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Abstract. A stagewise theoretical substantiation of the renovation vibrowave method of influencing the near-wellbore
zone of reservoir for restoring well productivity is presented. The area of treatment by the proposed method covers the
reservoir with a heterogeneous permeability with fractures formed by fracking. In this method a decrease in concentra-
tion of colmatants occurs due to a change in direction of contaminants migration. Under the influence of pressure
pulses, they move deep into the reservoir and disperse through the proppant pack. The results of mathematical model-
ling of the propagation of pressure wave and velocity wave and the calculations of particles entrainment in wave motion
are presented.
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Introduction. The main technological trends in oil fields development according to the Energy
Strategy of the RF until 2035 are associated with development of hard-to-recover resources in condi-
tions of low productivity of oil wells. An important characteristic reflecting the ability of a porous
medium (including proppant, hydrofracture filler) to filtrate and, hence, the well flow rate, are relative
phase permeabilities [1]. As a result of long-term operation, small particles of destroyed rock accu-
mulate in bottomhole area of the well and in near-bottomhole zone [2]; insoluble salts (carbonates,
sulphates [3]) can precipitate, which leads to a decrease in permeability in bottomhole space [4, 5]
and a decrease in production rate of hydrocarbons as well as an increase in water cuttings of well
production. Numerous studies on oil recovery intensification show that the problem is characteristic
for most of the exploited fields around the world: Saudi Arabia [6], Bahrain [7], Western Siberia,
North Caucasian-Mangyshlak oil and gas province, Goryacheistochnenskoye field, Chechen Repub-
lic [8], Krasnodar oil and gas region, fields in the north of the Perm Territory [9].

The method of massive hydrofracturing (HF) implemented as a universal method for increasing
the productivity and flow rate of wells [10] is not always efficient; it increases the heterogeneity of
the reservoir and often has a short-term or opposite effect. Therefore, integrated methods using com-
binations of various effects, for example, physical and traditional chemical impact on a problem area,
are a relevant alternative to HF.

At present, as regards the physical basis of the integrated method, the use not of a substance
(hot water, steam, gas, chemical reagents, etc.), but physical (geophysical) fields of different nature
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(electromagnetic, elastic vibrations, sound, shock) as a “working agent” on the reservoir is becoming
increasingly important. Thus, in [11] three applied methods of elastic hydrostimulation of production
are distinguished differing in the depth of impact on the reservoir (Table 1).

Table 1
Classification of elastic actions used to clean the bottomhole zone [11]

Type of stimulation Influencing factor Tool outlet flow as a function of time Example of tool dzgrtﬁtriitclﬁ;
Based on pressure Rotating jets Fixed flow rate Jetting-based tool <2
Energy (acoustic) Sinusoidal wave generating cavita- | Periodical, of sinusoidal shape, | Multi-directional <6

tion process low amplitude, and high fre- cavitation-based
quency tool (MDCT)
Based on acceleration | Hydraulic pulses with amplitude Periodical, sawtooth, high ampli- | Dynamic Fluid <36
2.1-10.5 MPa not exceeding local | tude and low frequency Modulation (DIM)
hydrofracturing pressure tool

Technological application of stationary repression on the reservoir is considered in [12]; of var-
iable pressure gradient — abroad [13, 14] and in Russia [15-17]. Hydraulic tools of jet and pulsating
action [18-20], electrohydraulic devices [21-23], hydrodynamic generators GD2V, seismic hydraulic
systems SVS-24/RS27, SV-27/150B “Rusich”, and other devices [24, 25] are developed. The effi-
ciency of applying wave and vibration methods is substantiated and proved in [26-28]. Dynamic pul-
sation is effective, as it forces the injected fluids to go beyond the path of least resistance through the
dispersion process [6] — the working fluid penetrates into the reservoir more evenly (despite the pre-
sence of washed paths [29]) and deeper [11]. In this case, the effect is achieved by much lower pres-
sure gradients than with stationary impact.

After vibrowave treatment of wellbore zone (WBZ), the technology provides for the stage of
well development in order to extract the destroyed colmatant particles to the surface. This process is
energy- and labour-intensive; in the course of its application, environmental problems arise associated
with contaminants disposal.

The objective of the study is theoretical substantiation and practical testing of the method of
vibrowave treatment of the pay based on the results of the implemented methods and elimination of
their shortcomings. The actual task of the research is construction of a physicomathematical model
and investigation of the migration of solid colmatating particles for a more detailed interpretation of
the process of cleaning the bottomhole zone and porous structure of the reservoir by pressure pulses
of high amplitude and low frequency.

Methods. In the course of research, the analysis of publications and geological field material
was accomplished, the analytical method and the method of mathematical formalization were used.
The object of technological impact by the proposed vibrowave method was the production well with
an average history of operation and mechanisms of wellbore zone destruction. Well N 25 is in the
Strezhevsky oil-producing region, it is part of the development system of the Yuzhno-Okhteurskoye
field lying at the border of the Tomsk region and KhMAO within license block N 19 of the dis-
tributed subsoil reserves. In 1992, the field was put into trial operation on reservoirs Yul-1 and
Yul-3 (Table 2).

Since the specific geological feature of the formation is low reservoir pressure, during the initial
opening, drilling mud was lost, the volume of which reached 50 m®. This was the reason for a decrease
in phase permeability for oil and gas and well productivity. After three months of well development,
fluid inflow was 10-12 m*/day. After hydrofracturing, the well operated for another two months, and
the fluid flow rate decreased from 40 to 12 m®/day at the end of the service life.
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Table 2
YuZl pay parameters
Yul-1 Yul-3
Parameters Average
Range

value
Average occurrence depth, m 2,121 2,182
Type of occurrence Layer-uplifted
Type of reservoir Porous
Permeability, 103 pm 2 7.2 | 18
Initial oil saturation, unit fraction 0.527-0.639
Residual oil saturation, unit fraction 0.233-0.38
Gas oil ratio, m3/m3 74
Water cut, % 8
Density, kg/m? 832
Reservoir oil saturation pressure, MPa 8.7
Gas density of standard separation, kg/m? 1.32

Negative consequences of technogenic geodynamics of bottomhole zone of the reservoir (BHR)
are as follows: filtration of any process fluid causes aggregation and sedimentation of solid phase
with formation of colmatation zones with partial or complete clogging of reservoir pores. After the
phase of mechanical colmatation, a period of physicochemical interactions of closely spaced particles
begins, when van der Waals laws of electrokinetics come into force leading to even greater compac-
tion of filtration sediment.

The technical task of increasing permeability of wellbore zone leading to an increase in oil re-
covery is the destruction of the colmatating medium and cleaning of pore space.

The basis of the proposed method of impact is the use of a variable pressure gradient created in
the WBZ to influence various structures of colmatants in hydrofracture. Implementation of the
method is associated with resolving the following problems: creating a low-frequency vibration effect
at the level of perforation area and a directed vibration effect on the colmatant particles in order to
destroy its structure; propagation of vibration impact though the reservoir thickness along the hydro-
fracture; entrainment of colmatant particles in the oscillatory process; migration deep into the reser-
voir and scattering of particles of destroyed contaminants.

The action mechanism of pressure pulses on a porous medium was investigated by many authors
and substantiated by mathematical models in [13, 30 etc.]. Among the solutions of the wave equation
for longitudinal waves in a porous medium, in addition to the seismic longitudinal P-wave with low
damping, there are slow “diffusion waves” of porosity and pressure described by equations of para-
bolic type. The porosity wave is about 1-2 orders of magnitude slower than P, liquid in pores almost
does not compress, since matrix velocities are slow (frequencies 102-10° Hz). Therefore, stresses in
the matrix generated by the porosity wave decrease due to the movement of fluid. Diffusion pressure
wave is slower than the porosity wave by 1-2 orders; it also has a large period and exists only in
conjunction with porosity diffusion [13].

The mechanism of cleaning pore throats is explained based on the features of diffusion waves:
due to expansion and contraction of pores, fluid inflow and outflow occurs through the throats de-
stroying the mechanical blockades and advancing interphase boundaries (in case of saturation with
two fluids). In practical experiments and industrial well repair technologies [6, 31 etc.] a corresponding
change in reservoir parameters and an improvement in reservoir properties are recorded.

The above studies do not consider the migration problem of suspension particles forming in pores
as the basis for changing permeability of reservoir matrix. The authors of the article offer their views
on the solution of this problem.
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As a physical source of the investigated vibra-
tion impact, a pulsed hydromonitor of the structure
was used [32] (Fig.1).

A wave hydromonitor (WHM) is installed at the
end of the tubing and converts a uniform movement Fig.1. Wave hydromonitor to create well fluid
of the fluid injected into it into a pulsating one. The pressure pulses
transformation occurs by the force of compression of
springs inside the device followed by ejection of a certain volume of fluid through the WHM nozzles.

Movement of piston in the inner cavity occurs at an increasing speed under the action of increas-
ing fluid flow pressure, which is counteracted by the force of elastic compression of the spring. Due
to radially directed impacts of fluid jets ejected through the WHM nozzles, a traveling wave of pres-
sure and velocity arises propagating in the direction of impact in the area of the device placement.

To assess the influence of hydropulse action on the positions of particles of the destroyed col-
matant, let us use the analytical method. Let us write down the equation of motion dynamics of
a spherical incompressible particle suspended in a Newtonian fluid. Let us first consider a particular
case of particle motion in fluid that performs harmonic oscillations, and then pass to a more general
case of fluid oscillations under the action of pressure pulses.

In the first rough approximation, we take into account only the greatest force of particle interac-
tion with fluid — Stokes force. Then Newton's 11 law in projection on the x axis can be written as:

myx, = 6mR(V, cos(wt) —X,), 1)

where mp, Xp, R are mass, coordinate and radius of the particle; V., o, n — velocity amplitude, cyclic
frequency of fluid oscillations and dynamic viscosity coefficient of fluid.

Solution of non-homogeneous differential equation of the second order (1) is the sum of
general solution of the homogeneous and particular solution of inhomogeneous equation.
General solution of the homogeneous equation

myi, + 6mRx, =0 (2
has the form

mp

6mnNR
5,0 =X + Vit + Vg 1-exp (-2 ©)
where X0 and V,o are the initial position and velocity of particle; ¥'; — velocity of translational move-
ment of fluid.
We shall look for a particular solution of the inhomogeneous equation in the form 7y xp(t) =

= Xacos(wt — ¢). Substituting into the original equation, we get:

meamz cos(wt — ¢ + ) + 6mRX,w cos (ot — ¢ + /2 ) = 6mRV; cos(wi). 4)
Using the method of vector diagrams, it is possible to find the amplitude of particle oscillations:
Xa _ 6mRVy _ Vilo . (5)

2
\/mp(x)4 + (6mnRw)?2 \[1 . (mpm)2

6mR

Let us note that Vi./m = XL — is the oscillation amplitude of fluid particles.
You can also find phase shift ¢. Thus,

x,(6) = X, + Vit + Vy % [1 —exp (— i[nTRt)] + X, cos(wt — ). (6)
At times of high

31= &, (7
2mmR
the exponential summand decays, and the particle will move at the frequency of the driving force

with X, amplitude near position X, + ¥, 6:% +¥5 ¢ according to the law
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i

m Vi/o O
x,(0) = Voog npR + Vit +—Lm — cos (cot — arctg (6 nR) + 5) . (8)
1 +(61£]R)
A similar expression can be obtained in case of fluid velocity fluctuations according to the law
UL = V7t + Visin(t).
Let us introduce the coefficient of particle entrainment in oscillatory motion

_Xa _ 1
oa=3=T—— 9)

2
mp2
(&%)
6mR

where f is fluid oscillation frequency; a € (0; 1).

By expressing f as a function of o and R, it is possible to construct dependencies that determine
the size of particles which will participate in the oscillatory motion.

To pass to the motion of a particle under the influence of pressure pulses of a real shape let us
find in a one-dimensional approximation the pressure field in the area of interest of the porous me-
dium P(x, t) on one side bordering on the well equipped with a pulsator-hydromonitor, on the other
side, on the undisturbed part of the reservoir which has a constant reservoir pressure.

Analysis of hydromonitor operation taking into account the time of piston movement allows
presenting a graph of changes in pressure created in near-wellbore zone as a sequence of symmetrical
trapezoidal pulses with steep fronts (Fig.2).

In Fig.2, T is pulse repetition period, A amplitude of pulses, 71 pulse duration at the base of the
trapezoid, for a symmetrical pulse the durations of the leading and trailing edges are the same and
equal to 0.5 (71 — To); To — duration of the pulse top.

The function in Fig.2 can be presented as a Fourier series expansion:

0

1
f(r)= an + Z (a, cos nwt + b, sin nwt). (10)

n=1
The graph of the investigated function (10) is symmetrical with respect to the time axis, therefore
bn =0.
Fourier coefficients for the trapezoidal function:

a, = A T0+T| S[n(To TI)] S[n(To+T1)] b, =0, (12)

sinmx

where To, T1, T and A are parameters of pressure pulses; S(x) = —

To determine the desired pressure field P(x, t) in the first rough approximation, we will take into
account only the diffusion pressure wave using the piezoconductivity equation.
Initial-boundary value problem for the piezoconductivity equation:

P
P,(x,0)= *— (x, 0. (12)

Boundary conditions

S T+ Tl T, - T, To+T,
P(0,))= P, ( ) +Z { (n ) S (n ) cos ncot}.
2T 2T
n=
P(Lat) :PO:
= Initial condition:
T P(X, 0) = Po,
A where Po is reservoir pressure.
Let us seek the solution as a function:
Tl t 0 o0
Fig.2. Model presentation of pressure pulses P(x,0)= 2 P () Pp, (1) + Py + z P, (x,).  (13)
generated by hydromonitor n=0 n=0
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Solution of the initial problem for piezoconductivity equation (12) has the following form:

P(x,t) :PO + Z Pan(x)an([) + z PZn(xst) =
n=0 n=0

o0

L—x S 2 To+ T\ (@) . W
=roe ) an=peostuon +) (- ) PR sin s
0 4= cos(nwit) ) P\ e sin—"x

n=0 j=1

0 0

+ Z a, Z (+ j—j) sinnfjx [J(/’, n,t)— e_”(nfj)zt] , (14)

n=1 =1

where an, ao, S(§) are Fourier series coefficients,
To+T To—T, To+ T,
an:PA(o+ 1)S(n° I)S(n ot 1)’
2T 2T 2T

B To+ T __sinm§
=P (OZ—T)’ S()= it

)= — AN G AR
JG,n,0)= - (%)2(%)4 (— cos(nwt) + exp [ - (L) t] +— (L) sm(ncot)) )

Let us analyse function (14): at large times, the summands containing the exponents in a negative
power containing time, will tend to zero. Therefore, for the steady state we have:

P(x,t) = Py+ Z a,

n=0

> sm x Y nj

+ Z a, 2 — (— cos(nwt) + — (—)

— n] J) no \L
L

Equations (6) and (8) show that in order to determine the particle coordinate, it is necessary to

know fluid velocity amplitude V.. To calculate it in a rough approximation, let us use the Darcy law
which relates pressure drop and true fluid velocity:

V(7= — %VP(FJ), (16)

2

sin(nmt)) . (15)

where Ko is absolute permeability of porous medium, m? ms — porosity; p — dynamic viscosity of
liquid, Pas.
Applying (16) in the one-dimensional case to (15), we obtain:

KO ag - *1
Vix,0)=— ——+Z a, — cos(not) +
mgu\ L 1 L

s
n=

OO

+ a, z l(L COS )4 < cos(nwt) + % (72—1)2 sin(nmt)) : (17)

n=1

Comparing (8) and (17), we get the expressmn for the particle coordinate:

m Ky a K
xp(x,t) =X+ Vo L —O—OH—Zan 0
6mR mgp L Lmy

0 0 nj L,
2K, COS X 2 n]) .
+ - —_—— _— —
X ; nj4<vcos(mt 0,)-—(T) vsinwor-o,))|¢.  (19)

T () (D)

HY cos(ncot— ¢n) +
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Fig.3. Bottomhole pressure pulses formed by hydromonitor

QD

290
280 \\Q
270 N
260
250 N

240 NN
230 S - L
220 | Doy ~So
Pl T . - ~3Ta

200
6 01 02 03 04 05 06 07 08 09 1

Relative distance from bottomhole L, m

Pressure, -0.1 MPa
/

o

Fluid velocity, m/s
1
|
1

Sew
. -
-~ -
. - -
. - -

0 01 02 03 04 05 06 07 08 09 1
Relative distance from bottomhole L, m

............. 0.76T ==---=-0.8T o —.1.6T
——-092T —..=1T7

Fig.4. Propagation of pressure (a) and velocity (b) disturbance
in the formation fracture depending on relative distance
and relative time

DOI: 10.31897/PMI.2022.108

i © Natalya V. Shatalova, Timergalei K. Apasov, Aleksandr V. Shatalov, Boris V. Grigoriev, 2022

where y = 1/((9 [1+ (6'";’”";)2>

Discussion of results. One operation cy-
cle of wave hydromonitor used as a source of
the investigated impact [32] (see Fig.1) takes
0.5-1 s depending on pressure. Therefore, the
frequency of impact on the reservoir will be
1-2 Hz. The time of transient processes bet-
ween the “open-closed” positions is incompa-
rably short compared to the time of fluid ejec-
tion into the annular space and the relaxation
time. Therefore, the graph of pressure changes
created in wellbore zone can be presented as
a sequence of symmetrical trapezoidal pulses
with steep fronts (Fig.2).

In the simulation model, the period is
chosen in accordance with the frequency of
WHM pulses [32] T = 0.5 s. Parameters Ty =
=0.25¢, To= 0.18s are chosen by analogy
with the shape of vibrator pulse given in [33].
Bottomhole pressure monitoring log given in
[34] makes possible an approximate determi-
nation of pulses amplitude. Thus, the boun-
dary condition for (12) has the form shown
in Fig.3.

Since pressure pulses have an amplitude
of about 8 MPa and a frequency of 1-2 Hz,
wave hydromonitor of design [32], in accor-
dance with classification [11], is a Dynamic
Fluid Modulation (DIM) tool (see Table 1).

A hydrofracture filled with proppant was
chosen as the space in which the colmatant
particles are moving. To solve the research
problems, let us calculate the entrainment of
particles in wave motion and determine the
character of their motion in the fracture part in
a one-dimensional approximation.

Source data for calculation: vibration
frequency 2 Hz (T = 0.5 ), T1 = 0.25 s,
To=0.18 s; the analysed impact penetration
distance L =20m; formation pressure
205 atm; pressure pulse generated by hyd-
romonitor 80 atm; permeability of fracture

filler 150 D; porosity 0.15; dynamic viscosity of formation fluid 1 mPa-s; density of colmatant

particles material 2,650 kg/m?.

Design charts of pressure and velocity of compressible fluid in hydrofracture are shown in Fig.4.
Perturbation is considered within the duration of the pressure pulse generated by the WHM

(see Fig.3).
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Graph in Fig.4, a shows propagation of pressure disturbance in a one-dimensional space associ-
ated with a hydrofracture. Pressure distribution profile becomes linear over the duration of the pulse
amplitude.

According to the velocity change graphs (Fig.4, b), at the time of pulse start, fluid particles begin
to move in the wellbore space deep into the reservoir at high velocity. The rest of particles in the
impact area at this time are at rest or move at low velocities. As the pressure profile equalizes, all
fluid particles begin to move, their velocity tends to a constant value by the end of the pulse.

Graphs in Fig.4 show that, under the assumptions made, porous structures at a distance of 20 m
from the bottom face are subjected to the force impact of the WHM vibropulses. Movement of fluid
particles is a superposition of fast oscillatory motion near the centre of oscillation and slow movement
together with the centre of oscillation deep into porous medium under the action of a time-average

well-reservoir pressure drop P(0,7) — P(L,t).

Let us consider the influence of the wavefield on colmatant particles in the wellbore zone.

In the pore space, contaminant particles can simultaneously occur in two states — as a settled
colmatating medium that changes the reservoir properties and a suspension freely circulating in the
intrapore space. The task of vibration impact is to initiate the suffusion process, disrupt the structures
of the colmatated layer with separation of solid particles and their transition into suspension.

Impact pressure was calculated using N.E.Zhukovsky's formula for describing hydroshock in the
annular space [35]. The value of shock pressure varying in a pulsed mode from 205 to 285 MPa
according to the studies [33], is sufficient to open fractures. Since less effort is needed to destroy the
colmatating structures than to open fractures, vibrowave action with indicated initial parameters can
be considered efficient.

The question of geological dynamics of porous media in the process of fluid filtration was in-
vestigated in [36, 37], a conclusion was made about particle sizes in the filtered suspension (Table 3).

Table 3

Results of the study of permeability during colmatant filtration using natural core samples [36]

ch - Sizes of particles Maximum depth of particle Decrease of sample permeability
aracteristic of samples L . S as a result of pore channels
in filtered suspension, um | penetration into sample, mm colmatation, %

Medium-grained sandstone with maximum 1-2 80 20
pore channel diameter 50 um 4-6 25-40 45

8-12 10-15 36

16-20 2-3 12

30-40 Do not penetrate —
Fine-grained sandstone with maximum pore 1-2 60 32
channel diameter 32 um 4-6 15-20 46

8-12 3-4 15

16-20 Do not penetrate -
Fine-grained clayey sandstone with maximum 1-2 3-4 14
pore channel diameter 20 um 4-6 1-2 8

8-12 Do not penetrate -

In accordance with Table 3, the maximum diameters of penetrating particles and diameters of
pore channels are related as 1:5-1:2.5. For the fracture filler with permeability of 150 D, the diameter
of pore channels [38] is:

8 =22k/m =22-150-10"2/0,15 = 90 pm. (19)

According to these conclusions, let us perform further analysis for particles with diameters
varying from 1-2 to 30-40 um.
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When a pulse action occurs, after time (7) the particles will reach a steady state of motion which,
according to (18), is a superposition of translational and oscillatory motion. For particles with diame-
ter of 2 mm or less, the transition process time does not exceed 2 s = 47 = 4 in relative units.

If we assume that a massive suspension particle which is close to a spherical shape moves after
a linearly viscous oscillating fluid under the action, mainly, of the Stokes force, then it is possible
to introduce value o (entrainment coefficient) equal to the ratio of spatial amplitude of oscillations
of the particle and fluid. From the calculation results of fluid velocity fields, nomograms were
plotted (Fig.5).

The entrainment coefficient o can vary from 0 to 1; at o = 0, the oscillatory motion of fluid does
not affect the particle; at o = 1, the particle is completely entrained by the wave. For calculations,
a narrower range of change in o coefficient was used — from 0.2 to 0.8, in which the most confident
effect is recorded.

According to the obtained nomograms, vibrowave action confidently covers particles with radius
of 0.3-0.8 mm and less, while particle diameters in the filtered suspension, according to Table 3, vary
from 1-2 to 30-40 um. This conclusion is confirmed by the calculation of dependence of the particle
coordinate on time (Fig.6).

Particles covered by the influence of the
wavefield of traveling wave begin to move under
the action of vibrational forces in the direction of
influence. Their concentration in the problematic
wellbore zone decreases, which contributes to
the opening of filtration channels and an increase
in their permeability. In addition, the reduction
of contaminant particles contributes to a more in-
tense penetration of pulsating fluid from the well
into the reservoir, greater efficiency of bottom-
hole space cleaning and an increase in the size of
vibration impact zone to the far boundary of the

Frequency of impact, Hz

0 05 1 15 2 proppant pack.
Radius of particles, mm _ Exgmple of app_lication in the _field. Te(_:hno-
Fi I - . logical implementation of theoretical studies at
ig.5. Frequency of vibration impact entraining particles i .
of R radius in oscillatory motion with entrainment well N 25 of the Yuzhno-Okhteursky field in-
degree 0.2 (1) and 0.8 (2) volves the following operations:

« wave hydromonitor is lowered to the well
bottom in the perforation interval on the tubing;

« elastic fluctuations of jet pressure are cre-
ated to obtain a field of low-frequency traveling
waves in wellbore zone and in porous medium of
the proppant pack of hydrofracture by injecting
the working fluid (water, oil, acids, alkalis, etc.)
through the swivel into the tubing and through
the hydromonitor;

* hydromonitor is moved at a velocity of
10-40 cm/min with continuous supply of working
fluid to the tubing for a stepwise vibropulse treat-
Fig.6. Relative coordinate of solid colmatant particles ment of the perforation interval.

depeﬁ%?:;egnﬁtﬁgrbc?it;?n?‘[r:a?lea(rl%lreer:g;}\llsé)time The impact of pulsating fluid ﬂow mJ_eCted
of vibropulse action (T periods) through the wave generator-hydromonitor is en-
1-d=1mm;2-100 um;3 -1 ym hanced by chemical treatment of wellbore zone.

Relative coordinates of a
particle

8 8.5 9 9.5 10
Relative particle motion time
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As a result, the wellbore layer which colmatates the perforations is destroyed with partial dissolution
of contaminants.

Application of the technology was controlled by a depth manometer-thermometer. According to
its readings, after pumping 20 m? of working fluid, wellhead injection pressure dropped to atmos-
pheric pressure, which indicates the destruction of the contaminants blockade and opening of filtra-
tion channels from the clean zone of the reservoir to the wellbore space. After additional pumping
of working fluid in a volume of 15 m3, an increase in injection pressure occurred with appearance of
circulation through the annulus as a fountain manifestation of oil and gas.

As a result of vibrowave impact on the wellbore zone, an increase in oil production of 6 t/day
was obtained. According to the data of the company, additional oil production for 3.5 months
amounted to 630 t, profit from the implentation was 3.5 min roubles. After 12 months, additional oil
production amounted to 2,050 t [34].

Conclusion. In the course of the study, the following results were obtained: formulas (15), (17)
were derived and graphs of pressure waves propagation and fluid velocity in the study area were
plotted (Fig.4); the correspondence of sizes of particles entrained into wave motion with sizes of pore
channels for the initial conditions was determined (Table 3, formula (19); theoretical conclusions
were made about the sizes of solid colmatant particles effectively entrained into wave motion (for-
mula (9) and Fig.5 ); the dependence (18) of the coordinate of colmatant particles experiencing
vibropulse action on time is derived; the degree of wave action influence on particles of different
sizes within the studied zone of porous structure is estimated (Fig.6); practical implementation of
vibrowave treatment method in the form of a sequence of technological operations is substantiated.

The performed mathematical calculations show the migration of suspension particles forming in
pores as a result of the impact of hydraulic pulses on wellbore zone of the reservoir in the direction
from the disturbance source. This leads to a decrease in their concentration in the wellbore zone and
an increase of its permeability. This effect is indirectly corroborated in practice [6, 36, 38] (flow rate
or fluid absorption by the well increases during and after treatment).

Thus, in the course of research, a theoretical substantiation and practical testing of the method
of vibrowave treatment of the pay was accomplished. A characteristic feature of the proposed method
is the advancement of the destroyed colmatant particles deep into the reservoir along the hydrofrac-
ture and their dispersion outside the proppant pack. In this case, there is no need to bring the destroyed
contaminants to the surface, and re-contamination of near-wellbore zone with cleaning products
is excluded.

The method can be used not only to increase the productivity of production wells, but also to
increase the injectivity of injection wells transferred from the stock of production wells to maintain
reservoir pressure. Compared to traditional vibration methods, it has a long-term effect and can be
reproduced as the reservoir properties deteriorate.

Introduction of the method can be one of the options for import substitution of jet and pulsating
installations [18-20], electro-hydraulic devices [21-23], which is relevant in modern conditions of the
industry development.

Quantitative assessment of the distribution of particles along the wellbore zone in the process of
vibration impact is of scientific and practical interest. For this, while carrying-on the study, it is ad-
visable to consider a quantitative description of the process taking into account the transition of solid
particles from the settled mass to suspension and back.
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