2026;49(1):72-83 | Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online) £+
’ ’ | Haykun o 3emne u Heapononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online)

Original article @ ®

EDN: UKAGXU BV
DOI: 10.21285/2686-9993-2026-49-1-6

Spatiotemporal distribution of elements in technogenic
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Abstract. The purpose of the conducted study was to identify the spatial and temporal distribution of heavy metals
and arsenic in a gas condensate field for the period from 2019 to 2025. The annual increase in manganese, arsenic,
and nickel concentrations exceeding the estimated permissible concentrations allowed for a clear assessment of the
relationship between the intensity of development in the gas production zone and the level of negative impacts from
the release of these elements into the soil. In accordance with the objectives, a critical analysis of all production units
on the industrial site was conducted to assess the potential for pollutants to enter the soil. The coefficients of element
accumulation were obtained relative to the global clarks according to Vinogradov. Thus, arsenic, manganese, and nickel
showed an increased accumulation coefficient of Kk = 1.5. Geoecological processes associated with technogenesis in
the area of the gas condensate field are accompanied by the formation of soil contamination halos, which was deter-
mined using geoinformation system technologies. Geochemical parameters of soils, as indicators of their conditions,
reflect high functionality under the adverse impacts of gas production and provide a realistic assessment of the geoeco-
logical situation at the field. It is shown that the spatial distribution of manganese and nickel elements is primarily related
to technological processes, regular production works and welding. The excessed contents of arsenic may be due to the
inherited geological and geochemical features of the Baikal natural territory with the elevated content of this metalloid
in the soil imported for the Kovykta gas condensate field development. Thus, the integration of geoinformation system
technologies and geochemical survey results is an effective tool for the comprehensive geoecological assessment of
the territory in the technogenic zone and serves as a basis for the development of effective, modern, object-oriented
monitoring in the gas condensate field zone.

Keywords: gas condensate field, industrial site, gas well cluster, soil, geochemical parameters, heavy metals, geoinfor-
mation system

For citation: Pyzhianov D.l., Sarapulova G.l. Spatiotemporal distribution of elements in technogenic soils of Kovykta gas
condensate field. Earth sciences and subsoil use. 2026;49(1):72-83. https://doi.org/10.21285/2686-9993-2026-49-1-6.

HayyHas ctaTbs
YOK 622.3+504.5+912.43

MpocTpaHcTBeHHO-BpEeMeHHOe pacnpeneneHue
31IeMeHTOB B TeXHOreHHbIX no4yBax KoBbIKTUHCKOroO
ra3oKOHAEHCaTHOro MecTopOoXAeHUs

A.U. NbixbaHoB*, I'N. CapanynoBa®
ablipkymckull HayuoHanbHbIl uccriedosamernbCcKull mexHudyeckuli yHusepcumem, Mpkymck, Pocculickasi ®@edepauyusi

Pesrome. Llenb npoBegeHHOro nccrnefoBaHus 3akntodanach B BbISIBNEHUM XapakTepa NpocTpaHCTBEHHO-BPEMEHHOIO pac-
npeneneHus Tshkenbix MeTansoB U Mbilbsika Ha TEPPUTOPUN ra30KOHAEHCATHOro MecTopoxaeHus 3a nepuog 2019-2025 rr.
[unHamyka noBbILLEHNSA coaepKaHU No rogam Ansg MapraHua, Mbllbsika, HUKENS C NPEBbILLIEHNEM OPUEHTUPOBOYHO O0-
NYyCTUMbIX KOHLEHTpaLuUi NO3BONuUIa HarnsagHo OLEHUTb 3aBUCMMOCTb MEXAY MHTEHCMBHOCTBIO OCBOEHUS TEpPUTOPUA B
30He Jo6bIuM ra3a 1 ypoBHEM HEFATMBHOIO BO3AENCTBUS B BUAE MOCTYNNEHNUS STUX 3IEMEHTOB B NoYBY. B cooTBeTCTBUM
C 3aja4aMu NpoBeeH KPUTUYECKUA aHanmM3 BCEX MPOMY3MOB Ha MIowafKke ¢ No3vuuy NoTEHLMAanbHOro NoCTynneHus
3arpsA3HALLMX BELLECTB B MOYBEHHBIN CMOW, NOMyYeHbl KO3MMOULNEHTbI HAKOMNMEHUS 3MEeMEHTOB OTHOCUTENBHO MUPO-
BbIX KnapkoB no BuHorpagoBy. Tak, o6HapyeH NOBbILLEHHbIA KO3MULMEHT HAaKONNEHUS Mblllbsika, MapraHua, HUKens
(Kk = 1,5). Meoakonornyeckune npoLecchbl TEXHOreHe3a B panioHe ra3oKOHAEHCATHOr0 MeCTOPOXAEHMSI CONMPOBOXAAKTCA
opMMpOBaHMEM OPEOSOB 3arpsi3HEHUS NOYB, YTO ONpeaeneHo NocpeaCcTBOM reOMHPOPMAaLIMOHHBLIX CUCTEM TEXHOMOTUI.
leoxumunyeckme nokasaTenu noYB Kak MHOMKATOPbLI UX COCTOSIHUS OTPaXKakT BbICOKYH (DYHKLMOHAMNBHOCTb B YCIOBUSX
HeraTMBHOIO BO3AENCTBUSI Npy A00bIYE ra3a U pearnbHO OLIEHMBAKT re03KONorMyeckyto 06CTaHOBKY Ha MECTOPOXAEHWN.
MokasaHo, YTO NPOCTPaHCTBEHHOE pacnpefeneHe mapraHua, HUKenNs NpemmyLLeCTBEHHO CBS3aHO C TEXHOMOMMYECKUMMN
npoueccamu, perynspHbeiMu Npon3BoACTBEHHBIMU paboTamMu 1 cBapkow. [peBbIlLeHME Xe CoaepKaHU MbILbsSKa MOXET
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MenkbaHoB [1.U., CapanynoBa IU. NpocTpaHCTBEHHO-BpPEMEHHOE pacnpeneneHne areMeHToB... |

6bITb 06YCMNOBNEHO HacnefoBaHNEM reosoro-reoXMMmM4eckon ocobeHHocTH MNprbankansCckon NPUPOAHON TeppUTOpUM C
MNOBbILLEHHbIM coaepXaHneM 3Toro metannounaa B coctaBe NMPUBO3HOIO rpyHTa Ana nnaHUpoBKU Tepputopumn KOBBbIKTUH-
CKOrO ra30KOHAEHCATHOro MeCTOpPOXAeHWs. Takum o6pa3oMm, nHTerpaums reouHMOpPMaLMOHHBIX CUCTEM TEXHOMOMMA C
pesynsraTaMn reoXMMMYeCcKUX NCCreaoBaHnii aBnsieTcs aMeKTVBHBIM MHCTPYMEHTOM KOMMIEKCHOW re03KONormM4yecKom
OLIEHKN TEPPUTOPUM B 30HE TEXHOTEHE3a U CYXXUT OCHOBOWN AN CO3AaHUst 3hdeKTUBHOIrO COBPEMEHHOTO 0GBLEKTHO-0PK-
€HTVPOBAHHOTO MOHWUTOPWHIA B 30HE ra30KOHAEHCATHOTO MECTOPOXAEHNS.

Knrodeenle cnoea: razokoHaeHCaTHoe MecTopoXaeHue, npoMnnoLllagKka, KyCcTt ra3oBblX CKBaXXWH, no4yBa, reoxmumn4eckme
napameTpbl, TsKenble MeTansibl, reOMHOPMaLNOHHAA cuctema

Ans yumupoeaHus: MobkbaHoB .M., Capanynosa [W. MNpocTpaHCTBEHHO-BPEMEHHOE pacnpeaerieHne areMeHTOB
B TEXHOreHHbIX MovBax KOBBIKTMHCKOrO ra3okoHAEeHCaTHOro mectopoxaeHus // Haykm o 3emne n Hegpononb3oBaHue.
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Introduction

The geoecological state of gas condensate
field territories is influenced by increasingly in-
tensive production and is associated with the
problem of taiga landscape disturbance and the
risks of soil contamination by drilling products,
gas treatment, and transportation [1, 2]. This
process involves mechanical soil destruction,
adverse physical and chemical impacts with the
fragmentary or complete annihilation of humus,
and topsoil compaction. Chemical impact on the
soil cover occurs both as a result of atmospheric
deposition from industrial units and due to leaks
and losses of process fluids from operating in-
stallations. This also occurs due to violations of
equipment operating regulations and accidents.
In gas production areas, there is a threat of per-
sistent and sometimes irreversible transformation
of natural ecosystems, leading to the formation
of a mining industrial natural-technogenic system
with a dominant technogenic component. More-
over, the boundaries of such an impact signifi-
cantly exceed the territory of the immediate field
development area [3].

The spatiotemporal distribution of pollutant el-
ements, including heavy metals in soils, is charac-
terized, as a rule, by high heterogeneity, concen-
trating near pollution sources and accumulating
over time due to the absence of biodegradation.
Maximum concentrations are characteristic of the
upper humus horizon; the contamination is cumu-
lative in nature, and under prolonged technogenic
impact, the concentrations of heavy metals in the
soil increase.

In this regard, forecasting the scale of the neg-
ative impact of gas production areas on soils is a
relevant and necessary long-term task for identify-
ing the most vulnerable natural components of the
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territory under the influence of intensifying mining
industrial technogenesis [4, 5].

Despite a number of studies on the geoecologi-
cal state of territories in the gas production zone, the
problem of establishing object-oriented ecological
and geochemical monitoring within field territories,
as well as the prospects of technogenic impact on
soils, remains relevant [6-8].

It should be taken into account that at a high
level of contamination exceeding the soil’'s capacity
to bind toxicants, the accumulation of pollutants
in the soil profile and their subsequent migration
may occur [9-12]. Global research and soil con-
dition monitoring record a dangerous global trend
of increasing heavy metal concentrations, which
is most acutely observed in the zone of subsur-
face development and mineral extraction. As a
result, hazardous endogenous processes form
in these territories, local geochemical anomalies
with elevated toxicant contents arise, and a global
technogenically altered geochemical structure of
the lithosphere is formed [13]; therefore, the de-
velopment of new approaches for the geoecolog-
ical assessment of dynamically changing natural
systems under conditions of intensifying techno-
genesis is a pressing problem [14].

In this work the main emphasis is placed on
studying the spatiotemporal dynamics of the geo-
ecological state of the soil cover, which serves as
a natural depository for all pollutants entering it
during the operation of numerous production units
involved in gas extraction. The most effective and
illustrative method is the use of geoinformation
system technologies (GIS technologies), which
allow for a highly informative assessment of chang-
es in the state of the territory, including soils, and
forecasting the development of the situation under
technogenesis conditions.
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As part of our systematic research in the tech-
nogenesis zone on the topic “Theory and methods
of geoecological assessment of ecosystems, engi-
neering protection, and forecasting the state of the
technogenically altered natural environment”, the
following goals and objectives of this work have
been formulated.

The purpose of the study is to identify, using
geochemical parameters of soils and GIS techno-
logies, the spatiotemporal distribution dynamics
of heavy metals — cobalt, manganese, copper,
nickel, lead, cadmium, zinc (included in the main
list of priority pollutants), as well as arsenic — in
technogenically transformed soils on the territory
of a gas condensate field.

Research objectives:

1) to identify potential sources of technogenic
pollutant input into the soils at the industrial site
of the field;

2) to obtain quantitative parameters of the geo-
chemical state of technogenic soils in dynamics
over the years for the period 2023—-2026 and ear-
lier (for comparison), considering the priority list
of pollutants;

3) to obtain the GIS distribution (halo maps) of
the controlled elements in the soils on the field terri-
tory, to identify geochemical anomalies and associa-
tions, as well as the directions of pollutant migration.
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Materials and research methods

Object of the study. The object of the study was
technogenic soils on the territory of the Kovykta gas
condensate field, located in the north of the Irkutsk
region. Fig. 1 shows the location area of the gas
condensate field and the industrial installations at
the industrial site, where soil sampling for research
was conducted over a period of three years.

Subject of the study. The subject of the study
was the soil in the zone of influence of industrial
facilities (units) at the industrial site of the Kovykta
gas condensate field and its geochemical param-
eters, which serve as indicators of the ecological
state.

Research methods. To achieve the set ob-
jectives, the following methods were applied in
the work: a systems approach, comparative and
geoecological analysis, mathematical and GIS
modeling. Sample preparation was carried out in
accordance with State Standard 17.4.4.02-2017".
The elemental chemical composition of soils (total
contents) was determined using standard geo-
chemistry methods: atomic absorption spectrosco-
py (on certified equipment) and X-ray fluorescence
analysis using a portable SciAps X-200-30453
series instrument.

Soil pH values were obtained potentiometrically
according to State Standard 26212-912. Organic
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Fig. 1. Location of the Kovykta gas condensate field and industrial installations at the industrial site
Puc. 1. PacnonoxeHue KoebIKmUuHCKO20 2a30KOHOeHCamHO20 MeCIMopoX0eHuUsl
U npombIwWIieHHbIe ycmaHo8KU Ha npomMmaowjadke

! State Standard 17.4.4.02-2017. Nature protection. Soils. Methods for sampling and preparation of soil for chemical,
bacteriological, helmintological analysis. Moscow: Standartinform; 2018, 20 p.
2 State Standard 26212-91. Soils. Determination of hydrolytic acidity by Kappen method modified by CINAO. Moscow:

Izdatelstvo Standartov; 1992, 7 p.
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carbon content was determined photometrically
according to State Standard 26213-2021 (clause
6.1)3, and total nitrogen content was determined
by the photometric method according to State
Standard R 58596-2019 (clause 7.2)*. Statistical
data processing was performed in Statistica 10;
schematic maps were built in Surfer 23.1.162 using
GIS techniques® [15-17].

Results and discussion

To support economic activities during the opera-
tion period of the Kovykta field, more than 7,500 km?
of land have been utilized, which, under intensive
gas production and adverse impacts on sails, in-
evitably leads to soil degradation. However, the
production area continues to expand. Loamy soils
on the field territory have formed as technozems,
which are distributed across the entire industri-
al site. Soil materials for site development and
grading were imported from nearby quarries and
borrow pits within the Irkutsk region, particularly
from the Zhigalovo and Kazachinsko-Lensky dis-
tricts. Mudstones and clay rocks were imported
from local quarries of the Yaraktinsky field and
nearby locations.

In accordance with the objectives, a critical
analysis of production units at the industrial site
was conducted from the perspective of the poten-
tial release of pollutants into the soil layer.

Gas wells. Gas wells are a critically important
initial technological facility that determines the
operational capacity and overall efficiency of the
field. During well operation, drill cuttings, petroleum
products and condensate, methanol (as a hydrate
formation inhibitor), and brine rich in heavy metals
and salts enter the soil. Drilling fluids used during
drilling may also contain reagents such as poly-
mers and rheological modifiers [18, 19].

The gas gathering header. The gas gathering
header is a pipeline system for collecting gas and
condensate. Pollutants from leaks may include
gas condensate and hydrocarbons, methanol, and
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brine containing large amounts of heavy metals
and salts that seep into the ground due to metal
corrosion or damage [20].

Low-temperature separation unit. This tech-
nology involves separating liquid from gas and
separating condensate and water-methanol solu-
tion by cooling it to -40°C using a turboexpander,
heat exchanger, ejector, and throttle. Leaks result
in the release of light hydrocarbons, methane, re-
frigerants, and methanol into the soil.

Compressor station. At the station, gas is
compressed by screw, piston, or centrifugal com-
pressors to maintain pressure in the network and
transport gas through the main gas pipeline. Sub-
stances contaminating the soil as a result of leaks
include: lubricants, oils, gases, and condensates.

Condensate stabilization unit. This unit carries
out the process of heating and rectifying unstable
condensate to remove light hydrocarbon frac-
tions. Leakage waste includes: raw condensate,
propane-butane fraction, and wastewater pene-
trating into the ground.

Methanol regeneration unit. This unit recovers
methanol from the rich mixture through heating
and rectification for reuse in preventing hydrate
formation. Leaks contain methanol and water im-
purities with salts.

Methanol storage park. The methanol storage
park is a tank farm with cylindrical vessels on foun-
dations. Leaks cause methanol to seep into the
soil, leading to toxic contamination of the territory.

Gas condensate storage park. The gas con-
densate storage park is a tank complex for light
hydrocarbons. The main waste entering the soil
due to corrosion or overflows includes: raw con-
densate and gasoline fractions.

In the soils of the studied field territory, ex-
ceedances of total forms were identified for
manganese — up to 1,700 mg/kg (maximum
permissible concentration (MPC) — 1500 mg/
kg), arsenic — up to 11-14.4 mg/kg (estimated
permissible concentration (EPC) — 2 mg/kg), and

3 State Standard 26213-2021. Soils. Methods for determination of organic matter. Moscow: Russian Institute of Standardization;

2021, 11 p.

4 State Standard R 58596-2019 (clause 7.2). Soils. Methods for determination of total nitrogen. Moscow: Standartinform;

2019, 11 p.

5 Getting to know ArcView GIS: the geographic information system (GIS) for everyone by Environmental Systems
Research Institute (Redlands, Calif.). Available from: https://archive.org/details/isbn_9781879102460/page/n9/

mode/2up [Accessed: 15th November 2025].
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nickel — up to 85 mg/kg (EPC — 40 mg/kg). The
EPC of arsenic in soil is regulated by Hygiene
standards 2.1.7.020-94 % and depends on the
physicochemical properties of the soail, includ-
ing the granulometric composition; specifically,
for loams, the EPC of arsenic is 10 mg/kg. The
current regulation of arsenic content does not
take into account its speciation in soils. How-
ever, when addressing the degree of soil con-
tamination by arsenic, the form in which arsenic
accumulates in a given object is of significance.
The toxicity of arsenic depends on its oxidation
state: trivalent arsenic is 2—-3 times more toxic
than pentavalent arsenic, which is less mobile
and more strongly adsorbed. Determination of
the chemical forms of arsenic in soil waters has
shown that in aerobic soils it is contained mainly
in the form of As;0O,% anions, and in anaero-
bic soils — as AsO?3[ 1. Arsenic oxides are water-
soluble, whereas haloarsenates, conversely, are
hydrophobic. However, naturally, these nuances
are not taken into account when assessing the
level of soil contamination and are not monitored
as part of environmental control.

The value of the key parameter of soil condi-
tion, the pH of the aqueous extract, ranges from
4.2 to 5.5, which characterizes acidification of the
surface soil layer in the industrial site zone. This
may lead to an increase in the mobility of heavy
metals entering from the subsurface during drilling
as associated elements and to their immobilization
in the soil.

Over the period from 2019 to 2025, a compar-
ative temporal analysis of heavy metal and arsenic
contents in soils was conducted at the GIS points
of regular sampling (geoecological monitoring —
spring—autumn) across all the specified techno-
logical areas (units).

A preliminary background assessment of
chemical element contents was carried out outside
the industrial site at a distance of 10 km from it. In
addition, the geochemical background for soils was
calculated using the clarke method (according to
A.E. Fersman). The values of total element content
in soil are most commonly used in geochemistry
and technogeochemistry. Based on the total con-
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tent values, the contrast and capacity of geochem-
ical barriers are assessed, and the formation of
anomalous geochemical modules is determined.
The use of the clarke allows for evaluating the
intensity of a natural or technogenic anomaly, both
positive (when exceeding the clarke) and nega-
tive (when below the clarke level).

In our case, compared to the clarks of world
soils, the following elements in the studied soils
are at or above the accumulation level:

— arsenic, manganese, nickel (accumulation
coefficient Kk = 1.5);

— the near-clarke association includes copper
and zinc (accumulation coefficient Kk — 0.8—-1.5);

— lead and cobalt are recorded with a content
deficiency (accumulation coefficient Kk < 0.7).
Median values were used for the comparative geo-
chemical characterization relative to the global
clarks of world soils according to A.P. Vinogra-
dov — arsenic — 5 mg/kg, nickel — 40 mg/kg, man-
ganese — 850 mg/kg.

The temporal dynamics of increasing contents
for three elements — manganese, arsenic, and nick-
el — from the beginning of the field operation were
revealed by year. Histograms (box-and-whisker
plots) were obtained, allowing for a clear assess-
ment of the relationship between the intensity of
territory development in the gas production zone
and the level of adverse impact manifested as the
release of these elements into the soil from indus-
trial units (Fig. 2).

To elucidate the varying nature of the observed
distribution of controlled elements in soils, an
analysis of the pace and scale of industrial site
development and infrastructure construction was
conducted for the specified years.

All industrial facilities (the integrated gas treat-
ment unit, well clusters, warehouses, terminals,
etc.) occupy approximately 7 km?2.

The years 2019-2022 are characterized by
the commencement of works; this represents the
pilot operation stage of the facility, involving the
installation and preparation of the main industrial
facilities. Operation of gas wells had not yet begun.

2023 was marked by intensive welding works
and the installation of all equipment.

8 Hygienic Standards 2.1.7.020-94. Tentative allowable concentrations (TAC) of heavy metals and arsenic in soils with
different phisical and chemical properties (gross contens, mg/kg). Addendum no. 1 to the list of MAC and TAC no. 6229-91-91.
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Fig. 2. Dynamics of manganese (a), nickel (b), arsenic (c) contents
in the soils of the industrial site relative to average values
Puc. 2. uHamuka coldepxaHuli Map2aHua (a), Hukens (b), Mblwbsika (c)
8 noyeax npomriow,adku omHoCcuUmMesIbHoO CPedHUX 3Ha4YeHul

2024 represents the period of maximum pro-
duction capacity and the scaling-up of production
capabilities.

2025 is the stage of technological process
stabilization and reaching the design parameters.

It has been shown that the soils are charac-
terized by an acidic and slightly acidic environ-
ment, low organic carbon content, and low nitro-
gen enrichment (pH = 4-5 units), organic carbon
(Corg = 10%), and total nitrogen (N, = 0.6%). Soil
acidification and the lack of the necessary amount
of organic matter and nitrogen in the soil may de-
termine the mobility of certain heavy metals and
arsenic, which also contributes to the migration of
these elements.

Continuous welding operations, especially on
pipelines laid across the entire territory of the indus-
trial site, cause an active input of manganese into
the soils. Concurrently, a high content of total iron in
the technogenic soils was also identified. This has
resulted in the accumulation of manganese in the soil
layer at the geochemical barrier represented by iron
oxides and their concretions. Moreover, regardless
of the concentration of manganese entering the soil,
the geochemical barrier in the form of iron oxides in
the soil effectively fulfills its accumulative role.

A similar stable accumulation relationship is
observed in the case of nickel distribution in soils.
However, in the case of arsenic distribution in
technogenic soil, the nature of the process, the
binding of arsenic by iron, changes substantial-

ly (Fig. 3).
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A negative correlation (a noticeable, moder-
ate, statistically significant relationship) was found
between the content of iron and arsenic, with a
coefficient of determination R? = 0.5636. This
means that, unlike manganese and nickel, arsenic
is weakly sorbed onto the solid ferruginous phase.
The reason for the observed effect may be the high
sensitivity of this metalloid to the pH environment:
it is maximally bound in a high oxidation state V
in an alkaline environment compared to an acidic
one. Since the observed pH of the soil environ-
ment at the industrial site is acidic (pH = 4-5),
arsenic is not immobilized on iron hydroxides. It is
also evident that, under these conditions, the total
forms transition into more mobile ones; therefore,
a decrease in the effectiveness of the ferruginous
barrier for binding total arsenic is observed.

For the visualization of geochemical data, GIS
distributions of the dominant pollutant elements in
the soil layer were obtained for the entire observa-
tion period. A GIS based on the spatial referencing
of geochemical data to the territory represents a
multifunctional tool for the comprehensive as-
sessment of its condition and for forecasting the
resilience of territories to adverse environmental
impacts. Using the year 2025 as an example, vi-
sualized results of the geochemical analysis of
soils and the direction of element migration are
presented (Fig. 4-6).

The conducted temporal and spatial GIS anal-
yses confirmed the results of the technological
analysis of production units at the industrial site
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Fig. 3. Dependence of arsenic content on iron content
Puc. 3. 3asucumocmb codepikaHUsi MbiWbsIKa OM co0ep)KaHUsl XxeJie3a
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Fig. 4. Geoinformation system distribution of manganese in soils
at the Kovykta gas condensate field site, mg/kg:
1 — gas well cluster; 2 — low-temperature separation unit;
3 — central booster compressor well;
4 — condensate stabilization unit; 5 — methanol recovery unit;
6 — methanol storage facility; 7 — stable condensate storage facility
Puc. 4. l'eouHgopmayuoHHOe cucmemHoe pacrnpedesieHUe Map2aHya e rno4yeax Ha meppumopuu
npomnnouw,adku KoebIKmuHCKO20 2a30KOHOEeHCamHO20 MecmopoXXoeHusi, Me/Ka:
1 — Kycm 2a308bIx CK8aXXUH; 2 — ycmaHosKa HU3KomemnepamypHoU cenapayuu;
3 — ueHmparnbHas 00XXUMHasi KOMIPeCCOPHasi CK8aXuHa;
4 — ycmaHoska cmabunu3ayuu koHOeHcama; 5 — ycmaHo8Ka pez2eHepayuu MemaHona;
6 — napk xpaHeHUss MemaHora; 7 — napK xpaHeHusi cmaburibHo20 KoH0eHcama
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Fig. 5. Geoinformation system distribution of nickel in soils
at the Kovykta gas condensate field site, mg/kg:
For a description of the symbols, see Fig. 4
Puc. 5. leouHghopmayuoHHoe cucmemMHoe pacrnpedesieHue HUKeslsl 8 no4eax Ha meppumopuu
npomnnouw,adku KoebiIKmuHCKO20 2a30KOHOEeHCamMHO20 MecmopoXoeHusi, Me/K:
OnucaHue ycrogHbix 0603Ha4eHull cM. Ha puc. 4
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Fig. 6. Geoinformation system distribution of arsenic in soils
at the Kovykta gas condensate field site, mg/kg:
For a description of the symbols, see Fig. 4
Puc. 6. leouHghopmayuoHHoe cucmeMHoe pacrpedesieHue MblUbsiKa 8 oYyeax Ha meppumopuu
npomnnouw,adku KoebIKmuHCKO20 2a30KOHOEHCamHO20 MeCmMopPOXXOeHUs1, Me/Ka:
OrucaHue ycrosHbix 0603Ha4YeHul CM. Ha puc. 4

WWW.Nznj.ru | 79



www.nznj.ru

| Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online) £+

2026;49(1):72-83 |

from the perspective of soil contamination: in one
case, this represents a natural input of an element,
and in the other, a technogenic origin of elevated
heavy metal concentrations in the soil layer. Thus,
manganese predominantly accumulates in soils
in the pipeline zone and where welding is regu-
larly performed: up to 700 m of pipes are welded
per day, reaching up to 5,000 m per week. During
welding, a welding aerosol is formed in the arc
discharge zone, containing manganese and nickel
oxides from electrode coatings. The presence of
sodium fluorides in the electrodes also contributes
to the generation of large amounts of manganese
that settles onto the soils.

The GIS distribution of nickel may also be
associated with ongoing metal repair operations,
pipe welding, and the abrasion of machine parts
due to heavy vehicle traffic. At peak operations,
100-300 vehicles pass through the field daily, in-
cluding 50-100 trucks and 20-50 units of special
machinery, which is equivalent to 3,000-9,000
vehicles per month.

The areal exceedance of arsenic content in
soils identified through GIS is linked to the import-
ed soil material from the Yaraktinsky field used
for the grading and infrastructure development
of the gas production site. This is consistent with
data on the exceedance of the EPC for arsenic in
the soils of this region, which is attributable to the
natural geological and geochemical background of
the Irkutsk region in the Baikal area. Furthermore,
the development of drilling pads and the laying of
geophysical seismic survey profiles continuously
disturb the soil cover, bringing arsenic from the
lower horizons to the surface. The exceedances of
arsenic content are also related to the underlying
rocks of the production area. The imported soil
used for backfilling and grading of the industrial
sites of the Kovykta gas condensate field is rich
in arsenic.

It should also be emphasized that the accu-
mulation of the indicated elements in the soil may
be influenced by the sorption activity of mobile
ions (cations) of calcium, magnesium, potassium,
and sodium in the soil absorption complex, which
enter the territory of the industrial site in the form
of brine (a highly concentrated salt solution) from
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well drilling. This may additionally lead to the im-
mobilization of certain elements at the chemical
barrier due to the formation of compounds with
low migration rates, such as hydroxo complexes
involving heavy metals.

Conclusion

The nature of the spatiotemporal distribution
of heavy metals and arsenic on the territory of the
gas condensate field for the period 2019-2025
has been identified. The temporal dynamics of
the increase in the contents of manganese, ar-
senic, and nickel from the beginning of the field’s
operation by year allows for a clear assessment
of the relationship between the intensity of ter-
ritory development in the gas production zone
and the level of adverse impact manifested as
the release of these elements into the soil. Geo-
chemical indicators reflect their high functionality
under the conditions of adverse impacts during
gas production and provide a realistic assessment
of the geoecological situation at the field. The co-
efficients of element accumulation relative to the
global clarks according to A.P. Vinogradov were
obtained: an elevated accumulation coefficient was
found for arsenic, manganese, and nickel (Kk =
1.5). lllustrative GIS distributions of the controlled
elements — the dominant pollutants (manganese,
nickel, arsenic) — revealed their dispersion halos
and migration directions. It has been shown that
the spatial distribution of manganese and nickel
is related to technological processes, regular pro-
duction operations, and welding.

Cases of arsenic content exceeding the regula-
tory standard may be attributed to the inheritance
of the geological and geochemical features of the
Baikal natural territory, with an elevated content
of this metalloid in the composition of the import-
ed soil used for grading the gas condensate field
territory.

Thus, the integration of GIS technologies with
the results of geochemical surveys is an effective
tool for the comprehensive assessment of the ter-
ritory in the technogenesis zone and serves as a
basis for the development of effective, modern,
object-oriented monitoring in the gas condensate
field zone.
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