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Factors of effect on the corrosion destruction of m etal of underground pipelines
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Abstract

A set of studies was conducted to determine tha fiaators influencing the corrosion destructiomedtal in undergronc
pipelines in two studied sections of the Pasichiysmenitsa gaspipeline, covering definitions ofvectcidity, mass fraction
moisture, the presence of sulfate ions, and metahw loss determined by the gravimetric methodhalé been establietl tha
the pipeline in the studied sections of the rosatéaid in a soil of uniform acidity, which is low ipH acidic, which indicat
corrosiveness of the soil in relation to steel.HHsgil moisture from the bottom of the pipelinewo sections othe route 18.2
and 19.73%, respectively, contributed to increased corrosiamage of the metal. Corrosion of the studied sails carried o1
on the basis of certain metal weight loss. It watatdished that the soils on the studied sectibtiseooute, the distance betwe
which was about 1000 m, relate to soils with a kagh normal degree of corrosivity. High corrosiati\aty is characteristic ¢
the soil along the lower generatrix of the pipelimérich leads to an increase in the corrosimte of the metal of undergrot
pipelines in this zone. The intensification of amion processes in the soil adjacent to the pipelvith an increase in me
exposure time in soil, has been established. Theepce of sulfate ions in soil water egtsaleads to the development
biocorrosion with the participation of sulfate-rethg bacteria, which indicated the formation ofg@aic hydrogensulfide.

Keywords:environmental hazard, insulation coating, pipeline, soil corrosiveness, sulfate-reducing bacteria.

Introduction environment are: the chemical nature of soils, rthei

The problem of improving the operationalhumidity, acidity, resistivity, redox potential, eh
reliability and efficiency of the pipeline transpoof presence of associations of soil microorganismsTégte
Ukraine in the conditions of intensive developmeht biological factor plays a significant role in danragthe
energy markets is extremely important for ensuting pipes in  the underground environment. Soil
energy security of our country. In the course ofnicroorganisms, such as sulfate-reducing bactenda a
operation of the main pipelines, one of the mosbee particularly corrosive, they are involved in the sho
problems is risk of accidents (unforeseen failuré¢he dangerous variety of corrosion processes, namaly, i
linear part of the pipeline), which is accompanted local corrosion destructions: pitting, ulcerativ@rosion
catastrophic impact on the environment due tander insulation [1]. As a result of the influerafehese
contamination of soil, air and water basins witle thfactors, the degradation of the insulating coatiagies
products of energy carriers transportation. out, which leads to its further cracking and peglin

The causes of pipeline failures are covered iwhich results in the intensification of corrosiofthe
[1-6]. More than 80 % of all failures were due tgpipe metal under the impact of the soil electroliay.
corrosion of metal pipes [4]. This dramaticallyneases 1).
the environmental risk of further exploitation aich
metal structures and keeps current the problem
estimating their residual resource. In the procefs |
long-term exploitation of underground pipelined|a
soils of different corrosion activity, environmehta
hazards are formed in some regions of Ukraine due
the destruction of pipelines as a result of exaggdhne
normative resource of their exploitation, degrastaibf
the insulation coating, due to soil and microbia
corrosion. The main factors influencing the cormaosi
destruction of metal pipelines in the undergroun
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Figure 1 — Corrosion damage to metal pipe
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carried out at the proper level, is from 2 to 3 ¥dhe
cost of production of materials.

Despite the fact that research has continued
develop rapidly in the field of corrosion protectiby
various scientists, an analysis of previous works h
shown that insufficient attention has been paisttalies
related to the modification of insulating coatinggive
them qualitatively new properties, in particulaip-b
resistance. In addition to quality protective irdidn, it
is important to take into account the factors dluience
that determine the corrosive activity of soils imigh
underground pipelines are laid to ensure theialpddi
operation. It is impossible to get rid of the risk

characterizing the corrosive activity of the sdail the
acidity, it was important to monitor the changetle
txidity of the soil selected from the top, bottomda
middle part of the pipeline. Soil acidity is caudsdthe
presence of hydrogen ions, the concentration ofwts
expressed by pH. The pH value in the soil varies
depending on the general mineralization of grouridwa
and the presence of carbonate and mineral acidic ac
and basic salts [9]. The actual acidity is causgd b
hydrogen ions present in the soil electrolyte vihkie is
assessed by the results of the analysis of wateaatx
from the soil. Actual acidity characterizes theditgi of
the soil at the time of its determination. The attu

corrosion damage by increasing the allowance of tteidity of the selected soil samples was determined
thickness of the pipe wall to compensate for metalsing the universal indicator and pH meter of th& p

losses, requires the adoption of special measwes
eliminate the causes of corrosion localization,
important place among which is the control of thetér
of biocorrosion.

150MI brand according to the method [6] (Table 2).

anTabIe 1 — Particle size distribution of soil from ges

under investigation

In view of the abovementioned, the purpose of th
paper was to conduct a set of studies to deterthiee

main factors influencing the corrosion destructioi
metal underground pipelines to determine the degfee
corrosion activity of the soil. The objects of sgusere

soil samples from two sections of the Pasichng-

Tysmenytsia gas pipeline (main gas pipeline), wit
distances of about 1000 m between them.

Research results

Investigation of corrosion activity of soils
comprised a complex of factors, characterizing th
corrosion, such as the acidity of the soil, maastfon
of humidity o, o, presence of sulfate ions, as well a

the loss of the mass of the metal, determined lgy t

gravimetric method. Soil sampling was carried aut i
accordance with the methodology of the official RET

3291-95 [7]. The appearance of the first traces o

penetration corrosion is very characteristic imigrof
soil corrosive activity assessment. It is undoubtifiat

Section Sampling Particle size distribution
place
I sample 1 Black and gray dense clay
(bottom) with high iron content
sample 2 Sandy medium-grained black
(top) and gray soil with remnants
n of plant roots
sample 3 | Gray and brown loam with the
(middle) inclusion of rubble
II sample 1 Yellow and grey dense clay
(bottom)
N sample 2 Loam with layers of sand
i (top)
i sample 3 Loam with brown layers
h (middle) of iron and manganese oxides

Table 2 — Results of determination of pH of water
gxtracts of soil samples, qualitative content of s&
ions in ground waters and mass fraction of moisture

in soil samples of the Pasichna—Tysmenytsia main

such an assessment is approximate, because tresgroc gas pipeline

of corrosion of steel pipelines depends not onlysoih ; 2- 0
conditions, but also on steel grades, as well agitgu Section| Samplg pH SO Do, %
and material of welded joints, thickness of pipetin 1 5.25 +F 18.21
walls, protective coating quality and pipeline ag@mn I 2 S9.57| +- 4.74
conditions. Nowadays, there is a significant numbfer 3 5.51 + 10.48
field and laboratory methods for identifying colims 1 5.07| +++ 19.73
activity of soils [2, 8, 9]. Considering a wide ggnof II 2 5.72 + 5.62
reasons for corrosion of metal in soil, none ofsthe 3 5.44 ++ 12.55
methods separately can give an accurate pictutbeof

assessed corrosion activity of soils. A correct The analysis of the obtained results showed that

assessment of the corrosive activity of the soil ba
done only after investigation of soils, using diéfet

the pipeline on the investigated sections of thaeads
laid in acidic soil, which by its pH value is wegkl

methods and by matching the results of thesgeidic, which indicates the corrosive activity betsoil

investigations, considering local geographical an
climate conditions. Samples of soil from the siteser
investigation differed from each other in terms o
particle size distributiofiTable 1).

tbwards steel. To exclude the possibility of coisos
enhancement by the influence of sulfate ions 430
fvater extracts of soils were analyzed for preseuice
SO by qualitative reaction with an aqueous solution

Soil samples were dried in an oven at 95-98 °Gf barium chloride (Table 2). White precipitation
ground in a porcelain mortar, sieved through metahdicated the presence of $Oions in groundwater.

sieves, and soil fractions (2 mm) were selected for
further investigation. As one of the important tast
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The results of the qualitative analysis showed that
groundwater from below the pipeline is the richest
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sulfate ions, the content of which decreases tosvilrd exposure time to 72 hours, corrosion destructiothef
top of the pipeline. The content of sulfate iondigates metal in the area adjacent to the bottom of thelpip
the presence of sulfate metals in the soil. Anothetor increases. According to the data obtained, thebsbdw
for correct assessment of soil corrosion activitysoil the pipeline by the weight loss of the metal hasgi
humidity. Determination of soil humidity by gravitne corrosion activity. While the soil selected in timéddle
method showed (Table 2) that the most humid soil Bnd top of the pipeline refers to soils with normal
located below the pipeline, which contributes t@ thcorrosion activity. A somewhat different situatioras
enhancement of corrosion processes. observed in the loss of metal mass, determinedhen t
To make a complete conclusion on the corrosiveecond investigated section of the route of thécRaa-
activity of soils, the weight loss of metal caldeld by Tysmenytsia main gas pipeline (Fig. 4).
gravimetric method was also analyzed. For this psep
the metal rods, previously weighed on an analytici
scales VLF-200, were placed in the steel cylindees =2
served as the cathode. A clay fraction (clay setect 10
from above, below, in the middle of the pipelinedswv
poured into each of the cylinders. The prepare 15
cylinders were left for a specified time under timpact  am =
of electric current 6V (Fig. 2).

sampie 1 sample 3 sample 2
W24 hours #72 hours

Figure 3 — The loss of metal mass on the first sémh
of the Pasichna—Tysmenytsia main gas pipeline
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Figure 2 — Unit, used to define corrosive activity 06
of soils 04
0.2
At the end of the exposure, the metal rods wet ¢
. . . sample 1 sample 3
removed from the soil, subjected to mechanical ar
chemical treatment to remove corrosion productsfro |IE Dol i hoies
their surface. It should be noted that as a restilt Figure 4 — The loss of metal mass on the secondt&et
washing the rods with a solution of hydrochloriédaa of the Pasichna—Tysmenytsia main gas pipeline
sharp odor of the isolated hydrogen sulfide forraech
result of the destruction of the sulfide ferrum weak. The results of the studies showed that for 24 hours

The formation of a biogenic sulfide ferrum testifieo  of the experiment the most evident corrosion damiag
the development of microbiological processes insihié also characteristic for the soil from the bottomtoé
electrolyte, which led to the intensification oframsion  pipeline. With increasing metal exposure time iilsso
destruction of the metal. Figure 3 presents theadyos up to 72 hours, the intensification of corrosiormdge
of metal mass loss in the first section of the igtd was observed, which was accompanied by an increase
route. in metal loss for all soil samples. However, thewses a
The analysis of the experimental results of the lo:slight difference in the weight loss of the metap (o
of mass of the metal showed that soil located beétwv 10%) in the soil selected from below and in the dted
pipeline along the so-called lower generating pingsl of the pipeline, which is characterized by highrosion
characterized by the predominant content of sulfaactivity. It should be noted that at the end of the
ions, is the most corrosive. This zone directlytaots exposure, all the metal rods were covered with Klac
the metal surface of the pipeline, the so-calleprecipitate of ferrous sulfide, upon removal of ethia
"ferrosphere” [10]. Due to the corrosion damagethef strong odor of hydrogen sulfide was noticeable. The
pipeline in the soil, which occur in this zone,rthés an  formation of biogenic hydrogen sulfide is assodate
accumulation of bivalent iron ions and a decrease with the restoration of microorganisms by sulfatesi to
redox potential, which intensifies the vital adyviof sulfide ions, which indicates the development of
sulfate-reducing bacteria, which stimulate corrosiomicrobiological corrosion destruction with the
processes, the intensity of which is maximum insgen involvement of sulfate-reducing bacteria.
corrosion-dangerous soils. With the increase ¢«
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OuiHKa KOpO3inHOro pyMHyBaHHA MeTany niaseMHuUx TpyoéonpoBoaiB

M.C. Ilonympenko, A1.T. ®eooposuu, K.M. /[3y03uno

leano-®@pankiecbKkuli HAYIOHANLHUT MEXHIYHULL YHIGepcumem Hagmu i 2asy;
syn. Kapnamcoka, 15, Isano-@Ppanxiecvr, 16019, Vipaina

JlocmimpkeHo BIDIMB OCHOBHUX (DaKTOpPiB HAa KOpO3iHE PYWHYBaHHS METNIy MiA3€MHUX TPyOOTPOBOIIB HA
JIBOX NUISIHKaX TPAacH MaricTpaibHOro rasomposony [laciuna—TuUCMeEHHI, a caMe OLIHKY aKTHBHOI KUCIIOTHOCTI,
MacoOBOT YaCTKU BOJIOTH, HASBHOCTI CyJb(aT-HOHIB, a TAKOXK BTPATy Macu MeTally. 3’ siCOBaHO, IO TPyOOIPOBix Ha
JOCIIJKCHUX JAUITHKAX TpPacH MPOKIAJCHO B OJHOPITHOMY 3a KHUCIOTHICTIO IPYHTI, SIKWi 3a BenuuumHOW PH
BIZIHOCUTBCSl IO CIIa0OKMCIIOrO 1 BKa3ye Ha KOPO3iHY aKTHBHICTH I'PYHTY IO BiJHOIIEHHIO 1O cTaii. Bucoka
BOJIOTICTh IPYHTY 3HH3Y TpyOompoBoay Ha aBox ainsHkax Tpacu (18.21 ta 19.73 %) cpusiia MOCHICHHIO
KOpO3iiHOMY pYHHYBaHHIO MeTaly. BCTaHOBJIEHO, IO TPYHTH Ha AUISHKAX TPACH, Bialdb MK SKUMH CKIauana
6mm3pko 1000 M, BiTHOCSATHCS O IPYHTIB 3 BUCOKHM Ta HOPMAaJbHHM CTYIICHEM KOPO3iiHOI akKTMBHOCTI. Brcoka
KOpO3iiiHa aKTUBHICTh XapaKTepHa IJIs IPYHTY IO HWXKHIHM TBIpHIA TpyOOTIPOBOIY, IO TPU3BOIUTH J0 301TBIIICHHS
MIBUAKOCTI KOpO3ii MeTaldy MiJ3eMHUX TPYOONpPOBOMIB B Iii 30Hi. 3i 30UIBIICHHSIM 4Yacy €KCIIO3WIlii MeTaly B
TPYHTI criocTepiraeThcsi iHTeHCH(DIKaIlisd KOPO3IMHUX TPOIECIB B IPYHTI, IO MPHIATAE 3HHU3Y JO0 TPYOOIPOBOY,

HasBHicTh CcynbdaT-WOHIB Yy BOJHMX BHTSKKAX TIPYHTY CIOPHUYIMHIE PO3BHTOK O0iOKOpO3ii 3  ydacTio
cynb(}haTBiTHOBIIOBAIBHUX OaKTepiH, 0 CBIIYMIIO TIPO YTBOPEHHS OIOTEHHOTO CipKOBOJIHIO.

KirouoBi cnoBa:  exonociuna  6esnexa, i3onsayiine NOKpumms, KOpO3iUHA — AKMUGHICMb  TPYHMY,
cynb@ameionosniosanvhi baxmepii, mpy6onposio.
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