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Technology for recultivation of explosion craters in agricultural fields
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Abstract. The article, based on research into the impact of military operations on agricultural soils, provides a technology for the

reclamation of explosion craters.
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Introduction

Soils are the main means of production of plant agricultural
products at any stage of its development. The main feature of
agricultural soils is their fertility, which is primarily determined
by the structural state of the soil environment. The soil cover of
Ukraine consists mainly of chernozems, the area of which exceeds
24 million hectares, the share of Ukrainian chernozems among
European ones is about 30%, and world ones are 9%.

Soil formation in Ukraine has a clearly expressed zonal
character, and the change in soil and climatic conditions occurs
over a relatively short distance.

The predominantly heavy granulometric composition of
chernozem soils determines the increased moisture content and
nutrient supply, which determines the relatively high natural
fertility of soils without the application of fertilizers, which is
relevant during the period of martial law. The parameters of agro-
soil potentials of natural soil fertility indicate the possibility of
obtaining an annual gross harvest of grain crops of more than 50
million tons, and with effective fertility — 70-90 million tons and
more, which is important for the food security of the state and
export opportunities. Even without taking into account the
temporarily occupied territories, the soil cover of Ukraine can
provide for the production of more than 40 million tons of grain
without fertilizers, which indicates a significant resource potential
of soils under the condition of high agricultural culture, inherent
in the Ukrainian ethnic group, and increased by scientific
achievements.

All types of military-technical loads cause severe pollution and
destruction of the soil cover.

In Ukraine, more than 5 million hectares of arable land have
been damaged as a result of the war. Explosion craters, trenches,
toxic substances from rocket flights and the movement of heavy
equipment - all this affects the quality of soils and the products we
grow. During explosions and the operation of military equipment,
a large number of toxic substances enter the soil - in particular,
explosives and heavy metals. Chemical damage to the soil occurs
[1].

As a result of the explosion of shells in the fields, blast waves
are also formed, which cause their chemical contamination, and
are accompanied by the formation of craters, soil compaction,
destruction of vegetation (including the formation of a
hydrophobic layer at shallow depths as a result of fire, which
prevents/limits water infiltration) and the death of soil fauna (Fig.
1).

As a result, the hydrolytic regime changes and the soil structure
is destroyed, small landslides and mudflows are possible, which
ultimately provokes soil erosion and desertification.

There are four types of soil destruction. Mechanical - a change
in the structure of the soil cover. It occurs when the fertile layer is
destroyed or mixed with other layers due to digging trenches.
After such changes, the soil loses its fertile properties, retains
moisture worse and becomes less suitable for growing crops. The
movement of military equipment also leads to mechanical
pollution - the soil is compacted and becomes more arid.

The second type is physical pollution, which changes the
properties of soils. Military equipment causes vibrations, and
explosions or fires, in addition to direct destruction, disrupt the
temperature regime that determines the moisture supply of plants
[2, 3].

Figure 1. Negative impact of military operations on agricultural
fields in Ukraine:
a—fire in a wheat field; b — shell crater in the field;
¢ — appearance of the land after the explosions

The third type, chemical, occurs as a result of fuel leakage,
combustion products settling on the soil from the air, and toxins
from explosives in shells. However, the explosion of ammunition
is not only chemical pollution, but also mechanical. The blast
wave leads to soil erosion, which further exacerbates the issue of
climate change and adaptation to it.

The fourth type, biological, is the death of all living things in
the soil, primarily microbiota, which is responsible for its health
and fertility. It dies both from soil compaction, thermal shock,
destruction of soil horizons, and from explosive toxic substances

[4].
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The combination of various impact factors leads to a
cumulative negative effect. The consequences are the loss of the
buffering capacity of soils to recover, the loss of humus, and a
decrease in natural fertility [5].

Substances that enter the soil during explosions remain in the
crater without special treatment of the area.

If we do not carry out post-war restoration measures, we will
get soils with flooding, salinization, erosion processes, etc. This
can undoubtedly lead to destructive consequences in crop
production, soil cover disruption, natural moisture deficiency,
desertification, and the development of wind and water erosion.

It is necessary to remove or clean the surface layer of soil,
because in addition to chemical contamination with heavy metals,
the fertile layer of soil also burns out, dehydration occurs, and
both pathogenic microorganisms and beneficial biota die. If we do
not clean the surface contaminated layer, but mechanically wrap
the crater with bulldozers and graders, then the restoration of soil
fertility will take decades with the need for serious investments in
the application of organic fertilizers, ameliorants, phyto-
amelioration, etc.

Therefore, restoring and ensuring conditions for preserving the
fertility of agricultural soils in Ukraine, destroyed by military
actions, is currently a very acute, global and urgent problem for
all of agriculture.

Results and discussion

To carry out reclamation, it is first necessary to prepare the land
for its further use. To do this, it is necessary to digitize the areas
using satellite / UAV / ground monitoring with reference to the
coordinate system. All areas should be digitized regardless of the
scale of damage. Even if the physical damage to the soil is
insignificant, severe chemical contamination is possible. If the
damage to the surface of the areas is 75-100% of the area, then it
is possible to preserve the damaged areas and allow nature to start
the self-healing process, since further import of good quality soil
is costly.

If the damage is 50-75% of the area of the areas, then the land
is subject to reclamation.

Land monitoring for maximum coverage of the entire
potentially affected area using modern technologies: high-
precision satellite data for remote monitoring and digitization of
areas affected by military actions (Fig. 2); drones, both for photo
and video recording, and magnetometric imaging for remote
detection and identification of metal and explosive objects for the
purpose of further demining and neutralization (Fig. 3, 4).

Figure 2. General view of craters from explosions of shells of
various calibers, with their diameters indicated

This will allow us to record, digitize, and determine the level of
damage to each potentially dangerous section of the field.
Progressive farms and holdings that already use elements of
precision agriculture in their fields can use their own resources to
digitize damaged areas, craters, etc.
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Figure 3. A field marred by craters left by artillery shells
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Figure 4. A crater in the field caused by a shell explosion

Next, samples should be taken from the impact zone (separately)
and the surrounding area (separately) and analyzed for
contaminants. Heavy metals are the primary concern.

For sampling from direct-guided artillery combat zones, it is
recommended to use a decision unit size of 50x50 m centered on
each target, and to sample 100-increments from the top 5 cm of soil
using a systematic-random approach [6].

If the shells have undergone low-order detonation or there are
fragments of explosive residue visible and identifiable by field
screening methods, then a 10x10 m grid or smaller unit centered on
each of these areas should be used for sampling, and a 30-increment
sample should be taken from the top 5 cm [6].

For human health risk assessment, an initial sample is taken from
the soil surface to a depth of 0-5 cm. Thereafter, sampling intervals
should be sufficiently close to each other, e.g. 5-10 cm or 20-30
cm, to ensure relevant depth segregation. Almost all studies indicate
highly contaminated profiles in the upper soil layer (0-10 cm). The
level of contamination decreases with increasing depth, except for
those potentially toxic elements that have relatively higher
accumulation levels with increasing depth. Contamination is
generally limited to the first half meter of depth [5].

Based on the data obtained on the level of contamination of
agricultural lands, a decision should be made on the possibility of
conducting agriculture and further intended use.

After cleaning the areas from the source of contamination and
debris, it is necessary to restore the soils damaged by explosions.

To restore areas damaged by explosions, it is necessary to remove
or clean the surface layer of soil, since in addition to chemical
contamination with heavy metals, the fertile layer of soil also burns
out, dehydration and “sterilization” occur — both pathogenic
microorganisms and beneficial biota die. Plowing will not give an
effect, because the land itself is lifeless in this place. If you do not
clean the surface contaminated layer, but mechanically wrap the
crater with bulldozers and graders, then the restoration of soil
fertility will take decades with the need for serious investments in
the application of organic fertilizers, land reclamation,
phytoremediation, etc. Subsequently, after leveling the surface of
the damaged area, to restore its fertility, it is possible to loosen the
soil to increase oxygen penetration and the development of redox
reactions, apply organic and mineral fertilizers and sow grasses to
intensify the natural processes of biochemical purification.
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To remove and clean the damaged surface layer of soil in the
crater formed as a result of explosions, it is recommended to use a
working body that will allow mechanizing this process.

This working body is attached to the boom of an excavator with a
hydraulic system. Fig. 5 shows a diagram of a working body for
restoring the relief of agricultural lands, which is attached to the
boom of an excavator.

. /.

Figure 5. General view of an excavator with a working body
installed for cleaning damaged soil inside the craters

The working body consists of a frame in the form of circles, to
which channels and angles are welded. The welded structure is
reinforced in height with rings made of metal rods. A bracket is
welded to the top of the working body for attachment to the
excavator boom with the possibility of rotation.

When removing the surface layer, the working body is fixed to the
excavator boom using brackets. Using the hydraulic system, the
working body can rotate at an angle and make turns around the axis
of the body (shown in Fig. 1 by a dashed line). As a result of the
rotation of the working body, the angle of inclination of the crater,
the surface of which must be cleaned, will be selected. The edges of
the shelves of the channels and angles, which are welded to the
working body, will make it possible to remove the upper layer of
the crater surface from damaged hardened soil containing heavy
metals and other harmful substances.

For the disposal of the removed contaminated soil layer, a flexible
screw conveyor with a sectional screw working body can be used,
which will make it possible to reload it into the truck body.

The general view of the flexible screw conveyor is shown in Fig.
6. This conveyor consists of a frame 1, which contains a loading 2
and unloading 3 flexible casings with screw sectional hinged
working bodies.

Moreover, the loading and unloading casings on one side contain
holes for self-loading of soil and its unloading, respectively, and on
the other side they are aggregated to the drive shafts of the
overloading pipe 4. Coaxially with the flexible casings on the
opposite side of the overloading pipe 4, sprockets are located on the
drive shafts, which are kinematically connected to the intermediate
shaft 5 by means of chain gears. The lower 6 and upper 7 brackets
are installed on the body of the overloading pipe, by means of
which the conveyor is connected to the central and longitudinal rods
of the attachment system of the machine-tractor unit. The output
shaft of the unloading line 3 is connected to the reducer 8 through a
chain gear. This installation is universal, since after dismantling it is
installed on an autonomous frame driven by an electric motor, and
research of various working bodies can be carried out in stationary
conditions.

During operation, the kinematically connected drive shafts, the
intermediate shaft and the power take-off shaft of the machine-
tractor unit ensure the rotation of the flexible screw sectional
working bodies.

To dispose of the removed contaminated soil layer, the loading
casing with the flexible screw sectional working body is placed in
the pit. The conveyor screw captures the cleaned soil through the
self-loading hole and, when the working body rotates, transports it
in the casing towards the overloading pipe of the experimental
installation and, using the unloading casing with the flexible screw
sectional working body, to the unloading zone into the truck body.
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Figure 6. General view of a flexible screw conveyor

In this way, it is possible to carry out technical land reclamation,
which involves first cleaning the craters from damaged and
contaminated soil with heavy metals and other hazardous
substances. After that, it is necessary to fill the craters, i.e. level the
surface. Then, disking and cultivation can be carried out on this
land plot, and if necessary, plowing.

Conclusions

Based on studies of the impact of military operations on
agricultural soils, a technology for the reclamation of explosion
craters has been developed.

To remove and clean the damaged surface layer of soil inside
the crater formed as a result of explosions, it is recommended to
use a working body that allows mechanizing this process.

During further disposal of the cleaned contaminated soil layer
that will be at the bottom of the crater, a flexible screw conveyor
with a sectional screw working body can be used, which will
allow its transportation into the body of a vehicle.

References

1. Balyuk S.A., Kucher A.V., Solokha M.O., Solovey V.B.,
Smirnov K.B., Momot G.F., Levin A.Ya. The impact of armed
aggression and military actions on the current state of the soil cover,
assessment of damage and losses, restoration measures. Kharkiv:
FOP Brovin O.V., 2022. 102 p.

2. Kaminskyi V.F., Tkachenko M.A., Kolomiiets M.P.
Methodological recommendations for the restoration of agricultural
lands damaged as a result of military operations. Kyiv: NNC "IAE".
2023. 84 p.

3. Electronic resource: Even rocket flights affect the harvest.
How war is destroying Ukrainian lands. Retrieved from
https://www.rbc.ua/rus/news/navit-prolit-raketi-vplivae-urozhay-k-
Viyna-1715344389.html

4. Electronic resource: How does war affect soil fertility and food
quality? Retrieved from https://ecoaction.org.ua/vijna-vplyvaie-na-
grunty.html

5. Electronic resource: How to save soil from the effects of war?
https://www.agrilab.ua/yak-vryatuvaty-grunty-vid-naslidkiv-vijny/

6. Chaika T.O. Protecting and restoring ecological balance and
ensuring the self-recovery of ecosystems: collective monograph.
Poltava: Astray Publishing House, 2023. 308 p.

YEAR LXXI, ISSUE 4, P.P. 112-114 (2025)


https://www.agrilab.ua/yak-vryatuvaty-grunty-vid-naslidkiv-vijny/



