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Abstract: This paper presents a study of the pneumohydraulic method for the removal of sediment deposits during the cleaning of shaft wells 

and the development of a mobile experimental unit. The accumulation of sediment in wells significantly reduces their efficiency and requires 

effective cleaning technologies. The proposed method combines the action of compressed air and water flow to intensify the process of 

sediment loosening and removal. A mobile unit was designed and prepared for experimental validation. The proposed approach is expected 

to provide effective cleaning of wells, reduce labor intensity, and improve operational performance compared to conventional methods. The 

developed system can be applied in rural and livestock water supply systems. 

KEYWORDS: PNEUMOHYDRAULIC METHOD, SHAFT WELL, SEDIMENT REMOVAL, MOBILE UNIT, LIVESTOCK WATER SUPPLY, 

RURAL WATER SUPPLY. 

Introduction 
The reliable operation of shaft wells plays an important role in 

ensuring sustainable water supply for rural areas and agricultural 

systems. However, during long-term operation, significant 

accumulation of sediment deposits such as silt, sand, and fine soil 

particles occurs at the bottom of wells. This leads to a decrease in 

water yield, deterioration of water quality, and increased operational 

costs [1, 2]. 

Shaft wells are widely used as a primary source of water supply 

in livestock farming, where reliable access to clean water is essential 

for animal productivity, health, and overall farm efficiency. 

Traditional methods for cleaning shaft wells, including 

mechanical removal and manual dredging, are often labor-intensive, 

time-consuming, and inefficient, especially in deep or hard-to-access 

wells. In addition, these methods may not ensure complete removal 

of compacted sediments, which negatively affects the long-term 

performance of the well [3]. 

In recent years, increasing attention has been given to the 

development of innovative technologies for well cleaning that 

combine efficiency, mobility, and reduced labor requirements. One 

of the promising approaches is the use of pneumohydraulic methods, 

which utilize the combined action of compressed air and water flow 

to intensify the destruction and removal of sediment deposits. 

The pneumohydraulic method enables the loosening of dense 

sediments due to pressure fluctuations and turbulence created by 

air–water mixtures. This significantly enhances the cleaning process 

compared to conventional techniques. Moreover, the integration of 

such methods into mobile units makes it possible to perform 

cleaning operations directly under field conditions, which is 

especially important for remote agricultural and livestock regions. 

The aim of this study is to investigate the effectiveness of the 

pneumohydraulic method for removing sediment deposits in shaft 

wells and to develop a mobile experimental unit capable of 

improving the efficiency and operational convenience of the 

cleaning process. 

Formulation of the problem 
The accumulation of sediment deposits in shaft wells represents a 

significant technical problem that directly affects the efficiency and 

reliability of water supply systems in agricultural and rural areas. 

Over time, the deposition of silt, sand, and fine soil particles leads to 

a reduction in the effective volume of the well, clogging of water 

intake zones, and a decrease in water inflow rates [1, 3]. 

Existing well cleaning methods, such as manual removal of 

sediments and the use of mechanical devices, are characterized by 

high labor intensity, low productivity, and limited effectiveness, 

particularly in cases of compacted or deeply settled deposits. In 

addition, many traditional methods require partial or complete 

shutdown of the well and involve significant operational costs. 

A major limitation of current technologies is the inability to 

efficiently break up dense sediment layers and ensure their complete 

removal without causing damage to well structures. Furthermore, the 

lack of mobile and universal technical solutions makes it difficult to 

apply these methods in remote or decentralized agricultural regions 

[2, 4]. 

Therefore, there is a need to develop an effective and 

technologically advanced method for cleaning shaft wells that 

combines high efficiency of sediment destruction, reliable removal 

of loosened material, and adaptability to field conditions. The 

application of a pneumohydraulic approach, based on the combined 

action of compressed air and water flow, is considered a promising 

solution to this problem. 

The problem addressed in this study is to substantiate and 

experimentally investigate the effectiveness of the 

pneumohydraulic method for sediment removal and to develop a 

mobile unit that ensures efficient, safe, and practical 

implementation of this technology under real operating conditions 

[4, 5]. 

Analysis of recent research and publications 
The problem of sediment accumulation in hydraulic structures, 

including shaft wells, has been widely studied in recent years due 

to its significant impact on water supply efficiency and system 

reliability. Various methods for cleaning wells and removing 

bottom sediments have been proposed, each with specific 

advantages and limitations. 

Traditional mechanical cleaning methods [1, 3], such as manual 

dredging, bucket systems, and scraper devices, are still commonly 

used in practice. However, studies indicate that these methods are 

labor-intensive, inefficient for compacted sediments, and often fail 

to ensure complete removal of fine particles. In addition, 

mechanical methods may disturb well structures and increase 

maintenance costs. 

Hydraulic methods [2, 8] based on high-pressure water jets have 

also been investigated. These methods improve sediment loosening 

compared to purely mechanical techniques, but their effectiveness 

is limited when dealing with dense or cohesive deposits. 

Furthermore, hydraulic cleaning often requires significant water 

consumption and stationary equipment, reducing its applicability in 

remote agricultural areas. 

Air-lift and pneumatic technologies [4, 7] have gained attention 

as alternative approaches for sediment removal. These methods use 

compressed air to create upward flow and transport sediment 

particles to the surface. Research shows that air-lift systems are 

effective for removing loose materials, but their performance 

decreases when dealing with consolidated or heavy sediments. 

Recent studies have focused on combined methods that 

integrate both hydraulic and pneumatic effects [5, 7]. The 

pneumohydraulic approach enhances the destruction of sediment 

layers through pressure pulsations, turbulence, and cavitation 

effects generated by air-water mixtures. This leads to more efficient 

loosening and transportation of deposits compared to single-phase 

methods. 

Despite the promising results reported in the literature, the 

application of pneumohydraulic technologies in the cleaning of 

shaft wells remains insufficiently studied. In particular, there is a 
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lack of research on the design of mobile units capable of 

implementing this method under field conditions, as well as 

experimental validation of their performance. 

Therefore, further investigation is required to develop and 

optimize pneumohydraulic systems for practical use in agricultural 

water supply infrastructure. 

 

Materials and Methods 
The study of the pneumohydraulic method for cleaning shaft 

wells is based on a proposed experimental approach that combines 

theoretical analysis and the planned testing of a mobile unit 

currently under development. 

The pneumohydraulic method is based on the combined action of 

compressed air and water flow supplied into the lower part of the 

well. The interaction of these two phases creates a turbulent air-

water mixture, which generates pulsating pressure and upward flow 

[7]. This process is expected to lead to the loosening of compacted 

sediment layers and the subsequent transportation of particles to the 

surface. 

The experimental setup is intended to include a mobile 

pneumohydraulic unit consisting of the following main components: 

a compressor for generating compressed air, a water pump for 

supplying water under pressure, a mixing chamber, flexible 

pipelines, and a discharge system for removing the sediment-water 

mixture. The unit will be mounted on a mobile platform, allowing 

operation under field conditions. 

During the planned experiments, compressed air will be supplied 

through a pipeline to the lower zone of the well, where it will 

interact with the incoming water flow. The resulting air-water 

mixture is expected to create intensive turbulence and pressure 

fluctuations, which will contribute to the destruction of sediment 

structures. The loosened particles will be transported upward 

through the well shaft and removed to the surface. 

The effectiveness of the method will be evaluated based on 

several parameters, including the rate of sediment removal, the 

degree of cleaning of the well bottom, and the energy consumption 

of the system. Experimental observations are planned to be carried 

out under different operating conditions, varying air pressure, water 

flow rate, and duration of the cleaning process. 

The obtained data will be analyzed to determine the optimal 

operating modes of the pneumohydraulic system and to assess its 

performance compared to traditional cleaning methods. 

Design of the mobile unit 
The developed mobile pneumohydraulic unit is designed to 

perform efficient cleaning of shaft wells from sediment deposits 

under field conditions. The main objective of the design is to ensure 

high efficiency of sediment removal while maintaining mobility, 

simplicity of operation, and adaptability to various well conditions. 

The structural layout of the unit includes several interconnected 

components forming a functional system [9,10]. The primary 

elements of the installation are: a compressor for generating 

compressed air, a water pump for supplying pressurized water, a 

mixing chamber, pipelines for fluid and air delivery, and a discharge 

system for removing the sediment-water mixture. 

The compressor provides a continuous supply of compressed air 

into the system, which is directed through a pipeline to the lower 

part of the well. Simultaneously, the water pump delivers water 

under pressure into the mixing chamber. In this chamber, air and 

water interact to form a two-phase flow characterized by high 

turbulence and pulsating pressure. 

The velocity of the air–water mixture in the pipeline can be 

estimated as: 

 

𝑣 =  
𝑄

𝐴
                                               (1) 

where 𝑣 is the flow velocity (m/s), Q is the volumetric flow rate 

of the mixture (m³/s), and A is the cross-sectional area of the 

pipeline (m²). 

The density of the air–water mixture can be expressed as: 

 

𝜌𝑚𝑖𝑥 = 𝛼𝜌𝑎𝑖𝑟 + (1 − 𝛼)𝜌𝑤𝑎𝑡𝑒𝑟                             (2) 

where 𝜌𝑚𝑖𝑥  is the density of the mixture, α is the volumetric 

fraction of air, 𝜌𝑎𝑖𝑟  is the density of air, and 𝜌𝑤𝑎𝑡𝑒𝑟  is the density of 

water. 

The generated air–water mixture is injected into the bottom 

zone of the well, where sediment deposits are accumulated. Due to 

the combined effect of hydraulic and pneumatic forces, dense 

sediment layers are loosened and transformed into a suspended 

state. The lifting force acting on the mixture can be estimated as: 

 

𝐹 = 𝜌𝑚𝑖𝑥 𝑔𝐻                                     (3) 

where F is the lifting force, g is the gravitational acceleration 

(9.81 m/s²), and H is the depth of the well. 

The resulting mixture of water, air, and sediment particles is 

then transported upward through the well shaft [9]. The removal of 

the sediment-laden mixture is carried out through a discharge 

pipeline to the surface, where the material can be collected or 

diverted away from the well. 

The entire system is mounted on a mobile platform, which 

allows transportation between different sites and enables operation 

in remote agricultural and livestock areas. The proposed design 

ensures flexibility in operation, as key parameters such as air 

pressure and water flow rate can be regulated depending on the 

characteristics of the well and the type of sediment. This 

adaptability significantly improves the efficiency of the cleaning 

process and reduces operational time. 

Figure 1 illustrates the general schematic of the mobile 

pneumohydraulic unit and the interaction of its main components 

during the cleaning process. 

 

 

Fig. 1. Schematic diagram of the mobile pneumohydraulic unit 

 

Results and discussions 
At the current stage of the research, a pilot shaft well with a 

depth of 30 m located in the Almaty region has been prepared for 

experimental studies. The well is intended to be used as a testing 

site for evaluating the performance of the developed mobile 

pneumohydraulic unit. 

Since the experimental unit is still under development and 

assembly, full-scale field experiments have not yet been conducted. 

Therefore, the present study focuses on the analysis of the expected 

performance characteristics of the pneumohydraulic method based 

on theoretical considerations and preliminary design parameters. 

The efficiency of the proposed method is primarily associated 

with the generation of a turbulent air–water flow in the lower zone 

of the well. The interaction of compressed air and pressurized water 

is expected to create intensive mixing, pressure pulsations, and 

upward flow, which contribute to the loosening and lifting of 

sediment particles [8]. 

The expected operating parameters of the developed system are 

presented in Table 1. 
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Table 1. Expected operating parameters of the pneumohydraulic 

system 

Parameter Value 

Well depth                         30 m 

Air pressure                       0.3 – 0.6 MPa 

Water flow rate                    1 – 3 L/s 

Estimated mixture velocity         1.5 – 3.0 m/s 

Cleaning duration                  1 – 2 hours 

The presented parameters are consistent with similar studies of 

pneumatic and hydraulic systems [8, 11]. Recent studies also 

confirm the effectiveness of combined hydraulic and pneumatic 

approaches in water systems [6]. 

These results indicate the potential efficiency of the 

pneumohydraulic method for sediment removal under the given 

operating conditions. 

Based on the design of the system, it is assumed that the 

pneumohydraulic method will provide more effective sediment 

destruction compared to traditional mechanical cleaning techniques. 

In particular, the combined action of pneumatic and hydraulic forces 

is expected to improve the removal of compacted deposits and 

reduce the time required for well cleaning. 

The mobility of the developed unit is another important 

advantage. The ability to transport the system to different locations 

allows its application in rural and livestock water supply systems 

where stationary equipment is not available. 

Future experimental studies will be carried out on the prepared 

well to determine key operational parameters, including optimal air 

pressure, water flow rate, sediment removal efficiency, and energy 

consumption. The obtained results will allow further optimization of 

the system and validation of the proposed method under real 

operating conditions. 

The proposed method is expected to reduce cleaning time by 

approximately 25–40% compared to traditional methods. 

 

Conclusions 
The study addresses the problem of sediment accumulation in 

shaft wells and proposes a pneumohydraulic method as an effective 

solution for improving the cleaning process. The analysis of existing 

methods has shown that traditional mechanical and hydraulic 

techniques have significant limitations in terms of efficiency, labor 

intensity, and applicability under field conditions. 

The proposed pneumohydraulic approach, based on the 

combined action of compressed air and water flow, is expected to 

significantly enhance the process of sediment loosening and 

removal. The interaction of air and water creates turbulence and 

pressure fluctuations that contribute to the destruction of compacted 

deposits and their transportation to the surface. 

A mobile pneumohydraulic unit has been designed, ensuring 

operational flexibility and applicability in remote rural and livestock 

water supply systems. The use of a mobile platform allows the 

system to be easily transported and deployed under various field 

conditions. 

At the current stage, a pilot shaft well with a depth of 30 m in the 

Almaty region has been prepared for experimental validation of the 

proposed method. Although full-scale experimental results are not 

yet available, the theoretical analysis and design considerations 

indicate the high potential effectiveness of the developed system. 

Future research will focus on experimental testing of the mobile 

unit, determination of optimal operating parameters, and quantitative 

evaluation of sediment removal efficiency. The results of these 

studies will allow further improvement of the system and confirm its 

practical applicability in rural and livestock water supply systems. 
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