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ABSTRACT 

The utilization of by-products of oil and gas production, such as associated petroleum gas, weathering gases and 

others is one of the most urgent ecological problems in the oil and gas complex today. In this regard a reduction of the 

emissions of methane at gas processing facilities by using substandard weathering gases for heat generation was the aim of 

this work. A technical justification for the use of substandard gas was carried out in the work and an original flow chart for 

collecting, storing and using weathering gases was proposed and justified. Moreover an environmental and economic 

justification of the proposed flow chart implementation was given on example of one of the existing gas condensate plants 

in northern Russia. 

 
Keywords: ecological monitoring, natural gas, methane, substandard gases of weathering, heat generation, environmental and economic 

justification. 

 

INTRODUCTION 

Regulatory technological losses of natural gas in 

Russia according to the official data of the Ministry of 

Energy of the Russian Federation for the last ten years 

ranged from 0.141% (0.84 billion cubic meters) in 2017 to 

0.62% (3.72234 billion cubic meters) in 2014 of the gas 

production volume. The change in production volumes 

and standard of loses of natural gas over the years are 

presented in Figure-1 [1]. It compares with the natural gas 

consumption of small countries, such as Lithuania (3.3 

billion cubic meters), Switzerland (3.2 billion cubic 

meters), Serbia (2.8 billion cubic meters), Bulgaria (2.5 

billion cubic meters), Latvia (1.5 billion cubic meters) and 

others. Every year the demand for natural gas in the world 

market is increasing, and the anthropogenic load of the gas 

industry on atmospheric air is increasing. It makes to seek 

and implement new ways to reduce gas losses, usually 

through the use of by-product gases to produce a 

marketable product - heat and energy. 

 

 
 

Figure-1. The change in production volumes and standard of loses of  

natural gas over the years. 

 

A significant amount of losses of natural gas at 

gas-condensate plants is accounted for technological 

operations associated with the emptying of equipment, 

which makes up 20% of the total losses, that is up to 0.75 

billion cubic meters of natural gas. Its technical name is 

weathering gases. Weathering gases are due to organized 

controlled emissions, but its quality is close to marketable. 

It suggests economic losses of enterprises and reasonable 

prospects for its industrial use. 

The increase in the production of compressed 

natural gas inevitably leads to an increase in the 

environmental burden on the components of the 

environment and to the intensification of global climate 

change processes as a result of the emission of greenhouse 

gases. In Russia, as one of the leading producers and 

suppliers of natural gas, the task is set in the near future to 

make a qualitative leap in solving the problem of methane 

emissions and rational use of natural resources [2], 
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therefore, the search and implementation of new measures 

to reduce emissions and efficient utilization of weathering 

gases are priorities gas industry [3]. 

The paper considers a gas condensate plant 

located in the Yamalo-Nenets Autonomous District 

(Tyumen Region, Russia). 

 

MATERIALS AND METHODS 

Wide range of research methods was used in the 

scientific work. The work was carried out with the use of 

project data of the enterprise, statistical data on the 

volumes of pollutant emissions at oil and gas enterprises in 

Russia as a whole and in the Tyumen region in particular. 

A review was made of patent research on the use and 

disposal of combustible weathering gases. 

The main methods of research were: system 

analysis of the fundamental scientific works of Russian 

and foreign scientists in the field of natural gas 

transportation and minimization of environmental 

consequences of this process; environmental monitoring of 

atmospheric air in the form of field observations of 

methane concentration during the scheduled and repair 

outages of gas compressor units; mathematical methods in 

accordance with the approved methods for calculating the 

complete dispersion of methane in atmospheric air; 

methods of mathematical statistics and cartographic 

modeling for constructing maps reflecting the ecological 

situation on the territory of the compressor station location 

at the moments of volley emissions of weathering gases. 

Environmental monitoring of the atmospheric air 

was carried out in accordance with GOST 17.2.4.02-81 

“Protection of nature. Atmosphere. General requirements 

for methods for determining pollutants” [4]. General 

requirements for methods for determining pollutants” [4]. 

At the same time, monitoring was carried out not only 

during the gas volley emission period, but also during the 

normal operation of the compressor station. These studies 

confirmed the hypothesis that the main negative impact on 

the atmospheric air is exerted only in the period of the gas 

compressor units outage, while during normal operation of 

the compressor station, the methane concentrations in the 

air are much lower than the established standard. 

Calculation of methane dispersion in the 

atmosphere was carried out in accordance with order of 

the Ministry of Natural Resources of the Russian 

Federation of 06.06.2017 №273 “On the approval of 

methods for calculating the dispersion of emissions of 

harmful (polluting) substances in the atmosphere” [5], as 

well as in accordance with the guidance document RD 

52.18.717-2009 “Methodology for calculating the 

dispersion of pollutants in the atmosphere in case of 

accidental emissions” [6]. 

Simulation of the ecological situation on the 

territory of the compressor station and construction of 

ecological maps was carried out by means of the software 

“Unified Program for Calculation of Atmospheric 

Pollution” (Russia), which is based on order of the 

Ministry of Natural Resources of the Russian Federation 

of 06.06.2017 №273 “On the approval of methods for 

calculating the dispersion of emissions of harmful 

(polluting) substances in the atmosphere”» [5]. 

Measurement of the concentrations of methane, 

ethane, propane, as well as gaseous impurities H2, N2, O2, 

CO, CO2, NO2, SO2 a gas chromatograph with packed 

columns and a thermal conductivity detector “Chromatec 

Crystal 5000.1” was used. The device is equipped with 

equipment for the introduction of gas samples from the 

bag-sampler. Additionally, a “Shimadzu GCMS-QP2010” 

gas chromatography-mass spectrometer and a stand-alone 

portable gas chromatograph with a FGH-1 highly sensitive 

photo-ionization detector were used. 

The whole scientific instrumental base for 

carrying out field surveys and mathematical processing of 

the obtained results and cartographic modeling were given 

by the Laboratory of Environmental Monitoring of the 

Saint-Petersburg Mining University [7]. 

 

RESULTS AND DISCUSSIONS 

The main activities of the enterprise in question 

are the extraction, preparation, transportation, storage and 

processing of liquid and gaseous hydrocarbons, as well as 

the development and exploitation of gas and gas 

condensate fields. Weathering gases are represented by the 

following volumetric composition: С3H8 - 0.0-0.02%, He - 

0.01-0.02%, Ar - 0.01-0.03%, H2 - 0.002-0.04%, C2H6 - 

0.0-0.15%, CO2 - 0.2-0.3%, N2 - 0.7-1.7%, CH4 - 97.8-

99%. 

The structure of the considered enterprise 

currently includes two production sites: the Southern area 

and the Northern area. The camp is located 1.5 km from 

the facilities of the Southern area and 10 km from the 

facilities of the Northern area. The integrated 

technological scheme of the enterprise is shown in Figure-

2. 
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Figure-2. The integrated technological scheme of the enterprise (green blocks - objects at a gas condensate 

plant, white blocks - objects outside a gas condensate plant). 

 

There are 270 sources of emissions of pollutants 

into the atmosphere at the enterprise, of which: 12 

unorganized sources of emissions and 258 organized 

sources of emissions. There are three different modes of 

operation of sources emissions - constant, salvo and 

emergency. 

The total gross emission in the whole enterprise 

is 7,711 tons per year, of which: 

- the southern area of the enterprise - 2,984 tons 

per year from sources with a constant emission mode; 

3,957 tons per year from sources with a salvo emission 

mode; 18 tons per year from sources with an emergency 

emission mode; 

- the northern area of the enterprise - 155 tons per 

year from sources with a constant emission regime; 585 

tons per year from sources with a solve emission regime; 

12 tons per year from sources with an emergency emission 

regime. 

Methane is a main contaminant at the enterprise. 

Methane emissions at the enterprise in question are 

presented in Table-1. 
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Table-1. Methane emissions at the enterprise. 
 

Name of production facility Name of emission source 

Methane emissions 

Maximum one-time 

emission. grams per second 

Gross emission. 

tons per year 

The southern area 

Clusters of gas wells Gas-fractionation unit 2997.64 1256.23 

Common collector Weathering gases exhaust system 1661.36 569.54 

Inlet and gas separation shop Deflector 0.12 3.93 

 
Weathering gases exhaust system 102.85 4.95 

Gas drying shop Deflector 0.09 2.75 

 
Weathering gases exhaust system 571.81 6.84 

Gas pumping units Weathering gases exhaust system 838.16 160.41 

 
Gas-fractionation unit 2222.12 1029.00 

Absorber blocks Weathering gases exhaust system 43.99 5.32 

 
Exhaust pipe 2.41 35.57 

Compressor shop Weathering gases exhaust system 2091.18 1525.17 

 
Deflector 0.03 1.02 

 
Gas-fractionation unit 29020 971.36 

Total  39551.76 5572.09 

The northern area 

Clusters of gas wells Gas-fractionation unit 2059.09 250.54 

Gas pretreatment shop Vent pipe 0.26 8.23 

 
Deflector 0.07 2.27 

Common collector Weathering gases exhaust system 18.34 2.17 

 
Gas-fractionation unit 951.50 12.12 

Total  3061.41 275.39 

Total in at the enterprise  42613.17 5847.48 

 

Due to the 20-fold excess of methane emissions 

from the facilities of the Southern area in comparison with 

the Northern one, as well as the remoteness of the 

Northern area from the shift camp, all calculations were 

made on the basis of methane emission sources at the 

Southern area. 

A cartographic model of methane dispersion in 

the surface atmosphere from the facilities of the Southern 

area was constructed based on the environmental 

monitoring data is shown in Figure-3. The influence of 

development [8] and background concentrations [9], 

created by the objects of the Northern area, was taken into 

account when a cartographic model was building. The 

coefficients, calculated as the ratio of the current 

concentration of methane to the normative indicator of its 

concentration in atmospheric air, have marked on contour 

lines. Thus, this ratio shows how many times the 

concentration is exceeded relative to the standard [10]. 
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Figure-3. A cartographic model of methane dispersion in the surface atmosphere from 

the facilities of the Southern area. 

 

The main reason for the migration of air 

pollutants is a constant, volley and emergency emissions 

from weathering gases exhaust system and horizontal 

flares. This process is necessary for the disposal of excess 

produced gas, repairs of units and emergency shutdown of 

production. 

Planned stops are made for the repair of the 

absorbers of the gas dehydration workshop, the separators 

of the pump-tank equipment workshop, the separators of 

the gas inlet and gas separation workshop and the heater of 

the fire regeneration unit of the fire regeneration 

workshop. Discharge of gas from the process equipment is 

carried out on the purge plugs of the same workshops [11]. 

At planned shutdowns of the rest of the process 

equipment, an integrated gas treatment unit (GTU) gas is 

directed to the weathering gases exhaust system of the 

GTU. 

Permanent discharge of weathering gas is carried 

out to the weathering gases exhaust system of the pump-

tank equipment workshop. 

An emergency discharge of gas from the 

separators of the gas inlet and gas separation shop is 

provided for the weathering gases exhaust system of the 

GTU. 

When gas-dynamic and geophysical studies, 

blowing gas compact droplet separators, as well as the 

elimination of hydraulic plugs, during underground repair 

of wells in the implementation of the overhaul of wells, 

gas is discharged through horizontal flares of gas wells 

[12]. 

Possible methods of disposal of weathering gases 

in the enterprise, their advantages and disadvantages are 

presented in Table-2 [3], [13], [14]. 
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Table-2. Possible methods of disposal of weathering gases in the enterprise, their advantages and disadvantages. 
 

Methods of disposal of 

weathering gases 
Advantages Disadvantages 

Injection of weathering 

gases into the reservoir 

- preservation of gases with the possibility of 

future use. 

- danger of gas penetration into aquifers 

and pollution of water sources; 

- inefficient use of a valuable resource; 

- high cost of equipment. 

Translation into a 

liquefied view 

- ample opportunities of use in the industry, 

transport, housing and communal services. 
- high cost of equipment. 

Transfer to compressed 

view 

- the possibility of returning gas to the 

production cycle. 

- complexity of the process; 

- gas quality (temperature and pressure 

indicators) is economically justified only 

in summer. 

Methanol production 

- elimination of emissions into the atmosphere, 

both of weathering gases themselves, and 

products of its burning and processing; 

- possibility of using own-produced methanol 

in production. 

- high cost of equipment; 

-significant energy costs for the production 

of synthesis gas and its purification; 

- a long process of setting up equipment. 

Power generation 
- a significant reduction in the cost of energy 

supply of the enterprise. 

- high demands on the quality of the used 

gas in order to ensure the stable operation 

of gas turbines. 

Heat generation 

- the possibility of using gas of any quality; 

- low cost of equipment; 

- ease of installation, operation and 

maintenance; 

-  the need for constant heating in conditions of 

low temperatures of the north. 

 

 

Today, the company uses for heating production 

sites and residential areas of camp a boiler room with three 

boilers KVGM-4 (4000 KW), which use marketable gas of 

the gas field under consideration as fuel. 

Detailed analysis and calculations had made by 

authors in the work,  which allowed to choose the best 

way to upgrade heating system by installing an additional 

boiler of the Prextherm RSW 4000 series (4000 kW) in the 

boiler room, which can use a weathering gases as a fuel. 

Due to its design features this boiler is unpretentious to the 

quality of the gas used, works in a wide pressure range and 

is equipped with an automated control system that makes 

possible disposal of weathering gases from candles and 

horizontal flares. 

Scheme of using weathering gases and flare gas 

for heating with the use of the proposed process equipment 

is shown on Figure-4. 

 

 
 

Figure-4. Scheme of using weathering gases and flare gas for heating with  

the use of the proposed process equipment. 

 

Legend in Figure-4: 1- hot water boiler; 2 - 

weathering gases exhaust system; 3 - horizontal flare 

units; 4- pipeline with marketable natural gas; 5 - 

automated control system; 6 - control room; 7 - outdoor 

radiator-heat exchanger; 8 - industrial premises; 9 - 

buildings of the camp; 10 - solenoid control valves; 11 - 

heating sensors; 12 - separator; 13 - variable volume gas-

holder. The red lines are the hot water flow system; the 

blue lines are the cold water flow system; brown lines - 
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gas supply lines; gray lines - sensor and valve control 

system. 

The weathering gases enter the separation and 

accumulate into a soft gas-holder of variable volume. The 

gas from gas-holder through pipelines enters in the hot 

water boiler, in which it is burned and heat water. Hot 

water flows through the hot water supply pipeline to 

production facilities and residential areas of camp. Cold 

water flows return to the boiler after use for further 

heating. In the case of the formation of excess thermal 

energy, it is discharged through an outdoor radiator heat 

exchanger. The lack of weathering gases is compensated 

by the use of marketable natural gas. Water temperature 

and electromagnetic regulating and shut-off valves are 

regulated by an automated control system. The boiler 

maintains constant low burning, which is required by the 

current rules for safe discharge and disposal of weathering 

gases in the utilization equipment. 

Due to the fact that the emitted gas is mainly 

represented by methane, its complete combustion in the 

boiler with excess air leads to the formation of carbon 

dioxide and water, which will lead to a significant 

decrease in the concentration to the level of background 

concentration. 

Gas consumption by the Prextherm RSW 4000 

boiler when issuing a 4000 kW nominal power is 

530 cubic meters per hour [15]. Organized emission 

sources in the southern section of the enterprise, which are 

proposed to be combined with a gas-gathering network, 

produce gross methane emissions of about 5,500 tons / 

year, which corresponds to 3,575 thousand cubic meters in 

year. Taking into account the possible round-the-clock 

operation of the boiler with a 10-month period of 

operation (the cold season of the region in question), it can 

be concluded that this amount of gas will be sufficient to 

fully provide the heat engine with fuel. 

This technological solution will allow using 

weathering gases for its own needs with the production of 

thermal energy and minimizing methane emissions into 

the atmosphere due to the elimination of horizontal flares. 

A cartographic model of methane dispersion in the surface 

atmosphere from the facilities of the Southern area after 

the implementation of the proposed technological solution 

is shown in Figure-5. The coefficients, calculated as the 

ratio of the current concentration of methane to the 

normative indicator of its concentration in atmospheric air, 

have marked on contour lines. Thus, this ratio shows how 

many times the concentration is exceeded relative to the 

standard [10]. 

 

 
 

Figure-5. A cartographic model of methane dispersion in the surface atmosphere 

from the facilities of the Southern area after the implementation of the  

proposed technological solution. 

 

The cost of implementing measures for the use of 

substandard weathering gases in a water boiler is 

determined, on the one hand, by capital costs, and on the 

other, by operating costs [16]. 
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Capital costs include the cost of a Prextherm 

RSW 4000 boiler (35,000 USD), a separator and a flexible 

gas tank of variable volume (available at the enterprise in 

reserve), an automatic control system (included in the 

boiler package), equipment delivery (1, 200 USD), 

construction and installation works (3,000 USD), the cost 

of additional equipment (12, 000 USD). 

Operating costs include the wages of employees 

who operate and maintain the equipment (included in 

current expenses of the enterprise, will not change after 

the introduction of new equipment) and depreciation (2, 

500 USD per year). 

Economic effect of the proposed technological 

solution will consist of savings on the consumption of 

marketable natural gas for heating (15,000 USD per year, 

when calculating round-the-clock work during the heating 

period of 250 days per year) and from reducing 

environmental charges for air pollution (25, 000 USD per 

year). 

The results of calculations of the economic 

efficiency of the proposed technological solution are 

presented in Table-3. 

 

Table-3. The result of calculation of the economic 

efficiency of the proposed technological solution. 
 

Capital costs, USD 51,200 

Operating costs, USD per year 2,500 

Reduction of environmental pays for 

atmospheric air pollution,  USD per year 
25,000 

Saving on loss of marketable natural gas, 
used for heating 

15,000 

 

Thus, based on the calculated data in the table, it 

can be concluded that the payback period of the proposed 

project at the considered gas condensate enterprise will be 

less than one and a half years. 

In addition, as a result of the implementation of 

the proposed event, there is a significant reduction in 

methane emissions into the atmosphere, which is a 

greenhouse gas. 

 

CONCLUSIONS 

Natural gas is one of the most demanded and 

environmentally friendly energy resources, and the sphere 

of production and processing of natural gas is one of the 

most developing and promising industry in the world. Like 

any other production, it requires proper environmental and 

economic regulation, an insufficient level of which can 

have a significant negative impact on all components of 

the natural environment [17]. 

The authors proposed and justified a 

comprehensive system for reducing the anthropogenic 

load on environmental components near a gas-condensate 

enterprise due to the utilization of substandard weathering 

gases by heat generation as part of a scientific study. 

A cartographic model that reflects the ecological 

well-being of the territory exposed to emissions of 

methane and methane combustion products in flares from 

a gas-condensate enterprise was a fundamental scientific 

novelty of the study. 

The applied scientific novelty of the study was 

the ecological and economic justification of the 

technological scheme for the utilization of substandard 

weathering gases to produce heat, what allow saving 

marketable natural gas, which was used to produce 

thermal energy. 

Environmental calculations have shown that 

when implementing the proposed method for utilizing 

substandard weathering gases, atmospheric emissions at 

the field are reduced from thousands of tons per year to 

several tens of tons per year, which significantly improves 

the state of the surrounding environment and reduces the 

negative impact on living organisms near the gas 

condensate enterprise. 

The economic justification for the project showed 

that with a capital costs of just over 50,000 USD and 

operating costs of about 2,500 USD per year, the payback 

period for this project will be about 1.5 years. At the same 

time, the main economic indicators are savings of 

marketable natural gas (15,000 USD per year) and savings 

on environmental charges for air pollution (25,000 USD 

per year). 

Thus, the implementation of the proposed 

environmental protection measure is environmentally and 

economically justified and will eliminate the economic 

losses associated with the unprofitable utilization of 

substandard weathering gases and optimize the 

environmental situation in the region. 
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