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Аннотация.  В статье приводится обоснования разработки 

пульсированной промывки устьевых трубопроводов и скважинного 

оборудования, приводятся закономерности отложения парафина в 

трубопроводах, промысловые испытания волнового способа удаления 

асфальтосмолопарафиновых отложений из нефтесборных трубопроводов. 

Для очистки  насосно-компрессорных труб (HКТ)  на устье и кустах, 

содержащих твердые асфальтосмолопарафиновые  отложения (АСПО) 

рекомендуется промывать  с применением  гидромеханического вибрационного 

устройства. 
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Abstract. The paper forms the rationale of the development of pulsating washing 

of wellhead pipelines and downhole equipment, some patterns of paraffin deposition 

in the pipelines, field tests of the wave method for the removal from asphaltene-resin-

paraffin deposits (ARPD) from oil gathering lines are given. For cleaning the tubing 

on the wellhead and clusters containing solid asphaltene-resin-paraffin deposits it is 

recommended to flush with the use of hydro-mechanical vibratory device. 
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Introduction 

Crude oil contains asphaltene-resin-paraffin deposits in almost all oil producing 

regions of Russian Federation.  The chemical composition of asphaltene-resin-

paraffin deposits depends on the properties of produced crude oil, thermal and 

hydrodynamic conditions of pay zone, geological and physical characteristics, oil 

recovery and production methods.  Paraffin deposits in oilfield equipment are mainly 

formed due to the drop-out (crystallization) of high molecular weight hydrocarbons 

when temperature of oil flow decreases. 

Composition of paraffin deposits depends on the composition of oil and the 

thermodynamic conditions under which sediments are formed. Depending on 

crystallization conditions the composition of paraffin deposits even in a single well is 

extremely diverse. They vary in the content of asphaltenes, resins and solid 

hydrocarbons. Often, paraffin deposits contain water and contaminations. The rate of 

paraffin deposits is influenced by water cutting of well production. Asphaltene-resin-

paraffin deposits reduce the capacity of a well and at the same time increase the wear 

of equipment, power consumption and flow line pressure. Therefore, paraffin control 

is a crucial task concerning oil well stimulation. 

Analysis 



The rate of paraffin deposits varies in wide range. Thus, in oil-field operations 

of the Perm region the rate of paraffin deposits is 1000 m, in the Republic of 

Tatarstan is 1200-1250 m and below, in the Republic of Bashkortostan it is 400-1700 

m, on the fields of South Mangishlak it is 1000-1100 m. On Nizhnesortymskiy oil 

field in Western Siberia paraffin deposits have been observed in the depth range of 

300 to 1400 m, on Urengoiskiy GKNM it is 800-1600 m. These results were obtained 

by studying sediments while lifting the tubing from the well. The rate of paraffin 

deposits is mainly due to crystallization of high- melting- point paraffins. In this 

regard, the accumulation of asphaltene-resin-paraffin deposits during the extraction 

of oil in the tubing takes place. 

In order to identify standard forms of asphaltene-resin-paraffin deposits some 

measurements of sediment thickness on the surface of the pipes when pulling a string 

were taken. The measurement and study results of other authors concerning this 

problem are given in the articles [1]. 

During the study  the following data were compared : the development of the 

area , the data items of the tubing : the landed depth , coating, the period of well 

performance after cleaning up ,   the thickness of asphaltene-resin-paraffin deposits, 

rig type, the number of a well. After summarizing the material three profiles of 

asphaltene-resin-paraffin deposits in the tubing during well operation were pointed 

out. 

Fig. 1 shows: the profile of asphaltene-resin-paraffin deposits of the well 

10099D of the Ι type; the profile of asphaltene-resin-paraffin deposits of the well 

5598 of theΙΙ type, wells 14990 of the ΙΙΙ type. The obtained patterns of asphaltene-

resin-paraffin deposits   in the tubing allow to use effective methods of prevention 

and removal from asphaltene-resin-paraffin deposits in the production of oil. 

For the prevention and prophylactic removal from asphaltene-resin-paraffin 

deposits  thermal, mechanical, magnetic, electric heating and chemical methods are 

used, the effectiveness of which depends on the method of oil extraction, composition 

and properties of the oil produced. 
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Each of these methods has its advantages and disadvantages, as well as the area 

of effective application. [1]  

 
Fig. 1 –   Profiles of АRPD in the tubing of a well 

 

Nowadays solvents are widely used for the removal from paraffin deposits. The 

article provides a rationale for choosing the development of pulsating washing up of 

orifice pipelines and downhole equipment.  The designs of the pulsator and the 

device for cleaning the inside surface of the tubing, the results of bench tests, the 

results of the  treatment of wells equipped with sucker-rod pumps(SRP assembly), 

electrical submersible pump(ESP assembly), UNVP, automated group measure unit 

for gas measuring in oil (AGZU) and the assessment  of  pulsating  cleaning 

application efficiency are given. 

http://www.multitran.ru/c/m.exe?t=3604891_1_2&ifp=1&s1=automated%20group%20measure%20unit%20for%20gas%20measuring%20in%20oil
http://www.multitran.ru/c/m.exe?t=3604891_1_2&ifp=1&s1=automated%20group%20measure%20unit%20for%20gas%20measuring%20in%20oil


In field conditions for the removal from paraffin deposits the method of heat 

exposure, based on the use of commercially available mobile units for dewaxing of 

oil-well equipment and hot oil cleaning 1ADN-4-150 is widely used. The scheme of 

hot oil dewaxing is as follows. Hot oil entering the pipeline dissolves the 

accumulated wax. The dissolved wax is withdrawn by hot liquid out of the well and 

is pumped into oil-gathering point. In order to increase the efficiency of the removal 

from the paraffin deposits we propose to apply the combined method of cleaning such 

as thermal and vibrational. 

By the researches of many authors it was determined that the vibration influence 

leads to the destruction of the structural grid of paraffin hydrocarbons and oil sludge 

acquires the ability to flow. 

To implement this method of the removal from paraffin deposits several types of 

sources of acoustic oscillations were tested [1]: 

1) magnetostriction radiators to excite the ultrasonic oscillation with frequency 

of 22 kHz; 

2) hydrodynamic to convert fluid flow energy into acoustic oscillations etc. 

The effect of influence of the sound-emitting device on the formation of paraffin 

deposits was not very successful because of the local nature of the acoustic 

oscillations and the low reliability of the oscillators.  

A pulsator was designed for preventive cleaning of the oil-pipeline from 

asphaltene-resin-paraffin deposits; for periodic cleaning up of the pipeline, for 

periodic cleaning up of the running pipelines, for cleaning up of the equipment 

facilities for oil and gas gathering running pipelines, for cleaning up of the equipment 

facilities for oil and gas gathering.  

The developed device differs by symmetric arrangement of the elements relative 

to the tubing and pipelines and does not cause additional bending and other stresses. 

And also it does not create additional load during paying out the tubing and retrieval 

of tubing strings. 

The pulsator’s operating elements are set in the body which has openings for the 

liquid inlet and outlet, the centralizer is mounted on a spring which in turn rests upon 
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the stop. The rotary valve is mounted on the body by means of a pivot. The crank is 

connected to the valve by means of a crank pin and is connected to the valve by 

means of a register pin. The device operates in the following way. When restoring the 

fluid circulation due to the hydraulic forces the valve and related elements start 

oscillating. At the same the pulsator’s flushing port opens and closes and as a result 

of it hydrodynamic oscillations are excited. [2] 

For laboratory researches of a pulsator an exhibition stand of UGNTU was 

improved. The stand has a closed flow fluid. The fluid circulation through the 

pulsator is provided by a pump. Valves serve to direct the flow. The   flow rate 

through the pulsator is determined by its volume in a  test measure. 

Monitoring the pressure of working fluid is done by a gauge. The recording 

devices serve for recording the instantaneous fluid pressure values: the pressure 

sensor, the amplifier, ADC, PC. The oscillation frequency is determined through 

fluctuations of the pulsator’s body, for this the sensor of the vibration analyzer 

«Korsar» is set on the body of the pulsator. The designed laboratory bench allows 

getting the amplitude frequency - response characteristics of the pulsator.  

The pulsator with different work items was tested on the stand. In addition to 

this, the pulsator’s optimum sizes of work items were determined. The optimality 

criterion in this case is steady work and the maximum amplitude of the fluid 

oscillations. 

Field tests of the given method of the removal from asphaltene-resin-paraffin 

deposits from oil gathering lines were carried out on the pipeline of Tuimazinskiy oil 

and gas production department ANK "Bashneft". The tests were conducted in order 

to evaluate the influence of hot-oil pulsating pumping on the removal from 

asphaltene-resin-paraffin deposits, the intensity of the subsequent deposition and 

efficiency of the pulsator. 

The tests were conducted in the pipeline segment by an automated group 

measure unit AGZU 315 to AGZU 640 of oil and gas production workshop № 1. Oil 

enters the automated group measure test unit AGZU 315 from five wells: from two 

wells equipped with sucker rod pumps (SRP assembly), and from three wells 
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equipped with electric-centrifugal pumps (ESP assembly). The daily fluid volume is 

302.8 m3.  The length of the treated pipeline segment is 2866 m, the diameter is 114 

mm, the operating pipeline pressure is 1.8 MPa. The frequency of hot oil cleaning of 

the pipeline is three months. The pressure drop in the pipeline depending on the time 

of year, on the clearing time from the asphaltene-resin-paraffin deposits is from 1.1 

to1.9 MPa. 

  For the removal from the asphaltene-resin-paraffin deposits hot oil and the 

following equipment were used: hot oiler unit DPM; the hydromechanical pulsator, 

the flow and pressure control device; the tank truck with separator oil at temperature 

of 120° C, the oil pipeline binding, pulsators, tank trucks and hot oiler unit. 

 When cleaning the pipeline from the asphaltene-resin-paraffin deposits the 

pulsator was installed at the pipeline rupture valve. The top pulsator sub was 

connected to the hot oiler unit by hot-oil injection train, the bottom sub-to the 

pipeline. 

   Hot-oil washing at temperature of 120° C and with the volume of 20 m3 was 

being carried out for two hours. In the process of hot- oil washing the following 

characteristics were under control: time, the injection rate, the discharge pump 

pressure and the terminal pipeline pressure, the hot-oil flow, the temperature of hot-

oil at the outlet of the pump and at the leading end, the hot- oil pump pulse, the 

vibration frequency of the pulsator. 

The frequency of the hydrodynamic waves generation was monitored using a 

vibration analyzer "Korsar". The efficiency of the oil-pipeline cleaning from 

asphaltene-resin-paraffin deposits was estimated when reducing its operating 

pressure. 

Before using a pulsator the operating pressure was 2.4 MPa. In the initial period 

of treatment the pressure increased up to 2, 4 - 2, 6 MPa, and an hour later the 

pressure dropped to 2.2 - 2.3 MPa, the final steady-state injection pressure was 2.0 - 

2.1 MPa. The oil pipeline was put on stream with an operating pressure of 1.7 MPa 

(Fig. 2). The cleaning of the pipeline from asphaltene-resin-paraffin deposits is as 

follows. First the cleaning is carried out at the propagation length of the 
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hydrodynamic waves.   Then the damping reduces in the cleaned-up division, due to 

which the hydrodynamic waves travel further and the cleaning of the next division of 

the pipeline starts.  So that is the way the cleaning of the pipeline from asphaltene-

resin-paraffin deposits is operating at the propagation length of the hydrodynamic 

waves in the treated and untreated divisions.   

 
pn – the operating pressure of the pipeline before washing out, 1 – the pressure 

increase in the pipeline during the initial treatment period, 2 – the pressure drop in the 

pipeline during the washing out by the pulsator, 3 - putting the pipeline on stream   

Fig. 2 - the pipeline pressure change at hot-oil cleaning from the asphaltene-

resin-paraffin deposits 

        Field tests have shown satisfactory performance of the pulsator. The 

application of the pulsator for hot oil cleaning of the pipeline from the asphaltene-

resin-paraffin deposits  improves the cleaning efficiency up to 40% compared with 

the conventional cleaning. 

For cleaning the tubing on the wellhead and clusters containing solid asphaltene 

deposits   it is recommended to flush with the use of hydro-mechanical vibratory 

device, which is equipped with a rotary engine having cutting and calibrating tools 

[3]. 

Fig. 3 shows a completion design of a device for cleaning the inside surface of 

the tubing and gathering line consisting of a stator 1 which has a channel 2. A rotor is 

on the stator 3 having the bearings 4. The rotor in its turn is provided with cutting 5 

and 6 calibrating tools. The stator and the rotor have channels 7 and 8 which are 

directed oppositely to each other. The nut is for clearance adjustment 9. The seal 10 is 
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to seal the clearance between the stator and the pipeline. The groove is for setting the 

seal .The manifold 12 serves to connect the flexible hose when cleaning the separate 

joints of the pipe. 

The device operates in the following way. The circulating fluid along the axial 

channel 2 passes through the radial channels of the stator 7 to the channels of the 

rotor 8. Since the channels are arranged at an angle, the rotor starts rotating under the 

action of the jet. Rotating the rotor intermittently closes the openings in the stator, 

resulting in a pressure surge. The frequency of pressure surges depends on   a number 

of channels and rotary speed. The pressure surges create irregular velocity which in 

turn provides pulsating flushing and the destruction of the area of solid deposits 

cutting in the inside surface of the pipeline. The line surge also provides the axial 

movement of the device. This device has received a patent for useful model № 

113181. [3] 

 
 

Fig. 3. The device for cleaning the inside surface of oilfield pipes 

 The dynamic torque of the device is defined in the following way [4]: 

Iε = M u - Msopr - M raz, 

where Iε-the dynamic torque of the device; 

        I- mass moment of inertia of the rotating part of the device; 

        ε- the angular acceleration of the device; 

        Mu - the dynamic rotary torque; 

        Msopr = Pop μ r- drag torque in the support; 

        Pop - axial load on the support; 



        μ - friction coefficient in the support; 

        r - friction radius of the wearing surfaces; 

       Mraz = - time spent on the destruction of deposits; 

       Prez = 10cptxpsyp- cutting force; 

       cp - coefficient depending on the mechanical properties of the sediment; 

        t - depth of cut; 

        xp and yp - the exponents of variables depending on the properties of the 

sediment; 

        dsr - average diameter of the layers of sediment. 

Conclusion 

A pulsator was designed for preventive cleaning of the running oil-pipeline from 

asphaltene-resin-paraffin deposits; for periodic cleaning of the pipeline, for periodic 

cleaning up of the pipeline, for periodic cleaning up of the running pipelines, for 

cleaning up of the equipment facilities for oil and gas gathering.          

The efficiency of the pipeline cleaning is achieved by mechanical cutting of 

inline sediments with calibrating and cutting tools, by pulsating washing of sediments 

with flushing fluid flow. 

This device is also used to clean the inside surface of the tubing in the wellhead 

and clusters and to remove from harder asphaltene-resin-paraffin deposits. 
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