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Abstract - A recharge wells is considered a very important 
source of water storage in confined layer soil, of which 
recharge well will be clogged due to many different sources, 
chemicals, physical and biochemical sources. Total suspended 
solids have a big effect on a physical clogging. The experiments 
were performed in the hydraulic laboratory of the ‎Faculty of 
Engineering, Al-Azhar University. The model consists of three 
tanks with same dimension 0.52 m diameter, 0.85 m height. 
Water head was 1.20 m from well perforation and be changed 
to 1.35 m and 1.50 m, and water fed well mixing with different 
concentration of total suspended solids. Measurements were 
undertaken and presented in tables and figures. The results 
were analyzed and discussed from which it was clear that the 
clogging well due to total suspended solids depend on two 
parameters; the first is the flow rate, through which water 
head, and the second is the concentration of total suspended 
solids. When a change occurs in the efficiency of well in sandy 
soil, change in water head affects the efficiency from 20% to 
31% and change in the concentration of total suspended solids 
affects the efficiency from 70 % to 80%. If water head is 
increased and concentration of suspended solids also be 
increased, this results in the flow rate out from well will 
decrease by the time. Confident with these results, it was 
recommended to recharge in sandy soil with big voids with 
small concentration of total suspended solids to get better flow 
in better time. 
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1. INTRODUCTION 

Groundwater, in many countries, is the main source 
of water supply. However, it is limited and due to the 
excessive withdrawal from the underground aquifers, 
problems like salinity [S. Vigneswaran, Ronillo B.Suazo. 
(1987)]. land subsidence results, the cost of pumping water, 
and treatment of the water which extracted from the 
underground aquifers and wastewater disposal [Townley j., 
Swanback S., Andres D. (2001)]. These problems make us 
turn to another way to find an easy source of water that can 
overcome some of these problems. Thus, this directed 
attention to the recharge from any source such as agriculture 
drainage and by any surface water to recharge it by well 
with small diameter to underground basin, canals or natural 
confined aquifer. We can re-use this water by using many 
ways like immediate draining this water by pumps or storing 
it in natural basin or industrial basin. But through this 
process, we can find a lot of problems in general as clogging 
of well and the process of recharging will be stopped and the 
well will not give us the flow out which we need and this will 

cause losing of a lot of natural water, surface water and 
underground water. 

This research studies the effect of total suspended 
solid on clogging of the recharge well, which belongs to 
physical clogging [Herman Bouwer. (2002)]. The flow rate 
that get out from the well will be measured in this study 
along with drawing of many curves that explain the decrease 
of flow rate and the time that well will take to be clogged will 
be measured. This is can be done through different types of 
soil like sandy soil. Therefore, we should know the suitable 
time necessary for well before clogging, effect of water head, 
total suspended solids on clogging of the well and amount of 
total suspended solids in the water recharge to avoid this 
clogging by any way like what will be explained in this 
research. 

Studying the most common cause of physical 
clogging of recharge wells occurs when suspended solids are 
filtered out of injected water by the aquifer material. Thus, 
physical clogging is primarily influenced by water quality, 
and more specifically such like the shape, size, composition 
and concentration of particles in recharge water, Particle 
filtration can lead to reduce the hydraulic conductivity of the 
soil, and also the water bubbles which occur when water fall 
down inside the well from large height, temperature of water 
have an effective role of clogging well and the velocity of 
flow rate which carried a lot of particles from the land 
[Angela R. Thompson. (2014)]. Causing and prevention of 
well bore clogging by particles Well clogging is defined as a 
decrease in the specific capacity (= volume flow, Q in m3/h, 
over drawdown, Δs in m) over time [C.G.E.M. van Beek. R.J.M. 
Breedveld, M. Juhasz, A. Oosterhof, P. J. Stuyfzand. (2009)]. 

2. THEORETICAL APPROACH 

In the context of determining the most clogging of 
the recharge well device, a theoretical approach was chosen. 
Moreover, a set of statements or principles (devised to 
explain a group of facts or parameters that are repeatedly 
tested or widely accepted and can be used to make 
predictions) about the relationships between parameters, 
was suggested to explain the principles and methods of 
analysis. In this study, the theoretical approach, that was 
chosen to be implemented, is based on the dimensional 
analysis theory and similarity. 
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2.1-Dimensional Analysis Approach 

The dimensional analysis approach is based on the 
analysis of the relationships between different physical 
quantities by identifying their fundamental dimensions (i.e. 
Length, mass, and time) [R.S khurmi. (1997)]. and tracking 
these dimensionless groups as calculations or comparisons. 

Seventeen of parameters which are causing the problem, 
its units and dimensions are listed in table (1) and are 
divided into four groups. A definition sketch for parameters 
is presented in figures (1). 

• The first group contains geometrical properties.  

• The second group includes the flow properties 
parameters.  

• The third group displays fluid properties. 

• The fourth group displays soil properties. 

 
Fig.1: A definition sketch for parameters. 

Table 1: Unites and dimension analysis 

Sym. Definition Units 
Dime
nsion 

  Geometrical properties     

 HW 
Height of water head at in 
general. m L 

 HS 
Height of soil layer which be 
recharged. m L 

Lw Length of well. m L 
Hp Height of perforated on the well. m L 

Dp 
Diameter of perforated opening 
on the side area of well. m L 

Np 

Number of perforated opening 
on the side area of well at the 
height of perforated opening. m L 

Deff 
 Diameter of effective area of 
water recharge. m L 

D
w Diameter of recharge well.  m L 
D
F  Diameter of design filter around well m L 
Flow properties 
Q Discharge of flow in at any head of m3/se L3 T-1 

in water.  c  
q 
o

ut 
Discharge of flow out at the same 
head of water.  

m3/se
c  L3 T-1 

g Gravitational acceleration. 
m/sec
2 LT-2 

Fluid properties 
ρ Mass density of fluid. kgm/m3 ML-3 
Fluid properties 
Soil properties 

S.G Soil specific gravity. 
--
-- 

Dimensi
onless 

Wts

s 
Weight of T.S.S particles dissolved in 
water. 

g
m M 

D15 Particle size of soil for 15% finer. m L 
D85 Particle size of soil for 85% finer. m L 

 
According to Buckingham π-theorem, the general form of 

the relationship between these variables is as follows: 

 ……(Eq.1) 

2.2 Model Similarity 

The model simulation is the small case of actual structure, 
in order to know about the actual performance of prototype, 
the model must be similar to prototype in all things using 
known scale this section encompasses the geometrical and 
kinematic similarity [John Fenton. (2012)]. as a distorted 
scale model. The distorted scale model is that model which is 
made such that the vertical scale is not the same as the 
horizontal scale. This section encompasses the geometrical 
and kinematic similarity, as follows: 

2.2.1 Geometrical Similarity 

Vertical length ratio is Lvm/Lvp = Lvr (vertical scale ratio) 
The depth of soil layer which we use to make the recharge 
process equal to the length of well model was 80 cm 
equivalent to 16m in prototype. The height of water above 
the surface of soil in the model was 30cm equivalent to 6m in 
prototype. The vertical scale is taken = Lvr = Lvm/Lvp = 
80/1600 =30/600 =1/20.Also, the horizontal scale ratio= 
Lhm / Lhp = Lhr (horizontal scale ratio) The diameter of well 
model was 1.5 inches = 3.81cm, diameter of the soil tank 
model was 52cm, and the diameter of well prototype was 50 
cm, diameter of soil effective area was 6.75m. So, the 
horizontal scale modeling ratio =3.81/50 = ≈1/13. It is same 
as effective area scale 52/675= ≈1/13 

2.2.2 Kinematics Similarity 

In order to undergo a simulation between the model and 
prototype, all kinematic parameters should be similar. This 
is described, as follows: 

• Velocity ratio from Froude number similarity is: 
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 Discharge ratio  
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The maximum discharge flow in at the maximum head of 
water model was 156.5 l/hr, so that the equivalent prototype 
discharge flow in is 181.97 m3/hr. 

• Time Ratio 

vr

P

m L
T

T


     →
5.

vrr LT 
……. (Eq.4) [6] 

3. Experimental Work 

The experimental investigation was carried out in the 
hydraulic laboratory using a three-circular steel tank as 
shown in definition sketch Fig 7 that has the same dimension 
with (D) 0.52 m diameter, (H) 0.85 m height. The tank (T1) 
consist of different water heads 1.20 m, 1.35 m, 1.50 m from 
above of perforation in (T3). This water has dissolved T.S.S 
with different concentration, at every head there are faucet 
to excess water exit from water level at same head. The tank 
(T2) which is called the feeding tank consists of the same 
water with the same T.S.S which is feed into tank 1 (T1). This 
tank has an only benefit that is to keep the water surface in 
(T1) in constant level through all runs. The tank (T3) is the 
main tank because it consists of the type of soil which we 
study it, in addition it consists of a well which receive the 
water from (T1) and recharge it in (T3) in the soil as 
explained. There are a constant head pipe connected from 
(T2) to (T1) through pump 0.5HP and total head 20 m to 
take the water from (T2) through the constant head pipe to 
(T1) to keep the surface of water level is stable as shown in 
Fig 2. 

Soil sample which we use sandy soil, make for it sieve 
analysis to know the granular gradient for soil [Department 
Of Transportation, Division of Engineering Services. (2011)]. 
After that, we use the sieve analysis and start to design the 
filter of particles surrounding the well and in front of outlet 

opening which we received the flow rate out from it to 
prevent any failure causes in soil as shown in Fig 3.  

 

Fig .2: Model in laboratory with   Fig .3: Particles of gravel 
filter in sand 

      Different head soil by diameter (2mm: 6.3mm)  

Design of filter particles calculates from the sieve analysis 
curve, at the vertical line percentage of all retain at point 
(d15) take point at horizontal line opening diameter, at the 
vertical line percentage of all retain at point (d85) take point 
at horizontal line opening diameter. Measure the distance 
between the original point to d15 horizontal, take point 
equal to 4d15 from the original point. Measure the distance 
between the original point to d85 horizontal, take point 
equal to 4d85 from the original point, then draw offset for 
the curve of sieve analysis from this point. This area between 
two curves is the values of diameter of particle filter [Amr 
Radwan. (2013)]. as shown in Fig 4. Then, we put these 
particles around the well with a diameter (DF) and take 
some of these particles in the steel tube with length 15 cm, 
10 cm diameter and put it in front of the faucet of flow out to 
prevent the soil failure occurs.  

 

Fig .4: Sieve analysis of sand soil and design of filter 

A nine experiments were conducted in the laboratory. The 
experiments were recharge in sand soil, by using three head 
of water 1.20m, 1.35m,1.50m. This dimension is measured 
from surface of water to top of screen at the side area of well 
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at every head we use different concentration of 
(T.S.S).6000/ppm as first and after finishing the experiment 
we increase the concentration of (T.S.S) to (1.33T.S.S1) and 
(1.67 T.S.S1). We measured the decrease of flow rate out 
from the well at every 15-mine put the results of time in the 
table and after some minutes the flow rate out be constant 
and the recharge water comeback through the well to the 
surface of soil that is guide to stop the process. 

3.1 Backwash process 

Between two experiments we cannot start another new 
one experiment unless we must be sure that the soil layer is 
being cleaned and there are not any suspended solids 
between filter particles or between the voids of soil particles. 
When the filters' pores and voids of soil particles become 
clogged, they need to be cleaned, and one of the best ways to 
clean the recharge water is backwash it, so backwash 
process comeback to solve this problem [Zane Satterfield. 
(2006)]. 

Backwash process depends on two things, compressed air 
and strong flow water back. We use air compressor to get 
compressed air from 1 bar to 2 bar as shown in Fig 6, then 
we make connection between air compressor and opening of 
(T3) and be sure that there is not  anyway to escape air so as 
not to affect the backwash process and start compressed 
from 1 to 2 bar reading on air gauge  for 10 min as shown Fig 
6. After 10 min for backwash process using compressed air, 
we use second way to finish this process that is to use 
pumping water backwards through the filters media the 
water pressure for 10 min from the outlet of flow out to 
make good cleaning of filter and voids of particles soil from 
any (T.S.S). 

We notice that the column of water head rises into the 
well carrying with suspended solids which clogging the voids 
in the soil and filter, the accumulation of all suspended solids 
and clay collected on the subsurface of soil. Then, we remove 
this layer of clay and exchange it by another fresh soil and 
then start a new experiment. 

 

Fig .5: Air compressor to compressed air to 2 bars in 
backwash process 

 

 

3.2 Experimental procedure in sandy soil with different 
concentration of (T.S.S) with different water head. 

The model was prepared to start the experiment in the 
first case in sandy soil at different head with different 
suspended solid, the temperature is assumed as constant in 
normal cases not their effect from it on clogging of the 
recharge well. Slope of the soil layer also is neglected not 
their effect of it on recharge water process, the root of the 
planet measured it by weight and become 0. 5% of weight 
from all total suspended solids as an example, when we add 
1080 gm of suspended equal to 8000 ppm the root of the 
planet was= 0.5% *1080 =5.4 gm as constant through all 
experiments. 

Soil classification of sand soil used in this case as shown in 
Fig 7, head of water in (T1) at level 1 equal to 1.20m height, 
the faucet which is found at the same level shall be opened to 
get rid of excess water, (T2) was filled by water with 
suspended solids and put the amount of (T.S.S) as equal to 
6000 ppm/m³, so that 180 liter equal to 1080gm from total 
suspended solids dissolved in (T2),(T1) have water at level 1 
equal to 30 cm from the bed of tank. Recharge water process 
shall be started and every 15min we put the glass tube with 
known volume 1liter and measure the flow rate out from the 
well and record this result in table, water purity we get it 
from well has different better quality than that from the 
recharge water. Water we get it was nearly similar to fresh 
water, where the fresh water is contains 300ppm equal to 
300 gm/m³ [Egyptian Code for Water Resources and 
Irrigation". (2003)].That means that the total suspended 
solids was booked in the voids between particles of soil and 
particles of filter which be effective on flow rate of well as 
result of clogging. To start the next experiment, we must 
wash and clean the soil particles and filter particles from any 
suspended solids like what we have explained in (3.1 
backwash process).  

By the time, we change the concentration of (T.S.S) from 
6000ppm to 8000ppm and 10000ppm at the same head and 
every time we record the flow rate out every 15 min in tables 
and draw the curves of this operation. 

Repeating this operation at another head 1.35m and 1.50 
m, using also same concentration of (T.S.S) as previous 
experiments 6000ppm, 8000ppm and 10000ppm and 
calculate the average of flow rate in every process to make 
comparison between every case.  
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Fig .6:   Recharge well model consist of 3 tanks with 
1.20 m, 1.35 m, 150 m water head 

Results Analysis and Discussion 

The results analysis with discussions included 2 parts. The 
first part discusses the results analysis of experimental 
works, and shows some of comparison of same results in the 
same experiment by using curves and tables of only (T.S.S) 
with only head and then draws curves collect 3 curves of 
different head at same (T.S.S). After we finish this analysis, 
we will take these results and make similarity between 
model and prototype at every time and every head to make a 
good idea about our work and provided the engineers works 
in the field with this data to help them to overcome the 
clogging problems, and provided them with the time of 
clogging well if the well operated in cases of operation cases 
we study it. 

On the other hand, the second part includes the 
comparison between results at the same time with different 
concentration of (T.S.S), and explains the value of the flow 
rate out from recharge well in every case and also compares 
it with other flow rate in other operation cases to make a 
good vision of how well this works. In addition, we will 
compare these results to know the efficiency of every well 
and effect of (T.S.S) on it. Where the results we get shows 
that all of (T.S.S) works to decrease the flow rate out of the 
well and support it also to increase this clogging of well the 
head of water recharge, however, it has not the same effect 
of (T.S.S), the (T.S.S) have a big effect of clogging almost 75% 
from all clogging caused of (T.S.S) comparison with 
increased of the head of water recharge which causes the 
reduction of flow rate to 25% only from all clogging. 

All of these results will show it depend on clogging time of 
well, but before everything, we must explain the real 
meaning of clogging. The clogging of well does not mean that 
the flow rate out of water from the well to finally stop. If the 
flow rate finally stops, it means the well fails. But the real 
meaning of clogging is that it is a decrease of flow rate out 
through the operation period to reach the constant flow rate 

out. At this moment, the well can’t recharge more than water 
and flow rate in becoming bigger than flow rate out and then 
water recharge come back into the well and rising to reach 
the soil surface then we must stop the experiment and make 
the backwash process as what we have explained previously. 

Results of experiments at 6000ppm with different water 
head as shown in Fig 7 by studying these results, we can 
notice that the flow rate in this well was105.6 l/hr., 128.6 
l/hr. and 156.5l/hr., respectively water head 1.20 m, 1.35 m 
and 1.50 m and flow rate out from the well at the moment of 
start experiment was 80.5 l/hr., 96.5l/hr. and 118.26l/hr. 
respectively which means that this well losses 24%, 25% 
and 26% from its efficiency to reach to be able to receive 
water from the well. This period takes some minutes from 
flow in and flow water recharge through well, through the 
filter around well and through sandy soil absorption. 

This efficiency of flow rate out must be changed ever 
changes soil type and filter type. Through the following 
experiment, we measured the flow rate out every 15 min and 
recorded the value of flow rate out in tables as show in table 
2, in which we noticed that the flow rate out decreases every 
time due to suspended solids. 

Total suspended solid is dissolved into water recharge 
and entered into voids in sandy soil and spacing between 
particles of filter and fill the voids through time and then 
flow rate start to be decreased to reach in a constant case. 

 

Fig .7: Relation between Efficiency and T at constant 
head 1.20 m with variables (T.S.S) in sandy soil. 

The constant case means the constant flow rate of the well 
and flow rate in becoming bigger than flow rate out and well 
cannot receive any water recharge and water rising into well 
and flood to the surface of soil. The average of flow rates out 
through all time we get it was 57.6 l/hr., 69.12l/hr. and 
82.8l/hr. at 1.20 m, 1.35 m and 1.50 m, the time of well 
clogging was 150 min, 135 min and 135 min respectively. 

Results of experiments at 8000ppm with different water 
head as shown in Fig 8 in this case, we increase the 
concentration of (T.S.S) to (1.33 t.s. s1) and make same thing 
in this case measuring the average of flow rate and 
calculating the time of well clogging. The average of flow 
rates were 57.6 l/hr., 67.3 l/hr. and 75.6 l/hr., the time of 
well clogging were 135 min, 120 min, 120 min respectively. 
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We can notice that the average flow rate at 1.50 m in 6000 
ppm was 82.8 l/hr. and was 75.6 l/hr. in 8000ppm that 
means that the increasing of (T.S.S) concentration makes 
decreasing in flow rate by the time as shown in Fig 8. 

 

Fig .8: Relation between Efficiency and T at constant 
head 1.35 m with variables (T.S.S) in sandy soil. 

Results of experiments at 10000ppm with different water 
head as shown in fig 9, this is the last case of sand soil type. 
In this case, we increase the concentration of (T.S.S) to (1.67 
t.s. s1) and make same thing in this case measuring the 
average of flow rate and calculating the time of well clogging. 
The average of flow rates were 57.6 l/hr., 65.8 l/hr. and 69 
l/hr., the time of well clogging were 105 min, 90 min, 90 min 
respectively. We can notice that when we increase the 
concentration of (T.S.S) 67% clogging time decease from 135 
min to 90 min and average flow rate decrease from 82.8 l/hr. 
at 6000ppm to 69 l/hr. at 1000ppm at same head. 

fig .9: Relation between Efficiency and T at constant head 
1.50 m with variables (T.S.S) in sandy soil. 

 

Fig .10: Average efficiency of recharge well at variables 
head and variables (T.S.S) in sandy soil 

4.1 Comparison between results in sand soil. 

At head 1.20 m, 1.35 m and 1.50, we make the experiment 
in sandy soil with using of different concentration of (T.S.S) 
6000 ppm, 1.33 t.s. s1=8000ppm and 1.67 t.s. s1 =10000 
ppm. We can find that at head 1.50 m when we increase the 
concentration the flow rates out be decreased by the time, 
we choose to make comparison in three different times at 30 
min, 60 min and 90 min. As shown in Table 5, the flow rate 
was 93.56 l/hr. and then became 83.45 l/hr. and finally 
became 73.82 l/hr. at same concentrated 6000 ppm. Even 

we changed the concentration of t.s.s the efficiency of well 
also changed as shown.  

Taking into consideration, if we change the concentration 
1.33% at the same head, the average flow rate efficiency 
decreases to 61.2% as shown in table 2, with same way if we 
change the concentration of t.s.s to 1.67%, the average flow 
rate efficiency decreases to 48.4%. The decrease of flow rate 
efficiency means that decrease or constant of flow rate out 
and decrease of clogging well time. 

 

Table 2: Comparison between average efficiency due to 
change of (T.S.S) concentration at 1.50 m constant head in 

sand soil. 

 At the same idea we have different water head 1.20 
m and 1.35 m at same concentration give us more data about 
the efficiency of well and can get more information about the 
well performance and the time of back wash processing 

Back to theoretical approach by using rules of similarity 
with horizontal scale 1:14 and vertical scale 1:20, we can 
calculate the time of clogging well, if we have water head 
above of perforated opening 120 cm in model type equal to 
24 m in prototype and well diameter was 50 cm and water 
recharge contain dissolve (T.S.S) 6000ppm the well will 
clogged after 150 min in model equal to 11.18 hr. in 
prototype, if the (T.S.S) increases to (1.33 t.s.s1), the well will 
be clogged after 135 min equal to 10 hr. If the (T.S.S) 
increases to (1.167 t.s. s1), the well will be clogged after 105 
min equal to 8 hr. in which this result is shown in table 6. In 
addition, table 8 shows the real time of well clogging in 
prototype at different head 1.35 m, 1.50 m and explains the 
average flow rate should be gotten in prototype, where flow 
rate average is decrease ever increase (T.S.S) concentration 
from 87 m³/hr. to 84 m³/hr. and become 82 m³/hr.  

 Physical clogging well due to suspended solids depends 
on two important parameters; water head which controls 
the flow rate and exchange of (T.S.S) concentration. The first 
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parameter affects the clogging well by 20 – 30 % from all 
clogging occur in sandy soil. Table 8 shows the similarity of 
prototype with all real geometrical properties and flow 
properties and clogging time in sandy soil. 

 

Table 3: Similarity of clogging time between model and 
prototype at water head 1.20 m and variables (T.S.S) 

concentration in sand soil 

Fig 11 shows the flow out rate of recharge well for one-
meter length of screen at 6000 ppm and this curve can 
provide the designers and engineers to make the suitable 
length of screen to prevent using the pumps. 

 

Fig 12 and Fig 13 also shows the flow out rate of 
recharge well for one-meter length of screen at 8000 ppm 

and 10000ppm. 

 
Fig .11: Flow Rate Values for recharge well screen at 

6000 ppm 

 

Fig .12: Flow Rate Values for recharge well screen at 
8000 ppm 

 

Fig .13: Flow Rate Values for recharge well screen at 
10000 ppm 

5. Conclusions 

Based on the above investigation phases, the deduced 
conclusions are as follows: 

• The average flow out rate from recharge well for 
one meter-length of screen in sandy soil at water head 24m 
and (T.S.S) 6000 ppm is 16.75 m3/hr., the average flow out 
rate from recharge well at water head 27m and (T.S.S) 6000 
ppm is 20 m3/hr., and the average flow out rate from 
recharge well at water head 30m and (T.S.S) 6000 ppm is 24 
m3/hr. 

• The flow out rate efficiency in sandy soil of the 
beginning of recharge operation reaches 76% at head 1.20 
m, 75% at 1.35 m and 74% at 1.50 m. 

• In sandy soil at constant head if the (T.S.S) increased 
to 6000ppm the recharge well lost 25% from its efficiency, if 
the (T.S.S) increased to 8000 ppm the recharge well lost 29% 
and if the (T.S.S) increased to 10000ppm the recharge well 
lose 33%. 

• The time of well clogging in sandy soil at 6000 ppm 
mostly is 11.18 hr., 10.08 hr. at 8000 ppm and 7.83 hr. at 
10000 ppm at constant head 24m and then the back-wash 
processing must be started.  

• The backwash processing by using compressed air 
between 1:2 bar and by using water back flow for 10 min is 
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the most important factor to improve the performance of the 
wells due to operation and clears all the suspended solids 
that are found in the soil voids. 
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