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Abstract. The article presents a method for calculating the parameters of
treatment facilities to bring the level of precipitation and wastewater from
small enterprises, shops, and services of the Republic to the level of
sewage and irrigation trays. The aim is to improve the design parameters of
resource-efficient wastewater treatment plants and their widespread use,
increase the production capacity of local wastewater treatment plants,
improve the level of wastewater treatment and prevent environmental
degradation. Hydraulic calculation of the design parameters of the settling
tank was carried out at the local treatment plant. The precipitator works by
precipitating suspended solids and separating petroleum products from the
liquid surface. At the local treatment plant, the content of petroleum
products in industrial and precipitation effluents was reduced to 3 mg/l,
and the number of suspended solids to 1-1.5 mg/l.

1 Introduction

It is known that as the living standards of the population improve, the material resources to
meet human needs increase, and as a result, the amount of wastewater increases.

If we focus on the level of car ownership, which is one of the factors determining the
population's living standards, from 2013 to 2020, the number of cars per 100 households
increased from 35 to 48. As of January 1, 2020, the number of vehicles owned by
individuals in Uzbekistan amounted to 2580133. According to the State Statistics
Committee cars - 2410421; trucks - 150294; buses - 5072; minibuses - 10590; special
transport - 3756 units [1]:

As the number of vehicles increases, so does the number of laundries, gas stations, and
workshops that service them. As of 2020, Tashkent has 10 depots and car plants, 104 gas
stations, 386 car maintenance companies, 52 truck maintenance companies, 25 railway
transport maintenance companies [2]. In all, industrial and storm water effluents are
discharged into city sewers. While the average volume of water consumed by each of them
is 3 m3 per day, at least 1730 m3 of wastewater is added to the city sewerage network per
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day. This, in turn, affects the level of use of water resources of the Republic. Damage to the
water content level will also increase due to the discharge of wastewater into the city
sewerage network. As a result, problems such as saving natural water resources and
improving their quality will increase [3, 4, 7, 8].

To study the processes of wastewater treatment of industrial enterprises and their
application in the practice of natural and wastewater treatment Ya.Karelin, V.G.Ponomarev,
I.V.Skirdov, A.G.Sokolov, V.V.Naydenko, V. G.lvanov, [.S.Babaev, L.I.Volftrub,
M.V.Demura, 1.G.Shafi-Zade, U.A.Soatov, B.Hart'a, A.Kirby, J.Cornelissen'a, H.Eilersa,
Camp, Yao, Tanaka, Brunsmann, A.M. Arifjanov, Sh.Sh. Ergashev and other Scientists
have made a huge contribution.

However, despite numerous scientific studies in this area, the issues of wastewater
treatment of industrial enterprises and the development of a small monobloc device, its
engineering accounting, and treatment technology in local wastewater treatment plants are
not sufficiently studied [5, 6].

Excessive amounts of suspended solids (particles) and petroleum products are
discharged into the effluent from motor transport enterprises. Therefore, it is necessary to
build special treatment facilities for such enterprises before discharging them into the
municipal sewage and water sources [3, 4, 5, 6, 12, 14, 15]. The State Committee for
Nature Protection of the Republic of Uzbekistan adopted RH 84.3.6: 2004 - "Regulation of
discharge of pollutants into water basins and relief zones, taking into account the
technically achievable indicators of wastewater treatment" adopted by the State Committee
for Nature Protection of the Republic of Uzbekistan in 2004 Instructions for installation
(working document) [3, 4]. This requirement stipulates the level of suspended solids and
petroleum products in the water after the local wastewater treatment plants of road transport
enterprises.

From the analysis of the work done in this direction [5, 6, 9, 10,], it can be concluded
that enterprises specializing in vehicle washing place several requirements in the selection
of the technological scheme of local wastewater treatment plants (LWT). The use of LWT
is highly wastewater treatment, energy saving, high capacity of the facility, efficient
installation and operation processes, low cost of construction, the low area required in the
existing area, relatively inexpensive tools and technical parts during operation, and long-
term use has a number of advantages, such as performance from materials [4, 5].

At present, the enterprises specializing in the washing of vehicles in the territory of
Uzbekistan LWT are more foreign-made products and products of joint ventures, the
import, installation, and repair of which lead to high overhead costs.

2 Methods

This article presents a method for calculating the new design parameters of compact
monoblock LWT for wastewater of enterprises and small enterprises specializing in car
washing (where oil and oil products are common in wastewater). The recommended LWT
consists of the following elements: drainage pipes, clarifier (made of reinforced concrete
rings for 4 sewer wells brand KC10-9), rapid filter (made of reinforced concrete rings for
sewer wells brand KC20-9), oil collector (KC10- 9 brand 2 made of reinforced concrete
rings for sewer wells), stainless steel reinforcing mesh (size 35x35 and 15x15, used to trap
large items).

The principle of operation of the sewage LWT is as follows (Figure 1): the enterprise
sewage, which specializes in car washing, has several diameters of 100 mm through a pipe
3 to the vertical drain 2. Filter nets of size 10x10 are passed through 14 to trap large
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substances before the effluent is discharged into the settling tank. Subsurface substances
such as sand, turbidity, and solid particles in the effluent in the settling tank are ensured to
settle to the bottom of the settling 16. 0.5-1.5 m from the bottom of the tunnel. The effluent
from the top is discharged to a rapid filter 1 through a non-metallic pipe 4 with a diameter
of 250 mm.

Fig. 1. Plan and schematic view of the technological scheme of the proposed compact local treatment
plant with vertical clarifier and quick filter

In the instantaneous filter, the water is passed through three stages of filtration (11, 10, 9
local filter substitute), and the treated water is transferred through the discharge pipe 5 to
the municipal sewerage networks or reservoirs (reservoirs) for reuse. To prevent the
interference of the filtering substances in the rapid filter, special mesh catchers 6, 7, 8 are
installed for each of them. It is ensured that the dimensions of these mesh cells are smaller
than the diameter dimensions of the filter media. Considering the emergency situation in
the filter, it is necessary to install 10x10 grid handles 12 and 13 before the drain pipes.

Substances with oil-oil and a density less than the density of water in the effluent are
collected in the upper part of the liquid in the separator and transferred to the collectors 17
through the chemical discharge device 15 mounted on the upper part. The collectors are
periodically cleaned by special vehicles and sent to oil and waste refineries.

It takes 15 minutes to 1 hour to wash a light car. The hourly water capacity of car
washers is 460 liters per hour (Kercher K5.55). This means that washing a car consumes a
minimum of 40-50 liters of water and a maximum of 120 liters. Typically, car washes use
two carriers at the same time. When washing a car (assuming an average of 20 minutes of
carcher use time), the water consumption per second of a carcher is equal to:



E3S Web of Conferences 264, 03013 (2021) https://doi.org/10.1051/e3sconf/202126403013
CONMECHYDRO - 2021

Wr’nax
4= Ui M

Hourly water consumption of a carcher [10, 11, 17]:
Qh=36-q m/s )

If the operating mode is 16 hours per day, the daily water consumption of the enterprise
Quay 1s determined as follows:

Qaay =T - n - Qp, m’/day 3)

where n is the number of working quarries in the enterprise; T is the daily working hours of
the enterprise (T=16 h)

Depending on the amount of water consumption, it is possible to determine the hydraulic
calculation of the proposed LWT sediment section. In this case, the advantages of using a
vertical breaker are high.

Calculating the braking efficiency of a vertical breaker [5, 6, 16, 17]:

3 =100 C';;C % (4)

en

here C., is the initial concentration of suspended solids in the effluent flowing into the
settling tank is equal to 400 mg/l; C. is concentration of suspended solids in the effluent,
which equals 200 mg/1.

The calculations begin with the determination of the hydraulic size of the sediment
particles [5, 6, 10, 16, 17, 217]:

1000-Hgeq K
Uy = ﬁ mm/s %)
tse['( ny )

where: Hg is the depth of the sediment flow passage, m (2-table);

K, is the utilization factor of the capacity of the current-carrying part (Table 2);

tset 18 interval duration, s (Table 1) [16];

h;=500 mm is the height of the sediment layer;

n, is level indicator, which depends on the concentration of sediment and sedimentation
efficiency (up to 50-60% is acceptable for municipal sewage). It is determined according to
the graph shown in Figure 2 [16, 18, 19, 20].
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Fig. 2. n, indicator level according to clarification efficiency: 1 —3 =50%; 2 — 3 = 60%; 3- 9=70%

Table 1. Duration of sewage treatment ty

h1= 500 when the concentration of floating substances in the mm layer is
Clarification mg/l
efficiency, % tm values
100 200 300 400

20 600 300 - -

30 900 540 320 260

40 1320 650 450 390

50 1900 900 640 450

60 3800 1200 870 680

70 - 3600 2600 1830

Sample concentrations of sediments are used in the design, and their efficiency is
determined based on the initial data.
The main performance indicators are shown in Table 2 [16].
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Table 2. Calculators of tins

Flow
reducer type Keer (;Z)i;k;llcgﬂ Width B, m Er::/i Slope
mm/c
Horizontal 0.5 1.5-4 2 Heer5 Heer 5-10 0.005-0.05
Radial 0.45 1.5-5 - 5-10 0.005-0.05
Vertical 0.35 2.7-3.8 - - -
With rotary
assembly- 0.85 0.8-1.2 - - 0.05
distribution device
With bottom-up
flow movement 0.65 2.7-3.8 - 2y0-3Yo -
Schemes of working
with thin-layer
blocks 2-6 - -
1. Against the flow 0.5 0.025-0.2
2. Focused on the 0.7
flow 0.8 1,5 - 0.005
3. at crossroads

The number of interceptors n is accepted; according to the project, its number is 1.
The diameter of the sewage inlet (central) pipe is found as follows:

4qmax
den = p—— m (6)

here g 18 maximum per second consumption of wastewater, mm/s; v, is the speed of
movement of sewage in the sewer inlet (central) pipe is accepted, provided that it is not less

than 0,03 m/s
The calculated diameter of the sewage inlet (central) pipe is rounded to the sort value d.,.

The diameter of the drill is determined by Dy,

4000qmax
Dyer = \/7 +déy, m ™

TNKser (Uo—Vtp)

where vy, is turbulence component velocity, mm/s, is taken from Table 3 [16].

Table 3. Turbulence component depending on working flow rate

Workflow speed v,,, mm/s 5 10 15
Turbulence component vy, 0 0,0 01
mm/s 5 ’

The diameter of the inlet pipe trumpet is d, and the diameter of the return barrier is d,



E3S Web of Conferences 264, 03013 (2021) https://doi.org/10.1051/e3sconf/202126403013
CONMECHYDRO - 2021

d, = 1.35dgn, m ®)

d,=13d, m ©)
The height between the bottom of the inlet pipe and the return barrier is calculated as H;

Hy = Jmax ., (10)

Tndpvy’

where v, is the velocity of the fluid in the interval (slit) is 0.02 m/s.
The total height of the cylindrical part of the damper is H,,

Hc:Hset+H1 +H2+H3’ m (11)

where H, is the height of the neutral layer between the return barrier and the sedimentation
layer is assumed to be 0.3m; Hj is the height of the deck board assumed to be 0.5m.
The height of the conical part of the trimmer is Hy

H,=0.5Dtga., m (12)

where o is the size of the angle at the bottom of the conical section is assumed to be in the
range of 50-60°.
The total height of the damper is H

H=H, + H,, m (13)

Based on the following formula, the daily amount of sediment to be retained in the
precipitator is determined by Qg [18, 19, 20]:

Q day (Cen'Cex)

(100~Prmua)Vmua-10% m3/day (14)

Qmua =

where Quay is daily consumption of waste, m3/day; Pmud 18 sediment moisture, is equal 94-
96%:; Ymua 1s sediment density, is equal to lg/cm3 .

3 Results and Discussion

Based on the above formulas, the parameters of the recommended LWT vertical breaker
were calculated using Microsoft Excel, and the values were tabulated in Table 4.
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Table 4. Theoretically found values of the design parameters of the proposed LWT

Cen Cex 9 T W‘max Qmax Q'h T N Qday
mg/l | mg/l % s 1 Us m’/h h ta m’/day
400 200 50 20 120 0.1 0.36 16 2 11.52

Table 4 continued

Hset Kset tset hl ny Uo T n Ven Qmax
m S mm mm/s PCS. m/s m’/s
2.7 0.35 450 500 0.14 0.505 3.14 1 0.03 0.0001

Table 4 continued

den den.snrt Vw Vib Dset dn dT H 1 Vi HZ
m m mm/s mm/s m m m m m/s m
0.065 0.063 15 0.1 0.95 0.085 0.11 0.02 0.02 0.3

Table 4 continued

H3 Hu a tan(a) Hk H Pmud Ymud Qmud
m m ° m m % g/sm’ m’/day
0.5 3.52 50 1.19 0.565205 4.08 95 1 0.046

4 Conclusions

Advantages of the proposed LWT: all the necessary technical parts and raw materials for
the construction are the products of local manufacturers, low cost of transport and raw
materials, energy efficiency in wastewater treatment, purified water content for water
sources, and reusability.

The created LWT can be used in car washes, car depots, and small enterprises for the
treatment of wastewater from petroleum products and suspended solids. In this case, the
LWT treats the content of wastewater to the extent specified in the regulations.

The height and diameter of the drill determined in the calculations are optimal for
practical use. The reason is that the main collectors of municipal sewage are usually laid at
a depth of 3-5 m above ground level. The height of the culvert (H = 4.08 m) determined in
the calculation corresponds to the depth at which the sewer collectors are laid. Compliance
with the assortment of reinforced concrete rings for sewer wells brand KC10-9, the size of
which is determined by the diameter of the trough (D = 0.95 m), guarantees the
effectiveness of the design for installation and operation.
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