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PA3BPABOTKE U SKCILTYATALIMY MECTOPOKJIEHUM
TUMAHO-ITEYOPCKOUW HE®TEI'A3BOHOCHOM
IMPOBUHIIUA

Abstract. Landscape monitoring is organized to
monitor the state of natural complexes and their
transformation. Monitoring of landscapes should
ensure the identification of anthropogenic load, the
dynamics of areas of anthropogenic impact, the
degree of degradation of natural complexes. The
Timan-Pechora oil and gas province is located on
the territory of the Republic of Komi, the Nenets
Autonomous Okrug and the adjacent water area of
the Pechora Sea. The area of the province is 600
thousand km?. Currently, the development and ex-
traction of mineral resources, mainly oil and gas, is
actively underway in the territory under considera-
tion. This is a complex process that requires the
collaboration of many specialists, including ecol-
ogists. In the Bol'shezemel'skaya Tundra, the dom-
inant part of tundra landscapes are extremely sensi-
tive to anthropogenic influence and the unor-
ganized use of the available space will soon lead to
the complete loss of their own functions, and their
restoration will take a huge amount of time. In this
paper, a basic field study method was chosen as the
main method to study the landscape. Thanks to
route observations, a complex landscape character-
istic of the territory was compiled.

Key words: man-made landscapes; landscape
complexes; landscape monitoring.

AHHOTAUsA. MOHUTOPHUHT JTaHAIA(TOB OPTaHU3YETCS IS
HaOJIOJICHUsI 32 COCTOSTHUEM MPUPOTHBIX KOMIUIEKCOB M UX
Tpanchopmarmeii. IIpoBeeHre MOHUTOPHHTA JIAHAMIA(TOR
JIOJDKHO 00€CTeYrBaTh BBISBICHUE aHTPOIOT€HHOH Harpys-
KM, JWHAMHUKH IUIOMAZCH aHTPOIOTEHHOTO BO3JCHCTBUA,
CTCTICHU JerpaJallid TPUPOIHBIX KOMIUIEKCOB. THUMaHO-
[euopckast HedTerazoHOCHasI IPOBUHIIMS PACHIONIOKEHA HA
tepputopuu PecyOonuku Komu, HeHerkoro aBTOHOMHOIO
OKpyra ¥ TpHJeraromed axkparopuu I[ledopckoro Mopsi.
IInomans npoBuHIME cocTasiger 600 Teic. kM>. B HacTos-
iee BpeMsl Ha paccMaTpUBAEMOW TEPPUTOPUH aKTHBHO Be-
JIETCSl OCBOEHHME M J00bIYa IOJIE3HBIX MCKONAEeMBIX, TJIaB-
HBIM 00pa3oM He(TH U ra3a. DTO CIIOXKHBIN MPOIecC, KOTO-
PpBIii TpeOYeT COBMECTHOW pabOThl MHOTHX CIELUAITUCTOB, B
TOM uHcie 9konoroB. B Bonbiiesemenbckoit TyHIpe npeoo-
JIAJAl0T KpailHe YyBCTBUTEIILHBIC K AHTPOIIOTCHHOMY BJIHS-
HUIO TYHAPOBBIC JAHAMA(THl, W HEOPraHU30BAHHOE HC-
TIOJIb30BaHNE UMEIOLIETOCs MPOCTPAaHCTBA B CKOPOM BpeMe-
HU TIPUBEACT K IOJHOW yTpaTe UX COOCTBEHHBIX ()YHKIIMMH,
Ha BOCCTA@HOBJIEHHE KOTOPBIX HOTPEOyeTCsi OrpOMHOE KOJIH-
4YEeCTBO BpeMeHU. B kadecTBe OCHOBHOTO METOZA HCCIIENO-
BaHUs JaHamadTa B JaHHOW paboTe BHIOpaH 0a30BBIH Me-
TOJ| U3y4EHHs B TOJIEBBIX YCIIOBUSX. biaromapst mapmpyr-
HBIM HAOJIONEHUSIM OblIa COCTaBJIeHa KOMIUIEKCHAS JIAH[-
madTHas XapaKTePUCTHKA TCPPUTOPUH.
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Introduction
Landscape monitoring is an important part of environmental monitoring and is organized to moni-
tor the state of natural complexes and their transformation. Landscape monitoring should ensure the iden-
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tification of anthropogenic load, the dynamics of areas of anthropogenic impact, the degree of degrada-
tion of natural complexes [5; 7].

The tundra zone occupies one-fifth of Russia. Tundra landscapes stretch along the northern strip of
the mainland. Currently the northern territories of the Russian Federation are being actively developed by
man. Economic activity is associated with geological exploration and development of hydrocarbon depos-
its. One of the major centers of oil and gas accumulation is the Timan-Pechora oil and gas province,
which is located on the territory of the Komi Republic, the Nenets Autonomous Okrug and the adjacent
water area of the Pechora Sea. In 2019 a total area of 215 100 hectares, which is located within Bol-
shezemelskaya tundra in the north-eastern part of Khoreyverskaya depression, has been studied and ac-
cording to botanical-geographical zoning of the Arctic belongs to the strip of the middle (typical) tundra
Eastern European Subprovince East-West Siberian province. Active exploration of hydrocarbon deposits
in the territory dated from the end of the XX century to the beginning of the XXI century; however, the
landscape-ecological study of the area is extremely insufficient. For landscape assessments, they rely on
the experience of similar studies of zones with similar climatic conditions, mainly the Yamal Peninsula
and Canada [1; 2; 3; 9].

Material and research methods

The field study was carried out in two stages. The first was to identify landscape - forming process-
es developed in the study area, according to literary and stock sources. In the field study, it was performed
the machine situational modeling and the actual measurement and observation [9].

Most of the landscapes of the study area are at the different stages of self-restoration (naturally or
after remediation activities). The total area of disturbed landscapes is 28% of the total study area. This
indicator is the result of the active development of the Timan-Pechora oil and gas province. The largest
area of the oil infrastructure is occupied by processing areas — 11%, landscapes within this territory are
degraded. Corridors of communications (including corridors of electric power transmission lines and un-
derground pipelines) occupy an area of 5%, degradation of landscapes with natural self-restoration pro-
cesses is observed; complex roadside disturbances (flooding) cover an area of 1%, this type of disturbed
landscape is being degraded; coated roads (filling) occupy an area of 2%, degradation of landscapes with
natural self-restoration processes is observed; clearing for temporary roads (winter roads) occupies an
area of 6% — landscapes are being restored; peat and sand exploited and reclaimed quarries occupy an
area of 2%, degradation of landscapes with natural processes of self-restoration is observed; complex bite
disturbances occupy an area of 1% — landscapes are being restored [4; 6].

Results and discussion

There are 16 major groups of landscape complexes on the study area, which are characterized by an
overall orientation of processes of development: hilly steeply-slope, lake-hilly, watershed-slope, flat
steeply-slope, flat, lakeside terraced, laida, flat hilly bogs, polygonal bogs, lowland and mesotrophic bogs,
khasyrey, valley-slope, delta, floodplain, valley, hollow [1].

To date, the landscapes of the Bolshezemelskaya tundra undergo the greatest anthropogenic trans-
formation as a result of economic activities aimed at the extraction of hydrocarbon raw materials. An-
thropogenic transformations that have arisen under the influence of traditional types of economic activity
for this region (deer farming) are insignificant. Landscapes are exposed to anthropogenic pressures as a
result of geophysical and geological exploration, construction and operation of areal objects (well clus-
ters, main transfer pumping station, booster pipeline pumping station (BPPS), etc.), as well as linear ob-
jects (roads, winter roads, pipelines, power lines) [9].

The emergence of industrial geotechnical systems is associated with the almost complete transfor-
mation of all landscape components. The components of the geotechnical system are made of materials
created in the process of technological production. The functioning of the geotechnical system depends on
the production cycles established by man. The restoration of such complexes is possible provided that the
structures are completely dismantled and deep remediation measures are carried out [2; 5].

In anthropogenic systems, the transformed components self-restore and subsequently function ac-
cording to natural laws. During remediation work, the disturbed landscapes also return to an approximate
natural state.

On the territory of the Timan-Pechora oil and gas province, the geotechnical system formed as a re-
sult of oil fields development and operation, with a predominance of natural complexes degradation pro-
cesses includes:
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1. Oilfield geocomplexes — technological platforms of existing facilities (field bases, BPPS, flare
devices, well clusters, etc.);

2. Linear transport — sprinkled roadbed and/or paved roadway;

3. Quarry — developed deposits of common minerals.

In the industrial anthropogenic class of landscapes, with the predominance of the processes of res-
toration of natural complexes, the following are distinguished:

1. Oilfield anthropogenic landscapes — remediated oil-contaminated lands; exploratory wells with
complex disturbances, etc.;

2. The linear oilfield type of anthropogenic landscapes represented by complex roadside disturb-
ances, clearing for temporary roads (winter roads), electric power transmission lines, pipelines with un-
derground laying, etc., including land transformed as a result of the construction of linear structures
(flooding, etc.);

3. A quarry type of anthropogenic landscapes with remediated quarries.

All objects of field development are rather complicated technical structures with their design fea-
tures, technological mode of operation, and associated technogenic flows, which differ in composition
and dynamics of the release of pollutants into the natural environment. The individual contribution of ob-
jects to environmental pollution varies and depends on the operating mode (technological or emergency),
the composition of pollutants, as well as the morphological and geochemical structure of the original
landscapes. Technogenic disturbances, even of the same type inherently, can subsequently cause uneven
secondary disturbances of natural systems, depending on the type of landscape complex that places them
into. The transformation of the natural environment already begins during the search and exploration of
the field and continues at each stage of its development and operation [10].

The formation of most exogenous geological processes occurring in the study area is significantly
affected by permafrost, which has a massive occurrence here.

Most often in the tundra zone, frost mount hillbocks occur at the freezing place of overmoistened
rocks, which contributes to an increase in their volume due to the formation of ice. On average, frost
mount hillbocks are 1-2 meters high, although at times they can reach 30-40 meters (hydrolaccolithes).
They are characterized by flat peaks, broken by frost cracks. Their life span is from several months to
several years [2].

Khasyrey (drained lake) (Yakut-Alases) is a slightly sloped and flat-bottomed oval-shaped hollow,
with a diameter of several kilometers and a depth of 30 meters. They are formed during the thawing of
underground ice, soil shrinkage, etc. Their lowlands are usually covered with swampy lakes, and the
slopes are meadow-steppe communities [3].

The main exogenous geological and cryogenic processes in the study area are cryogenic sliding
landslides and currents, slow solifluction, seasonal and perennial rock heaving, polygonal relief forms,
and related processes of thermokarst, channel processes along the banks of small and medium rivers, de-
flation, and cryoturbation (spot medallions). Attention is paid to the formation of a structural (block) re-
lief, which is widely developed on mineral soils by soil veins, resulting from nivation and slow solifluc-
tion.

One of the most widely developed processes in the area of work is polygonal rock shattering and
associated landforms. The transformation of polygonal surfaces occurs in various ways depending on
lithological, geocryological, geomorphological, zonal, and regional conditions. Varieties of the transfor-
mation of polygonal surfaces are structural soils, erosion-thermokarst forms, thermo-erosional and ther-
moabrasional formations. Depending on the composition of soils, the intensity of the processes is differ-
ent.

With an increase in the surface slope, the rate of formation of structural relief forms changes. With
sufficient drainage, surface slope, and the presence of an erosion basis, thermo-erosional gullies are
formed. On the banks of rivers and lakes, when the banks are washed away, thermo-erosion and thermal
denudation form an ordered relief pattern [8].

On the flat hill crests, there are polygons of considerable size (150-200 m). In the lowlands and
depressions that divide watershed hills and ridges, block relief is usually very pronounced. Mounds with
flat and gently convex peaks, with rather steep slopes, 1.5—4 m high and 40—150 m in diameter, are sepa-
rated by wide, often boggy, or overgrown with dense willow interblocks. The width of the interblocks is
60-80 m. At the junction of several interblocks, several deepened basins are formed, often occupied by
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lakes. Large blocks and interblocks are well distinguished in the area by the nature of the vegetation and
are well identifiable in aerial photographs. They, in turn, are divided into polygons measuring across the
order of 10—15 m with a regular network of very narrow, barely noticeable depressions. In most cases,
especially on drier surfaces, the micropolygonal structure of large blocks is not morphologically ex-
pressed [5; 9].

Flat watershed spaces composed of the surface by cover loams or sandy loams can be ordered into
several geomorphological forms. Most often, these are uniformly distributed round or oval shapes.

On the slopes, there is a significant development of interblock depressions by slope processes, such
as erosion, solifluction, with the participation of thermokarst and nivation. Under conditions of good hu-
midification and deep snow accumulation, depressions overgrow with high, dense willow. The length of
the runoff hollows reaches 3 km, the width is up to 0.5 km.

On steep banks of rivers and lakes, coastal, channel, and accompanying slope and cryogenic pro-
cesses often occur. Channel processes are manifested in channel deformations with erosion of coasts
composed of sand and sandy loam rocks. River bottoms are often composed of coarse clastic material and
pebbles. Depending on the geomorphological and geological conditions, channel processes on the banks
of small rivers have different activities. At a high geomorphological level, exorheic (open) and drainage
lakes, between which flow, are widespread. The activity of channel processes depends on the basis of ero-
sion between the lakes. The stock is as regulated as possible [8].

Thermokarst in the area of work is developed for various types of ice. Currently, there is an active
thawing of ice-wedge casts, which is part of polygonal peatlands. On ice-wedge casts, subsidence relief
forms are formed along polygons. Inside the polygons, with a large ice content of the rocks, thermokarst
subsidence along segregation ice also forms [10].

Polygonal landforms are one of the most common in the study area. The thickness of the peat layer
in peatlands reaches 2—3 meters, which reliably preserves permafrost from the warming influence of the
climate. During thermal abrasion, peatlands on the shores of thermokarst lakes are actively destroyed and
form outcrops with the structure of peat deposits visible in the section.

Under conditions of climate warming, the development of the polygonal network does not occur on
most peatlands. Ice-wedge casts are in a degradation stage.

Perennial and seasonal frost mount hillbocks are typical for the study area. Perennial frost mount
hillbocks are formed during the influx of moisture on bogs and on the bottoms of boggy valleys. The di-
ameter of the examined perennial heights of frost mount hillbocks is 5-10 m, they do not exceed 1 m in
height.

Seasonal frost mount hillbocks are observed on moistened and boggy surfaces composed of dusty,
heaving sandy loams and loams. The diameter of seasonal frost mount hillbocks is 0.3—1.2 m, and a
height of 0.5-0.7 m.

Conclusion

Thus, the study of the given territory will predict and avoid the adverse effects of man-made disas-
ters on the identical physical-geographical conditions of the area that are exposed to oil and gas industry.
Working in this direction will allow the process to properly plan an economic activity to natural land-
scapes not become unsuitable for any activity.
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