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Purpose. To carry out an environmental audit within the Ukrainian part of the Prut River ecosystem with
analysis of existing anthropogenic pressures and impact in order to improve the monitoring system.

Methodology. Long term data of various government agencies on quantitative, qualitative and hydro-biolog-
ical water parameters of investigated hydro-ecosystem has been collected and statistically processed. Complex
indicators included several groups of specialized classifications: the criteria of salt composition; trophic-saprobi-
ological criteria; specific criteria for the content of toxic substances and radiation exposure; hydro-biological cri-
teria — bio-indication indexes.

Findings. The main loads on the Prut River basin within Ivano-Frankivsk and Chernivtsi regions of Ukraine of
both anthropogenic and natural origin have been analyzed. It was confirmed practically that the sources of environ-
mental contamination at existing loads, the impact on the territory of natural disasters pose a threat to the popula-
tion and the economy with a high level of risk and potential losses. Total load of waste water and pollutants that
degrade water quality has been calculated as well as indicators of pressure on the river basin from sewage. Environ-
mental audit results allowed identifying weaknesses in water monitoring system in the Prut basin ecosystem.

Originality. For the first time the environmental assessment of quality and quantity of the Prut surface water
ecosystems has been comprehensively determined with comparison of parameters at different sample points. Sci-
ence-based approaches to integrated management of the Prut River basin have been improved.

Practical value. The improved surface water monitoring network in Ukrainian part of the Prut basin considering
point and non-point sources of pollution, adversely affected environmental factors has been presented. The study is
the basis for the development of measures to achieve safe environmental condition in river basins that meets the obliga-

tions of Ukraine under the “Environment for Europe” process and improves cooperation with EU Member States.
Keywords: ecological safety, water quality, bio-indication indexes, monitoring, basin ecosystem

Introduction. The main factors of influence on
the qualitative and quantitative characteristics of sur-
face water are water abstraction (intake) and wastewa-
ter discharge (sewage). The sources of surface water
pollution also include sources of diffuse pollution —
runoff from agricultural land (irrigation, use of fertil-
izers and pesticides), roads, built-up areas, man-made
disasters (oil damage, accidents at enterprises). The
natural factors influencing the quantitative and quali-
tative parameters of water resources of the basin in-
clude heavy rains and floods that contribute to the pol-
lution of water sources due to run-off of solids and
organic substances, chemicals used in agriculture, do-
mestic waste, harmful microorganisms etc. of water
catchment areas. The Prut River Basin is characterized
by a dense hydrographical network. It is due primarily
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to two factors: a large dissection of relief and a signifi-
cant amount of rainfall. In the Prut River basin there
are 7,192 rivers with total length of 16,404 km. The
major tributaries in Ukraine are: Pistynka, Rybnytsia,
Cheremosh, Zhizhiia, Tlumachyk, Turka, Chorniava,
Cherlena, Ryngach, Rekitnianka. The density of the
river network is 0.94 km / km?, which is almost three
times the average for Ukraine (0.34 km/km?) [1].

The urgent problem is data-based research to de-
termine the long-term observations of ecological prob-
lems, the environmental objectives of each river object
(water body), development of monitoring programs,
planning and implementation to support an acceptable
level of environmental safety.

Analysis of the recent research. Unsolved as-
pects of the problem. The issue of environmental
safety of hydro ecosystems are widely represented in the
works of domestic and foreign authors: B. R. Allenby,
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0O.S. Voloshkina, T. E. Hridel, A. L. Revzon, G.1. Rud-
ko, R.Williams, E.D.Henley, M.A.Shakhranian,
A.K.Shreyber, E.O.Yakovliev and others. However,
the specific problem of environmental safety of hydro-
ecosystem, particularly in the Prut River, features much
uncertainty, lack of a unified database system status in-
dicators, inadequate monitoring systems, etc. [1, 2].

An important task is conducting environmental au-
dits of hydro-ecosystem as an important part of the Eu-
ropean System Danube Basin, the identification of the
cause-effect relationship between economic develop-
ment and the hydro-ecosystem condition in the pros-
pect, and monitoring system improvement. Part of the
research was conducted within the EU project “Envi-
ronmental protection of international river basins”
(http://blacksea-riverbasins.net/en/pilot-basins/
prut-basin) [3].

Objectives of the article. The aim of this work is
an environmental audit within the Ukrainian part of
the Prut ecosystem with analysis of existing anthropo-
genic and natural impacts in order to improve the
monitoring system.

Presentation of the main research. According to
the Dniester-Prut BUVR data, in 2011 the total volume
of water abstraction in the Prut basin was 48.92 min.
m?, including 9.59 mIn. m? in Ivano-Frankivsk Region
and 39.33 min. m?® in Chernivtsy Region. In 2011, the
total amount was similar to that of 2010 — 49.36 mln.
m?>. Water abstraction in Chernivtsy Region compared
to Ivano-Frankivsk Region is much higher because of
higher population and lower watering. Water abstrac-
tion from surface waters accounts for 90 % of the total

water intake in Ivano-Frankivsk Region and 60 % in
Chernivtsy Region. In the Ukrainian part of the Prut
River basin there are developed sedimentary rocks of
the Paleozoic, Mesozoic and Cenozoic of clay-sandy
deposits unfavorable to the accumulation of large quan-
tities of groundwater. Lowland part of the Prut basin is
characterized by significant regulation of tributaries.
There are a lot of small ponds. Nature condition in wa-
ter ecosystems is disturbed. There are a lot of man-
made flood protection facilities in the Prut river banks,
especially in the mountain part.

Small HPPs in the Carpathian part of the Prut ba-
sin as derivation systems create serious environmental
and socio-economic problems. Hydro-geological
changes occur, including such that increase the risk of
lowering of the groundwater level.

Water is used for housing and communal needs and
agriculture. Water abstraction for industry is small.
Companies that take the most water in the Prut basin
are public utility companies “Yaremchevodokanal”,
“Kolomyiavodokanal”, “Chernivtsivodokanal” (Fig. 1,
Table 1).

These enterprises are the main sources of pollution
of the Prut River. In 2014 “Chernivtsivodokanal” dis-
charged 18.4 mIn. m? of wastewater, “Kolomyiavodo-
kanal” — 6.4 mln. m°>.

Total groundwater abstraction with intakes of more
than 10 m® per day in the Prut basin amounted to
37.923 thousand m?® per day in 2014. Reducing the in-
take of groundwater for the past 10 years has been due
to a decrease in consumption of drinking and technical
groundwater for industrial purposes.
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Fig. 1. Water bodies for water supplies in the Ukrainian part of the Prut River basin
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Table 1

Water abstraction and water use in the Prut River
basin, million m? (according to 2TP-Water Industry)

Water abstraction
Administrative Includin,
unit From lfrom Water
(region, city) | Total surface | groundwater e
water sources

lvano- Frankivsk region
Verkhovynskyi | 0.03 0.00 0.03 0.03
Kolomyiskyi 3.16 2.92 0.24 2.97
Kosivskyi 0.83 0.80 0.03 0.8
Sniatynskyi 2.24 1.82 0.42 2.09
Yaremche 0.41 0.38 0.03 0.38
Kolomyia 2.74 2.46 0.28 2.12
Chernivtsi region
Vyzhnytskyi 2.6 1.5 1.1 2.6
Hertsaivskyi 1.2 0.3 0.9 1.2
Kitsmanskyi 11.9 9.8 2.1 11.8
Novoselytskyi 6.4 3.5 2.9 5.7
Putylskyi 0.7 0.0 0.7 0.7
Khotynskyi 4.2 2.9 1.3 4.0
Chernivtsi 5.3 0.2 5.1 12.8

Groundwater is used for: drinking water supply
(51.3 %), agricultural needs (42.9 %), industrial and
technical purposes (5.7%) and industrial spill (0.1 %).

The use of groundwater for drinking water supply
decreased to 18.971 thousand m? per day (by 12.4 %),
for agricultural needs — to 15.847 thousand m? per day
(by 6.2 %), for industrial-technical purposes — to
2.116 thousand m? per day (by 51.0 %). Using ground-
water for industrial bottling increased up to 0.027 thou-
sand m? per day.

In the future we should expect an increase in water
consumption for municipal purposes and construction
of water pipes connected to the water supply and sani-
tation to cities and nearby villages. This is due to the
increasing number of consumers and the requirements
of access to quality water.

Taking into account that environmentally safe use
is the use of resource that does not exceed 10 % of the
total volume (the rule of ten percent), water intake in
the Prut River basin rated as environmentally safe ac-
cording to the studies [4].

River flow (volume of water) varies considerably
throughout the year. 50 % of the total annual volume
of water flows during the spring flood and storm floods
in 60—70 days. During the last 290—300 days the sum-
mer-autumn and winter low-flow periods with little
water flow are formed. In this regard, in low-flow peri-
ods the rivers used as sources of drinking water, or as
objects that receive discharged water, feature greatly
reduced ecological potential, shortages of water for
water supply and for waste water dilution. Therefore,
the hydrological regime of rivers should be taken into
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account when local authorities plan water supply sys-
tems and maximum allowable discharges of wastewa-
ters into water bodies should be calculated.

During the past 20 years a reduction in wastewater
volume has been observed. Discharge of sewage in the
Chernivtsi region declined from 97 mln. m? in 1990 to
9.6 mIn. m?in 2011. Reducing the amount of wastewa-
ter was mainly due to reducing of water consumption.

Major enterprises, sources of anthropogenic influ-
ence on surface water in the Prut River basin, are:
“Khreshchatyk” sugar factory, “Nadvirnanaftogaz”
(in Vyzhnytskyi district), “Chernivtsi oil and grease
plant”, Chernivtsi brick factory No. 3, “Chernivtsi
Chemical Plant”, “Chernivtsi vodokanal”, “Kolomy-
ia vodokanal”, “Yaremche vodokanal”. Pollution of
rivers in the Prut basin is due to wastewater enterprises
in Kolomyia, Sniatyn, Chernivtsi (Table 2).

Sewage treatment plants (STP) in settlements of
Vorokhta, Deliatyn, Sniatyn, Zabolotiv, Tovmachyk
(Ivano-Frankivsk region), Novoselytsia, Putyla, Vyzh-
nytsia, Hertsa and others (Chernivtsi region) are in
poor condition and without adequate sewage treat-
ment systems.

Reconstruction of treatment facilities in the city of
Chernivtsi is needed. The fact that the main pressure
collector from the main pumping station to the treat-
ment plants has only one branch causes concern, mak-
ing it impossible to prevent pollution of water in case
of an accident on it. 7-year observations of the water
quality at the site — below the discharge of sewage of
Chernivtsi city (v. Mahala) — have demonstrated the
lack of effecient treatment of utility fluids by wastewa-
ter treatment facilities of “Chernivtsi vodokanal”.
Therefore, according to the Index of Water Pollution

Table 2

Wastewater discharges into surface water bodies
of the Prut river basin, Ukraine (million m?), 2012

Administrative WW discharged STP
}mit _ Total Including treate'd capacit}}f,
(region, city) to standard quality | mlnm
lvano- Frankivsk Region
Verkhovynskyi | 0.01 0.01 0.23
Kolomyiskyi 2.63 0.02 1.72
Kosivskyi 0.82 0.004 0.74
Sniatynskyi 1.96 0.12 2.44
Kolomyia 6.46 5.97 6.56
Yaremche 0.29 0.15 0.72
Cherniuvtsi Region
Vyzhnytskyi 1.7 — —
Hertsaivskyi 0.5 — 0.1
Kitsmanskyi 9.6 - 0.5
Novoselytskyi 4.1 — 0.2
Putylskyi 0.1 — —
Khotynskyi 2,6 - 0.6
Chernivtsi 18.5 16.6 54.8
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(IWP) the water in this region is classified as third
class — “moderately polluted” (Table 3) [5].

The problem of wastewater treatment is also relevant
for other enterprises of the processing industry, espe-
cially in the districts of Chernivtsi region. Dairy plants,
meat processing plants and shops, canneries discharge
wastewater without adequate treatment exceeding the
established standards of pollutants into water bodies.

The quality of surface waters in the Prut river basin
is predominantly “clean” and “moderately polluted”
in the Carpathians. The water is also “clean” at the
entrance to the Chernivtsi region, but it turns “moder-
ately polluted” when exiting the region. The results of
monitoring investigations indicate that the oxygen re-
gime in the basin of the river Prut becomes extremely
severe over the periods with the minimum flow (dur-
ing winter and summer-autumn periods).

Deterioration of oxygen conditions is observed in
the areas after the discharge of sewage into the river,
where intensive oxygen consumption for decomposi-
tion of organic matter of wastewater occurs.

During the summer-autumn low water period re-
duction of dissolved oxygen is more possible, com-
pared to the winter, with the same water flow in the
river and the same volume of flow of organic substanc-
es. This is due to the influence of temperature regime
on the rate of oxygen consumption and intensity of an
aeration treatment process. In accordance with the re-
sults of the research in a dry period, water quality dete-
rioration is recorded at a water flow below 3—3.5 m’/s.

Research has established decrease in most types of
fish fauna, simplification of species diversity. On the
verge of extinction are highly adapted to the demand-
ing water quality salmon. Areas of distribution of fish

Table 3

Results of the assessment of Water Quality Index (WQI)
in the Prut River basin (2005—2014)
(Data of the Dniester-Prut River Basin Management

Department)
. Quality

Water sample point WQI Category Grade
Kolomyya, water intake 0.44 2 clean
Yaremche 0.54 2 clean
v. Kostychany, border with | 0.67 2 clean
Romania and Moldova
v. Lenkivtsi, upstream of 0.92 2 clean
Chernivtsi, drinking water
intake
v. Mahala, downstream of | 1.09 3 moderately
wastewater Chernivtsi polluted
v. Nepolokivtsi, border of | 0.72 2 clean
Ivano-Frankivsk and
Chernivtsi regions
v. Cherepivtsi, border with | 0.74 2 clean
Romania
t. Deliatyn 0.55 clean
v. Storozhynets, water intake | 0.89 clean
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of high oxyphility have decreased and shifted closer to
the riverhead. Short-cycle fish species whose ecologi-
cal plasticity promotes rapid regeneration have signifi-
cantly spread. These changes indicate a significant de-
terioration in water quality.

The assessment of water quality according to zoob-
enthos indicators, as well as to comprehensive assess-
ment of hydromorphological, hydrochemical and hy-
drobiological indicators shows that the water in the
upstream of the Prut River belongs to class 1— as “very
clean”. Therefore, this site can be recommended as a
reference in assessing water quality in accordance with
the requirements of the EU Water Framework Direc-
tive. Studies have been conducted in the upstream of
the river Prut within the Carpathian National Park by
specialists of the Institute of Ecology of the Carpathi-
ans. Eight sample points on the Prut River on the area
of Carpathian National Nature Park were studied:

1. Upstream of the sport and tourist base “Zarosliak”.

2. Between the base “Zarosliak” and the Geo-
graphic station of Lviv National University.

3. Between the Geographic station and Zavoiellia-
Vorokhta Farm.

4. Between Zavoiellia-Vorokhta Farm and road
T-0909.

5. Upstream of Vorokhta village.

6. Downstream of Vorokhta village.

7.v. Yamna.

8. Downstream of t.Yaremche.

For bio-indication of water quality in the Prut Riv-
er two indexes were used: Trent Biotic Index (TBI)
and its modification — Extended Biotic Index (EBI).

TBI Index is one of the most common indexes used
in Europe and in the world. The index is based on avail-
ability of organisms belonging to the indicator groups in
the water and their number. When the degree of water
pollution increases, representatives of these groups dis-
appear from the groups in certain sequence. Index TBI
is four-graded and characterizes water saprobity.

In TBI Index calculating we can take into account
the indicator taxon groups that tend to more organic
rich water than the entire group as a whole.

These five categories of the EBI classification cor-
respond to five categories of water quality taken in our
country: excellent, good, fair, bad, and very bad. In
Ukrainian classification the second and the third cat-
egories are divided into two subcategories: good — very
good and good, satisfactory — satisfactory and moder-
ate (Method..., 1998). These two categories are also
divided according to the EBI grade.

A high score of the water quality in these indices
corresponds only to reference sections of the rivers,
which almost do not undergo direct or indirect an-
thropogenic pressure. Determining the taxonomic
composition of the indicator groups was carried out by
Lepneva S. G. and Kli¢ vodnich larev hmyzu.

TBI Index in the researched sample points was
5.9-7.9. The maximum value of this index was at
1—4 sample points (6.8—7.9) and minimum — down-
stream of Vorokhta town (5.9). Downstream of
Yaremche, the index is increasing again (6.8).
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EBI Index fluctuates within 5.7—8.1 in studied wa-
ter samples. Its maximum value was at 1—3 sample
points (7.2—8.1), minimum was downstream of Vo-
rokhta town (5.7). For t. Yaremche index increases to
7.8 that may indicate self-cleaning of the river.

It is worth noting that the correlation index for TBI
and EBI is positive and certainty is 0.889. Since we
have observed growth of TBI and EBI indexes up-
stream the Prut River, we can argue that water is of
high quality near the source of the river Prut. General
data received during the study of bioindication of the
Prut River is shown in Table 4.

The research results show that the water in the up-
per part of the Prut River (upstream of the sport and
tourist base “Zarosliak” is rated as “very good”.

The area from the base “Zarosliak” to road T-0909
has a satisfactory water quality. In the area Vorokhta-
Yamna the water in the river Prut is of moderate qual-
ity, while in the vicinity of Yaremche water quality is
“good” (i.e. the river has the ability to purify itself).
Upstream the base “Zaroslyak”, the river features oli-
gosaprobity, downstream it is characterized with
[B-mesosaprobity.

The results of hydrochemical assessment of water
quality in the Prut River from Yaremche town to
Chernivtsi city. Evaluation of surface water quality is
complex because it includes three groups of special-
ized classifications (criteria of salt content, trophy sap-
robiology criteria; criteria for specific substances of
toxic content and radiation exposure).

The received data of water quality parameters was
processed for four control points: Yaremche, Kolo-
myia, Nepolokivtsi, Chernivtsi for 15 years (1994—
2014) [2]. Based on the initial data received from Iva-
no-Frankivsk Regional Water Management Depart-

ment we calculated block indexes according to the av-
erage and maximum data (the worst scenario) (Fig. 2).

Water quality at the three sample points belongs to
class II, category 2 (II,) — water quality rates as “very
good”; purity — pure; trofity — mesotrophic; saprobi-
ty — d-oligosaprobity.

At Kolomyia sample point water quality belongs to
class II; — water quality is “good”; purity — very clean;
trofity — meso-eutrophic; saprobity — ’-mesosapro-
bity.

According to the maximum value of data water
quality at all the sample points is I15. In some years
decline in water quality is observed in Kolomyia and
Nepolokivtsi (to class 111, — water quality is “satisfac-
tory”; purity — slightly polluted; trofityt — eutrophic;
saprobity — B”’-mesosaprobity and to class 1115 — ev-
politrofity, d-mesosaprobity).

Impact of Human Activities on Groundwater
Bodies. Water abstraction, point sources of pollution
(insufficiently treated urban and industrial wastewater

H Averaged data

H Maximum data

Fig. 2. Averaged environmental assessment of wa-
ter quality in the Prut River on average data
and maximum data

Table 4
Comparative characteristics of the sample points of the Prut River
Parameters of Sample point

assessment 1 2 3 4 5 6 7 8
TBI 79+03| 69%0.1 7.1+0.3 6.8+ 0.3 63+£02 | 59+08 | 6.0£0.2 | 6.8%£0.6
Cv (%) 6.3 1.5 7.0 7.4 4.8 23.7 6.7 14.7
EBI 81+0.3| 7.2%0.1 7.2+0.2 6.7+£0.2 63+£02 | 57+09 | 6.4+02 | 7.8+0.5
Cv (%) 6.2 2.8 5.6 6.0 4.8 28.1 4.7 11.5
Plecoptera* 24 14 9 13 10 7 3 3
Ephemeroptera 26 23 20 14 15 26 36 70
Trichoptera 35 44 46 17 12 15 5 7
Gammaridae 7 3 0 0 0 0
Oligochacta 5 2 4 1 1
Chironomidae 9 2 4 2 1 3 1
pH 8.2 8.7 7.7 8.5 8.7 9.8 9.2 9.4
t°+C 8 10 13 18 20 23 21 22
width of the river | 2—3 4-7 7—10 8—15 10—14 9—11 12—15 15-20
saprobity oligo- B-mezo B-mezo B-mezo B-a-mezo | B-a-mezo | B-a-mezo | B-a-mezo
Water quality good satisfactory | satisfactory | satisfactory | moderate | moderate | moderate good

* _ the average number of organisms in the three samples at one River sample point (org./m?)
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discharges, inadequate management of municipal,
livestock and industrial wastes), as well as the diffuse
sources of pollution (agricultural activities — use of
fertilizers and pesticides) are all classified as sources of
surface and groundwater pollution. The main facilities
to affect the state of groundwater in the basin of the
river Prut are residential areas, cattle farms, landfills,
and agricultural land. Upper-most unprotected Qua-
ternary aquifers are therefore contaminated with ni-
trates, sulphates, chlorides, and ammonia. According
to the monitoring data of State Enterprises ‘Geoin-
form’ there are 8 sources of groundwater pollution
along the Prut river basin (4 areal and 4 local) within
Chernivtsy region.

Agriculture affects groundwater resources through
water abstraction, wastewater disposal, increasing ero-
sion, inflow of mineral and organic fertilizers and un-
treated wastewater from the cattle farms and poultry
plants. A total volume of introduced mineral fertilizers
over Chernivtsi region in 2011 was 107.3 thousand
quintals with an average of 88 kg/hectare. Only a small
amount of fertilizer is introduced in the mountain area
(30—40 kg/ha), while a considerably greater amount is
used on the plain areas. In general, the fertilization
level of the Prut river catchment arca may be consid-
ered as average for the region. The same situation is for
the organic fertilizers, although only limited data is
available in this respect — 0.5 tones/ha.

Impact of industry and transport. Wastewater
treatment remains the main problem for the enterpris-
es of food processing industry: cheese factories, meat
packing plants, and canneries operate without proper
sewage treatment plants and discharge wastewater with
high concentration of pollutants (exceeding standards
by tens or even hundreds of times) into the water bod-
ies. A major environmental issue in the basin is the ex-
traction of sand and gravel from the riverbeds, which
may be referred to as mining industry. In many cases,
grovels are extracted without authorization. Consider-
able sand and gravel extraction has resulted in decrease
in the level of riverbed for the Prut and the Cheremosh
in places by 1—1.5 meters, with even greater decrease
(by 2—2.5 meters) near Chernivtsi.

Solid and industrial wastes. Handling of hazard-
ous and domestic solid wastes is a major environmen-
tal problem in the area. There are 11 municipal solid
waste landfills with an area of 67 hectares in Chernivt-
si region; eight of them, with the total area of 32 hect-
ares, are inconsistent with the designed capacity. Rural
landfills are still an issue in some settlements. Accord-
ing to the data from the State Statistical Committee of
Ukraine, in 2011 Chernivtsi region generated over
225,000 tons of waste, 160,000 tonnes of which came
from the city of Chernivtsi.

The drastic increase in solid wastes production and
the lack of equipped landfills facilitate results in the
infiltration of extremely hazardous toxic, carcinogenic
chemicals and biological pollutants into ground and
surface water bodies. In the course of this study, no
information was found on the qualitative composition
of infiltrates from the major landfills in the basin area.
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The main reason for the growth of the accumula-
tion of solid waste in the Prut River Basin is the lack of
separate collection facilities and recycling companies.

Based on the research studies, it is proposed to
conduct monitoring studies at sample points present-
ed in Table 5.

It would help to determine background concentra-
tions of physical and chemical parameters in the Prut
River basin. Therefore, this study will be bases for new
monitoring system in accordance with EU require-
ments [6, 7].

Conclusions. The Prut River basin in Ukraine is a
unique natural and climatic territory that is rich with
water, forest and recreational resources. Factors of
current anthropogenic pollutions and natural threats
cause high level of risks and potential losses for the
population and the economy of the area.

The analysis of the existing pressures and their im-
pact allows elaborating the detail monitoring network
and to identify weaknesses in the monitoring system of
the Prut River basin:

- Lack of sample points of water quality in small
rivers, especially in areas which flow through populat-
ed areas.

- Lack of systematic database for surface and
groundwater (their number, quality, quantity, usage,
pollution levels etc.).

- Lack of the water quality assessment of surface and
groundwater (except MAC exceeding multiplicity); lack
of measured concentration of synthetic surface-active
agents (surfactants), phosphorus and other pollutants in
river waters in accordance with normative documents.

- Lack of data on the pollutants that come from
non-point sources, description of the sources and
their potential threats to the aquatic environment.

- Hydro-biological monitoring data (held by the
Central Geophysical Observatory of the Hydrometeo-
rological services of Ukraine) are not the key indica-
tors in assessing the quality of surface water as required
by the EU Water Framework Directive.

- Hydromorphological monitoring in order to re-
search the destruction of river banks, changing in their
beds, laying sediment is not carried out due to lack of
funding.

Environmental audit that was conducted in this study
allowed allocating unresolved environmental issues. For
the first time the environmental assessment of quality
and quantity of surface water in the Prut River basin was
defined with parameter comparison at different sample
points. Science-based approaches to integrated water re-
sources management in the Prut River basin have been
improved. The object of our further research will be sub-
stantiation of measures to resolve the existing environ-
mental issues (environmental risks), improvement of
environmental monitoring and ensuring environmental
safety and should be addressed to the developing
of “The Prut River Basin Management Plan”.
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Merta. IlpoBecTu €KOJOTIYHUI ayauT TepUTOpil
YKpPaiHChKOI YacTUHU ekocucteMmu p. IlpyT 3 aHami-
30M iCHYIOUMX AaHTPOIIOTCHHUX i TEXHOTEHHUX Ha-
BaHTaXXEHb Ta BIJIMBIB 3 METOIO BIOCKOHAJICHHS MO-
HiITOPUHIOBOI CUCTEMU.

MeTtoauka. 3i0paHi if CTaTUCTUYHO OINpalboBa-
Hi OaraTopiuHi JaHi pi3HUX AepP>KaBHUX YCTAHOB 111010
KUIbKiICHUX, SIKICHUX 1 TiAp00ioJ0riYyHNX TMTOKAa3HUKIB
BOIHUX PECYPCiB TOCIIKYBAHOI TiIPOEKOCUCTEMMU.
KoMmieke moka3HuKiB BKJIIOYAB AEKiJIbKa TPYII CIie-
LiajgizoBaHUX Kjacudikaliil 3a: KpUTepisIMU COJIbO-
BOTO cKJany; Tpodo-canpoobiosoTiYHUMU KPUTEPisi-
MU; KPUTEPisSIMU BMIiCTYy crieliu(PiYHMX PEYOBUH TOK-
CHUYHOI Ta pafialiiiHOI aii; rigpo0ioJOTiYHUMU KPU-
TepisiMU — IHAeKcaMu OioiHAMKALIii.

Pe3yasraTu. [IpoaHanizoBaHi OCHOBHiI HaBaHTa-
XKEHHSI SIK aHTPOIIOTEHHOTO, TaK i MIPUPOIHOTO IT0XO0-
JKeHHSsT Ha OaceiiH piku IpyT y Mexxax IBano-®pan-
KiBchKOI Ta YepHiBelbKoi oOnacteit Ykpainu. Pak-
TUYHO TIATBEPIKEHO, 10 JKepejaa 3a0pymHEeHHs
HaBKOJIMIIHBOTO CEpeAOBHIIIaA 3a iICHYIOUMX HaBaHTa-
JK€Hb, BIUIMB Ha TEPUTOPIilIO MPUPOIHUX KaTacTpod
CTaHOBJISITh 3arpO3y HACEJEHHIO Ta EKOHOMILIi 3 10-
CTaTHbO BUCOKHWMM PiBHSIMM PU3UKIB i MOTEHLIMHUX
30uTKiB. O6paxoBaHe cyMapHe HaBaHTAXXKEHHS CTid-
HUX BOJ Ta 3a0pYyIHIOIOYNX PEYOBHUH, IO ITOTipIIy-
IOTb SIKiCTh BOAY, iHAUKATOPU HAaBaHTAXXEHHSI Ha pid-
KOBUI1 OaceitH Bim cTiyHux Bod. Pesyibratu exkoio-
TiYHOTO aymauTy MOO3BOJWIM BMIUIMTA HENOJIKM B
CUCTEMi MOHITOPUHTY BOJ, y OaceiiHOBIil eKocucTeMi
p. IpyT.

HaykoBa HoBHM3HA. YIiepllle BU3HaueHa €KOJIO-
riyHa OILliHKa SIKOCTi I KiJIbKOCTi MOBEPXHEBUX BOJ
ekocuctemMu p. IIpyT KOMIUIEKCHO i3 MOPiBHSHHSIM
napameTpiB y Pi3HUX CTBOpax. YIOCKOHaEHi HAyKO-
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BO OOTPYHTOBAHI MiAXOAU O iHTETPOBAHOTO YIpaB-
JIiIHHS piYKOBUM OaceiiHoM p. [1pyT.

IIpakTyHa 3HAYUMICTB. 3alIpPOITOHOBAHA BIO-
CKOHaJIeHa Mepexka MOHITOPHHTY ITOBEPXHEBUX BOII
yKpaiHCBbKOI YyacTuHM OaceiiHy p. IlpyT 3 ypaxyBaH-
HSIM TOUKOBHMX Ta AUMY3HMUX JIKepesl 3a0pyTHEHHS,
MpUPOTHUX (PAKTOPIiB HETaTMBHOIO BILIMBY. locii-
JIKEHHSI € 0a30BUMU 11 PO3POOKHU 3aXOMIiB 3 TOCST-
HEeHHsI 0e3MeYHOro eKOJOriYHOro cTaHy B OaceiHax
pivoK, IO BiAMNOBiZae 3000B’sI3aHHSIM YKpaiHU B
pamkax miit ,,JIoBKiJIsE 1ist €Bponu® Ta MoKpalueH-
HIO criBIpali 3 KpaiHaMu-wieHamu €C.

KurwuoBi ciaoBa: exonoeiuna 6esnexka, sKicmb
600u, Oioindukauyitui iHdekcu, MOHImMoOpuHe, 6a-
celiHO8a eKocucmema

Ilenn. [IpoBecTu 3KOJOTMYECKUI ayauT TEppuU-
TOpUU YKpPaMHCKON 4yacTtu 3kocucteMbl p. [IpyT ¢
aHAJIM30M CYIIIECTBYIOIINX aHTPOIIOTEHHBIX U TEXHO-
T€HHBIX HArpy30K Y BO3IEUCTBUU C LIEJIbIO YCOBEP-
LIEHCTBOBAHWSI MOHUTOPUHIOBOI CUCTEMBI.

Metoauka. CoOpaHbl U CTaTUCTUUYECKU 00pabo-
TaHbl MHOTOJICTHHE JaHHbIE Pa3JIWIHBIX TOCYIapCT-
BEHHBIX YYPEXIEHUI OTHOCHUTEIbHO KOJWYECTBEH-
HBIX, KQUECTBEHHBIX W T'MAPOOMOJIOTUIECKUX TTOKa-
3arejicii BOMHBIX PECypCOB MCCIEAYEMOI THIPOIKO-
cuctembl. KoMruiekc TmokasaTelieii BKIIIOUall He-
CKOJIBKO TPYIIN CIIeIINAaIA3NPOBAaHHBIX KJIaCCU(DUKA-
Uil TI0: KPUTEPUSIM COJIEBOTO COCTaBa; Tpodo-ca-
MIPOOUOJIOTUUECKIM KPUTEPHUSIM; KPUTEPUSIM COIEP-
XKaHUS CHeHM(UYSCKUX BEIIECTB TOKCUYECKOTO U
paauanoOHHOIO BO3ACUCTBUS, THUAPOOUOIOTNYE-
CKUM KPUTEPUSIM — UHAEKCAMU OMOMHAMKALIMH.

PesynbraTtnl. IlpoaHanu3upoBaHbl OCHOBHbIE
Harpy3ky Kak aHTPOITOTEHHOTIO, TaK W MPUPOTHOTO
MPOUCXOXAeHUST Ha OGacceiiH peku [1pyT B nmpenenax
HMBano-®pankoBckoit 1 YepHoBUIKOI obacteit
VYxpanHbpl. PaKTUISCKN TTOATBEPXKICHO, YTO MCTOU-
HUKU 3arPSI3HCHUS OKPYKAIOIIei cpenbl P CyIIe-
CTBYIOIIIUX HAarpy3kKaxX, BIMSHHE Ha TEPPUTOPUIO
MPUPOTHBIX KaTacTpod MPEnCTaBiIsIIOT yTpo3y Hace-
JICHUIO M 9KOHOMUKE C TOCTaTOYHO BHICOKMMU YPOB-
HSIMM PHUCKOB M MOTEHIIMAIBHBIX YOBITKOB. Iloacuun-
TaHa CyMMapHasl Harpy3Ka CTOYHBIX BOJ 1 3arpsI3HsI-
IOLIMX BELIECTB, YXYIAIIAIOIIMX KauyeCTBO BOIbI, UH-
NUKATOPbl HATPY3KM Ha PEYHOI 0acCeiiH OT CTOYHBIX
BOJI. Pe3y/ibraThl 9KOJIOTrMYEeCKOTro ayIuTa MO3BOJIMIIA
BBIJIETUTH HETOCTATKN B CUCTEME MOHUTOPWHTA BOJL B
OacceitHOBoOI aKocucteme p. [1pyT.

Hayuynas noBu3Ha. BriepBble ompeneneHa 3KO-
JIOTMYeCKasl OlIeHKA KauyecTBa M KOJIMYECTBa MTOBEPX-
HOCTHBIX BOI 3KOCHCTeMHBI p. [IpyT KOMIUIEKCHO cO
CpaBHEHHEM I1apaMeTPOB B Pa3HBIX CTBOpax. YcCo-
BEPIICHCTBOBAHBI HAyYHO-O0OOCHOBAHHBIC TTOIXOBI
K MHTETPMPOBAHHOMY yYIIPaBJICHUIO pEUHBIM Oacceii-
HoMm p. [pyT.

IIpakTnyeckas 3HAYMMOCTh. [lpennoxeHa
YCOBEPIIIEHCTBOBAHHAsI CETh MOHUTOPUHIA MTOBEPX-
HOCTHBIX BOJI YKpaWHCKOI yacTu 6acceiiHa p. [1pyr
C YYETOM TOUEUHBIX U TN Y3HBIX UCTOUHUKOB 3a-
TPSI3HEHUsI, TIPUPOIHBIX (hAaKTOPOB HETaTUBHOTO
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Bo3neicTBus. KccienoBaHust SIBISIOTCS 0a30BBIMU
I pa3pabOTKM MEpPOTIPUSITUI TIO JOCTUXKEHUIO
0€30IMaCHOTO 9KOJIOTUUECKOTO COCTOSTHUS B Oacceli-
Hax peK, OTBeYaloT 00s3aTeIbCTBAM YKpPauHBI B
pamkax netictBuii ,,OKkpyxatoiasi cpena st EBpo-

[13

MBI~ U YIYYLIEHWIO COTPYAHMYECTBA CO CTPaHAMMU-

KioueBble cJyoBa: sxosno02cuueckas Oezonac-
HOCMb, Kauecmeo 600bl, OUOUHOUKAUUOHHbIE UH-
OeKxcol, MOHUMOPUHe, 0ACCelH08as IKocCUcmema

Pexomendosano 0o nybaikauyii dokm. mexH.
nayk 4. O.Adamenkom. ama Haoxo0dxiceHHs py-

yneHamu EC. xonucy 02.10.15.
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MATEMATUYHE MOJIE/IIOBAHHA BUMYIIIEHOTI'O
3ATTAJTIOBAHHS T'A3OIIOBITPIHOI CYMIIIII
IMPU PO3PAXYHKY BPAXKAIOYUX PAKTOPIB ABAPINHUX
BUBYXIB

Purpose. Selection and substantiation of the method of calculating the parameters of the ignition of gas mix-
tures with a heated body, the calculation of parameters and the evaluation of the reliability of performance of the
established criteria for the initiation of the gas explosion.

Methodology. Mathematical simulation, numerical experiment, analysis and synthesis of the results.

Findings. The task of unsteady-state conduction problem of finding the temperature distribution in the ther-
mal layer, near a source of ignition of air-gas mixture was set. Boundary conditions for a spherical source of igni-
tion were defined. To solve the problem it was proposed to use the method of integral heat balance in which the
thermal conductivity equation is replaced by the integral heat balance. Solutions of this equation are sought in the
form of a polynomial of the second degree, i.e., the desired temperature profile in the thermal layer is represented
as a quadratic parabola. As a result, an equation of the parabola as a dependence of temperature on the coordi-
nates, time, heat capacity and heat generation from the ignition source is obtained. This solution allowed deter-
mining the effect of thermal oxidation of methane and, on that basis showing the convergence of the numerical
method with the results of the analytical solution.

Originality. On the basis of the theory of thermal ignition and quasi-static approach, an analytical solution of
the problem is found by methods of the integral balance, non-stationary temperature distribution in the thermal
layer near a source of ignition of air-gas mixture. The thermal effect of oxidation of methane near a source of igni-
tion is defined and the convergence of the numerical method of calculation of parameters of shock airwaves with
the results of the analytical solution in terms of performance of the ignition criterion is shown.

Practical value. The resulting solution makes it possible to analyze the accuracy of the computing process
methods of numerical simulation of gasdynamic parameters of shock waves in the air of the initiation of combus-
tion and explosion of gas-air mixtures. The analysis of the accuracy of the computational process allows the use of
numerical methods in practical calculations of finding a safe distance from the centers of the explosion in the
liquidation or predicting the consequences of accidents.

Keywords: gas-air mixture, ignition criteria, transient heat transfer, kinetics of combustion, thermal lay-
er, temperature profile, mathematical model, thermal profile
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