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SUMMARY

The parameters of changes in the bulk density of grey forest soils and black soils in areas of
intensive hydrocarbon production were established. The results of the case studies in Poltava
and Kharkiv regions were demonstrated. It has been determined that grey forest soils are
most susceptible to compaction during the recultivation process after drilling oil and gas
wells, in some cases, they can reach the limit value of bulk density of soil (1,80 g/cm?).
Hovewer, the difference between recultivated and arable black soils is more noticeable — 1,19
and 1,05 g/cm? for the topsoil and 1,26 and 1,12 g/cm?® for a depth of 20 - 40 cm respectively
due to the initial optimal physical conditions of these soils.
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Introduction

The soil bulk density is the mass of a unit of its volume with all the pores and spaces characteristic of
undisturbed soil. The soil bulk density depends on its mechanical soil composition, organic matter
content, structural state, etc. Clay soils have a lower bulk density compared to sandy soils. In the soil
profile, as a rule, the upper horizons have a lower bulk density compared to the lower ones. The bulk
density of mineral soils most often ranges from 1,0 to 1,8 g/cm’, for upland bog soils it can be only
0,04 — 0,08 g/cm?, which is associated with the accumulation of peat. Low values of bulk density are
also characteristic of forest floor horizons (Hossain M.F. et al., 2015). Most researchers note the
leading role of the soil organic carbon content on its bulk density parameters (Chen S. et al., 2022).
Usually, negative changes in soil bulk density are associated with irrational practices of its
fertilization and tillage (Dudka O. et al., 2022), however, hydrocarbon extraction activities are also an
important factor affecting soil quality (Avirmed O. et al., 2014).

Method and Theory

The research was carried out in the spring of 2024 in the Lokhvytsa district of Poltava region.
Samples were taken from two soil layers at depths of 0 - 20 and 20 - 40 cm. Procedures for
determining the bulk density of soils are described in detail in harmonized standard DSTU ISO
11272-2001. This standard describes 3 acceptable methods of determining soil bulk density, among
which the most common method is hammering or pressing a cutting cylinder of a fixed volume,
followed by drying and weighing of the soil sample. The recommended number of repetitions is 6.
However, the excavation method is also sometimes used, especially in soil with a high content of
stones, filling a dug hole in the soil with sand to determine its volume, as well as covering the lump of
soil with a waterproof layer (for example, varnish or paint) after drying and weighing, and then
determining its volume by placing it in a cylinder with water. Soil bulk density results are usually
given in grams per cm® or tons per m>.

Examples

Shown here is a case of study (Kharkiv region), highlighting the relevance of research on bulk density
of recultivated soils in oil and natural gas production areas. For example, in the reclaimed area of a
gas well, where there were spills of mineralized accompanying formation waters and the movement of
heavy equipment occurred during its construction, the soil bulk density of the illuvial horizon of the
dark grey forest clay loamy soil reached the limit value 1,76 — 1,80 g/cm’ at a background value of
1,25 g/cm’. At the same time, the soil itself was more similar to the rock at the stage of its weathering.
The structural features of this soil are shown in Figure 1.
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Figure 1 Structural peculiarities of the compacted illuvial horizon of the contaminated dark grey
forest heavy loamy soil.

Results

The soil cover of the research area is represented by a complex of gray forest soils, podzolized and
black soils formed on loess parent rocks. These types of soils are among the most fertile, but have
differences in their genesis. Soil bulk density is one of the most important physical properties which
significantly affects the moisture and air content in the soil, its permeability for plant roots, etc. As a
rule, negative changes of soil bulk density are associated with soil compaction, caused by irrational
practices of their fertilization and processing, which include insufficient level of organic fertilizers,
excess mineral fertilizers and the use of heavy wheeled machinery. However, the introduction of
certain substances that have a peptizing effect (saline solutions, monovalent cations) into the soil can
lead to increased soil compaction (Tang S. et al., 2021).

The average value of soil bulk density in the study area was 1,24 + 0,13 g/cm® (+ standard deviation)
with ranging from 1,01 to 1,46 g/cm?’, which corresponds to the "very dense" and "optimal" categories
in accordance with (Yacyuk L.P. & Balyuk S.A., 2019). However, this indicator significantly
depended on the type of soil, the depth of sampling, as well as the recultivation factor. For example,
the highest bulk density was characterized by recultivated grey forest soils at a depth of 20 - 40 cm, as
well as their background analogues belonging to arable lands — 1,38 g/cm® (Fig. 1). In the 0 - 20 cm
layer of grey forest soils, there is a difference between the reclaimed soils of gas well sites and soils
belonging to agricultural lands — 1,31 + 0,10 g/cm® and 1,17 + 0,16 g/cm?® respectively. However, it
should be noted that this difference is within the statistical error range. For black soils, the difference
between recultivated and arable analogues becomes more noticeable — 1,19 and 1,05 g/cm® for the
topsoil and 1,26 and 1,12 g/cm’ for a depth of 20 - 40 cm respectively. The cause of this phenomenon,
in our opinion, is the presence of an illuvial horizon in grey forest soils, which is much more
susceptible to compaction which becomes important in recultivated soils due to their significant
mixing during well construction. It is also worth noting that the bulk density of undisturbed grey
forest soils and black soils in natural lands covered with forest and grassy vegetation is quite close and
amounts to 0,78 — 0,84 g/crn3 for the topsoil and 1,08 — 1,11 g/crn3 for a depth of 20 - 40 cm
respectively.
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Figure 2. Changes in the soil bulk density of recultivated and background soils of different types
(depth 0 - 20 and 20 - 40 cm).

Conclusions

It has been established that grey forest soils have an increased value of bulk density compared to
black soils especially at a depth of 20 - 40 cm, which is associated with the peculiarities of their
genesis, namely the presence of an illuvial horizon in the soil profile.
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