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SUMMARY

The analysis of the main reasons for the unsatisfactory hydrogeological and meliorative state
of the Danubian rice irrigation systems was carried out and the ways of its improvement due
to the increase of drainage ability of irrigated lands of rice systems were considered. On the
saline lands of the rice systems of the Danube delta drainage network is the main means of
active and directed influence on the water-salt regime of the reclaimed area, formation of the
regime of groundwater level, both in the growing season and in the not irrigated period for
rice and attendant crops. Drainage network is essentially a determining factor in the
formation of productivity of agricultural lands. An analysis of the efficiency of the drainage
operation on the rice systems of the Danube Delta has shown that drainage built in
accordance with the design standards that were in force at the time of construction does not
provide uniform drainage ability in the area and the soil profile of rice fields. This is one of
the main reasons for their unsatisfactory hydrogeological and meliorative state and reducing
the yield of rice and attendant crops. By conducting optimization calculations according to
the expense indicator, taking into account that optimal vertical filtration rate for the Danubian
rice irrigation systems is at the level of 6. . . 8§ mm/day the optimal distance between the
drains — 100 m was determined. For reducing the value of the vertical filtration rate in the
drainage zone where it reaches 25 mm/day it is advisable to practice maintaining of water
levels in the drainage network. Developed measures and corresponding reconstruction of rice
systems will enable to maintenance of satisfactory hydrological and hydrogeological regimes,
ensure uniform salinity of soils during the cultivation of flooded rice, create favorable
conditions for oxidation-reducing processes and maintenance of favorable ecological and
meliorative state on the system.
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Introduction

According to official statistical data, there are about 5.5 million hectares of reclaimed land in Ukraine,
including 2.17 million hectares of irrigated land and 3.3 million hectares of drained land. However,
this potential is not fully used. In particular, for example, in recent years, irrigation was actually
carried out only on an area of approximately 550.000 hectares, and bilateral water regulation was
carried out on an area of about 250.000 hectares. Also, in connection with the active hostilities in the
south and east and the occupation of the Kherson region, this year the supply of water for irrigation
was made impossible on an area of more than 100,000 hectares. Almost another 1.2 million hectares
of irrigated land, and this is not only in the southern regions, is used without irrigation due to a
number of objective and subjective factors. Under such a situation, the problem of deterioration of the
hydrogeological and meliorative condition of irrigated lands intensifies.

A special place in irrigated agriculture is occupied by rice irrigation systems (RIS), which are
designed for growing the valuable grain crop of rice. Rice systems have a number of features that
distinguish them from classic meliorative objects of the irrigation zone. These features are not only
of a technical nature, but also due to the complex geological and hydrogeological conditions of the
territories allocated for their construction and the presence of the leading crop of flooded rice in the
crop rotation. The specificity of this crop is in the peculiarities of the cultivation technology, namely
in the need to maintain a layer of water in the field during the growing season.

One of the most important elements of rice systems is the drainage and discharge network, which
determines the intensity and direction of filtration processes that take place during long-term overwetting
of the soil during different periods of rice vegetation and the cultivation of other accompanying crops. On
the saline lands of the rice systems of the Danube Delta, the drainage and discharge network is the main
means of active and directed influence on the water-salt regime of the reclaimed territory and on the
regime of the groundwater level both in the growing season and in the inter-irrigation period for rice and
accompanying crops, and is essentially determining factor of agricultural land productivity.

The rice systems of the Danube Delta were built according to the well-known scheme of irrigation
cards of the Krasnodar-type (KTC) and card-checks with drainage (CCD) with one-side and two-side
command. The distance between the channels, depending on the soil-hydrogeological conditions, was
200-500 m and the depth of the card drains — 1.5-1.7 m. The KTC is the most common type of
irrigation cards in the rice irrigation systems of Ukraine.

In the process of long-term operation, the drainage and discharge network was significantly deformed
(Fig.1) under the influence of numerous factors (Goncharov, 1969; Stashuk et al., 2014, 2016). Such
channels ceased to have a qualitative effect on the water-salt regime of the soil during rice cultivation,
and especially during the periods of cultivation of accompanying crops, when it is necessary to ensure
the critical depth of ground water level, which for the conditions of the rice systems in the Danube
Delta is 1.3-1.5 m. In addition, increasing requirements for the need to preserve water quality forces
to focus only on closed systems with irrigation and drainage channels instead of traditional dual-
purpose channels (Giveson Zulu et. al., 1996).

n
0.0}

6,80 *j |
42| \_ ......... . s |

| > /
04 \. ) /'
m \.\‘ *L v

-08] Vi
1) K

3 .
12 N p

14 % pam

16 ‘\.__ X _/'/+_
=

»

Figure 1 Cross-sections of drainage and discharge channel of the rice systems in the Danube Delta in
areas with underlying light soils: 1 — design cross-section; 2 — actual section

The inability of the drainage network to maintain a favorable water regime while ensuring the
necessary rate of drainage and, accordingly, sufficient aeration of the root-containing soil layer in the
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inter-irrigation period and the associated intensity and direction of oxidation-reduction processes in
soils, their flushing under the influence of long-term irrigation by flooding rice is the main cause of
adverse soil processes (glaciation, secondary salinization and waterlogging, etc.), a decrease in their
fertility and, accordingly, the yield of rice and accompanying crops. Data regarding the ecological and
meliorative state of the irrigated lands in the Danube Delta are given in (Table 1).

Table 1 Ecological and meliorative state of the irrigated lands in the Danube Delta (at the beginning
of the growing season of 2016) (Stashuk et al., 2016)

L Ecological and meliorative state of the irrigated lands, ha
Rice irrigation system Area under control B
Favorable | Satisfactory | Unfavorable
Kiliia region
Kiliia RIS-1 3317 - 2894 423
Kiliia RIS-2 1515 605 910 -
Liskovska RIS 3859 - 3091 768
Kiliisko-Maiakska RIS 1026 - 1026 -
Michurinska RIS 1016 356 587 73
Rice area 135 - 135 -
Total ha 10868 961 8643 1264
% 100 9 80 12
Ismail region
Kyslytska RIS 2810 638 1815 357
Total ha 2810 638 1815 357
% 100 23 65 12

The research is aimed at improving the water regime and the hydrogeological and meliorative state of
the rice irrigation system on the basis of complex solutions based on the principles of system
optimization of drainage parameters, improvement of the design and methods of its calculation.

Method and Theory

The research was carried out during 2003—2016 within the framework of a comprehensive program to
improve the overall efficiency of the operation of the rice systems in the Danube Delta according to a
single methodology, which included: the use of a common database of multi-year observations on the
object; substantiation in accordance with the task of the set of criteria for the effectiveness of the
functioning of the existing rice systems; using the method of water and salt balance as a generally
accepted tool for evaluating and forecasting the hydrogeological regime and the ecological and
meliorative state of the rice systems.

From a geological and lithological point of view, the Danube delta is a complex structure, the foundation
of which is the sediment of the Miocene (Sarmatian and Meotic layers) and Pliocene (Pontic layer). In
hydro-geology and meliorative terms, the territory of the Danube delta is practically devoid of groundwater
outflow. According to the hydrological and meliorative characteristics, the territory of the Danube Delta
can be divided into two characteristic areas with different regimes of groundwater (Stashuk et al., 2016):

- the territory with complicated outflow of groundwater, located between Izmail and Kilia;

- the territory, which is practically devoid of groundwater outflow, is located between Kilia and the
Black Sea.

The groundwater of these zones is confined to all sediment complexes and has different
mineralization, which increases with depth, as well as different composition.

The experience of operation of the Danube Delta rice irrigation systems has shown that their hydrological
and hydrogeological regimes and the corresponding ecological and meliorative state are determined by the
reliable operation of all elements of the rice system and, first of all, the drainage and discharge network.
Improvement of the water regime based on the optimization of the filtration rate during the creation and
maintenance of the flushing regime, improvement of the design and parameters of drainage will ensure a
satisfactory ecological and meliorative state of the rice irrigation system.
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The long-term studies have determined that drainage on saline lands RIS must meet the following
basic requirements:

- ensure, for 2-3 years, the salinization of the upper layer of soil 1.0-1.5 m to create favorable
conditions for growing rice and related crops of rice crop rotation;

- provide after drainage of the water from the checks the required norm of drainage not less than
critical depth (1.5-1.8 m) at the beginning of the new irrigation season;

- exclude the possibility of secondary salinization of soils in the fields occupied by related crops;

- create and maintain in the rice field optimal filtration rates for removal of salts from the active
layer of soil.

The analysis of the results of filtration studies showed that in order to create a favorable water-air and
salt regime of the soils of the aeration zone, the intensity of filtration during the rice growing season
should not be too high, but uniform over the entire area of the irrigation map, and the filtration
process itself should be controlled. At the same time, as studies have shown, it is not possible to
achieve uniform drainage over the entire area of the rice field under the existing constructions of rice
maps and drainage parameters.

Therefore, without improving the work and optimizing the construction parameters of the drainage
and discharge network, there is a real threat of failure of rice systems and the irreversible loss of
significant investments for their construction and development.

Results and their discussion

Optimizing the construction parameters of the rice irrigation system and, first of all, the parameters of
the drainage and discharge network, based on the need to create and maintain a flushing regime on
irrigated saline lands as the main factor in ensuring their favorable water-saline regime and ecological
and meliorative state, as well as increasing the overall technical, technological, economic and
ecological efficiency of the rice system, can ultimately be reduced to the optimization of the intensity
of filtration during the surface irrigation of the leading rice crop due to a certain ratio between the
supply and removal of water under the appropriate irrigation regime. It is the filtration regime that is
formed on the irrigated rice field during the period of maintaining the water layer for rice cultivation,
as well as in the off-vegetation period, that determines their overall ecological and meliorative state,
and also gives an assessment of the technological efficiency of the drainage network in different
periods of the rice irrigation system operation.

According to (Rokochinskyi et al., 2014; Turchenyuk, 2017) as an economic criterion and conditions
for optimizing the design and parameters of the drainage system at the project stage, we propose to
consider the indicated costs (ZP;) with appropriate consideration of the weather and climate risk (R;)
The optimization of the drainage parameters was carried out taking into account the optimal
parameters of the rate of vertical filtration on the rice card-checks (6-8 mm/day), which reflects at the
same time the regime and technological aspects of water regulation on the rice irrigation system
during the implementation of the corresponding hydrological and hydrogeological regimes for the
established optimal indicator of the share of rice 50-60% in crop rotation.

Regarding the substantiation of the optimal filtration rate, the design and optimal parameters of the
drainage and discharge network, we formed the following options for project solutions:

— 1-3 — design and parameters of closed systematic drainage on card-checks,

— 4-8 — improved design of the drainage and discharge network on card-checks by equipping
intermediate closed drainage collectors and carrying out deep loosening,

— 9-12 — design and parameters of the existing drainage and discharge network in the form of open
channels.

The generalized results of such an assessment are given in table. 2.

According to the results of the calculations, the optimal economically advantageous version of the
design solution regarding the calculated distance between the drains of the drainage and discharge
network for the conditions of the Danube Delta is 100 m. At the same time, the ZP; cost index with
appropriate consideration of the weather and climate risk is minimal and equal to 0.74. The inter-drain
distance established in this way, in contrast to the existing 200...500 m between open drainage and
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discharge channels, ensures the creation and maintenance of favorable hydrological and
hydrogeological regimes in the rice field by maintaining the minimum necessary flushing water
regime with an optimal vertical filtration rate of 6-8 mm/day. To reduce the rate of vertical filtration
in the area near the drain, where it reaches 25 mm/day, it is advisable to practice creating water level
supports in the drainage and discharge network (Rokochinskyi et al., 2014).

Table 2 The main results of optimization calculations for the Danube Delta rice irrigation systems
regarding the substantiation of optimal drainage parameters on card-checks
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1 | 50 1,86 | 27.1 | 74022,2 [3701,1 | 10353,0 | 11768,7] 55800 [31248,0] 21069,0 | 1,86
2 | 75 1,78 12,0 | 66702,5 | 3335,1 | 11764,9 [11063,9] 55800 [39606,8] 16193,2 | 1,32
3 | 85 1,75 94 | 65656,8 | 3282.8 | 13670,6 | 10938.6 | 55800 |50889,6] 49104 | 0.84
4 [ 100 | 1,59 6,8 | 635654 |3178,3 | 14125,8 [10497,1| 55800 |53584,7 22153 | 0,74
5 [ 125 | 149 47 | 61474,1 [ 3073,7 | 13086,3 | 10718,8| 55800 |47430,0] 8370,0 | 0,94
6 | 150 | 135 3,0 | 62519.8 [3126,0 | 12187.1 [10639,0| 55800 [42106,7] 136933 | 1,16
7 [ 175 | 1.23 22 | 60951,2 [3047.6 | 10894.9 | 9023.6 | 55800 |34456,5| 213435 | 1,55
8 | 200 | LI 1,7 | 58337,0 [ 2916,9 | 10248,3 | 8999.1 | 55800 [30628.4| 25171,6 | 1,83
9 [ 225 | 095 1,3 | 57814,2 [ 2890.7 | 9206,8 | 8982,4 | 55800 [24462,0] 31338,0 | 2,50
10 | 250 | 0.83 1,0 | 572914 | 2864,6 | 8856,3 | 89704 | 55800 [22387,0] 33413,0 | 2,80
11 | 300 | 0,60 0,7 | 56559.4 |2828,0 | 76000 | 8954.8 | 55800 |14948,8[ 408512 | 4,60
12 | 500 | 040 0,2 | 55200,0 | 2760 | 7286,1 | 8932,0 | 55800 [13090,7| 427093 | 5,34

Conclusions

Developed measures and corresponding reconstruction of rice systems will enable to maintenance of
satisfactory hydrological and hydrogeological regimes, ensure uniform salinity of soils during the
cultivation of flooded rice, create favorable conditions for oxidation-reducing processes and
maintenance of favorable ecological and meliorative state on the system. Costs for improving the
design of the drainage and discharge network can be obtained by saving irrigation water and reducing
filtration discharges of water during the operation of rice systems, that is, by saving water and energy
resources.
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