
Paper number: 15(2017)3, 431, 208 - 211   doi:10.5937/jaes15-14644

A METHOD OF CALCULATING FILTRATION RATE 
OF AN INFILTRATION WATER INTAKE  

IN KURSK REGION
Vladimir Viktorovich Bredihin*
Southwest State University, Kursk, Russia
Alexander Anatolyevich Akulshin
Southwest State University, Kursk, Russia
Natalia Vladimirovna Bredihina
Southwest State University, Kursk, Russia
Valeria Sergeevna Pereverzeva
Southwest State University, Kursk, Russia

Original Scientific Paper

* Southwest University, Kursk, 50 лет Октября ул., 94, Кursk, Курская обл., Russia, 305040;
   bvv001@mail.ru

The paper describes a method to calculate filtration rates that can be used to find equipment with 
best performance considering the well specific features.   The method is presented by using an ex-
ample of an infiltration intake in Kursk (Black Soil Region, Russia).   The paper contains the formula 
to calculate filtration rates of various grounds for different well types located in different hydrological 
and hydrogeological areas. The applied equations are built on Dupuit equations.  
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INTRODUCTION

Geological and economic factors of groundwater 
exploration and development are determined by 
hydrologic situation in the groundwater deposit 
area and engineering conditions of its exploita-
tion such as groundwater occurrence depth, 
water-bearing rock characteristics, discharge of 
wells, water level drop in the process of their ex-
ploitation, etc.    
Filtration flow rate   Q is related through its cross-
section area ώ with head gradient  i  by linear 
dependence:                                      
Q= K ώ i (1) 

Having introduced the notion of filtration V rate       
as the flow rate of water running through the flow 
cross-section unit area we can find:       

(2) 

Hence it is possible to find the filtration ratio val-
ue as the filtration speed with the  head gradient   
i= 1 . If we study the filtration process in liquids 
with different fluid dynamic properties, we should 
apply the notion of permeability ratio, Kn . 
Permeability is the ability of a rock to be pervious 
for water under pressure.     

(3) 

Where Q – the flow rate of a liquid; Р – is the 
flow cross-section area; Kn - permeability ratio;  µ 
- fluid viscosity; dP/dx – barometric gradient.
Permeability is a feature of a porous medium 
and does not depend on the properties of filtered 
liquids.  
Filtration ratio KF, unlike the permeability ratio 
characterizes the properties of water-permeable 
rocks depending on the properties of influent liq-
uids. The correlation between the filtration ratio 
and permeability ratio is expressed by the rela-
tionship:

(4) 

Where Ya – is water density.
In the system of physical quantities the dimen-
sion Кn is expressed in square centimeters.   
However a more commonly used unit is darcy 
(1d=1.02∙10-8см2). For water the permeability of 
1d approximately corresponds to the filtration ra-
tio of 1m/day.
According to G. Kamensky and some other re-
searchers filtration linear law can be   applied 
not only to fine-grain and coarse-grain sands, 
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but also to mixed sand-and-shingle formations 
with sufficiently practicable accuracy.

THE METHOD OF DETERMINING  
THE COEFFICIENTS OF THE FILTRATION   

The investigated water intake is located to the 
north of Kursk (Black Soil Region in Russia) in 
the flood land of the river Seim.   Production wa-
ter-bearing bed consists of anisomerous silica 
sands of fluvial sediments  and Albian stage sed-
iments. The magnitude of water bed is about   27 
m. Prospecting works have shown that the water 
bed is unconfined. It is located at a depth of 3 to 
8 m below the land surface.  
As is known a water intake facility of should be 
designed and operated taking account such wa-
ter bed property as its permeability.  If the soil 
permeability decreases, productive water yield 
also goes down.  
In order to find filtration rate of productive water 
beds we used Dupuit equations (the dependen-
cy of water well yield on the parameters of the 
operating waterbearing bed)   [01, 08, 09]. For 
perfect wells they will look like:

for the ones supplied from non-confined 
ground waters:  

•

(5)

for the ones supplied from confined ground 
waters  

•

(6)

where  Q - is the well yield, m3/day; KF – filtration 
rate of the ground of productive waterbearing 
bed, m/day; Н – the magnitude of  ground wa-
terbearing source, m; m – the magnitude of the 
artesian aquifer, m; S – water level drop below 
its static level in the well, m; R – drainage area 
radius, m; r0 – well hydraulic area radius, m.
Having processed the ground sampling data ob-
tained from waterbearing beds with subsequent 
mathematical transformations of the Dupuit equa-
tion, we got the following formulas to find the filtra-
tion rates for different hydrological and hydrogeo-
logical conditions in Kursk [02, 03, 06, 07]. 

To calculate filtration  rate of  a  single im-
perfect well  sunk in a confined  finite bed 
(L/m>0.1) we used Dupuit formula the cor-
rection for imperfection:

1.

(7)

where Rп – is drainage area radius, m; ξ – is the 
magnitude of filtration resistance considering the 
well imperfection and is found from the table de-
pending on the relationship between the length 
of the filtering section (l) to the magnitude of the 
water bearing bed (m) and the relation of the wa-
ter bearing bed magnitude to the well radius (z); 
S0 – water level drop in the well, m.
The reduced drainage area radius is found 
in the following way:  
а) If the well is located close to the watercourse:  
Rn=2a

where α – is the distance between  the well and 
the watercourse, m;
b) if the well is located far from the watercourse:  

 
where а – is pressure conductivity factor, m2/day; 
t – extraction time, days.   

Filtration rate of single imperfect wells sunk 
in a non-confined finite water bearing bed  
was calculated by Dupuit  formula   with cor-
rection for imperfection:  

2.

(8)

The notation is the same.   
During cluster pumping tests of imperfect 
wells   located in a finite reservoir filtration 
rate was calculated by   Dupuit formula with 
the correction for imperfection.   

  3.1 With confined waters:
the central well rate was calculated by for-
mula  5, and 
for two observation wells it was:

3.

a)

b)
(9)

Where  r1, r2 – are the distances to the first and 
the second observation wells, m; ξ1, ξ2 – the val-
ues of filtration resistance considering the imper-
fection of the first and  the second observation 
wells.  
3.2 With non-confined waters:
а) the central well rate was calculated by formula   
4, and b) for two observation wells it was:
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(10)

For single perfect wells sunk in a confined 
bed:  

4.

(11)

For single perfect wells sunk in a  
non-confined bed:  

5.

(12)

To find the  filtration rate of  poor wells by 
using the   results of  well filling and slug-out 
tests we  Babushkin-Shestakov formula was 
used  [04, 05]:

6.

(13)

where ao depends on the location of  the filter.   
Simultaneously with calculating the filtration rate 
by formulas 7, 8, 9, 10, 11 and 12  filtration rate 
check calculations were performed consider-
ing the results of water level recovery after the 
end of water extraction. To do it temporal trac-
ing charts were plotted based on time logarithm   
and filtration rate was calculated by the following 
formulas:  
     6.1 For confined waters:  

(14)

(15)

(16)

(17)

С – is the slope ratio  found by the formula:  
      6.2 For non-confined waters:

As the outcome of check calculations about   
75% of the results yielded a visible feedback (the 
deviation did not exceed 15%).
To determine the filtration rate of a recent swampy 
waterbearing bed the calculations were based 
on the results of cluster pumping and slug-out 

tests run in open holes.  Filtration rates were cal-
culated by transient motion formulas considering 
the perfection rate of the wells.  

To find the filtration rate for cluster perfect 
wells sunk in a non-confined bed, the follow-
ing formulas were used:  
the central well rate was calculated by for-
mula 12; and 
for two observation wells  by the formula:   

7.

a)

b)

(18)

Filtration rates were generally found by   Dupuit  
formula with Verigin’s imperfection correlation 
data:

To find the  filtration rate of a single imperfect 
well located close to a river, the following for-
mulas were used:  

 а) for non-confinement condition:  

8.

(19)

 b) for confined – free-flow conditions:  

(20)

  c) for confined conditions:

(21)

where in the formula for a confined – free-flow 
water bearing bed H – is initial water height mea-
sured from its static level and down to the water 
bed base; h – water height measured from its dy-
namic level and down to the water bed base, m; 
b – the distance between the wells and river, m.  

CONCLUSION

The proposed method of finding the filtration rate 
can help to determine water wells with the most 
optimal equipment for specific water beds.
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