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DIAGNOSIS OF THE CORROSION STATE
OF HYDRAULIC STRUCTURES IN THE CASPIAN SEA
IN ORDER TO PREVENT ENVIRONMENTAL DAMAGE

Abstract. In order to determine the corrosive state of offshore hydraulic structures subject to strong wave
impacts, and to prevent environmental damage, the monitoring was carried out at “Oil Rocks” during 5 years.

Surveys showed that on piles of overpass structures that have been in operation for 12-20 years, the corrosion
rate is on average 0.22 mm / year. At the same time, at individual facilities, it ranges from 0.15 to 0.28 mm / year.
The average loss of pile wall thickness is 32%, while at individual sites they range from 17 to 51%.

The technology for the manufacture of structures of the surface complex should provide for high-quality factory
deposition of corrosion-resistant coatings that provide at least 30 years of service without restoration.

If the protective coating of the supports of hydraulic structures is destroyed during operation, it is proposed to
use compositions based on cheap raw materials.
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Introduction. Long-term operation of oilfield equipment and hydraulic structures often leads to
increased corrosion destruction of underground and ground equipment, which is fraught with the
occurrence of accidents, fire hazard and uncontrolled oil spills, which cause not only direct material
losses, but also disturbance ofthe ecological balance.

It is known that for the protection of oil and gas equipment and hydraulic facilities from corrosion
equipment made from resistant steel is used, polymer coatings, galvanic anodes, bactericide-inhibitors and
etc. are applied. Because of the simplicity of implementation, the most promising and widely used
inhibitors for the protection of downhole equipment [1-15].

It is only possible to provide the safe corrosion protection of hydraulic facilities when applying high
protective insulation scheme and electrochemical protection together.

Corrosive destruction of a hydraulic structure in marine conditions has an electrochemical nature and
is caused by the flow of electric current between the anode and cathode sections ofthe metal [16].

Offshore oil hydraulic structures (OOHS), exposed to strong wave impacts, are operated in difficult
corrosive conditions, and their operational reliability depends on the timely conduct of restoration and
overhauls. The corrosion rate of steel in the marine atmosphere is determined by hydrometeorological
factors, distances from the water mirror, operating conditions, and structural features of the structure
[17,18].

Four specific zones of corrosion damage were established on steel hydraulic structures of oil fields in
the Caspian Sea - atmospheric, periodic wetting, underwater and soil zones, which differ in the nature and
rate of corrosion [19,20].

It is possible to protect environment with gathering and analyzing the diagnosis data for accidents
occurred in the period of hydraulic facilities and oil and gas equipment exploitation, and conducting
different measures according to their limitation.

In order to prevent corrosion damage, and, consequently, disturbance of ecological balance, on-site
corrosion tests were carried out on Oil Rocks for diagnosing the corrosion state of OOHS in the
atmospheric and periodic wetting zones during 5 years.

Mass measurements of the wall thickness of structural elements were carried out to assess the
corrosion state of the operating OOHS with an ultrasonic thickness gauge. Moreover, more than 2000
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measurements were made only on the supports of the structures, and more than 10 km of flyover structures
and 15 thousand m2 of flyover platforms were examined.

For various OOHS objects, the arithmetic mean value of the remaining pile wall thickness was
derived in the maximum corrosion section, usually located at a level of 1-2.7 meters above sea level.

The average corrosion rate Kave was calculated by below shown formula:

Kae = §()(-]_S’I_m m /year
T

where: 50 is the initial wall thickness of the piles, accepted equal to 11.0 mm; 5i is the remaining wall
thickness ofthe piles, mm; T - operation life, years;
The change in the wall thickness ofthe piles in percent was determined by the formula

c =S°-Sl| -100%
So

The results of measurements of the wall thickness of piles are given in table.

Characteristics of the corrosion state of the supports overpass structures of "Oil Rocks" OGEI*

Operation life, Quantity Wall thickness of examined piles, mm ~ Average rate Average loss
of examined - of corrosion, ofwall thickness

years piles, pes. average minimum mm/year of piles, %
12 22 91 81 016 17
3 18 91 58 0,15 17
14 b 75 5,6 0,25 32
15 17 7,6 6,9 0,21 3
16 19 71 63 0,24 %5
17 24 71 53 0,21 )
18 25 72 50 0,21 )
19 10 73 57 0,25 A
20 10 54 44 0,28 51
Total: 180 75 ; 0,22 )

*OGEI - Oil Gas Extracting Institution.

As seen from the table 1, the corrosion rate is on average 0.22 mm/year on piles of overpass
structures, operating for 12-20 years. At the same time, at individual facilities, it ranges from 0.15 to
0.28 mm/year. The average loss of pile wall thickness is 32%, while at individual sites they range from
17 to 51%.

The data presented characterize the initial stage of the corrosion process. During long-term
(12-20 years) operation, these values are somewhat reduced due accumulation of corrosion products on
the surface by corrosion inhibition.

Inspection of piles after many years of operation without corrosion protection shows that corrosion
products unevenly cover their surface. It was found that the distribution of corrosion products depends not
only on the hydrometeorological conditions ofthe water area of the object’s location, but also on the depth
of the sea, the topography, wind rose, and the location of the supports under the overlying structures, i.e.
on the degree of solar exposure to the surface. For example, with a sea depth of 11 meters and solar
radiation on the south and west sides, the support on the north side is covered with layered corrosion
products from sea level to 4.5 m, and on the south side only 2.3 m.

Observations show that in the zone of periodic wetting, corrosion on piles proceeds at a high speed,
despite the formation of thick (more than 10 mm) layered corrosion products.

So, after 18-20 years of operation of unprotected structures, through corrosion lesions on tubular
elements with an initial wall thickness of 11.0 mm are detected.

112



ISSN 1991-3494 3. 2020

Unprotected structures during operation are surface structures of stationary platforms, so it was
important to determine the degree of corrosion wear in a long-term section, i.e. to study the distribution of
corrosion rates in height from sea level.

For this purpose, a separate base located at the Oil Rocks field at a depth of 11 meters was carefully
examined.

From the point of view of the strength of the tubular support, it is important to determine the
corrosion rate along the entire perimeter and height in the area of maximum corrosion.

If we summarize the corrosion wear and derive the arithmetic mean of the corrosion rate along the
entire perimeter, then you can get a conditional idea of corrosion wear in general, the cross section of the
tubular support.

The change in the average corrosion rate along the height ofthe support is shown in figure 1

O inner surface height from sea level, m
outer surface

outer and inner surfaces

Figure 1- Dependence ofthe corrosion rate along the entire perimeter
of the foot of a stationary base on the height above sea level

As can be seen from the figure, the most corrosive area is located in the zone of periodic wetting with
sea water.

Corrosion of steel in this zone develops under the film of electrolyte and corrosion products in the
form of small frequent cavities and is activated by the depolarizing effect of hydrated oxides of ferric iron.

For the examined stationary platform, the thinning ofthe wall occurs at a speed of 0.23-0.43 mm/year
in a section located at an altitude of 1-1.3 meters above sea level.

Dismantling the outer leg post of the stationary base, made after 20 years of operation without
corrosion protection, and subsequent profiling of the surface showed that the highest average corrosion
rate is 0.33 mm/year at a height of 1.3 m.

For the legs of stationary platforms, a characteristic is the fluctuation in the level of sea water in the
annulus, as a result of which there is also corrosion on the inner surface of the foot of the base. Moreover,
the maximum value of the average corrosion rate is 0.1 mm/year. Studies have shown that corrosion ofthe
pipe wall from the inside and outside proceeds at a speed of more than 0.43 mm/year. Thus, taking into
account local corrosion, individual through sores on pipes with a wall thickness of 11.0 mm can occur
after 16-17 years of operation.

In order to assess the condition of multi-kilometer extent of OOHS erected in the Caspian, it is also
necessary to determine the corrosion wear on real structures during periodic painting under operational
conditions.
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OOHS built in various water areas, differing in hydrometeological conditions, have different
operation life, a degree of corrosion protection and options for the embodiment of elements at separate
facilities. All ofthe above mentioned determine the uneven corrosion wear ofthe building elements.

According to the results of mass surveys of the corrosion state of piles of operating structures, it is
possible to assess the corrosion wear and determine the interval of its maximum and minimum values.

Figure 2 presents curves showing how the thickness of the wall of piles in the zone of periodic
wetting changes over time in the absence of protection and when periodic protection is applied with the
paint. Curve b shows corrosive wear at facilities located in the most severe conditions, with irregular
corrosion protection.

7 S ROV

operation life, years

ma - for periodically painted piles

b - for the most severe conditions

for unpainted piles

average wall thickness of piles in perimeter

Figure 2 - Dependence of the average value of the remaining wall thickness
of piles in the zone of maximum corrosion on the operating time

As can be seen from figure 2, after 16-20 years of operation of the supports, it becomes necessary to
restore them in the zone of periodic wetting, while focusing on the increase in overhaul volumes.

The data obtained show that when staining piles operating in difficult conditions, natural corrosion
wear is reduced by 40-50%, however, the necessary protection is not provided. It should be noted that the
service life of the applied coatings on piles is relatively short and amounts to 2-2.5 years, and the
possibility of coating due to frequent sea disturbances is limited to only 92 days a year.

A significant reduction in metal losses due to corrosion in the periodic wetting zone and an increase
in the life of fixed assets can be achieved by protecting the support complex of structures with metal and
thick polymer coatings applied in the factory.

If the coating is applied after the platform is installed at sea, the cost of the work may be
50-60% higher than carrying out these operations in the factory, and the quality is much lower.

In marine conditions, any damage to the paintwork or other coating is fraught with serious
consequences. Therefore, it must be eliminated immediately. After the platform is installed at the point
and the well drilling is completed, all anticorrosion coatings are updated in preparation for the next phase
of operation. Subsequently, paint coatings are applied every 5-8 years.

In the practice of designing and building new OOHS, it is important to take into account the
accumulated material by the nature of the corrosion and mechanical damage observed during operation.
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Already, individual solutions should be reviewed both in the design and in the technology of
manufacturing structures, work towards increasing operational reliability, significantly increasing the
service life of structural elements located in the periodic wetting zone.

So, for example, significant loss of operability of underwater communications in water areas with a
hard wave effect indicates that in such conditions it is necessary to use supports from separate blocks
manufactured on the shore.

When designing, it is necessary to exclude, if possible, getting into the zone of periodic wetting of
connecting parts and welds. The technology for the manufacture of structures of the surface complex of
structures should provide for high-quality factory deposition of corrosion-resistant coatings that provide at
least 30 years of service without restoration of the structure.

The practice of operating OOHS has shown that the anticorrosive protection of the supports carried
out during operation is ineffective, therefore only a positive solution to the tasks posed will reduce the
amount of expensive repair work carried out on the support of towers, significantly increase the overhaul
period, and thereby increase the economic efficiency ofthe operation of structures in general.

If it is necessary to conduct anti-corrosion measures in the conditions of operating supports of
hydraulic structures in the zone of periodic wetting, it is very advisable to use lubricating compositions.
For this purpose, a lubricant composition based on locally produced products was developed. BNB
70/30 grade bitumen, technical salomas, heavy high-temperature resin, “KAB” brand bactericidal inhibitor
were used in developing this grease, and natural bitumen containing sand and clay were used as a filler

21].

) Field tests of lubricant were carried out at 34 overpass platform of OGEI named after N.Narimanov.
Field tests have shown that the lubricant has anticorrosive and sealing properties, good hiding power, high
adhesion to the metal surface, stability, and provides effective protection of hydraulic structures supports
against corrosion in the periodic wetting zone.

To protect hydraulic structures in the atmospheric zone, a primer - rust converter and bitumen-
polymer mastic (BPM) based on non-deficient local raw materials was developed and tested.

The new rust converter is based on phosphoric acid, bottoms of polypropylene glycol, isopropyl
alcohol and surfactants. Upon receipt of the new BPM, organic solvents, BNV-70/30 bitumen, SKS
rubber, water glass, polymer-propylene resin and natural bitumen containing sand and clay were used as
filler. To enhance the anti-corrosion properties, corrosion inhibitors based on fatty acids, asidole, and light
gas oil were introduced into the mastic, which also positively affect the hiding power and mechanical
strength of the mastic.

Thus, the use ofthe developed compositions based on inexpensive products to protect the supports of
hydraulic structures from corrosion damage during their operation allows preempting environmental
damage and is economically feasible.

Conclusions. 1. Surveys have shown that on piles of overpass structures that have been in operation
for 12-20 years, the corrosion rate is on average 0.22 mm/year.

2. The thinning of the wall of the stationary platform in the zone of periodic wetting at an altitude of
1.3 meters above sea level occurs at a speed of 0.33 mm/year. The average loss of pile wall thickness is 32%.

3. To protect the supports of hydraulic structures from corrosion in the atmospheric zone and in the
period of periodic wetting during the destruction of the factory protective coating, it is proposed to use
compositions based on cheap local raw materials.

K. A. Mawmegos, H. C. Famngoga, Y. K. N'yceiiHoBa
SOCAR, HUMW «HedTeras», baky, 33epbaiixaH
AKoNormansul 3ANANAbLL ANAbIH ANY YLITH

KACMWW TEH131HAEML TMAPOTEXHUKA/bL, U PbINbICTbLL,
KOPPO3NANbLL XAFAANBIH ANATHOCTUKANAY
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OANATHOCTUKA KOPPO3NOHHOIO COCTOAHUNA
FMAPOTEXHUYECKMX COOPYXEHUM HA KACMMNCKOM MOPE
ANA NMPEAOTBPALWLEHNA SKOTOMMYECKOIO YPOHA

[nnTenbHas akcnnyatauus HeTenpoMbIC/I0BOTO 060PYA0BaHMA U TMAPOTEXHUYECKUX COOPY>KEHWI 4acTo
MPUBOAUT K YCUNEHMIO KOPPO3MOHHOIO PaspyLUeHns NOA3EMHOrO W Ha3eMHOro 060pyAoBaHus. 3TO 4peBaTo BO3-
HUKHOBEHMEM aBapwii, MOXapoonacHbIX CUTyauuidi M HEKOHTPOAMPYEMbIM Pa3MBOM HedTW, UYTO CTaHOBATCA
MPUYMHOI HEe TONBKO NPAMbIX MaTepUasibHbIX NOTEPb, HO Y HApYLLEHUS 3KOMOMMYeCKOro paBHOBECUS.

[na OLEHKN KOPPO3MOHHOTO COCTOSIHWUA 3KCMyaTUPYeMbIX MOPCKUX HethTENPOMbICNIOBbLIX MMAPOTEXHUYECKMX
coopy>xeHuii (MHITC) npoBOAMAMCL MacCOoBble M3MEPEHUS TOMLLMHLI CTEHKWN 31EMEHTOB KOHCTPYKUMIA yNibTpasBy-
KOBbIM TOMLLMHOMEPOM. O6Cnef0BaHNS NMOKa3a/n, YTO Ha CBasAX 3CTaKafHbIX COOPYXKEHWI, 3KCMIyaTUPYOLLMXCS B
TeueHue 12-20 neT, CKOPOCTb KOPPO3UK B cpefiHeM cocTasnseT 0,22 mm/rod. Mpy 3TOM Ha 0TAeNbHbIX 06beKTax OHa
kone6bnetcs ot 0,15 go 0,28 mm/rog. CpedHve MOTepy TOAWWMHBI CTEHKW CBail COCTaBnstoT 32 %, a Ha OTAENbHbIX
o6bekTax - oT 17 o 51%.

O6cnefoBaHVe CBali MOCNe MHOrO/eTHeli akcnyataumy 6e3 aHTUKOPPO3VMOHHOM 3alyThl NOKasbiBaeT, YTo
NPOAYKTbl KOPPO3UW HepaBHOMEPHO MOKPbLIBAIOT WX MOBEPXHOCTb. [pn 3TOM 06HApYXEHO, YTO pacrpefeneHune
NPOAYKTOB KOPPO3WM 3aBUCUT He TOMIbKO OT rMAPOMETEPEOSIOrMYECUX YCOBUIA aKBATOPUM PACTIONOXKEHUS 0OBEKTA,
HO W OT rIy6VHbI MOp#, pefbeda fHa, Po3bl BETPOB, PACMONOXKEHNSA OMOP MOJ, NMEPEKPbIBAIOLLMMUN KOHCTPYKLMAMM,
T.e. OT CTeneHn COMIHeYHOro 06/lydYeHns MoBepxHOCTW. Hanpumep, npu ray6uHe mopa 11 MeTpoB M COMHEYHOM
06/TyHEHNM C KOXKHOI 1 3aMafHO CTOPOHbI OMOpPa C CEBEPHOM CTOPOHBI MOKPbITa CIOUCTLIMM MPOAYKTaMU KOPPO3Ui
0T YPOBHS MOps 10 4,5 M, a C HOXXHOI CTOPOHbI - TOMbKO [0 2,3 M.

Tak, Ha He3alMLLAeMbIX COOPYXXEHMSX YKe 4epe3 18-20 neT akcniyaTaumm OOHapy>KMBAHOTCS CKBO3HbIE
KOPPO3MOHHbIE NMOPaXKEHUSA Ha TPYBUaTbIX 3/1eMEHTaX C MePBOHAYa/IbHON TOMLMHON CTEHKM, paBHOM 11,0 MM.

[na o6cnefoBaHHON CTalMOHapHOA NAaTtopMbl YTOHUEHWE CTEHKM MPOMCXOAUT CO CKOpocThio 0,23-
0,43 MmmM/Tof, B CEUYEHUM, PAcNONOXKeHHOM Ha BbicoTe 1-1,3 MeTpa Haf YPOBHeEM MOpS.

JeMOHTaXX Hapy»XHOi CTOWKM HOMW CTaLMOHAPHOrO0 OCHOBaHWSA, NPOM3BEAEHHbIV nocne 20 neT aKcnayartauum
ero 6e3 aHTMKOPPO3VOHHOM 3almMThbl, M NOC/eaytoLLee NPO(UAMPOBaHUE MOBEPXHOCTM NOKa3ano, YTo HanbosblLee
3HaueHMne cpefHelt CKOpocTU koppo3um cocTasnseT 0,33 Mm/rog Ha BbicoTe 1,3 M.

[nsa Hor cTauMoHapHbIX NNaT(OopPM XapaKTepHbIM ABNSETCA KonebaHne YPOBHSA MOPCKOI BOAbl B MEXTPYOHOM
MPOCTPaHCTBe, BCMeACTBME YEro OTMEYAeTCs Takke KOPPO3WA Ha BHYTPeHHel MOBEPXHOCTW HOMM OCHOBaHus. Mpu
3TOM MaKcUMa/lbHOe 3HaueHVe CpefHeil CKopoCTW koppo3un coctasnseT 0,1 mm/rog. VccnegoBaHusa nokasanu, 4To
KOppO3unsa CTEHKW TPYObl C BHYTPEHHEl W BHELLHER CTOPOHbI MPOTEKAeT CO CKopocThbio 6onee 0,43 mm/rog. Takum
06pa3oMm, C y4eTOM MECTHO KOPPO3vW OTAe/bHble CKBO3HbIE A3Bbl Ha TPy6ax C TONALWMHOW CTEHKM 11,0 MM MOTyT
BO3HUKaTb Y>Ke Yyepe3 16-17 net akcnnyarauum.

3HaAUMTENbHOrO COKpALLEHMA NOTePb METas/1a Ha KOPPOo3Wio B 30He MepUOAMYECKOro CMayvBaHWA 1 yBenye-
HUA CPOKa CNyXObl OCHOBHbIX (JOHAOB MOXHO AOCTWYb, 3aLUMTUB OMOPHbLIA KOMIMIEKC COOPY>KEHWUIA MeTasun-
YECKUMM U TONCTOCNOMHBIMU MOAMMEPHBIMU MOKPbITUAMU, HAHOCUMbIMM B 3aBOACKWX YCOBUSX.

Mpy He06X0AUMOCTI NPOBEAEHNS aHTUKOPPO3MOHHBIX MEPONPUATUIA, OCYLLECTBASEMbIX B YCNOBUSAX 3KCNya-
Tauum Onop TMAPOTEXHUYECKMX COOPY>KEHWI B 30HE MNEPUOAMYECKOr0 CMauMBaHWs, BecbMa Lieiecoo6pasHbim
ABMIAETCSA UCMO/b30BaHNe CMa304HbIX KomMnosnumii. C aToli Lenbio 6bina paspaboTaHa cMasoyHas KOMMO3MLUs Ha
OCHOBE MPOLYKTOB MECTHOr0 Mpom3BoACTBa. [pu pa3paboTKe JaHHON CMa3KM MCMob30BaIMCh 6UTYyM Mapkn BHB
70/30, canomac TEXHWUYECKMWIA, THKEMas NMMPOnM3Has CMona, 6akTepuuma-mHrnoutTop mapkn «KAB» 1 B KadyecTse
HarnoNHUTeNs - NPUPOAHbIE BUTYMBI, COEPXKALLME NECOK U TINHY.

MpoMbICN0BbIE MCMLITAHUA CMa304HOI0 MaTepuana 6blny NPoBefeHbl Ha acTakagHoW nnowaake Ne 34 HIAY
M. H.HapumaHoBa. [NpoMbICNOBble WCMbITaHWS MOKa3anuW, YTO CMasouHbIi MaTepuan 06/1afaeT aHTUKOpPpPO-
3MOHHBLIMU 1 YNIOTHSAIOLMMI CBONCTBAMM, XOPOLLEeli YKPbIBUCTOCTLIO, BbICOKON aAre3uneil K NoBepXHOCTU MeTanna,
CTabUNbHOCTBIO, 06ecneumBaeT 3MMEKTUBHYIO 3aLMTY ONOp MMAPOTEXHUYECKUX COOPYXXEHWI OT KOPPO3WUM B 30HE
Mep1OANYECKOro CMaymBaHus.
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[ns 3aWwnThl rMapoOTEXHNYECKMX COOPYXKEHWIA B aTMOC(EPHON 30HE 6blI0 OblM pa3paboTaHbl U UCTIbITaHbI
rpyHTOBKa - MpeobpasoBaTenb PXXaBUuHbl U OGUTYMHO-nonnMepHas Mactuka (BMM) Ha 6ase Hepe(UUMTHOro
MECTHOTO CbIpbSi.

HoBbIli Mpeobpa3oBaTe/b pPXKaBUMHbI pa3paboTaH Ha OCHOBE OPTOOCKHOPHOI KWUCIOTbI, Ky6OBOro ocTaTKa
MONMnponuneHrankons, nsonponunosoro cnupta u MAB. Mpy nonyyeHWn HoBoit BINM 6biinv MCNOMb30BaHBI
opraHuyeckune pacteoputenu, 6utym BHB-70/30, kayuyk CKC, xuakoe cTekno, cmMosa noanMepHas-nponuieHosas
M B Ka4YecTBe HamoSHWUTENs MPUPOAHbIE GUTYMbI, COAepXKallme NecoK U ravHy. [ns ycuneHus aHTMKOPPO3UOHHBIX
CBOICTB B COCTaB MAacTWKW BGblnn BBEAEHbI MHTMOUTOPLI KOPPO3UM Ha OCHOBE XXMPHbIX KWUCMOT, acuiona 1 Nerkoro
rasoiinisi, KOTOPbIE MOMOXMTENbHO BAMAIOT TAKXKE W Ha YKPbIBUCTOCTb Y MEXAHUYECKYHO MPOYHOCTb MacTUKW.

KntoueBble cnoBa: rmapoTEXHUYECKNE COOPYXKEHUS; KOPPO3US; arpecCUBHOCTL Cpefbl, 30Ha NepuoanYecKoro
cMaumBaHus.
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