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Abstract

One of the topical environmental problems is the pollution of river waters due to the periodic dumping of pollutants with return water from the
accumulators of polluted industrial or mine waters. This problem is urgent for many enterprises of the chemical industry of the world, and in
particular Ukraine. The lack of an approved methodology for the development of regulations for the periodic dumping of return water from storage
can lead to violations of regulatory requirements for the quality of surface water. The purpose of the study is to improve the regulation of the periodic
drainage of return water from the sludge tank at PJISC Sumykhimprom in the Psel River, taking into account the seasonal absorption capacity of the
recipient river, which is necessary to ensure regulatory requirements for the quality of surface water in the control section of the return water
production. In order to achieve the goal, the following tasks were solved: the minimum multiplicity of dilution of return water required for the
fulfillment of regulatory requirements was calculated; the typical hydrograph of the Psel River was constructed and analyzed; the maximum allowable
return water costs were determined in the months of the year; the distribution return water discharge volume was calculated, while accounting for the
assimilative capacity of the recipient river. An improved algorithm was used to calculate the regulations for the return water discharge from the
accumulators of polluted industrial water of OJSC Sumykhimprom. It is determined that the minimum required multiplicity of dilution in the control
section of issue Ne 2 of JSC «Sumykhimprom» is determined by the indicator of ammonium nitrogen and is 222.3. March and April were the most
favorable for the discharge of return water, while the maximum allowable return water costs for these months were respectively 0.11 and 0.08 m?/s.

Keywords: surface waters; typical hydrograph; reciprocal dilution; concentration of substances; Frolov-Rodziller method.

1. Problem statement and analysis of the recent when receiving water [6]. These changes can be virtually
researches and publications. immaterial or they can be substantial. The degree and
One of the most urgent environmental problems of magnitude of these changes determine the mixing zone.
today is the pollution of surface waters [1-3]. There are Mixing zones are a responsible management tools for
several reasons for the unsatisfactory state of water environmental components. According to EPA Victoria
bodies as the seepage of pollutants through the soil [4, for river waters, the mixing zone should be calculated in
5], and the discharge of pollutants with the return water low river flow conditions, taking into account seasonal
of industrial enterprises [6]. and climatic variability. Low river flow conditions
The main industries use water in their technological should be determined on the basis of long-term data
processes. Consequently, the discharge of liquid under different climatic conditions (for example, with a
industrial waste in surface water can lead to an increase view to drought) [15].
in the concentration of chemicals in water [7, 8]. The In Ukraine, in order to regulate the processes of
ingress of contaminants with return water to water discharge of return water into surface water objects, the
bodies may harm the aquatic environment [9-11] and norms, similar to EQS, are the maximum allowable
human health [12]. concentrations (MAC) substances. Except for the water
Regulation of the processes of discharge of objects of drinking water, there are 2 types of MAC: for
polluting substances with backwater is based on the water objects of fishing purposes (fish-farming MACs)
Water Framework Directive (WFD), which aims to and for water objects of communal and domestic use
protect the aquatic environment and human health by (communal-household MDP).  According to the
reducing the discharge of pollutants into surface water Regulations for the Protection of Surface Waters [18],
bodies [13]. To achieve this, the concentration of priority the requirements for the discharge of return water depend
substances in the return water should be lower than the on the location of the return water. If the return water is
values of environmental quality standards (EQS). located within the boundaries of the settlement,
In cases when EQS compliance of the sewage is communal household appliances must comply directly
technically unfeasible, the EQS should be respected at with the return water. If the return water discharge is
a distance close to the discharge point. The zones near located outside of a settlement, the assessment of the
the discharge points, where the priority substances implementation of regulatory requirements takes into
exceed the corresponding values of the EQS, are called account the dilution of reverse water by surface waters. In
mixing zones [13]. Any discharges of waste water will this case, the fishery management MACs must be
lead to changes in water quality and biological health observed in the control area of the return water release.
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For rivers, the control bridge is assigned at a distance no
further than 500 m from the release, below the current.

The discharge of return water into the river can be
carried out both through continuous issues, and
periodically (at certain periods of the year). Periodic
dumping of return water is carried out from technologi-
cal reservoirs: drives of polluted industrial or mine-
career waters, fishing ponds, reservoirs-coolers of power
stations. With continuous dumping of return water,
compliance with regulatory requirements is ensured by
developing a special document «Draft norms for
maximum allowable discharges (MAC) of substances
with return water». When developing the MAC
regulatory  requirements are achieved through
compliance with the return limits of the calculated
allowable concentrations of substances at a pre-approved
maximum return flow rate. There is an approved
methodology for calculating the MAC regulations for
substances with return water during their permanent
discharging [19]. In the case of periodic dumping of
return water, compliance with regulatory requirements
in accordance with the Water Code of Ukraine [20] is
ensured through the development of individual
regulations for the periodic discharge of return water.
When developing individual regulations, regulatory
requirements are achieved through compliance with the
maximum permissible cost of return water with pre-
known concentrations of pollutants in the reverse
waters. Calculation of the maximum allowable flow of
return water during their periodic dumping is carried
out in an arbitrary form; there is no approved
methodology for calculating the regulations for the
periodic discharge of return water. This can lead to a
breach of regulatory requirements, first of all, in
shallow years. Therefore, there is a need to improve the
methodology for calculating the regulations for the
periodic dumping of return water.

2. Statement of the problem and its solution.

The problem of improving the regulation of
periodic dumping of reverse water into the river is
relevant for many industrial enterprises in Ukraine. In
particular, this problem is relevant for the discharge of
return water by the company «Sumykhimprom» in the
Psel River [14, 23-24].
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The aim of the study is to improve the regulations for
the return of water from the Sumykhimprom Company in
the Psel River to provide regulatory requirements for the
quality of surface water in the control section of the
return water production. To achieve this goal, the
following tasks must be solved:

— improve the method of calculating allowable return
water costs when discharged from the storage tank for
different river flow costs;

— develop an algorithm for calculating the regulations
for the discharge of return water from the reservoir of
contaminated industrial waters OJSC Sumykhimprom;

—test the advanced method of calculating the
regulation of periodic dumping of return water from
storage units on the example of real data on the volume
of return water in the storage of OJSC Sumykhimprom
and the conditions for their dumping in the Psel River.

2.1. Materials and methods.

Description of study area and of the sewage disposal
scheme. The Psel River runs on the territory of Russia
(the Belgorod and Kursk regions) and Ukraine (within
the Sumy and Poltava regions). This left tributary of the
Dnieper (the Black Sea basin). The length of the river is
717 km; the area of the basin is 22800 km?. The area of
the Psel catchment area in Ukraine is 16270 km? [17].

Sewage of return water of PJSC «Sumykhimprom» is
carried out in the Psel River in two issues. By the issue
Ne 1 in the Psel River, reverse mixed industrial, household,
rain and snow waste water are diverted. Issue Ne 1 is
located on the left bank of the Psel River within the
settlement (figure 1). Output Ne 2 provides sewage
treatment of industrial waste water purified from
neutralization plant and littered with sludge (physico-
chemical treatment). Output Ne 2 is a coastal free-flow,
located on the left bank of the Psel River outside of the
settlement (below the output Ne 1) (figure 2).

Description of the characteristic and composition of
sewage in the output. The composition of sewage in the
output is given in table 1-4. Since the output Nel is
located within the city of Sumy, the data on concentrations
of substances of the specified issue contain data on
communal and municipal MAC substances, but for the
output Ne 2, located outside the of the city, the data on
fishery MACs.
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Figure 1 — Map-scheme of the return water release of JSC «Sumykhimprom»
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Figure 2 — Schematic plan of the 1st and 2nd wastewater discharge of PJSC «Sumykhimproms

Table 1 — Composition of sewage of issue Ne 1 after clearing and MAC substances (mg/dm?®)

Parameter Iron Ar_nmonla Nitrates Nitrites Fluorides Chlorides Suspended Sulfates
nitrogen substances
The average 0.27 0.63 4.50 0.09 1.69 134.77 7.37 524.76
Communal and Background
municipal MAC 03 2 45 33 0.7 350 +0.75 500
Table 2 — Composition of sewage of issue Ne 1 after clearing and MAC substances (mg/dm?®)
Parameter Mineralization | Phosphates | Arsenic Biochemical Chemical O>§ygen Cadmium Manganese Zinc
Oxygen Demand 5 Consumption
The average 1234.77 9.05 0.01 4.84 28.18 0.0005 0.07 0.02
Communal and
municipal MAC 1000 35 0.05 45 50 0.001 0.1 1.0

Table 3 — Actual concentrations of pollutants in sewage waters of issue Ne 2 of Sumykhimprom before discharges
and MAC substances (mg/dm?®)

Parameter Iron A!“m°”'a Nitrates Nitrites Fluorides Chlorides Suspended Sulfates
nitrogen. substances
The average 0.02 22.53 11.34 5.35 1.17 147.13 3.54 2147.14
) Background Background
MPC fishery 0.1 1 40 0.08 1005 300 1075 100

40
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Table 4 — Actual concentrations of pollutants in sewage waters of issue Ne 2 of Sumykhimprom before discharges
and MAC substances (mg/dm?)

Parameter Mineralization Phosphates Cadmium Manganese Nickel
The average 3040.75 0.15 0.0003 0.04 0.02
MPC fishery - 2.15 0.005 0.01 0.01

Background concentrations of substances in the

Psel River are given in table 5.

Table 5 — Background quality of water

in the Psel River is higher than the runoff discharge
water issue No 1

Ne Indicator of water quality concea?fakt?c:r?,u:% /dm?
1 Iron is common 0.16
2 Ammonia nitrogen 0.97
3 Nitrates 4.34
4 Nitrites 0.4
5 Fluorides 0.59
6 Chlorides 23.71
7 Suspended substances 15.25
8 Sulfates 88.58
9 Mineralization 509.17
10 Phosphates 1.35
11 Arsenic 0.00
12 Biochemical Oxygen Demand 5 4.6
13 Chemical Oxygen Consumption 24.36
14 Cadmium 0.0009
15 Manganese 0.07
16 Zinc 0.01
17 Nickel 0.00
18 Petroleum products 0.00

As can be seen from the tables 1-2, concentrations in
the return waters of the output Ne 1 of such substances as
phosphates, fluorides, BOD5 and sulfates exceed the
communal — household MPC, which indicates the need
for additional wastewater treatment.

The discharge of return water from a slurry storage
tank (output Ne 2) is carried out during a flood period of
no more than 28 days per year. Hydrological
characteristics of the Psel River in the area of issues are
as follows:

—the average width — 31 m;

—the average depth —2 - 3.2 m;

—the average flow rate of water in the flood is
usually 25.7 m¥/s;

—the average volume of spring flood is usually
470 million m3;

— the average flood passing — 60 days;

— the average flood date — March 12;

— the average flooding date — May 10.

The distribution of river runoff for months of years of
varying water content is given in [21] in table 6.

Table 6 — Distribution of river runoff (%) by months of years of different water content
(1 — water rich year, 2 — medium, 3 — shallow, 4 — very shallow)

Months of the year
Water content 3 2 5 5 7 8 3 10 11 12 1 2
1 48 11.1 3.2 3.2 31 2.1 15 2.2 2.6 4.1 31 1538
2 40.9 16.3 6.6 4.2 2.6 2.1 2.6 3.2 4.3 6.9 45 5.8
3 33.6 19.8 9.4 4.2 2.8 2.2 2.8 3.8 5.1 7.3 4.8 4.2
4 33.9 19.1 8.2 5.1 3.6 3.1 3.9 4.1 4.3 6.8 3.8 4.1
A procedure is proposed for the development of the Q, m¥s
regulations for the periodic discharge of return water, 35 3130
which provides for the following stages of calculations: 30 W
1. Calculation of the minimum reciprocal dilution 25
of return water n* required to achieve regulatory - i
requirements. 20
2. Construction of the typical hydrograph of the 15
Psel River for a year of low water content. 10
3. Calculation of the maximum allowable costs of 491
return water in the months of the year, taking into 3 I 4i4"6 20 2.70 3“4 H 4‘4’7 3.35
account the cost of river water in accordance with the 0 [ 1 Month
construction of a hydrograph. 5 WL o p b

4. Calculation of the distribution of volumes of
discharge of return water by months of the year.

2.2. Results and discussion.

2.2.1. Construction and analysis of the typical
hydrograph of the Psel River. Based on Table 6 and
data on average river flow costs in the Psel River, a
typical hydrograph of the Psel River in the Sumy
Oblast for a year of low water was constructed into the
flood (figure 3).

As is evident from the hydrograph, the most
favorable months for the return of water to March
(Q =31.30 m¥/s) and April (Q = 19.06 m¥s).

Figure 3 - The typlcal hydrograph of the Psel River for
the year of low water content (different colors indicate
the flow of river water in different seasons of the year)

A year of low water content corresponds to 75 % of
the cost of river water consumption, and a year of very
low water content — 95 % of supply.

2.2.2. Calculation of the minimum reciprocal
dilution of return water required to meet regulatory
requirements. Minimum reciprocal dilution is required,
which ensures the fulfillment of regulatory requirements
in the control section for all substances n*, is calculated
by the formula
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S
n* = max (l’li ) ) (1)

i=1
where i — the number of normalized substance, the con-
centration of which is in the reverse water CiRW

exceeds the permissible norm of this substance c%VIAC;

s— the amount of such substances; n; — minimum
reciprocal dilution is required, which ensures that the
maximum permissible values for this substance are not
exceeded.

If the concentration of i-th substance in the back-

ground, that is, background concentration cif , less than

the standard of this substance ciVIAC, the value n; is
calculated by the formula

RW _ ~f

_ GG
MAC _ ~f

Ci Ci

O]

nj

If the background concentration of the i-th sub-
stance exceeds the norm, in the control section, with any
multiplicity of dilution of reverse water, the achievement
of regulatory requirements is excluded. In this case,
taking into account the experience of valuation of

ISSN 2522-1892

reverse water drainage in EU countries [22], the required
multiplicity of dilution for this substance should be
calculated based on the condition that the background
concentration of the substance is not exceeded in the
control background of more than a certain percentage of
the background concentration.

As can be seen from the tables 5 to 6, the exceedance
of permissible standards in reverse water of output Ne 2
was observed only for the following indicators:
ammonium  nitrogen, nitrites,  fluorides,  sulfates,
manganese and nickel. For nitrite and nitrogen,
ammonium  background concentrations exceed the
permissible standard, therefore the maximum permissible
concentrations in the control line were assumed to be
equal to 10 % higher than the background concentrations.

The rest of the indicators of concentration in the
return waters did not exceed the fishing regulations;
therefore, for the implementation of regulatory
requirements in the control section according to these
indicators does not require dilution of return water. The
results of calculating the required minimum multiplicity
of dilution of return water in the control section for
indicators whose concentrations exceed the allowable
values are given in the table 7.

As is seen from the calculation results, the required
multiplicity of dilution is determined by the indicator
ammonium nitrogen and is 222.3.

Table 7 — Output data and results of calculating the required minimum dilution multiplicity

Pollutants Actual_ Backgroupd MPC fishery T_he _requirf;d Maxi_mum permissible )
concentration concentration dilution ratio concentration at the control point
Ammonia nitrogen 22.53 0.97 0.39 222.3 1.07
Nitrites 5.35 0.4 0.08 123.8 0.44
Fluorides 1.17 0.59 0.64 11.6
Sulfates 2147.14 88.58 100 180.3
Mineralization 3040.75 509.17 1000 5.2
Nickel 0.02 0 0.01 2

2.2.3. Determination of the maximum return
water loss, for which the regulatory requirements are
not exceeded, by months of the year. Since the
reciprocal dilution of the return water is a monotoni-
cally decomposable function of the flow of return
water n(q), the mathematical formulation of the
problem of determining the maximum permissible flow
of return water q,,,«, in Which, in the control section,

the required multiplicity of dilution of the reciprocal
waters n* is reduced to the solution of the equation

n(qmax) =n*. 3)

The output of the return water is considered to be
free-flow, so the initial reciprocal dilution is assumed
to be equal to 1, and the general multiplicity of dilution
is equal to the multiplicity of the main dilution. The
specific form of the function n(qg) depends on the type
of water object — the receiver of return water (river or
water), as well as many parameters. For rivers, the
most important parameter is the flow of river water. If
discharging sewage into small rivers, when sewage
flow q significantly exceeds the cost of river waters Q,
the calculation of the multiplicity of the main dilution
can be performed in the approximation to complete

mixing. The multiplicity of the main dilution in this
approximation is determined by the formula

n(q)=32 ()
q

From formulas (3) and (4) we find an expression for
the value q,.x

Q ©)

9max = E

To calculate the multiplicity of dilution when
discharged sewage in the middle and large rivers, the
method of Frolov-Rodsiller is most often used.
According to this method, to calculate the multiplicity of
dilution at a certain distance L from the discharge, where
not the entire river flow is involved in mixing with
sewage, but only a certain part thereof, use the formula
similar to (4)

+
n =112, ©
q
where y — mixing factor, which shows which part of the
flow of river water is involved in mixing (y <1).
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In this case, the equation (3) is solved by numerical
or graphical methods. Since the width of the Psel River
is relatively small for calculations using the Frolov—
Rodsiller method, a one-dimensional model was used.
At the same time, the coefficient y was calculated as

follows

l—exp-(—a-%/f)
Q exp~(—oc~§/f)

Y= )

1+

where o — the coefficient for which there is the
following approximate dependence on the coefficient
of turbulent diffusion, the riveting of the river and the
position of the discharge

a=&-¢>-/D/q, (8)

where D — coefficient of turbulent diffusion; & -

coefficient taking into account the location of the issue
(&=1 — for the coastal release and & =15 — for the

riverbed release); ¢ — river riveting coefficient:

L
¢0=—
Lst

of waste water to the control area; [ 4 — distance from

the output to the control area in a straight line.

To calculate the multiplicity of the total dilution n,
turbulent diffusion coefficients have been calculated. In
the estimation of the coefficients of turbulent diffusion
in rivers and reservoirs (due to the lack of significant
vertical stratification of waters), the coefficients of
horizontal and wvertical turbulent diffusion can be
considered equal to each other: D,=Dj,=D. In the

absence of a complete freezing, the value D for small

ISSN 2522-1892

distances from the output (up to 1000 m) is determined
by the formula

p-_2uR_ ©)
37-n,-C;

where g=9.81 m/s®> — free fall acceleration; R —

hydraulic flow radius, m (R ~H, where H — average

depth of the river, m); n, — the coefficient of roughness
of the bed of the river, which is determined according to
the table by M. F. Sribny; C, — coefficient of Shezy,

Jm

——, if R<5 m is determined by the formula of
S

N. N. Pavlovsky (10)

T

1

r=—
nr

C ‘RY, (10)

where

y=2.5-\ny —0.13-0.75-VR -(\/n; ~0.1). (11)

Output data for the calculation and the main
intermediate results of calculating the multiplicity of
dilution are presented in table 8.

The equation (3) was solved by the graphical method
and in the Excel system using the «Find Search» add-in.

The graphic solution for the 3 months of the year,
corresponding to the highest cost of river water, is shown
in figure 6.

As a result of the solution of equation (3) with Excel,
the following values were obtained for the maximum
allowable costs of return water:

— for March g2, =0.11 m¥s;
— for April .. =0.08 m¥s;
—for May q3,., =0.04 md/s.

Table 8 — Output data and main intermediate results of calculating the multiplicity of dilution

The speed of the river, u 0.6 Hydraulic radius of flow, R 2
Roughness coefficient of the channel, n, 0.029 Mixing factor, y 0.221177
River curvature ratio, ¢ 15 Shezie's coefficient, C, 40.196
Free fall acceleration, g 9.81 Turbulent diffusion coefficient, D 0.00679
700 Rggip{g;al dilution
g\
600 -
|
500 1\
8\
7Ty vy s el U —— March
q,\ \ —a— April
300 — \\ ) May
pJ1/) J St 2 s st s
A - '
100 - P
e yA ;\“ —0— 55«;;3 ——g=——p
0+ ‘ ———F "1 Return water flow
0 0.1 0.2 0.3 0.4

Figure 6 — Determination of maximum
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2.2.4. Calculation of the distribution of volumes of
discharge of return water by months of the year. The
proposed algorithm for calculating the distribution of
volumes of return water discharges by months of the
year is based on the principle of maximizing the use of
the assimilative capacity of the river — the receiver of
return water. Assuming background concentrations of
substances constant during the year, the assimilation
capacity of the river is proportional to the cost of river
water. Therefore, when calculating the distribution of
volumes of discharge of return water in the months of
the year, priority should be given to the month of the
year when there are higher river costs.

In this way, an algorithm for calculating the rules for
periodic dumping of return water is proposed, which
involves performing the following calculation steps.

Step 1. Calculate the minimum reciprocal dilution
in the control n*, required for environmental require-
ments (non-exceeding the fishery regulations in the
control site). The calculation is performed according to
the formula (2) or the condition of not exceeding in the
control background of the substance concentration
more than 10 % of the background concentration.

Step 2. Based on the typical hydrograph of the
river-receiver of return water, constructed based on the
water content of the year, the average monthly cost of
the Q river for the month is used, which is the best in
terms of diluting the return water. The best month is

ISSN 2522-1892

chosen for the maximum cost of the river, as it provides
the highest multiplicity of dilution.

Step 3. For the selected month in step 2, the maximum
allowable return flow q,,,, is calculated, which achieves
the required minimum multiplicity of dilution of the return
water n*. Value q,,, is determined by solving the
equation (3).

Step 4. Calculates the time t (days) required to drain
the return water volume V, remaining in the drive

before the beginning of the month. The calculation is
performed according to the formula

t= L (12)
86400 - qpax
If the condition is fulfilled
t<tp,

where t,, — number of days in the selected month,

calculation is over; otherwise, the return to step 2 is
performed.

Results of the calculation of the regulations for the
discharge of return water from the sludge pump OJSC
«Sumykhimprom» for a shallow water year according to
the proposed algorithm for the volume of return water in
the sludge at the beginning of the year equal to
V, = 685.7 thousand m? is shown in table 9.

Table 9 — Settlement regulations for return water discharge from Issue Ne 2 of OJSC Sumykhimprom
for a shallow water year

Volume of return water in the drive

Drainage stages before the start of the stage, thousand m?

Period (month of year) | Duration of the stage, the day

Return water costs, m3/s

Stage 1 685.7

March 31 0.11

Stage 2 306.85

April 30 0.08

In case if the initial volume of return water is
exceeded, an ecologically safe drainage system
requires the 3rd stage of discharge.

Thus, based on the method of developing the
regulation of periodic discharge of return water
proposed in section 2, there were identified 2 stages of
discharge of return water from the reservoir of polluted
industrial water of OJSC Sumykhimprom, calculated
maximum allowable return water costs and the duration
of discharge of return water at each of the stages. The
developed regulation ensures compliance with the
regulatory requirements for the quality of surface water
in the control area Ne 2.

Conclusion and recommendations.

The minimum required multiplicity of dilution in
the checkpoint of the output Ne2 of OJSC
«Sumykhimprom» is determined by the indicator of
ammonium nitrogen and is 222.3.

Based on the analysis of the typical hydrograph of
the Psel River in the Sumy region, using the one-
dimensional model of the Frolov-Rodziller method, the
maximum allowable return water consumption in the

months of the year of low water was calculated, at which
the required multiplicity of dilution is achieved. The
most favorable for discharging backwater is the months
of March and April. The maximum allowable return
water costs for these months are respectively 0.11 m%s
and 0.08 m¥s.

The improved method for calculating the optimal
regulation of periodic dumping of return water from the
storage facility of OJSC «Sumykhimprom» allows for
the removal of the total volume of return water without
violating regulatory requirements.
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B. Bpyk, C. KoBajeHnko

BJIOCKOHAJIEHHSI PETJIAMEHTY MEPIOJAYHOIO CKMIAHHS 3BOPOTHUX BO/I 3 YPAXYBAHHAM ACUMLIALINHOI
3JATHOCTI PIYKH-TIPUITMAYA

OpHi€10 3 aKTyaIbHUX €KOJIOTYHUX MPOOJIeM € 3a0pyAHEHHS PIYKOBHUX BOJ BHACIIJOK MEPIOJUYHOr0 CKMAAHHS 3a0pyJHIOIOUMX PEYOBHH i3 3BOPOT-
HUMH BOJIaMH 3 HAKOITM4YyBayiB 3a0pyAHEHHX MPOMHCIOBUX a0 IIaXTHO-Kap’€pHUX BOA. 3a3HaueHa mpoOiieMa akTyajbHa AJs 0araTboX MPOMHCIOBUX
MAIPHEMCTB CBITY, i, 30KpeMa, 11 YKpaiHu. BincyTHICTh 3aTBepmKeHOT METOJUKH PO3POOJICHHS PErIaMEHTIB MEPIOJMYHOr0 CKMIAHHS 3BOPOTHUX BOJ
3 HAKOMHYyBa4iB, MOXE IPUBECTH O MOPYLICHHS HOPMATHBHUX BUMOT 10 SIKOCTi TOBEPXHEBHX BOJ. METOI0 JOCIIKCHHS € BIOCKOHAJICHHS PETJIAMCHTY
NePioJMYHOr0 BiZIBEACHHS 3BOPOTHUX BOJ 3 nutaMoHakonuuyBaua [TAT «Cymuximmpom» y p. Ilcen 3 ypaXyBaHHSIM CE30HHOI aCUMUIALINHHOI 31aTHOCTI
pluku-nipuiiMaya, 10 HeOOXiTHO AT 3a0e3MeYeHHS HOPMAaTUBHUX BUMOT JI0 SIKOCTI IIOBEPXHEBHX BOJ B KOHTPOJIILHOMY CTBOPI BUITYCKY 3BOPOTHHX BOJI.
Jlns nocsrHeHHss MeTH OyaM BMpIIICHI HACTYIHI 3aJadi: po3paxoBaHa MiHIMajbHa KPaTHICTh PO30aBJICHHS 3BOPOTHHX BOJ, SIKA € HEOOXIJHOH IS
BHUKOHAHHS HOPMATHBHUX BHMOT; MOOYZOBaHO Ta MpPOAHAII30BaHO THUIOBHUII Trimporpad piuku Ilcen; BH3HAYEHI MAaKCHMaibHI JOIMYCTHMI BUTpATH
3BOPOTHHX BOJ IO MICAIIAX POKY; PO3PAXOBAHO PO3MOIIT 0OCATiB CKUIAHHSA 3BOPOTHHUX BOJI 3 YpaxXyBaHHSAM aCUMUIILIHHOI 30aTHOCTI piYKH-TIpHiiMada
3BOPOTHHX BOJ. YOCKOHAJICHHI alrOPUTM 3aCTOCOBAHO [UI PO3PaxyHKY PErNIAMEHTY CKMAAHHS 3BOPOTHHMX BOA 3 HAKOMMYYBa4iB 3a0pyIHEHHX BOA
nignpuemctBa BAT «Cymuximmpom». BusHaueHo, mo MiHiMalbHa HEOOXiZHa KpaTHICTH po30aBieHHS B KOHTPOJILHOMY CTBOpI BHITycKy Ne 2
BAT «CymMuXiMIIpoM» BU3HA4Ya€ThCs 3a MOKA3HUKOM a30T aMOHiWHMIT 1 ctaHOBUTH 222,3. HallOuIbIl CHIPUATIMBUMHU Ui CKMIAHHS 3BOPOTHUX BOJ
BUSBUINCS Oepe3eHb Ta KBITEHb, 8 MAKCHMAJIBHI JOMYCTUMI BUTPATH 3BOPOTHUX BOJ [UIs LIMX MICAL[iB CTaHOBJIATH Binnosiguo 0,111 0,08 m¥/c.

Ku11040Bi cJ10Ba: MoBepXHEB1 BO/IM; KOHLICHTPALlist 3a0py/IHIOBaYiB; TUIIOBH rinporpad; KpaTHicTh po30asieHHs ; Metox dponosa-Poxmziniepa.
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B. Bpyk, C. KoBaienko

YCOBEPHIEHCTBOBAHHUE  PEIVIAMEHTA  NEPUOAUYECKOI'O CBPOCA CTOYHBIX BOA C VYYETOM
ACCUMWISIIAOHHOM CMIOCOBHOCTHU PEKU-ITIPUEMHHUKA

OJHO U3 aKTyalbHBIX YKOJIOIHUECKUX MPOOIIEM SBJIAETCS 3arPs3HEHHE PEYHBIX BOJ BCIECACTBHE NEPHOIUYECKOro cOPOCca 3arpsA3HAIOIINX BEIECTB C
00paTHBIMH BOJAMH M3 HAKOMHTENEH 3arpsA3HEHHBIX NPOMBIIUICHHBIX MM IIAXTHO-KaphEPHBIX BOJ. YKa3aHHas HpoOiieMa akTyaslbHa Ui MHOTHX
IIPOMBIIUICHHBIX MPEANPHATHI MUPA, H, B YACTHOCTH, JUIsl YKpauHbl. OTCYTCTBUE YTBEPKIEHHON METOIUKH Pa3paOOTKU PErIaMEHTOB EPHOTHIECKOTO
cOpoca CTOYHBIX BOJ M3 HAKONHUTENeH, MOXKET MPHBECTH K HApyHNIEHHIO HOPMATHUBHBIX TpeOOBaHMHM K KadecTBY HMOBEPXHOCTHBIX BoJ. llembio
MCCIICIOBAHNUS SIBIISIETCS. COBEPILICHCTBOBAHUE PErNIAMEHTA IIEPUOANYECKOrO OTBOJA CTOYHBIX BOJ M3 mutamoHakoruTesnst [TAO «CyMbIXUMIpOM» B
p. Ilcen ¢ yueroM Ce30HHOH ACCHMHJIAIMOHHONW CHOCOOHOCTH PEKH-TIPUEMHHKA, YTO HEOOXOAMMO I oOecriedeHHs HOPMATHBHBIX TpeOOBaHHH K
KauecTBY IIOBEPXHOCTHBIX BOJl B KOHTPOJIBLHOM CTBOPE BBIITYCKA CTOYHBIX BOJ. JIJIs JOCTYKEHUS 11eIM OBUIM PEelIeHBl CIEMYIONIUe 3a/1a4i: paccul TaHa
MHHHMAaJIbHasi KPaTHOCTb Pa30aBJIEHHs] CTOYHBIX BOJ, HEOOXOIMMAs [l BBINOJHEHUS HOPMATUBHBIX TpeOOBaHHM; ITOCTPOGH M IIPOAHATU3MPOBAH
TUnoBoi ruaporpad pexu Ilcem; ompeneneHsl MaKCHMAabHO MOMYCTUMBIE PAcXOfbl CTOUHBIX BOJ IO MECAIAM TOJa; PACCUMTAHO pacHpesielieHue
00BEMOB €OpOCa CTOUHBIX BOJ, € YIETOM aCCHMUJIAIMOHHON CIIOCOOHOCTH PEKH-IPHEMHHUKA CTOYHBIX BOA. Y COBEPIICHCTBOBAHHBIN aITOPHTM IIPHMEHEH
JUIL pacyeTra perjaMeHTa cOpoca CTOYHBIX BOJA M3 Hakomurteneill 3arps3HeHHbIX Box mnpeanpusatus OAO «Cymbixummpom». OrmnpeneneHo, 4To
MHUHUMAJIbHAsE HEOOXOIMMast KPaTHOCTb Pa30aBiICHHs B KOHTPOJILHOM cTBOpe BhIycka Ne 2 OAQO «CyMBIXMMIIPOM)» OIPEIEIACTCS 110 TOKA3ATENI0 a30T
aMMOHMIHBINA U coctaBisier 222,3. Haunbonee GmaronpusiTHbIMU 1J1st cOpoca CTOYHBIX BOJ OKA3aJMCh MAPT M alpellb, 3 MAKCUMAJIBHBIC JIOITYCTH MbIE
PpacXo/Ibl CTOUHBIX BOJ IS 3TUX MECALIEB COCTAaBIIAIOT cootBercTBeHHO 0,11 1 0,08 M3/c.

KiioueBble ¢€j10Ba: MOBEPXHOCTHBIC BOJBI; KOHIIGHTPAIMS 3arpsA3HUTENEH; THIMYHBII THAporpad; KpaTHOCTh pa3dapieHus; Meron PDpomopa-
Ponzunnepa.
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