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SUMMARY

Irrigated agriculture in the steppe regions of southern Ukraine is constantly accompanied by
the activation of negative processes, such as flooding, soil-subsoil salinization, and others.
Agricultural drainage is used to regulate the consequences that these processes can cause.
Therefore, it is very important to monitor the condition of the drainage and irrigation system.
For this, the water level is systematically monitored at the stations. However, this method
helps to monitor the condition of the system at a pointwise, only within the station. The main
indicators by which the ecological condition of irrigated areas is assessed and monitored are
the depth of groundwater, its mineralization, salinity and salinity of the soil. The research is
based on the analysis of groundwater level data from the stations of the Bolgrad drainage
system and their comparison with satellite images.
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Introduction

The urgency of the problem lies in the fact that irrigated agriculture in the steppe regions of southern
Ukraine was naturally accompanied by negative phenomena. Among the most significant of them is
the flooding of agricultural land due to the violation of the water balance of the zone of active water
exchange as a result of irrigation. The volume of water entering the irrigated massifs, as a rule, is not
completely spent on the water consumption of agricultural crops. A significant part of this water in the
form of filtration losses from the irrigation network and directly during irrigation of land goes to the
capillary fringe, reaches the water table of groundwater, increasing their supply. As a result, the level
of groundwater shows a rise, the amplitude of which depends on the depth of groundwater, the
intensity of irrigation, the distance from the channels of the irrigation network, methods of irrigation
and other factors.

According to the zoning scheme, the southern regions of Odesa belong to the steppe region of the
temperate zone. The climate is characterized as moderately continental, with long hot summers and
mild, less often cold and snowless winters (Gogolev et al., 1992).

In terms of geomorphology, the studied area is located within the Danube-Dniester terrace plain of the
Black Sea Lowland. The erosion-accumulative and erosion-denudation-accumulative genetic types of
relief are distinguished in the area of works.

Agricultural drainage on irrigated lands is used to regulate the water and salt regimes of the soil and
subsoil. Only systematic (flat) drainage takes place in the area of activity of the Bolhrad Interdistrict
Water Management Department (IWMD). In recent years, the entire area of drainage is classified as
insufficiently effective. Groundwater constantly changes its position.

Method

The materials of the Hydrogeological and reclamation expedition of the Odesa HGI party and the
materials of the Bolhrad IWMD were used for the research.

The methods of remote sensing of the Earth are gaining more and more popularity and are used quite
effectively. The basis of these methods is the idea of monitoring the vegetation cover of certain areas,
and the correlation of vegetation types with the levels of groundwater.

In this work, satellite images of the Sentinel-2 space mission were used. Most often, the following
indices are used to and analyze the flooding of the territory, as well for to observation of the
groundwater level: the moisture index (MI) and the normalized water difference index (NDWI).
NDWI results can be presented in the form of maps and graphs that provide information on both the
spatial distribution of water stress on vegetation and its temporal development over longer periods of
time. Satellite sounding methods help to track changes in groundwater levels over large areas. In
contrast to the data from the drainage stations, which only show pointwise information.

Examples

In order to analyze and study the hydrogeological and reclamation state of the drainage and irrigation
systems in the area of the Bolhrad IWMD, remote research methods were used. The research was
conducted on the Kagul and Renia drainage systems in the period from 2019-2020. The total area of
land covered by drainage in the Bolhrad IWMD is 3,595 hectares, which is 17.0% of the area of
irrigated management land.

Hydrogeologically, the territory on which the Bolhrad IWMD is located is situated in the marginal
part of the Moldavian artesian slope. Groundwater is timed to almost all subdivisions of the
stratigraphic scale. Below, the waters of the Neogene and Quaternary deposits, which directly
participate in the formation of the water-salt balance of the territory, will be considered.

The main factors that cause the need to use drainage are, first of all, water losses for filtration from
permanent and temporary channels of the irrigation network; the use of irrigation rates that
significantly exceed the planned; insufficiently uniform distribution of irrigation water to the fields,
mainly with ground irrigation methods; precipitation infiltration, especially in the cold season, when
evaporation and transpiration are absent or insignificant; approach of groundwater from neighboring
territories or from below from pressure aquifers. (Miedviedieva, Dyniak, 2021). In addition, in most
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cases, in order to convert saline lands into those suitable for agricultural production, it is necessary to
rinse them, which is possible only if there is effective drainage on these lands.

Soil salinization, is directly related, to the movement of soil moisture, since easily soluble salts
migrate along the soil profile mainly with water. Salts enter the soil either from above (with irrigation
water) or from below (with mineralized groundwater). They accumulate in those soil-subsoil salts
through which water evaporates and in which the root system of plants is located. The problem of
combating soil-subsoil salinization is closely related to regulating the water regime on irrigated lands.
Annually examination of drainage systems in general make it possible to determine the contours and
areas of "watered" and "dry" drainage, and to evaluate the effectiveness of its operation .
(Romashchenko, 2002). At the same time, the effectiveness of the systems is determined according to
the following principles, taking into account regulatory documents: - the drainage works effectively,
provided there are no areas with excessively wet ground cover, the groundwater between the drains
lies at depths below the design marks (more than 1.5 m); - the drainage does not work efficiently
enough, if the ground water between the drains is higher than the critical marks (1.5 m), but excessive
overwetting of the soil is not observed; - the drainage works inefficiently, if the ground water between
the drains lies above the critical marks, the soils are temporarily or permanently overmoistened; -
"dry" drainage is fixed, but not evaluated. (Miedviediev, 2006.)

The studied territory is located in a unique place, surrounded by water bodies on both sides (from the
northeast - Lake Yalpug, from the southwest - the Danube River). This feature is extremely important,
because the territory can potentially be flooded. Reservoirs can support and feed groundwater. And
during floods, there is a sharp rise in the level and the process of flooding.

The open network of canals is located in the earth bed. The morphometric indicators of the drainage
network, which is on the management balance sheet, are in satisfactory condition, and in most cases
correspond to the design values. The sides of the canals are partially covered with water-loving
vegetation, which does not affect the flow capacity. The internal economic network is in an
unsatisfactory condition: the canals are silted up and do not meet the design marks, aquatic vegetation
is found in places not only on the sides, but also in the bottom of the canals, which significantly
worsens the water outflow. (Medvedev, 2013.) . Part of the drains (of the second order and along the
Reni-Izmail highway) were dry at the time of the survey, the sides and bottom were overgrown with
vegetation, partially silted. The pumping station is in working condition, it works annually to lowering
the water in the system.

The Kagul and Reniy systems are equipped with three pumping stations that allow regulating the level
of groundwater in the areas. In addition, systematic monitoring of the water level takes place at these
stations. Observations are performed every decade (10 days) (Fig. 1). Thanks to such a series of
observations, it is possible to establish certain dynamics of changes in the level of groundwater in the
areas of drainage systems under research.

From the beginning of work until 1995, drainage in most of the territory was assessed as effective.
The percentage of efficiency reached 96%. From 1996 to 2001, drainage is not efficient enough,
reaching 100% values. From 2001 to 2014, along with insufficiently effective work, areas of "dry"
drainage appeared, occupying 58-78% of the territory. The years 2005-2011 characterize the drainage
as ineffective. In recent years, the general picture (against the background of dry years) has changed
somewhat and the entire area of drainage is classified as insufficiently effective. And taking into
account the survey of 2015 areas and "dry" drainage appear. In general, during the observation period,
the effective operation of drainage was observed only at the beginning of the nineties and averaged
16.4%. Insufficiently effective work was noted in 42.5%; not effective - 32.4%. "Dry" drainage was
noted in 8.7% of cases.
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Figure 1 Changes in the level of groundwater according to the data of the PS BIWMD for the period
2019-2020

Analyzing the images of the Sentinel-2 space mission with the NDWI index (Normalized Water
Difference Index), as of March 4, 2019, it is possible to note the low level of vegetation and the low
level of water content in plants, evidenced by the bright red color (Fig. 2). On the basis of which we
can conclude that the ground water for this period lies relatively low and the territory is not flooded.
The results of remote research methods are confirmed by the data from the PS BIWMD (Fig. 1),
where it can be seen that groundwater lies in the range from 2 to 2.5 m from the surface.

Figure 2 NDWI as of 04.03.2019; 2.07.2019 & 09.11.2019

In the spring of 2019, according to satellite images (Fig. 2), a low level of groundwater is observed in
the studied territories. What is evidenced by the bright red color on the NDWI images. This is also
confirmed by data from level observations at stations (Fig. 1).

Then can be traced a fairly sharp rise in the groundwater level in the summer and the first month of
autumn. This is well demonstrated by the pronounced blue color in the pictures. It is also confirmed
by the graph. According to the BIWMD, the level of groundwater rises to the mark of 1.5 m, and
sometimes even exceeds it. This indicates flooding of the territory and confirmed by images.
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In the following images, during the autumn period, a decrease in the groundwater level is observed.
Here, in comparison with the graph, there is a discrepancy. After all, the graph indicates an increase in
the level. However, if we pay attention to the image, we can see that the areas where the drainage
stations are located are pronounced blue, which means that there is a high level of groundwater.
According to satellite images, the end of autumn, the winter period and the beginning of spring are
characterized by a low level of groundwater. The graph (Fig. 2) also shows a decrease in the level
during this period (Fig. 1).

Thus, it is possible to confidently state the fact that remote sensing methods and the index of
normalized water difference are directly dependent on the level of groundwater and therefore can be
used as methods for assessing the degree of flooding of the territory.

Conclusions

Agricultural drainage on irrigated lands is used to regulate the water and salt regimes of the soil and
subsoil. Only systematic (area) drainage takes place in the area of activity of the Bolhrad MUVH. In
recent years, the entire area of drainage classified as insufficiently effective. Groundwater constantly
changes its position.

As a result of the analysis of changes in the level of groundwater in the Kagul and Rhenia systems for
the period of 2019-2020, a certain regularity was revealed. In the winter and in the spring of 2019, the
level of groundwater is on the way to decrease. What can be the result of water discharge from
stations and climatic conditions. In summer and autumn, the level begins to rise actively and reaches
its maximum in November - December. In the summer, the reason for the increase in the level may be
the irrigation season, and in autumn - the climatic conditions characteristic of the region. Further, in
the winter period and the first month of spring 2020, a decrease in the groundwater level again
observed. The reason, again, may be the discharge of water from the stations. In spring (from April)
and summer, an active rise in the groundwater level again observed. At OPS "Kagul" and DPS
"Reniyskyi", the territory even becomes flooded.

Taking into account data from satellite images, we can notice such a pattern that the level of
groundwater changes periodically and depending on the season. Thus, it is possible to state quite
confidently the fact that remote sensing methods and indices of humidity and normalized water
difference are directly dependent on the level of groundwater and therefore can be used as methods of
assessing the degree of flooding of the territory.

The use of methods of remote sensing of the Earth, and, in particular, a number of water indices
allows to analyze the level of inundation of territories not only by individual observation pointwise,
but also by area.
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