
20

INTRODUCTION

Wastewater treatment is an urgent task for 
countries, cities and individual enterprises, since 
the quality of water treatment determines the pos-
sibility of its reuse for drinking, cooking, house-
hold and production needs, in agriculture, etc. It 

is known that the optimal method of cleaning and 
the most effective equipment for its implementa-
tion are selected in each specific case, taking into 
account the type of sewage (industrial, domes-
tic, atmospheric), the type of pollution (mineral, 
organic, mineral-organic), their concentrations 
(1–500, 500–5000, 5000–30 000,> 30 000 mg/l), 
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ABSTRACT
The paper presents the schemes of various equipment for the mechanical treatment of the industrial and domestic 
wastewater, which allows removing it from the main part of the pollution. An examination of the shortcomings 
of the known equipment with the aim of its improvement was conducted. As a result, an installation scheme for 
continuous high-performance mechanical wastewater treatment was proposed. In contrast to the known equip-
ment, the proposed installation provides a three-staged treatment of wastewater with the help of the two pairs of 
gratings – for preliminary treatment (removal of large-size pollutions) and by filtration through the two metallic 
sieves – for normal and fine treatment (removal of small-size mechanical pollutions). The installation consists of 
highly-efficient appliances for the cleaning of filtering elements in the course of realization of the working process, 
which provides stable high productivity of treatment. The installation has simple reliable design and low energy 
expenses. The paper contains the formulas for determining of main operational parameters of the installation: the 
change of the cross-sectional area of the filtering elements and productivity of the working process, periodicity of 
cleaning of gratings and sieves, the necessary electric power of installations drives. These formulas can be a basis 
for further research of installation and for elaboration of a method of its design calculation.
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the physical properties of the particles of contam-
ination, the degree of aggressiveness of the efflu-
ents and the required degree of their purification 
[Iskovych-Lototsky, 2018a, 2018b].

In most industrial and domestic wastewater 
treatment systems, one of the main stages is pre-
liminary mechanical cleaning. This allows remov-
ing up to 60% of contaminants, including coarsely 
dispersed particles, at moderate energy and time 
costs [Iskovych-Lototsky, 2019, Jörg, 2010]. It is 
considered the most well-known equipment for 
the mechanical wastewater treatment.

Lattices and screens are the first elements of 
all technological wastewater treatment systems, 
since the largest particles can be removed from 
them [Iskovych-Lototsky, 2019]. In most designs, 
the grids are a system of parallel metal rods, be-
tween which drainage flows. At the same time, 
large contaminants are retained by rods, which 
are cleaned with mechanical rakes. Figure 1 
shows a lattice scheme with wedge-shaped steel 
rods 1 rigidly fixed in the bottom part of the chan-
nel [Iskovych-Lototsky, 2019]. Rake 2 associated 
with the belt conveyor removes contamination 
from the rods and drops it on the conveyor belt 
6, instead of which a screw conveyor or hydrau-
lic transport can also be used. Lattices are pro-
duced with a width of clearances of 1–50 mm 
and a working width of 338–1200 mm. The main 
disadvantage of this equipment is the incomplete 
cleaning of the rods 1 and, as a result, a decrease 
in the productivity of the working process. In 
addition, such gratings are suitable only for the 
crudest pre-treatment of water.

Figure 2 shows a straining device – a mech-
anized flat slotted screen [Iskovych-Lototsky, 
2019]. It consists of a frame 1 with a flat slotted 
grid 2 of a prefabricated structure with 1.4 mm 
clearances and a mechanism for its regeneration in 
the form of a belt conveyor with scrapers 3, driv-
en by a geared motor (not shown in the diagram). 
The detainees on the grid 2 are continuously re-
moved by scrapers 3 and dumped into a container. 
The tests of a prototype of a sieve with a work-
ing width of 2.25 m showed that its productivity 
is three times higher than the productivity of the 
drum net (333.000 m3/day vs. 110.000 m3/day), 
with significantly lower head losses (92 mm vs. 
300 mm). As noted in [Iskovych-Lototsky, 2019], 
during the four-month tests of the sieve, a satis-
factory regeneration of the grid and clearances in 
it was detected, which remained pure through-
out the entire observation period. In our opinion, 

a disadvantage of the screen in the course of its 
operation is the high probability of the particles 
of impurities squeezing through the gaps of the 
scrapers. In addition, during the operation of this 
equipment, intense scrubbing of the scrapers 
takes place on the mesh, which leads to their ac-
celerated wear and loss of power.

Another common type of wastewater treat-
ment equipment is the sand trap. It provides 

Figure 1. The lattice scheme of the firm «Jones 
and Attwood» (Great Britain): 1 – rods; 2 – rake; 

3 – support rake; 4 – guide supports; 5 – the electric 
motor; 6 – belt conveyor [Iskovych-Lototsky 2019]

Figure 2. Scheme of a mechanized slotted screen
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separation of solid heavy mineral particles (sand, 
slag, glass bottles, etc.). Figure 3 shows one of 
the most effective horizontal sand pitches with 
a hydromechanical sludge removal system. The 
purified water passes through the flowing part of 
the sand trap. As a result, the solid mineral par-
ticles contained therein are deposited by grav-
ity in the tray 2. In order to prevent compaction 
of the sediment in the tray 2, which leads to an 
increase in the energy consumption for its trans-
portation (for example, using a scraper conveyor 
[Iskovych-Lototsky, 2019]) in 3. The jets of wa-
ter supplied through the nozzles 3, dilute the sedi-
ment at the bottom of the sand trap and flush it 
to the side of the hopper 5. The sandpipers are 
not universal equipment for cleaning sewage 
from coarse-grained contaminants, they do not 
retain particles lighter than water. In addition, the 
sand trap is cumbersome and quite high energy-
intensive. As a rule, in modern wastewater treat-
ment plants, they are installed between grids and 
primary settling tanks.

The sedimentation tanks are the simplest and 
cheapest, as well as the least energy-intensive 
type of equipment in question. However, they 
have significant dimensions and low productiv-
ity [Sevostianov, 2020, Vasilevskyi, 2014, Vasi-
levskyi, 2016]. Wastewater is supplied to the set-
tler tank and during settling, lighter contaminants 
float to the surface, while heavy particles descend 
to the bottom of the structure, and then they are 
removed [Vedmitskyi, 2017].

Taking into account the above-mentioned 
analysis, it can be concluded that the known 
equipment for preliminary mechanical treatment 
of wastewater has significant shortcomings and 
requires improvement. Thus, the problem arises 
of developing a more efficient installation for the 
preliminary mechanical treatment of wastewater 

that meets the requirements of high productivity 
and reliability, low energy intensity, material in-
tensity and cost, ensuring a high degree (95–98%) 
of preliminary wastewater treatment from the 
coarse-grained contaminants, as well as the un-
interrupted operation of the plant due to the pe-
riodic mechanized cleaning of its filter elements. 
This problem is solved in the proposed article. 
Additionally, the work gives the dependencies for 
determining the main operational parameters of 
the installation, on the basis of which a methodol-
ogy for its design calculation can subsequently be 
developed [Sevostianov, 2019].

DESCRIPTION OF THE INSTALLATION 
AND OPERATING PARAMETERS

Figure 4 shows the scheme of the installation 
for preliminary mechanical treatment of waste-
water developed by the authors. Wastewater is 
supplied to the unit through pipe 11 and passes 
through coarse gratings 14, 15 to ensure the re-
tention of large contaminants, a strip screen 4 of 
normal cleaning and a screen belt 3 of fine clean-
ing, after which the drains through the pipe are 
fed to the subsequent purification steps provided 
in accordance with the established requirements. 
With the continuous passage of effluents through 
the grilles 14, 15, the latter ones are being gradu-
ally clogged with large particles of contaminants 
(the maximum permissible clogging moment can 
be determined using the flow velocity sensors in-
stalled on the grids on the supply side). Therefore, 
grids 22, 27 are moved to the pipe 11 to clean 
the grids 14, 15 (the hydraulic actuators 21, 26 
provide the displacement drive of the latter). Lat-
tices 22, 27 have the same through-holes, as in the 
grids 14, 15; therefore, after their extension of the 

Figure 3. Schematic of a horizontal sand trap with a hydromechanical sludge removal system 
[Iskovych-Lototsky 2019]
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grilles 14, 15, with the help of hydraulic cylinders 
5, 20 are withdrawn from the pipe. To this end, 
the pressurized working fluid is first supplied to 
the piston cavities of the hydraulic cylinders 21, 
26, while their rod cavities communicate with the 
drain. As a result, the pistons of the hydraulic cyl-
inders 21, 26 and, together with them, the grids 
22, 27 move towards each other until the seals 28 
come into contact at the ends of the grids.

Immediately after this, the working fluid be-
gins to flow into the rod cavities of the hydraulic 
cylinders 5, 20 (their piston cavities are connect-
ed to the drain). Thus, the pistons and associated 
gratings 14, 15 diverge in the opposite directions. 
When gratings 14, 15 are moved, they are cleaned 
with brushes 12 and washed with water jets from 
hydrants 10. The contaminants discharged from 
the grids 14, 15 are drained into the sump 17, 
from which they are periodically withdrawn. The 
washed gratings 14, 15 are held by the hydraulic 
cylinders 5, 20 in the retracted position until the 
grids 22, 27 are clogged. Thereafter, the grids 14, 
15 are introduced into the pipe 11, and the grids 
22, 27 are removed, cleaned with brushes 29 and 

washed with jets of water from the hydrants 25. 
Thus, one or another pair of grids 14, 15 or 22, 
26 operates in turn, ensuring continuous, high-
quality and high-performance pre-treatment of 
effluents. Smaller contaminants passing through 
the grilles 14, 15 or 22, 26 are retained by the 
banded sieve 4, being connected to the ring. De-
pending on the intensity of its contamination, 
the screen is periodically or continuously moved 
through the pipe 11 using drum 9 with an electric 
drive (not shown), supporting rollers 2 and rollers 
1 with a rubber working surface. Sealing of the 
latter in the body of the pipe 11 is carried out us-
ing rubber seals (not shown in the diagram). After 
the contaminated area of the screen 4 has come 
out of the pipe 11, as it moves, brushes 31 and 
hydrants 30 clean and rinse the screen. Together 
with water, the contaminants flow into the sump 
8. The periodic or continuous movement of the 
fine cleaning screen 3 provides the drive drum 24 
and rubber-coated rollers 16, and the cleaning and 
washing of the screen as it moves – brush 7 and 
hydrants 6. The described structure of screens 3 
and 4 also allows them to carry out continuous 

Figure 4. Scheme of installation for preliminary mechanical treatment of wastewater
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high-performance cleaning up to the established 
quality standards. The time for complete fouling 
off a pair of gratings 14, 15 or 22, 26 can be deter-
mined by the following formula:\

.

. . .max .

s v gc
I

s v g c l p i c l

Q kWt
Q k k S t k

   (1)

where: Qc is the average flow rate of effluents 
passing through pipe 11;

 kv.g – volumetric content of 1 m3 of waste-
water polluted by gratings;

 Wc – the maximum permissible volume 
of contamination on the grids, in which 
it is necessary to perform their immediate 
cleaning;

 kc.l – coefficient of clogging of lattices, 
which takes into account the area of gaps 
between its openings;

 Sр.тах – the maximum area of the cross-
section of the grids;

 ti – is the permissible thickness of impuri-
ties on the gratings, determined by the av-
erage cross-sectional area of the particles 
trapped by the gratings.

In order to prevent a significant drop in the 
pre-treatment performance of the effluent in the 
proposed installation, the gratings should be 
cleaned at the time t = 0.5·t1. For reception of the 
graphical dependence of tI, Sр.тах must be taken as 
a part of the cross-sectional area of the pipe – Sp, 
which can be calculated, depending on the diam-
eter Dp:

2

.max
0.10.65 5.1
4p tS S  

    (2)

2
3

.max
0.10.65 5.1 10
4pS  

   m2 (3)

The flow rate Qc is determined based on the 
specified daily volume of wastewater at the enter-
prise QΣ = 500 m3/day, the duration of shift Tds= 
8 h, the coefficient knp that takes into consideration 
the duration of downtime due to the scheduled 
maintenance operations (cleaning, lubrication, 
adjustment, replacement and replenishment of 
working fluid in the hydraulic system, preventive 
testing of electrical and electronic parts of equip-
ment, downtime for organizational and technical 
reasons (absence of worker, foreman, adjuster, 
work, raw materials, electricity, documentation, 
etc., as well as the coefficient variability of work 
kvw = 3 by the formula [Sevostianov 2019]:

3500 7.23 10
3600 3600 8 3 0.8c

ds vw np

QQ
T k k

   
   

m3/sec 
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(4)

The coefficient kc.l is determined based on 
the specified concentration of contaminants Kc = 
30000 mg/l, and their density ρc = 560 kg/m3 – for 
the meat and dairy industry. Then, for determina-
tion of the total kc.lΣ for the pollution removed at 
the three stages of wastewater treatment (prelimi-
nary, normal and fine treatment), the following 
formula can be used:

3 3

.  
10 30000 10 0.054

560c
c l

ck K


 



 
  

 
(5)

For the meat and dairy industry in the unit 
volume of wastewater particles with dimensions 
of 10 ÷ 25 mm – 8% by volume, dimensions of 
0.5÷10 mm – 67% and sizes> 0÷0.5 mm – 25%. 
Therefore, for the first stage of treatment:

 
3

.  . 0.08 0.054 0.08 4.32 10c l c lk k 
       (6)

It can be assumed that the maximum size of 
the retained particles of pollution ti = 25 mm. The 
coefficient kз.р is determined based on the diam-
eter Dт, the size of the through cells of the plates 
and collets (Вп = Нц = 20 мм). Then by the for-
mula (1):
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Afterwards, tI was calculated under differ-
ent values of kc.l = 1·10–3 ÷ 6·10–3(with certain 
changes in the composition of wastewater and the 
concentration of pollutants in it), as well as under 
changing of Qs = 4·10–3 ÷ 8·10–3m3/sec (in the cas-
es of smaller loading of the enterprise by orders 
for production and accordingly smaller volumes 
of wastewater).

At the basis of the obtained data, graphs of 
tI(kv.l) and tI(Qs) can be obtained, as presented in 
Figure 5 a, b. As it can be seen on the graph in 
Figure 5a, with increasing kv. ltI actually decreases 
exponentially, which is due to the faster clogging 
of the cross-sectional areas of the gratings, with 
increasing concentration in wastewater of large 
pollutions. In such cases, it is recommended to 
ensure the optimal mode of operation of the in-
stallation, if possible, to reduce the flow rate Qc 
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of wastewater to it (see Figure 5, b). If this is 
not possible, it is necessary to provide a similar 
backup installation, then both units will work 
with a much lower load, so the need to clean the 
cross-sectional areas of the gratings may occurs 
less frequently than in the implementation of the 
above-mentioned modes.

In general, any installation must have a re-
serve for capacity and productivity in case of 
these changes in the wastewater content of the 
enterprise.

According to Figure 5b, with increasing of Qc, 
tI decreases exponentially and very smoothly, due 
to the faster passage of larger volumes of waste-
water through the installation gratings and, ac-
cordingly, a larger amount of pollutions that clog 
faster the cross-sectional areas of the gratings. In 
such cases, it is also recommended to have and 
use an additional wastewater treatment installa-
tion at the enterprise, which will reduce the load 
on the first installation, ensure its operation in the 
optimal mode, as well as increase its reliability 
and resource. 

The need to increase the supply of wastewater 
at the enterprise may arise in the case of receiv-
ing additional orders for the production of main 
enterprise products in a short time. This leads to 
additional water consumption and a correspond-
ing increase in the volume of its effluents.

The dependence of the change in the cross-
sectional area of the gratings over time can be 
calculated by the formula:

. .( ) s c l v g
p

i

Q k k
S t t

t
 , 0 It t   (8)

The time t will vary from 0 to tI with an inter-
val of 1 second. From the calculation results, it is 
possible to obtain the dependence Sр(t) (Fig. 6). 
In fact, the plot shows the amount of decrease in 
the cross-sectional area of gratings as they are 
clogged until the time tI = 5.66 sec, when the en-
tire cross-section of gratings will be closed by 
particles of pollutions Sр5= 5.1 · 10–3m2. The plot 
in Figure 6 is linear.

The change in the cross-sectional area of the 
gratings with time can be defined as:

.

.

( ) s c l
p

v g i

Q kS t t
k t

 , 0 It t   (9)

The maximum discharge of effluents through 
the grids can be expressed through the area of 

their cross-section in accordance with the follow-
ing formula [Kovaleva, 2011]:

.max
2
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where: μl is the coefficient of flow through the 
lattices [Kovaleva, 2011]; 

 ρd – average density of drains;
 Δр is the pressure difference, under which 

the drains pass through pipe 11 (we con-
sider it constant for a given installation). 
Current flow rate:

2( ) ( ) ( )s l p
d

pQ t t S t



  ; 0 It t   (11)

Then, on the basis of formulas (3, 4), we 
obtain:
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( ) ( ) ( )s
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  ; 0 It t   (12)

The required power of the hydraulic drive of 
one pair of gratings is found from the following 
formula [Kukharchuk, 2016]:

.
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where: Sp is the effective area of the piston of the 
hydraulic cylinders 5, 20 from the side of 
the rod cavity;

 lх – stroke length of hydraulic cylinders;
 pp – is the nominal operating pressure at 

the inlet to these hydraulic cylinders;
 tо is the duration of the opening of the 

gratings;
 ηe, ηp, ηcc, ηc – efficiency of the electric 

motor of the drive, pump, coupling con-
necting the pump with the electric motor, 
the hydraulic cylinder of the drive;

 Gр is the weight of the grating 14;
 Rу – frictional force in the piston and rod 

seals of the hydraulic cylinder 5 and in the 
seals 13;

 Rb – is the frictional force when the grat-
ing 14 moves relative to the brush 12;

 Fm.g– force of resistance to the move-
ment of the grid 14, caused by the hydro-
dynamic head of water jets [Kovaleva, 
2011] from the hydrants 10;
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 μf.s, μf.m – coefficients of friction of pairs 
of seal materials – metal and brushes ma-
terial – metal;

 σs, σb – contact stresses due to deforma-
tion of the sealant and brush;

 Sc.s, Sc.b– areas of contact with seals and 
brushes;

 pa – atmospheric pressure;
 ρw – the density of water;
 vj – average speed of jets of water from 

hydrants 10;
 Sп.р – the washed area of the lattice 14;
 μv – the coefficient of dynamic viscosity 

of water. In this case, the components Rу, 
Rb, Fm.g are simple enough and can be de-
termined experimentally with the help of 
a dynamometer, a prototype of the grating 
14, its seal assembly in a pipe 11 with a 
seal 13, a brush 12, hydrants 10 and a hy-
draulic cylinder 5. The minimum speed of 
transfer of normal-cleaning tape screens – 
4 and fine cleaning – 3 is determined from 
the time of their complete blockage – re-
spectively tII and tIII (see also formula (1)):

. .max . . .
min.

. . .

t t s n t n c n c
н

II s c l v s n

D D S t kv
t Q k k

  ; 

. .max . . .
min.

. . . . .

t s t t f c f ct
t

III s c l v s n v s f

D S t kDv
t Q k k k

   
(14)

where: Dt is the diameter of tube 11;
 kv.s.n,kv.s.f – volume content of 1 m3 of sew-

age sludge, retained by normal and fine 
cleaning sieves;

 kc.n.c,kc.f.c – coefficients of clogging of nor-
mal and fine cleaning screens, which take 
into account the area of their cells;

 Ss.n.тах, Ss.t.тах – the maximum areas of a 
passage section of screens of normal and 
thin clearing for sites of the sieves which 
are in a pipe 11;

 tt.n, tt.f – the average cross-sectional area 
of particles trapped by normal and fine 
cleaning sieves.

The required power on the shafts of the drums 
9, 24 is determined by the formulas [Kukharchuk, 
2016]:

 . . 1 2 . .s d n b b a n d nN N N K N   ; 

 . . 1 2 . .s d f s s a f d fN N N K N    
(15)

where: N1b, N1s – the power spent on overcom-
ing the sieves of the resistances created 
by brushes 31, 7 and water jets from hy-
drants 30, 6; N2b,

 N2s – the power expended for idling the 
sieves;

 Ka.n, Ka.f are the coefficients that take into 
account the additional power costs from 
the resistances at the end and deflecting 
drums (for a conveyor length of 100 m 
and more, it can be taken to be 1 [Kukhar-
chuk, 2017, Langthjema, 2013]);

Figure 6. The dependence of the change in the cross-
sectional area St of gratings over time

a) b)

Figure 5. Dependences of time tI of clogging of the cross-sectional areas of the installation gratings from the 
coefficient kc.l of volume content in 1 m3 of pollution detained by gratings (a) and from average expenses Qs of 

the wastewater passing through the pipe (b)
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 Nd.n, Nd.f – the power consumed to over-
come the resistance from the presence of 
additional discharge devices on the sieves.

The capacities N1n, N1f  are found as (see for-
mula (13)):

2
.

1 min. . . . . . . .2 ;
2

w j n
n н f b n b n c b n n p n v а
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where: μf.b.n, μf.b.f – coefficients of friction of pairs 
of materials of brushes 31, 7 – metal;

 σb.n, σb.f – contact stresses caused by de-
formations of brushes;

 Sc.b.n, Sc.b.f – areas of contact with brushes;
 vj.n, vj.f – average speeds of jets of water 

from hydrants 30, 6.

The components N2n, N2f are defined as 
[Kukharchuk, 2016]:

2 .н r h n min.nN k L v ; 2 . .f r h f min fN k L v  (18)

where: Lh.n, Lh.f are the lengths of the horizontal 
sections of the screens 4, 3;

 kr is the coefficient of resistance, de-
pending on the width of the sieves – Вs 
[Kukharchuk, 2017, Langthjema, 2013], 
which can be found by the formula:

2s t tB D t    (19)
where: ttis the thickness of the tube 11.

The power of the motors of the sieve drives is 
calculated using the dependences [Sevostyanov, 
2015]:

. .
.

ic s d n
m n

r

k NN
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.

ic s d f
m f

r

k N
N


  (20)

where: kic – coefficient of installation capacity 
(power reserve);

 ηr – efficiency of the mechanism for 
transfer of rotation from the electric mo-
tor to the drive drum [Tsybina, 2013, 
Vasilevskyi, 2014].

The above-mentioned dependences can be 
used to determine the usefulness of the proposed 
installation and its comparison with the efficiency 
of the known equipment for wastewater treatment.

CONCLUSIONS

The qualitative treatment of wastewater with 
the possibility of its safe return to the environ-
ment as well as reuse at work and at home is an 
urgent task for many countries. At the same time, 
much attention is being paid to increasing the ef-
ficiency of the cleaning process, reducing its en-
ergy consumption, as well as reducing the materi-
al intensity, complexity and equipment costs. An 
analysis of the known mechanical pre-treatment 
equipment has shown that in most cases it does 
not meet the modern requirements for efficiency 
and process continuity, as well as for water treat-
ment quality, compactness and reliability. Taking 
into account these requirements, we developed 
a scheme of continuous mechanical three-stage 
wastewater treatment for which the equations and 
relationships have been proposed to determine 
the main operational characteristics of the plant: 
the capacity of the wastewater to be treated and 
the required engine power of the plant.
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