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ANALYSIS MODELING OF THE HAZARDOUS
SUBSTANCES IMPACT AFFECTING THE SHIFT
TOWN OF THE KUMKOL FIELD

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.
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KyMKe.J KeH OpHBI BAXTAJBIK KAJAIIBIFBIHA 3CEepP eTeTiH KayinTi 3aTTap dcepiH Tanagay Moaelabaey

Anparna. Makanajga Kymkesn keH OpHBI BaXTasbIK KaJalIbIFbIHA 9CEP €TETiH KayilTi 3aTTap ocepi TalJaHblll, MOJEIbAey KapacTelpbulaabl. KeH opHBIHIAFbI
0acThl MKAPBUIFBIII Ta3ap MeH OyJapiblH *KMHAJLy BIKTUMAJIABIFBI MYHa#l jOHE ra3 YHFbIMaJIapbIMEH, MyHaWIbl KELICHJl JaiblHIay KoHE aifjay IexblHaa,
MyHaii-ra3 cenapaTopiapbIMeH KyObIpiap/ia opbIH anajsl. Makaiasa aBapusi KOWbLIBIMAAPBIHBIH MOJAEIbACP] HEri3iHae 3aKbIMaayIibl (haKTOpIapAbIH ocep eTy
allMarblH/Ia: OPT 9CEPIHCH XKBUIYJIBIK COYJICIICHY, KAPBUIBICTBIH aPTHIK KbICHIMBI )KOHE KYKIPTTI CyTEriHiH yBITTBHI ocepi cHmaTTaza sl. BoimkaMIbIK amaTTapIbiy
HETI3ri cleHapuiiiepi O0HbIHINA GacTalKbl IEPEKTEp aya paibl, OHBIH IIITHAE XKEJAIH KbIJTaMIbIFbI HeTi31He, OPTTEH YHFBIMAAaFbl MYHal-Ta3 KOCIAChl TYTAaHBII
JKOHE MYHali-ra3 cernepaTropbiHAarbl anaTTapAaH XKbUIYJIbIK COyJICICHYTe YIIbIPall, xKa0AbIKTap KUpall, aJaMaap 3aKbIM aJiblll, KyKIPTCYTeriMeH yJlaHabl.

Tyuinoi co3oep: Kymkon Ken opHul, KAYinmi (paxmopiap, asapus KOUbLIbIMbL, YHbIMA, MYHAl-2a3 CENnapamopul, aya pativl, HCbLIYIbIK CIVIENeHY, apmblK
KbICbIM, OpM, OMMbl WLAP, KYKIPMCYmMeKmiy yblmmabl acepi.

AHaJIM3 MO/1eJIMPOBAHNS BO3/1€CTBHS ONMACHBIX BelleCTB HA BAXTOBBIN MOCeJ0K MecTOpo:xaeHust Kymkoab

AnHoTanms. B craTbe aHANM3UPYETCs U pacCMaTPUBAETCSI MOJICTUPOBAHUE BO3/ICHCTBHUS OMACHBIX BEIIECTB, BIUSIOIIMX HA BAXTOBBII ropook KyMKoiIbCKOro
MECTOPOXKACHUS. BEpOsITHOCTh HAKOIUIEHHUSI OCHOBHBIX B3PBIBOOIACHBIX T'a30B M MAPOB HA MECTOPOIKACHHH BOSHUKACT B HE(TSHBIX U ra30BhIX CKBAKHHAX, B [[EXE
KOMIUICKCHOM MOJrOTOBKH U MEPEeKadKu HeTH, B TpyOOIpoBogax ¢ HedTerazooTAeIuTeIsIMI. B craThe HA OCHOBE MOJENIeH aBapyuil ONMHMCHIBAIOTCS] 30HBI BO3-
JIeHCTBHUS TTopaXkaromux (HakTopoB (TEIUIOBOE U3ITyYeHHE OT BO3JCHCTBUS I0XKapa, N30BITOUHOE JaBJICHUE B3PhIBA U TOKCHUECKOE BO3IEHCTBHE CEPOBOAOPOJIA).
HMcxonHble TaHHBIE IO OCHOBHBIM CLIEHAPHSIM MPOTHO3HBIX KaTacTPO() OCHOBAHBI HA MOTOIHBIX YCIOBUSX, B TOM YHCIIEe HA CKOPOCTH BeTpa. I[Ipu moxkape Bocruia-
MeHsieTcs1 Heprera3oBasi CMECh B CKBR)KHHE M OT aBapHii Ha He)TEra30HOCHOM CernapaTope MOJBEpraeTcsi TEIIOBOMY M3JIyHCHHUIO, pa3pyaeTcs 000pyaoBaHHe,
JIIOJIN TIOTYYaloT MOBPEXKICHHS H OTPABIISIOTCS] CEPOBOJOPOJIOM.

Knrwouesvie cnosa: Kymrkonbckoe mecmopodicoenue, onachvie ¢pakxmopol, cyeHapuu agapuil, CK8adicCund, Heghmezazosvlil cenapamop, no2ood, meniogoe us-
Jyuenue, usbbimoynoe 0asienue, noxicap, OSHEHHbI uWap, MOKCULECKoe 030elCmaue cepogooopood.

Introduction
At the Kumkol

an emergency alarm system. The
operator’s premises are built of

non-compliance with safety

field, 6 shift measures, injury to personnel in this

settlements operating on a rotational fire-resistant materials, equipped industry, and even death:
basis work in 2 shifts. Its number of with heating, ventilation systems, = thermal radiation from a combus-
workers per shift: in Kumkol — 350  fluorescent lighting, and personal tible oil and gas mixture of gas or oil;

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,

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

= poisoning with toxic hydrocarbon
combustion products;

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

= poisoning with gas
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 substances'-2.

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

vapors

'Davydova S.L., Teplyakov V.V. Hydrocarbon fuel and its impact on the environment. — M.: RUDN, 2012. — 136 p. (in Russian)

’Priymak 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 37,5kWm?;

= 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/m*: H,S — 3,0, R-SH —
0,8 (GOST 12.1.011);

= maximum allowable amount in
the air, mg/m’: H,S — 0,008; R-SH —
9 x 10° (RK SanRaN.3.02.036.99);

= lethal dose LCt,, dose H,S — 750
— 100 mg/m?;

threshold sensing toxic dose PCt,,
H,S —200-280 mg/m’;

= lethal concentration JIK50: H,S —
227mg/l, R-SH — 20 mg/1.

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/m?, 12 kW/m?,
37,5 kW/m?, 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/A, 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

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/m?,
12 kW/m?, 37,5 kW/m? 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

Oil and gas mixture Decomposed oil
: '

Oil gas Demulsifier, corrosion
'

inhibitor and salt

Physical data

deposition
i

A mixture of oil and
gas, a dark or
yellowishrbrown liquid

Viscous oily, dark
brown liquid. Lighter
than water

Alcohol — like
aroma:tic liquids

Colorless gas with a
characteristic odor.
Lighter than air
'

Impact on people

Vapors Bave a strong

It has a narcotic effect,
causes acute and
chronic poisoning

T
It has a narcotic effect,
causes acute and
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irritating and general
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more than 100 ml causes
blindnegs and death
'
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causes acute and chronic
poi§oning

'
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'
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Flammable liquid
MPC (mg/m?) - 300

Explosive and fire-
hazardohs mixture.
MPC (mg/m?) - 300
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flammable gas.
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Figure 1. Characteristics of hazardous substances in the production,
preparation and transportation of oil at the field of JSC «PKKR».
Cyper. 1. «ITKKP»AK keH opHbIHAAa MYHali OHIIPY, JAHBIHAAY KIHE
TachbIMAJ/Iay Ke3iHJeri KayinTi 3aTTapablH CUIIATTAMACHI.

Puc. 1. XapakTepucTHKHN ONIACHBIX BellleCTB MPH A00bl4Ye, OAT0TOBKE U
TpaHcopTHpPOBKe HepTn Ha MecTopokaAeHUN AO «ITKKP».
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Figure 2. Graph of ellipses of thermal radiation of 4 kW/m?, 12 kW/m?,
37,5 kW/m? of jet fire with horizontal discharge from a well
(weather category 1/A).

Cyper 2. YHFBIMAIaH KOJIJIEHEH MIBIFAPbLIATHIH aFbIHIBI OPTTiH 4 KB/M?,
12 kB/m?, 37,5 KB/M? KBLTYJIBIK CIyJeeHY JIUINCTEPiHIH ChI30aChI
(aya paiibl caHaTsl 1/A).

Puc. 2. 'paduk 3/utUnCcOB TemioBoro udiaydenust 4 kB/m?, 12 kB/m?,
37,5 kB/M? cTpyiiHOT0 MOKapa Mpu FOPU30HTAIBLHOM BbIGpOCe
M3 CKBA)KMHBI (KaTeropus moroasl 1/A).

T'opnoui scypnan Kazaxcmana Ne3’ 2023




Oxpana Tpyya 1 0€30MIaCHOCTb B TOPHOI TPOMBIILIEHHOCTH

dissipates and the effect is small. And The level of thermal radiation
the effect on the human body is felt emanating from the flame in the well:
from a distance of 9 meters, when the = at 4 kW/m? in case of emergency

wind speed is 1 meter per second [4,5].  actions, people without protective
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Figure 3. Graph of ellipses of thermal radiation of 4 kW/m?, 12 kW/m?,
37,5 kW/m? of jet fire with horizontal discharge from a well
(weather category 5/D).

Cypert 3. YHFpIMAIaH KOJJIECHEH HIBIFAPbLIATHIH aFbIHABI OPTTiH 4 KB/M?,
12 kB/m?, 37,5 kKB/M? KbLIYJIBIK cIyJeeHy JUINICTEPiHIH ChI30achl
(aya paiibl canatsl 5/D).

Puc. 3. I'paduk 3JUTUIICOB TEIUIOBOro W3aydeHus 4 kB/m?, 12,5 kB/m?,
37,5 kB/M? cTpY#iHOIr0 MOKapa Mpu ropu30HTAJIBLHOM BbIOpOCe
M3 CKBaKMHBI (KaTeropusi noroasi 5/D).
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Figure 4. Graph of ellipses of thermal radiation of 4 kW/m?, 12 kW/m?,
37,5 kW/m? of a fireball during a catastrophic rupture of an oil and gas
separator (weather category 1/A).

Cypert 4. MyHaii-ra3 cenapaTopbIHbIH ANIATThI KAPbLIYbI Ke3iHJeri 0TThI
mapabiH 4 kB/m?, 12 kB/m?, 37,5 kB/M? KbL1y coyJiesieHy JJIMICTEePiHiH
rpaduri (aya paiibl caHaThl 1/A).

Puc. 4. I'padguk 3/UITHIICOB TEMJIOBOro udiaydenus 4 kB/m?, 12 kB/m?,
37,5 kB/M? OTHEHHOT0 IIAPA MPHU KATACTPO(PUIECKOM pa3pbiBe
He(TErasoBoro cenaparopa (kareropusi mnoroasl 1/A).
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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/m? 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/m? 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/A 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/A and 5 /D with thermal
radiation of 4 kW/m?; at 12 kW/m? —
543.3 m; at 37,5 kW/m? 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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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
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Figure 5. Graph of ellipses of thermal radiation of 4 kW/m?, 12 kW/m?,
37,5 kW/m? of a fireball during a catastrophic rupture of an oil and gas
separator (weather category 5/D).

Cypert 5. MyHaii-ra3 cenapatopblHbIH aNaTThl KAPbLIYbI Ke3iH/1eri 0TThI
mapabiH 4 kB/m?, 12 kB/m?, 37,5 kB/M? 3KbLi1y coyJiesieHy 3JUIMIICTePiHiH
rpaduri (aya paiibl caHatbl 5/D).

Puc. 5. I'paduk 2JUIHIICOB TeII0BOro udaydyenust 4 kB/m?, 12 kB/m?,
37,5 kB/M? OrHEHHOT0 IIapa MPH KATACTPO(PHIECKOM pa3pbiBe
HedTerazoBoro cenaparopa (Kareropus noroasi 5/D).

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
accident exercises and

anti-
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 eclimination 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

consequences® [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)
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