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STUDY OF FRAGMENTATION IMPACT OF SMALL RIVERBEDS
BY ARTIFICIAL WATERS ON THE QUALITY OF WATER RESOURCES

Purpose. Study the spatial distribution of artificial reservoirs in the Dnipropetrovsk region and fragmentation impact of small
riverbeds on changes in the quality of water resources.

Methodology. Field studies on the current state of small river basins were carried out, rivers were selected on the principle of
different geographical location and levels of anthropogenic impact. Analytical laboratory studies of water salt composition and
methods of mathematical analysis were used to establish the dependence coeflicients of water mineralization level and fragmenta-
tion of the river basin on the water flow regulation.

Findings. The structure of the spatial distribution of artificial reservoirs in the administrative districts of the region and their
hydrological characteristics are generalized. It is shown that small volumes of accumulated water in relation to the total area of
reservoirs are the cause of intensive heating and evaporation of water. Due to this, the hydrochemical parameters of water are
worsen, which affects the environmentally safe water use. It was found that the level of mineralization, the content of sulphates and
chlorides exceed the maximum acceptable concentrations in all studied rivers. There is a tendency of deterioration of water quality
in the salt block, especially in rivers with significant regulation of artificial reservoirs. In this case, water salinity exceeds the norm
by 7—12 times. Indicators of water mineralization of rivers with fewer ponds and less fragmentation of the river basin exceed the
standards by 2—5 times.

Originality. It is determined that among the main factors of anthropogenic impact on the state of aquatic ecosystems is the
fragmentation of riverbeds by artificial reservoirs, which turned rivers into cascades of water evaporating ponds. There is a close
relationship between the factors of water flow regulation and the level of water mineralization (coefficient of determination R? =
=0.62), as well as the coefficient of fragmentation of the river basin (R? = 0.61). This proves the possibility, in the conditions of
research of small rivers, to estimate the degree of change (increase) of water mineralization level by the coefficient of water flow
regulation K,, and the coefficient of river fragmentation by the area Kj,.

Practical value. The main directions and ways to normalize the ecological status of watercourses are given. The necessity of

systematic study of the current ecological condition of small rivers of Dnipropetrovsk region and their basins is determined.
Keywords: river fragmentation, small river, artificial reservoir, water quality

Introduction. Intensive development of economic activity
in Ukraine requires the involvement of a significant amount of
water resources. Fulfilling needs in water for energetics, indus-
try, irrigation, water supply, etc., occurred including the cre-
ation of artificial water bodies [1]. As a result, a significant
number of ponds and reservoirs were built throughout Ukraine
[2]. It was established that the majority of ponds and reservoirs
are concentrated in the steppe zone of the country. The devel-
oped industry and the need for irrigation in the region are
main reasons for this. One of the most indicative for this is
Dnipropetrovsk region of Ukraine. Currently in response to
construction of artificial reservoirs, almost all small rivers in
the south and in the central low water areas of Ukraine are
regulated in the range of 70—100 % [3]. Regulation of small
rivers leads to the loss of their transport function and reduces
the self-cleaning ability [4]. The majority of small rivers do not
have a constant water flow in fragmented areas throughout the
calendar year. Such phenomena as silting and drying of ponds
and small reservoirs have become systemic and numerous [5].
Significant deterioration of water resources quality and envi-
ronmental safety of water use are consequences of this situa-
tion [6]. Significant climate change is an additional danger for
environment and water security of Ukraine [7, 8].

Global and native tendencies in the development of the wa-
ter industry [9], as well as attitudes to the acute problems of
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environmental safety for water resources, testify to the growing
trend of studying the impact of artificial reservoirs on the bio-
diversity of aquatic and semi-aquatic ecosystems [10, 11]. Ten-
dencies in changing the quality of water resources [12, 13], their
effective management, protection and restoration [14] are
studied. The issue of the negative consequences of regulating
the water flow of small and medium-sized rivers is becoming
more relevant, it indicates the need and practical implementa-
tion of disassembling dams and spillovers [15], restoring the
water flow and ecosystems of small rivers [16, 17]. In Ukraine,
a large network of hydrometric posts was created to study the
hydrological regime and quality of water resources [11, 18]. As
a rule, they were built on large and medium-sized rivers and,
unfortunately, a significant number of them do not function
today. Instead, the State Agency of Water Resources of Ukraine
has introduced a project in the form of an interactive online
map that provides open access to data on quality indicators and
environmental assessment of water in the control section lines
of observations [19, 20]. Thus, with a total of more than 5,000
rivers and streams within the Dnipropetrovsk region, accord-
ing to the interactive map, only ~50 observation posts are ac-
tive. The absolute absence of hydrometric observation posts for
hydrochemical parameters of water resources in small river ba-
sins is a significant disadvantage of the water management
complex. Due to this, today there is no database on hydro-
chemical indicators of water quality of both small rivers and
ponds and reservoirs in their channels. Meanwhile, small rivers
are the main supply arteries of large watercourses and deter-
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mine largely the hydrogeological regime and hydrochemical
composition of groundwater in the surrounding areas.

Thus, the issues of restoration, environmentally safe water
use and water management need to be started with the reha-
bilitation of ecosystems in small river basins.

The aim of the study is to assess and analyse the spatial
distribution of artificial reservoirs in the Dnipropetrovsk re-
gion and to study the potential impact of fragmentation of
small rivers on changes in the salt composition of water re-
sources.

Materials and methods. Information on the total number
of ponds and reservoirs in the Dnipropetrovsk region of
Ukraine was used in the research. The main indicators that
were taken into account for individual areas are the following:
the total number of artificial water bodies (ponds and reser-
voirs); water surface area; water volumes; medium depths; the
relative area of the territory, which is the location of one reser-
VOIr.

During 2019-2020, expeditions were conducted on
5 rivers. The current state of water flows and ponds located on
them was studied. 24 samples of water in ponds were taken to
determine its mineralization, sulphate and chloride content
(Fig. 1).

Researches of change processes of water quality on salt
content in the rivers Zhovtenka, Nyzhnia Tersa, Zaplavka,
Kilchenka and Hrushivka were carried out. Rivers were se-
lected on the principle of different geographical location and
the level of possible anthropogenic impact, namely:

1. The Zhovtenka River is located in the territory of the
industrial area of the region; at the end of the XX century part
of the ponds and 1 water storage were used as reservoirs of the
city Kryvyi Rih sewage for irrigation of agricultural lands; a
total of 34 ponds were built on the catchment area of 211.5 km?.

2. The Nizhnia Tersa River is located in the Synelnykovo
district; the main source of anthropogenic impact is agricul-
ture; the river is actively used for fish farming and recreation; a
cascade of ponds was built in the upriver due to the significant
dissected relief (ravine-hollow); a total of 55 ponds and 2 res-
ervoirs were built on the catchment area of 312 km?, including
41 ponds on the tributaries.

3. The rivers Zaplavka and Kilchenka are located in the
north of the Dnipro district; the territory of their water flows is
mostly represented by plains; a significant impact on the water
content of rivers is caused by agriculture and ploughing of ar-
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Fig. 1. Layout of river basins where water quality research was
performed (Dnipropetrovsk region, Ukraine)

able land almost to the water edge; in the period from 1998 to
2006, a number of projects were carried out to clear the
Kilchenka riverbed and arrange artificial gullies; in total, 11
ponds were built on the Zaplavka River catchment area of
256.8 km?, and 12 ponds were built on the Kilchenka River
catchment area of 112.1 km?.

4. The Hrushivka River is located in the central part of the
region. The catchment area of the Hrushivka River is
206.1 km>. 6 ponds have been built along the riverbed, 11 more
on its tributaries.

It should be noted that at the time of the survey, the water
flow of the river is almost absent on all investigated rivers. Wa-
tercourses are cascades of ponds and reservoirs. According to
research in the period of 2011—2015 [21], the total mineraliza-
tion of water in the river basins of the Dnipropetrovsk region
ranged from 1 to 3 g/I1.

Indicators of mass concentration of sulphates, dry residue
(solutes) and total chloride content in rivers were established
as the subject of research during determining the quality of wa-
ter by salt composition. Laboratory tests of selected water
samples were performed in certified laboratories according to
current standards:

1. Surface, groundwater and return water. Measurements
performing method (MPM) of mass concentration of sul-
phates by titrimetric method.

2. Surface, groundwater and return water. Method for de-
termining the mass concentration of dry residue (solutes) by
gravimetric method.

3. Determination of the total chloride content. Titration
with silver nitrate using chromate as an indicator (Mohr
method).

To conduct an operational assessment of the level of an-
thropogenic impact on rivers, it is proposed to introduce a co-
efficient of river fragmentation (KJ;). It should be calculated by
the ratio of the total number of artificial water bodies to the
length of the river or to the area of the catchment area

N _, N
L’ Ky S’ M
where N — the total number of artificial reservoirs on the river,
units; L — length of the river, km; S — river basin area, km*

To establish the relation between the fragmentation coef-
ficients and the generally accepted indicator of regulation, cal-
culations of the regulation degree of water flow in the studied
river basins in the Dnipropetrovsk region were performed.

For this purpose, the following hydrological values are de-
termined [22—24]:

- catchment area (using QGIS geographic information
system and reference sources);

- water flow module of the river basin location;

- volume of regulation and regulation factor K, according
to the formula

I
K=

K, =27 2

where W, — volume of regulated flow at the river catchment
area, m*; W, — annual flow rates, m°>.

Results and discussion. According to the regional office of
water resources in Dnipropetrovsk region, the hydrographic
network of watercourses is represented by 291 rivers with a to-
tal length of about 6.6 - 10° km. Also there are 5140 small
streams and watercourses with a length of 15.2 - 103 km on the
territory of the region. Today there are 101 reservoirs with a
total capacity of ~900 - 10® m? and a water surface area of about
20 - 10 ha, as well as 3292 ponds with a total volume of
~275 - 10° m? with a water surface area of 18.8 - 10° ha. At the
same time, the total volume of water use in the Dniprope-
trovsk region during the period from 1990 to 2018 decreased by
4 times in almost all areas: industry, housing and utilities, ir-
rigation and others. Provision of water management needs is

186 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2022, N2 3



mainly due to large reservoirs and main canals. As a rule, dur-
ing the studied period the number of built ponds increased
thrice. That means, there is an obvious imbalance between the
demand for water and the creation of additional volumes
through the construction of new facilities.

The location of reservoirs in the Dnipropetrovsk region is
different (Fig. 2). The largest concentration of 764 reservoirs is
in Kryvyi Rih district, and the smallest amount of 160 ponds —
in Pavlograd district. The average area of one pond is 10.2 km?.
The total area of the water surface varies from 2,095 ha to
15,061 ha, and the volumes of accumulated water vary in the
range of 55—630 - 10° m®. According to the calculated ratio of
water volume to the occupied area of the water surface, the
average depth of ponds varies between 1.6—4.2 m. Insignifi-
cant depths of ponds in relation to their area cause intense
heating of water and its evaporation. As a result, the salt com-
position of water changes, its mineralization increases. Taking
into account current climate change and the reduction of river
water levels by 1.5—2 times, this situation is a threat to environ-
mentally safe water use.

In order to study the current ecological status of small riv-
ers in the Dnipropetrovsk region, the work have been begun on
creating a database to develop an algorithm for solving the
problem of improving the environmental safety of water re-
sources of small rivers.

The research results of water quality in the form of aver-
ages on such parameters as mineralization, sulphates and
chlorides are presented in Fig. 3.

The sulphate content exceeds the maximum acceptable
concentration (MAC) at all test sites. The average concentra-
tion of sulphates ranges from 1.889 (Hrushivka River) to
4.527 g/1 (Nyzhnia Tersa River). The excess of all studied indi-
cators of water quality over the normative limits are presented
in Tablel.
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Fig. 2. Distribution of artificial reservoirs on the territory of ad-
ministrative districts of Dnipropetrovsk region

The results of water quality studies showed that all indica-
tors exceeded the maximum acceptable concentrations. The
total mineralization of water exceeds norm by 3 to almost
12 times; chlorides content by 1.2—9 times; sulphates by
4-9 times. The obtained indicators differ significantly from
the data of 2011—-2015 [21], which indicates a tendency to de-
teriorate water quality and increase the overall level of its min-
eralization.

Today, one of the factors influencing the deterioration of
water quality is the rapid change in climatic conditions and the
increase of periods with high temperatures in the warm sea-
sons. Climate change, obviously, can lead to a decrease in the
degree of water exchange in artificial reservoirs, which can be
assessed by determining the coefficient of water flow regula-
tion. It was established according to formula 2 for the studied
basins of small rivers in the Dnipropetrovsk region (Table 2).

The analysis of the obtained calculations shows that the
rivers Zhovtenka and Nyzhnia Tersa have the highest coeffi-
cient of water flow regulation among the studied objects. Cer-
tain degree of fragmentation of these rivers by artificial reser-
voirs is also indicative. A significant (close) correlation be-
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Fig. 3. Average indicators of water quality in ponds (g/]):

a — concentration of chlorides; b — concentration of sulphates; ¢ —
total mineralization of water

Table 1
Comparative characteristics of average water quality indicators with maximum acceptable concentrations
River Mineralization, exceed.ing MAC, Chlorides, exceed.ing MAC, Sulphates, exceed.ing MAC,
g/l times g/l times g/l times
Hrushivka 3.40 34 0.672 1.9 1.889 3.8
Zaplavka 4.81 4.8 0.565 1.6 2.668 53
Kilchynka 4.95 5.0 0.426 1.2 2.592 5.2
Nyzhnia Tersa 7.77 7.8 0.711 2.0 4.527 9.1
Zhovtenka 11.82 11.8 3.092 8.8 4.272 8.5
MAC 1.00 - 0.350 — 0.500 -
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Table 2

Indicators of water flow regulation in the studied river basins

Indicator River basin
Hrushivka Zaplavka Kilchynka Nyzhnia Tersa Zhovtenka
Catchment area, km? 206.7 215 114.1 312 293
Water flow module, 1/s - km? 0.51 0.75 0.75 0.54 0.58
Annual flow rate W, 1 - 10® m? 3.32 5.09 2.7 5.2 5.36
Regulation volume W, 1 - 10° m? 4.14 4.29 3.89 8.16 9.83
Water flow regulation coefficient K, 1.24 0.84 1.44 1.57 1.83
Fragmentation coefficient K W 53 4.3 10.7 17.6 16.1

tween water mineralization in rivers and the fragmentation
coefficient by area K}, with the value of quantitative regula-
tion of river flow has been established (Fig. 4).

The calculated coefficient of determination R? between
these factors ranges from 0.61 (for the fragmentation coeffi-
cient) to 0.62 (for water mineralization), which proves the pos-
sibility, in the Dnipropetrovsk region, to assess the degree of
change (increase) in the level of water mineralization by the
regulation factor runoff K, and river fragmentation coefficient
by area K e

Conclusion.

1. A significant imbalance in the consumption of water re-
sources with the available number of ponds and reservoirs in
the Dnipropetrovsk region was revealed. In the conditions of
the climate change and low quality of water resources, this
situation has negative consequences for the environmentally
safe water use in small river basins, which is expressed in the
deterioration of hydrochemical indicators of water quality.

2. According to the results of the study of 24 water samples,
it was found that the total mineralization, chloride and sul-
phate content exceed significantly the standard maximum ac-
ceptable concentrations. Exceedances for all indicators range
from 2 to 12 times.

3. A close relation has been established between the factors
of water flow regulation and the level of water mineralization
(coefficient of determination R?> = 062), as well as the coeffi-
cient of fragmentation of the river basin (R?> = 0.61). In the
conditions of research of small rivers in Dnipropetrovsk re-
gion, the obtained data prove the relation between the deterio-
ration of hydrochemical indicators of water quality and the
level of fragmentation of the river basin. This makes it possible
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Fig. 4. Relation between water flow regulation coefficient K,
with river fragmentation coefficient by area K. (a) and
water mineralization in rivers (b)

to estimate the degree of change (increase) in the level of water
mineralization by the coefficient of water flow regulation K,
and the coefficient of river fragmentation by the area K7.. The
rivers Zhovtenka and Nyzhnia Tersa, in the basins of which
the largest number of ponds have been built, have much worse
indicators of water resources quality in comparison with the
rivers Kilchenka, Hrushivka and Zaplavka.

4. The main reasons for the significant deterioration of
aquatic ecosystems of small rivers of Dnipropetrovsk region are
the following: regulation of water flow and creation of artificial
reservoirs; the absence of fixed boundaries of water protection
zones and riverside protection strips, and as a consequence the
ploughing of adjacent agricultural lands to the water edge; lack
of systematic monitoring studies on the hydrological regime
and physic-chemical indicators of water quality; the presence
of frequent facts of pollution and littering of small rivers due to
irresponsible economic activity. In general, there is an ecologi-
cal non-conformance of the state of small river basins.

5. In order to improve the situation with the preservation
of small river ecosystems and their restoration, it is necessary
to introduce state and regional programs to review the eco-
logical and economic practicability of further operation of
ponds and to carry out their gradual elimination.
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Hocaimkennsa BIIMBY ¢)parMeHTanii pyciaa
MAJIMX PiYOK IITYYHUMH BOJOMMAMH Ha SIKICThb
BOJHHMX pecypciB
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Mera. JJocimkeHHs! TPOCTOPOBOTO PO3MOITY IUTYYHUX
BOJOIM Ha TepuTopii JHinpoIreTpoBcbKoi 00J1acTi Ta BIIUBY
¢dparmeHTallii pycesa MaJiMxX pidyoK Ha 3MiHU SIKOCTi BOIHMX
pecypciB.

Metoauka. BukoHaHi MoJibOBi TOCIIXKEHHSI Cy4acCHOTO
cTaHy 0aceiiHiB MaJIuMX PivyoK, 1110 0OpaHi 3a MPUHLUIIOM Pi3-
HOro reorpadiyHOro po3TalllyBaHHS i piBHiB aHTPOIIOTE€H-
HOTO BIUIMBY. 3aCTOCOBaHi aHaJliTUYHi JabOpaTOpHi JHOCIi-
JKEHHS COJIbOBOTO CKJIaly BOAM Ta METOAM MaTeMaTUYHOTO
aHaJIi3y JUIsl BCTAHOBJIEHHS KOe(illiEHTIB 3aJIeXKHOCTi piBHSI
MiHepaJi3allil Bonu Ta (pparmeHTallii piukoBoro 6aceiiHy Bil
3aperyyOBaHHS CTOKY.

PesynbTaTi. Y3arajibHeHa CTpYKTypa MPOCTOPOBOTO PO3-
MOAITY IITYYHUX BOAOKM IO aAMiHICTPAaTUBHUM paiioHaM 00-
JIaCTi Ta iX TigpoJIoriuHi Xapakrepuctuku. [lokazaHo, 1110 He-
3HAYHi 00’€MU HAKOMTMYEHOI BOMIU MO BiTHOILIEHHIO /10 3arajib-
HOI IJI011i BOMOIM € MPUYUHOI iHTEHCUBHOT'O IMPOTPiBaHHS i
BUIIAPOBYBAaHHS BOIU. Y 3B’SI3Ky 3 LIMM MOTIPILIYIOTLCS Tigpo-
XiMiUHi TTOKa3HUKY BOJY, 1110 BIJIMBAE HA €KOJIOTiUHO Oe3rey-
He BOIOKOPHUCTYBaHHs1. BcTaHOBIEHO, 1110 piBeHb MiHepaJiza-
11ii, BMicT cynbdaTiB i XJIOPUiB MEPEBUIILYIOTh TPAHUYHO J10-
MyCTUMi KOHIIEHTpallii Ha BCiX JOCTIIKYBaHMX piukax. BimMi-
Ya€eThCS TEHAEHLIisI TIOTIiPIIEHHST SIKOCTI BOAW MO COJIbOBOMY
OJIOKY TIEpIII 3a BCEe Ha pivykax, 1110 MalThb 3HaYHE 3aperysro-
BaHHS LUITYYHUMU BOOMaMHU. Y 1IbOMY BUTIAIKY MiHepaJiza-
LIis1 BOAM TEPEeBUILYE HOPMATUBHI MOKAa3HUKMU Y 7—12 pa3iB.
IMokazHukM MiHepasi3ailii BOAM PiYOK, HA SIKUX CTBOPEHO
MEHIIY KiJIbKiCTh CTaBKiB i sIKi MalOThb MEHIIY (pparMeHTalliio
piukoBoro 6aceiiHy, NepeBUIIyI0Th HOpMAaTUBU y 2—5 pasiB.

Haykosa HoBu3Ha. BuzHaueHo, 1110 cepel OCHOBHUX YMH-
HWKiB aHTPOTIOTEHHOTO BIUTMBY Ha CTaH BOTHUX EKOCUCTEM €
¢dparmMeHTalisa pyces LITYY4HUMU BOAOMMAMMU, sIKi TIEpeTBO-
pUY piukKM B Kackajau CTaBKiB-BUIIapoByBauiB Bonu. Bera-
HOBJIEHO IOCTaTHLO TiCHUH 3B’SI30K MixX (pakTOpamu 3apery-
JIIOBAaHHS CTOKY Ta piBHEM MiHepastidalii Boau (KoedillieHT
nerepminauii R2 = 0,62), a Takox, KoedillieHTOM parMeH-
Tauii piukosoro 6aceiiny (R? = 0,61). Lle 1OBOIUTH MOXJIM-
BiCTb, B YMOBaXx JOCJIIKEHHSI MaJIUX pivyoK, OLIIHIOBATHU 3a
kKoedillieHTOM 3aperyjitoBaHHs cTOKy K, i koediuieHToM
(bparmenrauii piuku 3a mioweo Kj, cTyniHb 3MiHu (3011b-
LIEHHS) PiBHS MiHepasti3allii BOIU.

IIpakTiyna 3HaunmicTe. HaBeneHi OCHOBHI HampsiMMU Ta
LUISIXA JUT HOpMaJizallii €KOJIOTIYHOTO CTaHy BOJOTOKIB.
BusHayeHa HeOOXiIHICTh CUCTEMHOI'O BUBYEHHS Cy4acHOTO
€KOJIOTIYHOrO CTaHy MaJluX pivyok JIHirmponeTpoBChKOi 00-
JIacTi Ta ix GaceliHiB.

KumouoBi ciioBa: ¢ppaemenmayia pivku, masa pivka, wmy4-
Ha eodoiima, saKicmb 600U
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