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Abstract. The article analyzes and simulates the impact of hazardous substances affecting the shift camp of the Kumkol field. The probability of the main 
explosive gases and vapors accumulation at the field occurs in pipelines with oil and gas wells, in the factory for complex oil preparation and injection, oil and gas 
separators. The article describes on the basis of accident performance models in the zone of damaging factors influence: thermal radiation due to fire, excessive 
explosion pressure and toxic effects of hydrogen sulfide. The initial data on the main scenarios of forecast accidents are based on weather, including wind speed, 
when the oil and gas mixture in the well ignites from a fire and is exposed to thermal radiation from accidents in the oil and gas separator, equipment is destroyed, 
people are damaged and poisoned with hydrogen sulfide.

Key words: Kumkol field, hazardous factors, accident scenarios, well, oil and gas separator, weather, thermal radiation, overpressure, fire, fireball, toxic 
effects of hydrogen sulfide.

Құмкөл кен орны вахталық қалашығына әсер ететін қауіпті заттар әсерін талдау модельдеу
Аңдатпа. Мақалада Құмкөл кен орны вахталық қалашығына әсер ететін қауіпті заттар әсері талданып, модельдеу қарастырылады. Кен орнындағы 

басты жарылғыш газдар мен булардың жиналу ықтималдығы мұнай және газ ұңғымаларымен, мұнайды кешенді дайындау және айдау цехында, 
мұнай-газ сепараторларымен құбырларда орын алады. Мақалада авария қойылымдарының модельдері негізінде зақымдаушы факторлардың әсер ету 
аймағында: өрт әсерінен жылулық сәулелену, жарылыстың артық қысымы және күкіртті сутегінің уытты әсері сипатталады. Болжамдық апаттардың 
негізгі сценарийлері бойынша бастапқы деректер ауа райы, оның ішінде желдің жылдамдығы негізінде, өрттен ұңғымадағы мұнай-газ қоспасы тұтанып 
және мұнай-газ сеператорындағы апаттардан жылулық сәулеленуге ұшырап, жабдықтар қирап, адамдар зақым алып, күкіртсутегімен уланады.

Түйінді сөздер: Құмкөл кен орны, қауіпті факторлар, авария қойылымы, ұңғыма, мұнай-газ сепараторы, ауа райы, жылулық сәулелену, артық 
қысым, өрт, отты шар, күкіртсутектің уытты әсері.

Анализ моделирования воздействия опасных веществ на вахтовый поселок месторождения Кумколь
Аннотация. В статье анализируется и рассматривается моделирование воздействия опасных веществ, влияющих на вахтовый городок Кумкольского 

месторождения. Вероятность накопления основных взрывоопасных газов и паров на месторождении возникает в нефтяных и газовых скважинах, в цехе 
комплексной подготовки и перекачки нефти, в трубопроводах с нефтегазоотделителями. В статье на основе моделей аварий описываются зоны воз-
действия поражающих факторов (тепловое излучение от воздействия пожара, избыточное давление взрыва и токсическое воздействие сероводорода). 
Исходные данные по основным сценариям прогнозных катастроф основаны на погодных условиях, в том числе на скорости ветра. При пожаре воспла-
меняется нефтегазовая смесь в скважине и от аварий на нефтегазоносном сепараторе подвергается тепловому излучению, разрушается оборудование, 
люди получают повреждения и отравляются сероводородом.

Ключевые слова: Кумкольское месторождение, опасные факторы, сценарии аварий, скважина, нефтегазовый сепаратор, погода, тепловое из-
лучение, избыточное давление, пожар, огненный шар, токсическое воздействие сероводорода.

Introduction
At the Kumkol field, 6 shift 

settlements operating on a rotational 
basis work in 2 shifts. Its number of 
workers per shift: in Kumkol – 350 
people, Aryskum – 120, Kyzylkiya – 
70, South-Western Kyzylkiya – 12, 
Maibulak – 8, Karabulak – 32. The 
distance of the shift settlement from 
the mines and from the place of work is 
different, from 3 km to 15 km. Control 
points (operator) were organized to 
monitor and manage technological 
processes for oil production and 
processing at the Kumkol field: 
central operator (dispatching) – in 
shift settlement and factory operator 
(dispatching) – in each department. 
Operators are equipped with a 
technological process control system 
at each stage of oil and gas movement, 
an emergency disconnection system 
in case of exceeding the process 
parameters, a fire detection system, 
turning on automatic fire extinguishing, 

an emergency alarm system. The 
operator’s premises are built of 
fire-resistant materials, equipped 
with heating, ventilation systems, 
fluorescent lighting, and personal 
protective equipment. The magnitude 
of the risk to which employees are 
exposed at field facilities is determined 
by the method of quantitative risk 
assessment. The resulting level of risk 
is assessed according to eligibility 
criteria, after which the necessary mea
sures to reduce it are developed [1].

Materials and research methods
The process of production, 

transportation, processing and 
storage of oil and gas products at 
the Kumkol field is characterized 
as extremely hazardous production. 
This is associated with explosive and 
fire hazardous products and the risk 
of technological processes occurring 
under high pressure.

Potential damaging factors in the 
oil and gas industry, resulting from 

non-compliance with safety 
measures, injury to personnel in this 
industry, and even death:

▪ thermal radiation from a combus
tible oil and gas mixture of gas or oil;

▪ poisoning with toxic hydrocarbon 
combustion products;

▪ exposure to excess pressure from 
the explosion of vapors of petroleum 
products;

▪ poisoning with gas vapors 
containing hydrogen sulfide.

The main hazardous substances 
involved in the technological process 
at the field are oil production products: 
reservoir oil, oil gas, degassed oil, 
demulsifiers used to separate water 
from oil in the process of oil emulsion 
decomposition and oil separation, 
inhibitors used to prevent corrosion 
and salt scale, as well as other chemical 
reagents and substances1, 2.

Hydrogen sulfide is present in 
many operations related to oil and 
gas. If safety measures are constantly 

1Davydova S.L., Teplyakov V.V. Hydrocarbon fuel and its impact on the environment. – M.: RUDN, 2012. – 136 p. (in Russian)
2Priymak V.V. Methodology of complex technological listening for fire safety management of petroleum products storage facilities. – SPb., 2017. – 146 p. (in Russian)
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observed, work with it can be safely 
carried out. Many fatal cases are 
caused by poisoning from it. The 
consequences of an accident are 
likely to be different. It depends on 
the number, volume of discarded 
materials, duration of disposal, speed, 
non-combustion combustion. The 
severity of the consequences of an 
accident is influenced by the stability 
of atmospheric phenomena, wind 
speed and direction [2, 3]. Therefore, 
in models of accident performances to 
identify the main damaging factor:

▪ in case of fire – distance to beam 
acquisition level 37,5kWm2;

▪ the distance of the gas-air mixture 
cloud to the shock wave when it 
explodes 35 KPa;

▪ toxic effects of spills – is 
determined by the distance to the 
maximum impact level.

The effects of spilled hydrogen sulfi
de are determined in these parameters:

▪ the content of hydrogen sulfide 
in the air (MES) in the working area 
of oil, which belongs to hazardous 
substances, mg/m3: Н2S – 3,0, R-SH – 
0,8 (GOST 12.1.011);

▪ maximum allowable amount in 
the air, mg/m3: Н2S – 0,008; R-SH – 
9 × 10–6 (RK SanRaN.3.02.036.99);

▪ lethal dose LCt50, dose Н2S – 750 
– 100 mg/m3;

threshold sensing toxic dose РCt50, 
Н2S – 200-280 mg/m3;

▪ lethal concentration ЛК50: Н2S – 
227mg/l, R-SH – 20 mg/l.

Results and their discussion
The main scenarios of predicted 

accidents are a well fire, a pipe 
explosion, a drop in pressure at 
the joints, a failure of shut-off 
equipment, the formation of excess 
pressure in the tanks [4].

1. Ignition of the oil and gas 
mixture in the well. In Figures 2-3 
the horizontal flow of fire from the 
well in the diagram of the ellipses of 
thermal radiation 4 kW/m2, 12 kW/m2, 
37,5 kW/m2, the ignition of the oil 
and gas mixture in the well was 
considered. The simulation predicted 
the formation of a horizontal flare (jet) 
fire. At a wind speed of 1/А, 105,2 m, 
and at a distance of 5/D – 85,0 m, all 
technological equipment from the fire 
center will be damaged, and under the 
influence of thermal radiation there 

Figure 1. Characteristics of hazardous substances in the production, 
preparation and transportation of oil at the field of JSC «PKKR».

Сурет. 1. «ПККР»АҚ кен орнында мұнай өндіру, дайындау және 
тасымалдау кезіндегі қауіпті заттардың сипаттамасы.

Рис. 1. Характеристики опасных веществ при добыче, подготовке и 
транспортировке нефти на месторождении АО «ПККР».

will be 100% mortality. At a distance 
of 345.0 m at 1/A and at a distance 
of 192.2 m at 5/D, metal structures 
are destroyed under the influence of 
explosion wave overpressure.

In Figure 2, the thermal radiation 
flows from the well fire at 4 kW/m2, 
12 kW/m2, 37,5 kW/m2 move only 
slightly at a wind speed of 1 meter 

per second, and the effect of the 
heat flow from the fire increases, in 
Figure 3 although the flows of thermal 
radiation flare up due to the wind at a 
wind speed of 5 meters per second, the 
effect of thermal radiation weakens. 
The effect of hydrogen sulfide on the 
human body when the wind speed is 
5 meters per second, the concentration 

Figure 2. Graph of ellipses of thermal radiation of 4 kW/m2, 12 kW/m2, 
37,5 kW/m2 of jet fire with horizontal discharge from a well

(weather category 1/A).
Сурет 2. Ұңғымадан көлденең шығарылатын ағынды өрттің 4 кВ/м2, 

12 кВ/м2, 37,5 кВ/м2 жылулық сәулелену эллипстерінің сызбасы
(ауа райы санаты 1/А).

Рис. 2. График эллипсов теплового излучения 4 кВ/м2, 12 кВ/м2, 
37,5 кВ/м2 струйного пожара при горизонтальном выбросе 

из скважины (категория погоды 1/А).
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equipment can walk for a duration of 
up to 1 minute, but the second degree 
burns can get. Fatal outcome – 0%;

▪ at 12,5 kW/m2 with prolonged 
exposure to thermal radiation, the 
number of cases of ignition of 
surrounding objects and fatal outcome 
in 1 minute is likely to be 1%;

▪ at 37,5 kW/m2 in the absence of 
protection of technological equipment 
in thermal radiation, its damage and 
«exacerbation» of the situation in a 
matter of minutes can occur. Fatal 
outcome in 1 minute 100%.

The toxic hazard of oil depends 
on the composition and amount of 
impurities, oil with a high hydrogen 
sulfide content is the most dangerous. 
But compared to marine oil, Kumkol 
oil contains a much smaller percentage 
of hydrogen sulfide, carbon dioxide 
than marine oil. In a gas separator 
accident, the effect of hydrogen 
sulfide on the human body is observed 
at a distance of 3-5 meters, and in 15 
minutes fainting begins. Collector of 
the oil and gas mixture the effect of 
hydrogen sulfide on the human body 
occurs at a distance of 28-30 meters. 
The smell of hydrogen sulfide is felt at 
a distance of 1100-1230 meters.

2. In an oil and gas separator 
accident, the effect of hydrogen 
sulfide on the human body can 
occur at a distance of 30-35 meters. 
The possibility of a catastrophic 
explosion of an oil and gas separator, 
followed by ignition and explosion, 
was considered. As a result of the 
catastrophic explosion, a fireball was 
formed. At wind speeds of 1/А and 
5/D the radius of the fireball was 
138.31 m, the action time was 17.99 
seconds. All technological equipment 
at a distance of 312.97 meters from the 
fire center will be damaged, and under 
the influence of thermal radiation there 
will be 100% mortality. In figures 4-5, 
the radius of action is 921.1 m at wind 
speeds of 1/А and 5 /D with thermal 
radiation of 4 kW/m2; at 12 kW/m2 – 
543.3 m; at 37,5 kW/m2 the radius of 
action is 312.97 meters. As thermal 
radiation increases, the exposure 
distance becomes closer.

Conclusion
The development of emergency 

situations for equipment and pipelines 
of oil and gas mixture, gas and oil and 
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Figure 3. Graph of ellipses of thermal radiation of 4 kW/m2, 12 kW/m2, 
37,5 kW/m2 of jet fire with horizontal discharge from a well

(weather category 5/D).
Сурет 3. Ұңғымадан көлденең шығарылатын ағынды өрттің 4 кВ/м2, 

12 кВ/м2, 37,5 кВ/м2 жылулық сәулелену эллипстерінің сызбасы
(ауа райы санаты 5/D).

Рис. 3. График эллипсов теплового излучения 4 кВ/м2, 12,5 кВ/м2,
37,5 кВ/м2 струйного пожара при горизонтальном выбросе

из скважины (категория погоды 5/D).

Figure 4. Graph of ellipses of thermal radiation of 4 kW/m2, 12 kW/m2, 
37,5 kW/m2 of a fireball during a catastrophic rupture of an oil and gas 

separator (weather category 1/А).
Сурет 4. Мұнай-газ сепараторының апатты жарылуы кезіндегі отты 
шардың 4 кВ/м2, 12 кВ/м2, 37,5 кВ/м2 жылу сәулелену эллипстерінің 

графигі (ауа райы санаты 1/А).
Рис. 4. График эллипсов теплового излучения 4 кВ/м2, 12 кВ/м2, 

37,5 кВ/м2 огненного шара при катастрофическом разрыве 
нефтегазового сепаратора (категория погоды 1/А).

dissipates and the effect is small. And 
the effect on the human body is felt 
from a distance of 9 meters, when the 
wind speed is 1 meter per second [4, 5].

The level of thermal radiation 
emanating from the flame in the well: 

▪ at 4 kW/m2 in case of emergency 
actions, people without protective 
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their localization during equipment 
depressurization corresponds to 
the following general sequence: 
depressurization of equipment or 
pipeline → release of oil and gas mixture, 
gas, oil under pressure → distribution of 
gaseous and liquid fractions of emission 
products → environmental pollution 
→ possible ignition and explosion → 
sealing of the damaged area, equipment 
or pipeline by means of valves and 
pressure relief valves → turning off 
compressors and pumps → localization 
and elimination of bottling (fires). 

An effective tool for reducing 
the risks of exposure to personnel 
is the reduction of personnel to the 
minimum required number, especially 
at particularly dangerous facilities 
and primarily due to complex 
mechanization and automation of 
production processes. The work 
area requires only a small number 
of employees who enter to check 
technologies that work without people, 
to provide technological services [5, 6].

Poisoning, burns, wounds, skin 
charring, which occurs in a well, 
compressor station, oil refining plant, 
can occur due to improper handling 
of alkalis, acids, polymers, surfactants 
during well processing and with 
improper handling of containers for 
storing toxic substances.

In order to prevent the release 
of hazardous substances into the 
environment, liquid substances are 
stored in containers, solid chemicals 
are stored in storage pockets, and 
strong chemicals are stored in steel 
containers. When transporting and 
storing items and materials, they 
should not interact with each other. 
This is because effects such as 

combustion, eruption, and explosion 
occur. Hazardous waste is stored 
in containers and barrels of special 
brands that meet special standards of 
the Republic of Kazakhstan and the 
international standard. Measures to 
reduce losses in the event of a spill of 
chemical and hazardous substances 
are carried out using equipment 
and reagents in accordance with the 
methods of stopping with a specially 
developed plan.

For a significant reduction in the 
risk of accidents, impacts on personnel 
and equipment:

▪ conducting systematic anti-
accident exercises and accident 

response exercises in the field 
workshops;

▪ organization, equipment and trai
ning of volunteer firefighters, fountain 
and gas rescue teams at the facilities;

▪ preparation of funds for the rescue 
of people and the elimination of 
accidents, implementation of constant 
control over their condition;

▪ creation of reserves of material 
reserves, reserve fund of financial 
resources.

The implementation of these 
measures will reduce the risk of 
accidents at the Kumkol field, and if 
they occur, reduce the severity of the 
consequences3 [7, 8].

3Guidelines for Chemical Process Quantitative Risk Analysis (second edition). – New York: Center for Chemical Process Safety of the American Institute 
of Chemical Engineers, 2000. – 756 p. (in English)

Figure 5. Graph of ellipses of thermal radiation of 4 kW/m2, 12 kW/m2, 
37,5 kW/m2 of a fireball during a catastrophic rupture of an oil and gas 

separator (weather category 5/D).
Сурет 5. Мұнай-газ сепараторының апатты жарылуы кезіндегі отты 
шардың 4 кВ/м2, 12 кВ/м2, 37,5 кВ/м2 жылу сәулелену эллипстерінің 

графигі (ауа райы санаты 5/D).
Рис. 5. График эллипсов теплового излучения 4 кВ/м2, 12 кВ/м2, 

37,5 кВ/м2 огненного шара при катастрофическом разрыве 
нефтегазового сепаратора (категория погоды 5/D).
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