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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.

Key words: hydraulic structures; corrosion; aggressiveness of the environment, the zone of periodic wetting.

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 of the 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 of the 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 m? 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 K,,. was calculated by below shown formula:

_ 50_51
T

Kave mm/ year

where: 9 is the initial wall thickness of the piles, accepted equal to 11.0 mm; 6, is the remaining wall
thickness of the piles, mm; t — operation life, years;
The change in the wall thickness of the piles in percent was determined by the formula

:50 _51

C -100%

0

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" OGET*

Operation life, onel:(zIrllziiged Wall thickness of examine(.i }.)iles, = l(l)\fv :;?rgcfsirggj ofé:eflﬁ%?cllgsfs:ss

years piles, pcs. average minimum mm/year of piles, %

12 22 9,1 8,1 0,16 17

13 18 9,1 5,8 0,15 17

14 35 7,5 5,6 0,25 32

15 17 7,6 6,9 0,21 31

16 19 71 6,3 0,24 35

17 24 7.1 53 0,21 35

18 25 7,2 5,0 0,21 35

19 10 7,3 5,7 0,25 34

20 10 5.4 4.4 0,28 51
Total: 180 7,5 - 0,22 32

*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 of the 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.
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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 of the support is shown in figure 1.

0,5
0,45
0,4
0,35
0,3
0,25
0,2
0,15
0,1
0,05

Corrosion rate, q¢/m*-h

0 0,5 1 1,5 2 2’5

==#=inner surface height from sea level, m

e=i==outer surface

e=j==outer and inner surfaces

Figure 1 — Dependence of the 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 of the 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 of the
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 of the above mentioned determine the uneven corrosion wear of the 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.

12
10 F
8 i
A
£ ~
@ A
Q \A
k- \A
&
':§ 4
=
z 2
$
0
0 5 10 15 20 25

operation life, years

=9==2a - for periodically painted piles
=¢==Dh - for the most severe conditions
==k==for unpainted piles

=i=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 of the 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 of the 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. Mamenos, H. C. 'amupoBa, Y. K. I'yceiinoBa
SOCAR, HUIIU «HedTerasy, baky, O3epbaitkan
93KOJOT'USAJIBIK 3AJAJIABIH AJIJIBIH AJTY YIIIH

KACIMA TEHBIHJAETI THAPOTEXHUKAJBIK KYPBLIBICTBIH
KOPPO3USLIBIK KAFJANBIH JUATHOCTUKAJIAY
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K. A. Mamenos, H. C. 'amupnoga, Y. K. I'yceiinoBa
SOCAR, HUIIN «Hedreras», baky, Azepbaiimkan

JTUATHOCTHUKA KOPPO3UMOHHOI'O COCTOSIHUS
T'HAPOTEXHUYECKHUX COOPYKEHUIN HA KACIIUIICKOM MOPE
IS NPEJOTBPAIIEHUSA DKOJOITMYECKOI'O YPOHA

JnurtenbHas dKcIUTyaralus He(TEepOMBICIOBOIO OOOpYIOBaHUS M THAPOTEXHUYECKUX COOPYKEHHUH YacTo
MPUBOJUT K YCUIICHHIO KOPPO3UOHHOTO Pa3pyLICHHs MOJ3EMHOTO W Ha3eMHOIro 00OpYyJOBaHHs. DTO YpeBaTo BO3-
HUKHOBEHHEM aBapHii, MOXAPOOMACHBIX CHTYallMii W HEKOHTPOIHPYEMBIM Da3IUBOM HE(PTH, YTO CTaHOBSATCS
MPUYMUHOM HE TOJIBKO NPSIMBIX MaT€PHAIBHBIX IOTEPh, HO M HAPYIICHHS 3KOJIOTHYECKOTO PABHOBECHS.

JAn1st OLIeHKH KOPPO3HOHHOTO COCTOSIHUS KCIUTYaTUPYEMBIX MOPCKUX HE(TEIPOMBICIOBBIX THIAPOTEXHUYECKUX
coopyxenuit (MHI'C) npoBoaninch MaccoBble U3MEPEHUs! TOJIIMHBI CTEHKH 3JIEMEHTOB KOHCTPYKLHU YJIBTPa3By-
KOBBIM TONIIHHOMEpOoM. OOCIe1oBaHMs MOKA3all, YTO Ha CBAsSX ACTAKAHBIX COOPYKEHUH, SIKCILUTyaTHPYIOIIUXCS B
teuenue 12-20 jieT, CKopocTh KOppo3uu B cpeareM coctaBisieT 0,22 mm/roz. I[Ipu 3TOM Ha OTACIBHBIX 00BEKTaX OHA
konebnetcst ot 0,15 mo 0,28 mm/rox. CpeqHre OTEpH TONIIMHBI CTEHKH CBail cocTaBIAOT 32 %, a Ha OTOCIBHBIX
o0bekTax - ot 17 10 51%.

OOcetoBanue cBail 1mociae MHOTOJICTHEH SKCIUTyaTalu 0e3 aHTHMKOPPO3MOHHOM 3alMThl MOKA3bIBAET, YTO
NPOJIYKThl KOPPO3HUH HEPAaBHOMEPHO IMOKPBIBAIOT HMX MOBEPXHOCTh. [Ipu 3TOM 0OHapy»XeHO, 4TO paclpejelieHHe
MPOAYKTOB KOPPO3UH 3aBUCHT HE TOIBKO OT THAPOMETEPEOJIOTHUECHX YCIOBUN aKBaTOPHH PACIIONIOKEHUS 00BEKTa,
HO U OT IIIyOUHBI MODs, peiibeda JAHA, PO3bl BETPOB, PACIIOIOKEHHUS OIOP IO/ MEPEKPHIBAIOIIMMU KOHCTPYKLIUSIMH,
T.€. OT CTEIIEHH COJIHEYHOTO OONydeHUs moBepxHOCcTH. Hampumep, mpu riryouHe mMops 11 METpOB W COTHEYHOM
00JTydeHNH ¢ 10)KHOHU U 3amaTHOI CTOPOHBI OIIopa ¢ CEBEPHON CTOPOHBI MOKPHITA CIOMCTHIMH MPOYKTaMH KOPPO3HHU
OT ypOBHS Mops 10 4,5 M, a ¢ 10XKHOI CTOPOHBI — TOJIBKO J0 2,3 M.

Tak, Ha He3aIIUIIAEMBIX COOPYXKCHHUAX yke uepe3 18-20 JyieT sKcIulyaTalud OOHAPYKHUBAKOTCS CKBO3HBIC
KOPPO3HOHHBIE MTOPAKEHHUS HAa TPYOUATHIX SIEMEHTaX C MePBOHAYAIBHON TONIMHON CTEHKH, paBHOIT 11,0 MMm.

Jnst oOcnienoBaHHOM CTallMOHAPHOW IUIATQOPMBI YTOHYEHHE CTEHKH MPOUCXOOUT €O ckopocthio 0,23-
0,43 Mmm/Ton B ceueHNH, pacIIOIOKEHHOM Ha BeIcoTe | -1,3 MeTpa Haj ypoBHEM MOpSI.

JleMOHTa)K Hapy»HOW CTOWKM HOTHM CTAallMOHAPHOT'O OCHOBAHMUS, NPOM3BEICHHBIN nocie 20 JeT SKCIUTyaTaliuu
ero 0e3 aHTUKOPPO3MOHHOM 3aIlMTHI, U MOCIEAyolee NPO(INPOBaHIE TIOBEPXHOCTH IT0Ka3aJl0, YTO HanOoIIbIIee
3Ha4YeHHe Cpe/iHel CKopocTh Kopposun coctasisier 0,33 Mm/rox Ha Beicote 1,3 M.

Jliist HOr cTalMOHAPHBIX MIATGOPM XapaKTEPHBIM SIBJISETCS KOJieOaHHEe YPOBHS MOPCKOM BOABI B MEKTPYOHOM
MPOCTPAHCTBE, BCIEICTBUE YETO OTMEYASTCS TakKe KOPPO3Ws Ha BHYTPEHHEH MOBEPXHOCTH HOTH OCHOBaHUWSA. [Ipm
3TOM MaKCHMallbHOE 3HaYCHHE CpeIHel cKopocTH Kopposuu coctaisieT 0,1 Mm/rox. VccaemoBaHus mokas3aniu, 9To
KOpPpO3Usi CTEHKH TPyOBI C BHYTPEHHEH M BHEIIHEW CTOPOHBI NMPOTEKaeT co ckopocThio Oonee 0,43 mMm/ron. Takum
00pazoM, ¢ y4eTOM MECTHOH KOPPO3UH OT/AENbHbIE CKBO3HBIE SI3BBI HA TpyDOax ¢ TommuuHON cTeHku 11,0 MM MoryT
BO3HHUKATh yke uepe3 16-17 jer skcrutyaTaryu.

3HAYUTETHHOTO COKPAIICHUS MOTEPh METAJUIa Ha KOPPO3HIO B 30HE MEPHOIMYECKOTO CMAYMBAHNSA U yBEJINYe-
HHUsI CPOKa CIY’)XObl OCHOBHBIX (DOHJIOB MOXHO JOCTHYb, 3aIMTHB ONOPHBIA KOMILJIEKC COOPYXKEHUH MeTalju-
YECKUMH U TOJICTOCIOHHBIMH ITOTUMEPHBIMHU IMOKPHITHAMHA, HAHOCHMBIMH B 3aBOICKHUX YCIOBHUSX.

[Tpy HEOOXOAMMOCTH MPOBENICHNS! AHTUKOPPO3UOHHBIX MEPOIIPHUATHIH, OCYLIECTBIISIEMBIX B YCIOBHUSIX JKCILTya-
TallMy OIOp THAPOTEXHWYECKHX COOPY)KEHHH B 30HE IMEPHOAMYECKOTO CMayMBaHUs, BECbMa IIeJIeCOO0Opa3HBIM
SIBJISIETCSI MCIOJIB30BaHUE CMa304HBIX komno3unuii. C 3Toil nenbio Oblia pa3paboraHa cMa3ouHas KOMIIO3HLMS Ha
OCHOBE MPOJYKTOB MECTHOTO Mpou3BojCcTBa. [Ipu pa3zpaboTke JAaHHOW cMa3Ku MCHONb30BalKCh OuTyM mMapku bHB
70/30, camoMac TEXHHYCCKHUH, TsHKEMAs MUPOIM3HAS CMOJa, OakTepuua-uHruouTop Mmapku «KAB» u B kadecTBe
HATIOJTHUTEIIS — IPUPOIHBIE OUTYMBI, COIepIKaIlIKe IECOK U TINHY.

[TpoMbICTIOBBIE NCTIBITAaHKST CMA30YHOTO MaTepualia ObUTH MPOBEICHBI Ha 3cTakagHoH momanke Ne 34 HI'JTY
nMm. H.Hapumanoa. IIpoMBbICIIOBbIE HWCHBITaHMS IOKA3aJIM, YTO CMA30YHBIH Marepuall o0JiafaeT aHTUKOPPO-
3HOHHBIMH U YIUTOTHSIOIMMH CBOMCTBaMU, XOPOIIEH YKPBIBUCTOCTBIO, BHICOKOH ajre3ueil Kk MOBEpXHOCTH MeTallla,
CTaOHIbHOCTBIO, 0OecrieunBaeT F(PEKTUBHYIO 3AIUTY OMOP THIPOTEXHHYECKUX COOPYKEHH OT KOPPO3UHU B 30HE
MEPUOTNIECKOTO CMAaYNBaHMUSL.
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JUis 3aIuTHl THAPOTEXHUIECKUX COOPYKEHHH B aTMOC(hEpHOH 30HE ObUIO OBUTH pa3pabOoTaHBl W HCIBITAHBI
TPYHTOBKa — IIpeoOpa3oBaTellb pKaBUMHBI M OuTymHO-nonmMmepHas Mmactuka (BIIM) Ha Gase HenmeduuMTHOTO
MECTHOT'O CBIPbSI.

HoBelii mpeoOpa3oBatenb paBYMHBI pa3paboTaH Ha OCHOBE OPTOPOCPOPHON KUCIOTHI, KyOOBOrO OcTaTka
[MOJINnponmnenrnukoss, u3onponmwioBoro cnupta u I[TAB. Ilpu nmomydennu HoBoit BIIM ObUTH HCIIONB30BaHBI
opraandeckue pactsoputenu, outrym bHB-70/30, kayayk CKC, xuaxoe cTeKI0, cMoJIa TOJIMMepHAas-IPOIHICHOBAs
U B KayeCTBE HAIIOJHUTEIIS MIPUPOJHBIC OUTYMBI, colepiKallie NecOK W MIMHY. [ yCUIIeHUsS aHTHKOPPO3HOHHBIX
CBOICTB B COCTaB MAaCTHKH OBLIM BBEJICHbI HHTMOMTOPHI KOPPO3UH HAa OCHOBE JKUPHBIX KUCIIOT, aCHAO0JIa U JETKOTO
Fa30ﬁﬂﬂ, KOTOPBIC MMOJIOKUTEIIbHO BJIIMAKOT TAKKE U HA YKPBIBUCTOCTh U MEXAHUYCCKYIO IPOYHOCTh MACTUKH.

KioueBbie ciioBa: THIPOTEXHUUECKHE COOPYIKEHHS; KOPPO3Us; arpeCCUBHOCTD CPEbl, 30Ha MEPUOIMIECKOTO
CMa4uBaHUA.
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