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SUMMARY 

Oil and oil products are now one of the most dangerous pollutants in natural water bodies Every year, 
new sources of pollution are identified, which require an assessment of their danger to the environment. 
The danger of petroleum products as man-made pollutants is due to the ability of hydrocarbons to form 
toxic compounds in soils, surface and groundwater. Today, a large number of foci of petrochemical 
groundwater pollution have been identified, and potentially thousands more, which continue to be in a 
"hidden" form, pose a threat to the environment and, above all, to groundwater. Pollution is formed 
directly due to petroleum products stored on the territory of enterprises, as well as through wastewater 
and stormwater polluted by them. An important feature of petroleum contamination is the ability to 
concentrate other contaminants, such as heavy metals and pesticides, and to create the conditions for 
various chemical reactions when the film of petroleum products is distributed over a large area. Methods 
of combating the consequences of oil product losses and their effectiveness are analyzed. 

 

 



  

 
 Geoinformatics 2021 

11-14 May 2021, Kyiv, Ukraine 

GEOINFORMATICS 2021

Introduction 

With growth of production forces by expansion of economic activity the negative consequences of 
influence of humanity on an environment become more perceptible. Perceptible harm a natural 
environment inflicts oil-processing, petrochemical and chemical productions extras of which (at times 
without cleaning) are the sources of contamination of environment. The relatively small outpourings of 
oil can have consequences of the protracted character and cause serious losses. 

Anthropogenic and technogenic influence on a natural environment in Ukraine in once or twice exceeds 
the proper indexes in the developed countries of the world (State of groundwater of Ukraine, 2018). 
After the level of the rational use of water resources and quality of water Ukraine, from data of 
UNESCO, took the 95th place among 122 countries of the world. 

Method and/or Theory 

The supply of oil and petroleum products for providing of many industries of economy is carried out 
all possible types of transport, but most advantageous on technical and economic indexes is a pipeline 
transport.  Unfortunately, until now there is not clear methodology of providing of safety of the pipeline 
systems in Ukraine.  

Such practice results in a volume, that all more frequent we hear of considerable failures on a pipeline 
transport. The first group of principal reasons which result in the origin of failures and other incidents 
is related to violation of technological regulations during the lead through of works in a period building 
or repair of objects of pipelines. To the second group of reasons of emergency situations, which violate 
the terms of safety of transporting and directly transported product, corrosive defects, arising up as a 
result of both internal and external, corrosion, belong. The defects of equipment and material, related 
to the factory shortage and violation of the mode of exploitation, behave to the third group of factors. 
A fourth group is related to violation of requirements of exploitation and erroneous actions of auxiliary 
personnel, predefined his insufficient preparation or unconscientious attitude toward the row of 
executable works. Failures which arise up under the action of natural factors behave to the fifth group 
of emergency situations, – natural calamities, different factors of geodynamics and others like that 
(Krainyukov, 2008). 

Virtually all facilities for storage, refining, transportation and use of petroleum products are sources of 
their losses in the form of evaporation, straits, straits, which form environmental pollution in the area 
of the facility and, sometimes, far beyond. On the surface of land and water, the oxidation and 
biodegradation of small amounts of petrochemical pollution can occur naturally, and in the geological 
environment, pollution can persist for many decades, spreading with groundwater over large areas 
(Ognianik et al., 2013) Due to the fact that oil products can be converted into very toxic chemical 
compounds at water treatment plants, pollution of the environment with oil and oil products is one of 
the most dangerous types of pollution. Moreover, among the elements of the environment, groundwater 
and surface water, as well as soils are particularly prone to oil pollution (Havryliuk and Zagorodniy, 
2015). 

Examples (Optional) 

According to the experience of ecological study of facilities and enterprises for transportation, storage 
and distribution of petroleum products (fuel storage facilities), all of them are sources of pollution of 
the geological environment, the amount of man-made loads on the underground hydrosphere reaches 
1.0-1.5% of annual oil turnover. 

For a detailed study and research of this topic, the territory of the operational oil depot "BUPON" (now 
"Dnipronaftoprodukt") since 1966 was chosen, there is a natural presence of oil products in the soil, 
which was confirmed by previous geological studies. 
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Built more than 35 years ago without sufficient protection against spills and accidental leaks, it is a 
source of soil and groundwater pollution (Dyniak et al., 2004). Petroleum products, in places of spills 
or accidents, seeping through the soil, reached the level of groundwater and formed a layer on their 
surface in the form of a liquid phase of petroleum products. The oil products accumulated in the soils 
for many years of operation of the base, moving with groundwater, pollute the soils and groundwater 
in the oil depot, while spreading beyond it, which creates an emergency situation in the area of the 
village Proliski. 

Pollution of rocks in the aeration zone on the territory of the oil depot occurred as a result of vertical 
filtration of the state of emergency on the groundwater level at the sites of technological operations, 
and as a result of lateral spreading.  

Contamination of the aeration zone with petroleum products is expressed as: 

- hydrocarbon compounds in the gaseous state in the pore space in the area of capillary rise; 

- adsorbed petroleum products elemental composition of rock; 

- dissolved forms of porous solutions; 

- liquid petroleum products that have accumulated on the surface of groundwater, which make up 
the largest amount of pollution in geological space and are currently the most dangerous to the 
environment, as they themselves have become a source of pollution.  

Of great importance for the processes of migration of petroleum products in a porous environment are 
seasonal fluctuations in groundwater levels, which when changes in position cause changes in the 
contact boundary of petroleum products with water. At the same time a part of oil products is clamped 
or above a saturation zone, or is taken down from it, breaking a water capillary border. Fluctuations in 
groundwater levels form a moving region, which consists (top-down) of:  

- zones of oil products in gaseous form,  

- areas of pinched oil products,  

- zones of full saturation,  

- areas of dripping petroleum products in water, - zones of emulsified and dissolved petroleum 
products.  

The total area of the pollution zone is 23.6 ha, including 18.3 ha, which is confirmed by exploration 
work, which is almost twice as much as in previous reports. 

As foreign and domestic experience shows, the most effective protection against the spread of pollution 
and its subsequent elimination is the extraction of the liquid phase of petroleum products and creating 
conditions for the life of microfauna, which destroys the remnants of pollution in the soil itself. Existing 
technical means and technologies allow with the help of drainage systems to eliminate the layer of 
liquid petroleum products accumulating on the surface of groundwater, pump out a significant part of 
petroleum products in the pore space of the aeration zone, and restore water-air contact in the aeration 
zone. access to air begins the process of development of microorganisms that oxidize oil, destroying 
the remnants of pollution, and restore the self-protective properties of the environment. This process 
can also be accelerated by washing, degassing (vacuuming) the layer, feeding and development of 
microorganisms that oxidize oil. The choice of technology and methods of pollution elimination is made 
depending on specific geological conditions and is laid down in the project of works. 

During the exploration works, a construction site was constructed, consisting of 35 production wells, a 
site for receiving and separating water and oil products. The site is located in the northeastern outskirts 
of the oil depot in the eastern direction of the spread of pollution and occupies 20-30% of the total area 
of pollution. As a result, the area of contamination is conditionally blocked only in the north-eastern 
part of the facility, regular discharge of water is performed without proper treatment and does not 
contribute to soil purification and supply of petroleum products to production wells. 
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At present, there are three basic schemes for the extraction of petroleum products from the contaminated 
area, which can be supplemented by intensifying methods and technologies. 

Scheme 1. Skimmer pumping provides pumping only petroleum products from the pollution zone 
without lowering the water level in the wells. For this method, skimmer-type pumps are used, which 
are equipped with special hydrophobic nozzles that separate water and provide pumping only petroleum 
products. This method does not require purifying water and ensuring its disposal.  

But this method provides a significant reduction in the extraction of petroleum products from the soil, 
leaving petroleum products in the soil as the final source of contamination for a long time. According 
to the company "Hydrotechnica" (Poland) - the volume of seized petroleum products - up to 10% of the 
total. The cost of pumping equipment is $ 1,200 / set per well. Given the need for convergence of 
treatment wells, their number increases to 150-200 wells, which leads to a significant increase in the 
cost of treatment. The method is used only on small objects to prevent pollution, for example - gas 
stations. To intensify the pumping of petroleum products, it is possible to use a vacuum system of the 
pollution zone, but the cost of maintenance is additionally increased due to energy consumption. 

Scheme 1. Combined skimmer pumping with centralized depressive lowering. Provides pumping 
only petroleum products from the pollution zone with lowering the water level through special wells 
that are drilled to a greater depth (5-20m below the level of the pollution zone) to reduce water levels 
in the pollution zone and increase the inflow of petroleum products to treatment wells equipped with 
skimmer type pumps. This method theoretically does not require additional purification of water 
extracted from downhole wells, but provides an inflow of petroleum products to treatment wells. 
Cleaning and lowering wells can be drilled separately or equipped with two types of pumps. 

A similar scheme is used by the company "Hydroton" LTD (Kharkov). But the use of such technology 
to eliminate petrochemical pollution is considered impractical because lowering the groundwater level 
to 5 m to create centralized depression funnels will lead to additional soil contamination below the 
groundwater level. A large amount of oil will be sorbed in the soil when flowing into wells. This will 
significantly reduce the amount of oil that can be extracted. The amount of associated water that needs 
to be treated will increase by an order of magnitude, which will lead to additional significant costs. It is 
unknown at this time what he will do after leaving the post.  

For example, when working on this technology on an area of 20 hectares you need to build 2 profiles 
of 10 lowering wells to create a depression funnel. With the experience of 20 wells with decreasing 
ground water level at 5m will always fetch 20 x 6 m3/h = 120 m3/h (2,880 m3/day) relatively clean 
water. This extract oil from one well will be no more 0,3-0,34 m3 per day. 

When using this method, the following problems remain unsolved: 

- permits for drilling and use of the aquifer with a depth of more than 20 m to clean the 
contaminated area; 

- additional pollution of the underlying horizons; 

- water treatment and discharge of more than 2-3 thousand m3 per day of relatively clean 
water; 

- the cost of drilling and equipment of treatment and downhole wells increases significantly 
with depth of drilling and increased productivity; 

Scheme 3 provides for the combined pumping of water and oil products from the pollution zone with 
lowering the water level to 1 m through a network of exploration wells to create a general depression 
(decrease) in the surface of the soil-aquifer, which would prevent the liquid phase of the oil. The 
decrease in the groundwater level should be insignificant so as not to contaminate the rocks below the 
level of the oil-water contact by more than 0.5-1 m. Given the average thickness of the oil product layer 
0.95 m, the total level decrease in the main area pollution should not exceed 1.45 - 1.95 m. Such a 
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reduction in the level can be achieved only by building a network of experimental wells over the entire 
main area of the pollution spot. The total number of wells is 100-110 centuries. depth up to 20-22m.  

Conclusions 

The multifactorial nature of the oil-environment system often makes it difficult to make the optimal 
decision to deal with an emergency spill. However, by analyzing ways to deal with the consequences 
of spills and their effectiveness in relation to specific conditions, it is possible to create an effective 
system of measures that will eliminate the consequences of accidental spills in the shortest possible 
time and minimize environmental damage. 
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