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EFFECTIVENESS OF IMPLEMENTATION OF THE INSTALLATION
FOR NATURAL RESERVOIR CLEANING

Article is devoted to main problems of hazardous situation in rivers reservoirs are: discharges of under
treated industrial sewage, household sewage water, increase of organic matter amounts, lowering the water
level of reservoir during warm season, active uncontrolled growth of blue-green algae. In order to designate
the measures for improving the quality of water in reservoirs, here is proposed the method of “‘choosing the best
alternative”. This method allows execution of a comparative analysis of alternative measures using enumeration
which includes technological parameters and organizational measures, provided with norms. In this thesis there
is proposed a method justification for the measures to improve water quality. The solution of multi-criteria task
via the method of choosing the best alternatives without full information allows numerical estimation of the water
quality lowering possibility and to choose the best available method of increasing water quality in reservoirs. To
choose and justify the measures that will ensure increasing of water quality in natural water reservoirs, there was
carried out comparative analysis to determine the viability of alternative suggestions using a list of parameters
and measures to search the best alternatives. Economic effectiveness of modelled measures is calculated with
the indicator of the overall economic efficiency of environmental protection expenses. The effectiveness of the
expenses is determined basing on the environmental protection substantiation stages and in process of results
estimation for environmental protection program tasks and regional usage of natural resources on certain
territory. The determination of environmental protection measures’ pure ecological effect bases on comparing

the expenses for their implementation to achieved result through these measures.
Key words: sewage water, water quality, comprehensive, analytical indicators, natural resources.

Introduction. The main problems of hazardous
situation in Dnipro reservoirs are: discharges of under
treated industrial sewage, household sewage water,
increase of organic matter amounts, lowering the
water level of reservoir during warm season, active
uncontrolled growth of blue-green algae. In order
to designate the measures for improving the quality
of water in reservoirs, here is proposed the method
of “choosing the best alternative” [1]. This method
allows execution of a comparative analysis of alter-
native measures using enumeration which includes
technological parameters and organizational meas-
ures, provided with norms.

Purpose of the article. Improving the efficiency
of activities for natural reservoir cleaning.

Statement of the main research material. The
solution of multi-criteria task via the method of
choosing the best alternative in the condition of infor-
mation lack allows numerical estimation for the prob-
ability of enormous uncontrolled algal growth appear-

ance. Because of one or another reason and according
to that, recommend the best available measures or
means to increase the water quality.

In this thesis there is proposed a method justifi-
cation for the measures to improve water quality.
This method allows identification of the process or
parameter that can cause hazardous situation in water
reservoir. The minus of this method is there is need
to determine weighing factor for every specific point.
On the other side this helps to estimate more precisely
the reasons of possible hazards’ appearance of low-
ering the water quality occurrence, and accordingly
fitting measures to solve the problem.

The solution of multi-criteria task via the method
of choosing the best alternatives without full informa-
tion allows numerical estimation of the water quality
lowering possibility and to choose the best available
method of increasing water quality in reservoirs.

The criteria for the task solution on finding the
most likely reason of water quality deterioration are:
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degree of sewage treatment, rates of blue-green algae
growth, amount of organic matter in water of the res-
ervoir, rates of reservoir’s ability to self-purification,
and changes of water levels.

Economic effectiveness of modelled measures is
calculated with the indicator of the overall economic
efficiency of environmental protection expenses. This
indicator is used when justified structure and vol-
umes of environmental protection measures (includ-
ing construction of environmental protection objects)
and amount of capital investments of environmental
protection purposes.

The main value of this indicator and also pure
economic effect of environmental protection meas-
ures have for substantiation of project decision and
for object of given type and capacity.

The effectiveness of the expenses is determined
basing on the environmental protection substanti-
ation stages and in process of results estimation for
environmental protection program tasks and regional
usage of natural resources on certain territory. There
are three approaches to determining the economic
effectiveness of environmental expenses:

— basing on expenses minimization of deter-
mined expenses;

— by comparison of the expenses with normal
state of environment;

— by comparison of the expenses with the valua-
tion of distorted economic losses (calculation of total
economic efficiency).

The first approach has somewhat limited rep-
resentation on real ecologic and economic effect as
it is used for comparison of different variations of
environmental protection activities and samples of
environmental protection technologies, and estimates
technical-ecological efficiency itself.

The second approach uses system of natural indi-
cators which characterize “normal state of environ-
ment”. This means that effectiveness is calculated
basing on expenses needed for achieving desirable
(determined by norms) state of environment.

Due to lack of ecological standards’ scientific
development and to high practical cost of their
achievement this approach hasn’t got widening,
though it is the most suitable for environmental pro-
tection activities aims from ecological point of view.

The most widespread approach is the one that
allows fully enough take into account social and eco-
nomic consequences of contamination by the way of
comparison the expenses for environmental protec-
tion measures and its results, it allows to study deeper
the expenses and losses and in such way estimate the
economic effectiveness of environmental protection
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activity. This approach enables taking into account
the expenses for reimbursement of ecological harm
as inevitable production expenses.

Pure economic effect of environmental protec-
tion measures is determined aiming the justification
of technical and economic choice of the best alterna-
tives which differ among themselves by influence on
environment and by influence of production results
of the industries and subject of economic activity.
The determination of environmental protection meas-
ures’ pure ecological effect bases on comparing the
expenses for their implementation to achieved result
through these measures.

But because of the situation, where for calcula-
tion of ecological and economic effect there is a need
in operating installation which is impossible at this
stage of investigations. This is why considered above
approaches are unavailable. But there is a way to
calculate the ecological and economic effect of the
developed model of the installation. The formula of
economic effect should be used. The empirical for-
mula of economic effect looks as follows:

E=a*,+ a,*x,+...+ a*x; + a,*x,

with: @, — average cost of yearly deposit (of the
implemented measure) in i direction of measure
completion, i.e. the average increase of pure income
per year provided by this measure (using method of
expert evaluation); x; — amount of possible measures
for 7 direction.

The realization of these measures can give increase
of economic effect:

— minimum (pessimistic scenario) per 10%;

— maximum (optimistic scenario) per 17%.

As an income taken is effectiveness of the installa-
tion in cleaning the water, which means the level for
which water was purified after implementation of the
installation. In case of pessimistic scenario water will
be cleaner per 10% (Table 1). And in case of optimis-
tic scenario water will be cleaner per 17% (Table 1).
All the calculations are based on existing data and
on the results of previous calculations, analyses, and
investigations [2].

On the table we can observe calculated results of
installation operations. Basing on it we can theoreti-
cally estimate operation of the installation.

Before getting any income, there is a need of con-
structing the installation from the existing parts. For
construction of the “Swan” we need 2 filters Smart-
PondFilter EBF-1200G (900m®), one diesel engine
Centaur4L.22BT (35 HP), container, and hull (Table 2).
Their prices are listed in the Table 2. All the spending
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is substituted basing on average prices for the parts
that are variable.

From the Table 2 we can see that the cost of hull
is approximate because the hull for the “Swan” is
unique and there is no price for such constructions in
ship building companies. Also, the cost of the instal-

lation construction can vary because depending on
type of filters, engine and container (its price is added
to the price of the hull) [3].

All the constituents chosen are the best alternatives
between the offered on the market by few parame-
ters: volume (amount of water let through the filter

Table 1

Change of water quality indexes for pessimistic scenario and for optimistic scenario
at peak of algae bloom

Factual main indexes of | Values of main water Values of main water
O water quality quality indexes at 10% | quality indexes at 17%
£ g 2 g S = 3 %
a 2 | % | & S O | & 3 O | & 3
Place = N = S SsE| 24, % s E | 24, %
o S | Sx | &0 | B | SR 30| EE| 2| 20| EE
= =) =0 £~ g e £~ 5| =0 g & =
=) % 2 %0 Se° ) 2 %D S° 8 2 %D S° 8
2 = 5| = 2 =
T 1A 5 S a 5 ) A 5 )
SRN Ne4630-88 (till 2017) | >4,0 - 15 >4.,0 - 15 >4.0 - 15
Norm
ESWO from 2012 - - 50 - - 50 - - 50
e 23 | 77 | 126 | 252 | 847 | 1134 | 22,68 | 9,009 | 10,458 [ 20,916
River Ros 21.08
2617' 27 5,6 18,5 36,4 6,16 | 16,65 | 32,76 | 6,552 |15,355(30,212
1216(1);' 232 | 70 | 147 | 248 | 7.81 | 1323 | 22.32 | 8307 | 12,201 | 20,584
River Ros 21,08
2617' 27 5,4 17,2 40,5 5,94 | 15,48 | 36,45 | 6,318 | 14,276 | 33,615
10.07.
2017 24 5,4 32 39 5,94 28,8 35,1 | 6,318 | 26,56 | 32,37
River Ros 16.03
2617' 24,5 3,9 39 41 4,29 35,1 36,9 | 4,563 | 32,37 | 34,03
10.07. 23 | 69 | 50 | 201 | 7,59 | 45 | 18,00 | 8073 | 415 |16,683
Cherkasy 2017 ’ ’ ’ > > > )
wih o0 25 | 44 | 55 | 30,6 | 484 | 49,5 | 27,54 | 5,148 | 45,65 | 25,398
Svitlo- 123(5(1);' 23 | 72 | 50 | 200 | 792 | 45 | 2619 | 8424 | 415 |24,153
vodsk 16.08
w/i 20'17‘ 25 5,8 54 34 6,38 48,6 30,6 | 6,786 | 44,82 | 28,22
Kremen- 0240'(1);' 22 6,56 40 39,5 | 7,216 36 35,55 [7,6752| 33,2 |32,785
chuk 14.08
w/i 2617' 25,3 6,7 59 36 7,37 53,1 324 | 7,839 | 48,97 | 29,88
Table 2
Expenses on the installation construction
Ne Nomination Model Cost, UAH
1 Filter SmartPondFilter EBF-1200G (900m?) 801,590
2 SmartPondFilter EBF-1200G (900m?) 801,590
3 Engine Kentasp 4L22BT (35 HP) 51,424
4 Hull (average cost of the sized hull) 520,000
5 | Construction of the installation 20% from total cost of the components 330,920.8
6 Total 2,505,524.8

47



Bueni sanucku THY imeni B.1. Bepnancpkoro. Cepisi: TexHiuHi Hayku

Table 3
Comparison of different types of filters
Model Smartpond Filter EBF 1200G | Smartpondfilter EBF-500G Pondtech Filter 130i
Volume 1/h 100,000 30,000 25,000
(L]?:‘\?‘fgsl‘{o)n;m 1350 x 1400 x 890 1350 x 720 x 890 1150 x 760 x 740

UV lamp + + +
Built-in pump + + +

Price, UAH 801,590 559,300 66,419

per hour), its physical parameters (length, width, and
height), the presence of an ultraviolet lamp, whether
the pump is built-in or not, and the price of the fil-
ter). The comparison was held out between 3 mod-
els of filters that were the most suitable for using in
the installation. Namely there were: Smartpond Filter
EBF 1200G, Smartpondfilter EBF-500G, and Pond-
tech Filter 130i. The comparison of the different fil-
ters is shown at the Table 3.

Table 3 explains the use of Smartpond Filter EBF
1200G instead of others. Although this filter has the
biggest dimensional proportions and way higher
price, its benefits overlap deficiencies. The amount of
water that this filter can filtrate per one hour is more
than two times bigger than capacity of others. Also,
the dimensions of this filter in comparison to its abil-
ities are reasonable, because such operational char-
acteristics require corresponding space. At the same
time Smartpondfilter EBF-500G and Pondtech Filter
1301 cannot compete with the chosen model.

Conclusions. The expert valuation method
showed two scenarios for installation implementation
— pessimistic and optimistic. In case of pessimistic
outcome the effectiveness will be 10%. In case of
optimistic scenario it will gain 17% effectiveness.

Hydro-chemical analysis of the surface waters state
showed that factors that influence hydro-chemical water
state are: anomalous temperature conditions; lack of
snow and heavy precipitations; lack of floods.

Excessive and uncontrolled growth of algae
or other aquatic plants may provide very high
concentration of dissolved oxygen, it is so-called
supersaturation.

The ability of the reservoir to self-cleaning is a lot
lower than it should be.

For that reason there is a need to help nature with
restoration of good water quality. There are quite a few
different methods of water treatment, but not all of them
are suitable to be applied in natural water reservoir.

The usage of an installation for reservoir cleaning
will improve the ability of the reservoir to self-clean-
ing. If the installation is implemented before the period
of algal bloom starts, significant changes in water qual-
ity can be achieved even after one year of operation,
which will be enlarged with every year after.

The extracted algae can be further used for biogas
production, for cosmetology and health care, in food
industry, and as a source of nutrients in agriculture,
not to mention benefit of algae removal from water
for fish and other aquatic organisms.
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Trauyk K.K., TBepaa O.51., Penin M.B. EOEKTUBHICTb BITPOBAJI’KEHHSI YCTAHOBKHA
JJIS1 OYULLIEHHSA ITPUPOHOI'O PE3EPBYAPA

Cmammsi npucesuena oCHOGHUM Npodiemam Hebe3neunol cumyayii Ha 8000UMAX Ma piukax 6i0. cKudie
OUUWYEHUX NPOMUCTIOBUX CIIYHUX 800, NODYMOBUX CMIYHUX 800, 30LNbLUEHHS KITbKOCII OP2AHIYHUX PEHOBUH,
SHUJCEHHS PIBHA 800U 8000UM Y MENIy NOpy pPOKY, AKMUBHE HEKOHMPOIbOB8AHEe 3POCMAHHS CUHbO-3€1eHUX

s8000pocmell.

st moeo wob suznayumu 3axo00u w000 NOKPAUeHH s AKOCMI 800U Y BOOOUMAX, Y pOOOMI 3anpoOnoHO8AHO
Memoo «subopy Hauxkpawjoi anemepramueuy. Lleii memood 0036011€ SUKOHAMU NOPIGHATbHUL AHAT3
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ANbMEPHAMUBHUX 3AX00I8 3 BUKOPUCMAHHAM NEPEPAXYHKY, SAKULl BKIIOYAE MEXHONO0IYHI napamempu ma
opeaHizayiuni 3axo0u, 3a6e3neyeri Hopmamu. 3anponoHO8aHoO 0OIPYHMYBAHHS KOMNIEKCHO20 MemOoOy 3axX00i8
w000 NOKpaweHHs akocmi 600u. Piwenns Oacamoxpumepianvhoi 3a0aui memooom 6ubopy HAUKpawjux
anemeprHamug 6e3 nogHoi inghopmayii 0036015€ HUCENLHO OYIHUMU MOICTUBICTG HUNCEHHS AKOCMI 600U MA
BUOPAMU HAUKPAWUL OOCTHYNHUL MEMOO NIO8UWEeHHA AKOCMT 600U Y 6000UMaXx. /s eubopy ma 00rpyHmy8aHHs.
3ax00i6, AKi 3a0e3neyamsv NiOSUWEHHS AKOCII 800U Y NPUPOOHUX 8000UMAX, OYI0 NPOBEOEHO NOPIGHANbHULL
amaniz Ona BUBHAYEHHS JICUMIME3OAMHOCTI  ANbMEPHAMUGHUX NPONOUYIL, SUKOPUCTNOBYIOUU NepeiK
napamempie ma 3axo0u 01 NOWYKY HaAUKpawux aromepramus. Exonomiuna egpexmusnicmo mooenbosanux
3ax00i8 po3paxo8yemvcs 3 NOKAZHUKOM 3A2AlbHOI eKOHOMIUHOI eeKmueHocmi eumpam HA OXOPOHY
HABKONUWHb020 cepedosunja. Egexmusnicmo eumpam usHauaemvcs 3 0210y HA emanu OOIPYHMYEAHHS.
0XOPOHU HABKONUUHBO20 NPUPOOHLO20 CEPe0osUWa Ma 6 Npoyeci OYiHKU Pe3yiibmamié GUKOHAHHS 3A60aHb
npozpamiu. 0OXOpOHU HABKOTUUHBO20 NPUPOOHO20 CePe008UWa MaA PecioHaIbHO20 GUKOPUCTIAHHS NPUPOOHUX
pecypcié Ha nesHiu mepumopii. Busnauenns ekonociuno2o eniuy npupoooOXopOHHUX 3aX00i6 IPYHMYEMbCS
Ha NOPIGHAHHI GUMpPAmM HA iX peanizayito 3 pe3yibmamom, O0CASHYMUM 3A605KU YUM 3AX00AM.

Knrouosi crosa: cmiuni 600u, saxicmv 600U, KOMNIEKC 3aX00i8, AHANI3 JHCUMMEIOAMHOCI, NPUPOOHI

pecypcu.
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