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Received: 09.04.2020 Abstract. In this work, we analyzed and studied the Ukrainian typical hydrotechnical struc-
Received in revised form: 27.04.2020 tures of the ameliorative complex on soil materials. On the examples of such objects in
Accepted: 23.09.2020 Dnipropetrovsk oblast, we carried out research and determined the technical condition of

the transporting (main irrigation canals) and regulating (retention ponds) hydrotechnical
structures (HTS). The main factors and the reasons for the negative engineering-geological processes occurring in those structures and
affecting the ecological balance of adjacent territories were determined. The study revealed that the long period of exploitation and
absence of corresponding technical care have led to significant losses of irrigation water from the canals and retention ponds. Due to
the systemic absence and low use of monitoring researchers, we have proposed the use of prompt and low-cost methods and means of
technical diagnostics. The article presents the possibility of using a complex of geophysical methods of natural impulse magnetic field
of the Earth and vertical electrical sounding for the purposes of technical diagnostics. The possibility of recording plots and parameters
of zones of seepage deformations in the body and at the base of the structures was visually determined and instrumentally proven. This
allows identifying the amounts of technical and material resources, stages and order of implementation of repair-restoration works. It
was determined that share of the damaged zones accounts for 20 to 35% of the total length of the hydrotechnical structures depending
on their type and parameters of the constructions. In such conditions, the estimated losses of water equal 17-22% of the total amount of
the delivery. The surveys showed that further operation of HC poses an ecological threat because of significant worsening of quality of
water resources. The article presents disturbing dynamics of change in the irrigated areas involving the danger of secondary saliniza-
tion, sodification, alkalinization, and toxification as a result of watering. We indicated threatening changes in the structures of the areas
irrigated with low-quality water, which, according to various indicators of danger, increased by 1.4 times regarding threat of secondary
salinization and by 2 times regarding threat of sodification. We proposed and substantiated approaches to improving the general technical
and technological level of functioning of ameliorative structures in the context of maintaining ecological balance and economic practicabil-
ity of their further use, based on the principles of systemic optimization of complex technical-natural ecosystems.
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IIpo0sieMn TexHIYHOI eKCILUIyaTalii Ta eKOJIOTiYHOI 0e3NeKu riIpoTexXHIYHUX CIOPYA 3pOoIly-
BaJILHUX CHCTEM
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AHoTamnisi. B po0oTi po3misiHyTI Ta DOCIHIUKEHI THITOBI JUIsi BCHOTO MEJIiOpaTHBHOIO KOMIUIEKCY YKpaiHU TiIpOTEXHIUHI CHOPYIH
3 IpyHTOBHX MarepianiB. Ha mpukiani takux 00’€kTiB y JIHINpONEeTpOBCHKiil 00IacTi, MpOBEAEH! TOCIIKEHHS Ta BCTAHOBICHO
TEXHIYHUI CTaH TPAHCIIOPTYIOUNX (MaricTpaibHi 3pOITyBajibHI KAHAIN) 1 PETYIIOI0UNX (PETYITI0I0Ui OaceiHI) TIPOTEXHIYHUX CIIOPYT
(I'TC). BusnaueHO OCHOBHI (haKTOpHU Ta MPUYNHU HETaTHBHUX 1HKEHEPHO-TEOJIOTTYHHX MPOLECIB, AKi BiJOYBAIOTHCS B IIUX CIIOPYAAX
i1 YMHATH BIUIMB Ha €KOJIOTIYHY PIBHOBAary NMpHJIENIMX TEpUTOpii. BusBieHo, 0 TpuBanMii mepios eKcIuIyaranii ta BiJCyTHICTh Ha-
JICKHUX TEXHIYHUX TOIVISIIIB MPU3BOISTH 0 3HAYHUX BTPAT MOJUBHOI BOAM 3 KAHANIB 1 PETYIIO0UNX OaceiiHiB. Y 3B 3Ky 3 CHCTEM-
HOIO BiJICyTHICTIO Ta HM3BKHM 3aCTOCYBAaHHSIM MOHITOPHHIOBHX JIOCJIiKEHb, 3alIPOIIOHOBAHO BHKOPHUCTAHHS ONEPATHBHHX, JIOCTO-
BIPHHX Ta HEIOPOTHX METOMIB i 3ac00IB TexHIUHOI AiarHoCTHKY. [IpencraBiena MOXIMBICTD 3aCTOCYBAaHHS KOMIUICKCY Te0(i3HIHIX
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METOAIB MPUPOAHOIO IMITYJIbCHOTO €JICKTPOMArHiTHOTO MOJIst 3eMJIi Ta BEPTHKAIBHOTO €JIEKTPUYHOTO 30HIYBAHHS JUIS IIIEH Tex-
HIYHO{ TiaTHOCTUKH. Bi3yallbHO BCTAHOBICHO Ta IHCTPYMEHTAIBHO MiATBEPIHKEHO MOXKIMBICTE (hikcamii JUITHOK Ta MmapamMeTpiB 30H
¢inpTpaniinux aedopmaniii B Tl i 0CHOBI criopya. Lle 103Bos1si€ BU3HAYUTH 00’ €MH TEXHIYHUX Ta MaTepialbHUX PECYPCiB, €TAHICTh
Ta YeproBiCTh peaizalii PeMOHTHO-BIJIHOBIIOBAJIBHUX POOIT. BeraHoBIEHO, 1110 YacTka MOpyIISHUX 30H ckiagae Big 20 mo 35%
3arajbHOI MPOTSDKHOCTI TIPOTEXHIYHUX CIIOPY/I 3JISKHO Bij 1X THITY 1 HapaMeTpiB KOHCTPYKIii. 3a TAKMX YMOB PO3paxyHKOBI BTPaTH
BOJM csATat0Th 17-22% Bin cymapHoro 06’ emy monadi. [Tokazano, o nopansiia exkcruryataitist [ TC € ekotoriyHo HeOe3meuHO BHACTIZIOK
3HAYHOTO TMOTIPIICHHS SIKOCTI BOXHUX pecypciB. HaBeneHo 3arpo3nuBy AnHAMIKY 3MiHH 3pOIIYBaHHX IUIOIN] 32 HEOE3IIEKOI0 BTOPHHHOTO
3aCOJICHHS, OCOJIOHITIOBAHHS, ITiUTy)KEHHS Ta IHTOKCHKAIIi1 BHACITOK MOMUBY. Bin3HaueHO 3arpo3iuBi 3MiHH B CTPYKTYPi TUIOIT TIOTUTHX
BOJIOIO HU3BKOT SIKOCTI, SKi 3@ PISHUMH O3HaKaMH HeOe3MeKH 301TbIIIINCH Bif 1,4 pa3u 3a HeOE3MeKOI0 BTOPHHHOTO 3aCOJICHHS 10 2-X Pa3iB
3a HeOE3IEeKOI0 OCOJIOHIIOBAHHS. 3alPONOHOBAHO Ta OOTPYHTOBAHO i IXOIH 3 MiIBUILCHHS 3arallbHOTO TEXHIYHOTO 1 TEXHOJIOTT4HOTO
PiBHS (PyHKI[IOHYIOYHX MEJTIOpaTHBHUX CIIOPY/ 32 YMOBH 30€pEKCHHSI €KOJIOTYHOT PIBHOBArH 1 EKOHOMIYHOT IOLUIBHOCTI 1X ITOJaJIbIIOT
eKcIuTyararii, ki 6a3yI0ThCsl Ha IPHHIMIIAX CUCTEMHOI ONTHMI3alii CKIIaJHUX TeXHO-IIPUPOIHUX EKOCHCTEM.

Kniouosi cnosa: ciopomexuiuna cnopyoa, 3poutySaibHull Kaual, pecyuoiouuti 0aceiin, mexHiuHul cmaw, Qiiempayitni empamu,

2e0izuuHi Memoou 00Ci0HCeHb

Introduction. Implementation of a strategic direction
of the development of the agricultural sphere regarding
the use of water, energy and material resources
is oriented towards increase in the agricultural
production volumes. An integral constituent of the
provision is the technical condition and ecological
reliability of hydrotechnical structures (HTS) of the
ameliorative complex.

One of the most developed regions of the coun-
try is Dnipropetrovsk Oblast located in the north-east
part of Ukraine, in the basin of the middle and lower
reaches of the Dnipro. The total area of the territory
of the oblast is 3,129 thou ha, including 2,569 thou ha
(82%) of agricultural fields.

According to the amount of atmospheric precipi-
tations, Dnipropetrovsk Oblast belongs to the zone of
unstable moisture. The average annual amount of pre-
cipitations is 465-553 mm. Variation of the distribu-
tion ranges from 227 mm in low moisture years to 900
mm in high moisture years.

In summer precipitations usually come as cloud-
bursts, thus, their beneficial use for vegetation of
plants is low, and insufficient moistening of the upper
(arable) layer of the soil creates unfavourable condi-
tions for the agricultural production. Therefore, high
and stable yields of agricultural crops require addi-
tional moistening, i.e. organizational and technologi-
cal provision of irrigation of land.

In view of food security of the state, we should
consider that relevant research which would help to
obtain stable and high yields of agricultural crops
should include that oriented towards further improve-
ment and ensuring of the norms of the current level
of exploitation of any complex technological-natural
ecosystems, including land-ameliorative structures.
For this purpose one must consider their ecological
reliability and safety.

Analysis of literature data and description of the
problem. In the historical aspect, the hydromeliorative
measures, particularly irrigation, in Katerynoslav

Governorate (now Dnipropetrovsk Oblast), began to
be implemented in the early XX century, only after
catastrophic crop failure in the southern part of what
was then Russia.

Since 1880 the tsar’s government organized a
number of expeditions with the purpose of creating
a corresponding scientific base for fighting droughts
and crop failures. The results of these expeditions
gave a specific impulse to the development of irri-
gated arable farming in Dnipropetrovsk Oblast (Shev-
elev et al., 2005). Already in 1917 the area of irrigated
fields in the Oblast accounted for 110 ha.

In 1930-1933 the Seliansky irrigated site 1,200
ha in area, Kamensky irrigated site 1,300 ha in area,
and the 600 ha irrigated plot on Khortytsia island
were projected and constructed. In 1939, in Kamianka
Kolkhoz in Sofiivka district, an irrigated site of 500
ha was constructed, where for the first time in Ukraine
fixed position sprinkler machines were employed, -
these machines inspired development of sprinkler
machines Volzhanka and Dnipro (Regional office of
water resources in Dnipropetrovsk region).

In 1941 the area of irrigated fields in Dniprop-
etrovsk Oblast equaled 10,222 ha. Tempi of construc-
tions of irrigated areas increased, accounting for 19
thou ha in 1960, 64.2 thou ha in 1965, and 124 thou
ha in 1970.

In the late 1980s and early 1990s, in the irrigated
fields, far-reaching sprinkler machines were being used
and the area of irrigated land in Dnipropetrovsk Oblast
in 1990 reached 219.6 thou ha. In the future, the gov-
erning bodies of the state expected to increase the area
of irrigated lands in the Oblast to 540 thou ha by the
year 2000 as a result of construction of large irriga-
tion systems withdrawing water from the Dnipro, Dni-
pro-Donbass, the Dnipro-Kryvy Rih, Dnipro-Inhulets
canals and by using drainage water from settlements
(Shevelev et all., 2005; Regional office of water re-
sources in Dnipropetrovsk region).

Over the recent years, due to the difficult econom-
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ic condition, construction of new irrigation systems
has been stopped. Old objects are gradually going out
of order. Only in separate farms is complete water-
ing of agricultural crops carried out. In some cases,
in absence of sprinkler equipment surface irrigation
(mainly vegetable crops) is applied. At the same time
the area under irrigation changes all the time (Fig. 1).

tion of technical conditions and non-correspondence
to the modern requirements of exploitation (Weyer et
all., 2008; Huang et all., 2010; Shchedrin et all., 2011;
Bedjaoui et all., 2011).

Projects of construction at some facilities include
setting up designed control-measuring equipment,
piezometers and monitoring drainage wells for the

Fig. 1. Dynamics of changes in the irrigated areas in Dnipropetrovsk Oblast

The planned parameters of 540 thou ha under ir-
rigation by the year 2000 were not achieved, instead
more and more small systems of drip irrigation were
built using water intake constructions and equipment
of existing capacities. Gardens and vegetable crops are
watered. At the same time, apart from irrigation, novel
technologies of cultivation are used and such fertil-
izers and varieties are used which may significantly
increase the efficiency of agricultural production and
decrease the period until return on investments.

In terms of districts of the Oblas, the irrigated
lands are arranged unevenly, primarily due to the
presence of irrigation sources (Rudakov et all., 2019).
Figure 2 depicts a schematic map of the oblast with
the information on built and potential irrigation sys-
tems and their areas.

Currently, actually, the problematic issues of
agricultural hydrotechnical land ameliorations in
Ukraine have two main onward scientific vectors -
the theoretical and the practical . The first is related
to renovation of irrigation land-development, mainte-
nance, recreation and rational use of fields and aquatic
resources in the territory of our country (Ushkarenko
et al., 2005; Vozhegova et al., 2013; Romashchenko et
al., 2015, 2017). The second orientation is associated
with the technical and technological component of
the work of hydrotechnical facilities and land-devel-
opment complexes. It is related to the assessment of
technical condition, level of reliability and safety of
exploitation of the objects. Global and domestic expe-
riences indicate significant periods of work, deteriora-
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control of losses of water and level of groundwater
in the zone of influence of HTF. In most cases these
components of technical equipment are non-func-
tioning or ruined. It should be noted that currently
the instrumental methods of investigating such fa-
cilities in Ukraine are practically unused. Sometimes,
episodically, surveys using electrometric methods of
geophysics are performed (Litvinenko et all, 2009).
The investigations are conducted on a small number
of objects due to the high cost and labour-intensity
entailed. At the same time, except for visually notice-
able damaged areas, a significant amount of zones of
deformation, suffosion, water saturation, formation of
fractures are impossible to determine visually at the
initial stages of their development. Hence, this situ-
ation indicates the practicability of performing diag-
nostics of technical condition applying contemporary
methods and means of distant control.
Objectives and purposes of the study. The
conducted surveys were oriented towards identifying
the level of current technical exploitation of
hydrotechnical facilities of irrigation systems and
their influence on ecological-ameliorative condition
of their location within Dnipropetrovsk Oblast.
The main water-transporting and water-regulating
facilities in the irrigation systems are open canals and
regulatory basins which provide uninterrupted supply
and accumulation of irrigation water for watering
agricultural crops.

To achieve our goals we solved the following
tasks:
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Fig. 2. Schematic location of irrigated areas in Dnipropetrovsk Oblast (developed by the authors using the materials

(Duplyak et all, 1985)).

analyze the historical experience of creation and
functioning of hydrotechnical facilities of ameliorative
complexes in the territory of Dnipropetrovsk Oblast
in different conditions of their operation;

determine the contemporary technical condition
of hydrotechnical facilities by visual diagnostic
monitoring using instrumental geophysical methods
of surveys;

assess the geoecological influence on the adjacent
territory, ecological reliability and safety of future
exploitation of irrigation systems;

propose ways and approaches to ecologically-and-
economically based improvement of technological
level of functioning of the objects.
Materials and methods of surveys. The studies were
conducted using the following methods: 1) visual di-
agnostic monitoring of bodies and the bases of the fa-
cilities; 2) field studies using complex of geophysical
methods of Earth’s natural pulse electromagnetic field
(or ENPEMF) and vertical electric sounding (VES);
3) processing, analysis and generalization of the ob-
tained results using mathematical methods and mod-
ern program complexes Microsoft Excel, AutoCad,
Golden Software Surfer, [IP2Win, Google Earth Pro.

The Earth’s natural pulse electromagnetic field is
one of the geoelectric fields. Methods and methodol-
ogy of studying it began to be developed in the mid

1970s in the Tomsk Polytechnic State University un-
der the leadership of O. A. Vorobiev. Since then the
method has been introduced into geophysics under
the name ENPEMF method. With time it has been im-
proved, new methods and apparatus base have been
developed, and the range of tasks it is capable of solv-
ing has been broadening. Contemporary devices allow
us to perform various engineer-geological and hydro-
geological surveys, determine zones of fractures and
rupture damage, study and predict the development of
shifts, etc (Pikarenya et al., 2009).

ENPEMEF is characterized by non-stationary con-
dition in any moment of time. Due to its wave na-
ture, ENPEMF spreads in the Earth's crust, but in the
areas where fractures have formed, cavities appeared
and became filled with fluid (water), the intensity of
electromagnetic radiation (EMR) sharply decreases.
Energy of EMR dissipates in gas or is absorbed by
fluid. Because hydrotechnical facilities are made of
soil materials, they are “transparent” for ENPEMEF,
but when fractures occur or soils become humid in-
side, the intensity of the field decreases. This reflects
in decrease of density of the current of impulses of
ENPEMF magnetic component, i.e. in the amount
of impulses recorded during measurements (usually
0.5 — 1.0 sec). At the same time impulse is considered
any excess of frequency-wave amplitude or energy of
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ENPEMEF over a certain determined level of discrimi-
nation (background value). Particularly the value of
density of the flow of impulses is the basis for inter-
pretation of studies adopting ENPEMF. Therefore,
use of this method allows one to determine areas of
seeping deformations and damaged zones on the bod-
ies and bases of facilities.

Apparatus and equipment. Monitoring using EN-
PEMF was performed using a MIEMP-14/4 device
(SIMEIIZ series) with simultaneous use of three
antennae oriented length-wise, across and vertically
downwards at the distance of 15-20 cm from the sur-
face of the facility. Survey was performed using the
following parameters of the device, similar for all an-
tennae: frequency of discretization — 50 kHz, dura-
tion of measurement — 0.2 sec, coefficient of increase
of signal — 10 V/mV, level of discrimination — 2 mV,
measurement regime — simultaneous.

Substantiation of possibility and expedience
of applying the ENPEMF method for the survey's
goals is described in-detail in the following studies
(Orlinskaya et al., 2012; Hao et al., 2012; Wang et
al., 2017; Kuzmenko et al., 2018; Chushkina et al.,
2019). This method of geophysical studies is included
in a number of state standards of Ukraine (Zbirnyk
koshtorysnykh norm na heolohorozviduvalni roboty
(ZUKN), 1999; Inzhenerni vyshukuvannia dlia budi-
vnytstva, 2014).

The method of vertical electric sounding (VES)
is one of the oldest methods of electric sounding, and
therefore quite well=known and broadly used in geo-
physical practice. Its main advantage is simplicity of
application and ostensible results, substantiating its
active employment around the world. To carry out
the studies using the VES method, we used standard
electric-survey mine apparatus SERS 5 M (Ukrainian
-IIIEPC 5 M). It has current A and B and measuring
(reception) M and N electrodes (Fig. 3). As electrodes
we used metal pins inserted into the ground. For in-
stallation of current and reception lines, we used steel-
copper wires and cables. Electrodes were aligned in
one line in relation to the center of the device.

The results of the studies using the VES method
were analyzed using a special program [PI2Win de-
veloped by Bobechov O. A., which was created for
automated and semi-automated interpretation of the
data. This allowed us to obtain the depth of embed-
ding of ground water and position of the water-re-
sistant layer in the territories adjacent to the canals
and basins. Further these data were used to determine
quantitative parameters of losses of water from the ir-
rigation systems and determine the level of waterlog-
ging in the adjacent territory.
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To calculate the seepage loss of water from the
canals and regulating basins, we used classic gener-
ally-accepted methods (Vedernikov, 1939). Specific
loss of water per 1 m of length of the seepage zone is
determined using the formula:

, (M

where k,— coefficient of seeping of soil of slope,
m/24 h; B — length from the start of the slope to the
point with stable level of groundwater, m; A — coef-
ficient which takes into account side spilling of the
seeping flow; /2, — depth of water in the structure, m;
h, — height of capillary elevation, m); ¥ — depth to the
water-resistant layer, m.

Ecological risks of waterlogging of the territory
near the irrigation hydrotechnical facilities were pre-
dicted based on the standard methods (Ministry of
Housing and Communal Services of Ukraine, 2010).
Risk coefficient of waterlogging in this territory R
was determined using the formula:

R=Jv, )

where A — coefficient of threat of waterlogging;

v — coefficient of vulnerability to waterlogging.
Objects, conditions and methods of studies. Objects
of the study were water-conveying (main canals) and
water-regulating (retention ponds) hydrotechnical
facilities made from soil materials which are the
constituents of land-ameliorative complex. All
surveys were performed within a day in favourable
weather and climatic conditions. Field surveys were
conducted on 3 main canals of Vyshchetarasivska,
Soloniano-Tomakivska and Kilchenska irrigation
systems (Tomakivsky, Soloniansky, Dniprovsky,
Petrykivsky, Mahdalynivsky and Tsarychansky
districts) and 10 retention ponds of the Petrovska
(2), Soloniansko-Tomakivska (2), Vasylivska,
Tsarychanska (3), Troiitska and Kalynivska irrigation
systems. The first 5 basins are located in Soloniansky

Fig. 3. Scheme of survey using VES
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Fig. 4. Constructive scheme of retention pond and methods of performing surveys using geophysical methods of ENPEMF and VES.

district, 3 basins in Tsarychansky and 1 in each
Mezhivsky and Synelnykivsky districts.

Retention ponds (Fig. 4) are quadratic facilities
with the length of sides measuring 50 to 100 m and
average depth of 4 to 6 m. They are located in a half-
furrow-half-mound, at the same time the projects
include anti-seeping cover of polyethylene film and
reinforced-concrete slabs. Their main purpose is to
act as reservoirs with pump stations of support located
near the irrigation complexes for accumulation and
retention of projected volumes of water for irrigation.

The peculiarity of the method of conducting
field surveys using the ENPEMF method in retention
ponds is survey in profile-area variant. The profiles
are located on the dams’ ridges, covering the bed and

territory adjacent to the pond. In spite of insignificant
sizes of the objects, compared with the canals, the to-
tal area we examined accounted for almost 15-10° m?.
Distance between profiles and points of observation
on profiles equaled 3 to 5 m. The research was per-
formed in two stages: when filled with water and
empty. This allowed us to substantiate, reliably study
and determine the regions of increased seeping, zones
of formation of fractures and suffusion processes at
carly stages of development.

Open canals in most cases have trapezium-like
shape and run through the furrows or half-furrow-
half-mound (Fig. 5).

Technical service includes arrangement of techno-
logical berms. Canals, similarly to the ponds, should
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Fig. 5. Constructive scheme of irrigation canal and methods of surveys using geophysical methods of ENPEMF and VES.

have anti-seepage facing in the form of polyethylene
film and reinforced-concrete slabs, The main purpose
of the canals is transportation and provision of water to
remote locations.

Peculiarities of methods of field surveys on main
canals depend on the constructive characteristics of
the objects. Because the canals are long and have in-
significant width, the works were carried out in the
profile variant, one profile in each of left and right
dams at the distance of 2-3 m from the internal bank.
The distance between the monitoring points in the
profiles equaled 3 to 5 m. In both cases of surveys, the
topographic division of the network was not needed,
GPS navigator references were enough.

According to the data of study using ENPEMF
method, the objects had damaged areas and zones of
increased seepage of water. We should note that this
method can not only prove visually recorded zones,
but also determine externally unnoticeable areas of
seeping deformations on the constructions and early
stages of concentration of water seeping from the
structures. To determine the level of groundwater and
calculate quantitative parameters of water discharge,
in the detected zones we made measurements using
VES. Generalized results of visual monitoring and
surveys using geophysical methods allowed us to
sufficiently accurately and quickly obtain data on the
technical condition of the facilities and discharges of
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water from them on large areas of irrigation networks.
Using this method the authors performed a con-
siderable amount of monitoring in different districts
of Dnipropetrovsk Oblast (Orlinskaya et al., 2012;
Pikarenya et al., 2013)
Results and discussion. The long period of
exploitation and absence of required technical
monitoring and repair works have led to worsening
of the conditions of safe and reliable operation of the
facilities. According to the results of visual diagnostic
monitoring of the main canals and retention ponds of
the irrigation systems, we determined the following
types of damage in the constructions (Fig. 6) which
are typical for all objects of the ameliorative complex
of the country: reinforced-concrete cover slabs were
partly ruined, and completely absent at some of the
sites; polyethylene anti-seeping film was damaged
and required substitution; on the slopes active
development of shrub vegetation was seen, which
ruins the integrity of the body of the hydrotechnical
structure. Such situation was observed in most HTFs.
Unsatisfactory technical conditions of the facilities
causes significant losses of water from the irrigation
systems, decreasing their efficiency coefficients.
Thus, water-transporting and water-regulating
elements of the irrigation systems have become
potentially ecologically dangerous objects which
negatively affect the ecological-ameliorative condition
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a

Fig. 6. Ruined areas of anti-seeping coverage at the current stage of technical exploitation of the structures:

a— retention pond; b — main canal

of the neighbouring territories. Just according to the
results of visual monitoring alone, the condition of
the vast majority of the facilities requires significant
impovement in the level of technical and ecological
reliability and further safe operation.

The volume and substantiality of the results of
our studies are proved by a large number of conducted
experimental and practical surveys (Table 1).

cess of actual discharges as over 2.6 times compared
with the projected ones (Reclamation systems and
structures, 2000).

Therefore, the surveys revealed the total length
of damaged areas which according to the total length
of the facilities vary from 20% in the retention ponds
up to 34% in the canals, indicating the unsatisfactory
technical condition of the objects. We determined that

Table 1. Quantitative parameters of executed experimental and practical works
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P
3,450 353 61,578 12,908 65 685 19.9
0
MC 3 56,500 10 74,165 26,474 41 19,316 34.2
Total 13 59,950 363 135,743 39,382 106 20,001 -

Note: RP — retention ponds; MC — main canals

Based on the performed research using the
methods of Earth’s natural pulse electromagnetic field
(ENPEMF) and vertical electric sounding (VES), there
are presented the generalized calculations of seepage
discharges depending on the length of structures and
determined evaporation losses depending on the area
of the water table.

Seepage discharges of water from elements of
irrigation systems were calculated in the conditions
of homogenous soil in the context of seeping flow
without pressure. General parameters for 3 main ca-
nals and 10 retention ponds of Dnipropetrovsk Oblast
were calculated at minimum and maximum levels of
water in the structures (Table 2). We should note that
on the example of retention ponds, we determined ex-

non-productive losses of water for irrigation may vary
from 3.95 M m? at minimum levels of water in the
structures to over 5 M m?® at maximum levels. Cur-
rently, for the needs of irrigation, around 23 M m?® of
water is withdrawn from various sources. Thus, the
volume of irreversible losses from the elements of ir-
rigation systems can reach 17 to 22% of the total. In
the current conditions of operation, at average cost of
irrigation water equaling about 4 hryvnias per 1 m? ,
oriented loss in the money equivalent can account for
~16 -20 M hrn per season.

The large amounts of seepage losses also affect
the level of groundwater in the adjacent territories,
leading to waterlogging of the lands, change in the
qualitative and quantitative parameters of ecological-
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Table 2. Calculation of water losses from the elements of ameliorative systems (generalized indicators)

Hydrotechnical facilities* | Calculated seeping water losses (taking into account parameters of detected areas of breakdowns and
damages in the structures)
Per 24 h, Per month, Per watering season
q, m*/24 h g, m*/month (5 months), q, m*/season
min 1,723 51,675 258,375
RP
max 1,915 57,460 287,300
min 24,616 738,468 3,692,340
MC
max 31,598 947,936 4,739,680
min 26,338 790,143 3,950,715
Total
max 33,513 1,005,396 5,026,980

Note: RP — retention pond; MC — main canal; min — calculations at minimum water level; max — calculations at maximum water level in the structure.

ameliorative condition of irrigation sites and chemi-
cal composition of groundwater. An additional factor
of ecological threat is low quality of irrigation water
(Rudakov et all., 2019). We should note the threat of
deterioration of the quality of water resources for the
needs of irrigation (Fig. 7).

salinization, sodification, alkalinization, toxification
of lands, etc.

Fig. 8 presents the dynamics of change in the
irrigation areas of Dnipropetrovsk Oblast according
to the threat of impact on soils as a result of watering
with low-quality water.

Fig. 7. Deterioration of quality of water for irrigation in relation to irrigated areas (ha; %) in Dnipropetrovsk Oblast in 2004-2014.

The territory of the sites irrigated with water
which needs preliminary improvement increased
from 2,219 ha in 2004 to 6,092 ha in 2014, i.e. by
2.75 times over 10 years.

The quality of irrigation water directly affects the
evolution of soils. Watering with low-quality water
leads to dangerous processes, particularly secondary

Analysis of the data given in Fig. 8 suggests
significant changes in the irrigated areas according to
several types of threat, rapidly deteriorating ecological
situation in the irrigated sites and neighbouring
territories. Therefore, the dynamics of irrigated areas
over ten years (from 2004 to 2014) indicates a 1.4-fold
increase in danger of secondary salinization, 2-fold

Fig. 8. Dynamics of change in the area of irrigated lands of Dnipropetrovsk Oblast in 2004-2014 according to the threat
of impact of soils as a result of low quality of aquatic resources.
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increase in the threat of sodification, 1.9-fold increase
in danger of alkalinization, and 1.5-fold increase in
threat of toxic effect on plants.

An indicatory element of deterioration of the
ecological component of managing irrigational
land development is the structure of changes in the
irrigated areas (Fig. 9). Among the abovementioned
elements of hazardous impact, we can clearly see a
rapid decrease in the area of fields irrigated with water
of normative quality. Such territories decreased by
2.65 times.

Discussion of the results. The presented quantitative
parameters of experimentally determined damaged
areas of the hydrotechnical facilities indicate
significant deterioration in the technical condition
of the vast majority of hydrotechnical facilities in
Dnipropetrovsk Oblast, which is typical for the
ameliorative complex of the country. Long absence of
repairs and required technical monitoring, violation
of requirements concerning expected loads and
effects over the substantiated period of operation of
the facilities have led to a collection of a number

Fig. 9. Structure of change in the area of irrigated lands (ha; %) in Dnipropetrovsk Oblast according to threat of impact on
soils as a result of low quality of aquatic resources for the period of 2004-2014.

Water lost from the hydrotechnical facilities
is not lost unnoticeably — it elevates the level of
groundwater and leads to formation of excessively
moistened areas along the canals with plots of marsh-
reed vegetation, significantly affecting the ecological
balance in the agrolandscapes.

The obtained results of the surveys indicate eco-
logical threat of further exploitation of the retention
ponds and main canals not only due to unsatisfactory
technical condition, but also due to significant deterio-
ration in the quality of water resources. This underlines
the necessity of improving the technical condition of
hydrotechnical facilities and setting greater require-
ments regarding the quality of irrigation water.

In view of the facts mentioned above, a relevant
issue is the assessment of risks of waterlogging in the
territories adjacent to the canals and ponds. Risk co-
efficient R determined based on the extent of threat
and level of vulnerability to waterlogging is evalu-
ated according to the principle of crossing of these
events. On the example of the studied objects it was
determined in correspondence to the normative docu-
ment (Ministry of Housing and Communal Services
of Ukraine, 2010) ranging 0.05 to 0.2.

Generalization of the obtained parameters allows
us to state the extent of risk, classifying it as low and
moderate. At the same time, we should emphasize that
decrease in the level of ecological threat as a result of
large losses and low quality of water resources has a
remote-in-time accumulating effect.

of technical problems, thus categorizing the objects
as ecologically dangerous. In order to solve this
problem of restoration and further development of
ameliorative systems, it is relevant to determine the
amounts of work and resources needed to perform
repair-restoration works, and also the order of
their implementation. First of all it is necessary to
determine the most potentially threatening areas using
monitoring surveys.

The main directions of implementation of and
methodological approaches to improvement of tech-
nical and ecological condition of the facilities must
be based on the methods of systemic optimization of
complex technical-natural systems (Turchenyuk et
al., 2017).

The presented list of measures is expedient from
the practical perspective, therefore allows providing
efficient functioning of HTFs in irrigation systems
due to the ecologically-economically based optimiza-
tion of constructive, technical and technological pa-
rameters and indicators of operation of the facilities.
An approach to complex mechanism of regulation of
the mentioned elements of functioning of HTF of the
ameliorative complex is proposed (Fig. 10).
Conclusions

1. The performed historical analysis of existing
sources presents the main stages of development
of the ameliorative complex in the territory of
Dnipropetrovsk Oblast. We determined the significant
periods of work of most objects, and also their non-
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Fig.10. Elements of technical and ecological and economic support of efficiency of functioning of hydraulic engineering

constructions on irrigation systems

correspondence to the contemporary requirements of
technical and ecological reliability of exploitation.

2. We performed field surveys to determine
the current level of technical exploitation of the
hydrotechnical facilities. We conducted visual
diagnostic monitoring, and also instrumental surveys
using a complex of geophysical methods of Earth’s
natural pulse electromagnetic field (or ENPEMF)
and vertical electric sounding (VES). The reliability
of the obtained results is proved particularly by the
significant amount of survey-methodological work
carried out and their practical implementation.

3. We determined that the share of the damaged
areas where zones of water seepage and suffusion
were found is 20 to 35% depending on the type of
construction of the facilities. The main disadvantages
of technical condition are ruination of anti-seeping
cover of reinforced-concrete slabs and polyethylene
film, development of shrub vegetation on slopes and
berms of the facilities, formation of areas of seepage
deformations.

4. We determined the amounts of seepage losses
from the transporting and regulating hydrotechnical
facilities. Depending on the level of water they ac-
counted for 3.9 to 5 M m?, which in the contemporary
economic conditions of water provision are equiva-
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lent to money losses equaling 16-20 M hryvnias per
season.

5. The article shows that further exploitation of the
facilities threatens the ecology because of significant
worsening of quality of surface water resources.
We showed the threat of changes in irrigated areas
according to the danger of secondary salinization,
sodification, alkalinization and toxicification.
The areas of land where irrigation water requires
preliminary improvement of qualitative parameters
account for around 20 thou ha, which is 76% of the
total area of watered land.

6. We calculated the coefficient of ecological risk
of waterlogging of territory in the zone of influence
of the hydrotechnical facilities, which is mostly
classified as low or moderate.

7. We proposed and substantiated the approaches
to improvement of the general level of technical
exploitation of hydrotechnical facilities. The practical
task is implementation of the constituents of technical
and ecological-economic provision of efficiency of
functioning of the objects, based on the methods of
systematic optimization of components of technical-
natural complexes.

8. We substantiated the expedience of using
contemporary, relevant and low-cost methods and
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means of technical diagnostics of the facilities, which
would allow not only identification of externally
unnoticeable areas of deteriorated condition, but
also for them to be identified at the stage of initial
development and then repaired. Timely diagnostics
and technical evaluation would contribute to the
prediction of composition, amounts and order of
performance of repair-restoration works at different
stages of operation.

References

Bedjaoui, N. & Weyer, E., 2011. Algorithms for leak de-
tection, estimation, isolation and localization in
open water channels. Control Engineering Prac-
tice. 19(6), 564-573. Retrieved from https://doi.
org/10.1016/j.conengprac.2010.06.008

Chushkina, 1., Pikarenia, D., Orlinska, O., & Maksy-
mova, N., 2019. Experimental substantiation of
the NPEMFE geophysical method to solve en-
gineering and geological problems. Visnyk of
V.N.Karazin Kharkiv National University. Series
«Geology. Geography. Ecology». 51, 109-123.
Retrieved from https://doi.org/10.26565/2410-
7360-2019-51-08.

Duplyak, V. D., & Deynega, T. A., 1985. Melioratsiya i
vodnoe hozyaystvo v Ukrainskoy SSR [Land rec-
lamation and water management in the Ukrainian
SSR. Kiev (in Russian).

Hao, G., & Wang, H., 2012. Study on Signals Sources of
Earth’s Natural Pulse Electromagnetic Fields. In:
Li Z., Li X, Liu Y., Cai Z. (eds) Computational
Intelligence and Intelligent Systems. ISICA 2012.
Communications in Computer and Information
Science. 316, Springer, Berlin, Heidelberg. Re-
trieved from https://doi.org/10.1007/978-3-642-
34289-9 72

Huang, Y., Fipps, G., Maas, S., & Fletcher, R., 2010. Air-
borne remote sensing for detection of irrigation
canal leakage. Irrigation and drainage. 59(5).
493-629. Retrieved from https://doi.org/10.1002/
ird.511.

Inzhenerni vyshukuvannia dlia budivnytstva, 2014. DBN
A.2.1-1:2014. [Engineering research for construc-
tion. State building codes (SBC)]. Kiev: Minis-
terstvo rehionalnoho rozvytku, budivnytstva ta
zhytlovo-komunalnoho hospodarstva Ukrainy (in
Ukrainian).

Kuzmenko, E. D., Bahrii, S. M., & Dzioba, U. O., 2018.
The depth range of the Earth‘s natural pulse
electromagnetic field (or ENPEMF). Journal of
Geology, Geography and Geoecology. 27(3), 466-
477. Retrieved from https://doi:10.15421/111870.

Litvinenko P., & Kovalenko, O., 2009. Elektrometrychni
metody vyznachennia mists filtratsiinykh vtrat
na hidrotekhnichnykh sporudakh melioratyvnykh
system [Electrometric methods for determining the
places of filtration losses on hydraulic structures
of reclamation systems]. Land Reclamation and
Water Management. 97, 209-220 (in Ukrainian).

Ministry of Housing and Communal Services of Ukraine,
2010. Metodychni rekomendatsii z raionuvannia
ryzykiv pidtoplennia mist i selyshch [Guidelines
for zoning of urban and urban flooding risks].
Order no. 468 of 23.12.2010 Retrieved from
https://zakononline.com.ua/documents/
show/57744 57744 (in Ukrainian).

Orlinskaya, O. V., Pikarenya, D. S., Maksimova, N. M.,
Hapich, H. V. & Ishchenko, V. M., 2012. Otsin-
ka mitsnostnykh vlastyvostei gruntovykh damb
metodom pryrodnoho impulsnoho elektromahn-
itnoho polia Zemli [Estimation of the strength
properties of soil dams by the method of the natu-
ral pulsed electromagnetic field of the earth]. Col-
lection of scientific works of NMU. 37, 17-23 (in
Ukrainian).

Pikarenya, D. S, Orlinskaya, O. V, & Hapich, H. V., 2013.
Vyznachennia zon filtratsii vody z rehuliuiuchykh
baseiniv zroshuvalnykh merezh dlia zapobihannia
pidtoplennia terytorii [Determination of water fil-
tration zones from regulating irrigation basins to
prevent flooding of the territory]. Transactions of
Kremenchuk Mykhailo Ostrohradskyi National
University. 6/2013 (83), 125-129 (in Ukrainian).

Pikarenya, D. S., & Orlinskaya, O. V., 2009. Opyit primen-
eniya metoda estestvennogo impulsnogo elektro-
magnitnogo polya Zemli (EIEMPZ) dlya resheni-
ya inzhenerno-geologicheskih i geologicheskih
zadach [The experience of using the method of
the natural pulsed electro-magnetic field of the
Earth (EIEMP) to solve engineering-geologi-
cal and geological problems]. Dnepropetrovsk:
Svidler Publishing House (in Russian).

Pikarenya, D. S., Orlinskaya, O. V., Hapich, H. V., &
Solomonchuk, D. A., 2013. Zastosuvannia kom-
pleksu heofizychnykh metodiv dlia znyzhen-
nia ekolohichnoho vplyvu shtuchnykh vodnykh
obiektiv na dovkillia (na prykladi rehuliviuchykh
vodnykh baseiniv) [Application of the complex
of geophysical methods for reducing the
ecological impact of artificial water bodies on
the environment (on the example of regulating
water basins)]. Collection of scientific works of
Dneprodzerzhinsk State Technical University. 3,
143-148 (in Ukrainian).

Reclamation systems and structures, 2000. (State building
norms of Ukraine). Melioratyvni systemy ta
sporudy. Kiev: Derzhbud Ukrainy (in Ukrainian).

Rehionalnyi ofis vodnykh resursiv u Dnipropetrovskii
oblasti [Regional Office of Water Resources in
Dnipropetrovsk region]. Retrieved from http://
douvr.gov.ua (in Ukrainian).

787



L. Rudakov, H. Hapich, O. Orlinska, D. Pikarenia, V. Kovalenko, I. Chushkina, V. Zaporozhchenko

Journ. Geol. Geograph. Geoecology, 29(4), 776-788.

Romashchenko, M., Khvesik, M., & Mikhailov Yu. et all.,
2015. Vodna stratehiia Ukrainy na period do 2025
roku (naukovi osnovy) [Water strategy of Ukraine
for the period until 2025 (scientific basis)]. Kiev
(in Ukrainian).

Romashchenko, M., Yatsyuk, M., Zhovtonog, O., Dekhtiar,
0., Saydak, R., & Matiash, T., 2017. Scientific
principles of restoration and development of
irrigation in Ukraine in the current conditions.
Land Reclamation and Water Management.
106(2). 3-14. Retrieved from https://doi.
org/10.31073/mivg201702-26 (in Ukrainian).

Rudakov, L., & Hapich, H., 2019. Suchasnyi stan, dynami-
ka zmin ta perspektyvy rozvytku hidrotekhnich-
nykh melioratsii u Dnipropetrovskii oblasti [Mod-
ern state, dynamics of changes and prospects for
the development of hydrotechnical reclamations
in Dnipropetrovsk region]. Land Reclamation
and Water Management. Vol. 1. 54-60. Retrieved
from https://doi.org/10.31073/mivg201901-161
(in Ukrainian).

Shchedrin, V. N., & Kosichenko, Yu. M., 2011. O prob-
lemah bezopasnosti gidrotehnicheskih sooru-
zheniy meliorativnogo naznacheniya [On the
problems of the safety of hydraulic engineering
facilities for land reclamation]. Hydraulic Engi-
neering. 5, 33-38 (in Russian).

Shevelev, O. ., Grinyuk, V. 1., Kapuka, V. A., & Andreevsky,
V.M., 2005. Istoriya rozvy'tku ta suchasny'j
stan melioraciyi 1 vodnogo gospodarstva
Dnipropetrovshhy ny' [Development history and
current state of reclamation and water manage-
ment in Dnipropetrovsk region]. Dnipropetrovsk
(in Ukrainian).

Turchenyuk, V., Frolenkova, N., & Rokochynsky, A., 2017.
System optimization of water and energy use in

788

rice irrigation systems on ecological and econom-
ic grounds. Land Reclamation and Water Man-
agement. 106(2). 22-27. Retrieved from https://
doi.org/10.31073/mivg201702-20 (in Ukrainian).

Ushkarenko, V. O., Andrusenko, I. I., & Pilipenko, Yu. V.,
2005. Ekolohizatsiia zemlerobstva i pryrodoko-
rystuvannia v Stepu Ukrainy [Greening of agri-
culture and nature management in the Steppe of
Ukraine]. Taurian Scientific Bulletin. 38, 168-175
(in Ukrainian).

Vedernikov, V. V., 1939. Teoriya fltratsii i ee primenenie v
oblasti irrigatsii i drenazha [The theory of flota-
tion and its application in the field of irrigation
and drainage]. Moscow (in Russian).

Vozhegova, R. A., Goloborodko, S. P., Granovskaya, L. M.,
& Sakhno G. V., 2013. Zroshennia v Ukraini: re-
alii sohodennia ta perspektyvy vidrodzhennia [Ir-
rigation in Ukraine: Realities of today and pros-
pects for revival]. Irrigated agriculture. Collection
of scientific works. 60, 3-12 (in Ukrainian).

Wang, W., & Yuan, J., 2017. Research on Earthquake
Information Based on ENPEMF Signal Time-
Frequency Analysis. 3rd International Conference
on Computer Science and Mechanical Automation
(CSMA 2017). ISBN: 978-1-60595-506-3. 302-
307.

Weyer, E., & Bastin, G., 2008. Leak detection in open
water channels. IFAC Proceedings Volumes.
41(2). 7913-7918. Retrieved from https://doi.
org/10.3182/20080706-5-KR-1001.01337.

Zbirnyk koshtorysnykh norm na heolohorozviduvalni ro-
boty (ZUKN), 1999 [Collection of estimates for
geological prospecting]. Kiev: Derzhkomheolohii
(in Ukrainian).



