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РЕФЕРАТ 

 

Дипломний проект: 68 сторінок, 6 рисунків, 9 таблиць, 35 посилань. 

Об’єкт дослідження – виробництво скрапленого природного газу (СПГ) на 

Грінфілдах в Україні. 

Мета роботи – обґрунтувати економічну доцільність запропонованої схеми 

виробництва СПГ на фоні сучасного використання вуглеводнів з Грінфілдів. 

Отримані результати. Світовий попит на скраплений природний газ за 

останні роки швидко зростав через причини енергетичної безпеки та сталого 

розвитку. У цьому проекті для подальшої розробки було розглянуто діюче 

газоконденсатне родовище (Святогірське), яке є Грінфілдом з низьким рівнем 

видобутку і не має зв’язку з газопроводною системою та розташоване далеко від 

виробничих потужностей. Більше того, що видобутий газ йде на «факел», тобто 

поточний грошовий потік дорівнює нулю. 

Цей проект запроваджує рішення такої проблеми шляхом можливої 

реалізації станції виробництва СПГ з її технологічним описом, який перетворює 

природний газ у СПГ на цій же території та використовує останній замість 

дизельного палива. Маючи на увазі, що існує дві альтернативи використання 

природного газу в якості заміни дизелю: стиснений природний газ (СПГ) та 

скраплений природний газ (СПГ). 

Переваги. Коли задіяні великі відстані, надзвичайно компактні модулі 

кондиціонування та зрідження дозволяють нам розповсюджувати чистий 

природний газ, доступно та без трубопроводів. Ця технологія полегшує збір 

палива з розсіяних джерел та його розподіл споживачам, застосовуючи дорожню 

логістику, аналогічну тій, що й у інших рідких видах палива. 

ГРІНФІЛД, ПОКЛАД, ГАЗ, СКРАПЛЕНИЙ ПРИРОДНИЙ ГАЗ, СПГ, 

КОНДЕНСАТ, СВЕРДЛОВИНА, СТИСНЕНИЙ ПРИРОДНИЙ ГАЗ, 

ЕКОНОМІЧНІ РОЗРАХУНКИ, ТЕХНОЛОГІЧНІ РІШЕННЯ. 
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ABSTRACT 

 

Diploma project: 68 pages, 6 figures, 9 tables, 35 links. 

The object of study is liquefied natural gas (LNG) production at Greenfields in 

Ukraine. 

The purpose of paper is to justify economic feasibility of proposed LNG 

production scheme in the background of hydrocarbons current use from Greenfields. 

Obtained results. The global demand of liquefied natural gas has risen rapidly in 

recent years for the reasons of energy security and sustainable development. In this 

project, an exist gas-condensate field (Sviatogirsk) was considered for further 

development which is the Greenfield with low production and has no connection to the 

gas pipeline system and located far away from the production facilities. Moreover the 

produced gases are being flared meaning that the current cash flow is zero. 

This project introduce a solution for such problem by a possible implementation of 

LNG production station with its technological description, which turns natural gas into 

LNG at area and use it instead of diesel fuel. Keeping in mind, that there are two 

alternatives for using natural gas as a replacement for diesel: compressed natural gas 

(CNG) and liquefied natural gas (LNG). 

Benefits. When long distances are involved, the ultra-compact gas conditioning 

and liquefaction modules allow us to distribute clean natural gas, affordably and without 

pipelines. This technology facilitates the collection of fuel from scattered sources and its 

distribution to consumers, applying road distribution logistics similar to those of other 

liquid fuels. 

GREENFIELD, DEPOSIT, GAS, LIQUEFIED NATURAL GAS, LNG, 

CONDENSATE, WELL, COMPRESSED NATURAL GAS, CNG, ECONOMIC 

CALCULATIONS, TECHNOLOGICAL SOLUTIONS. 
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INTRODUCTION 

 

Greenfield development is one of the main issues in oil and gas engineering today. 

Mainly due to low production, low flow rate, low gas pressure, low income, and the 

lack of a developed network, hence there are several technological methods and 

techniques that can contribute to retrieve the most optimum results at the least cost. 

Mature fields can be found in conventional, unconventional or deep reservoirs. 

However, Greenfield projects are those situated or carried out in a completely new area 

that requires the inclusion of all ancillary facilities for commissioning and operating. 

Flares are important safety devices used in refineries and petrochemical facilities. 

They safely burn excess hydrocarbon gases which cannot be recovered or recycled. 

During flaring, excess gases are combined with steam and/or air, and burnt off in 

the flare system to produce water vapor and carbon dioxide. 

LNG allows the gas to take up a volume which is about 1/600th of its original size 

and this allows it to become easily stored as well as transported. Natural gas liquefies at 

a temperature of approximately -162°C or -259°F at atmospheric pressure. CNG is 

made by compressing natural gas, which is mainly composed of methane (CH4), to less 

than 1% of the volume it occupies at standard atmospheric pressure. CNG is considered 

to be a cheaper source of energy, provided at a lower cost than gasoline and diesel. 

 

 

 

https://en.wikipedia.org/wiki/Atmospheric_pressure#Standard_atmospheric_pressure
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1 STATEMENT OF PROBLEM 

 

It’s well known that 80% of Ukrainian oil, gas, gas-condensate fields is considered 

to be “mature” Brownfields, in their last stages of the development, accompanied with 

their liquid loading problems and loss in natural drive energy, leading companies to pay 

a big load of cash while expanding the life production of such fields. While on the other 

side, the rest 20% are set to be Greenfields’ projects, a new life projects with a sufficient 

natural drive and reservoir energy. But some of these fields, even though they are in 

their first stage of development, have a low production (flow rates), such as the 

Sviatogirsk field that is located in Kharkiv region, Ukraine. 

Moreover this particular field has many wells that are not connected to the gas 

pipelines system in Ukraine and its located far away from the production facilities, and 

the produced gases are flared in the air meaning that the current cash flow from these 

wells is zero. 

Conventional gas fields can be broadly divided into two groups: gas field with less 

amount of natural gas liquids (NGL) in natural gas composition and gas-condensate 

with the respectively high amount of C3+ fraction. If the volume of C3+ is low the 

percentage of methane is high up to 94-98 % and the main liquid that can be expected as 

condensed one is water in the form of water vapor. Of course, free water also can 

accumulate at the bottom hole of the conventional natural gas field wells. 

As the percentage of NGL in natural gas composition fraction increases the volume 

fractions of methane can be as low as in the range of 70-90%. In the case of pressure 

changes, these liquid fractions condensed much earlier comparing with water vapor 

forming condensate accumulation. 

 

1.1 Gas flaring 

 

Gas flaring, the method of combustion of associated gas from wells, refining plants 

for hydrocarbons or refineries, either as a means of disposal or as a safety measure to 

relieve pressure (Figure 1.1). It is now recognized as a major environmental issue, 

contributing around 150 billion m3 of natural gas worldwide, polluting the environment 

with around 400 Mt of CO2 per year. 

Gas flaring is one of today's world's most daunting energy and environmental 

issues. The environmental consequences associated with gas flaring have a major 

impact on local communities, which often lead to serious health problems. Generally, 

gas flaring is normally visible and emitted both noise and heat.  

Losses from flares are the single biggest loss in many industrial activities, such as 

oil-gas production, refining, chemical plants, coal industry and landfills. Wastes or flare 

losses include process gases, fuel gas, vapor, nitrogen, and natural gas. Flaring systems 

can be installed at many locations, such as production fields’ onshore and offshore 

platforms, on transport ships and in port facilities, on farms for storage tanks and along 

distribution pipelines. 
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Figure 1.1 - Gas flaring 

 

Generally speaking, flaring is for pressure relief without actually discharging 

dangerous chemicals into the atmosphere. Flaring also occurs while an oil well is 

discovered and examined. 

Furthermore, during operation of a well, it can be that there are gases which are not 

economical to transport or capture, and so are flared. Like the many cases in some 

existing fields around Ukraine, which are characterized by their far location from 

existing production facilities and their low flow rates. Not to forget to mention that 

sometimes the companies find themselves in a dead end with such problem, since 

sometimes it would not economic to compress such gases into CNG to use it as fuel 
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replacement on the drilling rig and site for motor and vehicles. So we have to find a way 

to use such gases instead of flaring them into the atmosphere. 

Methane's estimated global warming potential is 34 times greater than that of 

CO2. Therefore, to the extent that gas flares convert methane to CO2 before it is released 

into the atmosphere, they reduce the amount of global warming that would otherwise 

occur. However, flaring emissions contributed to 270 Mt CO2 in 2017 and reducing 

flaring emissions is key to avoid dangerous global warming. An increasing number of 

governments and industries are committing to eliminate flaring by 2030.  

Improperly operated flares may emit methane and other volatile organic 

compounds as well as sulfur dioxide and other sulfur compounds, which are known to 

exacerbate asthma and other respiratory problems. Other emissions from improperly 

operated flares may include, aromatic hydrocarbons (benzene, toluene, xylenes) 

and benzo(a)pyrene, which are known to be carcinogenic. A 2013 study found that gas 

flares contributed over 40% of the black carbon deposited in the Arctic, thus further 

increasing the rates of snow and ice melt.  

Flaring can affect wildlife by attracting birds and insects to the flame. 

Approximately 7 500 migrating songbirds were attracted to and killed by the flare at the 

liquefied natural gas terminal in Saint John, New Brunswick, Canada on September 13, 

2013. Similar incidents have occurred at flares on offshore oil and gas 

installations. Moths are known to be attracted to lights. A brochure published by the 

Secretariat of the Convention on Biological Diversity describing the Global Taxonomy 

Initiative describes a situation where "a taxonomist working in a tropical forest noticed 

that a gas flare at an oil refinery was attracting and killing hundreds of these [hawk or 

sphinx] moths. Over the course of the months and years that the refinery was running a 

vast number of moths must have been killed, suggesting that plants could not be 

pollinated over a large area of forest". 

The Bhopal disaster exemplifies the consequences of a failure to flare 

escaping methyl isocyanate gas. The gas was released from an over-pressured tank to a 

detached flare tower by a safety valve, and flooded the surrounding area. 

 

Overall flare system in industrial plants 

When industrial plant equipment items are over-pressured, the pressure relief 

valve is an essential safety device that automatically release gases and sometimes 

liquids. Those pressure relief valves are required by industrial design codes and 

standards as well as by law. 

The released gases and liquids are routed through large piping systems called flare 

headers to a vertical elevated flare. The released gases are burned as they exit the flare 

stacks. The size and brightness of the resulting flame depends upon the flammable 

material's flow rate in joules per hour (or btu per hour).  

Most industrial plant flares have a vapor-liquid separator (also known as a 

knockout drum) upstream of the flare to remove any large amounts of liquid that may 

accompany the relieved gases. 
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Steam is very often injected into the flame to reduce the formation of black smoke. 

When too much steam is added, a condition known as "over steaming" can occur 

resulting in reduced combustion efficiency and higher emissions. To keep the flare 

system functional, a small amount of gas is continuously burned, like a pilot light, so 

that the system is always ready for its primary purpose as an over-pressure safety 

system. 

The adjacent flow diagram depicts the typical components of an overall industrial 

flare stack system (Figure 1.2): 

 A knockout drum to remove any oil or water from the relieved gases. 

 A water seal drum to prevent any flashback of the flame from the top of the flare 

stack. 

 An alternative gas recovery system for use during partial plant startups and 

shutdowns as well as other times when required. The recovered gas is routed into 

the fuel gas system of the overall industrial plant. 

 A steam injection system to provide an external momentum force used for 

efficient mixing of air with the relieved gas, which promotes smokeless burning. 

 A pilot flame (with its ignition system) that burns all the time so that it is 

available to ignite relieved gases when needed.  

 The flare stack, including a flashback prevention section at the upper part of the 

stack. 

 

 
 

Figure 1.2 - Schematic flow diagram of an overall vertical,  

elevated flare stack system in an industrial plant 
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1.2 Brownfields vs Greenfields 

 

There are many angles to be considered when describing a field as Brownfield 

(mature field). An oil field can be considered as mature when its production rate has 

significantly declined and/or when it is close to reaching its economic limit. A field 

might also be considered mature when it has been in production for many years and has 

depleted its primary and secondary recovery. Consequently, facilities and technology at 

mature fields could be old. However, far from being diminishing assets, these mature 

fields offer one of our most important opportunities to extract further oil and gas 

resources to meet future energy demands. Moreover mature fields are more predictable 

(less risk and less uncertainty). Mature fields are also seen as attractive in uncertain 

times, given the benefits of regular, reliable cash flows. Mature fields can be found in 

conventional, unconventional or deep reservoirs. Depending on the permeability and 

flow regime of the reservoir, a field can reach the mature phase in as little as 3-6 months 

or as much as 30 years. 

Whereas Greenfield in definition is the common word to describe a new project. 

Greenfield projects are those situated or carried out in a completely new area that 

requires the inclusion of all ancillary facilities for commissioning and operating, 

including shelter for the manpower that would operate it. Greenfield word is not a quote 

reserved to the oil and gas and petrochemical industry, but it finds in this sector some 

fundamental reasons to be used more than elsewhere. 

First explanation relates to the operation itself, guided mostly by discovery or 

upstream. Exploration, by definition, means developing practices where there were no. 

Then onshore and by wording extension offshore in rather green areas. However, most 

oil and gas reserves exist in areas with a small population density, which is not the case 

with other industries. Second, the downstream operations are linked to. Refining and all 

downstream petrochemical operations manage thousands of tons of oil and gas per day 

as feedstock, and as many tons of processed products per day. Due to the massive 

quantities of raw materials to be transported, and in many cases by boat, most 

downstream facilities must be situated near the shore and accessible rivers. Some areas 

close to water sides are actually Greenfields by definition. So in another way, we can 

describe oil and gas Greenfields as fields in the first stage of development. 

Greenfield word is not a quote reserved to the oil and gas and 

petrochemical industry, but it finds in this sector some fundamental reasons to be used 

more than elsewhere. 

First reason is related to the activity itself, mostly driven 

by exploration or upstream. 

By definition, exploration means to develop activities where there was not. 

Therefore in rather green areas onshore and by wording extension offshore. 

In addition it happens that most of the oil and gas reserves are lying in regions with 

small density of population, which is not the case of other industries. 

Second reason is related to the downstream activities. 

https://www.2b1stconsulting.com/upstream/
https://www.2b1stconsulting.com/proven-reserves/
https://www.2b1stconsulting.com/downstream/


10 

 

 

 

Refining and all downstream petrochemical activities are handling thousands tons 

per day of oil and gas as feedstock and as many tons per day of transformed products. 

Because of the massive quantities of raw materials to be delivered and in many 

cases by ships, most of the downstream facilities must be located close to the shore and 

accessible rivers. 

These areas nearing water sides are by nature truly Greenfields. 

Greenfield project requirements 

Breaking ground for a Greenfield project used to be considered as free of 

constraints from existing work or installation and therefore easier and cheaper for 

engineering and construction than brownfield. 

Today’s reality is slightly different especially when it comes to oil and gas and 

petrochemical projects.  

The term of greenfield has been then adopted by all industries including computer 

and telecommunications. 

Anyway greenfield project has to face specific requirements: 

– green preservation and environmental footprint; 

 – power supply; 

 – local support and services; 

 – campground facilities for first workers; 

 – acceptance by local inhabitants even if not many; 

 – logistic and access; 

 – potential decommissioning constraints. 

For the last ten years the greenfield projects have faced an increasing pressure of 

requirements to minimize environmental footprint impact, local acceptance and to 

improve safety and operational excellence. 

These new requirements have consequential effects on the schedule 

for completion and capital expenditure of the oil and gas and petrochemical projects. 

 

 

https://www.2b1stconsulting.com/downstream/
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2 TECHNOLOGY DESCRIPTION 

 

2.1 Liquefied natural gas (LNG) technology 

 

Liquefied natural gas (LNG) is natural gas (predominantly methane, CH4, with 

some mixture of ethane, C2H6) that has been cooled down to liquid form for ease and 

safety of non-pressurized storage or transport. It takes up about 1/600th the volume of 

natural gas in the gaseous state (at standard conditions for temperature and pressure). It 

is odorless, colorless, non-toxic and non-corrosive. Hazards include flammability after 

vaporization into a gaseous state, freezing and asphyxia. The liquefaction process 

involves removal of certain components, such as dust, acid gases, helium, water, and 

heavy hydrocarbons, which could cause difficulty downstream. The natural gas is 

then condensed into a liquid at close to atmospheric pressure by cooling it to 

approximately -162 °C (-260 °F); maximum transport pressure is set at around 25 kPa 

(4 psi). 

The gas produced from hydrocarbon deposits typically contains a wide range of 

hydrocarbon products, which usually includes methane (CH4), ethane 

(C2H6), propane (C3H8) and butane (C4H10). All these products have wide-ranging 

boiling points and also different heating values allowing different routes to 

commercialization and also different uses. The "acidic" elements such as hydrogen 

sulphide (H2S) and carbon dioxide (CO2), together with oil, mud, water, and mercury, 

are removed from the gas to deliver a clean sweetened stream of gas. Failure to remove 

such acidic molecules, mercury, and other impurities could result in damage to the 

equipment. Corrosion of steel pipes and amalgamization of mercury to aluminium 

within cryogenic heat exchangers could cause expensive damage. 

The gas stream is typically separated into the Liquefied Petroleum fractions 

(butane and propane), which can be stored in liquid form at relatively low pressure, and 

the lighter ethane and methane fractions. These lighter fractions of methane and ethane 

are then liquefied to make up the bulk of LNG that is shipped. 

Natural gas was considered to be economically unimportant wherever gas-

producing oil or gas fields were distant from gas pipelines or located in offshore 

locations where pipelines were not viable. In the past this usually meant that natural gas 

produced was typically flared, especially since unlike oil no viable method for natural 

gas storage or transport existed other than pipelines which required the immediate use 

by end users of the same gas. This meant that natural gas markets were historically 

entirely local and any production had to be consumed within the local network. 

Developments of production processes, cryogenic storage, and transportation 

effectively created the tools required to commercialize natural gas into a global market 

which now competes with other fuels. Furthermore, the development of LNG storage 

also introduced a reliability in networks which was previously thought impossible. 

Given that storage of other fuels is relatively easily secured using simple tanks, a supply 

for several months could be kept in storage. With the advent of large scale cryogenic 

storage, it was possible to create long term gas storage reserves. These reserves of 

https://en.wikipedia.org/wiki/Natural_gas
https://en.wikipedia.org/wiki/Methane
https://en.wikipedia.org/wiki/Ethane
https://en.wikipedia.org/wiki/Standard_conditions_for_temperature_and_pressure
https://en.wikipedia.org/wiki/Odorless
https://en.wikipedia.org/wiki/Transparency_and_translucency
https://en.wikipedia.org/wiki/Toxicity
https://en.wikipedia.org/wiki/Corrosive_substance
https://en.wikipedia.org/wiki/Asphyxia
https://en.wikipedia.org/wiki/Liquefaction_of_gases
https://en.wikipedia.org/wiki/Acid_gas
https://en.wikipedia.org/wiki/Helium
https://en.wikipedia.org/wiki/Hydrocarbon
https://en.wikipedia.org/wiki/Condensation
https://en.wikipedia.org/wiki/Propane
https://en.wikipedia.org/wiki/Butane
https://en.wikipedia.org/wiki/Amine_gas_treating


12 

 

 

 

liquefied gas could be deployed at a moment's notice through regasification processes 

and today are the main means for networks to handle local peak shaving requirements. 

The advent of a commercial market for LNG mainly transport over the seas from 

locations where gas deposits are in excess of local pipeline demand, led to a huge 

commercial opportunity. This is usually the economic strategy pursued especially where 

pipeline infrastructure is either technically and economically not viable. LNG achieves a 

higher reduction in volume than compressed natural gas (CNG) so that the 

(volumetric) energy density of LNG is 1.4 times greater than (2.4 times as great as) that 

of CNG (at 200 bar) or 60 percent that of diesel fuel. This makes LNG cost efficient in 

marine transport over long distances. However, CNG carrier ships can be used 

economically up to medium distances in marine transport. Specially 

designed cryogenic sea vessels (LNG carriers) or cryogenic road tankers are used for 

LNG transport. LNG is principally used for transporting natural gas to markets, where it 

is regasified and distributed as pipeline natural gas. It can be used in natural gas 

vehicles, although it is more common to design vehicles to use CNG. LNG's relatively 

high cost of production and the need to store it in expensive cryogenic tanks have 

hindered widespread commercial use. Despite these drawbacks, on energy basis LNG 

production is expected to hit 10% of the global crude production by 2020. 

Natural gas liquefies at a temperature of approximately -162°C or -259°F at 

atmospheric pressure. LNG allows the gas to take up a volume which is about 1/600th 

of its original size and this allows it to become easily stored as well as transported. The 

low temperatures which are associated with LNG classify the substance as a cryogenic 

liquid and this involves special handling and technologies. 

In order for the natural gas to remain a liquid, the LNG must be kept in a container 

with similar properties to a ‘thermos’. The cryogenic temperature of LNG gives the 

fluid the ability to freeze any type of tissue at the point of contact and causes other 

materials to lose their strength and functionality. This in result shows the importance of 

the choice in the materials used within the industry. 

The general chemical composition of natural gas includes a mixture of mostly 

methane but as well as ethane, propane and butane with the addition of other 

hydrocarbons which are heavier. In addition to this, impurities such as nitrogen or 

hydrogen sulphide are extracted before the point of liquefaction. The boiling point of 

this liquid is able to define the moment at which the gas is able to transform into a 

liquid. The saturation dome provided graphically represents the relationship between 

pressure, temperature and volume of the substance. 
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Figure 2.1 - A typical LNG process 

 

LNG life-cycle 

The process begins with the pre-treatment of a feedstock of natural gas entering the 

system to remove impurities such as H2S, CO2, H2O, mercury and higher-

chained hydrocarbons. Feedstock gas then enters the liquefaction unit where it is cooled 

to between -145 °C and -163 °C (Figure 2.2). Although the type or number of heating 

cycles and/or refrigerants used may vary based on the technology, the basic process 

involves circulating the gas through aluminum tube coils and exposure to a compressed 

refrigerant. As the refrigerant is vaporized, the heat transfer causes the gas in the coils to 
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cool. The LNG is then stored in a specialized double wall insulated tank at atmospheric 

pressure ready to be transported to its final destination.  

Most domestic LNG is transported by land via truck/trailer designed 

for cryogenic temperatures. These units consist of an internal steel or aluminum 

compartment and an external carbon or steel compartment with a vacuum system in 

between to reduce the amount of heat transfer. Once on site, the LNG must be stored in 

vacuum insulated or flat bottom storage tanks. When ready for distribution, the LNG 

enters a regasification facility where it is pumped into a vaporizer and heated back into 

gaseous form. The gas then enters the pipeline distribution system and is delivered to 

the end-user. 

 

 
 

Figure 2.2 - LNG life-cycle 

 

Production 
The natural gas fed into the LNG plant will be treated to remove water, hydrogen 

sulfide, carbon dioxide and other components that will freeze (e.g., benzene) under the 

low temperatures needed for storage or be destructive to the liquefaction facility. LNG 

typically contains more than 90 percent methane. It also contains small amounts 

of ethane, propane, butane, some heavier alkanes, and nitrogen. The purification process 

can be designed to give almost 100 percent methane. One of the risks of LNG is a rapid 

phase transition explosion (RPT), which occurs when cold LNG comes into contact 

with water.  

The most important infrastructure needed for LNG production and transportation is 

an LNG plant consisting of one or more LNG trains, each of which is an independent 

unit for gas liquefaction. The largest LNG train in operation is in Qatar, with a total 

production capacity of 7.8 million tonnes per annum (MTPA). These facilities recently 

reached a safety milestone, completing 12 years of operations on its offshore facilities 

without a Lost Time Incident. The Qatar operation overtook the Train 4 of Atlantic 

LNG in Trinidad and Tobago with a production capacity of 5.2 MTPA, followed by 

the SEGAS LNG plant in Egypt with a capacity of 5 MTPA. In July 2014, Atlantic 
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LNG celebrated its 3000th cargo of LNG at the company's liquefaction facility in 

Trinidad. The Qatargas II plant has a production capacity of 7.8 MTPA for each of its 

two trains. LNG sourced from Qatargas II will be supplied to Kuwait, following the 

signing of an agreement in May 2014 between Qatar Liquefied Gas 

Company and Kuwait Petroleum Corp. LNG is loaded onto ships and delivered to a 

regasification terminal, where the LNG is allowed to expand and reconvert into gas. 

Regasification terminals are usually connected to a storage and pipeline distribution 

network to distribute natural gas to local distribution companies (LDCs) or independent 

power plants (IPPs). 

 

2.2 Compressed natural gas (CNG) technology 

 

Compressed natural gas (CNG) (methane stored at high pressure) is a fuel that 

can be used in place of gasoline, diesel fuel and liquefied petroleum gas (LPG). CNG 

combustion produces fewer undesirable gases than the aforementioned fuels. In 

comparison to other fuels, natural gas poses less of a threat in the event of a spill, 

because it is lighter than air and disperses quickly when released. Biomethane  

refined biogas from anaerobic digestion or landfills can be used. 

CNG is made by compressing natural gas, which is mainly composed of methane 

(CH4), to less than 1% of the volume it occupies at standard atmospheric pressure. It is 

stored and distributed in hard containers at a pressure of 20-25 MPa (2 900-3 600 psi), 

usually in cylindrical or spherical shapes. 

CNG is used in traditional gasoline/internal combustion engine automobiles that 

have been modified or in vehicles specifically manufactured for CNG use, either alone 

(dedicated), with a segregated gasoline system to extend range (dual fuel) or in 

conjunction with another fuel such as diesel (bi-fuel). Natural gas vehicles are 

increasingly used in Iran, especially Pakistan, the Asia-Pacific region, Indian capital 

of Delhi, and other large cities like Ahmedabad, Mumbai, Pune, Kolkata as well as 

cities such as Lucknow, Kanpur, Varanasi, etc. Its use is also increasing in South 

America, Europe and North America because of rising gasoline prices. In response to 

high fuel prices and environmental concerns, CNG is starting to be used also in tuk-

tuk, pickup trucks, transit and school buses, and trains. 

The cost and placement of fuel storage containers is the major barrier to 

wider/quicker adoption of CNG as a fuel. It is also why municipal government, public 

transportation vehicles were the most visible early adopters of it, as they can more 

quickly amortize the money invested in the new (and usually cheaper) fuel. In spite of 

these circumstances, the number of vehicles in the world using CNG has grown steadily 

(30 percent per year). Now, as a result of the industry's steady growth, the cost of such 

fuel storage cylinders has been brought down to a much more acceptable level. 

Especially for the CNG Type 1 and Type 2 cylinders, many countries are able to make 

reliable and cost effective cylinders for conversion need.  

CNG's volumetric energy density is estimated at 42 percent of that of liquefied 

natural gas, because it is not liquefied, and at 25 percent of that of diesel fuel.  
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Among all alternative fuels, compressed natural gas (CNG) has been considered as 

one the best solutions for fossil fuel substitution because of its availability throughout 

the world, inherent clean burning, economical as a fuel and adaptability to the gasoline 

and diesel engines. CNG is made by compressing natural gas, which is mainly 

composed of methane (CH4), to less than 1% of the volume it occupies at standard 

atmospheric pressure. It is stored and distributed in hard containers at a pressure of 20-

25 MPa (2 900-3 600 psi), usually in cylindrical or spherical shapes. 

One of the major advantages of CNG is that it offers a cheap source of energy. As 

the world continues to run with expensive fuels such as and gasoline and diesel, the 

low-cost CNG offers a glimmer of hope. Although emission reduction using natural gas 

was the main focus of CNG application as a transportation fuel, especially in 

metropolitan regions, in recent days, with a sharp rise in oil prices, the increasingly 

considerable cost benefit of using natural gas has become a real major consideration for 

many new users. In most countries, natural gas is much cheaper than per equivalent 

gallon of diesel and gasoline, even after accounting for the costs linked with 

compression and even considering its lower thermal efficiency against diesel and 

gasoline, there are significant economic benefits of using CNG as a transportation fuel. 

Gasoline and diesel must be passed through the complex refining process, while natural 

gas needs very less processing from field to the vehicle engine. It is also less prone to 

price fluctuations and as compare to its resources are more evenly distributed around the 

world. 

So in conclusion to just differentiate between the forms of natural gas compressed 

natural gas is often confused with LNG. Both are stored forms of natural gas. The main 

difference is that CNG is stored at ambient temperature and high pressure, while LNG is 

stored at low temperature and nearly ambient pressure. In their respective storage 

conditions, LNG is a liquid and CNG is a supercritical fluid. CNG has a lower cost of 

production and storage compared to LNG as it does not require an expensive cooling 

process and cryogenic tanks. However, CNG requires a much larger volume to store the 

energy equivalent of gasoline or petrol and the use of very high pressures (3000 to 4000 

psi, or 205 to 275 bars). As a consequence of this, LNG is often used for transporting 

natural gas over large distances, in ships, trains or pipelines, where the gas is converted 

into CNG before distribution to the end user. 

One of the major restrictions when it comes to converting the flare gases into CNG 

is that the urgent need for a compressor unit since First, the natural gas is passed 

through a drying appliance where moisture is removed with a molecular screen and 

purified through filtration equipment. Then the gas is compressed to 25 to 30 MPa 

according to the type of compressor. Under this pressure gas is delivered to supply 

bottles or directly into the filling equipment (stand), where the cost of such process will 

plays a huge part for the companies to whether accepting or rejecting the idea, 

furthermore, we cannot simply forget that we want to convert the flare gases into CNG 

so that we can use such gases in well completion methods using the coiled tubing, but 

will it be economic feasible giving the fact that these fields have no connection to pipe 

system and are far away from the production facilities and from other new green fields 

https://en.wikipedia.org/wiki/Atmospheric_pressure#Standard_atmospheric_pressure
https://en.wikipedia.org/wiki/Atmospheric_pressure#Standard_atmospheric_pressure
https://en.wikipedia.org/wiki/Cylinder
https://en.wikipedia.org/wiki/Sphere
https://en.wikipedia.org/wiki/Liquid
https://en.wikipedia.org/wiki/Supercritical_fluid
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that needs completion for their wells. 

 

Comparison between CNG and other natural gas fuels 

Compressed natural gas is often confused with LNG (liquefied natural gas). Both 

are stored forms of natural gas. The main difference is that CNG is stored at ambient 

temperature and high pressure, while LNG is stored at low temperature and nearly 

ambient pressure. In their respective storage conditions, LNG is a liquid and CNG is 

a supercritical fluid. CNG has a lower cost of production and storage compared to LNG 

as it does not require an expensive cooling process and cryogenic tanks. However, CNG 

requires a much larger volume to store the energy equivalent of gasoline or petrol and 

the use of very high pressures (3000 to 4000 psi, or 205 to 275 bar). As a consequence 

of this, LNG is often used for transporting natural gas over large distances, in ships, 

trains or pipelines, where the gas is converted into CNG before distribution to the end 

user. 

CNG is being experimentally stored at lower pressure in a form known as an ANG 

(adsorbed natural gas) cylinder, where it is adsorbed at 35 bar (500 psi, the pressure of 

gas in natural gas pipelines) in various sponge-like materials, such as activated 

carbon and MOFs (metal-organic frameworks). The fuel is stored at similar or greater 

energy density than CNG. This means that vehicles can be refueled from the natural gas 

network without extra gas compression, the fuel cylinders can be slimmed down and 

made of lighter, weaker materials. 

Compressed natural gas is sometimes mixed with hydrogen (HCNG), which 

increases the H/C ratio (hydrogen/carbon ratio) of the fuel and gives it a flame speed up 

to eight times higher than CNG.  

 

2.3 Integrate flare gas capture and LNG production at the wellhead 

 

The core of this solution includes a ZPTS Plant for Gas Conditioning and 

a Cryobox LNG-Production Station, which turns natural gas into 7 800 to 8 500 gallons 

of LNG per day based on production output from the wells at Sviatogirsk field. The 

equipment is fully modular, electric driven and reliable when operating under the harsh 

conditions of Kharkiv region fields, which are home to frigid winters and scorching 

summers. 

Thanks to this innovative design, the LNG produced is stored on-site while the 

boil-off gas is recovered and re-liquefied. LNG is then transported and consumed for 

drill-rig power generation and frac-water heating. LNG is obtained through the gas from 

a well pad owned and operated by one of the largest producers and holders of natural 

gas reserves in the Ukraine, located less than 50 miles (80 km) from the sites where 

LNG is consumed. 

Hence we are trying to turn the flaring problem into an opportunity. This 

technology allows us to significantly reduce the waste of flaring using that energy to 

produce additional oil and gas. When long distances are involved, the ultra-compact gas 

conditioning and liquefaction modules allow us to distribute clean natural gas, 

https://en.wikipedia.org/wiki/Liquefied_natural_gas
https://en.wikipedia.org/wiki/Liquid
https://en.wikipedia.org/wiki/Supercritical_fluid
https://en.wikipedia.org/wiki/Adsorbed_natural_gas
https://en.wikipedia.org/wiki/Adsorbed
https://en.wikipedia.org/wiki/Activated_carbon
https://en.wikipedia.org/wiki/Activated_carbon
https://en.wikipedia.org/wiki/Metal-organic_framework
https://en.wikipedia.org/wiki/HCNG
https://en.wikipedia.org/w/index.php?title=Hydrogen/carbon_ratio&action=edit&redlink=1
https://en.wikipedia.org/wiki/Flame_speed
https://www.galileoar.com/us/small-scale-distributed-lng-production/
https://www.galileoar.com/us/small-scale-distributed-lng-production/
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affordably and without pipelines. This technology facilitates the collection of fuel from 

scattered sources and its distribution to consumers, applying road distribution logistics 

similar to those of other liquid fuels. Moreover, this technology facilitates the collection 

of fuel from scattered sources and its distribution to consumers, applying road 

distribution logistics similar to those of other liquid fuels. 

 As gas capture requirements continue to ramp up, expecting to reach 90% by 

2020, and liquefaction technology will give the upstream oil & gas sector a means to 

master their challenges with profitability 

The industry is experienced in the use of compressed natural gas to reduce flaring, 

so LNG represents the advantage of cheaper distribution, beyond 100 miles (150 

km). LNG just makes more sense if we consider that the industry needs to fuel high 

horsepower applications at remote locations, such as rigs, frack crews, heavy duty 

trucking and railways. Therefore a profitable solution to the flaring problem is 

presented. 
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3 DESCRIPTION OF GREENFIELDS IN UKRAINE  

ON THE EXAMPLE OF SVIATOGIRSK FIELD 

 

3.1 Administrative and geographical location of field 

 

Administratively, the Sviatogirsk gas-condensate field is located within the Izium 

district of Kharkiv region of Ukraine (Figure 3.1). 

The district center, Izium, is located 18 km northwest of field. The regional center, 

Kharkiv, is located 130 km northwest of field. 

The villages of Donetske, Topolske, Kamyanka, Sukha Kamyanka, Tykhotske, 

Synychyne, Yaremivka, which are connected by asphalt or dirt roads, are located 

directly within the area of special subsoil permit “Kamyanska area”. 

The Shebelynka-Slovyansk main gas pipeline runs 17 km southwest of the 

Sviatogirsk field. 

Sviatogirsk gas-condensate field is located near Spivakivsk and Drobyshivsk 

hydrocarbon fields. Among others, the following minerals are known: coal, 

phosphorites, chalk, lime, brick and tile raw materials used as building materials for 

local needs, as well as groundwater for drinking and technical water supply. 

 

3.2 Geological structure of field 

 

Basic information about the tectonics of field 

According to the tectonic zoning of Dnieper-Donetsk oil and gas region, the 

Sviatogirsk structure is located in the south-eastern part of Dnieper-Donetsk graben 

(transverse zone of Paleozoic graben). 

Regarding the structural and tectonic elements determined on the surface of 

foundation, it is located in the area of joint of Komyshuvaha basin and the Sloviansk 

(Svativ) ledge. 

According to Paleozoic sediments, the Sviatogirsk structure is located within the 

North-Volvenkivsko-Torsko-Drobyshivsky anticline shaft. As a result of its undulation, 

the Torsko-Drobyshivska, Sviatogirsk, Kamyanska, Spivakivska and Pivnichno-

Volvenkivska structures were formed. The anticline shaft is bounded on the south by 

the Komyshuvaha-Lyman syncline, and on the north by the Belogorsk-Kamyansk 

depression. 

The structural confinement of Sviatogirsk uplift to the North-Volvenkivsko-

Torsko-Drobyshivsky undulation anticline shaft determined the characteristic features 

in the composition and thickness of the Permian-Carboniferous sediments, in particular 

the hemogenic sediments of Lower Permian. The latter factor is essential for 

establishing a plausible model of Sviatogirsk structure. 

At different stages of geophysical study, the Sviatogirsk structure itself was 

reflected as closed or disclosed (most often in the form of a structural nose). The general 

rise of all reflective horizons from the boundaries in the Permian and Carboniferous 

sediments in the north-eastern direction was mapped on structural maps and seismic  
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Figure 3.1 - Overview map of the area of work 



21 

 

 

 

sections (at the time of laying the parametric well No. 609-Sviatogirsk). Against the 

background of this rise in the area of the current location of Sviatogirsk structure, an 

elevated section stood out as part of the Kamyansko-Drobyshivsky shaft. 

According to the Permian sediments, the Sviatogirsk and Torsko-Drobyshivska 

structures were mapped as wheel-shaped (located relative to each other). 

According to preliminary seismic data, on the reflection surfaces of middle Vb
2 

(C2b), Vb
1 (C2m) Carboniferous and lower Permian IVg

2 (P1nk), the Sviatogirsk 

structure was a structural nose of the sublatitudinal extension, which was attached to the 

western pericline. 

According to the results of seismic surveys SP2/02-04, taking into account the 

interval rates of incision in specific Carboniferous strata, the Kamyansky anticline 

structure, as an object prepared for deep drilling, is absent. According to new data, the 

Kamyanka structure, as a separate brachianticlinal uplift, is isolated only in the 

Mesozoic structural floor (in Triassic, Jurassic and Cretaceous deposits). According to 

the structural plans below, the most curved part of the Torsko-Drobyshivsky structural 

shaft is fixed at the place of the Kamyanskaya fold. 

The southern wing of this shaft is complicated by a regional sedimentary thrust, the 

amplitude of which in the Carboniferous deposits reaches 1400 m. Its formation could 

improve the reservoir properties of the Middle Carboniferous deposits due to the 

formation of secondary reservoirs. 

The Sviatogirsk structure in the Carboniferous sediments is a brachianticlinal 

asymmetric fold bounded from the south, north, and east by various amplitude and 

multidirectional discontinuities. 

The amplitude of the fault mapped in the south of the structure reaches 1150-1200 

m. The faults that separate the fold from the north, northeast and east are small, have a 

latitudinal and north-western and submeridian direction. Their amplitude is 20-25 m. 

The vaulted part of the Paleozoic and Lower Permian sediments is separated in the 

east by folds. There is a significant change in the direction of the axis of the folds from 

the sublatitude to the northeast, due to the influence of tectonic movements in the 

Asturian phase of the fold of the Varangian orogeny, which occurred at the boundary of 

the Middle and Late Carboniferous. 

According to the Bashkirian sediments of Middle Carboniferous (reflection 

horizon Vb
2 (C2b)), the southern wing of the Sviatogirsk fold is steep, clearly marked, 

and the northern wing is sloping. Eastern periclinal is complicated by low-amplitude 

rupture. The western periclinal of the hollow structure is immersed in the direction of 

the saddle, which separates Sviatogirsk and Snizhkiv structures. The size of the 

structure within the isogypsum minus 5700 m along the long and short axes is 14.0 and 

7.0 km. The amplitude of the fold is 540 m. The vaulted part of the fold is determined 

by the closed isogypsum minus 5300 m. The dimensions of the vault are 4.0×2.75 m. 

The structural plan of the Moscovian tier (reflection horizon Vb
1

2-2 (C2m) is 

practically no different from the Bashkirian, but has a shorter length along the long 

axis.The amplitude of the folds is 400 m. Its dimensions within the isogypsum minus 

4550 m - 12.5×7.0 km. The vault is separated by isogypsum minus 4300 m, its 
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dimensions are 2.5×1.75 km. 

Along the reflection horizon Va
1 (C3

3), the structure is also an asymmetric 

brachyanthiclinal fold complicated in the apical part by a low-amplitude (20-30 m) 

rupture. The extension of the fold axis is sublatitudinal and coincides with the extension 

of axis of Torsko-Drobyshev shaft. 

In terms of structure, it has the same configuration and area as the Moscovian 

sediments. The amplitude of the fold increases by 50 m and reaches 450 m. The 

differences include an increase in the steepness of its north wing. The vault is limited by 

isogypsum minus 2450 m, its dimensions are 2.5×2.0 km. Peculiarities of the structure 

of the area on the reflection horizon Va
1 (C3

3). 

On the reflection horizon IVr
2 (P1) the sole of the hemogenic thickness of the 

Permian Sviatogirsk structure inherited the configuration of Upper Carboniferous 

sediments. The amplitude of the folds has decreased to 250 m, its size is 10.5×7.0 km. 

The apical part of the fold is limited by a closed isogypsum minus 1350 m. The 

dimensions of vault are 2.5×1.0 km. 

When comparing the structural plans of the Paleozoic, the general features of the 

geological structure of Sviatogirsk brachyanticline were established. These include an 

increase in the steepness of the north wing of the fold and a decrease in the size and 

contours of its apical part up the section. In this case, the apical part of the vault 

spatially coincides on all mapped surfaces of the Carboniferous and lower Permian. 

The displacement of structural plans by the Paleozoic and Mesozoic is one of the 

main features of the structure of this structural floor. 

On the reflection horizon IVb (T), the Sviatogirsk structure has the form of a 

sublatitudinally elongated asymmetric anticline fold, which coincides with the extension 

of the Torsko-Drobyshivsky shaft. 

The south wing is steep, the north - sloping. The western periclinal is elongated 

and gently sloping in the direction of the Kamyanka structure. The eastern periclinal is 

short, bounded by the West Drobyshiv fold. The size of the structure is 10.0×9.0 km, 

the amplitude is 150 m. The vaulted part of the fold is shifted to the west, bounded by 

isogypsum minus 500 m and complicated by throwing-pushing latitudinal extension 

with an amplitude of 250 m. 

Relative to the lower structural plans, the apical part of the structure is shifted to 

the south and is located in the area of the well No. 609-Sviatogirsk. 

It should be noted that the tectonic structure of the structural floors of Sviatogirsk 

area is very complex (mismatch of Meso-Cenozoic and Paleozoic structural plans, the 

development of disjunctives of different amplitudes). 

 

List of productive horizons 

Productive horizons at the Sviatogirsk field are established in the Kasimov tier (K-

6) and Moscovian tiers (M-1, M-2, M-3, M-4, M-5, M-6) of Carboniferous. 

Within the productive section discovered by the wells, according to the test data 

and the results of complex interpretation of industrial-geophysical research materials, 

according to the existing scheme of layer dismemberment, 25 productive strata were 
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identified: K-6v1, K-6v2, K-6s1, K-6s2, K-6n1, K-6n2 - in the section of Kasimov tier, M-

1v, M-1s1, M-1c2, M-1c3, M-1n, M-2c, M-2c, M-2n1, M-2n2, M-3c, M-3c, M-3n, M-4c1, 

M-4v2, M-4s, M-4n, M-5v, M-5n, M-6 - Moscovian tier. 

The K-6 horizon is confined to lower part of Kasimov tier between the O1 and N3 

limestones, and its total thickness ranges from 245 m (well No. 10-Sviatogirsk) to 263 

m (well No. 609-Sviatogirsk). 

The horizon is represented by a layer of gray argillites, siltstones and sandstones, 

layers of limestone. The total thickness of productive sandstone formations in wells 

varies from 39.5 m in well No. 10-Sviatogirsk to 61.1 m in well No. 11-Sviatogirsk. 

The horizon contains gas-saturated layers K-6v1, K-6v2, K-6s1, K-6s2, K-6n1, K-

6n2. Sandstones are represented by layers from 2-3 to 19.4-21.6 m thick. 

The M-1 horizon lies in the lower part of the Isaiah world between limestones N3 

and N1 and is represented by siltstone-clay rocks with layers of sandstones and layers of 

limestones. The total thickness of the horizon varies from 319 m to 338 m. It contains 

five gas-saturated layers M-1v, M-1s1, M-1s2, M-1s3, M-1n. 

The reservoir rocks of formation are sandy and siltstone formations. 

Gas-saturated layer thickness in the horizon varies from 2.6-4.4 m to 17.0-30.6 m. 

Horizon M-2 lies in the upper part of C2
7 between limestones N1 and M5-6. The 

total thickness of the M-2 horizon is 198-202 m. It is represented by a layer of argillites, 

siltstones and sandstones with layers of limestone. The content of sandstones is 30-37%. 

The horizon contains hydrocarbon deposits in gas-saturated layers of sandstones M-2v, 

M-2s, M-2n1, M-2n2. 

According to industrial geophysical data, the gas-saturated layer thickness ranges 

from 3.0-5.2 m to 22.8-32.2 m. 

Horizon M-3 lies in the lower part of C2
7 between limestones M5-6 and M1 and is 

opened by wells 11, 16, 609-Sviatogirsk in the range of depths 4376-4694 m. It is 

represented by a layering of argillites, siltstones and sandstones with layers of 

limestone. Sandstones form powerful bundles up to 33 m thick (well 16-Sviatogirsk). 

The total thickness of the horizon ranges from 171 to 185 m. 

The horizon contains hydrocarbon deposits in the permeable layers of M-3b, M-3c, 

M-3n. According to the GRW, it is gas-saturated in wells 11, 16-Sviatogirsk. 

The gas-saturated thickness of the layers varies from 5.3 m (M-3n) to 33.0 m (M-

3s). 

The M-4 horizon lies in the upper part of C2
6 between the limestones M1 and L5 

and is opened by wells 11, 16-Sviatogirsk. The total thickness of the horizon varies 

from 125 to 127 m. It contains four deposits in gas-saturated formations M-4v1, M-4v2, 

M-4s, M-4n. 

According to the GRW, the gas-saturated thickness of the formations ranges from 

11.0 m (M-4v1) to 56.2 m (M-4n). 

Collector rocks are represented by sandstones and siltstones. 

The horizon M-5 lies in the lower part of C2
6 between the limestones L5 and L1 and 

is opened by wells 11, 16 in the range of 4678.0-4794.2 m on the roof. The total 

thickness of the horizon is 140 m. The horizon is represented by the alternation of 
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sandstones, siltstones and argillites with liquid layers of limestone. 

The horizon contains hydrocarbon deposits in the permeable layers of M-5b, M-5n. 

According to the GRW, it is gas-saturated in wells №№ 11, 16-Sviatogirsk. 

The reservoirs are represented by sandstone layers, their gas-saturated thickness is 

17.2-17.8 m (M-5v) and 11.8 m (M-5n). 

Horizon M-6 lies in the lower part of C2
5 between the limestones L1 and K6. 

Opened by the well 11-Sviatogirsk, the total thickness of the horizon is 153 m. In 

lithological terms, the horizon is represented by argillites, siltstones, sandstones and 

layers of limestone. The productive layer is represented by sandstone, which is opened 

in the lower part of the horizon in the range of depths of 4892.8-4958.8 m. 

According to the results of geological and geophysical studies, its total gas-

saturated thickness is 66.0 m. 

 

Characteristics of reservoirs and seals 

The gas potential of Sviatogirsk field according to parametric, prospecting and 

exploratory drilling is confined to the stratigraphic range, which covers the formation of 

the Kasimov and Moscovian tiers of the Upper and Middle Carboniferous. 

According to the test data and the results of a comprehensive interpretation of the 

materials of industrial and geophysical research, according to the existing scheme of 

stratification, 25 productive layers were identified, which were established in Kasimov 

(horizon K-6), Moscovian (horizons M-1, M-2, M-3, M-4, M-5, M-6) tiers of the upper 

and middle Carboniferous. 

At the Sviatogirsk field, the reservoirs are represented by sand-siltstone differences 

of the central basin type. Secondary processes had a great influence on the formation of 

collector properties. Cracks and grinding zones can be traced in the rocks from a depth 

of 3400 m. In some intervals, a slight increase in capacitive properties is not due to 

lithofacial features of rocks, and the development of microcracks. 

According to the macro description of the core, the sandstones selected from the 

sediments of the Moscovian tier are gray, generally multigrained, and vary from fine-

grained to coarse-grained with admixtures of fine-gravel material. In composition 

mesomictic and oligomictic, with quartz-clay, sometimes with carbonate-clay cement. 

Layering is indistinct, mostly oblique. The rock is dense, the cementation is strong, the 

strength of the rock is average. The subvertical fracture and shaleness, which coincide 

with the stratification, are pronounced along the core with varying intensity. The smell 

of explosives is absent, chloroform extract in daylight does not paint. 

Collector properties are determined by a standard and extended set of studies. 

Open porosity in the range of 1.7-6.5%, absolute gas permeability - <0.01-0.12 mD, 

carbonate - 0.4-17.6%. Residual water saturation varies from 72.6 to 81.8%, with an 

effective permeability of less than 0.01 mD. The speed of longitudinal waves varies 

within 3902.0-4198.0 m/s; the interval time ∆T varies within 238-256 msec; the shear 

modulus G ranges from 1.0052 to 1.0919×1010 PA; the Poisson's ratio ν ranges from 

0.3150 to 0.3583; the Young's modulus E ranges from 2.6623 to 2.9065×1010 PA; the 

volumetric compression modulus K ranges from 2.4248-3.4203×1010 Pa. 
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The rocks of Sviatogirsk field are highly compacted (Bush up to 0.98), the degree 

of catagenetic transformations is higher (in terms of physical properties and description 

of sections - up to MK3-MK5), the range of porosity changes is small (1.7-6.5% for all 

wells) and not allows you to rebuild a satisfactory relationship between strength and 

porosity. In other words, it is not possible to satisfactorily express the relationship 

between mechanical strength and the amount of solid phase. In this case, the quality of 

the solid phase should depend on the degree of compaction (cementless joints), the 

degree of catagenetic transformation of clay cement (including autigenic) and autigenic 

quartzification of the rock, ie the formation of regenerative quartz cement and 

interstitial quartz. According to macro descriptions of the rock and descriptions of 

sections, the rock has developed uneven clay-quartz cement. 

The uneven distribution of the quartz component, which has high strength, is the 

most probable explanation for the vertical distribution of the rocks of Sviatogirsk field. 

Cement is dominated by authigenic, newly formed minerals, manifested suture and 

incorporation contacts of grains. 

Primary and secondary textural features retain their significance. These rocks are 

characterized by a tendency to cracking, which is confirmed by the macro description of 

the core, where there are developed with varying intensity subvertical fracture and 

shale, which coincides with the stratification. The minimum values of the strength of the 

studied rocks in most cases are associated either with the weakened areas of the 

stratification trapped in the sample, or with latent fracture. The latter is hypothetical, as 

it is not macroscopically noticeable and is manifested only by splitting, but, given the 

characteristics of the rocks, is a convincing explanation for the sharp decline in the 

strength of individual samples. 

As a result of generalization of the analytical material and connection with the 

industrial-geophysical characteristics of the productive section of the Isaiah world of the 

Kasimov and Moscovian tiers, it was established that the gas collectors are fine-, 

medium- and coarse-grained sandstones and siltstones. 

The lower limit of open porosity of reservoirs for Sviatogirsk field is accepted - 

4.5%. 

 

3.3 Gas content of field 

 

The Sviatogirsk field is located within the Spivakivsky gas-bearing district of the 

axial zone of Dnieper-Donetsk depression. 

According to the results of geological and geophysical research and testing of 

wells at the Sviatogirsk field, deposits of productive horizons in the Kasimov (K-6) tier 

of the upper and Moscovian (M-1, M-2, M-3, M-4, M-5, M-6) tiers of the Middle 

Carboniferous, which occur in the depth range of 3579.6-4958.8 m. 

Conditional gas-water contacts (GWC) are accepted on the last closed isogypsum, 

the lower limit of the established productivity (NGVP) was accepted on a sole of the 

lowest gas-saturated layer. 

Gas collectors are mainly sandstones, less often siltstones. 
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Horizon K-6 lies in the Isaiah serie C3
1 between limestones O1 and N2-3 within 

depths of 3579.6-3877.4 m (on the roof). According to industrial and geophysical data, 

it contains six gas-saturated layers K-6v1, K-6v2, K-6s1, K-6s2, K-6n1, K-6n2. 

Layer K-6 lies in the range of depths of 3579.6-3652.6 m on the roof. According to 

the GRW, it is gas-saturated in wells 10, 11, 16-Sviatogirsk, and in well № 17- 

Sviatogirsk - dense. 

The reservoirs are layers of sandstones and siltstones. 

The core layer is not illuminated. This layer has not been confirmed by tests. 

Effective gas-saturated formation thickness varies from 7.1 to 24.0 m, porosity - 

5.8-10.5%; gas saturation - 37.0-65.0%. 

The K-6 formation is stratified, tectonically limited from the north, from the 

northeast and east, and limited by the GWC. 

Gas-water contact is not established. The lower limit of the installed productivity is 

determined by the sole of the gas-bearing formation of the well № 16-Sviatogirsk at the 

absolute mark minus 3510.8 m. 

The dimensions of the K-6v1 formation are 13.65×4.1 km2 and the height is 285 m. 

According to the degree of geological study, gas reserves in the K-6 reservoir are 

calculated within the NGVP, assigned to the group of previously explored, category C2, 

class 332 code. 

The submerged part of the deposit between NGVP and GWC is referred to 

promising resources (category C3, class code 333). 

Within the structure, which is tectonically limited by faults, and from the north-

west - by the boundary line of the special permit section and to GWC, the forecast 

hydrocarbon resources are calculated (category D1) (Figure 3.2). 

The M-1 horizon lies in the lower part of the Isaiah serie below the reference 

limestone N3 to N1 and contains gas-saturated layers M-1v, M-1s1, M-1c2, M-1c3, M-1n. 

Layer M-1 is discovered by wells 10, 11, 16, 17-Sviatogirsk within depths of 

3836.4-3994.4 m on the roof. 

The reservoirs are layers of sandstone and siltstone with a total thickness of 11.6 m 

to 30.6 m. 

According to the GRW, the porosity varies from 5.6% to 7.4%, gas saturation - 

37.0-52.0%. 

Core characterized the formation in wells 10, 16-Sviatogirsk, studied 69 samples, 

the average porosity is 3.64-4.55%, permeability - up to 0.08×10-15 m2. 

The test layer M-1 is not proven. 

The M-1 formation is stratified, tectonically bounded from the north, northeast, 

and east, and bounded by the GWC. 

NGVP was determined on the sole of the gas-bearing formation of the well 17-

Sviatogirsk at the absolute mark minus 3856.2 m. GWC was carried out on the last 

closed isogypsum at the absolute mark minus 3950.0 m. 

The dimensions of the deposit within the GWC are 14.0×4.5 km2, height 300 m. 

According to the degree of geological study, the calculated gas reserves within the 

NGVP are classified as previously explored, category C2, class 332 code. 
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Within the structure, which is tectonically limited by faults, and from the north-

west - by the line of boundary of the special permit area and to GWC, the forecast 

hydrocarbon resources are calculated (category D1). 

Horizon M-2 is confined to the upper part of serie C2
7 and lies between the 

reference limestones N1 and M5-6. The productive horizon M-2 contains gas-saturated 

layers: M-2v, M-2s, M-2n1, M-2n2. 

Layer M-2 is discovered by wells 10, 11, 16, 17 within the depths of 4107.6-

4256.0 m on the roof. 

Reservoirs are mainly sandstones with a total thickness of 27.2 m to 35.2 m. 

Core characterized part of the formation in wells 16, 17-Sviatogirsk. 35 samples 

were investigated, their average porosity was 3.03-4.28%, permeability was up to 

0.38×10-15 m2. 

Their effective gas-saturated thickness varies from 25.8 m to 32.2 m. The porosity 

reaches 7.5-8.2%, gas saturation ranges from 50.0-55.0%. 

In the well 10-Sviatogirsk during the test with a filter (4042-4150 m) from the 

interval 4107.6-4140.0 m together with M-1 received a gas flow with a flow rate of 19.0 

thousand m3/day on a washer with a diameter of 3 mm. 

In the well 16-Sviatogirsk after repeated perforation of the interval 4212-4227 m 

(V object) and carrying out SKO in three stages in the course of development received 

insignificant inflow of gas with a flow rate of 350 m3/days. 

As a result of testing of the II object (4265-4268 m, 4270-4278 m, 4284-4290 m) 

in the well 17-Sviatogirsk received a weak inflow of gas with a flow rate of 150 m3/day. 

The deposit of the M-2 formation is layered, tectonically limited from the north, 

northeast and east and limited by the GWC. 

NGVP was determined on the sole of the gas-bearing formation of the well 17-

Sviatogirsk at the absolute mark minus 4119.3 m. GWC was carried out on the last 

closed isogypsum at the absolute mark minus 4225.0 m. 

The dimensions of the deposit within the GWC are 14.25×5.25 km2, height 335 m. 

According to the degree of geological study, gas reserves within the well 10-

Sviatogirsk, limited by the radius in the middle of the distance between the well 10-

Sviatogirsk (with a proven test) and wells 11 and 16-Sviatogirsk, classified as balance, 

previously explored, class code 122+222. 

Gas reserves in the M-2 deposit within the NGVP are classified as previously 

explored, category C2, class 332. The submerged part of the deposit between the NGVP 

and GWC is classified as promising resources (category C3, class 333 code). 

Within the structure, which is tectonically limited by faults, and from the north-

west - by the line of the boundary of the special permit area and to GWC, the forecast 

hydrocarbon resources are calculated (category D1). 

Horizon M-3 is confined to the lower part of the serie C2
7 and lies between the 

limestones M5-6 and M1. The productive horizon M-3 contains three gas-saturated 

layers: M-3v, M-3s, M-3n. 

Layer M-3 is discovered only by wells 11, 16 within the depths of 4388.4-4388.6 

m on the roof. 
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The reservoir collectors are sandstones. Core is missing. 

According to geological and geophysical results, the total gas-saturated thickness 

is from 16.6 to 18.0 m, the porosity is 5.5-6.8%, the gas saturation is 35.0-47.0%. 

In the well № 16-Sviatogirsk tested III object in the intervals 4313-4329 m, 4370-

4374 m, 4388-4392 m. The object is impermeable. 

The M-3 formation is stratified, tectonically bounded from the north, northeast, 

and east, and bounded by the GWC. 

NGVP corresponds to the sole of the gas-saturated interval determined by GRW in 

the well 16-Sviatogirsk at the level of the absolute mark minus 4235.9 m. GWC was 

carried out on the last closed isogypsum at the absolute mark minus 4375.0 m. 

The size of the deposit within the GWC is 13.9×5.6 km2, height 260 m. 

According to the degree of geological study, the calculated gas reserves within the 

NGVP are classified as previously explored, category C2, class 332. The submerged part 

of the deposit between NGVP and GWC is classified as promising resources (category 

C3, class 333). 

Within the structure, which is tectonically limited by disturbances, and from the 

north-west - by the boundary line of the special permit area and to GWC, the forecast 

hydrocarbon resources are calculated (category D1). 

The horizon M-4 is confined to the serie C2
6 and lies between the limestones M1 

and L5. The productive horizon M-4 contains gas-saturated layers M-4v1, M-4v2, M-4s, 

M-4n. 

Layer M-4 is disclosed in the range of depths of 4555.2-4563.8 m. According to 

the GRW, it is gas-saturated in wells 11, 16-Sviatogirsk, in others it is not discover. 

The reservoir is represented by siltstone and sandstone, the effective thickness of 

the layers is from 2.0 to 6.8 m (well 16-Sviatogirsk) to 11 m (well 11-Sviatogirsk). 

5.8 m of core were lifted from the gas-bearing part of the well 16-Sviatogirsk. 10 

samples were investigated, the average porosity is 2.77%, permeability - up to 0.03×10-

15 m2. 

The total gas-saturated thickness is 8.8-11 m, porosity - 5.1-7.5%, gas saturation - 

31.0-52.0%. 

The industrial gas bearing capacity of the formation has not been proven by tests. 

According to thermometry, no local anomalies were recorded opposite the 4541-

4700 m interval revealed by the filter, the object is impermeable. 

The M-4 formation is stratified, tectonically bounded from the north, northeast, 

and east, and bounded by the GWC. 

NGVP corresponds to the sole of the gas-saturated interval determined by the 

GRW in the well 16-Sviatogirsk at the level of the absolute mark minus 4402.9 m. 

The size of the deposit within the GWC is 14.5×5.95 km2, height 300 m. 

According to the degree of geological study, the calculated gas reserves within the 

NGVP are classified as previously explored, category C2, class 332 code. 

Within the structure, which is tectonically limited by disturbances, and from the 

north-west - by the boundary line of the special permit section and to GWC, the forecast 

hydrocarbon resources are calculated (category D1). 
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Horizon M-5 lies in the lower part of the serie C2
5 between the limestones L5 and 

L1. The productive horizon M-5 contains gas-saturated layers M-5v, M-5n. 

Layer M-5 is disclosed in the range of depths of 4678.0-4684.2 m on the roof. 

According to the GRW, it is gas-saturated in wells 11 and 16-Sviatogirsk, and in others 

it is not discover. 

The reservoir is represented by a layer of sandstone. 

The core was not selected from the gas-bearing part of the formation. 

According to the GRW, the gas-saturated thickness is 17.2-17.8 m, the porosity is 

6.3-7.6%, the gas saturation is 43-53.0%. 

The industrial gas bearing capacity of the formation has not been proven by tests. 

According to the thermometry data, no local anomalies were detected in the well in 

the well, the object is impermeable. 

The M-5 formation is stratified, tectonically limited from the north, northeast, and 

southeast, and is bounded by the GWC. 

NGVP, corresponds to the sole of the gas-bearing interval determined by the GRW 

in the well 16-Sviatogirsk, at the level of the absolute mark minus 4528.6 m. 

The size of the deposit within the GWC is 16.5×5.9 km2, height 235 m. 

According to the degree of geological study, the calculated gas reserves within the 

NGVP are classified as previously explored, category C2, class 332 code. 

Within the structure, which is tectonically limited by disturbances, and from the 

north-west - by the line of the boundary of the special permit area and to GWC, the 

forecast hydrocarbon resources are calculated (category D1). 

The productive horizon M-6 lies in the upper part of the serie C2
5 between the 

reference limestones L1 and K6 and is discovered only by the well 11-Sviatogirsk. In 

other wells the layer is not discover. The sandstone layer lies at a depth of 4892.8 m on 

the roof. 

The collector is represented by a sandstone 66.0 m thick. 

6.2 m of core was lifted from the gas-bearing part of the formation. 26 samples 

were investigated, the average porosity is 4.5%, permeability - up to 0.07×10-15 m2. 

According to industrial and geophysical data, the total effective gas-saturated 

thickness of the formation is 66.0 m; porosity varies from 6.1 to 11.7%, gas saturation 

25.0-69.0%. 

In the well 11-Sviatogirsk, the first object was tested in the intervals 4895-4965 m, 

4988-5000 m, as a result of the development of the filter of the industrial inflow of 

hydrocarbons was not obtained. During the month, work was carried out to intensify the 

inflow by the method of variable pressures. The gas flow rate determined by the 

accumulation method was 1.0 thousand m3/day. 

The M-6 formation is stratified, tectonically limited from the north, northeast, and 

southeast, and is bounded by the GWC. 

NGVP corresponds to the sole of the gas-bearing interval determined by GRW in 

the well 11-Sviatogirsk at the level of the absolute mark minus 4751.1 m. 

The size of the deposit within the GWC is 11.5×6.0 km2, height 260 m. 

According to the degree of geological study, the calculated gas reserves within the 
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NGVP are classified as previously explored, category C2, class 332 code. 

Within the structure, which is tectonically limited by faults, and from the north-

west by the line of the boundary of the special permit area and to GWC, the forecast 

hydrocarbon resources are calculated (category D1). 

 

3.4 Characteristics of free gases and condensate 

 

Characteristics of free gases 

In the process of research on the performance at the wellhead on the DVKT from 

the pipe space for analytical studies, a sample of free (at wellhead) gas was taken. 

Component composition and physic-chemical properties of selected gas samples 

were determined by chromatographic adsorption in the chemical analytical laboratory 

using a chromatograph type Crystal-2000. According to laboratory tests physic-

chemical properties of M-1 horizon gas, which are given in Table 3.1. 

The main component of gas is methane, its content is 91.89% mol. The content of 

ethane-propane-butane fractions in the gas is not high is 5.80% mol. of them ethane - 

4.13%, propane - 1.28%, butane - 0.39%. The content of C5+ hydrocarbons is 0.23% 

mol. According to the nitrogen content (0.62% mol) gas belongs to the group of low-

nitrogen. The content of carbon dioxide is low and is 1.47% mol. 

The lowest heat of combustion of gas is determined in the amount of 8376 kcal/m3. 

The relative density of the gas is 0.615. 

 

Parameters for calculating condensate reserves 

Gas-condensate research was not performed at Sviatogirsk field. Development is 

not underway. To estimate the balance and recoverable hydrocarbon reserves of this 

area, the calculated gas condensate parameters (based on dry gas) were determined on 

the basis of the test results of the well 10 for productivity. 

According to the results of laboratory studies (Table 3.1) the component 

composition and physicochemical properties of the gas are determined. The potential 

content of C5+ hydrocarbons in the sample of the selected gas was 7.68 g/m3. According 

to the results of comparative analysis, the free gas in terms of component composition 

and physicochemical properties is close to the formation gas of horizon B-2 (well 1, 

perforation interval 3595-3630 m) of Drobyshivsky field. The initial potential content of 

C5+ hydrocarbons in the formation gas of this horizon, based on the separation gas is 

20.02 g/m3. This value is recommended for horizons K-6, M-1-M-6. 

To clarify the gas condensate characteristics and the potential content of C5+ 

hydrocarbons in the reservoir gas of productive deposits at the initial and current 

reservoir parameters, it is necessary to conduct a full range of gas-condensate studies. 
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Figure 3.2 - Structural map of the top of productive layer K-6 
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Table 3.1 - Component composition and physic-chemical properties of free gas 
 

Indicators, 

units of measurement 

Well number 

10 

Productive deposit М-1 

Test interval, m 4150-4042 

Date of sampling 06.12.2009 

Place of sampling at the wellhead from DVKT 

Component composition, % mol.  

- methane 91,890 

- ethane 4,134 

- propane 1,276 

- iso-butane 0,163 

- n-butane 0,225 

- neo-pentans 0,006 

- iso-pentanes 0,066 

- norm-pentane 0,033 

- hexane + higher 0,121 

- nitrogen 0,618 

- carbon dioxide 1,468 

- helium - 

- hydrogen - 

Density by the air 0,615 

The lowest heat of combustion, kcal/m3 8376 

 

3.5 Calculation of gas reserves, condensate and associated useful components 

 

Based on the analysis of currently accumulated material on the geological 

structure and nature of productivity, within Sviatogirsk field established or predicted 

gas bearing capacity of the stratigraphic horizons K-6 Kasimov tier of the Upper 

Carboniferous and M-1, M-2, M-3, M-4, M -5, M-6 of the Moscovian tier of the 

Middle Carboniferous. 

According to geophysical data and test results, deposits with previously explored 

reserves of category C2 (codes of classes 122+222 and 332) are outlined. According to 

the structural constructions, hydrocarbon traps have been installed with promising 

resources under category C3 (class code 333) and forecast resources under category D1 

(class code 334). 

According to structural-profile constructions and taking into account geological-

geophysical researches 25 deposits in productive strata are allocated. 
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Deposits of productive strata are layered, vaulted, tectonically limited with GWC 

or NGVP. Conditional gas-water contacts were made on the last closed isogypsum. 

The internal contours of the deposits are shown on the structural maps built on the 

base of the reservoirs of productive horizons. 

The gas-bearing contours of lithologically limited deposits were drawn in the 

middle of the distance between the wells, which revealed gas-bearing and compacted 

parts of the productive section in these horizons. 

Effective thicknesses, porosity and gas saturation coefficients are determined 

according to the data of industrial-geophysical studies of wells, in the interpretation of 

which petrophysical dependences obtained by the results of laboratory studies of the 

core and test data of wells are used. Industrial parameters (reservoir pressures, 

condensate content in the gas, temperature corrections, etc.) are determined according 

to the data of well testing and laboratory studies of fluids. 

The degree of study of deposits of horizons and formations makes it possible to 

calculate the reserves and resources of hydrocarbons by the volumetric method. 

 

Calculation of gas reserves 

Calculation of gas reserves by volumetric method is according to the conventional 

formula: 

V=F × h × m × βg × (Рres. × α - Рcur. × αcur.) × f × ηg,                                       (3.1) 

where, V - initial gas reserves are reduced to atmospheric pressure and standard 

temperature, million m3; 

F - area of gas, m2; 

h - effective gas-saturated layer thickness, m; 

m is the coefficient of open porosity, the fraction of one; 

βg - coefficient of gas saturation, fraction of one; 

Рres. - initial formation pressure in the deposit, MPa; 

Рcur. is the residual pressure that is set in the position when the pressure is on the 

mouth of the well will be equal to the standard (0.0981 MPa - for deposits with gas 

pressure); 

α, αcur. - amendments to the deviation of hydrocarbon gases from the Boyle-

Mariotta law for pressures Рres. and Рcur., unit fraction; 

f - temperature correction to bring gas volume up to standard temperature, unit 

fraction; 

ηg is the gas extraction coefficient, the fraction of one. 

When calculating gas reserves, the pressure transfer coefficient from MPa to 

physical atmospheres is taken into account, which is equal to 9.87 (1 atm = 0.101325 

MPa, where 1 MPa/0.101325 = 9.8692 atm). 

 

Calculation of condensate reserves 

The initial gas-condensate reserves are calculated by the formula: 

                                               Qc = Qg x qо,                                                        (3.2) 

where Qc - initial condensate reserves, thousand tons; 
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Qg - initial dry gas reserves, million m3; 

qо is the potential content of dry gas condensate, g/cm3. 

To estimate the condensate reserves in the Iuliivske field deposits, the calculated 

gas condensate parameters (calculated on the “dry” gas) were determined on the basis 

of the results of the initial and current gas condensate studies, as well as the actual data 

of gas production and condensate, taking into account the C5+ hydrocarbons remaining 

state in the separated gas and technological losses of condensate. 

 

The total reserves of Sviatogirsk field are: 

- gas - cat. C2 (code class 122+222) - 207 mln. m3, cat. C2 (code class 332) - 46 

339 mln. m3, cat. C3 (code class 333) - 60 970 mln. m3; 

- condensate - cat. C2 (code class 122+222) - 4 thousand tons, cat. C2 (code class 

332) - 926 thousand tons, cat. C3 (code class 333) - 1 219 thousand tons; 

- ethane - 11 thousand tons; 

- propane - 12 thousand tons. 
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4 ECONOMIC CALCULATIONS OF PROJECT IMPLEMENTATION  

ON THE EXAMPLE OF SVIATOGIRSK FIELD 
 

4.1 Idea 

 

The idea of project is as follows. There are many promising Greenfields in 

Ukraine, which are located at a considerable distance from the main gas pipelines. This 

significantly increases the cost of field development and gas production. Also, when 

wells are idle, a large volume of gas is flared, which negatively affects both the 

economic value of project and the environment (see chapter 1). 

Therefore, we propose liquefied gas production technology (see chapter 2), which 

is more cost-effective than connecting wells to the general infrastructure. 

We propose to use liquefied gas as a fuel when drilling new wells at this or 

neighboring fields. Since the purchase of fuel is a very significant part of the budget 

when drilling wells. 

The economic calculations of project implementation are considered below on the 

example of Sviatogirsk gas-condensate field, which is a promising Greenfield and is 

located in Kharkiv region, Ukraine (see chapter 3). 

Studied wells are not connected to the gas pipelines. Some of them are at 

Sviatogirsk field have production around 50 000 m3/day. 

Current cash flow from those wells – USD 0.0.  

This gas can be used to produce LNG with Galileo Cryobox technology and to be 

transported in LNG containers by trucks to the drilling areas and substitute diesel fuel 

to power drilling. 

With Caterpillar Dynamic Gas Blending (DGB™) kits drilling rigs can be 

converted to dual-fuel and can substitute up to 70% of diesel with natural gas. It can 

reduce operational costs of the fuel by over 50%. 

 

4.2 Investment plan  

 

INVESTMENT No. 1 ≈ USD 12 mln.: 

• General and detailed installation project; 

• Installation works; 

• Installation approval; 

• Commissioning and start up works. 

 

INVESTMENT No. 2 ≈ USD 2 mln.: 
• Duel fuel (diesel/LNG) drilling rigs; 

• 15 Caterpillar Dynamic Gas Blending (DGB™) kits; 

• Commissioning and start up works. 
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INVESTMENT No. 3 ≈ USD 5 mln.: 
• LNG fuel infrastructure; 

• Liquefier of natural gas, CRYOBOX 600; 

• Cryogenic trailers; 

• CNG powered trucks; 

• LCNG stations. 

 

TOTAL LNG PROJECT INVESTMENTS ≈ USD 19 mln. 

 

4.3 Economical benefits 

 

Drilling fuel prices:  

- diesel – 23 USD/MMBtu; 

- LNG from wells – 5 USD/MMBtu. 

To drill a well 5 km deep will require 1000 tons of diesel and with fuel OPEX of 

USD 800 thousand. 

With LNG and Caterpillar DGB technology fuel OPEX per well can be reduced 

to USD 365 thousand.  

Economical effect with LNG from wells of Sviatogirsk field can around                    

USD 9 mln. per year and can be applicable to many other wells.  

The proposed project consists in liquefaction of flare gas to supply the production 

of 5 drilling rigs, approximately 12 tons of LNG per day. 
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5 EVALUATION OF INFLUENCE OF FIELD DEVELOPMENT 

ON NATURAL ENVIRONMENT 

 

The oil and gas industry as well as the exploration companies are sources of 

integrated environmental impact: atmospheric air, water, soil and landscapes, flora and 

fauna, microclimate and subsoil. 

Exploration and development of area involves physical and mechanical impact on 

the environmental components, which largely arises from the drilling of wells, 

arrangement of sites for operational wells, connection of pipelines, the construction of 

complex gas preparation, etc. 

The main potential pollutants at the stage of well construction are: washing liquids 

and tamping solutions, drilling waste water, products of well testing and development, 

highly mineralized reservoir water, fuel and lubricants, emissions of drilling units, 

domestic wastewater and effluent. 

The air environment is exposed to the products of combustion of the electrodes 

during welding during installation work; products of combustion of diesel fuel; 

products of combustion of natural gas on the torch when testing the well; dust 

emissions in the preparation of drilling mud; evaporation products from oil and diesel 

fuel storage tanks; products of free evaporation from the surface of storage barns. 

Impact on the geological environment is manifested in the form of violation of the 

normative state of the geological section during the drilling of the well to the design 

depth. These include: fracturing gradients of rocks, reservoir pressure gradients, 

formation temperatures, horizons with fresh and mineralized waters, gas-bearing and 

absorbing horizons, and others. The joint opening of such horizons can create 

conditions for the occurrence of intense gas manifestations, which will adversely affect 

the geological environment in the form of interbedded flows of formation water and 

natural gas with condensate, polluting the subsoil. 

In addition, conditions may be created for the negative impact on the groundwater 

horizon with fresh water first from the surface in case of penetration of chemical 

agents, oil, fuel and lubricants and liquid well fountain products. 

The aquatic environment is affected by imperfections in well construction and the 

occurrence of dangerous emergencies. The main objects subjected to man-made load 

are the natural waters of the active water exchange zone and surface water bodies. 

The fertile soil layer is affected by engineering, construction, lifting, transport and 

excavation work, as well as by contamination with liquid drilling waste containing 

chemicals and oil. 

Impact on the flora and fauna manifests itself in the form of violation of the 

normative state, due to the placement of technological equipment during the 

construction of wells, as well as possible contamination of the territory with oil 

products. 

Noise and electromagnetic radiation have a thermal and sound effect on the living 

area and environmental objects. This is manifested in various disorders of the human 

body. 
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The project documentation provides technical solutions and environmental 

measures to prevent possible causes of pollution of the natural environment and 

eliminate the negative impact in the implementation of industrial activities. 

A summary of the environmental impact of Sviatogirsk field is given in Table 5.1. 

 

5.1 Air environment 

 

The sources of potential impact on the atmospheric air during exploration and 

development of field are drilling equipment, special equipment, wells and equipment 

of GOSP. 

Natural gas extracted from each well through the plumes goes to the installation 

of complex gas preparation. 

The preparation is carried out by the method of low-temperature separation. This 

is due to various technological operations, which are accompanied by the emission of 

pollutants into the atmosphere. 

For cities (with a population of less than 50 thousand people) and other 

settlements that do not regularly monitor atmospheric pollution, in the absence of 

significant industrial sources of emissions, background concentrations for the main 

common pollutants are taken. For other pollutants (if it is impossible to determine the 

values of the background concentrations by calculation method) it is permissible to 

calculate their values by multiplying the coefficient by 0.4 by the value of the 

maximum one-time maximum permissible concentration of the corresponding 

substance. 

Background concentrations of pollutants in the atmospheric air are: carbon 

monoxide 0.40 mg/m3, dust 0.05 mg/m3; sulfur dioxide 0.02 mg/m3; nitrogen dioxide 

0.008 mg/m3. 

The maximum permissible concentrations of pollutants and their hazard classes 

for human settlements are given in Table 5.2. 
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Table 5.1 - Summary of environmental impacts of Sviatogirsk field 

 
An 

environmental 

component 

The most significant 

sources of environmental 

impact are possible 

The main types of impact of each source of 

environmental impact 
The parameters of the main impact indicators 

Atmospheric air 

GOSP equipment 

Emissions of pollutants in the purging of wells, 

separators, refueling of methanol and odorisation 

devices, in the combustion of gas in the boilers of 

boiler plant and water titanium 

Bleeding gas at the GOSP torch 

Emergency diesel power plant operation 

Emissions of pollutants will be calculated when 

connected to GOSP (in case of receiving hydrocarbon 

inflow and economic feasibility) 

 

GOSP wells 

Burning gas on a torch during a performance 

study (burst) 

Works related to well purging, well development 

after overhaul and flushing (ongoing repair) 

 

Drilling rigs 

For the whole period of construction: 

when operating the ICE drive of the drilling 

machine; 

when operating winch and rotor motors; 

when operating a diesel power plant; 

at work of motor vehicles; 

when testing a well; 

from storage tanks for fuel and lubricants; 

in the preparation of drilling fluids 

nitrogen compounds 3.0842 t 

carbon monoxide 24,5675 t 

benz (a) pyrene 8,70E-04 t 

sulfuric anhydride 1.9361 t; soot 10,0153 t 

hydrocarbons saturated 12,2315 t; methane 0.0074 t 

iron oxide 0.0190 t 

dust inorganic (silicon dioxide below 20%) 0.0013 t; 

fluorine compounds well soluble 0.006 t 

fluorine compounds poorly soluble 0.0034 t 

hydrogen fluoride 0.0016 t 

dust inorganic (silicon dioxide below 20-70%) 0.018 t 

dust coal 0.002 t; lime 0,0203 t 

chalk 0.0875 t; carbon dioxide 0,8534 t 

Total - 52,859 tons 
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 End of Table 5.1 

An environmental 

component 

The most significant 

sources of environmental 

impact are possible 

The main types of impact of each source of 

environmental impact 

The parameters of the main impact 

indicators 

Water bodies 

(surface and 

groundwater) 

Wells 

Storage barns 

Sump 

Liquid drilling waste (drilling sewage, washing fluid, 

well test solution) 

Related-formation waters 

Household waste water 

The volume of liquid drilling waste is 1574 

m3 

Soils and 

landscapes 

Drilling ground 

Earth barns 

Access roads 

Well plumes 

Removal of fertile soil 

Reduction of agricultural land 

Soil contamination with chemicals and fuel and 

lubricants 

Formation of trenches, embankments 

Oil pollution during accidents 

 

Plant life GOSP Slight reduction in distribution area  

Fauna GOSP Slight reduction in distribution area  

Microclimate GOSP equipment  
Increasing concentrations of pollutants in the sanitary 

zone 

sanitary protection zone of GOSP - 1000 m, 

well protection zone - 500 m 

Subsoil Wells 
Violation of the integrity of geological rocks 

Groundwater contamination probability 

The volume of the removed rock for the well 

at 3100 m depth is 194 m3 



41 

 

 

 

Table 5.2 - Maximum permissible concentrations of pollutants and their hazard classes 

Substance 

Maximum one time limit 

permissible concentration, 

(mg/m3) 
Danger 

class 
MPC, 

(mg/m3) 

OBRD, 

(mg/m3) 

Benz (a) pyrene 
1,0Е-

06(MPC) 
- 1 

Manganese and its compounds (in terms 

of manganese dioxide) 
0,01 - 2 

Fluorides are well soluble inorganic 0,03 - 2 

Fluorides poorly soluble inorganic 0,2 - 2 

Hydrogen fluoride 0,02 - 2 

Iron oxide (in terms of iron) 0,04 - 3 

Nitrogen oxides (oxide and nitrogen 

dioxide) in terms of nitrogen dioxide 
0,2 - 3 

Inorganic dust containing less than 20% 

silicon dioxide 
0,5 - 3 

Inorganic dust containing silicon dioxide 

below 20-70% 
0,3 - 3 

Sulfuric anhydride 0,5 - 3 

Soot 0,15 - 3 

Limit hydrocarbons (С12-С19) 1,0 - 4 

Carbon monoxide 5,0 - 4 

Methane - 50 4 

 

GOSP 

The development of Sviatogirsk field includes a complex of technological 

processes with a single continuous cycle of operation. 

Currently, the subsoil is under exploration and has not been introduced into 

industrial development. 

In case of further exploration and development of field, upon receipt of the 

industrial hydrocarbon inflow and economic feasibility, it is planned to connect the 

wells of Sviatogirsk field to GOSP. 

The process of oil and gas production and preparation includes systems and 

facilities: 

- oil and gas condensate deposits; 

- oil and gas condensate wells; 

- oil and gas collection networks (plumes from wells); 

- Installation of integrated oil and gas preparation; 

- gas transportation system (gas pipelines); 

- power supply system; 

- water supply system; 
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- system of protection of technological equipment and gas pipelines from 

corrosion. 

The input raw material for the complex oil and gas preparation is crude natural gas 

and oil from the production wells. 

The original products of the GOSP are prepared natural gas, stable gas condensate 

and oil. 

The technological scheme of complex gas preparation envisages the separation of 

the liquid by one-stage and two-stage separation along two technological lines. 

The preparation of gas at the GOSP consists of cleaning it from mechanical 

impurities, removing condensate, separating the associated reservoir waters, drying it 

from moisture and introducing methanol to prevent hydration in the wells. 

In order to prevent hydration, a concentrated methanol (CH3OH) inhibitor is used 

in the gas collection, preparation and transportation system. 

To give a specific odor to natural gas (odorization), the odorant - ethyl mercaptan, 

is used at the GOSP. 

The technical solutions for the installation of the GOSP comply with 

environmental, sanitary, fire and other standards and ensure that the operation of the 

facility is safe for the life and health of people. 

Pollutants get into the environment when blowing wells, blowing separators, 

refueling methanol devices, degassing condensation, burning gas in the boilers of boiler 

plants, evaporation from tanks, during operation of diesel power plants, during 

transportation and storage materials. 

The capacity of pollutant emissions from production activities will be calculated at 

GOSP, taking into account all norms of legislation in the field of environmental 

protection. 

The scattering calculations of pollutants should be carried out for the period when 

the emission sources operate at a nominal load taking into account background 

concentrations. 

Control of the amount of pollutant emissions into the air is carried out at the 

sources where the emission limit values are set. 

 

Wells 

Well drilling is accompanied by the emission of pollutants into the atmospheric air. 

At the drilling site there are five organized sources of emission of harmful 

substances into the air - the collector of the ICE drive of the winch and rotor; diesel 

pump drive collector; the exhaust pipe of the diesel power unit; flare emission; metal 

container for storing diesel fuel, located in one unit (block of fuel and lubricants), as 

well as four unorganized sources - a platform for the placement of motor vehicles; 

tower-winch unit (during welding); drilling mud block; waterproofed sludge barns. 

The sources of impact on the air at the well construction are the combustion 

products of diesel engines of the engines of the internal drilling rig: three engines used 

to drive the winch and rotor and four engines used to drive the drilling pumps. 
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Chemical reagents are transported to the drilling rig and stored on the drilling rig in 

sealed containers. The introduction is carried out briefly and directly into the drilling 

fluid entering the well. 

In view of the above, the effect on the air environment when introduced into the 

solution of the vast majority of chemical reagents is absent. 

During the preparation of the drilling mud during the loading of the powdered 

materials in the mud mixer, which is in the block of preparation of the drilling mud, 

dust is released into the atmospheric air. 

The removal into the atmosphere of small particles of dust in the free state in the 

form of aerosols occurs when loading the following materials: clay bentonite, graphite, 

calcium hydrate of oxide (lime) and chalk. All other aerosol materials do not form upon 

loading. 

During the drilling period, which is 131 days, the following was used for drilling 

mud preparation: bentonite clay - 18.90 t, graphite - 4.66 t, marble - 41.2 t, calcium 

oxide hydrate - 11.69 t, chalk - 77.30 t. 

The amount of dust emissions from the drilling mud block (when loading bentonite 

clay in an alumina mixer) with a drilling duration of 131 days - 3.40E-03 t/year. 

The amount of dust emissions from the drilling mud block (when loading graphite 

into an alumina mixer) with a drilling duration of 131 days - 1.13E-03 t/year. The 

amount of dust emissions from the drilling mud block (when loading marble into an 

alumina mixer) with a drilling duration of 131 days - 6.79E-03 t/year. 

The amount of dust emissions from the drilling mud block (when loading calcium 

oxide hydrate into the alumina mixer) with a drilling duration of 131 days - 1.13E-02 

t/year. The amount of dust emissions from the mud block (when chalk is loaded into an 

alumina mixer) with a drilling duration of 131 days is 4.87E-02 t/year. 

The total amount of pollutants released into the atmosphere from all sources of 

emissions is given in Table 6.3. 

The construction site is separated from the residential building by a standard 

sanitary protection zone. Outside the sanitary protection zone, air pollution must not 

exceed the maximum permissible concentrations. 

The sanitary protection zone for wells, which are drilled by drilling machines with 

diesel drive is 500 m. 

The influence of pollutants on the atmospheric air is determined on the basis of the 

analysis of the criteria of expediency and the results of calculations of the dispersion of 

pollutants in the ground layer of atmospheric air. The calculations are made using the 

EOL+ software package for the winter, when the scattering conditions are most 

unfavorable and when all sources of emissions are working. Background concentrations 

of harmful substances are also taken into account. 
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Table 5.3 - Total amount of pollutants emitted into the air during the entire                      

well construction period 

The name of pollutant 
Danger 

class 

MPC, 

mg/m3 

Emission 

in 655,9 

days, t 

Nitrogen oxides (NOх) 3 0,2 3,0842 

Soot 3 0,15 10,0153 

Sulfuric anhydride 3 0,5 1,9361 

Carbon monoxide 4 5,0 24,5675 

Benz (a) pyrene 1 1,0Е-06 (MPC) 8,70Е-04 

Saturated hydrocarbons С12-С19 4 1,0 12,2315 

Methane - 50 (OBRD) 0,0074 

Iron oxide (in terms of iron) 3 0,04 (MPC) 0,0190 

Manganese and its compounds 

(in terms of manganese dioxide) 
2 0,01 0,0014 

Inorganic dust containing less 

than 20% silicon dioxide 
3 0,5 0,0013 

Fluoride compounds are well 

soluble inorganic (sodium 

fluoride, hexafluorosilicate) in 

terms of fluorine 

2 0,03 0,0061 

Poorly soluble fluorine 

compounds (aluminum fluoride, 

sodium hexafluoroaluminate) in 

terms of fluorine 

2 0,2 0,0034 

Hydrogen fluoride 2 0,02 0,0016 

Inorganic dust containing silicon 

dioxide below 20-70% 
3 0,3 0,0181 

Carbonaceous dust - 0,03 (OBRD) 0,0020 

Lime 3 0,05 (MPC) 0,0203 

Chalk 3 0,05 (MPC) 0,0875 

Non-methane volatile organic 

compounds 
- - 0,023 

Carbon dioxide - - 0,8534 

Total:   52,859 

 

Considering the results of calculations and scatter maps of harmful substances in 

the air environment, we can conclude that during installation work (during welding) air 

pollution occurs at the boundary of the regulatory sanitary protection zone (500 m from 

the closest to the settlement source of emission - fake emissions) by summation group 

31 at the level of 0.03 MPC (and taking into account the background contamination 

level of 0.16 MPC); by summation group 35 at the level of 0 MPC (according to the 

background pollution level of 0.44 MPC); by summation group 11002 - 0 MPC 



45 

 

 

 

(according to the background pollution level 0.80 MPC); on nitrogen dioxide at the 

level of 0.02 MPC (and taking into account the background pollution level of 0.11 

MPC); sulfuric anhydride - 0.01 MPC (in accordance with the background 

contamination level of 0.05 MPC); hydrogen fluoride –0 MPC (according to the 

background pollution level 0.40 MPC); poorly soluble fluorides - 0 MPC (according to 

the background contamination level of 0.4 MPC), benzene (a) pyrene at the level of 

0.05 MPC (and taking into account the background contamination level of 0.45 MPC). 

According to the results of calculations and scattering maps of harmful substances, 

drilling of the project well will create atmospheric air pollution at the boundary of the 

regulatory sanitary zone by summation group 31 at the level of 0.03 MPC (and taking 

into account the background pollution level of 0.16 MPC), by nitrogen dioxide at the 

level of 0.12 MPC (and taking into account the background contamination level of 0.21 

MPC), soot at the level of 0.13 MPC (and taking into account the background 

contamination level of 0.53 MPC), sulfur anhydride at the level of 0.01 MPC (and with 

taking into account the background contamination level of 0.05 MPC), for benz (a) pyre 

well at the level of 0.12 MPC (and taking into account the background pollution level of 

0.52 MPC) and on the limit hydrocarbons at the level of 0.06 MPC (and taking into 

account the background pollution level of 0.46 MPC). 

The analysis of the results of calculations and scatter maps of harmful substances 

(nitrogen dioxide, nitric oxide and carbon monoxide) during the test well inflow showed 

that the atmospheric air at the boundary of the regulatory sanitary protection zone is 

polluted by nitrogen dioxide at the level of 0.12 MPC contamination level of 0.21 MPC) 

and carbon monoxide at the level of 0.03 MPC (and taking into account the background 

pollution level of 0.11 MPC). It can be concluded that at the boundary of the regulatory 

sanitary protection zone, the concentration values for all harmful substances for which 

the scattering calculation was carried out will be much smaller than the MPC values. 

From the calculations of the scattering of harmful substances in the atmospheric air 

it is evident that the concentration values for all these substances will not exceed the 

MPC at the boundary of residential development. 

Residential buildings, secondary schools, kindergartens, playgrounds, recreation 

areas in the regulatory sanitary protection zone are not included. 

Since direct measurements of the emission parameters at a given source (flare barn) 

are technically impossible to perform due to the occurrence of high temperatures and 

high velocities of gas flows (when flares are burned), the emissions from this source 

should be determined by the calculation method based on the actual gas flow rate and 

time of combustion. torches. 

In accordance with the norms of technological design in the construction of the 

well, taking into account the explosion, toxicity and fire hazard of the processed 

products, the following measures are implemented: 

- complete sealing of all equipment, fittings, pipelines, which eliminates the 

constant gas leaks into the atmosphere; 

 - all accepted shut-off valves, which are installed on pipelines, corresponds to         

1 class of tightness of the shutter; 
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 - in case of excess pressure above the specified regime, the equipment is equipped 

with safety valves. 

In order to reduce the level of negative impact on the atmosphere of hydrocarbon 

gas and related components at the gas-fired facility, schedules of preventive inspection 

of shut-off and sealing equipment, its repair and replacement should be developed. 

To prevent contamination of the environment during the well testing, it is 

necessary to check and ensure the tightness and reliability of the fountain fittings and 

measuring devices before the test begins. 

The production activity of this facility will not increase the level of atmospheric 

pollution in the nearest settlements and does not require special measures for the 

protection of atmospheric air. Impact assessment of industrial activity is performed in 

accordance with current regulations. 

 

Noise, electromagnetic waves and ionizing radiation 

The drilling rig, basic, auxiliary equipment, as well as other machinery and 

transportation at the well site generate 93 dBA noise. 

On the path of sound propagation from the engines of the drilling rig artificial and 

natural elements of terrain (hills, embankments) and stripes of green space that can play 

the role of a screen is not encountered. 

The permissible equivalent sound level for the area adjacent to the residential 

buildings is 45 dBA. 

Since, the calculated sound level at a design point at a distance of 500 m from the 

noise source is 41.84 dBA, which is less than acceptable, so no harmful impact of the 

noise on the nearest settlement will be (the noise level at this distance will be the 

background noise of the environment). 

The normative value of the airborne noise insulation index for container buildings 

(wagons) shall be equal to or greater than 30 dB. By reducing the sound level of the 

walls of the diesel engine for the main drive engines at a distance of 50 m from the 

noise source, the sound level is 76 dBA. Therefore, the sound level in the middle of the 

wagon will be no more than 46 dBA. 

Electromagnetic fields with a frequency of 50 Hz are formed in the electrical 

network with a voltage greater than 1000 V, which have thermal and other effects. This 

is manifested in various disorders of the human body. 

Electromagnetic radiation can adversely affect the environment when using an 

industrial frequency current of 220 kV or greater. The drilling rig is equipped with 

380V industrial frequency electrical equipment. 

All electrical equipment is equipped with metal housings, which are a reliable 

protection against possible exposure to electromagnetic radiation. 

As there will be no adverse effects on the maintenance staff and the environment, 

no additional measures are required to prevent it. 

In order to control the background indicators, the absorbed dose rate of the external 

gamma radiation dose was measured in the territory of the land allocated to the well 

site. 
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In order to ensure the radioecological safety of the area around the project well and 

to comply with the standards, it is necessary to constantly monitor the radioecological 

situation: 

- control of sludge activity in barns prior to their neutralization and disposal; 

- monitoring of the gamma background at the well site; 

- monitoring of the content of natural radionuclides, in particular, radium-226, 

thorium-232, potassium-40 in sludges and waste working fluids; 

- monitoring of activity of well production equipment. 

 

Assessment of possible emergencies 

The most common causes of complications and accidents include: 

- failure of systems of safe process management, as well as systems of automatic 

regulation and control of technological parameters; 

- loss of mechanical strength of materials due to corrosion or fatigue; 

- local leakage of dangerous substances; 

- various types of personnel errors, both during technological operations and during 

emergencies, as well as during repair work; 

- various external influences, both natural and man-made. 

When constructing a project well, the most probable complications and accidents 

that can affect the environment can be: oil spills on the territory of the drill, intense gas 

(complications), gas fountain. 

In case of the listed accidents, the drill crew takes the following measures: 

1) In cases of oil spill: 

- to neutralize petroleum products, the spill site is filled with biological preparation 

at the rate of 1-2 liters per m2 of area; 

- the neutralized soil layer is collected by a bulldozer and dumped into the sludge 

barn. 

2) In case of intense gas manifestations: 

- the drilling tool descends as deep as possible; 

- the intercolumn space is closed by the ejection equipment; 

- a heavy drilling mud is pumped into the well; 

- the well is flushed and the degassing of the mud. 

3) In case of gas fountain: 

- promptly reports the occurrence of the accident to the management of the 

enterprise through the dispatching service; 

- calls a specialized detachment and fire department; 

- turns off all electrical installations and disconnects the power supply network; 

- Mutes running internal combustion engines; 

- establishes posts and danger signs on the access roads to the drilling rig; 

- upon arrival of the detachment of a specialized unit, act on the plan. 

During the elimination of intense gas events during the degassing of the drilling 

fluid, up to 5000 m3 of gas can be released into the atmosphere. 



48 

 

 

 

On the basis of the experience of works on liquidation of gas fountains in the fields 

in the presence of drilling high-speed anti-ejection equipment, qualified specialists and 

the necessary stock of drilling fluid, the term of their elimination is on average 2-3 days. 

Approximately the amount of gas that will be periodically burned on the torch can be 

taken in 2 times the volume that is burned when the well is tested. In this case the air 

enters the air: СО - 0,33 t, СН4 - 0,008 t, NOх - 0,05 t. 

Measures to protect the wells during drilling are envisaged in the geological and 

technical order (GTO), which is compiled for each well. The GTO is a core document 

for the drilling team, which is required to strictly manage it during drilling and well 

development. 

In the event of a serious breach of the technological mode of operation of the 

deposit, emergencies may occur which lead to large volumes of harmful substances 

being released into the atmosphere in the short term. 

All facilities in the oil and gas industry have a contingency plan in place. The plan 

contains instructions for the notification of services to be involved in the elimination of 

accidents, a list of necessary technical means and emergency neutralizing agents, means 

of collecting and removing contaminants, contains accelerated repair and isolation and 

isolation-elimination works, etc. 

The provision of fire danger at construction sites is determined by individual work 

projects. When constructing a well, the requirements of the "Fire safety rules in the gas 

industry" must be observed. 

At the well construction site, it is necessary to provide an external water supply for 

fire extinguishing, installed in accordance with the approved scheme. Installation at the 

branch of the water supply system from the water tank of fire cocks: in the pumping 

room, the premises of the tower-power block, the block of cleaning and degassing of the 

mud, near the residential car-builders, as well as the crane installed near the tank for 

water storage for fire fighting equipment. 

Accident prevention can be ensured by observance of technological discipline, 

proper control over the fulfillment of the requirements set out in the guidance 

documents. 

 

Atmospheric protection measures 

To reduce the level of negative impact on the atmosphere, special measures have 

been developed, which provide: 

- inventory of emission sources; 

- determination of the composition of emissions, their amount, possible frequency, 

etc.; 

- fulfillment of the criterion of not exceeding the maximum permissible 

concentration for all substances emitted as a result of the operation of oil and gas 

equipment; 

- providing assessment of contamination in case of possible emergencies; 

- determination of noise and electromagnetic influence. 
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In order to evaluate the negative impact on the atmosphere, the sources of pollutant 

emissions were identified and their characteristics were given, the results of calculations 

of ground concentrations and the background atmospheric pollution data were given. 

The sizes of the sanitary protection zone are determined and the calculations of the 

level of contamination on the border of the regulatory sanitary zone are considered. 

Assessment of atmospheric air pollution in adverse meteorological conditions and 

assessment of pollution in the event of possible emergencies. 

Noise, electromagnetic and ionizing radiation is analyzed. 

When a well is constructed, monitoring of the atmospheric air at the drilling site is 

organized. 

The impact assessment of the industrial activity of Sviatogirsk field was performed 

according to the current regulatory documents. 

According to these documents, security measures include: 

- round-the-clock monitoring of technological process compliance; 

- systematic control of sources of pollution of the first category, which make the 

most significant contribution to air pollution; 

- episodic control of smaller sources belonging to the second category; 

- mandatory control of the sources of nitrogen and carbon monoxide emissions. 

Protective measures for the protection of the air include the following: 

- selection of equipment taking into account the explosiveness, toxicity and fire 

hazard of the processed products; 

- compliance of all shut-off valves installed on pipelines, I class of tightness of the 

gate; 

- complete sealing of all equipment, fittings, pipelines, which eliminates the 

constant leakage of gas into the ambient air; 

- in case of pressure increase, above the regime provided, equipping the equipment 

with safety valves; 

- restriction of toxic and flammable liquids stored in reservoirs at atmospheric 

pressure by special "breathing" valves of evaporation; 

- enclosure of methanol composition to prevent product spillage. 

Subject to all the rules and with proper operation of the equipment, the production 

activity of Sviatogirsk field will not significantly affect the level of atmospheric 

pollution in the nearby settlements. 

 

5.2 Geological environment 

 

The geological environment of the project well is a geological section that is 

revealed in the process of drilling to the depth of the project and is represented by 

sediments of rocks, including stratigraphic complexes of Quaternary, Neogene, 

Paleogene, Cretaceous, Jurassic, Triassic, Upper and Middle Carboniferous. 

Impact on the geological environment is manifested as a violation of the normative 

state of the geological section, which contains stratigraphic complexes and underground 

horizons with different reservoir parameters. These include: fracturing gradients of 
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rocks, reservoir pressure gradients, formation temperatures, horizons with fresh and 

mineralized waters, gas-bearing and absorbing horizons, and others. 

The joint opening of such horizons can create conditions for the occurrence of 

intense gas manifestations, which will adversely affect the geological environment in 

the form of interbedded flows of formation water and natural gas with condensate, 

polluting the subsoil. 

In addition, conditions can be created for the negative impact on the first 

underground surface with fresh water in case of penetration of chemicals, fuel and 

lubricants and fountain wells. 

In the process of drilling, the prevention of negative impact on the geological 

environment is envisaged by the application of the well design, which includes the 

successive overlapping of the drilled intervals with compatible conditions up to the 

design depth by casing 324, 245, 168 mm in diameter.  

Conductor with a diameter of 324 mm is envisaged, followed by cementing with 

high-strength cement cement cement to the mouth to prevent erosion of the well mouth 

during further drilling, overlapping of the upper unstable part of the geological section 

of the well and isolation of the horizon from the germet, 

An intermediate casing with a diameter of 245 mm is envisaged, followed by 

cementing with high-strength Portland cement to the head of casing. 

The 168 mm diameter casing is intended to cover and test perspective horizons. 

The column is cemented with high tampon cement to the head. Rise of cement on all 

casings to the well head. 

The most dangerous for the geological environment may be intense gas events in 

the case of their passage into the fountain when opening gas-bearing horizons. 

To prevent the occurrence of gushing during the drilling process, technical 

solutions are foreseen. Technical decisions made include: 

- choice of well design, which provides prevention of hydraulic fracturing of 

exposed rocks by gas pressure during gas manifestations and sealing of the well head 

with anti-ejection equipment; 

- selection of casing strength, based on the expected maximum possible pressure on 

the well head in the process of drilling and testing for gas; 

- selection of the density of the drilling mud, which provides the creation of 

hydrostatic pressure in the well exceeding the reservoir; 

- the choice of the type of drilling mud and chemical reagents that provides the 

creation of wells thin, dense and little permeable crust on the walls; 

- sealing of the well mouth with ejection equipment; 

- the presence in the drilling fluid of the required density in an amount equal to the 

volume of the wellbore at the initial opening of productive horizons. 

The above technical solutions and measures allow to preserve the geological 

environment from the negative influence of processes and phenomena of geological and 

man-made origin. 
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Measures to prevent or reduce the development of hazardous geological 

processes 

Security measures should include: 

- application of geophysical research methods to control the quality of opening and 

working out of productive layers; 

- measurement of well production (gas, water) at least once a month; 

- constant accounting of losses of production extracted in the process of researches, 

technological blows of wells and equipment; 

- geochemical survey around the wellhead, especially in cases of gas leaks 

detection or occurrence of shielded gas manifestations, at least once a year; 

- geophysical control over the condition of the productive part of the section, the 

nature of the reservoirs, especially in the case of intercolumnar gas manifestations. 

The main conditions for the protection of mineral resources while increasing the 

productivity of wells by acting on the bottomhole zone should be: 

- maintaining the tightness of the column, casing and cement ring in the cemented 

interval; 

- preventing the destruction of the productive formation in the bottom zone; 

- prevention of unexpected accelerated displacement of the gas-water boundary due 

to the premature formation of water cones. 

It is forbidden to intensify in technically unsuitable wells, which are located near 

the gas-water contacts (gas-oil in gas-bearing reservoirs with a border), in wells with 

small differences between the gas-bearing and aquifers. 

Thus, due to technical solutions and protective measures, the risk of emergencies 

and all kinds of complications will be minimal. 

 

5.3 Water environment 

 

The main potential pollutants of surface and groundwater are oil, condensate, 

paraffin, fuels and lubricants, chemically treated liquids, highly mineralized reservoirs 

and reservoirs, acids, surfactants, solvents and other reagents used in technological 

processes. mining. 

Potential negative factors affecting the aquatic environment are: 

- filtration of drilling fluid into aquifers of drinking water during the construction 

of a well; 

- groundwater contamination as a result of flow in the rock thicknesses due to 

leakage and poor cementation of the casing wells; 

- filtration of mud in groundwater due to poor application of anti-filtration screen 

on the surface of the walls of sludge barns; 

- spills of fuel and lubricants and reservoir fluids (condensate, mineralized water) 

and, subsequently, filtering them into groundwater. 

Water conservation measures should provide for the protection of rivers, surface 

water bodies, as well as fresh and mineral waters of underground horizons of the upper 

part of the geological section. The subject of special protection of the aquatic 
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environment are operational aquifers and water intakes of economic, drinking water 

supply. 

Possible sources of groundwater contamination with freshwater may be: 

- drilling mud used in the opening of aquifers in the course of well drilling; 

- flows of mineralized waters of the underlying aquifers. 

Each of these sources can adversely affect freshwater horizons, impairing their 

quality. 

Prevention of contamination of horizons with fresh water during their opening 

during drilling is envisaged by the use of drilling mud prepared from bentonite alumina 

powder in fresh water treated with low-toxic chemical reagents. 

When drilling underground wells that can be used as sources of economic drinking 

water supply, the chemicals I and II class toxicity for drilling mud treatment are not 

used. 

In order to prevent contamination of the upper horizon with freshwater by the 

liquid drilling waste generated during the well construction, it is envisaged to store them 

temporarily in earthen waterproofed sludge barns, which are constructed in soils with a 

filtration factor Ff = 2x10-6 cm/sec. 

Three earthen barns with a volume of 649 m3 each are accepted for separate 

collection of sludge, waste water and sewage and well test products. The first is for 

collecting drilled rock, for collecting waste flushing fluid. The second and third ones are 

for settling the leachate filtrate, collecting waste water and sewage. The first settling 

barn is constructed in such a way that the excess fluid entering the concreted trays from 

the cleaning and drilling unit and from the wellhead is poured into the second barn for 

settling water, and the second is constructed so that the excess liquid coming from the 

first, overflowed into the third, from which the recovered water will be pumped out for 

reuse. On the perimeter of the barns, a shell is made of mineral soil with a height of 0.5 

m. In order to reduce the soil filtration coefficient in the soil storage barns, a colloid-

chemical anti-filtration screen is applied to the bottom and walls on the basis of an 

aqueous suspension of hydrolyzed polyacrylonitrile. 

The site also has one 300-m3 flare barn. The size of the torch barn at the top is         

10 m x 20 m, depth - 1.5 m. The waterproofing of the torch barn is carried out by 

concrete slabs with tight sealing of joints with cement mortar. 

Solid household waste is expected to be stored in a sealed, metal container installed 

on the hard surface. 

Solid and semi-solid drilling wastes are neutralized and decontaminated by 

introducing into the sludge barns a composition containing phosphogypsum, straw and 

organic fertilizers. After conversion of the drilling waste from the semi-liquid phase to 

the solid waste, the drilling waste is stored in earthen sludge bins. Petroleum pollution is 

neutralized by the sorbent biodegrader "Ekonadin". 

Solid household waste is stored in a sealed, metal container that is installed on a 

hard surface. 
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To prevent the fall of atmospheric precipitation into groundwater outside the 

technical column and the flow of waters of different aquifers and to protect the planned 

aquifer, the plugging of the annulus is provided. 

After the drilling is completed, the drilling mud remains intended for the safe 

opening of the gas-bearing horizons. It is stored in metal containers. 

The residual drilling fluid is exported to another drilling rig for re-use to reduce 

water costs. 

The discharge of sewage into the contour of the drilling ground is prohibited. 

In case of emergency carbohydrate contamination of soil and reservoirs it is 

envisaged to create a stock of sorbents. 

At the beginning of gas production, low-mineralized (mainly condensing) water is 

brought to the surface. At the final stage of the operation of object, a significant increase 

in the surface water is added to the environmental impact. They are mainly sodium 

chloride brine. The discharge of such "waters" is strictly forbidden not only in surface 

waters (rivers and reservoirs), but also on the soil surface. 

The reservoir water is drained from the park tanks into an oil trap for accumulation 

and subsequent removal by tankers for treatment facilities. 

The associated reservoir waters are taken to the return points where they are 

pumped into the reservoir. 

The return of reservoir waters to the subsoil solves several problems without 

significant capital expenditures: 

1. Protection of surface space (soils, surface, ground and groundwater) from highly 

mineralized reservoir waters. 

2. Operation of gas industries on the principle of waste-free technology. 

3. Provision of partial compensation for the lost energy of the productive layers and 

in general of the subsoil during gas extraction, thus preventing the provocation of local 

earthquakes. 

The following types of wastewater are produced at GOSP: 

- production after washing of technological apparatus (washing of tanks and 

equipment, replenishment and replacement of water in fire tanks; 

- household from domestic and sanitary premises; 

- storm (rain, snow) from concrete technological sites. 

Sewage is water generated in the course of economic and household activities 

(except for technical, quarry and drainage water), as well as water discharged from the 

built-up area in which it was formed as a result of precipitation. 

Household sewage, which is formed in the sanitary facilities, is stored in a metal 

container and removed for treatment facilities bio-treatment. 

Production drains are formed after flushing the tanks and equipment, also when 

replacing or replenishing water in fire tanks. They are pumped into a tanker truck with 

subsequent removal to treatment facilities. 

The export of waste is carried out as it accumulates according to the concluded 

contracts. 
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Discharges of contaminated effluents from industrial sites and wells into the 

environment are not carried out. 

Water supply with technical water and replenishment of the fire supply at the 

GOSP is carried out by water from artesian wells with deep pumps. Drinking water is 

imported. 

To protect the water wells, organize zones of sanitary protection around the wells, 

which consist of three belts. The first zone (strict regime zone) is taken within a radius 

of 30 m. 

The boundary of the first zone of the sanitary protection zone does not extend 

beyond the drill site. The territory of the first zone is enclosed and leveled for 

precipitation. Objects that may cause bacteriological or chemical contamination of the 

aquifer are located on the drill site outside the sanitary area. The dimensions of the 

second and third belts are determined by calculations and are 39 m and 40 m, 

respectively. 

There are also no settlements, other water wells and sources of pollution within the 

sanitary protection zone. 

After termination of operation of the water well, the latter is liquidated in 

accordance with the instructions for the design and execution of the liquidation 

tamponage of the reconnaissance, hydrogeological and operational water intake wells 

that have fulfilled their purpose. In accordance with the rules for the implementation of 

works on sanitary tamponage and taking into account the design of the well being 

eliminated, the appropriate order of performance of works is adopted. 

Geochemical monitoring of the environment is carried out in order to control the 

state of drinking and surface water in the works area. 

Water samples are taken in wells and wells and surface water bodies. Perform 

analyzes of selected samples. 

If the content of harmful substances in the water is higher than the maximum 

permissible concentration, measures are taken to eliminate this phenomenon. 

When developing a site, the impact of production facilities on the aquatic 

environment is minimal and can only be seen in the event of a process failure. 
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6 LABOR AND ENVIRONMENTAL PROTECTION 

 

6.1 General occupational safety issues 

 

State policy in the field of labor protection in the oil and gas sector, as well as in 

Ukraine as a whole, is based on the principles of: 

- the priority of the life and health of workers, the full responsibility of the 

employer for the creation of proper, safe and healthy working conditions; 

- improving the level of industrial safety by ensuring continuous technical control 

over the state of production, technologies and products, as well as assisting enterprises 

in creating safe and harmless working conditions; 

- comprehensive solution of the problems of labor protection on the basis of 

national, sectoral, regional programs on this issue and taking into account other 

directions of economic and social policy, achievements in the field of science and 

technology and environmental protection; 

- social protection of workers, full compensation for the harm to persons who have 

suffered from industrial accidents and occupational diseases; 

- establishment of uniform labor protection requirements for all enterprises and 

business entities, depending on ownership and types of activity; 

- adaptation of work processes to the capabilities of the employee, taking into 

account his health and psychological condition; 

- use of economic methods of labor protection management, state participation in 

financing of measures on labor protection, attraction of voluntary contributions and 

other income for the purposes, which receipt does not contradict the legislation; 

- informing the population, conducting training, vocational training and advanced 

training of workers on labor protection issues; 

- ensuring coordination of activities of public authorities, institutions, 

organizations, associations of citizens, addressing health, hygiene and safety issues, as 

well as cooperation and consultation between employers and (their representatives) 

between all social groups under decision-making time at the local and state levels; 

- the use of international experience in organizing work to improve conditions and 

improve occupational safety through international cooperation [14]. 

 

6.2 Organization of occupational safety management at the enterprise of oil 

and gas industry 

 

In accordance with Article 13 of the Law of Ukraine “On Occupational Safety”, 

the employer is obliged to create in the workplace in each structural subdivision 

working conditions in accordance with the requirements of normative legal acts, as well 

as to ensure compliance with the requirements of the legislation on the rights of workers 

in the field of occupational safety. 

To this end, the employer ensures the operation of a safety management system, 

namely: 
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- establish appropriate services and appoint officials to handle specific 

occupational safety issues, approve instructions on their responsibilities, rights and 

responsibilities for the performance of their functions, and monitor their compliance; 

- develops with the participation of the parties to the collective agreement and 

implements complex measures to achieve the established standards and improve the 

existing level of labor protection; 

- ensures the implementation of the necessary preventive measures in accordance 

with changing circumstances; 

- implements advanced technologies, achievements of science and technology, 

means of mechanization and automation of production, requirements of ergonomics, 

positive experience in occupational safety, etc.; 

- ensure proper maintenance of buildings and structures, production equipment and 

equipment, monitoring of their technical condition; 

- ensure the elimination of causes leading to accidents, occupational diseases, and 

the implementation of preventive measures identified by the commissions following the 

investigation of these causes; 

- arranges for the audit of occupational safety, laboratory tests, working conditions, 

assessment of the technical condition of production equipment and equipment, 

certification of workplaces for compliance with normative-legal acts on occupational 

safety in accordance with the procedure and terms determined by the legislation, and 

following their results takes measures to eliminate dangerous and unhealthy production 

factors; 

- develops and approves regulations, instructions, other acts for the protection of 

work within the enterprise (hereinafter – the acts of the enterprise), and establishes rules 

for the performance of work and behavior of employees on the territory of the 

enterprise, in industrial premises, at construction sites, workplaces, respectively to 

normative legal acts on labor protection, provides free of charge employees with legal 

acts and acts of the enterprise on labor protection; 

- supervises the employee's observance of technological processes, rules for 

handling machines, mechanisms, equipment and other means of production, the use of 

collective and individual protection, performance of work in relation to the requirements 

of labor protection; 

- organizes the promotion of safe working methods and cooperation with workers 

in the field of labor protection; 

- takes urgent measures to help the victims, attracts, if necessary, professional 

emergency rescue units in case of an accident at the enterprise and accidents. 

The employer is directly responsible for the violation of these requirements. 

The most detrimental effect on the employee is his negligence and ignorance in the 

handling of flammable substances, compressed or in the process of pumping in one of 

the areas of collection and preparation of oil and gas production. Therefore, 

determinants that can cause deterioration in the health of service personnel include: the 

toxicity of the pumped product, the pressure exerted by the process equipment, and the 
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noise it creates, as well as any power actuators that drive the apparatus to exercise 

processes for the collection and preparation of petroleum products. 

Most often, an employee or even an expert in the oil and gas industry deals with 

pumping methanol, blowing down wells, putting into operation various technological 

equipment, or even simply measuring the technological parameters of the flow, which 

involves working with metering diaphragms, pressure gauges or process sensors. 

The list of harmful and dangerous production factors during gas collection and 

production include the following, presented in the form of Table 6.1 [15]. 

 

6.3 Industrial sanitation 

 

The list of harmful substances encountered during gas collection and production 

processes and their characteristics (toxicity, MPC, hazard class) are presented in Table 

6.2 [16]. 

In the premises of gas oil separation plant (GOSP), the category of work performed 

in terms of energy costs is IIa [17]. The optimal and acceptable parameters of the indoor 

microclimate are given in Table 6.3. 

Natural and artificial ventilation is used in the premises of gas preparation and 

treatment plants for gas preparation, which may also include compression installations, 

gas distribution or fine purification (respectively CS – compressor stations, IGDS – 

industrial gas distribution stations, LTS – low temperature separation, etc.). According 

to the direction of the air flow, artificial ventilation is inflow and exhaust, the nature of 

the coverage of the room – generally exchangeable. The time of action is constant 

ventilation. The room must be provided with central heating [18]. 

In the premises of any gas collection and preparation installation, whether from 

wells or gas pipelines of the gas collection system, the category of visual works is 

determined by VIII [19]. 

The state of illumination of production, office and auxiliary premises is regulated 

by the DBN B 2.5-28-2006 [20]. 

Natural illumination – one-way lateral, is carried out through the light openings in 

the outer walls, which are oriented to the north. 

The artificial lighting system is generally uniform. The minimum value of 

illumination for VIII category of visual works Еmin = 30 lux. 

For artificial lighting in the premises of the main objects of oil and gas production. 

of the complex, which include: GOSP, CS, IGDS, AGDS (automated gas distribution 

stations), GDS (gas distribution stations – inherent in the gas transportation system of 

Ukraine), MS (main structures), PS (pumping stations), PPS (pressure pumping 

stations), PCP (petroleum collection plants), GR (gas refineries) use fluorescent lamps 

type LD 80-2. Indoor lighting characteristics are shown in Table 6.4. 

The sources of noise in the production include electric motors, pumps, process 

equipment. The permissible sound pressure level at the workplace in the complex gas 

preparation facility is given in Table 6.5 [21]. 
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Table 6.1- List of harmful and dangerous production factors 

Harmful and dangerous production 

factors 
Sources of their origin 

Toxic substances: methane hydrocarbons 

series, unbounded hydrocarbons, 

hydrogen sulfide in mixtures with carbon, 

methanol, ethanol, acetone, carbon monoxide,  

ethylene glycol 

Flue gas pipelines, fountain 

fittings, block of input threads of GOSP, 

GOSP technological equipment, threads 

introduction of methanol, gas pipelines, 

oil pipelines, etc. 

Noise 

Reduction equipment, compressor 

equipment, purge equipment 

wells and the like 

Voltage (380 / 220V) 

Stations of electrochemical protection, 

power 

drives of compressor and pumping 

stations, auxiliary industrial 

lighting equipment, lightning rods 

Explosion Fire - Category A 

Collection sites and 

gas preparation, compressor stations, 

switchgear stations 

 

Table 6.2 - Characteristics of harmful substances 

Substance Toxicity MPC, mg/m3 Danger class 

Hydrocarbons 

methane series 

Acts on the central 

nervous system 

300 in terms of 

carbon 
4 

Unlimited 

hydrocarbons 

Acts on the central 

nervous system, 

organs 

breath 

100 4 

Н2S 
Acts on the central 

nervous system 
10 3 

Hydrogen sulfide in 

the mixture 

with carbon 

Acts on the central 

nervous system 
3 3 

Methanol 
Acts on the central 

nervous system 
5 3 

Ethanol 
Acts on the central 

nervous system 
1000 4 

Ethylene glycol 
Acts on the central 

nervous system 
10 3 

Acetone 
Acts on the central 

nervous system 
200 4 

Ammonia 
Acts on the central 

nervous system 
20 4 

Extralin 
Acts on the central 

nervous system 
3 3 

Carbon monoxide 
Effects on organs 

breath 
20 4 
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Table 6.3 - Values of optimal and acceptable microclimate parameters 

The period of 

the year 

Category works 

on energy costs 

Temperature, 

°С 

Relative 

humidity, % 

Speed of 

movement 

air, m/s 

Cold ІІа  are permissible  

  17-23 Not more than 75 0,3 

   optimal  

  18-20 40-60 0,2 

Warm ІІа  are permissible  

  17-23 Not more than 75 0,2-0,4 

   optimal  

  20-23 40-60 0,3 

 

Table 6.4 - Lighting characteristics 

The name of 

room 

Floor area, 

m2 

The 

category of 

visual work 

Lighting 

natural artificial 

Kind of 

lighting 

(side, top) 

KPO, 

еN, % 

Normalized 

illumination, 

Еmin, lux 

GOSP 60 VIIІ side 0,09 30 

 

6.4 Remedies 

 

Raw (unprepared or extracted) gas from wells enters the first stage of separation, 

the main apparatus of which is the inlet separator (drip), in which the liquid fraction is 

separated from the gas, including unstable hydrocarbon condensate in the case of oil 

and gas. or saturates the gas flow in wellbores and gas networks. After the first stage of 

separation, the separated gas enters the gas-to-gas heat exchanger for recovery of cold 

from the displaced gas, where it is cooled by 10-15°C or more. 

The cooled gas from the heat exchangers is fed to the throttle body, which lowers 

the temperature decreases from -10°C to -30°C depending on the created differential 

pressure. After the throttling device, the exhaust gas, together with the condensed 

residual liquid phase, enters the low-temperature separator, where the liquid phase 

(aqueous and hydrocarbon) is separated from the gas-liquid stream. Purified by 

moisture and heavy hydrocarbons, the cold gas is fed to the recuperative heat exchanger 

to create a counterflow with the "raw" gas and to cool the latter and further enters the 

pipeline as a marketable product. 

In the heat exchanger, the throttle and the low-temperature separator, hydrate 

formation inhibitors – methanol, diethyl glycol, triethylene glycol (as the most common 

and effective) are used to prevent hydrate formation. Provided high content of high salt 

content in the gas-liquid stream or during the preparation of petroleum gas for 

prevention. the deposition of hydrates in the heat exchanger and low-temperature 

separator use complex inhibitors. In the case of fixing the possibility of corrosion in the 

inhibitor is introduced and anti-corrosion reagents. 
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Moisture and hydrocarbon condensate released into the separator are fed to the 

separator, where the hydrocarbon condensate is partially degassed by gradually 

reducing the pressure. 

The condensate is then sent to a stabilization unit (aerator), after which the 

condensate is finally supplied to a separate unit where its fractionation takes place in 

order to obtain the target product. The spent liquid solution goes to the appropriate 

regeneration plant. Technological systems, their individual elements, equipment have 

the necessary locking devices, controls and interlocks to ensure safe operation. 

Automatic control and emergency protection systems are provided to prevent the 

formation of explosive environments and other emergencies in the process of deviation 

from the maximum permissible parameters in all operating modes, which cause a safe 

stop or transfer of the process to a safe state. 

 

Table 6.5 - Acceptable sound pressure and sound levels 
Types of 

labor 

activities, 

rooms, 

working 

places 

Sound pressure levels in dB in octave bands with 

geometric frequencies, Hz Sound levels 

and 

equivalent 

sound levels 
31,5 63 125 250 500 1000 2000 4000 8000 

End 

frequencies in 

octave bands, 

Hz 

22 

45 

45 

90 

90 

180 

180 

360 

360 

720 

720 

1440 

1440 

2880 

2880 

5760 

5760 

11520 
22 – 11520 

The 

fulfillment of 

all 

types of work 

in 

production 

premises and 

on 

territory 

enterprises 

107 95 87 82 78 75 73 71 69 80 

 

During the start-up or shutdown of equipment (apparatus, pipeline sections, etc.), 

measures are taken to prevent the formation of explosive mixtures in the technological 

system – purging with inert gas. 

The metal parts of the live equipment have visible elements to connect the 

protective earth. The "Earth" symbol is displayed next to this element. 

Open moving and rotating parts of equipment, apparatus, mechanisms, etc. must be 

enclosed or enclosed in enclosures. Such equipment is equipped with locking systems 

with starting devices that prevent its start-up in the absence or open fence. 

The temperature of the exterior surfaces of equipment and housings of thermal 

insulation coatings should not exceed the temperature of self-ignition of the most 



61 

 

 

 

explosive product (gas-oxygen mixture), and in places accessible to service personnel, 

the possibility of burns of personnel during the performance of work is excluded. 

The centrifugal pump and compressor discharge line provides for the installation of 

a non-return valve to prevent the movement of transported substances in the reverse 

direction and, if necessary, of a relief valve. 

Pumps used for injection of flammable and combustible liquids are equipped with 

warning devices for violations of the operating parameters affecting safety. 

Personal protective equipment for use on explosive objects is provided. The 

overalls are made of heat-resistant and antistatic materials. 

Work on chemically hazardous production sites related to the development of 

fields containing hydrogen sulfide and other harmful substances is carried out with the 

use of insulating breathing apparatus. 

 

6.5 Electrical safety 

 

Electrical network parameters: current type – variable; mains voltage – 220/380 V; 

frequency – 50 Hz. Power Neutral Mode is a three-phase, four-wire, grounded neutral 

network. Class of GOSP premises according to the degree of danger of electric shock – 

II (with high risk) [14]. The cells of the switchgear of the drilling rigs, calculated on a 

voltage of 6 kV, are equipped with a locking device and lock, which eliminates the 

possibility of: 

- operation of the disconnect switch with the oil, vacuum, gas or circuit breaker 

switched on; 

- switching on the switch when the tailgate is open; 

- rear door open when the switch is on. 

Horizontal distance from the extreme wire of the overhead power line with a 

voltage of 6-10 kV (at its largest deviation) to the pumping room, household and other 

structures of the drilling rig is not less than 2 m, and for overhead lines up to 1 kV – not 

less than 1.5 m. 

To ensure the safety of people, metal parts of electrical installations, enclosures of 

electrical equipment are made in accordance with the requirements [15]. Protective 

grounding is provided. 

Any installations, explosion-proof facilities for the extraction, collection and 

preparation of gas and gas condensate, oil and gas wells repair shall have portable lamps 

with a voltage not exceeding 12 V in explosion-proof version and equipped with a 

protective mesh against mechanical damage. 

 

6.6 Fire safety  

 

In case of explosion and fire, the facilities for the collection and preparation of oil 

and gas products are classified in category A [16]. Fire resistance of building I [17]. 

Area class 2 [18]. 
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Electrical equipment (machines, apparatus, devices), control instruments, electrical 

fixtures, interlocks, telephone sets and signaling devices therefor, installed in explosion-

proof zones of Classes 0, 1 and 2 are made in an explosion-proof design and have a 

level of explosion protection that meets the requirements presented [19]. 

 

6.7 Environmental protection 

 

The field development company must develop and agree with the relevant state 

supervisory authorities an Environmental Action Plan within the field of sanitary 

protection zone of the field and ensuring the safe functioning of the population in the 

surrounding territories. Prior to the commissioning of the field and during its further 

development, the enterprise must annually inform the land users within the contour of 

the field and in the adjacent territories about the peculiarities of land use within the 

mining of the field, in writing and through the mass media. 

An inspection of the state of underwater transitions through water obstacles within 

the contour of field shall be carried out annually. The water mirror at the junction 

junctions should be inspected daily. 

The field development company should set up an environmental laboratory that 

will be required to provide monthly environmental information to the management of 

the enterprise, the public and the relevant state oversight bodies [20]. 
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7 CIVIL PROTECTION 

 

Civil protection is a function of the state aimed at protecting the population, 

territories, the environment and property from emergencies by preventing such 

situations, eliminating their consequences and assisting victims in peacetime and in a 

special period [33-35]. 

This section of the diploma deals with the topic: «Classification of emergencies. 

Subjects of civil protection. Basic principles of civil protection. A single state civil 

protection system». 

 

Classification of emergencies 

Emergencies are classified by nature of origin, extent of spread, extent of 

humanloss and materialloss. 

Depending on the nature of the events that may cause emergencies inUkraine, the 

following types of emergencies are identified: 

1) technogenic character; 

2) natural in nature; 

3) social; 

4) the military. 

Depending on the volume of the consequences caused by an emergency situation, 

the amount of technical and material resources necessary for their elimination, the 

following levels of emergency situationsaredetermined: 

1) state; 

2) regional; 

3) local; 

4) object. 

The procedure for classification of emergencies by their levels shall be established 

by the Cabinet of Ministers of Ukraine. 

Classification signs of emergencies are determined by the central executive body, 

which ensures the formation and implementation of statepolicy in the field of civil 

protection. 

 

Subjects of Civil Protection 

Civil protection is ensured taking into account the features defined by the Law of 

Ukraine "On the basic sofnational security of Ukraine", by the entitiesauthorized to 

protect the population, territories, environment and property, inaccordance with the 

requirements of this Code – in peacetime, as well as in a specialperiod – within the 

framework of the implementation of the state measureson defense of Ukraine. 

Coordination of the activity of executive authorities in the field of civil protection 

with in the limits of their powers is carried out by: 

1) the National Security and Defense Council of Ukraine; 

2) the Cabinet of Ministers of Ukraine. 
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To coordinate the activities ofcentral and local executive authorities, enterprises, 

institutionsand organizations related to technogenic and environmental security, 

protection of the population and territories, prevention and response to emergencies: 

1) the Cabinet of Ministers of Ukraine establishes the State Commissionon 

Technogenic and Environmental Safety and Emergencies; 

2) Regional committees on technogenic and environmental safety and emergencies 

are formed by the Council of Ministers of the Autonomous Republic of Crimea, 

regional, Kyiv and Sevastopol city state administrations; 

3) local commissions on technogenic-environmental safety and emergency 

situations are formed by district state administrations, executive bodies of city councils, 

rayonsincities and town councils; 

4) governingbodies of enterprises, institutionsand organizations set up 

commissions on emergency situations. 

Special emergency response committees are set up to coordinate work on the 

elimination of a specific emergency and its consequences at the state, regional, local and 

object levels. 

 

Basic Principles of Civil Protection 

Civil protection is based on the following basic principles: 

1) guaranteeing and guaranteeing the constitutional rights of citizens for protection 

of life, health and property; 

2) a comprehensive approach to solving civil protection problems; 

3) priorityof tasks aimed at saving lives and preserving the health of citizens; 

4) the maximum possible, economically justified reduction of the risk of 

emergencies; 

5) centralization of management, uniformity, subordination, statutory discipline of 

the Operative-rescue service of civil protection, emergency-rescue services; 

6) publicity, transparency, free receiptand dissemination of public in formation on 

the state of civil protection, except for the restrictions established by law; 

7) voluntariness – in the case of in volving citizens in the implementation of civil 

protection measures related to the risk to their life and health; 

8) responsibility of officials of state and localself-governmentbodies for 

compliance with the requirements of the legislation on civil protection; 

9) the justified risk and responsibility of the leaders of the civil protection for 

cesfor the safety during emergency rescue and other emergency operations. 

 

Unified State Civil Protection System 

Ensuring the implementation of state policy in the field of civil protection is 

carried out by a single state system of civil protection, which consists off unctional and 

territorials ubsystems and their units. 

The provisions on the unified state system of civil protection, the typical 

provisions on the functional and territorial subsystems are approved by the Cabinet of 

Ministers of Ukraine. 
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The main tasks of a unified state system of civil protection are: 

1) ensuring the readiness of ministries and other central and local executive 

authorities, local self-goverment bodies, their subordinate forces and means to take 

actions aimed at preventing and responding to emergencies; 

2) ensuring the implementation of measures to prevent emergencies; 

3) education of the population on behavior and actions in case of emergency; 

4) implementation of state targeted programs aimed at preventing emergencies, 

ensuring the stable functioning of enterprises, institutions andorganizations, reducing 

possible material losses; 

5) processing of information on emergencies, publication of information materials 

on protection of the population and territories from the consequences of emergencies; 

6) forecasting and assessment of socio-economic consequences of emergencies, 

determination based on the forecast of the need for forces, means, material and financial 

resources; 

7) creation, rational preservation and use of the reserve of material and financial 

resources necessary for the prevention and response to emergencies; 

8) notification of the population about the threatand emergencies, timely and 

reliable information on the actual situation and measures taken; 

9) protection of the population in case of emergencies; 

10) carrying out rescue and other urgent work one limination of the consequences 

of emergencies, organization of life support for the affected population; 

11) mitigation of possible consequences of emergencies in case of their 

occurrence; 

12) implementation of measures for social protection of the affected population; 

13) the exercise of the rights defined by law in the field of protection of the 

population from the consequences of emergencies, including persons (or their families) 

who were directly in volved in the elimination of these situations; 

14) other tasks specified by law. 
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CONCLUSIONS 

 

In the diploma paper the actual problem of petroleum engineering was solved – 

we proposed very interesting and economically effective method for using gas at 

Greenfields that don’t connect with magistral gas pipelines. It’s LNG production at 

wells. 

It’s well known that 80% of oil-gas-condensate fields in Ukraine are considered to 

be mature fields (Brownfields) or in another world in the last stages of development 

while the rest 20% are Greenfields. 

An exist field (Sviatogirsk) in Kharkiv region was considered for further 

development which is a Greenfield with low production and has no connection to the 

gas pipeline system and located far away from the production facilities. Moreover the 

produced gases are being flared meaning that the current cash flow is zero. The data of 

this field was stated in this research. 

This paper introduce a solution for such problem by a possible implementation of 

LNG production station with its technological description and its investment plan, 

which turns natural gas into LNG at area and use it instead of diesel fuel. 

The idea of project is as follows. There are many promising Greenfields in 

Ukraine, which are located at a considerable distance from the main gas pipelines. This 

significantly increases the cost of field development and gas production. Also, when 

wells are idle, a large volume of gas is flared, which negatively affects both the 

economic value of project and the environment. 

Therefore, we propose liquefied gas production technology, which is more cost-

effective than connecting wells to the general infrastructure. 

We propose to use liquefied gas as a fuel when drilling new wells at this or 

neighboring fields. Since the purchase of fuel is a very significant part of the budget 

when drilling wells. 

The economic calculations of project implementation are considered on the 

example of Sviatogirsk gas-condensate field. Economical effect with LNG from wells 

of Sviatogirsk field can around USD 9 mln. per year and can be applicable to many 

other wells. 
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Відгук на магістерську роботу  

«Виробництво скрапленого природного газу на ділянках Greenfield (Україна)»  

студента 6 курсу групи XT-M619ie Хассан Мохамед Салахелдін Шабан Ахмед 

 

В магістерській роботі вирішено сучасну актуальну проблему нафтогазової 

інженерії – обґрунтовано механізми запровадження схеми виробництва СПГ на 

фоні сучасного використання вуглеводнів з Грінфілдів та розраховано економічну 

доцільність даного проекту. 

Під час досліджень студентом проведено:  

- комплексний аналіз матеріалів розвідки та розробки Святогірського 

родовища; 

- аналіз результатів буріння та випробування свердловин на родовищі; 

- аналіз технічних та економічних матеріалів виробництва скрапленого газу 

на нафтогазових об’єктах; 

- аналіз механізмів впровадження процесу на Грінфілдах. 

Отримані наступні власні результати: 

1) запропоновано впровадження методу отримання скрапленого газу 

безпосередньо на свердловинах Грінфілдів; 

- наведено для прикладу Грінфілд - Святогірське родовище, та розраховано 

всі можливі варіанти його розробки; 

- розраховано економічну доцільність від впровадження технології. 

Студент добре знається на технічних та економічних аспектах розрахунків. 

За їх результатами визначено ефективність впровадження даної технології. 

Практичною цінністю роботи є запропонована студентом модель 

впровадження виробництва скрапленого газу та приклади об’єктів для цього. 

Дана кваліфікаційна робота виконана на високому рівні. Хассан Мохамед 

Салахелдін Шабан Ахмед рекомендується до отримання ступеню магістра по 

спеціальності 185 «Нафтогазова інженерія та технології». 

 

 

 

Керівник проекту                                                                                     Левонюк С. М. 



Рецензія дипломної (магістерської) роботи 

«Виробництво скрапленого природного газу на ділянках Greenfield (Україна)»  

студента 6 курсу групи XT-M619ie Хассан Мохамед Салахелдін Шабан Ахмед 

 

Дана магістерська робота виконувалася для вирішення важливої інженерної 

проблеми в нафтогазовій індустрії – обґрунтування економічної доцільності 

запропонованої схеми виробництва СПГ на фоні сучасного використання 

вуглеводнів з Грінфілдів. 

Світовий попит на скраплений природний газ за останні роки швидко зростав 

через причини енергетичної безпеки та сталого розвитку. У цьому проекті для 

подальшої розробки було розглянуто діюче газоконденсатне родовище 

(Святогірське), яке є Грінфілдом з низьким рівнем видобутку і не має зв’язку з 

газопроводною системою та розташоване далеко від виробничих потужностей. 

Цей проект запроваджує рішення такої проблеми шляхом можливої реалізації 

станції виробництва СПГ з її технологічним описом, який перетворює природний 

газ у СПГ на цій же території та використовує останній замість дизельного 

палива. 

За допомогою проведених досліджень, отримані наступні результати: 

- запропоновано впровадження методу отримання скрапленого газу 

безпосередньо на свердловинах Грінфілдів; 

- наведено для прикладу Грінфілд - Святогірське родовище, та розраховано 

всі можливі варіанти його розробки; 

- розраховано економічну доцільність від впровадження технології. 

Але до магістерської роботи є деякі зауваження: 

1) трішки не доведена до кінця технічна сторона даного проекту; 

2) необхідно показати усі економічні розрахунки, а не тільки їх результати. 

У цілому, кваліфікаційна робота є цікавою та виконана на досить високому 

рівні. Хассан Мохамед Салахелдін Шабан Ахмед рекомендується до отримання 

ступеню магістра по спеціальності 185 «Нафтогазова інженерія та технології». 

 

 

 

Рецензент                                                                                                         Лур'є А. Й. 


