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ABSTRACT

Purpose. The aim is to analyze the problem of preventing the asphalt-resin-paraffin deposits (ARPD) in the oil
industry equipment and to justify application of paraffin control methods; to review modern approaches to ARPD prob-
lem and possible methods of its solution; to analyze existing methods of hydrocarbons ‘treatment by magnetic field.

Methods. Investigations showed that application of magnetic anti-paraffin device (MAPD) makes it possible (during
24-hour operation of the oil well) to double the time between overhauls of oil wells equipped with sucker rod pump
installations.

Findings. The results obtained due to MAPD application in oil wells equipped with sucker rod pumps give an oppor-
tunity to use it in oilfield practice employing free-flow production method or in wells serviced by centrifugal pumps
and in oil pipe lines.

Originality. Application of up-to-date magnets with poles from 60 to160 kA/m enables to decrease ARPD in oil
equipment.

Practical implications. The results of MAPD implementation at Boryslav field, in particular in wells No 1343, 797,
948 proved the efficiency of the device application and doubled the overhaul period. Magnetic field effect on hydro-

carbons is analyzed in the article.

Keywords: magnet, hydrocarbon systems, well, magnetic treatment; oil, asphalt, resin and paraffin deposits

1. INTRODUCTION

Insufficiency of world oil resources brings about the
necessity to actively develop and use the fields with a
comparatively low well output and also fields located far
away from densely populated regions, with difficult oil
production conditions, high viscosity of oil and with
considerable content of impurities. One of the most
harmful impurities is ARPD.

Depending on the composition, physical and chemi-
cal properties of ARPD contained in oil, and the proper-
ties of oil produced in certain fields, ARPD could vary
significantly in terms of production and transportation of
produced oil. Besides productivity reduction and signifi-
cant decrease in economic performance of oil production
and transportation, the presence of ARPD leads to envi-
ronmental deterioration as a result of all these processes,
as during oil refining, deposits are becoming detrimental
environmental pollutants (Klassen, 1982).
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Currently, despite a large number of works devoted to
the study of the mechanism responsible for magnetic
field effect on oil, water-oil and water systems, there is
no single, universally accepted and established view on
the essence of processes involved. However, oil extrac-
tion is often related to water and water-oil systems.

Given uncertainty of the magnetic field effect on wa-
ter and water systems, different hypotheses and ideas
about this mechanism are subdivided into three main
groups. One of these groups relates the magnetic effect to
the influence of the field on salt ions which are always
present in water. The effect of the field results in polari-
zation and deformation of ions, which increases the
probability of their convergence and promotes the for-
mation of crystal nuclei (Klassen, 1982; Nalivaiko, Man-
gura, Mangura, & Nalivaiko, 2015).

The second group includes hypotheses about the al-
leged effect of the field on water impurities that are in the
colloidal state. Finally, the third group suggests a possi-
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ble effect of the magnetic field on the structure of water.
Consequently, the field could cause changes in the ag-
gregation of molecules and disorientation of hydrogen
nuclear spins in molecules. It is also assumed that chang-
es in physical properties (structure, density, viscosity,
surface tension, etc.) depend on magnetic susceptibility
of water and ions contained in it.

During the magnetic treatment of water-dispersed
systems, the precession of the outer electron clouds in
molecules is taking place. Molecules acquire induced
magnetic moment directed oppositely to external field. It
leads to changes in hydrogen bonds energy, their partial
rupture, changes of molecules relative position, and, for
this reason, changes in the structure and physical proper-
ties of water.

Effect of magnetic field on the corrosion activity of
water systems was experimentally established long ago
(in 1960s) and mass production of various magnetic anti-
corrosion and anti-scaling devices began more than five
decades ago. Effective anti-corrosion impact of magnetic
treatment and its benefits for destruction (dissolution) of
accumulated layers of scale have been known for quite a
while (Klassen, 1982).

However, the corrosion-resisting mechanism of mag-
netic treatment effect has not be accurately described so
far. It is assumed that reduction of water corrosion effect
can be explained by changes in the activity of dissolved
oxygen which can be activated under the influence of the
magnetic field and form ferromagnetic oxides that pro-
tect the metal surface from corrosion.

One important drawback of the proposed general ex-
planation of the mechanism is impossibility to establish
links between corrosion resistant efficiency of magnetic
treatment and parameters of the magnetic field. Contra-
dictory experimental data significantly contribute to this
confusion. There are also quite compelling and elegant
hypotheses about the mechanism of the magnetic effect
on ARPD (Tung et al., 2001). One of the arguments of
such hypotheses is the idea that given the absense of the
magnetic field, ARPD appear on equipment cold metal
surfaces mainly because of ARPD inclusions movement
in the radial direction. These diffusion processes play
only a minor role in the growth of deposits, radial
movement being inherent to any suspended particles in a
flow, when the particles’ density differs from the density
of the liquid (Zhang, Wang, Li, & Zhang, 2013).

2. THE MAIN PART

Studies have shown that in associated water and in
oil, even after their separation, always contain 10 to
500 g/t of iron impurities. They consist mainly of micro-
crystals of ferromagnetic oxides and iron hydroxides in
three crystalline forms that are recorded in natural water
solutions and oil sediments. Experiments proved the
existence of ferromagnetic iron microcrystals aggregates
formed by single microcrystals 10— 14 m long. It is
experimentally established that such aggregates disinte-
grate into separate particles under the effect of the mag-
netic field. These particles are additional centers of crys-
tallization which increase the area of internal absorption
by orders of magnitude. In one tonne of oil, the total
surface of ferromagnetic microparticles is within the
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range from 200 to 10000 m* and the total surface of one
gram of particles is 20 — 40 m”.

Microcrystalline ferromagnetic particles possess elec-
tric charges, so their surfaces adsorb paraffin, resin and
asphaltene molecules contained in oil. These molecules
comprise polar interclasts. In addition, due to the pres-
ence of water and heteroatomic impurities in oil, water,
and gas mixture such particles may exhibit hydrophobic
or hydrophilic properties, which, together with high sur-
face curvature of such particles significantly reduces the
amount of energy consumed for the formation of gas
phase bubbles on their surface and thus contributes to the
absorption of paraffin molecules as on micelles cores.
Experience showed that the effect was completely absent
or insignificant when distilled water was used, which
also confirms validity of the proposed mechanism of
magnetic effect (Klassen, 1982; Nalivaiko, Mangura,
Mangura, & Nalivaiko, 2015).

In addition, there are also data on the efficiency of
magnetic treatment of water and oil, which is extracted to
improve injection capacity and reduce ARPD. According
to the research and industrial use, in most cases it was
possible to completely prevent ARPD for the period of
about one year, and in some cases it was possible to
achieve prolongation of the well cleaning interval from
1 —2days to 10—20 months. Growth in the injection
capacity of layers ranged from 30 to 100% (Zhang,
Wang, Wang, & Zhang, 2015).

There is a number of other useful effects (increase in
oil displacement efficiency, longer period of waterless
displacement, and etc.) that raise the productivity of oil
extraction. It can be assumed that the role of magnetic
device in treatment of oil, or water-oil systems consists
in creation of more centers of crystallization. When oil
is refined by the magnetic field, due to the formation of
additional centers of crystallization, paraffin crystals
grow not on the equipment walls but in the oil volume
which leads to the decrease in intensity of ARPD
growth (Chow et al., 2000).

MAPD presupposes internal placement of magnets
inside the pipe and consistent placement of permanently
magnetized chain of magnets with alternating directions
of magnetization. In the proposed design, each of these
magnet pairs is placed at 180° relative to the previous
one around the axis of the pipe along the length of the
channel so that each of the pipe side polarity facing its
magnet poles, taking turns, produces a multi-reverse mag-
netic field with any necessary length of interaction area
and with any total length of areas of high-gradient field.

It is necessary to mention that, despite high variabil-
ity and credibility of the proposed explanation of mecha-
nism for preventing and reducing ARPD, it is difficult to
obtain practical conclusions about the necessary magnet-
ic parameters of corresponding magnetic devices (Nali-
vaiko, Mangura, Mangura, & Nalivaiko, 2015).

MAPD application increases the time between well
overhauls due to direct magnetic field action. MAPD
mechanism changes viscosity of the liquid flowing
through the device (Fig. 1).

It is not clear, however, which parameters of the field
intensify separation of ferromagnetic microcrystal aggre-
gates and micelles formation. It can be also assumed that
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at sufficiently high level of ferromagnetic microcrystal
aggregates’ content in water-oil system it may be feasible
to create the necessary fields only in a part of the mag-
netic device channel. This helps to explain the practical
effectiveness of magnetic fields for devices with high
performance only in small parts of their working channel
cross section. Therefore, it should be emphasized that the
presence of ferromagnetic particles is regarded as exper-
imentally established fact.

Figure 1. MAPD operation layout in the well: 1 - capital
string; 2 — intermediate string; 3 — surface casing;
4 —tubing; 5—well pump; 6 —pump rod; 7 —tee;
8 — pump jack; 9 — MAPD

It should be noted that the use of magnetic treatment
of liquids in oil extraction, in spite of multiplicity of its
objectives and achieved technical effects, goes much
beyond the mentioned areas.

Magnetic treatment of fluids for a long time has
been used to improve corrosion resistance of pipes and
boiler equipment in systems of water and heat supply;
to improve crop yield in agriculture irrigation systems;
for desalination of soil in irrigation systems; to improve
the effectiveness of drugs and medical procedures, and
for many other purposes. This list of magnetic treatment
applications can now be considered well-established
and traditional, with a wealth of accumulated experi-
ence in the development and operation of the relevant
magnetic devices.

However, recently a lot of innovative applications of
magnetic treatment have appeared. These include, for
example, increasingly widespread practice of using mag-
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netic devices for natural gas and fuel treatment for inter-
nal combustion engines. It is considered that the magnet-
ic fuel treatment improves fuel combustion efficiency,
reduces costs, and simultaneously improves environmen-
tal friendliness of such engines. Among new applications
we should also mention usage of magnetic treatment for
disinfection of water and other liquids, as well as for
preserving food (Zlobin & Alivanov, 2011).

These unconventional beneficial effects can hardly be
explained by any of the above hypotheses about the
mechanisms of magnetic effect.

3. CONCLUSIONS

Magnetic effect on various liquids and gaseous mate-
rials and a variety of mechanisms of such effect are very
broad but still not well studied in practice. In this con-
text, to improve the efficiency of magnetic devices and
their mass and size characteristics, a special attention
must be paid to the development of devices in which the
areas of high-gradient magnetic field are placed inside
the unidirectional field.
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ABSTRACT (IN UKRAINIAN)

Merta. [IpoananizyBarn e(eKkTHBHICTh 3aCTOCYBaHHS MAarHiTHOTO TOJIsS Ha BYIJICBOAHEBI cuUCTeMH. Bukiactu
CydJacHi morisiin Ha craH npoOnemu acdanbrocmonucronapadinoBux Binkiagenb (ACIIB) y HadrompomucioBomy
o0JiaiHaHHI Ta MOXJIMBI MeTo M 11 po3B’si3aHHs. [logaTn KOPOTKUiA MepeiK ICHYIOUHX METOIB 0OpOOKU BYTIIIEBOHE-
BUX CUCTEM MaFHiTHI/lM IIOJIEM.

Metoanka. JlocinizamMu BCTaHOBJICHO, 1o 3actocyBaHHs MAII (MarHiTHOTO aHTHNAapadiHOBOTO HPUCTPOIO) A€
MOXJIMBICTB (TIpH L1101000BOMY peXXuMi poOOTH CBEPIUIOBHHHU) B CEPEJHBOMY 30UIBIINTH y J1BA Pa3d MIKPEMOHTHHUH
repios; po6oTH Ha(hTOBUX CBEPJUIOBHH, sIKi 00JIa/lHAHHI IITAHTOBUMH CBEPAJIOBUHHUMH HACOCHHUMH YCTaHOBKAMH.

PesynbTaTn. OtpuMani pesyibrati BukopuctanHsi MAII y HaQTOBUX CBEpUIOBHHAX, sIKi 00JaJHAHHI IITAHTOBUMH
CBEpJIOBUHHUMH HACOCHHMHU YCTaHOBKaMH, JAlOTh MOMIJIMBICTh BUKOPHUCTOBYBATH HOTo y HaTONMPOMHUCIIOBIH Mpak-
THUII TIPH eKCIUTyaTamii CBEpUIOBIH (POHTAHHAM CITIOCOO0M a00 CBEPIUIOBHH, IO €KCIUTYaTyIOThCS €IIEKTPOBIALEHTPO-
BHMH HACOCAaMH, a TAKOX Ha Ha(TOMPOBOAX.

HaykoBa HoBH3HA. BukoprcTaHHS HOBITHIX MarHiTiB 3 6araTopeBepcHUMH moiisiMu Big 60 1o 160 kA/M mo3Boisie
smeHmmtH Biakiaaan ACIIO Ha HadToBOMY 0ONamHAHHI.

IIpakTnyna 3HaunMicTb. PesyneraTn BupoBamkernas MAII va bopucnaBcskoMy pomoBHILi, a 30KpeMa Ha CBEpA-
nmoBuHax NeNel343, 797, 948, noBenu e(peKTHBHICTE BUKOPHUCTAHHS JAHOTO HMPUCTPOIO, IO MPHU3BENIO 10 301IbIICHHS
MIDKPEMOHTHOTO IIepioay y JiBa pasu.

Kniouosi cnosa: maznim, gyanesoonesa cucmema, c6epoiosuna, MazHimua oopobka, nagpma, acganbmocmonucmo-
napaghinosi 8iox1aou

ABSTRACT (IN RUSSIAN)

Heas. [IpoananusupoBath 3¢ HeKTHBHOCTH TPUMEHEHUSI MarHUTHOTO TIOJISI Ha YIJIEBOAOPOJHbBIE cUCTeMbl. M31o-
JKUTh COBPEMEHHBIC B3MIIABl HAa COCTOSIHHE MpPOOIeMBbl acdaibTocMoircTonapa@uHoBX oTioxeHnin (ACIIO) B
HE(TEIPOMBIIITIEHHOM 000PYZIOBaHUH M BO3MOXHBIE METOBI ¢ perteHus. [IpuBecTn KpaTkuil mepedeHs CyIecTByro-
IIUX METOOB 00pabOTKM YII€BOAOPOIHBIX CHCTEM MarHUTHBIM ITOJIEM.

Metoaunka. OnbiTamMu ycTaHOBIIEHO, uyTO npuMmeHenne MAII (MarHUTHOTO aHTUIAPa(UHOBOIO yCTPOWCTBA) AaeT
BO3MOXKHOCTH (IIPH KPYTJIOCYTOYHOM PEXHUME PabOThl CKBAXKHMHBI) B CPEIHEM YBEIHUYHUTH B JIBA pa3a MEKPEMOHTHBIN
nepuoz paboTsl HEPTAHBIX CKBAXKUH, 000PYI0BaHHBIX IITAHIOBBIMU CKBAXKMHHBIMH HACOCHBIMH yCTaHOBKAaMU.

PesynbTathl. [lonydennbie pe3ynbTathl ucnoib3oBanus MAIL B HEPTIHBIX CKBaKHHAX, 000PYIOBAaHHBIX IITAHTO-
BBIMHU CKB2)XMHHBIMH HACOCHBIMH YCTaHOBKaMH, IAIOT BO3MOXKHOCTh HCIIOJIb30BATh €r0 B HE()TEIIPOMBICIOBOW IIPaKTH-
K€ MPU JKCIUTyaTalliyi CKBaXUH (POHTAHHBIM CIIOCOOOM MIJIM CKBA)XKUH, SKCIUTyaTHPYEMbIX LEHTPOOEKHBIMH HACOCAMH,
a TaKke Ha He(hTeTTpOBOAX.

Hayunas HoBu3Ha. Vcnonp30BaHne HOBEHIINX MarHUTOB ¢ MHOTOPEBEPCHBIMH NOJIsIMU OT 60 10 160 KA/M 1103BO-
asieT yMeHbInTh oinokeHnst ACIIO Ha HedTsIHOM 000py10BaHHH.

IpakTnuyeckasi 3Ha4YuMoCThb. Pe3ynbpraTsl BHeApeHus MAII Ha BopuciaBckoM MECTOPOXKIEHUH, @ B YaCTHOCTH Ha
ckBaxxnHax NoNel343, 797, 948, nokazanu 3¢ppeKTHBHOCTE JAHHOTO YCTPOMCTBA, YTO MPUBEIO K YBEIHMUCHHIO MEXKpe-
MOHTHOTO NIEpHO/ia B /IBa pa3a.

Kniouesvie cnosa: maznum, yeneeo0opooHas CUCmeMd, CKGAJICUHA, MAcHUmHAs obpabomka, Heghmb, acghanb-
MOCMOIUCMONAPAPUHOBbIE OMNONHCEHUS
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