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MODELING OF DRILLING WATER SUPPLY WELLS
WITH AIRLIFT REVERSE FLUSH AGENT CIRCULATION

Purpose. Determination of the influence of mining and geological conditions of drilling hydrogeological wells with backwash
on the technological parameters of the airlift method of cleaning it from drilled rock and the properties of the ascending flow of
aerated washing liquids.

Methodology. The tasks were solved by a complex research method, including analysis and generalization of literary and patent
sources, analytical, experimental studies, using computer and mathematical modeling methods.

Findings. An algorithm for the functioning of the airlift circulation method during rotary drilling with backwash has been de-
veloped. The algorithm takes into account: hydrostatic and hydrodynamic pressures, and the effect on them of the rate of drilling
of the well; the effect of the sludge content in the upstream. The effective values of the airflow rate, the density of the water-air
mixture and the velocity of its upward flow are established. A method for estimating the effective values of technological parame-
ters and their changes in the upward flow of the mixture is proposed. A model has been developed that allows analyzing the depen-
dences of the air flow rate, the density of the mixture and the rate of its ascent on the parameters of the well being drilled. The
model is applied to typical drilling conditions of a large-diameter water intake well at the Samskoye groundwater deposit on the
Mangystau peninsula.

Originality. A mathematical algorithm has been developed for the functioning of the airlift backwash method when drilling
large-diameter water intake wells. The method is based on the analysis of the pressure balance in the descending and ascending
flows of the washing agent. For the case of backwash, a formula for estimating the content of sludge in it was obtained. A method
has been developed for determining the average effective density of the mixture in terms of the height of the well, as well as the air
content in it. Based on the average effective values, a method is proposed for estimating changes in the density of the mixture, its
flow rate and velocity along the upward flow.

Practical value. The proposed algorithm is the basis of a computer model that allows you to determine the dependences of the
values of the density of the mixture, the content of air and sludge in it and the rate of ascent, from the depth of the well, the depth of
the mixer descent, the speed of deepening, the specified velocity of the upward fluid flow, as well as the diameters of the well and drill
pipes. Specific modeling results have been obtained in relation to the Samskoye groundwater deposit of the Mangystau peninsula.
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Introduction. Water resources play a crucial role in the
economy of any country. An essential resource is groundwater
extracted from drilling wells. In the end, their source is most
often climatic precipitation, which moves through the pores of
underground permeable horizons. Due to filtration, ground-
water is usually characterized by higher consumer properties.

Literature review. The problem of the development and
protection of the underground waters of the planet Earth is in
the focus of attention of special UN organizations and many
countries [1, 2].

There is a shortage of water resources in the Republic of
Kazakhstan. A significant part of the territory of the Republic
of Kazakhstan contains vast areas of deserts and semi-deserts,
characterized by rare precipitation and underdeveloped river
networks. The surface is sometimes covered with salt deposits,
and the groundwater close to it is highly mineralized. These
problems are typical for the Mangystau peninsula, where large
hydrocarbon deposits are concentrated.

Since the sixties, exploration work has been carried out
here, which made it possible to discover a number of under-
ground water deposits suitable for development. A typical de-
posit is the Kama deposit. It has a total area of 1500 km? and is
composed of quaternary sediments of the North Ustyurt
trough. Water-containing formations have the form of lenses
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of various shapes and sizes. Fine-grained sands with small ad-
mixtures of medium and fine-grained sands represent them.
The field has been in operation since 1970. A number of wells
have been drilled, both manually and with UGB-50 drilling
rigs. These wells are characterized by a low flow rate; their
depth rarely exceeds 50 m, and their diameter is 150 mm.

According to the recent materials 3], the total water with-
drawal of the Samskoye deposit did not exceed 18 % of the ex-
plored groundwater reserves. However, the problem of water
supply to the local oil production center — the city of
Zhanaozen is still acute. There is a pipeline supplied with fresh
water from the Volga delta, but its performance is inconve-
nient, and does not fully meet the needs. For drinking, the
population uses water located close to the surface with a min-
eralization of more than 1 g/liter.

The reason for the low use of open groundwater reserves is
the low productivity of drilled wells. The water is located in san-
dy strata with an average filtration coefficient of only 6.5 m/day,
and the flow rate of existing wells with a diameter of 150 and even
190 mm does not solve the local problems.

According to the available literature data [4], in these condi-
tions, an increase in the volume of groundwater extraction can be
achieved by drilling water intake wells with a diameter of 500—
1500 mm by flushing with industrial water carried out in the re-
verse way — with an upward flow moving along the drill string.

The sharply increased diameter of the well gives not only a
large filtration area and a corresponding increase in flow rate,
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but also contributes to the installation of a powerful gravel fil-
ter that provides high-quality water purification, and a signifi-
cant increase in the inter-repair life of the well [5, 6].

During the backwash, the speed of the ascending water
flow is in the range from 1 to 3 m/s. These are several achiev-
able speeds when drilling with direct circulation [7]. High up-
stream speeds guarantee complete cleaning of the face from
sludge particles, which significantly increases the speed of
deepening [8].

Backwash is created in one of two ways [4]: by suction of
the washing liquid from the annular space of the well using a
centrifugal pump (back-suction method); by reducing the
density of the updraft in the drill string due to its aeration (air-
lift method).

In the first method, the vacuum created during suction
cannot exceed atmospheric pressure in magnitude. The vacu-
um that a centrifugal pump can create is much less than atmo-
spheric pressure. Therefore, in order to restore circulation af-
ter its technologically necessary interruptions, a special vacu-
um pump is also used. It raises the liquid to the upper position
of the swivel, from where it merges. It fills the working cen-
trifugal pump, which allows it to resume circulation. The use
of atmospheric pressure as a circulation drive limits the maxi-
mum depth and the maximum speed of deepening.

The second method is associated with the complexity of
the drill string design due to the need to include a compressed
air supply channel in its composition, as well as one or more
mixers. However, unlike the first method, this method does
not have limitations caused by such independent physical fac-
tors as atmospheric pressure. The drilling depth and its speed
here depend on the power of the compressor used.

Taking into account the above, it is advisable to drill large-
diameter water intake wells at the Samskoye field using the air-
lift method of reverse circulation of the washing liquid, which
requires studying the technological features of this method in
relation to local conditions.

The purpose of the study is: determination of the influence
of mining and geological conditions of drilling hydrogeologi-
cal wells with backwash on the technological parameters of the
airlift method for cleaning it from drilled rock and the proper-
ties of the ascending flow of aerated washing liquids.

Problem statement. Based on the analysis of the presented
information, the obtained dependence of the above values on
the following factors: drilling depth; mixer descent depth; the
speed of the recess; the speed of the upward fluid flow; the di-
ameter of the well; the diameter of the drill string; air flow, the
density of the mixture and its velocity along the upward flow.

At the same time, the following were created: mathematical
description of the process of reverse circulation of the washing
agent; computer models of the reverse circulation process; rec-
ommendations for determining the values of technological pa-
rameters for drilling large-diameter water intake wells at the
Samskoye field. In addition, the research tasks have been solved
in relation to the conditions of the Siam deposit.

Methods. Development of a computer model of the re-
verse circulation process. Based on the theoretical provisions
outlined above, a computer model of the airlift method of re-
verse circulation of the washing liquid has been created
(Fig. 1).

The parameters of the drilling process are fed to the model
input, and in addition, the technological parameters of the
model itself.

In the calculation block, the entered parameters are trans-
formed into the desired output values. Initially, the values are
calculated, which do not change in the future (outside the cy-
clical value). This is followed by two nested program cycles.

The task of the external cycle is to establish the depen-
dence of the output values on this investigated parameter A of
the drilling well. This parameter is changed according to the
formula

A(D)=A0) +dA - i, (1)
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Fig. 1. Block diagram of a computer model

where 7 is the cycle number (step number); A(0) is initial (i = 0)
parameter value A; dA is a step of its change. The required val-
ues of these magnitudes are fed to the model input along with
the number of steps n. When the value of the mixture velocity
UM is required during the external cycle, the transition to the
internal cycle occurs.

In the internal cycle, the flow rate of the water-air mixture
Uy, as well as the associated output parameters p,;, O, Q) iS
determined by iterations. An arbitrary value is supplied to the
input Uy, (0), its acceptable mistake 5, and the largest number
of m passes. The block of the inner loop contains a condition
under which the loop is terminated and its results are transmit-
ted to the outer loop, which continues. Thus, the external cy-
cle, with each of its passage, begins with the calculation of
uncorrectable (unrelated to U,,) quantities, and then it is inter-
rupted by an internal loop and, after its completion, continues
printing the results, including U,,-based output parameters.

All calculations on the model were carried out with magni-
tudes whose values were set in the SI system of units. However,
when demonstrated in tables and graphs, extra-system values
were used for the convenience of placing and perceiving nu-
merical values.

Research results and their analysis. Establishment of typical
values of parameters for drilling large-diameter water intake wells
at the Samskoye field. The considered technique was used to
study the drilling of water intake wells at the Samskoye field
located on the Mangystau peninsula, where the water is lo-
cated in sands with low water content. Drilling large-diameter
water intake wells with backwash will be very effective here.
For calculations on the model, typical drilling conditions at
the field are accepted, presented in Table 1. Below, using the
developed model, the dependences of the output parameters
on the drilling parameters are constructed.

Some blocks of the model contain data common to all de-
pendencies. These are the parameters of a typical well accord-
ing to Table 1.
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Table 1
Drilling parameters of a typical well

Table 4
Dependence of output parameters on the depth of wells

Name of the parameter Unit Value H, | Pso, | Pry=Pso+Ppny| Pwmo (S Owm,s UNS
Drilling depth, H m 200 m | atm atm kg/m? | m*/min | m®/min | m/s
Mixer loading depth, L [8] m H-2 30 | 2.94 0.38 577 1.595 3.773 | 4.333
Drilling diameter, D mm 300 60 | 5.89 0.66 697 0.945 3.123 3.585
Drilling column diameters: external/internal, mm | 146/136 %0 | 883 0.94 744 0.749 2927 | 3.360
dy/d; 120 | 11.77 1.22 769 0.654 2.832 | 3.250
The height of lifting the mixture above the m 10 150 | 14.72 1.50 784 0.597 2.775 3.189
surface, 180 | 17.66 1.79 795 | 0560 | 2738 | 3.143
The speed of the rising water flow, Uy, m/s 2.5 210 | 20.60 208 303 0,534 2712 313
Drilling speed, Up mh |1 240 | 23.54 2.36 808 | 0.514 | 2692 | 3.091
; 3
Water density, pw ke/m” | 1000 270 | 26.49 2.64 813 | 0499 | 2.677 | 3.073
Dynamic viscosity of water [4] Pa's | 0.0001 300 | 29.43 292 317 0.487 2665 | 3.059
Rock density, pg kg/m? | 2600
Qa. [5¥8 Unm.
The results of off-cycle calculations are also common. w¥min | kg/m? ws
In further calculations, the values indicated in Tables 1 and 18 860 5.0
2 are used only if they are necessary to establish this consid-
ered dependence. The remaining values, being entered (Ta- L B e ] 4.8
blel), or calculated (Table 2), may in this particular case re- \ //
main unused. R B v v
The values on which the dependence is established are not \\ /
taken from Tables 1 and 2, but are specified separately, in ac- L B hid
cordance with the (1). \\ /
When all dependencies are established, the internal cycle is 1 70 -0
built based on the parameters given in Table 3. v 1e
Solving research problems in relation to the conditions of the 081 o \
Samskoye field. Dependence of output values on the depth of the 0 . / S 1
well. In Table 1, a well with a depth of 200 m is proposed as a ' ~~——_]
typical well. However, when determining the dependence of o o0 / \ T ”
the output parameters on the depth, in order to conduct an ' 1 \
analysis for the extreme case, the considered depth of the well 02 su0 1
is extended to 300 m. ’ \\
In Table 4 and in Fig. 2 it can be seen how with increasing of s U |30
depth and hydrostatic pressure, the volumetric airflow rate Q, 0 60 120 180 240 300 H.m

drops sharply. The flow rates of the air-water mixture Q,, ex-
ceed Q, by 2.178 m*/min.

Fig. 2. The dependence of the average effective values of the
mixture density py,, its rate of rise Uy, and air flow Q4 on

the depth H
Table 2 v
Off-cycle computing This is a given (Table 2) water flow, which, unlike airflow,
N o Oni Val is constant and does not depend on depth. The rate of increase
ame of the parameter mt aue in density p,, is the same as the rate of decrease in its con-
Through section of the drill pipe, F; m? 0.0145 sumption Q.
Flushing water consumption, Oy, m'/s | 0.0363 The 1Fe.rat10n proqedure isgivenin Table 5. Inaddition to the
U,, velocities, their differences AU are given here compared to
The Reynolds Criterion, Ry 3.4-10°
Coefficient of hydraulic resistances, A 0.019 Table 5
Hydrostatic downhole pressure, Pg, atm 19.620 Example of setting the speed of the U, mixture in m/s
P 3
Density increase due to sludge, Ar kg/m %2 Iteration number (passing the internal cycle)
Hydrostatic component of sludge pressure, Pg, | atm 1.901 Depth, 1 2 3 4 5
m
Its hydrodynamic component, Py, atm 0.085 Uy | Ag | Uy | Ay | Uy | Ay | Uy | Ay | Uy | Ay
30 I o ~ < © oy =) < o I3
o o Ve N=) et Ya) A — o o
N <t (o] N o (=) o o o (=]
Table 3 |l =S| F|S| || <]
Internal Cycle Parameters 120 2 5 § § E o § § ﬁ §
o S o S ) S ) S ) S
Name of the parameter Unit | Value 210 | ~ -
- ) , s Y28zl 8
The initial value of the mixture velocity, U,;,(0) m/s 2.5 e \ - = = | 2 — S — <
o (=) o (=) o (=) o (=) o (=)
Its maximum allowable error, & m/s | 0.005 300 o © — w ) o~ =y — =N =)
Q|88 |&8|1&8|8|1&8|8|&]|8
Maximum number of cycle passes, m 10 ~ s - = - = - = - =
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the previous passage. It can be seen how with each passage these
differences fall and for all depths except 30 m, they become less
than 6 =0.005 (Table 3) already at the fourth iteration.

Changing the output data in the course of the upstream. In
Table 6, the depths of wells from Table 5 are considered as the
lower bounds of ten intervals of one 300-meter well. To calcu-
late the interval values of the output parameters of this well
using the formula, the average effective values for ten wells
were used.

In Table 6 and Fig. 3, both p,, and p,, (mean-effective
and interval density values) increase with depth, but interval
values increase more intensively. The fact is that, unlike the
average effective values, the low densities of the upper intervals
do not affect them.

According to Table 1, the most effective position of the
mixer corresponds to the full depth of the well minus 2 m — in
order to avoid turning the compressed air into the annular

Table 6

Comparison of average effective and interval values of output
parameters of airlift circulation

= g o =
. i = g E g
g g g o - 7] L
5|2l 2| | | E| & €
o e T e T T I I -
S I I S I S S S S
30 | 577 | 577 | 1.597 | 1.597 | 3.773 | 3.773 | 4.333 | 4.333

60 | 697 | 818 | 0.945 | 0.486 | 3.123 | 2.664 | 3.585 | 3.058
90 | 744 | 838 | 0.749 | 0.421 | 2.927 | 2.599 | 3.360 | 2.984
120 | 769 | 844 | 0.654 | 0.402 | 2.832 | 2.580 | 3.250 | 2.961
150 | 784 | 847 | 0.597 | 0.393 | 2.775 | 2.571 | 3.186 | 2.952
180 | 795 | 848 | 0.560 | 0.389 | 2.738 | 2.567 | 3.143 | 2.946
210 | 803 | 849 | 0.534 | 0.386 | 2.712 | 2.564 | 3.113 | 2.943
240 | 808 | 850 | 0.514 | 0.385 | 2.692 | 2.563 | 3.091 | 2.942
270 | 813 | 850 | 0.499 | 0.383 | 2.677 | 2.561 | 3.073 | 2.940
300 | 817 | 851 | 0.487 | 0.383 | 2.665 | 2.561 | 3.059 | 2.939

Dependence of the output parameters on the depth of the mixer.

Qa- P
mi/mun | kgim3
18 860
| P
16 820 /
\ ( / 1"
14 780 e
12 740 /
1,0 700 m
08 660 N \\
06 620 / I~
ha
\
y o,
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0,2 S4L0
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Fig. 3. Comparison of the average effective p, and Q, (as in
Fig. 3) and the interval values of the density of the mixture
of pua and air flow Q

space. This requirement was observed above when considering
the dependence on the depth of the well and below for all oth-
er dependencies except for the one considered in this. It is
known [8] that in some cases a higher location of the mixer
provides an increase in the possible depth of the well.

It follows from Table 7 that the descent of the mixer to
depths of 20 and 40 m is practically impossible. The values of
Pgp, Pppand Py, are subtracted from the hydrostatic pressure
Py, of water in the annulus at the mixer level. In the top row of
the table, we have negative values of the difference, which is
physically impossible. In the second line, the difference men-
tioned is very small and an unrealistically high air content in
the mixture is required to create an upward flow.

The analysis of Table 8 and Fig. 4 shows that with a de-
crease in the depth of the mixer descent, the density of the
mixture decreases in the form of a curve gaining steepness, and
the air consumption increases in a similar way.

The results of processing input data on a computer model
are presented in Table 8 and Fig. 5. It can be seen from the data
in Table 10 that the increase in the density of the ascending
water flow AF'is proportional to the drilling speed U)p, accord-
ing to which Up multiplies as if by a constant coefficient (all
other terms of the formula remain unchanged). According to
column 2, the calculated Uj, values increased stepwise from 5
to 35 m/h, i.e. 7 times. In the 3" column of the table, the cor-
responding ratio is given of the maximum and minimum val-
ues of Ag: 215/31 = 6.94 (the deviation from 7 is caused by
rounding).

Table 8 and Fig. 6 show the dependence of the output pa-
rameters on the specified speed of the upward flow of oxen.

It can be seen from Table 9 that the increase in the density
of the ascending water flow AF is proportional to the drilling

Table 7

Dependence of the average effective values of the airlift
circulation parameters on the depth of the mixer

L, Py, Ppp, P Oy, Oums Uns
m atm atm | kg/m® | m*/min | m?/min m/s
20 1.96 0.79 | -17.08 -124 -122 —-140
40 3.92 0.70 5.66 382 384 441

60 5.89 0.61 358 3.90 6.08 6.98
80 7.85 0.52 519 2.02 4.19 4.81
100 9.81 0.44 612 1.38 3.96 4.08
120 11.77 0.35 674 1.05 3.23 3.71
140 13.93 0.26 719 0.85 3.03 3.48
160 15.70 0.17 753 0.72 2.89 3.32
180 17.66 0.09 779 0.62 2.80 3.21
200 19.62 0.00 800 0.54 2.72 3.12

Table &

Dependence of the average effective values of the airlift
circulation parameters on the speed of deepening

UD:, Ap, Pg,, Py, P> Oy Ous Uy,
m/h | kg/m?® | atm | atm | kg/m?® | m’/min | m*/min | m/s

5 31 0.63 | 0.03 | 869 0.33 2.51 2.88
10 62 1.27 | 0.06 | 835 0.43 2.61 2.99

15 92 1.90 | 0.08 800 0.54 2.72 3.12

20 123 | 2.53 | 0.11 766 0.67 2.84 3.26

25 154. | 3.17 | 0.14 731 0.80 2.98 3.42

30 185 | 3.80 | 0.17 695 0.95 3.13 3.59

35 215 | 444 | 0.20 | 660 1.12 3.30 3.79
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Dependence of output parameters on the speed of deepening.

Qa- Pt Unt.
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Fig. 4. The dependence of the average effective values of the
density of the water-air mixture p,, its rate of rise Uy, and
airflow Q4 on the depth of the mixer loading
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Fig. 5. The dependence of the average effective values of the
density of the water-air mixture p,, the rate of its rise Uy,
and airflow Q, on the rate of deepening Up

speed Up, respectively, the pressures Pg, and Py, caused by
the presence of sludge increase. Their growth causes a drop in
the density of the p,, mixture (Fig. 7) by increasing the air con-
tent in it Q,, which has a nonlinear accelerating character.
Dependence of the output parameters on the set rate of ascent
of the water flow from the bottom to the mixer. The minimum
value of Uy, =1 m/s [8]. As shown above, this value and all

Qa- P Uns.
m¥min T foins m's

08 1000 6,0

5,0

Uy
0

07 900

40

NI

Pn
06 800

3,0

2]
L~
7 //
05 700 /
2,0

-~

04 600 10
1 15 20 25 30 35 40 Uw. mis

Fig. 6. The dependence of the average effective values of the den-
sity of the water-air mixture py, the rate of its rise Uy, and
airflow Q, on a given velocity of the upward flow of water Uy,

Table 9

Dependence of the average effective values of the airlift
circulation parameters on the water flow rate

Uy m/s

Ap, kg/m?
Pg,, atm
P, atm
pwm» kg/m?
0,, m*/min
Oy, m*/min
0y, m*/min
Uy, m/s

1.0 | 230 | 4.75 | 0.03 | 677 | 0.42 | 0.87 | 1.29 | 148
1.5 153 | 3.17 | 0.05 | 748 | 0.44 | 1,31 | 1.75 | 2.00
2.0 115 | 238 | 0.07 | 784 | 0.48 | 1.74 | 2.22 | 2.55
2.5 92 1.90 | 0.08 | 805 | 0.53 | 2.18 | 2.71 | 3.11
3.0 76 1.58 | 0.10 | 818 | 0.58 | 2.61 | 3.19 | 3.67
3.5 65 1.36 | 0.12 | 827 | 0.63 | 3.05 | 3.68 | 4.23
4.0 57 1.19 | 0.14 | 834 | 0.69 | 3.48 | 4.17 | 4.79

values exceeding it correspond to a turbulent regime in which
the coefficient of hydraulic resistance A, = 0.019.

Table 10 and Fig. 8 show that to create a growing water
flow Qy, an accelerated growing air content Q, is required in
the mixture. At the same time, there is a drop in AF and Py,
(the sludge is diluted in a growing stream of water). As a result,
the increase in the density of the p,, mixture with an increase
in the water content is not proportional, but it is flattening out.

The area of the face is proportional to the square of its di-
ameter. The mass of the drilling mud is proportional to the
area of the face and the speed of deepening The effect of the
sludge on the properties of the washing liquid is characterized
by the parameter AF — an increase in the density of the liquid
as a result of the presence of sludge in it. The data in Tables 11
and 12 demonstrate how the static Py, and dynamic P,;, com-
ponents of the pressure in the drill string increase with an in-
creasing well diameter, and the increase is directly proportion-
al to AF. According to the formula, the growth of these com-
ponents causes an accelerated increase in air flow Q, and ve-
locity Uy, water-air mixture with a sharp drop in its density p,.
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Dependence of output parameters on the diameter of the well.
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Fig. 7. The dependence of the average effective values of the
density of the air-water mixture p,, its rate of rise Uy, and

Dependence of output parameters on the diameter of the drill string.
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Fig. 8 The dependence of the density of the mixture p,, the rate
of its rise Uy, air flow Q, and water Qy, on the diameter of
the drill string (above the abscissa are the internal diame-
ters of drill pipes)

air flow Q, on the diameter of the well Table 11
External Loop Parameters
Table 10 . - -
Dependence of the average effective values of the airlift Column diameters — external/internal, do/d; | Unit Value
circulation parameters on the diameter of the well The first diameter m | 0.127/0.117
Second diameter m 0.146/0.136
= 5 . .
ME £ £ Mé M& ME @ Third diameter m 0.168/0.154
. o < = El g = = Fourth diameter m | 0.219/0.203
, - S 8 ~ - < .
Q S| & | S| S| S| S Fifth diameter m | 0.273/0.255
0.4 23 0.48 0.02 878 0.30 2.48 2.85
06 | 52 | 1.07 | 005 | 846 | 040 | 258 | 2.96 Table 12

0.8 92 1.90 | 0.08 800 0.54 | 2.72 3.12
1.0 144 2.97 0.13 742 0.76 | 294 | 3.37
1.2 207 4.28 0.19 669 1.08 3.06 | 3.74
1.4 282 5.82 | 0.26 581 1.57 375 | 4.30
1.6 369 7.60 | 0.34 473 242 | 460 | 528

If, according to Table 1, the typical water lifting speed Uy, =
=2.5 m/s is observed, the water flow rate Q) increases propor-
tionally to the pipe cross-sectional area. Accordingly, the table
shows an equally sharp decrease in AFand Ps, and P,. At the
same time, according to the formula, the density of the py,
mixture increases. As well as Oy, in the flow of the mixture with
the diameter of drill pipes, Q, also increases, but more moder-
ately.

Conclusions.

1. Based on the analysis of the pressure balance in the de-
scending and ascending flows, an algorithm for the function-
ing of the airlift circulation method during rotational drilling
with backwash has been developed.

2. The balance takes into account hydrostatic and hydro-
dynamic pressures, and the influence of the deepening speed
on them.

Dependence of the average effective values of the airlift
circulation parameters on the diameter of drill pipes

<
=)

do/d;, m
Oy, m*/min
Pg,, atm
Pyp, atm
Pwm, kg/ 'm’
0, m*/min
Qy, m*/min

Uy.

0.127/0.117 | 1.61 | 125 | 2.57 | 0.14 | 750 | 0.54 | 2.45 | 3.34
0.146/0.136 | 2.18 | 92 | 1.90 | 0.08 | 800 | 0.54 | 2.72 | 3.12
0.168/0.154 | 2.79 | 72 | 1.48 | 0.06 | 832 | 0.56 | 3.36 | 3.01
0.219/0.203 | 4.85 | 41 | 0.85 | 0.02 | 879 | 0.67 | 5.52 | 2.84
0.273/0.255 | 7.66 | 26 | 0.54 | 0.01 | 903 | 0.82 | 8.48 | 2.77

3. The pressure balance also takes into account the influ-
ence of the content of sludge in the upstream.

4. By the method of successive approximations with a giv-
en accuracy, the average-effective values of the airflow rate,
the density of the water-air mixture and the velocity of its up-
ward flow are determined.

5. Based on the average effective values of the output pa-
rameters, a method is proposed for estimating their changes
during the upward flow of the mixture.
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6. Based on the created mathematical algorithm, a com-
puter model has been developed that allows analyzing the de-
pendences of the airflow, the density of the mixture and the
rate of its ascent on the parameters of the well being drilled.

7. Drilling parameters and parameters of two nested pro-
gram cycles are fed to the input of the model; the calculation
unit includes off-cycle calculations, calculations on nested
cycles, and printing of the results obtained.

8. The model is applied to typical drilling conditions of a
large-diameter water intake well at the Samskoye groundwater
deposit on the Mangystau peninsula.

9. For typical conditions, the dependences of the air flow
rate, the density of the water-air mixture and the rate of its
ascent on the depth of the wells, the depth of the mixer de-
scent, the speed of deepening, the set speed of the ascending
water flow, the diameter of the well and the diameter of stan-
dard drill pipes are established.

10 The estimation of changes in the output parameters
along the upward flow of the mixture is given.

11. The required compressor capacity has been deter-
mined.

12. An example of using the method of successive approxi-
mations in estimating the values of the output parameters of
the model with a given accuracy is given.
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Meta. BuzHaueHHSs1 BIUIMBY TipHUYO-TEOJIOTIYHUX YMOB
OYpiHHS TiAPOreoJOTiYHUX CBEPUIOBMH 31 3BOPOTHUM IPO-
MMBaHHSIM Ha TEXHOJIOTIUHi ITapaMeTpu epaihTHOro crocoody
iX OYMILEHHS BiJl BUOYpPEHOI IOPOIM Ta BIACTUBOCTE BU-
CXiTHOTO MOTOKY MPOMHMBAJILHOI a€pPOBAHOI PilMHU.

Metoauka. [ToctaBieHi 3aBIaHHsI BUPILyBaIUCs KOMII-
JIGKCHUM METOIOM AOCIiIKEHHS, 110 BKIIIOUAE aHai3 it y3a-
raJIbHeHHS JiTepaTypHUX i MATEHTHUX JIKepesl, TPOBEAEHHS
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AHATITUYHUX, €KCTIEPUMEHTATBHUX NOCTiIKEHb i3 BUKOPUC-
TaHHSIM METO[iB KOMIT IOTEPHOTO i MaTeMaTUYHOTO MOJe-
JIIOBaHHSI.

PesynbTat. Po3pobGiieHO anropuT™m (QyHKIIIOHYBaHHS
epaidTHOro cnocoOy HUPKYJISALLT TpyU 0O0epTaTbHOMY OypiH-
Hi 31 3BOPOTHUM NPOMUBAHHSIM. AJITOPUTM ypPaXOBYE: Till-
POCTATUYHMI Ta TiAPONMHAMIYHUN THUCK, i BIUIMB Ha HUX
WIBUAKOCTI MOTIUONIEHHS CBEPIJIOBUHU; BIUIUB BMICTY
1J1amMy y BUCXimHOMY noToli. BctaHoBeHi epeKTUBHI 3Ha-
YEHHS$1 BUTPATU TMOBITPSI, IIJIBHOCTI BOJO-TIOBITPSIHOL CyMi-
1 Ta IBUAKOCTI ii BUCXiZHOTO IMOTOKY. 3arpoIrOHOBaHO
METO[I OLiHKU e(EeKTUBHUX 3HAYEHb TEXHOJOTIYHUX Tapa-
METpiB Ta iX 3MiHM y BUCXiTHOMY MOTOLi cyMilli. Po3po0Je-
Ha MOJIeJib, 1110 103BOJISIE AaHATI3YBAaTH 3aJI€XKHOCTi BUTPATU
MOBITPsI, IITLHOCTI CyMillli Ta IIBUAKOCTI 11 CXOIXKEHHS BiJl
napaMmeTpiB CBEPIUIOBUHM, 1110 OypuThcsi. Moaesab 3acToco-
BaHa 10 TUMIOBUX YMOB OypiHHS CBEPIJOBUHU BEJTUKOTO Ii-
ameTpy Ha CaMChbKOMY POIOBHUIIII TTiA36MHMX BOJI ITiBOCTPO-
Bi MaHricray.

HaykoBa HoBu3Ha. Po3po0jieHO MaTeMaTUYHUI ayro-
pUTM (YHKILIOHYBaHHS epJipTHOTO crocody 3BOPOTHOrO
MPOMUBAHHS MpU OypiHHI BOL03abipHUX CBEPAJIOBUMH BEIU-

KOro niametpa. MeTo 3aCHOBaHUIi Ha aHasi3i OaslaHCy THUC-
KiB Y HM3XiIHOMY Ta y BUCXiIIHOMY MOTOKaX MPOMMBHOTO
areHTa. JlJ1si BUIaAKy 3BOPOTHOIO MPOMHUBAHHS OTPUMAHO
BMpa3 OLIHKW BMICTYy B HboMY liuiamy. Po3pobiieHo MeTon
BU3HAUYEHHSI cepeHbO-e(PEKTUBHOI 32 BUCOTOIO CBEPIOBU-
HU TYCTUHM CyMillli, a TAKOX BMICTY B Hili moBiTpsi. Ha ocHO-
Bi cepeqHbO-e(EeKTUBHUX 3HAYEHb 3alPOIOHOBAHO METO.
OLIIHKY 3MiH IIUILHOCTI CyMillli, i BUTPATH Ta IIBUIKOCTI 1O
X0y BUCXiZIHOTO MOTOKY.

IIpakTiyna 3HaYMMiCTb. 3aTTPOIIOHOBAHUI AITOPUTM T10-
KJIaJICHO B OCHOBY KOMIT’ IOTEPHOI MOJIEJIi, 1110 JI03BOJISIE BCTa-
HOBJIIOBATU 3aJI€XKHOCTI 3HAUYEHb IIUJILHOCTI CyMillli, BMICTY B
Hill MOBITPs Ta 1UIAMy ¥ MIBUAKOCTI MigiioMy Bil TIMOMHU
CBEPIUIOBMHU, NIMOMHU CITyCKY 3MilllyBaya, LIBUAKOCTI MO~
[JIMOJIEHHS, 3aJaHO1 NIBUAKOCTI BUCXiAHOTO MOTOKY PilMHMU,
a TaKOX JiaMeTpiB CBEPIUIOBUHU 1 OypuJIbHUX TpyO. OTpH-
MaHi KOHKPETHi pe3yJibTaTh MOJeNI0OBaHHS CTOCOBHO Cam-
CbKOTO POJIOBMIIIA MiI3EMHUX BOJ MiBOCTpoBa MaHricray.

KiiouoBi ciaoBa: nisocmpie Maneicmay, eidpoeeonociuna
c8ep0n08UHa, 360pOMHe NPOMUBAHHS, epaihmHuUil cnocio
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