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During the considering the problem in the bottomhole formation zone wellbore is consi-
dered as a surface with a constant reduced pressure. In work [12] it’s shown that such
assumption does not show a qualitative picture of the fluid flow in the bottomhole zone.

To construct an accurate mathematical model it’s necessary to use Navier-Stokes
equation for the interior of a vertical wellbore, and the filtration law for modeling the filtration
in the reservoir. Strictly speaking, it would have had to sew two laws on the contact surface of
a rock and filter. Such review requires enormous computing, as far as computational grid must
be sufficiently thick to cover the interior of the wellbore [1].

Therefore, the fluid flow in the wellbore is approximately regarded as filtering in a ficti-
tious porous medium with an apparent permeability k1, which allows using filtration law at
the bottomhole zone instead of the Navier-Stokes equation. In practice, the value of k1 is
determined by many factors (type of construction of the filter, its porosity, the shape of the
perforations, etc., Fig. 1).
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The law of fluid motion in the wellbore is defined by following relation

( )
dP

f u
dz

= − (1)

where f(u) – given function, satisfying the condition f (0) = 0. For the function f (u)
 
it’s possi-

ble to use linear, binomial or power-law motion according to the intensity of well work [1].
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Let’s consider the fluid flow to the well with multistage scheme of filters setting (Fig. 2).
The law of motion in the wellbore will be taken on the law (1), and it is considered that the
movement in the wellbore obeys a linear law and

2
( )

u
f u

k

μ= (2)

where:
μ – liquid viscosity,

k2 – fictitious permeability in the wellbore,
u – is vertical speed in the wellbore.

Radial inflow of fluid to the well filter is defined by Dupuit formula.

012

ln

w

c

P Pk h
Q

R

r

⎛ ⎞
⎜ ⎟

−π ⎜ ⎟= ⎜ ⎟μ ⎛ ⎞⎜ ⎟⎜ ⎟⎜ ⎟⎝ ⎠⎝ ⎠

(3)

where:
k1 – rock permeability,
P0 – pressure on external boundary (reservoir pressure),
Pw – pressure on the well,

R – radius of external boundary,
rc – well radius,
h – seam thickness.

The flow in the bore between the planes z and z + dz is considering. From (3) it’s obtain
the fluid flow to the lateral surface of the well (Fig. 3).
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c

P P zk dz
dq z

R

r

⎛ ⎞
⎜ ⎟

−π ⎜ ⎟= ⎜ ⎟μ ⎛ ⎞⎜ ⎟⎜ ⎟⎜ ⎟⎝ ⎠⎝ ⎠

(4)

here P(z)– reduced pressure along the well altitude. From the mass conservation law it’s clear
that the amount of flow passing through the lateral surface of the volume and through
a section of z should be equal to the flow through the cross section z + dz. In case of the well
zones, where no filters, we will not consider the radial flow to the well, but only flow within the
channel is considered, i.e. set dq = 0 (Fig. 4).
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From the mass conservation law it’s obtained

2 2

2 2

( ) ( ) ( ), for a zone with filter,

( ) ( ), for a zone without filter,

c c

c c

r u z dz dq z r u z

r u z dz r u z

⎧π + = + π
⎪
⎨
⎪π + = π⎩

(5)

or

2

( )
( ) ( ) , for a zone with filter,

( ) ( ) 0, for a zone without filter.

c

dq z
u z dz u z

r

u z dz u z

⎧ + − =⎪⎪ π⎨
⎪
⎪ + − =⎩

(6)
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Since the law of motion in the wellbore is defined through the relation (1),

( )
( ( ))

dP z dz
f u z dz

dz

+ = − + (7)

Subtracting from (7) the relevant parts of (1), it’s obtained

[ ]( ) ( )
( ( )) ( )

dP z dz dP z
f u z dz fu z dz

dz dz

+ − = − + − + (8)

The equation (8) is rewrote in the form

[ ][ ]( ( )) ( )( ) ( )
( ) ( )

( ) ( )

f u z dz fu z dzdP z dz dP z
u z dz u z dz

dz dz u z dz u z dz

+ − ++ − = − + − +
+ − +

(9)

applying Lagrange’s theorem, and dz → 0 then we get

2

2 2

2

2

( ) ( )
( ), for a zone with filter,

( )
0, for a zone without filter.

c

d P z q z
f u

dz r

d P z

dz

⎧ ⎡ ⎤
′⎪ = − ⎢ ⎥

⎪ π⎢ ⎥⎣ ⎦⎪
⎨
⎪
⎪ =⎪⎩

(10)

Here, the derivatives on the right side of the equation are taken with respect to u.
Equation (10) describes the motion of the fluid along the bore, with the assumption that the
radial flow inside the bore can be neglected. If we define the function f(u) in the form (2), then
from (10) and (4) it’s obtained
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( )2( )
, for a zone with filter,

ln

( )
0, for a zone without filter.

c

c

P P zkd P z
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⎧ ⎛ ⎞
⎪ ⎜ ⎟

−⎪ ⎜ ⎟= −⎨ ⎜ ⎟⎛ ⎞⎪ ⎜ ⎟⎜ ⎟⎜ ⎟⎪ ⎝ ⎠⎝ ⎠⎩

=

(11)

The system equation (11) takes into account the motion of the fluid within the wellbore,
the radial flow to the well, the pressure distribution within the well on height and heterogeneity
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on setting the filters. In addition, the solution of this problem can be applied as a boundary
condition for the 3D case, as far as the inflow to the well taken into account by the Dupuit
formula. The k2 – can be varied in section of the well, where the filters is located. In this case,
we take k2 = const over the entire height of the well.

The boundary conditions for (11) will be a condition on the reservoir roof z = b and on
the bottom z = 0, and we write

cz bP P= =    �   
0

0
z

dP

dz =
= (12)

The solution of (11), (12) can be obtained using software for the solution of systems of
ordinary differential equations or directly numerically solving.

The flow to the well with multi-stage planted filter in the reservoir with a seam thickness
b = 28m is considered. Filters are defined on the heights  z ∈ [5m; 11m] and z ∈ [17m; 21m], and
the coordinate z directed vertically upwards. In this case the system (11) as follows

[ ] [ ]

[ ] [ ]

2
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2

2
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( )2( )
, at 5 ;11 or 17 ;21 ,

ln
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0, at 5 ;11 or 17 ;21 .
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(13)

with boundary conditions cz bP P= =  and  
0

0.
z

dP

dz =
=

After solving the problem (13) the pressure distribution on well height is obtained, then
using (4) flow rate can be find at each level of z.

Results of the solution of (13) is presented at different ratios and coefficients k1 and k2.
The graphics are shown for the flow rate q(z) for the case when filters are set through

the production zone and for the multilevel setting at various ratios of filtration coefficients
(Fig. 5–8).

Figure 9 shows a qualitative comparison of the calculation results with the data from the
industrial experiment. Green curve shows the flow rate q(z) at multi-stage filter set, red curve
for fully filter along the height of z.

Problem has been treated in a cylindrical coordinate system. Like the previous pro-
blem well is modeled as a medium with an apparent permeability, depending on the porosity
of the filter.
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Fluid filtration in porous media with certain permeability is considering. Using Darcy law
and conservation law these processes are described by the following equations



�7

0
K

div grad p
⎛ ⎞ =⎜ ⎟μ⎝ ⎠

(14)

K
V grad p= −

μ

�

(15)

with boundary conditions

00,
S

S

p
p p gz

n

∂ = = + ρ
∂

(16)

where p – hydraulic head in reservoir;

m
r m

C
C C

t

∂
= −βθ

∂
(17)

( ) ( )0
1

1

n
r

r r m r i r i
i

C
div DgradC Vgrad C C C q C x x

t =

∂θ
= θ − θ − ν βθ + δ −

∂ ∑
�

� � (18)

( )2
1

( )
n

p
p p m r i p i

i

C
div DgradC Vgrad C C C q C x x

t =

∂θ
= θ − θ + ν βθ − δ −

∂ ∑
�

� �

(19)

where:

1 2, ,r m p mR M P M Kν = ν ν ν = ν ν – permeability coefficient,
H – head pressure,
V
�

– filtration rate,
Cm – concentration of uranium in solid phase,
Cr – initial content of mineral in layer,

– concentration of sulfuric acid in solution,
0
rC – concentration of reactant on injection well,
C – concentration of useful element (uranium)

in solution,
q – debit of well (q < 0 for extraction well, q > 0

for inject well),
θ – porosity of layer,
β – coefficient, characterizing reaction rate,
D – hydrodynamic dispersion coefficient.

Transfer equations of reagent concentration in liquid phase (18), useful element con-
centration in solid phase (17), and its transition to liquid phase (19) are solved together by
Crank-Nicolson scheme at initial and boundary conditions
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∂ ∂ ∂
= = =

∂ ∂ ∂

∂ ∂ ∂
= = =

∂ ∂ ∂

(20)

The scheme of well locations is shown in Figure 10. Owing to the symmetry calculation
is realized for block of deposit, consisting of three wells: two injection and one extraction. The
results of calculation for the pressure and concentration distribution are shown in Fig. 11–15.
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Due to the value increase of non-renewable mineral resources and the rapid growth of
cost of wells repair in around the world pay special attention to the correct initial well comple-
tion. Maximum reliability and productivity have an especially importance for wells located in
hard-to-reach places (sand, sand dunes). To achieve reliably and well productivity is particu-
larly difficult where the reservoir sands are not cemented or otherwise, tend to destruction.
Mechanism of carrying out of the sand is unusually complex, and it turns out influence each
well completion operation (from primary drilling of layer to develop the wells for sampling or
injection).

In connection with this, mathematical model is built and computer program to calculate
the hydrodynamic efficient of well set with possibility of seepage control.

The results of calculations show that the distribution of flow (inflow) on well height is
not uniform. In the calculations the well accepted as high-permeability channel, depending on
the construction of the filter (porosity and shape of the perforations). Coefficient of fictious
permeability has a strong influence on the flow of liquid to the well (see Fig. 5–8). Calculations
of second section were carried out for a single well, and it is easily applied to solve three-
dimensional problem with three wells in the following section (third section).

Based on the results of the solution of this problem, it can be concluded that in case of
stagnation of the lower zone of the well it is appropriate to apply the multi-stage setting
of filters, as the usage of such filters in stagnation zone it’s appeared non-zero radial flow.
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