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Abstract. The report describes the method of the acoustic impact on the oil reservoir. 
Chemical decomposition of formation water molecules occurs with the help of energy-
accumulating substances. Water becomes a supplier of hydrogen and oxygen. This allows the 
processes of hydrogenation and synthesis of new compounds. The decomposition of water is 
carried out using activated aluminum. As a result of the reaction, hydrogen is released, which 
provides the reaction of hydrogenation of all fractions of heavy oils. Industrial tests of the new 
method of acoustic impact were carried out at one of the fields with high viscosity of the 
Embamunaigas company in 2016. Pilot tests revealed an increase in the flowability of heavy 
oil during the hydrogenation of its components. The increase in well productivity was recorded 
during the first days of testing a new method. The negative side of the tests was the 
colmatation of the well with the released aluminum oxide. Physical and chemical processes on 
the surface of the reacting components were studied. In the course of the research, the state of 
the phase interface was studied. The spectral composition of the responses at the phase 
interface was measured. The report presents the results of measurements of the spectral 
response of water to external influences. The test results of the new acoustic method showed 
the need for additional research. 

1. Introduction 
The oil and gas field development system is formed at the initial stage of the field life cycle. One of 
the key elements of creating an oil field development system is the selection of primary, secondary, 
and tertiary methods. Primary methods of development of an oil and gas reservoir are the set of natural 
forces (types of energy) that ensure the movement of oil or gas in the porous system of the reservoir to 
the bottom of producing wells. Secondary development methods to maintain reservoir pressure include 
methods of injecting working agents in the form of water (waterflooding) and natural gas. Tertiary 
development methods in terrigenous and carbonate reservoirs are conventionally divided into two 
types - the method of enhanced oil recovery (EOR) and the method of improved oil recovery (IOR), 
depending on the prevailing influence on the component multipliers in the equation for the oil 
recovery coefficient: coverage ratio and displacement factor, respectively [1-5]. 

A new direction in the methods of the acoustic impact on the reservoir is the chemical 
decomposition of the molecules of produced water using energy-accumulating substances [6-10]. In 
this case, water is a supplier of hydrogen and oxygen, which allows the processes of hydrogenation 
and synthesis of new compounds. The acoustic impact was carried out using a pulse generator that 
operated at the frequency of decomposition of water, i.e. 42.8 kHz. These studies should be aimed at 
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preventing the negative effects of the processes of oil hydrogenation under natural conditions with the 
help of energy-accumulating substances.  

The pilot tests of a new acoustic method of enhanced oil recovery in fields with high viscous oil 
showed its efficiency. The set of experimental results shows that the layered structure of the “water-
solid” interface is the basis for controlling the chemical composition of heavy oil under acoustic 
impact. 

The change in the chemical composition of heavy oil by the hydrogenation of oil under conditions 
of natural occurrence is an acoustic effect, carried out using a chemical reaction of water 
decomposition with activated aluminum [11-13]. The released hydrogen provides the reaction of 
hydrogenation of all fractions of heavy oils [4, 7, 14 and 15]. 

 
2. Pilot tests of the method of the acoustic impact on the field with high oil viscosity 
Pilot tests of the acoustic method to change the viscosity of oil by hydrogenating its components were 
carried out in Embamunaigas (Kazakhstan) in 2016 year [7]. As a result of industrial tests, a positive 
result was obtained for reducing the viscosity of oil and increasing the productivity of wells during 
several days of testing. At the same time, the colmatation of wellbore zones with the released 
aluminum oxide was noted. It took from two to four weeks to clean the wellbore zones from the 
dropped alumina compounds. The study of the state of the phase boundary was performed using 
measurements of the spectral composition of the responses at the phase interface. The work used the 
frequency of decomposition of water, which was experimentally detected by A. Pucharich [16]. The 
report presents the results of measurements of the spectral responses of water to an external acoustic 
effect, which was carried out from a pulse generator operating at the frequency of water 
decomposition, i.e. 42.8 kHz. To study the processes of oil decomposition at the interface, an 
experimental test bench was made, the functional diagram of which is shown in Figure 1. 

 
Figure 1. Functional diagram of the experimental setup for the evaluation of the acoustic 
response at the interface, where 1 - oil-water phase boundary; 2 - quartz cuvettes; 3 - pulse 
generator; 4 - USB spectrograph; 5 - 1 channel of the spectrograph; 6 - 2 channel 
spectrograph; 7 - a device for measuring the electrical resistance of the fluid at the interface. 

 
Oil samples were investigated by infrared spectroscopy at the Institute of chemistry of the 

Academy of Sciences of the Republic of Kazakhstan on the spectrograph. The characteristic features 
of the oil spectrum from Zhetybay field are shown in Figure 2. 

Figure 3 shows the spectrogram of the source water, from which it is clear that the response 
spectrum includes the fundamental frequency (42.8 kHz), which has a maximum amplitude and the 
first two harmonics, the amplitude values of which are much less (2-3 times) basic. 

Analysis of the spectrogram indicates that the oil sample contains a small amount of amines, many 
thiophosphochloride halides. Along with saturated hydrocarbons, there are complex compounds of the 
CH and CH2 groups. Carbometaethers and aliphatic hydrocarbons with linear chains were identified 
with the CH3 group. In addition, ring structures in the form of benzene derivatives with various forms 
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of substitution are present in sufficient quantity. Heavy oils contain a large amount of sulfur and its 
compounds, therefore for the model experiment there were pressed sulfur tablets (Figure 4). 
 

 
Figure 2. An infrared spectrum of oil from the Zhetybai field. 

 

 
Figure 3. The spectral composition of the response of water at a frequency of 42.8 kHz. 

 

 
Figure 4. The spectral composition of the response of pressed sulfur, covered with 

water at a frequency of 42.8 kHz. 
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Sulfur pressed, covered with a film of water gives the maximum response to the frequency of 
exposure, and the harmonic components of this response have a 3-braided structure. Resonance 
conditions correspond to a different dimension of the structural elements of the response. For a triplet 
response, the model of the layered structure of the phase boundary can be represented as a diagram 
shown in Figure 5. 

 
Figure 5. The hypothetical structure of the phase boundary, where 1 is the low-

frequency response; 2 is the main signal and 3 is the high-frequency response. 
 

With a similar structure of the phase boundary, the conductivity of the main signal depends on the 
state of the upper and lower boundaries and, accordingly, in the case of hydrogenation, at least three 
reaction products may be present at the output, which is confirmed by the results of [7, 8]. The report 
shows that this effect can be used to obtain desired properties in petroleum compositions by an 
external impact on the interface by an electromagnetic pulse effect on the frequency of water 
decomposition. Thus, additional opportunities have been revealed for controlling the structure of the 
interface by using powders of different dispersion. This is a new effect based on the achievements of 
such branches of science as optics, metallurgy and tribotechnology. 

The set of experimental results show that the layered structure of the “water-solid” interface is the 
basis for controlling the chemical composition of heavy oil under acoustic impact, and indicate that the 
state of the oil-water phase interface determines the conditions for the splitting of heavy oil into new 
compounds, providing for the processes of hydrogenation and structuring of the resulting 
hydrocarbons. 

 
3. Conclusions 
Experimental evidence of the existence of the processes of synthesis and decomposition of 
hydrocarbons during an acoustic impact on the oil-water phase boundary has been obtained. To 
identify the mechanism of controlling the phase boundary in the oil-water compositions, an 
experimental setup was created to measure the spectral composition of the responses when acting on 
the phase boundary at the frequency of water decomposition. 

The results of physical modeling to study the structure of the interface between the phases "water - 
solid" showed that any inhomogeneity that prevents the passage of the acoustic signal causes a 
response at the fundamental frequency of decomposition of water and at the frequencies of the 
harmonic series. The components of more viscous oil at the phase boundary play an important role. 
The effect of the appearance of a layered structure of the “water – solid” interface appears, allowing 
one to control the mechanism of interaction between the separated phases during an external acoustic 
effect at the frequency of water decomposition, hydrogenation processes occur and, accordingly, the 
synthesis of hydrocarbons with benzene group derivatives. 
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