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Abstract: A determination of soil corrosivity on three sections of a main gas pipeline in the Western region of
Ukraine has been carried out. We have distinguished areas of development of biocorrosive processes with the
participation of sulphate-reducing bacteria (SRB). Soil evaluation by the degree of corrosivity has been conduct-
ed. We used weight, titrimetric, gravimetric methods, pH-metry, ten-fold limit dilution method and Postgate nu-
trient medium B for culturing SRB. It has been established that the soil in the first area selected along the lower
generatrix of the main gas pipeline has a high degree of corrosivity. It was ascertained that corrosive metal dam-
age increases in the “ferrozone” with the growth of metal exposition time from 24 to 72 hours. The soil selected in
the middle part and from above the pipeline refers to soils with a normal degree of corrosive activity. Innovative
biostable insulating coatings based on bituminous-polymerous mastic MBPID-1 have been developed, modified
with organic inhibitors from the class of quaternary ammonium salts and amines. Regularities of influence of na-
ture of nitrogen-containing corrosion inhibitors of industrial production M, N, L, H and K on the corrosion rate
of 17G1S steel for 180 days have been established. It was found that the corrosion rate of steel specimens remained
unchanged throughout the study in variants with the presence of inhibitors H and K in the test systems, which
indicated their bioresistance to the effect of SRB bacteria.
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INTRODUCTION

One of the important elements of ensuring the
ecological and energy security of Ukraine is the
effective functioning of the gas transmission sys-
tem, the main components of which are under-
ground main gas pipelines (MG). The MG are
potentially dangerous objects, with large energy
potential which could cause negative environ-
mental impacts in emergency situations due to

the pollution of the air basin, soil mass, and hy-
drosphere by products of energy transportation
(Rozhonjuk et al. 2000, Shyshkivs’kyy & Hav-
ryl’tsev 2000, Kryvenko 2005). Both Ukrainian
and international authors (Mironyuk & Proni-
na 2001, Serednyts’kyy et al. 2004, Banakhevych
& Vil'chans’kyy 2007, Van den Brand & Kenter
2011) have analyzed the reasons for the failures of
pipelines. The main reasons for failures are met-
al corrosion, intentional damage, factory and
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construction defects that create environmental
risk. Accident statistics on the linear part of the
MG showed that the dominant factor among more
than 90% of failures in the gas transportation sys-
tem is the corrosion factor, which accounts for be-
tween 15 and 50% (Shyshkivs'’kyy & Havryl'tsev
2000). Accidents and failures on the linear part of
the main gas pipelines lead to significant gas loss-
es, costs connected with the liquidation and dam-
age control and gas supply shortfalls. Average gas
losses during accidents total 2401 million m. The
total annual downtime of gas pipelines due to ac-
cidents is 3,554 hours (Hrudz et al. 2009).

During the long-term operation of under-
ground gas pipelines, the destruction of metal
due to soil and microbial corrosion is intensified.
The environmental impact caused by the destruc-
tion of pipelines following their long-term ex-
ploitation (more than 30 years) is very important.
The degradation of insulating coating due to soil
and microbe corrosion are formed in the process
of the prolonged exploitation of underground
gas pipelines laid in soils of various corrosivity
in some regions of Ukraine. One of the environ-
mental aspects providing effective and safe op-
eration of underground pipelines is monitoring
of the corrosivity of the soils in which they are
laid. The processes of the corrosion of pipelines in
the underground environment are influenced by
a number of factors, namely: the chemical nature

of soils, their moisture, resistivity, redox poten-
tial, the presence of association of soil microor-
ganisms. Due to the influence of these factors,
the degradation of the insulating coating occurs
(Fig. 1), which promotes the growth of plant roots,
leading to further cracking that result in the in-
tensification of the corrosion of the pipe metal in
the soil electrolyte.

An important factor in ensuring the trou-
ble-free operation of underground gas pipelines is
the protection of their surface from soil corrosion
by high-quality insulating coatings. Despite the
presence of modern types of insulation (polyure-
thane, polyepoxide, three-layer polyethylene), the
tendency in Ukraine has been to retain the much
cheaper “traditional” mastic and mastic-tape
coatings based on bitumen. The share of such
mastic and mastic-tape coverings in the structure
of insulating coatings in the gas sector of the econ-
omy exceeds 94% (94.6) (Polutrenko 2013). How-
ever, we cannot underestimate the destruction of
the protective insulating coating and the pipeline
metal under the influence of associates of soil mi-
croorganisms, among which sulfate-reducing bac-
teria (SRB) play a dominant role. The corrosivity
of soils in Ukraine is presented in Figure 2, its
analysis shows that the rate of soil corrosion in all
regions is in the range of 0.1-0.36 mm/year, while
the prevalence of biocorrosion is heterogeneous in
different regions.

Fig. 1. Degradation of insulating coating (A) and metal damage (B) of main gas pipeline
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Fig. 2. Soil corrosivity in Ukraine

According to the available data (Stepachov
& Lemeshyns’kyy 2016), the biocorrosion rate
is the highest in the Western region and reaches
0.62 mm/year, it is slightly lower in the Southern
and Central regions and is at the level of 0.36-
0.32 mm/year. Biocorrosion activity in the North-
ern and Eastern regions was not revealed. In view
of this, the role of microbiological processes in the
soil corrosion of underground oil and gas equip-
ment is extremely important and must be taken
into account. Due to the microbic destruction of
the protective insulating coating as a result of the
action of the heterotrophic unit of aerobic and an-
aerobic bacteria: HOB, FRB, DNB, and SRB, the
physical-mechanical properties of protective ma-
terials change (Andreyuk et al. 2005, Kozlova et al.
2008), their solidity, elasticity, adhesive character-
istics are reduced, whereupon the main function
of the coating is lost - the protection of metal from
corrosion. The degradation of insulating coatings
in the process of exploitation is another aspect of
the formation of the ecological danger of emergen-
cies asa result of increased corrosive damage to the
pipeline metal. One of the methods for improving

Central Region

Southern Region Eastern Region

[l Biocorrosion

the anticorrosive protection of underground pipe-
lines is the development of formulations of new
compositions of anticorrosive coatings with the
introduction of corrosion inhibitors and biocides
(bactericidal additives) in order to improve anti-
corrosive insulating characteristics and the elab-
oration of regimes for qualitative preparation of
a coated surface. Thereon hangs the effectiveness
of the protective coating, its durability and the
strengthening of the metal surface. The purpose of
this work is to conduct the research to determine
the corrosive activity of soils with the allocation of
areas of biocorrosion and the development of in-
novative bio-resistant insulation coatings.

METHODS

The object of the study were soil samples taken
from different sections of the main gas pipeline in
the Western region of Ukraine. Bituminous-in-
sulating mastic brand MBPD-1 was chosen as the
basis for the production of modified mastics and
primers using corrosion inhibitors with biocid-
al properties. Despite a large number of field and
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laboratory methods for determining the corrosivi-
ty of soils (Zhukov & Khramikhin 1964, Strizhev-
skiy 1986), a correct assessment can only be made
after studying soils by means of different methods
and comparing the results of these studies, taking
into account local geographical and climatic con-
ditions. The first stage of the research was devot-
ed to the monitoring of corrosivity of soils, which
covered the complex of determination of factors
such as acidity of soils, mass fraction of moisture,
presence of sulphate ions, and also loss of mass of
the metal, determined by the gravimetric method,

characterizing the corrosive destruction of the
metal. The sampling of soil was carried out ac-
cording to the scheme shown in Figure 3.

Soil samples with a diameter of 529 mm were
taken for analysis at three plots on the route of the
MG. The first two sections were at a distance of
about 1000 m apart, the soils in the third section
were selected according to the following scheme
in the direction of gas supply (Fig. 4).

The samples of soils taken from the areas un-
der study differed greatly in terms of their granu-
lometric composition (Tab. 1).
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Fig. 3. Scheme of soil sampling when digging the pipelines: 1 - at the depth of 0.5 m, 2 - along the upper generatrix of the gas
pipeline, 3 - along the side generatrix of the gas pipeline, 4 — along the lower generatrix of gas pipeline, 5 — along the wall of the
test pit at point 3, 6 — at the distance of 10 m from the gas pipeline at the depth of 0.5 m (control)
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> (Control Measuring >
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Fig. 4. Scheme of soil sampling on the route of MG (site 3)
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Table 1
Granulometric composition of soil from the areas under study

Se;lt(:on Place of sampling Granulometric composition
sample No. 1 (lower part) black and grey dense clay with high iron content
1 sample No. 2 (upper part) black and grey sandy soil of medium grained composition with residues of
plant roots
sample No. 3 (middle part) grey and brown loam with the inclusion of crushed stone
sample No. 1 (lower part) yellow and grey dense clay
2 sample No. 2 (upper part) loam with seams of sandy soil
sample No. 3 (middle part) loam with brown seams of iron oxides and manganese
sample No. 1 yellow and brown clay
3 sample No. 2 black and gray clay
sample No. 3 dark brown clay

Soil samples were dried out in a drying cabinet
at 95-98°C, chopped in a porcelain mortar, sifted
through metal sieves and soil fractions were select-
ed (£2 mm) for further research. Since one of the
important factors characterizing the soil corrosiv-
ity is acidity, it is important to trace the change in
the acidity of the soil, taken from above and from
below of the pipeline array, and from the middle
along the gas flow. Acidity of soils is due to the pres-
ence of hydrogen ions, the concentration of which
is expressed in pH. The value of pH in the soil var-
ies depending on the total mineralization of sub-
soil waters and the presence of carbonic and min-
eral acids, acid and basic salts in them (Krykunov

Table 2

et al. 2003). According to the pH value, the soils
were distinguished as follows: strongly acid (3-4.5),
sour (4.5-5.5), weakly acid (5.5-6.5), neutral (6.5—-
7.0), weakly alkaline (7.0-7.5), alkaline (7.5-8.5),
strongly alkaline (more than 8.5) (Strizhevskiy
1986). Actual acidity is caused by hydrogen ions
located in the soil electrolyte. Its amount is deter-
mined by the results of the analysis of water ex-
traction from the soil. Actual acidity characteriz-
es the soil acidity at the time of its determination.
The actual acidity of the soil samples taken was de-
termined by the procedure (Krykunov et al. 2003)
with the help of a multipurpose indicator and
a pH-meter of the mark pH 150MI (Tab. 2).

Determination of pH, presence of SO; and mass fraction of moisture in soil samples of MG

Place of sampling
Index Section No.
lower part upper part middle part
1 5.25 5.57 5.51
pH I 5.07 5.72 5.44
I 6.78 6.83 6.68
1 ++ + +
Presence of ions
in subsoil waters II +++ + ++
(qualitative sample)
a P 11 - - -
1 18.21 4.74 10.48
Mass fraction of 11 19.73 5.62 12.55
moisture [%]
11 11.64 4.14 8.22
“+” - formation of mud was observed; “+” - a weak mud; “-” - mud is missing.
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RESULTS AND DISCUSSION

The obtained results showed that main gas pipe-
line on the route sections under study were laid
in heterogeneous acid soils. The soils on the first
two sites are weakly acid soils by the value of pH,
which indicates to the soil corrosivity in relation
to the steel, soils on the third section are neutral,
which, by the value of pH, are corrosively inactive.
To exclude the possibility of increase of corrosion
processes by the influence of sulphate ions (SO,),
water extracts of soils were analyzed for SO, by
qualitative reaction with the aqueous solution of
barium chloride (Tab. 2). The fall of white sedi-
ment (appearance of turbidity) points out to the
presence of SO,* ions in subsoil waters. The results
of the qualitative analysis demonstrate that sub-
soil waters from below the pipeline are the richest
in sulphate ions, the content of which is reduced in
the direction towards the top of the pipeline. The
content of sulphate ions points out the presence of
metal sulphates in soils (possibly Na,SO,, FeSO,,
MgSO,, Al,(SO,),), which is a prerequisite for the
development of biocorrosion with the participa-
tion of sulphate-reducing bacteria (SRB). Sulphate
ions were not detected in the soil of the third area
of the route under study. Another important fac-
tor for the correct estimation of soil corrosivity is
soil moisture. The determination of soil moisture
by gravimetric method from the sections of the

pipeline route under study display (Tab. 2) that the
dampest soil is located below the pipeline under
investigation, which contributes to the strength-
ening of corrosion processes.

To give a complete snapshot of the corrosivity
of soils, we also analyzed the loss of metal mass,
calculated by means of the gravimetric method.
Therefore, the metal rods, weighed previously on
the analytical balance of VLF-200, were placed in
steel cylinders that served as a cathode. Each of
the cylinders was filled with an appropriately pre-
pared clay fraction (clay selected from above, from
below, in the middle of the pipeline). The prepared
cylinders were left for specified time under the ac-
tion of constant electric current 6 V.

After the exposition, the metal rods were taken
out of the soil, subjected to mechanical and chem-
ical treatment for the removal of corrosion prod-
ucts from their surface. It should be noted that due
to washing the rods with the solution of hydro-
chloric acid, there was a sharp smell of hydrogen
sulphide, formed as a result of destruction of the
black sediment of ferrous sulphide, which covered
the metal rods. The formation of biogenic ferrous
sulphide shows development of microbiological
processes in the soil electrolyte with the participa-
tion of sulphate ions, which caused intensification
of the metal corrosion. In Figure 5 you can see the
dynamics of mass loss of metal on the first section
of the route under study.

25 /
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Fig. 5. Loss of the metal mass on section 1 of the route of MG

W 72h
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The analysis of the experimental results of mass
loss of the metal shows that the soil with the larg-
est corrosivity is located below the pipeline along
so-called lower generatrix of the pipeline, which is
characterized by the prevailing content of sulphate
ions. This zone is in direct contact with the metal
surface of the pipeline, the so-called “ferrosphere”
(Andreyuk et al. 2005). We have ascertained that
due to the corrosion damage in the metal of the
pipeline in the soil occurring in this zone, there is
accumulation of ions of ferrous iron and decrease
of redox potential that intensifies the activity of
SRB, which stimulate corrosion processes, the in-
tensity of which is maximum in dense corrosively
dangerous clay soils. The metal corrosion increas-
es with growth of the exposition time up to 72 h
in the zone adjacent to the bottom of the pipeline.
According to the data obtained, the soil from be-
low the gas pipeline has a high degree of corrosiv-
ity by the loss of metal mass, while the soil taken
from the middle part and from above the pipeline,
refers to soils with a normal degree of corrosivity.
A somewhat different picture was observed for the
loss of metal mass determined on the second sec-
tion of the trace of the MG (Fig. 6).

The results of the research show that in 24
hours the most marked corrosive damage is also
characteristic of the soil from below the pipe-
line on section 2 of the route of the MG. The

intensification of corrosive damage was observed
with the growth of time of the metal exposition in
the soils up to 72 hours, which was accompanied
by an increase in the metal loss for all soil sam-
ples. However, a slight difference was established
in the mass loss of the metal (up to 10%) in the
soil, taken from below and from the middle part
of the pipeline, and characterized by an increased
degree of corrosivity. It should be noted that at the
end of the exposition, all the metal rods were cov-
ered with black sediment of ferrumsulphide, when
removing it a strong smell of hydrogen sulfide was
felt. The formation of biogenous hydrogen sulfide
is connected with the reduction of sulphate ions
to sulfide ions by microorganisms. A biogenic fer-
rous sulfide is created as a result of their interac-
tion with Fe(II) ions. It acts as a cathode in rela-
tion to the metal of the pipeline, which leads to
the intensification of corrosion damage with the
participation of SRB bacteria.

The most intensive corrosion occurs in soil
sample No. 3 (Fig. 7) on the third section of the
route. The corrosion processes “fade” in the di-
rection of the gas flow, as evidenced by the lower
values of Am for samples No. 1 and No. 2 (which
may be due to moisture oversaturation of the soil,
which in turn blocked the access of oxygen to the
metal and led to the reduction in the rate of corro-
sion in the soil).
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Fig. 6. Loss of the metal mass on section 2 of the route of MG
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Fig. 7. Loss of the metal mass on section 3 of the route of MG

Thus, it was found that the degree of soil cor-
rosivity is an important environmental aspect in
the anticorrosive protection of underground pipe-
lines. For reliable and efficient operation of un-
derground pipelines in order to prevent soil cor-
rosion, including microbiological corrosion, we
need insulating coatings modified by corrosion
inhibitors (biocides), capable of resisting the at-
tacks of soil microorganisms and the germination
of plant roots that lead to the premature degrada-
tion of the insulating coating and the intensifica-
tion of corrosion damage of the metal.

The second stage of experiments was devoted
to the development of new compositions of in-
hibitory systems with increased anti-corrosive
and biostable properties by modification of the
MBPID-1 bituminous-polymerous mastic. Pre-
vious studies have found (Kryzhanivs'kyy et al.
2009) that the modification of the model mastic
with organic corrosion inhibitors (diamines, qua-
ternary ammonium salts (QAS), salts of naph-
thenic acids, ethanolamine, unsaturated fatty ac-
ids) allows bituminous polymerous mastics with
increased adhesive parameters and improved
plasticizing and hydrophobic properties to be pro-
duced. As the quality of the insulating coating de-
pends on its biostability to soil microorganisms,

150
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the developed samples of bituminous-polymerous
mastics modified by corrosion inhibitors from the
class of amines and QAS were transferred to the
Institute of Microbiology and Virology of the Na-
tional Academy of Sciences of Ukraine, where the
laboratory tests on the biostability of these materi-
als showed that modified bituminous-polymerous
insulating mastics are biostable to SRB bacteria.
This fact pointed out that given corrosion inhibi-
tors not only slow down the electrochemical cor-
rosion of the metal, but also display bactericidal
properties.

For the first time, innovative coatings pro-
tected by patents were obtained with the partic-
ipation of organic inhibitors of different classes,
introduced in the primer and in the mastic (pat-
ent 822775 2008, patent 84769 2008, patent 84769
2010). The indicated inhibitors are well combined
with the bituminous-polymerous base, enhanc-
ing its protective effect. The inhibitor from the
class of QAS for 17G1S-U steel impeded growth
of SRB bacteria almost completely showing a high
degree of metal protection (95.74%) from biocor-
rosion (Polutrenko & Pilyashenko-Novokhat-
nyi 2013, Polutrenko et al. 2018). Inhibitors on
the basis of derivatives of dioxodecahydroacrid-
ines (Polutrenko 2012), which are known to have

https://journals.agh.edu.pl/geol
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antimicrobial and antifungal activity, were also
used in the work. We considered these inhibitors
as a promising object for the purposeful search
and modeling of the new generation of corrosion
inhibitors (biocides).

We conducted laboratory studies to determine
the laws of the influence of the nature of nitro-
gen-containing corrosion inhibitors of industrial
production M, N, L, H and K on the rate of steel
corrosion 17GIS for 6 months. The rate of the cor-
rosion of metal samples immersed in the test-sys-
tems was determined gravimetrically.

The results of the research, presented in Fig-
ure 8, demonstrate that the corrosion rate of steel
samples remained unchanged throughout the
study period in variants with the presence of G
and K inhibitors in test-systems indicating their
bioresistance to the action of SRB bacteria.

The results obtained are of practical value,
since the bioresistance of inhibitors H and K al-
lows them to be used as modifiers for obtaining
biostable insulating materials and as components
for the modeling of innovative inhibiting systems
to protect underground pipelines from microbio-
logical corrosion.

We conducted tests of coatings in route condi-
tions on the main gas pipelines in the Western and

Southern regions of Ukraine in the conditions of
“Prykarpattranshaz”. The results of the tests show
that when applying the bituminous-polymerous
mastic of mark MBPID-1, modified with biocides
from the class of amines, the regulated physical and
mechanical characteristics of the coating complete-
ly meet the values of regulatory documents. The
technical specifications TU U No. 26.8-02070855-
001:2010 Bituminous-polymerous isolating modi-
fied mastic MBPIM-D have been developed, which
opens up prospects for mass production.

As the developed modified mastics on the bitu-
minous-polymerous basis are biostable to the ac-
tion of corrosively active soil microorganisms, in
order to reduce the environmental risk connect-
ed with the intensification of corrosion damage of
the pipeline metal under the influence of aggres-
sive soil microorganisms, they can be used to re-
insulate pipelines on such problem areas of the
route, like marshy soils, muddy soils, salt marsh-
es, soils with high humidity.

The introduction of innovative biostable modi-
fied mastics on the domestic market in the current
practice of the reinsulating of pipelines will allow
reliability to increase and reduce financial and
labor costs for the maintenance of underground
pipeline systems.
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Fig. 8. Influence of nature of nitrogen-containing inhibitors on the steel corrosion rate 17GIS in the long-term experiment
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CONCLUSIONS

The following results were obtained as a result of

research.

1. A study was conducted to determine soil cor-
rosivity in three areas of the MG in the West-
ern region of Ukraine, which covered the de-
termination of such factors as soil acidity, mass
fraction of moisture, presence of sulphate ions,
and also the loss of metal mass computed by
the gravimetric method which characterized
the corrosive destruction of the metal.

2. On the basis of the conducted research, the
I and II sections of the pipeline development
of biocorrosion with participation of SVB are
allocated.

3. It has been established that the soil on the first
section of the route, selected along the lower
part of the MG, has a high degree of corrosivi-
ty and will lead to the acceleration of corrosion
damage to the pipeline metal.

4. It has been experimentally established that the
corrosion damage of the metal in the “ferro-
zone”, the soil zone adjacent from below the
pipeline intensifies with an increase in met-
al exposition time in the soil from 24 to 72 h.
The soil, taken from the middle part and from
above the pipeline, refers to the soils with
a normal degree of corrosivity.

5. Innovative biostable insulating coatings (pat-
ents Nos. 82775, 84769, 89709) have been de-
veloped on the basis of MBPID-1 bitumi-
nous-polymerous mastic, modified with the
inhibitors from the class of organic quaternary
ammonium salts and amines, to reduce envi-
ronmental risks during prolonged exploitation
of underground gas pipelines from soil and
microbiological corrosion.

REFERENCES

Andreyuk K.I., Kozlova I.P., Koptyeva Zh.P. & Pilyashenko-
Novokhatnyy A.I, 2005. Mikrobna koroziya pidzemnykh
sporud. Naukova dumka, Kyyiv [Augperox K.I., Koso-
Ba L.I1., Konrresa JK.II. & ITinsamenko-HoBoxarumnit A.I.,
2005. Mikpobna koposis niosemHux cnopyo. Haykosa
nymka, Knis].

Banakhevych YuV. & Vil’chans’kyy V.V, 2007. Analiz
prychyn vidmov i zupynok hazoprovodiv v HTS UMH
«Lvivtranshaz». Informatsiynyy ohlyad DK «Ukrtrans-
haz», 47, 5, 7-9 [banaxesuu FO.B. & Binbuancbkuii B.B.,

2007. Anasis NpUMYMH BiJMOB i 3yIIMHOK Ia30IIPOBOJIiB
B I'TC YMI «JIbBiBTpaHcras». Indopmayiiinuti oenso
JK «Ykpmpanceas», 47, 5, 7-9].

DSTU 3291-95, 1996. Yedyna systema zakhystu vid

koroziyi ta starinnya. Metody otsinky biokoroziynoyi
aktyvnosti gruntiv i vyyavlennya nayavnosti mikrobnoyi
koroziyina poverkhni pidzemnykh metalevykh sporud.
Derzhstandart Ukrayiny, Kyyiv [JCTY 3291-95, 1996.
€0una cucmema 3axucmy 6i0 xKopo3ii ma cmapinms. Me-
mMoou oyinkuy 6i0KOPO3itiHOT AKMUEHOCMI SPYHMIB | BU-
A67IEHHSA HAA6HOCMI MIKPOOHOT KOPO3ii Ha nosepxHi nio-
3eMHUX Memanesux cnopyd. Iepxcranpgapt YKpainu,
Kuis].

Hrudz V.Ya., Tymkiv D.F., Mykhalkiv V.B. & Kostiv V.V,,

2009. Obsluhovuvannya i remont hazoprovodiv. Lileya-
NV, Ivano-Frankivs’k [['pyas B.A., Tumkis J.®., Mu-
xankiB B.b. & Kocri B.B., 2009. O6cnyzo8ysaniis i pe-
monm easonposodis. Jlines-HB, IBano-PpaHKiBCbK].

Kozloval.P.,Radchenko O.S., Stepura L.H., Kondratyuk T.O.

& Pilyashenko-Novokhatnyy A.L, 2008. Heokhimichna
diyal’nist’ mikroorhanizmiv ta yiyi prykladni aspekty.
Naukova dumka, Kyyiv [Kosnosa L.II., Paguenxo O.C.,
Crenypa JLI., Kougpatiok T.O. & Ilinamenko-Hoso-
xatHuit A, 2008. leoximiuna OisimvHicmv MiKpoop-
eanismie ma ii npuxnaoni acnexmu. HaykoBa myMKa,
Kuis].

Krykunov V.H., Kravchenko Yu.S., Kryvoruchko VV. &

Krykunova O.V., 2003. Laboratornyy praktykum po
gruntoznavstvu. Bila tserkva [Kpukynos B.I., KpaBuen-
ko 10.C., Kpusopyuxo B.B. & Kpuxynosa O.B., 2003.
JlabopamopHruii npaxmukym no spyHmosHasécmey. bina
LiepKBaJ.

Kryvenko H.M., 2005. Prohnozuvannya ekolohichnoho ta

tekhnichnoho ryzykiv pry ekspluatatsiyi mahistral’nykh
naftoprovodiv z peresichenym profilem trasy: avtoref.
dys. na zdobuttya nauk. stupenya kand. tekhn. Ivano-
Frankivs’kyy natsional’nyy tekhnichnyy universytet
nafty i hazu, Ivano-Frankivs’k [Kpusenko I.M., 2005.
IIpoeHO3y6aHHA eKO0M02iuHO020 MA MeXHIUHO020 PUUKIE
npu excnayamayii mazicmpanvHux Hagmonposodie 3
nepeciuenum npoginem mpacu: asmoped. ouc. Ha 300-
b6ymms Hayk. cmynens kamo. mexH. IBaHo-DpaHKiB-
CHKUII HalliOHAJIbHMIT TeXHIYHMII yHiBepcuTeT HadTn i
rasy, IBaHo-®paHKiBCbK].

Kryzhanivs’kyy Ye.l., Fedorovych Ya.T., Polutrenko M.S.,

Rudko V.P. & Fedorovych LV., 2009. Zabezpechennya
mikrobiolohichnoyi stiykosti bitumno-polimernoho
izolyatsiynoho pokryttya. Rozvidka ta rozrobka
naftovykh i hazovykh rodovyshch, 32, 3, 72-78 [Kpu-
skaniBcokuit €.1., ®epoposuy A.T., [Tonyrpenko M.C,,
Pynxo B.IL. & ®egoposuy I.B., 2009. 3abesnedenns Mi-
Kp0o6i0/IoriuHOi CTiitKOCTi 6iTyMHO-IIO/TiMEpHOTO i30-
NALiHOrO MOKpUTTA. Po3sioxa ma pospobxa Hagmo-
8ux i 2asosux podosuuy, 32, 3, 72-78].

Mironyuk S.G. & Pronina I.A., 2001. Analiz avariynosti

promyshlennykh nefteprovodov v regione i otsenka riska
ikh ekspluatatsi. [in:] Novyye tekhnologii dlya ochistki
neftezagryaznennykh vod, pochv, pererabotki i utilizatsii
nefteshlamov: Tezisy dokladov mezhdunarodnoy konfe-
rentsii, Noosfera, Moskva, 290-292 [Muponiok C.I.
& Ilponmna M.A., 2001. Ananns aBapuitHOCTU HpO-
MBIIIICHHBIX He(QTeIPOBOJIOB B PErMOHE U OleHKa

https://journals.agh.edu.pl/geol



A determination of areas of biocorrosion development on the route of a main gas pipeline in the Western region of Ukraine

283

pucka ux skciuryatauu. [B:] Hosvie mexHonmoeuu 0ns
OHUCMKU Hedme3azpA3HEeHHbIX 800, NO18, nepepabomxu
u ymunusavuu Hedpmewinamos: Tesucol 00K1a006 Mmexnc-
OyHapooHoti koHgpepernyuu, Hoocdepa, Mocksa, 290-
292].

Patent 822775 Ukrayina, 2008. Sposib zakhystu pidzemnykh
naftohazoprovodiv vid koroziyi [Cnoci6 3axucmy niozem-
HUX HAPMoea3onpoeodie 6id Koposiil.

Patent 84769 Ukrayina, 2008. Sposib remontu stal’nykh
truboprovodiv [Cnoci6 pemonmy cmanvHux mpy6onpo-
800i8].

Patent 89709 Ukrayina, 2010. Sposib protykoroziynoho
zakhystu pidzemnykh naftohazo-provodiv, proklade-
nykh v bolotnykh, zamulenykh hruntakh, yaki mistyat’
sul’ fatredukuyuchi vlastyvosti [Cnoci6 npomuxopo3iii-
HO020 3axucmy nid3emMHux Hagmoeazo-npoeoodis, nPoxkna-
OeHux 6 6ONOMHUX, 3AMYTIEHUX 2PYHMAX, AKI MICTAMb
cynvpampedykyoui 61acmueocmil.

Polutrenko M.S.,2012. Bakterytsydna aktyvnist’ nitrohenov-
misnykh inhibitoriv koroziyi modyfykovanykh mastyk.
[in:] Naukovi zapysky Ternopil’s’koho natsional’noho
pedahohichnoho universytetu imeni Volodymyra Hnaty-
uka, Ser. Khimiya, 19, TNPU, Ternopil’, 36-39 [Ilo-
nyrpenko M.C.,2012. bBakTepuunjiHa ak TMBHIiCTb HiTpO-
TeHOBMICHMX 1HTi6iTOpiB KOpo3ii MOgu(pUKOBaHUX
MmacTuk. [B:] Hayxosi sanucku TepHoninvcokoeo Hayio-
HAMbHO020 Nedazo2iuHo20 yHisepcumemy imeni Bonooumu-
pa I'namioka. Cep. Ximis, 19, THITY, Tepromnins, 36-39].

Polutrenko M.S., 2013. Protykoroziynyy zakhyst trubo-
providnykh system. Rozvidka ta rozrobka naftovykh
i hazovykh rodovyshch, 48, 3, 206-210 [[TomyTtpeH-
ko M.C., 2013. ITporukopo3iitunit 3axuct TpyboIpo-
BifHuX cucreM. Po3sidka ma po3pobka Hagpmosux i ea-
308ux podosuu, 48, 3, 206-210].

Polutrenko M. & Pilyashenko-Novokhatnyi A., 2013. Effect
of nitrogenous corrosion inhibitors on the growth and
activity of sulfur cycle bacteria. Chemistry ¢ Chemical
Technology, 7, 4, 471-475.

Polutrenko M., Maruschak P., Tymoshenko A. & Soro-
chak A., 2018. Influence of soil microorganisms on metal
corrosion of underground pipelines. Koroze a ochrana
material, 62, 2, 65-70.

Rozhanyuk VV., Huzhov YuP, Kuzmenko Yu.O. &
Shyshkivs’kyy V.A., 2000. Tekhnichna ekspluatatsiya
system zakhystu vid pidzemnoyi koroziyi mahistral’nykh
hazoprovodiv. Rostok, Kyyiv [Posraniok B.B., Ty-
k0B I0.I1, Kyspmenko 10.0. & IlInmkiscpknii B.A., 2000.
TexHiuna excnayamauis cucmem 3axucmy 6i0 nio3emHoi
Koposii mazicmpanvHux ea3onposodis. Poctox, Knis].

Serednyts’kyy Ya., Banakhevych Yu. & Drahilev AV., 2004.
Suchasna protykoroziyna izolyatsiya v truboprovidnomu
transporti (2-a chastyna). TzOv Splayn, Lviv [Cepep-
Huubknii f., banaxesnuy I0. & [Iparines A.B., 2004. Cy-
4acHa NPOMUKOPO3itiHA i301AUiS 8 MmPpy6onposioHomy
mpancnopmi (2-a wacmuna). T3Os Craits, JIbBiB].

Shyshkivs’kyy V.A. & Havryl'tsev V.B., 2000. Diahnostu-
vannya tekhnichnoho stanu zasobiv protykoroziynoho
zakhystu ta koroziynoho stanu HTS DK “Ukrtranshaz”.
Naftova i hazova promyslovist’, 4, 48-51 [IlInmkiB-
cpkuit B.A. & Taspunbues B.b., 2000. [liarnocTtyBaHHA
TeXHIYHOT'O CTaHy 3ac00iB IPOTUKOPO3iTHOTO 3aXUCTY
ta koposiitHoro ctany I'TC JK “Ykprpancras”. Hagmo-
84 i 243084 NPOMUCILOBICMY, 4, 48-51].

Stepachov V. & Lemeshyns’kyy P., 2016. Osnovni aspekty
vplyvu biolohichnykh chynnykiv na rozvytok koro-
ziynykh protsesiv pidzemnykh stalevykh truboprovodiv.
Problemy  koroziyi ta protykoroziynoho zakhystu
materialiv, 8, 645-649 [CremauoB B. & Jlememns-
cpkuii I1., 2016. OcHOBHI acneKTy BIVIMBY 6i0moTiYHNX
YMHHMKIB Ha PO3BUTOK KOPO3iMHMX IPOLECIB Mif3eM-
HUX CTajieBuUX TpybonpoBoxis. IIpobnemu koposii ma
npomuKopositinoeo 3axucmy mamepianis, 8, 645-649].

Strizhevskiy 1.V., 1986. Podzemnaya korroziya i metody
zashchity. Metallurgiya, Moskva [Crpmxesckuit V.B.,
1986. IlodsemHas kopposus u memodvl 3ausumol. Me-
Tayuyprus, Mockaal.

Van den Brand D. & Kenter R., 2011. Gas pipeline incidents.
8th Report of the European Gas Pipeline Incident Data
Group. EGIG, Groningen.

Zhukov V.I. & Khramikhin F.G., 1964. Bitumnaya izolyatsiya
podzemnykh truboprovodov. Gosstroyizdat, Moskva
[Kykos BJ. & Xpamuxun O.I., 1964. bumymHas uso-
AUUS  N003eMHbIX  mpybonposodos. ToccTpoiuspar,
Mockasal.

Geology, Geophysics and Environment, 2020, 46 (4): 273-283





