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Abstract. This paper examines the key stages of the land restoration process, when land productivity
declines during the construction or reconstruction of linear facilities (using pipeline transport
infrastructure as an example), as well as emergency situations, such as oil pipeline ruptures. Based on
the example of Samara oblast, statistical data on disturbed lands of the region are analyzed, of which
37 thousand ha (about 0.6%) are occupied by pipeline transport. The choice of technology for the
restoration of disturbed lands should be based on their intended use. In particular, for Samara oblast,
it is recommended to use agricultural techniques for restoring damaged properties of degraded soils:
activation of native soil microflora, soil treatment with sorbents and biological products, bioremediation.
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AHHOTaumsA. PaccmoTpeHbl KhtoYeBble 3Tanbl Mpouecca BOCCTAHOBIEHUSA 3eMefNb, CHUXEHue
NPOAYKTUBHOCTN KOTOPbIX BO3HWKIIO NPWU CTPOUTENLCTBE UMM PEKOHCTPYKLUU JNIMHENHbIX 0ObeKToB
(Ha npumepe 06BHLEKTOB MHPACTPYKTYpbl TPYOONPOBOAHOIO TPaAHCNOPTa), a Takke U3-3a aBapUNHbIX
cuTyauun, Hanpumep, nocne paspbiBa HedTenpooda. Ha npumepe Camapckon obnactu
npoaHanua3npoBaHbl CTaTUCTUYECKNE AaHHbIE O HapyLUEHHbIX 3eMMSX PernoHa, n3 Kotopbix 37 TeIC. ra
(okono 0.6%) 3aHATbI TpybonpoBOAHbIM TpaHCcMoOpTOoM. Bbibop TexHonmoruu ans pekynbsTuBauumun
HapyLleHHbIX 3eMenb OOIMKeH onupaTtbCsa Ha WX npegnonaraemMoe HasHadeHve. B yacTHoCTw,
ana  Camapckon obrnactu pekoMeHOOBaHO WCMOMb30BaHWE CeNbCKOXO3AWCTBEHHbIX METOA4O0B
BOCCT@HOBMEHUSA HapyLIEHHbIX CBOWCTB [OerpagupoBaBLUMX MOYB: akTuBu3daums abopureHHon
MUKpOdnopbl NoyBbl, 06paboTka noysbl copbeHTamu 1 Buonpenaparamu, Gruopemegnaums.

KnioueBble crnioBa: BOCCTaHOBIEHVE NII0A0POAHbIX CBOMNCTB MOYBbI, NEPCMNeKTUBHbIE METOb! aKTUBU3ALIM
MoYBEHHOro GMOLIEHO3a, BO3AENCTBME Ha OKPY>KaloLLYHO cpedy
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Introduction

Human economic activity is the most common cause of disturbed land, which has completely or
partially lost its valuable properties. It can lead to negative changes in the geomorphological structure
of the area and its hydrological regime, the destruction of soil and vegetation cover, etc. The adverse
effects on soil can be categorized into two main groups: landscape and ecological alterations. The first
group includes fundamental disturbances of the landscape and land surface components (biotope);
the second - reduced species composition of biocenoses, decreased bioproductivity, loss of vegetation
cover, and decline in the numbers of fauna representatives (Ola et al., 2024; Yang et al., 2024).
As a result of pollution (for example, by petroleum products), especially valuable and highly fertile
chernozems become unsuitable for agricultural production and require long-term natural restoration
(Ruseva et al., 2024).

The above factors can serve as catalysts for the process of landscape degradation in the
surrounding area: in particular, significant changes in the microrelief can be initiated, expressed in
erosion, the formation of gullies, and karst sinkholes. Waterlogging processes are activated in surface
water bodies and the hydrological regime of small rivers is disrupted; for groundwater, adverse effects
are mainly manifested in changes in their feeding and chemical composition. Large and medium-
dispersed suspended particles begin to accumulate in the atmospheric near-ground layers and their
gas composition changes (Smetanin, 2004; Vasilieva, 2020).

To avoid any negative impacts on the landscape and natural objects during the construction or
reconstruction of linear facilities, it is essential to provide for reclamation measures aimed at restoring
the properties of disturbed land (Ponomarev, 2014). The removal of topsoil should be considered in the
course of engineering and environmental surveys. During excavation work, the removal and prudent
use of the fertile soil layer is regulated by GOST 17.4.3.02-85", and the guidelines for its removal can be
found in GOST 17.5.3.06-852 (Shuparsky, 2019).

Restoration of soil properties is a complex system of measures consisting of several stages:

1) preparatory, where a feasibility study of remediation measures is conducted;

2) technical (engineering) — terrain leveling, earthworks, removal of temporary structures and
construction waste, construction of hydraulic structures, application of soil layer, etc.;

3) the biological stage involves restoring forest vegetation (in the forestry sector), landscaping,
planting perennial or annual grasses, implementing crop rotations, and taking various land reclamation
measures.

The reclamation period, which combines the technical and biological stages, can last for a long time
(for example, the overgrowth of quarries formed during open-pit mining takes several decades).

There are several directions of reclamation, depending on the planned land use: the agricultural
(carried out in developed farming regions with fertile soils, when the soil cover is restored and degraded
land transforms into agricultural lands); forestry (planting of forests for operational or special purposes
such as soil protection, water protection, etc.); recreational (recreational facilities such as parks, etc.),
environmental protection, sanitary and health improving, etc. (Mikhno, 2018; Vasilieva and Baranova,
2017; Vasilieva et al., 2020). The direction of reclamation is justified in the project, which must undergo
State Environmental Expert Review and receive a positive conclusion. At the same time, the disturbed
lands must be reclaimed regardless of the form of ownership (Stifeev and Skripin, 2008).

" GOST 17.4.3.02-85. Nature protection. Soils. Requirements for fertile soil layer conservation in performing earth-moving.

2 GOST 17.5.3.06-85. Nature protection. Lands. Requirements for determination of the fertile soil layer standard disposal while
performing earth-moving.
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Maintenance and planned reconstruction of a wide network of pipelines is often carried out without
considering the characteristics of adjacent areas, leading to negative changes in ecosystems and the
emergence of areas with varying degrees of disturbance. It should be taken into account that during
the construction and maintenance of a linear facility, a significantly larger area is affected than during
its operation, since equipment, building materials, and workers need to be placed on the designated
land; whereas during the facility operation, 1-2 inspections per year are usually sufficient in case of its
proper functioning.

There are a large number of pipeline transport facilities in Samara oblast. They are mainly trunk
pipelines with a diameter of 1220 and 1420 mm, through which oil from the Siberian and Far Eastern
federal districts is transported to the European part of Russia and other countries. For example, the
“Druzhba” oil pipeline, the largest system of main oil pipelines in the world, runs through Samara oblast.
Thus, the issue of planning and implementing measures to reclaim the areas disturbed as a result of
accidents on pipelines and during their maintenance is a significant concern for the region.

The aim of this study is to review the condition of lands disturbed during the construction and
operation of linear facilities such as pipelines, as well as to assess the effectiveness of methods of their
reclamation (using Samara oblast as an example).

The state of disturbed lands in Samara oblast

According to statistical data published in the reports of the Ministry of Forestry, Environmental
Protection and Nature Management of Samara oblast, the Federal Service for Registration, Cadastre
and Cartography for Samara oblast, the Territorial Body of the Federal State Statistics Service® for
Samara oblast, etc., the total area of disturbed land in the region tends to increase. For example,
according to the “Report on the environmental situation in the Samara oblast for 20234, 64,095.2
hectares of disturbed lands were recorded (62463.7 ha more than in 2022) (Table 1).

Land occupied by pipeline transport facilities belong to the category of "industrial, energy,
transportation, communication, and other special-purpose lands"S. According to the "Report on the
Environmental Situation in the Samara oblast for 2022", 71.8 thousand ha of land in the region fall
into this category (1.3% of the total area). Transportation infrastructure occupies the largest area (36.7
thousand ha); it includes roads (18.8 thousand ha), railways (17.4 thousand ha) and pipelines (0.5
thousand ha) (Doklad..., 2023).

The distribution of the lands studied in this category, according to the type of land, is shown in
Fig. 1.The majority of the land is in held in state and municipal ownership (68.2 thousand ha, or 96.8%),
1.6 thousand ha — in the ownership of legal entities, and 0.7 thousand ha is in private ownership (as of
01.01.2020) (Doklad..., 2023).

The oil and gas industry is the basis for the economic development of Samara oblast, and the
efficiency of its operation depends to a large extent on the condition of the main pipelines. This type of
transport, which passes through the territories of almost all regions of the Russian Federation, transports
100% of produced gas, approximately 99% of produced oil, and more than 50% of refined products
(Faizova, 2022).

The maintenance, construction and reconstruction of linear facilities can cause various types of
damag to adjacent natural areas — from changes in groundwater flow and microclimate deterioration to
the disappearance of the most sensitive species, changes in animal migration routes and the destruction
of entire ecosystems. In addition, foreign chemicals can penetrate and accumulate in the soil cover.
For example, during oil pipeline maintenance and reconstruction, petroleum product spills and their
subsequent accumulation in the soil are often allowed. A survey of the area near the Ufa-Zapadnoye oil
pipeline showed that the maximum concentration of petroleum products in the soil was 1.8 times higher
than the background level (Doklad..., 2023).

3 The Federal State Statistics Service. Web page. URL: https://rosstat.gov.ru/ (accessed:20.05. 2025).

4 Website of the Ministry of Natural Reseurces and Ecology of Samara oblast. Web page. URL: https://priroda.samregion.ru/wp-
content/uploads/sites/11/2024/06/doklad-2023.pdf (accessed:20.05. 2025).

5 The Land Code of the Russian Federation No. 136-FZ of 25.10.2001 (as amended on 20.03.2025)


https://rosstat.gov.ru/
https://priroda.samregion.ru/wp-content/uploads/sites/11/2024/06/doklad-2023.pdf
https://priroda.samregion.ru/wp-content/uploads/sites/11/2024/06/doklad-2023.pdf
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Table 1. The area of disturbed and reclaimed lands in Samara oblast in 2023.

Parameter Area (ha)
The total area of disturbed lands as of 01.01.2023 8179.1
Lands disturbed in a 2023 64095.2
Land reclaimed, total 62607.4
— of them for arable land 1223.6
— for other agricultural land 262.2
— forest plantations 2.1
— water bodies and other purposes 73.1
The total area of disturbed lands as of 01.01.2024 9666.9

Reclamation of land occupied by pipeline transport

The construction of embankments of various shapes and sizes (canals, dams, dikes, etc.),
excavation of foundation pits and other cases of anthropogenic relief transformation along linear
facilities causes land disturbance during the construction and operation of pipelines. This involves
removing the top fertile soil layer, rock excavation, and moving volumes of soil extracted from mine
workings. The specifics of disturbed land recultivation are reflected in the design documentation of
linear facilities (Shuparsky, 2019).

To reduce the anthropogenic load on the lands adjacent to linear facilities, the environmental
legislation of the Russian Federation® provides for the mandatory removal of the upper fertile soil layer
before construction works begin. The fertile layer is moved to a specialized storage pile (dump), which
is often located along the pipeline right-of-way. After the construction is completed, this material is used
for land reclamation in order to restore the fertile soil layer.

At the technical stage of reclamation after the construction, repair or reconstruction are completed,
the building structures are dismantled, construction debris is removed and the pipeline trenches are
backfilled with soil to form an embankment, the height of which can ensure land leveling after the soil
compaction and subsidence. The final stage involves applying a layer of humus-accumulative soil to
the leveled land. If there is an excess amount of this type of soil, it should be evenly spread over the
reclaimed land area or transported to the storage sites planned for the project.

The choice of further direction of reclamation depends on how the land will be used in the future
(Stefantsova, 2018; Voronin et al., 2013). At the same time, the best available reclamation technologies
should be used in areas affected by accidental oil spills (Sivkov, 2024; Trots, 2019).

When laying pipeline transport in specially protected natural areas, reclamation should be based
on field survey reports (which include data on the flora and fauna) conducted by specialized research
organizations prior to the implementation of construction works.

Reclamation of oil-contaminated land

The reclamation of lands disturbed as a result of oil pipeline ruptures or unauthorized tie-ins is also
conducted in several stages. The preparatory stage usually includes clearing and localization of the
polluted area; removal of contaminated soil from the site if the level of its contamination with petroleum
products is more than 15%; planning for further preparatory work.

5 Decree of the Government of the Russian Federation No. 800 of July 10, 2018 "On Land Reclamation and Conservation". Web
page. URL: https://base.garant.ru/71985800/?ysclid=mawr0yrl70874597179 (accessed: 20.05.2025).
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Fig. 1. The structure of industrial and other special-purpose lands in Samara oblast.

Next, at the technical stage, in accordance with RD 153-112-014-977, the engineering preparation of
the area is carried out, followed by the biological stage of remediation. It involves treating contaminated
soil with biopreparations and ameliorants that accelerate the biodegradation of harmful chemicals and
restore soil fertility.

The required doses of the reagents used (mineral fertilizers, reagents for soil liming, sorbents and
structure-forming agents, humic mineral preparations, etc.) are calculated based on the incoming control
of soil contamination with oil (Rusinov and Kholopov, 2016).

Reclamation of disturbed lands in Samara oblast

The analysis of reclamation measures used to restore the properties of oil-contaminated soils
at production facilities in Samara oblast revealed the following shortcomings of standard methods
of reclamation of the soils with altered chemical composition: firstly, pollutants can remain virtually
unchanged, as technologies for their complete extraction and disposal are either very expensive or
unavailable; secondly, cleaning contaminated soil with biologically active reagents poses a high risk
of secondary pollution and damage to other environmental components. At the same time, a review of
the technologies used in Samara oblast, which utilize natural materials available in the region, showed
the economic feasibility of using biosorbents as part of multicomponent mixtures with a high absorption
capacity based on sand, clay and other common minerals (Kuznetsova and Amosova, 2021).

In light of the above, biosphere-compatible soil purification technologies that do not have these
drawbacks are of particular interest. For example, native microorganisms-destructors, which are
capable of decomposing and eliminating pollutants under both aerobic and anaerobic conditions, are
used in bioremediation. Methods of stimulating the growth of microorganisms are used to accelerate
biodegradation (Rusinov and Kholopov, 2016; Tankikh et al., 2019; Zabolotskikh et al., 2014, 2018).

”RD 153-112-014-97. Guidelines on Accident Response and Repair at Petroleum Product Trunk Pipelines.
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To restore the disturbed lands in Samara oblast, where agricultural reclamation is a priority,
methods using biopreparations based on genetically modified microorganisms, biodestructor strains
from native microflora of the soil of a particular type, and sorbents based on local natural materials can
be recommended as biosphere-compatible technologies (Zabolotskikh et al., 2014). At the final stage
of restoration work, phytomelioration measures are necessary (sowing perennial grasses which are
resistant to a specific type of pollution).

The outcome of these multifaceted efforts aimed to restore the disturbed lands should be an
ecologically balanced sustainable landscape (Sinyavsky and Istomina, 2019).

An additional advantage of using biosphere-compatible technologies is the potential product — purified
organomineral soil, which, according to GOST R 59057-20208, can be used for biological reclamation
of disturbed lands and areas where the soil cover was completely destroyed. It can also be used as soil
for ornamental plants, for creating an insulating layer on landfills, etc. Reclaimed soils with a residual
oil content of 20—30 g/kg can be used for the construction of wells, roads, pipelines, landscaping , etc.

Also, one can choose the water management direction of land reclamation. The created water
bodies (lakes and ponds) can be used for environmental protection, irrigation, and fisheries. Even
if a trunk pipeline is located in a forested area, perennial herbaceous vegetation is planted over the
pipeline to restore its right-of-way, since trees and shrubs can interfere with the linear facility operation
(Vasilieva, 2020).

Conclusion

Thus, the large-scale use of pipeline transportation in Samara oblast necessitates the restoration of
soil properties degraded as a result of the construction, reconstruction, and operation of linear facilities.
The conversion of disturbed lands into arable or other agricultural lands is the primary goal of reclamation
in the region.

To restore the ecological balance of the disturbed areas in Samara oblast, it is suggested to utilize
methods which include the use of biologicals and strains of native microorganisms, as well as the
treatment of soil with sorbents based on natural materials that are widely available in the region.
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