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Introduction. Organization of safety hydrocarbons transportation is one of the primary objectives for companies 

operating hazardous production facilities. Corrosion protection of field pipelines is still the most complex and 

multifaceted task. That is due to significant length of communication lines, branching pipeline networks, complex 

and heterogeneous composition of pumped liquids. 

Problem Statement. The purpose of this research is the development of method of salinity control and the 

prevention of premature corrosion wear of oil pipelines by the use of inhibitors. 

Theoretical Part. When transporting oil and petroleum products through pipelines, there is a high probability of 

synergistic risks arising from corrosion of the pipeline body material, including salt deposi ts. Salt formation 

affects the throughput, performance of pipeline systems, and equipment performance.  

According to the result of in-line diagnostics analysis, more than 70% of pipes are subject to corrosion, with metal 

loss and changes in wall thickness. Corrosion also led to metal properties transformation, and degradation of its 

functional characteristics. Inhibitors are widely used during oil production and transportation to protect from the 

formation of salt deposits. With long-term operation of oil and gas pipelines it is not possible to ensure completely 

safe operation. Pipeline systems are constantly affected by the environment, external and internal pressure, 

corrosion and aging of the pipeline material. 

Conclusion. The article presents a brief overview of the current state of oil pipelines, and a new method for 

protection from salt deposits. The composition of the salt deposition inhibitor, including citric acid, has been 

developed. It has been experimentally established that its use reduces the number of accidents. A brief analysis of 

the occurrence of accidents in the oil and gas industry is performed. The problems of safe operation of pipeline 

systems under the influence of non-stationary factors are determined. The necessity of creating a method for 

mathematical modeling of pipeline systems is confirmed. 
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Introduction. An urgent task in the operation of oil and gas pipelines is to protect pipes and equipment from 

corrosion. It is impossible to completely exclude corrosion phenomena, but it is possible to take timely measures for 

anticorrosion protection. 

The most difficult issues remain protection from corrosion of field pipelines. In particular this is due to: 

— significant length of communications, 

— branching of pipeline networks, 

— complex and heterogeneous composition of the pumped liquids, 

— soil characteristics in the pipeline sections [1-3]. 

Salt deposition reduces safety of operation of the pipeline systems intended for transportation of hydrocarbons. 

This determines the relevance of the work. Processes of oil or gas extraction and transportation are often accompanied 
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by undesirable formation of deposits of inorganic salts on the walls of the equipment and associated reservoirs. As 

pumping volumes increase, so do deposits. 

The use of new technological and technical solutions for the transportation of flammable and combustible 

substances allows us to establish a higher level of industrial and fire safety of the operated dangerous object. This 

problem has been studied by many Russian and foreign authors [4-6]. 

Ensuring safe transportation of hydrocarbon media is one of the main tasks of organizations operating 

hazardous production facilities. The diagnostics of 600 technological and oilfield pipelines revealed unacceptable 

defects in 75 % of cases [7, 8]. 

Problem statement. The aim of this study is to develop a method for controlling salt deposition and 

preventing premature corrosion wear of oil pipelines by introducing inhibitors. Salt deposition on the walls of field 

pipelines affects their throughput and productivity. Salt formation is also one of the causes of metal corrosion. 

Therefore, to control salt deposition and prevent premature wear in the oil fields, inhibitors are introduced into the field 

pipeline system. 

Theoretical part. The analysis of the pipeline diagnostics results of the main pipelines shows that the 

proportion of pipes with defects ranges from 9.6 to 21.8 % (indicators depend on the pipeline section, the presence of 

welds and shut-off valves). The percentage of pipes with dangerous defects is from 0.5 to 3.7 %. Of these, about 70% 

are pipes with metal losses and changes in wall thickness, including corrosion. During corrosion, the properties of the 

metal change and its functional characteristics deteriorate [9, 10]. One of the factors influencing the indicators of metal 

corrosion and wear is salt formation [11]. 

The safety of pipeline operation depends, in particular, on the pressure and physical and chemical properties of 

the pumped medium. 

Accidents often occur due to aging of pipeline systems [12, 13]. It is not always possible to use well-known 

methods of in-line diagnostics to find out the cause of dangerous defects, measure them, and set the maximum value of 

the equipment's service life. 

The difficulties of in-line diagnostics are caused by changes in cross-sections in pipeline systems and the 

formation of local resistances. 

Salt deposition on the walls of pipelines affects the throughput, the performance of pipeline systems and the 

equipment operability, including those with moving parts. 

Salt deposition and its consequences should also be taken into account when using a non-stationary system risk 

management system. 

The introduction of inhibitors is widely used in oil fields and oil treatment sites in order to minimize the 

formation of salt deposits [14, 15]. 

The issues of salt deposition control and prevention of premature wear of oil pipelines were solved 

experimentally: the potential of a previously developed salt deposition inhibitor with the addition of citric acid was 

evaluated. 

Experiment and results. The purpose of the laboratory experiment was to determine the effectiveness of the 

salt deposition inhibitor SNPKH 5312 grade C of different concentrations with the addition of citric acid. In the 

experiments, the reservoir water of modular cluster pump station (MCPS) of the oil treatment plant (OTP) of Bayteks 

LLC was used. 

The samples were prepared in seven stages. 

1. Seven conical flasks (250 ml) were filled with 100 ml of brine water. 

2. In five of them, a salt deposition inhibitor with citric acid (CA, 0.3 mg) was added at concentrations of 10, 

20, 30, 60 and 100 mg/dm3, which corresponds to 0.2; 0.4; 0.6; 1.2 and 2.0 ml of the solution (table 1). 
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Table 1 

Samples of reservoir water of MCPS OTP Bayteks LLC with the concentration of the corrosion inhibitor 

Initial solution No. 1 

No. 2 

(+ иinhibitor / 

+ CA) 

No. 3 

(+ иinhibitor / 

+ CA) 

No. 4 

(+ иinhibitor / 

+ CA) 

No.5 

(+ иinhibitor / 

+ CA) 

No. 6 

(+ иinhibitor / 

+ CA) 

Without temperature 

control 
Brine water 0.2 mg /0.3 mg 0.4 mg /0.3 mg 0.6 mg /0.3 mg 1.2 mg /0.3 mg 2.0 mg /0.3 mg 

 

3. The flasks were closed with lids. The first flask was a control one, it was not affected. 

4. The remaining flasks were thermostated in the Memmert chamber drier at a temperature of 75 °C for 5 

hours. 

5. After 5 hours, the samples were cooled and filtered through a dense "blue ribbon" filter. 

6. To determine the content of calcium ions in conical flasks, 10 ml of filtrate was selected with a Mohr pipette 

and 40 ml of distilled water was added. 

7. Using murexide for Trilon B, the calcium hardness was determined (Table 2). 

Table 2 

The content of calcium ions in the reservoir water of BKNS UPN LLC Baytex with the addition of a salt 

decomposition inhibitor SNPH 5312 grade C and citric acid 

 
Initial 

sample 
Sample no. 1 Sample no. 2 Sample no. 3 Sample no. 4 Sample no. 5 

Sample no. 6 

VT
*, ml 12.94 11.76 12.04 12.2 11.8 12.3 12.08 

Х, 

ml×g/dm3 
1296.588 1178.352 1206.408 1222.4 1182.36 1232.46 1210.416 

*Т — titration. X — the content of calcium ions after titration. 

 

The results of calculating the effectiveness of the salt deposition inhibitor in brine water with the addition of 

citric acid are shown in Table 3. 

Table 3 

Effectiveness of the salt deposition inhibitor in brine water of BKNS UPN LLC Baytex with the addition of citric acid 

 

+ Inhibitor / + CA 

0.2 mg / 0.3 

mg 

0.4 mg / 0.3 

mg 

0.6 mg / 0.3 

mg 

1.2 mg / 0.3 

mg 

2.0 mg / 0.3 

mg 

Effectiveness of the salt deposition 

inhibitor (ESDI,%) 
93 71 85 58 54 

 

The effectiveness of the salt deposition inhibitor (ESDI,%) is determined by the formula (1): 

 Э = (Ср – Сх / Со – Сх) 100,  (1) 

where Сх — is the content of calcium ions in the sample without an inhibitor, mg/dm3; Ср — is the content of calcium 

ions in the sample with an inhibitor after temperature control, mg/dm3; Со — is the content of calcium ions in the initial 

solution, mg/dm3. 

The experiment and calculations showed that the inhibitor of SNPKH 5312 brand C with citric acid (3 %) 

effectively prevents the formation of salts in the technical devices of the Baytuganskoye field. 

Measures to prevent accidents. The acute problem of corrosion of pipeline systems intended for 

transportation of hydrocarbon media requires high-quality and cost-effective solutions [16-19]. 

In this study, cases of ingress of pumped products into the external environment due to depressurization and 

damage to pipeline systems are considered. Their main reasons: 

— uncontrolled metal corrosion of the inner and outer shell of the pipeline, 
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— hydro-and gas-abrasive wear, 

— fatigue and aging of the metal. 

The domestic level of technical support for pipeline systems with automation tools and high-quality materials 

lags behind the world level by 15-20 years [20, 21]. The material, diameter and thickness of the pipes do not always 

meet the design requirements. There are other reasons that affect the frequency of accidents and incidents in the 

operation of pipeline systems. 

Figure 1 shows data on accidents at oil and gas industry enterprises in the Russian Federation in                           

2009-2017 [11]. 

 

 
 Petrochemical and oil refining facilities 

 Oil and gas production and main pipeline transport facilities 

Fig. 1. Dynamics of accidents at the enterprises of oil and gas industry and oil and gas processing 

With general patterns of accidents, each has its own distinctive features: 

— time of origin and development, 

— scale (depends on the energy potential of the equipment) 

— pressure that leads to the destruction of technical devices and systems, 

— explosions and fires 

— release of substances that negatively affect the environment. 

In view of the above mentioned, the following tasks are relevant: 

— to determine the requirements for the formation of a methodology for early detection of pre-emergency 

situations and their prevention; 

— to develop optimal parameters for online non-stationary risk management and emergency prevention. 

Management of synergistic risks is laid down at the design stage of pipeline systems. During their operation, 

high-quality diagnostics and recognition of pre-accident and emergency situations are required, as well as precise 

compliance with the requirements of the technological regime. Measures to prevent emergency situations are also 

mandatory [22, 23]. 

The unsteadiness of the above-mentioned risks (environmental impact, external and internal pressure, 

corrosion and aging of pipeline material) reduces the efficiency and safety of the process of pumping oil, gas and their 
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processed products. The lack of reliable systems for monitoring and accounting for non-stationarity is a serious 

drawback of the existing technologies for predicting and determining the probability of an emergency and possible 

consequences, especially when it comes to: 

—  the operation of the object under the conditions of the maximum service life; 

— branched heterogeneous pipeline systems with different operating modes [24, 25]. 

Thus, the main tasks for mathematical and technical modeling of non-stationary pipeline systems are related to 

forecasting: 

— maximum permissible maximum and minimum pressure values generated by pumping units; 

— maximum permissible time intervals for alarm activation and protective equipment activation; 

— unsteadiness of hydraulic resistances in branched and unbranched pipeline systems; 

— unsteadiness of external influences on the pipeline; 

— rate of corrosion wear of metal from non-stationary external and internal impact on the pipeline walls. 

It is also necessary to create maps of pumping modes, to determine the procedure for switching on and off 

pumping units, and to specify the requirements for existing organizations for monitoring, managing technological 

processes and equipment with mandatory monitoring of non-stationary risks [26, 27]. 

For these tasks it is necessary to examine the occurrence of corrosion due to the effects of time-dependent 

factors by the method of spectral correlation analysis, and perform calculations of: 

— changes of stress-strain state of pipeline design, 

— change of hydraulic resistance fluid, 

— internal and external influence of wave patterns of non-stationary variables on the characteristics of the 

pipelines. 

Conclusion. The main reason for pipeline accidents is their unsatisfactory technical condition. Transportation 

of hydrocarbons involves constant risks arising from corrosion of the pipeline body material, including salt deposits. 

The experiment revealed that citric acid can be used as a co-inhibitor to prevent salt deposits and corrosion. 

You can prevent accidents or avoid catastrophic consequences by using models of the origin and influence of 

non-stationary risks on transportation processes. 

The compliance with all safety conditions will allow you to manage the operation of pipeline systems for oil 

and gas transportation in real time. 

References 

1. Abdrakhmanov N.Kh., Shutov N.V., Abdrakhmanova K.N. et al. Razrabotka tekhnicheskikh trebovaniy k 

sozdaniyu sistemy operativnogo monitoringa i upravleniya promyshlennoy i ekologicheskoy bezopasnost'yu opasnykh 

proizvodstvennykh ob'ektov na osnove minimizatsii riskov [Development of technical requirements for creating a 

system for operational monitoring and management of industrial and environmental safety of hazardous production 

facilities based on risk minimization]. Neftegazovoe delo. 2015;4:497–511. (In Russ.) 

2. Khusniyarov M.Kh., Verevkin A.P., Kuzeev I.R. et al. Tekhnogennyy risk i upravlenie promyshlennoy 

bezopasnost'yu neftepererabatyvayushchikh predpriyatiy [Technogenic risk and industrial safety management of oil 

refineries]. Ufa: Neftegazovoe delo, 2012. 311 p. (In Russ.) 

3. Abdrakhmanov N.Kh., Fedosov A.V., Shaibakov R.A. et al. Organization of safe management of fire 

operations on gas pipelines. Vestnik Natsional'noy akademii nauk Respubliki Kazakhstan. 2019;6(382):272–279.  

4. Abdrakhmanov N.Kh. Nauchno-metodicheskie osnovy obespecheniya bezopasnoy ekspluatatsii opasnykh 

proizvodstvennykh ob"ektov neftegazovogo kompleksa na osnove upravleniya sistemnymi riskami: avtoref. dis. ... d-ra 

tekh. nauk [Scientific and methodological bases of ensuring safe operation of hazardous production facilities of the oil 

and gas complex on the basis of system risk management: author's thesis]. Ufa, 2014. 45 p. (In Russ.) 



 

 
 

 

 

Safety of Technogenic and Natural Systems 
№3 

2020  
 

h t t p : / / b p s - j o u r n a l . r u /  

 
44 

5. Sood A., Rhodes E. Pipeline Scale-up in Drag Reducing Turbulent Flow. The Canadian Journal of Chemical 

Engineering. 1998;76(1):11–18.  

6. Abdrakhmanov N.Kh., Gallyamov M.A., Salyakhutdinov V.V. et al. Analiz sistem obnaruzheniya utechek 

na magistral'nykh nefteproduktoprovodakh [Analysis of leak detection systems on main product pipelines]. Problemy 

sbora, podgotovki i transporta nefti i nefteproduktov. 2017;3(109):154–164. (In Russ.) 

7. Gallyamov A.K., Chernyaev K.V., Shammazov A.M. Obespechenie nadezhnosti funktsionirovaniya sistemy 

nefteprovodov na osnove tekhnicheskoy diagnostiki [Ensuring reliable operation of the oil pipeline system based on 

technical diagnostics]. Ufa: Izd-vo UGNTU, 1997. 597 p. (In Russ.) 

8. Pavlova Z.Kh., Azmetov Kh.A., Abdrakhmanov N.Kh., Pavlova A.D. Otsenka i obespechenie bezopasnosti 

ekspluatatsii neftegazoprovodov v usloviyakh nestatsionarnosti tekhnologicheskikh parametrov [Assessment and 

ensuring the safety of oil and gas pipelines operation under conditions of non-stationary technological parameters]. 

Izvestiya Tomskogo politekhnicheskogo universiteta. Inzhiniring georesursov. 2018;329(1):132–137. (In Russ.) 

9. Bashirova E.M. Otsenka predel'nogo sostoyaniya metalla oborudovaniya dlya pererabotki uglevodorodnogo 

syr'ya s primeneniem elektromagnitnogo metoda kontrolya: dis. kand. tekh. nauk [The assessment of the limiting state 

of the metal equipment for processing of hydrocarbonic raw materials with application of electromagnetic inspection 

method: author's thesis]. Ufa, 2005. 137 p. (In Russ.) 

10. Shaybakov R.A., Abdrakhmanov N.Kh., Kuzeev I.R. et al. Rassledovanie avariiynykh situatsii: novye 

metody i podkhody [Investigation of emergency situations: new methods and approaches]. Problemy sbora, podgotovki 

i transporta nefti i nefteproduktov. 2008;3(73):110–121. (In Russ.) 

11. Informatsiya ob avariyakh, proisshedshikh na predpriyatiyakh, podkontrol'nykh territorial'nym organam 

Federal'noy sluzhby po ekologicheskomu, tekhnologicheskomu i atomnomu nadzoru [Information on accidents that 

occurred at enterprises controlled by the territorial bodies of the Federal Service for Ecological, Technological and 

Atomic Inspection]. Federal Service for Ecological, Technological and Atomic Inspection. Available from: 

http://www.rostehnadzor.ru/chronicle.html/ (Accessed 25th June 2019). (In Russ.) 

12. Gareev A.G., Khudyakov M.A., Abdullin I.G. et al. Osobennosti razrusheniya materialov 

neftegazoprovodov [Features of destruction of oil and gas pipeline materials]. Ufa: Gilem, 2006. — 155 p. (In Russ.) 

13. Abdrakhmanov N.Kh., Azmetov Kh.A., Pavlova A.D. et al. Sovremennye metody i sredstva obespecheniya 

bezopasnoy ekspluatatsii magistral'nykh nefteprovodov [Modern methods and means of ensuring safe operation of main 

oil pipelines]. Neftegazovoe delo. 2017;6:192–206. Available from: 

http://ogbus.ru/issues/6_2017/ogbus_6_2017_p192-206_AbdrakhmanovNKh_ru.pdf. DOI: 10.17122/ogbus-2017-6-

192-206. (In Russ.) 

14. Turdymatov A.A., Abdrakhmanov N.Kh., Abdrakhmanova K.N., Vorokhobko V.V. Effektivnost' 

khimicheskoy ingibitornoy zashchity v bor'be s vnutrenney korroziey promyslovykh truboprovodov [Effectiveness of 

chemical inhibitory protection in the fight against internal corrosion of field pipelines]. Neftegazovoe delo. 2016;3:137–

156. (In Russ.) 

15. Vinogradova S.S., Kaydrikov R.A., Makarova A.N., Zhuravlev B.L. Fizicheskie metody v issledovaniyakh 

osazhdeniya i korrozii metallov [Physical methods in studies of deposition and corrosion of metals]. Kiev: KNITU, 

2013. p. 142–144. (In Russ.) 

16. Kakovkin D.A., Kharebov V.G., Miseyko A.N. Zadachi i problemy korrozionnogo monitoringa 

oborudovaniya khimicheskikh predpriyatiy [Tasks and problems of corrosion monitoring of equipment of chemical 

enterprises]. Khimicheskaya tekhnika. 2017;5:28–31. (In Russ.) 

17. Monakhov A.N., Kuznetsov A.K., Monakhova M.A. Opyt primeneniya datchikov korrozii v sistemakh 

korrozionnogo monitoringa [Experience of application of corrosion sensors in corrosion monitoring systems]. 

Ekspozitsiya Neft' Gaz. 2015;2(41):46–49. (In Russ.) 



 

 
 

 

 

Safety of Technogenic and Natural Systems 
№3 

2020  
 

h t t p : / / b p s - j o u r n a l . r u /  

 
45 

18. Grachev V.A., Rozen A.E., Kozlov G.V., Rozen A.A. Sposob zashchity metallov i splavov ot pittingovoy 

korrozii mnogosloinymi metallicheskimi pokrytiyami [Method for protecting metals and alloys from pitting corrosion 

by multilayer metal coatings]. Korroziya: materialy, zashchita. 2017;2:12–17. (In Russ.) 

19. Kaydrikov R.A., Zhuravlev B.L., Vinogradova S.S. et al. Elektrokhimicheskie metody issledovaniya 

lokal'noy korrozii passiviruyushchikhsya splavov i mnogosloinykh sistem [Electrochemical methods for studying local 

corrosion of passivating alloys and multilayer systems]. Kiev: KNITU, 2014. p. 144–150. (In Russ.) 

20. Abrosimo A.A. The ecology of hydrocarbon systems processing. Moscow: Chemistry publishing hous. 

2002. 607 p. 

21. Kharionovskiy V.V., Kurganova I.N., Remizov D.I. Rukovodstvo po otsenke ozdorovitel'nykh uchastkov 

truboprovoda s defektami tipa ovalizatsii [A guide to sections health assessment of the pipeline with defects of the type 

of ovalization]. Moscow: VNIIGAZ, 1996. p. 38. (In Russ.) 

22. Abdrakhmanov N.Kh., Davletov V.M., Abdrakhmanova K.N. et al. Povyshenie bezopasnosti ekspluatatsii 

gazoprovodov [Improving the safety of gas pipelines operation]. Neftegazovoe delo. 2016;14(3):183–187. (In Russ.) 

23. Mukhamadeev R.I., Bakirov I.K., Mukhamadeev I.G. Psikhologicheskie aspekty povysheniya urovnya 

bezopasnosti truda [Psychological aspects of improving the level of labor safety]. Vestnik Bashkirskogo 

gosudarstvennogo agrarnogo universiteta. 2014;3:118–121. (In Russ.) 

24 Abdrakhmanov N.Kh., Shutov N.V., Abdrakhmanova K.N. Issledovanie i analiz nestatsionarnosti 

vozniknoveniya i razvitiya potentsial'no opasnykh situatsiy pri ekspluatatsii opasnykh proizvodstvennykh ob'ektov 

[Research and analysis of non-stationary occurrence and development of potentially dangerous situations in the 

operation of hazardous production facilities]. Neftegazovoe delo. 2015;1:292–306. (In Russ.) 

25. Failure Rate and Event Data for Use within Risk Assessments 28/06/2012 / HSE. Health and Safety 

Executive London. Available from: https://efcog.org/wp-

content/uploads/Wgs/Safety%20Working%20Group/_Nuclear%20and%20Facility%20Safety%20Subgroup/Documents

/HSE%20Failure%20Rates.pdf (Accessed 21st August 2020). 

26. Khafizov F.Sh., Bakirov I.K. Raschet pozharnykh riskov ob"ektov toplivno-energeticheskogo kompleksa 

[Calculation of fire risks of fuel and energy complex objects]. Pozharovzryvobezopasnost'. 2010;19(11):31–35. (In 

Russ.) 
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