes in 

the tubing and pumping gas into the tubing 

space, when closed casing, the shoe (tubing) is 

lowered to the top of the aquifer, between the 

top of the aquifer and the bottom of the oil-

bearing strata, holes are made in the tubing 

and the destruction of the oil-water emulsion is 

carried out by displacing the formation water 

into the oil-bearing stratum through the 

annular space with gas through the holes in the 

tubing, after the destruction of the oil-water 

emulsion, open annular space and carry out oil 

production. 

 

 
Fig. 1. Scheme of water and gas injection into the oil-bearing reservoir. 
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Fig. 2. Scheme for the implementation of oil production. 

 
To increase the efficiency of hydrochloric acid 

treatments in the conditions of formation of a 

water-oil emulsion, a technology is proposed 

that includes the injection of a reagent for 

treating a well, forcing it with air into the 

formation in portions in two stages, 

hydrochloric acid is used as a reagent for 

treating a well; in the wellbore, pushed into the 

formation with air, between the injection of 

the first and second portions of hydrochloric 

acid into the well, caustic soda is injected and 

forced into the formation with air, after the 

injection of the second portion of hydrochloric 

acid, the well is left alone under pressure for at 

least two hours, then the well master [6]. 

In this case, the following reactions occur in the 

formation. The reaction of rock with acid 

according to (2). The interaction of 

hydrochloric acid solution with carbonates 

occurs in the release of heat in the reservoir 

and carbon dioxide. The results of the 

interaction of the acid solution with 

carbonates and sodium hydroxide occur in the 

following reaction: 

   2 2 2 2
1    СаС MgCl NaOH NaCl Mg OH Ca OH    

 (5) 

 

All these reactions occur with the release of 

heat, with the destruction of the water-oil 

emulsion, which increases the productivity of 

the well. The implementation of this 

technology at several wells in the fields of the 

Mubarek oil and gas production department 

has shown fairly high efficiency. For example, 

in well No. 53 of the Kokdumalak field, the 

aerated fluid in the wellbore was forced into 

the formation. Then, 24% hydrochloric acid 

(HC1) with a volume of 2 m3 was pumped 

through the annulus, then sodium hydroxide 

(NaOH) was pumped in a volume of 0.130 m3. 

After injection of caustic soda, hydrochloric 
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acid was re-injected and technical water in a 

volume of 28 m3 was pushed through the pipe 

space, and gas was injected through the 

annular space at a pressure of Pg = 50 atm and 

the well was left alone. Before the start of the 

operation, the well worked with the following 

parameters: liquid flow rate -10.6 m3/day, 

water cut -35%, oil flow rate -6.1 tons/day. After 

carrying out work on the proposed technical 

solution, the well began to operate with the 

following parameters: liquid flow rate -23 

m3/day, water cut -28%, oil flow rate -14.6 t/day, 

oil density -0.878 g/cm3. 
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