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Abstract. Combination of hydrodynamic impact on the formation with acid treatment may be seen as a promising direction
in the field of well development and repair in complex geological conditions. With multiple repetition of hydraulic shocks
in conjunction with the injection of acid solution, the depth and opening of cracks gradually increases, which contributes to a
deeper penetration of the acid solution into the reservoir. The article presents analytical studies, which are aimed at
determining the effectiveness of applying the technology of hydrodynamic impact on the bottomhole zone of an oil reservoir
when using two fluids with different viscoelastic characteristics as a working fluid. They are devoted to determining the
pressure drop at the borehole bottom depending on the initial applied pressure at the wellhead, the velocity of the shock wave,
the viscosity of the working and well fluid, and their quantity. These studies were based on the well-known models
of Thomson — Tat and Maxwell, considering viscous liquid flow. The dependence obtained proves that with an increase in the
pressure pulse generated at the wellhead, the development of pressure pulses at the borehole bottom is a power-law
dependence, and with significant volumes of fluid in contact with the bottomhole formation zone, the pressure drop generated
at the borehole bottom does not depend only on pressure pulses generated at the wellhead, but also on the dynamic viscosity
of this fluid. Conducted studies have shown the effectiveness of hydrodynamic impact technology application when using two
liquids with different viscoelastic characteristics and obtaining a synergistic effect during the development and repair of wells
in low-permeable reservoirs. Analytical studies were based on data from previously conducted experimental industrial tests
on the operating injection well.
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H PaCKpPBITOCTh TPEIIMH, YTO CIIOCOOCTBYET OoJiee IyOOKOMY MPOHUKHOBCHHUIO KHCIOTHOTO PacTBOpa B ILIACT. B crarbe
MPOBOJTCSl AHAIUTUYECKUE HCCIICOBAHUs, HANPaBICHHbIC Ha yCTaHOBJICHHE S(P(PEKTHBHOCTU MPUMEHEHHs TEXHOJIOTHU
THIPOANHAMUYECKOTO BO3AEHCTBUS Ha MpPHU3a0OiHYI0 30HY HE(TSHOrO IUIACTa MpPU HCIOIB30BAHUM B KadecTBE paboueit
JKUJIKOCTH JBYX JKUAKOCTEH C pa3IMYHBIMU BS3KOYNPYTUMH Xapakrepuctukamu. OIpeleneH mepernaj JaBieHus Ha 3aboe
CKBQ)KHHBI, 3aBHCAIINN OT HAYAJIBHOTO MPUKJIAIBIBAEMOTO JaBJICHUS Ha YCThE, CKOPOCTH YAApPHOU BOJIHBI, BI3KOCTH padoucit
U CKB2)KHHHOM YKUAKOCTEH U MX KojudecTBa. McciaenoBanus 6a3upoBaauCh Ha U3BECTHBIX MOJCISIX TEUCHUS BS3KOU XKUIKO-
ctu Tomcona — Tara u Makcsesa. IlonydeHHas 3aBUCUMOCTb JOKa3bIBaeT, YTO NPH YBEIMUYEHUM HMIYJIbCA JABJICHUS,
CT€HEpHPOBAHHOTO HA YCThE CKBKUHBI, PA3BUTHE UMITYJIHCOB ABICHUS HA 3200€ MPOUCXOJNT 10 CTEIICHHOW 3aBUCHMOCTH
NPH 3HAYUTEIbHBIX 00bEMax JKHIKOCTH, KOHTAaKTHpPYIOLIeH ¢ mpru3aboiiHOil 30HO#l miacTa; nepemnaj AaBlICHUs, CO3IaBaeMbIid
Ha 33606 CKBAXXHHbI, 3aBUCUT HEC TOJIBKO OT PIM]'[yJ'IbCOB JaBJICHUA, reHepnpyeMux Ha yCTbe CKBAXXHHbI, HO H OT
JTMHAMHYECKOH BSI3KOCTH 3TOW )HUAKOCTH. [IpoBeIeHHBIE CcCIeJ0BAaHHS JJOKA3hIBAIOT 3P PEKTUBHOCTD MPUMEHEHHS TEXHOJIO-
THH THIPOJNHAMHUYECKOTO BO3/ICHCTBHUS IPHU HCIOIH30BAHUU JBYX JKHUIKOCTEH C Pa3IMYHBIMHU BS3KOYINPYTHMHU XapaKTEpH-
CTHKaMHU U nonyqemde CHHCpFCTH'—[CCKOFO 3(b(1)e1<Ta l'lpl/l OCBOCHHHU U peMOHTe CKBa’>XHH B HI/ISKOHpOHI/lLlaeM])IX KOHJ’ICKTOan.
AHaJ'[I/ITPI'-leCKI/Ie HUCCIea0BaHUsA 6a3np013annc5 Ha JaHHBIX paﬂee HpOBeﬂeHHOFO OHbITHO—HpOMbIUjJ’[eHHOFO HUCIIbITAHUA Ha
JIeficTBYIOLIe HarHEeTaTeIbHONW CKBaXKHHE.

KiroueBbie cj10Ba: UMITYJIbC 1aBICHUS, MHTEHCU(UKALMSA IPUTOKA, THAPOPA3PhIB [UIACTA, CETh TPELMH, MOJeIb ToOMCOHa —
TaTa, Mogens MakcBenia, 3aBUCHMOCTb NEpPENa/ia JaBIeHHs, BA3KOYIPYTUe XapaKTePUCTUKH KUAKOCTH
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Introduction

Nowadays, many of the world’s oil and gas
fields are in the process of falling production or are
classified as deposits with hard-to-recover reserves
or with complex structured reservoirs. With the
commissioning of new fields, at present it is im-
possible to ensure a stable increase in recoverable
reserves and to compensate for the current decline
in hydrocarbon production at the exploited fields.
The newly developed deposits are usually repre-
sented by low permeability, highly inhomogeneous
and low-productive reservoirs, hydrocarbon re-
serves of which are classified as hard-to-reco-
ver [1]. Currently the main volume of production
falls on the fields commissioned in the XX centu-
ry, where an intensive extraction of fluid was ob-
served, leading to a violation of optimal operating
conditions, high water content of the production
and significant contamination of the bottomhole
zones of producing and injection wells. This forces
specialists in the oil and gas industry to develop
new energy efficient [2—4] and highly profitable
technologies capable of ensuring stable mainte-
nance and growth of hydrocarbon production in
complex geo-logical conditions [5, 6].

Complications at the development of hydrocar-
bon fields are related to the operation of producing
and injection wells:

— the difficulty or inability to develop wells af-
ter drilling or repair, due to the complex physico-
geological characteristics of the deposits, such as
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low permeability and high heterogeneity of reser-
voirs, as well as their large depths;

— a significant drop, and sometimes a complete
cessation of fluid extraction from production wells
or water injection into injection wells, caused by
accumulation of polluting particles in the process
of operation at the main filtration fields, which im-
pair the filtration characteristics of bottomhole well
zones;

— high water content in the produced well fluid,
often caused only by the break-through of water in
a high permeable interval, which leads to unprofi-
table operation of the wells and, as a consequence,
to the shutdown of the operating wells [5].

Because of the mentioned above reasons,
in most all oil-producing regions, and especially
in Russia, a large number of wells are in an inac-
tive fund. The restoration cost of inactive and
emergency wells is several times less than the capi-
tal expenditures for the drilling of new wells. Con-
sidering the equivalent production, putting idle
non-profit wells into operation can have a signifi-
cant impact on the efficiency of the oil industry
performance.

Main part

The main object of influence for the most
known methods of well treatment is the bottom-
hole zone [7-9], therefore, measures aimed at
its purification and restoration of natural permea-
bility, contribute not only to the growth of current
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production, but also increase oil recovery [10].
This technology is the most preferable, which can
have a noticeable effect on the improvement of
filtration and reservoir properties, without creating
new heterogeneities, such as, for example, at hy-
draulic fracturing, which can lead both to the in-
tensification of fluid inflow into the well and to the
breakthrough of water [5].

Among the variety of currently used methods,
which can improve the reservoir properties of the
bottomhole zone, hydrodynamic methods are
among most efficient [11, 12]. They are distin-
guished by the relative simplicity of technological
operations, the availability and presence at the
markets of the equipment used, low costs of mate-
rial, labor and energy resources, and are able to act
as operational methods for intensifying the work of
producing and injection wells.

The most effective way is to create pressure
drops that exceed the fracture pressure, although
practice shows that it is not necessary to cause the
hydraulic fracturing, because with a regular hy-
draulic impulse action, a system of existing cracks
develops due to systematic deformation of the
wellbore zone of the formation and new ones are
formed. Pressure pulses at the bottom of the well
must be sufficient to periodically expand the
cracks.

With a qualitative creation of the impulse from
the wellhead, its leading edge acts on the crack
walls like a wedge moving with a high speed [13].
The energy of the impact pulse generated from the
wellhead is expended on deformation of cracks and
repackaging the grains of the rock of the formation
rock. If the pressure generated at the bottom ex-
ceeds the formation pressure, then crack ope-
ning, deformation and development are carried out.
If the pressure of the pumped liquid is reduced
to the level of the formation pressure, the process
of crack opening is stopped [14].

After the maximum expansion of the cracks,
the pressure of the liquid in the formation is re-
duced to the formation layer and gradual closure of
the cracks due to extrusion of liquid from them.
The grains of the formation's matrix, which under
the action of the pressure pulse were displaced or
deformed, completely overlap with the grains on
the opposite side of the crack. In certain zones of
cracks where, under the influence of the hydraulic
pressure pulse, the grains of the formation's matrix
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are reoriented, the fracture walls do not close com-
pletely, leaving interconnected fine pores compa-
rable in size with the cavities between the grains of
the bedrock. The presence of such spacings in-
creases the permeability of the reservoir rock [15].
The proposed method of influencing pressure im-
pulses is similar in its effect to the implosion tech-
nology, with the difference that in this case the
impacts can be alternated an unlimited number
of times with a period of 3-10 s. The creation
of repeated impulses increases the crack opening,
their range and branching. Thus, the application
of the hydrodynamic effect technology creates
a developed network of cracks in the bottom-
hole zone of the productive reservoir, the presen-
ce of which increases the permeability [16—18].
This does not require the introduction of proppant,
because due to reorientation of the grains of the
formation rock, incomplete adjacency of the cracks
occurs.

The pressure pulse generator placed at the
wellhead must meet the technical requirements for
the rate of buildup and the duration of pressure
maintenance of the borehole fluid. Under these
conditions, maximum deformation and develop-
ment of the fractures occur.

To confirm the efficiency of the described
technology, in June 2016 a test was conducted at
the acting injection well No 1157 of the Tuy-
mazinskoye field to increase the injectivity of the
formation. To assess the parameters and condition
of the bottomhole zone before and after the hydro-
dynamic effect, hydroimpulse studies of the well
were carried out by Bashneft-Petrotest LLC.

In April 2016, based on the results of the studies
following parameters were obtained: bottomhole
pressure 17.2 MPa, formation pressure 15.5 MPa,
specific-injectivity index 0.05 m*/(day-MPa) (tab. 1).
In July 2016 after the well was put into operation
hydrodynamic studies were carried out, conside-
ring the results of the interpretation the following
parameters were obtained: growth of injectivity up
to 75 m’/day (three times as compared to previous
studies), an increase in the specific-injectivity
index up to 0.27 m’/(day-MPa) (five times over
previous studies).

Thus, the results of pilot-industrial tests indi-
cate the efficiency of the proposed technology
of hydrodynamic impact on the bottomhole zone
of the productive formation. The efficiency of the
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effect is confirmed by the conduct of hydrodynam-
ic studies before and after the treatment [19].

Table 1
The summary of the hydrodynamic studies interpretation
Date ;yglz Qinj> Pbtm’ Pf'rm’ Kinj’ Skin
of the study| study m’/day | MPa | MPa |m’/(day-MPa)
08.05.2013| PDC| 69 |17.7]17.0 0.18 —4.5
30.06.2014| PDC | 33 17.2 | 14.9 0.14 -5.1
25.04.2016| PDC | 24 |[17.2|155 0.05 +0.29
11.07.2016| PDC | 75 |17.7|15.0 0.27 -5.0

Carrying out described above technology implies
the possibility of using two liquids with different vis-
coelastic characteristics. It can be an agent fluid (acid
composition, surfactant or polymer solutions) in the
lower part of the wellbore and working fluid (tech-
nical or formation water) in the upper part (fig. 1).
In this case the working fluid perceives the gene-
rated pressure pulses at the wellhead, then passes
them to the agent fluid, through which they are
further transferred to the bottomhole. In this re-
gard, the study of the relationship between the de-
velopment of pressure pulses at the bottomhole
from the ratio of the volumes of agent fluid and
working fluid in the well and their dynamic visco-
sity are of considerable interest.

Fig. 1. Schematic diagram
of the hydrodynamic impact
technology with the use
of two liquids with different
viscoelastic characteristics:
1 — wellhead armature;

2 — buffer valve; 3 — generated
pressure pulses; 4 — contact
point of liquids with different
viscoelastic characteristics;
5 — packer; 6 — productive
reservoir; L — the initial depth
of the well from the wellhead
to the bottomhole;

[ — the height occupied
by the agent fluid, calculated
in meters from the bottomhole
of the well to the point
of contact with the working
fluid

Accordingly, the amount of working fluid in
the well is defined as L—1. These fluids have differ-
rent viscoelastic characteristics (1, — dynamic vis-
cosity of the agent fluid and 1, — dynamic viscosity
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of the working fluid) and can be in the well in dif-
ferent proportions.

The viscous fluid model can be represented
in the form of the Thomson—Tat model or the
Maxwell model [20, 21].

1. Thomson — Tat model

do
T=1,+1,=Go+n e (N
where T — deformation; G — Poisson ratio; | — co-
efficient of dynamic viscosity; o — shear stress.
2. In the Maxwell model, the deformation of

elasticity is considered as the sum of the shear
stresses

. do (daj (docj 1 dt =
a=—-=|— |+ —| =——+—. (2
dt dt ), adt ), G dt nm

In considered case, it is important to determine
the conditions for the development of the pressure
pulse at the bottom of the well, taking into account
the velocity of the shock wave from the mouth and
its connection with the viscoelastic properties of
the medium.

Let us consider the possibility of breaking the
continuity of a viscous fluid

d( du
a(ﬂ;] =0, (3)

where x — coordinate along the length of the well.
The fluid viscosity along the depth of the well
may differ:

x<lym=m; n >>ny,;

x>l m=mn,.

Let us determine the relationship between the

velocity of the fluid and its viscosity:

d_uzﬂ; x=0; u=u,,

dx m
where C; — coefficient of pressure change along
the depth of the well, Pa.

The velocity of the fluid is determined by the
initial velocity set at the wellhead and is the func-
tion of viscosity, taking into account the depth of
the well

T dx

u=uy+C|——.
o N(x)

4)
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The motion of the borehole fluid relative to the
instantaneous position of the shock wave is deter-
mined as follows:

Cx )
u=uy,+—, x<I;

Ui
u=u0+c—ll+m, x>1. &)
uh P
When the bottomhole is reached:
x=L; u=0;
“0 + C_Il + M = 0
n LP)
From here
Uy
Cl L L —l (6)
m P

Substituting equation (6) into (5), the velocity
of fluid in the well is found as

D uyl  (x=Duy,

[ L-1 A
| —+ — N,
L VI P M M
The pressure pulse created at the bottom of the

well, according to Zhukovsky's formula, is deter-
mined by the change in the velocity of the fluid

(7

®)

where p — density of the liquid; ¢ — velocity of the
shock wave.
The change in the velocity of the fluid when
the shock wave reaches the bottom of the well
220

Ap =pcAu,

(L—1Nu,

Au=——7—"—"——, 9
I L-1 ©)
M| —+

M M
where u,, = 2—P
p
Then equation (8) takes the form [12]
L-10- 2P
AP=pc—F——™mmm—. 10
p L (10)
No| —+———
o M

For the technical calculation according to the
formula (10) we accept the following assumptions,
which are at most correspond to the test conditions:
L — depth of the well, 1600 m; / — height of the
agent fluid column from the wellhead, from 1 to
800 m; n; — dynamic viscosity of the agent fluid
from 1.5 to 10.0 MPa-s; 1, — dynamic viscosity of
the working fluid 1.0 MPa:s; P — generated pulse
pressure at the wellhead, from 1 to 20 MPa; p —
density of the borehole fluid, assumed equal to
1050 kg/m’ (since there are two liquids in the well
with densities that differ little from the density of
the technical (formation) water); ¢ — for referent
conditions equal to the velocity of sound in water
1000 m/s (for pipeline systems). Results are shown
in fig. 2.

As seen in the fig. 2, with the increase in the
pressure pulse P generated at the wellhead, the de-
velopment of the pressure pulses at the bottomhole
AP occurs in a power-law manner. For a more de-
tailed analysis, we will expand it into components
depending on the ratio of the filling of the well
with the agent fluid (fig. 3):

AP, MPa-
180
160

+ 1.5MPass,/=1m
= 4 3MPas,/=1m
=+ 10MPas,/=1m

— . 1.5MPas,/=80m

140
120
100

80

+« 3MPas,[=80m
_«—— = 10 MPas, /=80 m
-~ 1.5 MPa-s, /=400 m
— 3 MPa-s, /=400 m

60
40
20

10 MPa-s, /=400 m
+ 1.5MPa-s, /=800 m
+ 3 MPa-s, /=800 m

0 2 4 6 8 10 12

14

10 MPa-s, /=800 m
16 P,MPa 20

Fig. 2. The analytical dependence of the pressure pulses development at the bottom from the generated pulse at the wellhead,
the height of the column and the viscosity of the agent fluid
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220
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160

120
80

40 yd

2 4 6 8
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220
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160

120
80
40

2 4 6 8
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10 MPa's,/=1m

12 14 16 P,MPa 20
10 MPa-s, / =80 m

12 14 16 P,MPa 20
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200

AP, MPa-
160

140

120

100

80

60

40

20

2 4 6 8

12 14 16 P,MPa 20

-~ 1.5 MPa-s, /=800 m -3 MPas,/=800m —= 10 MPa-s, /=800 m

Fig. 3. Dependences of the change in the effecting impulse on the ratio of the fluids' volumes in the well:
a — calculations at a fluid height of 1 m; b — calculations with a height of 80 m; ¢ — calculations at a fluid height of 400 m;
d — calculations with a height of 800 m

Analyzing the graphs in the fig. 3, it can be
concluded that at low altitudes agent fluid pressure
drop created at the borehole bottom is virtually
independent of changes in the dynamic viscosity of
the agent fluid, and depends only on pressure pul-
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ses P, generated at the wellhead. With further in-
crease in height of agent fluid column and decrease
of working fluid column height, differences of
their dynamic viscosities have an increasing nega-
tive effect on pressure's pulse amplitude generated
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on the bottom AP at the same pressure pulses P
generated at the wellhead. At a ratio of the heights
of the agent fluid and the working fluid of 1:1 and
the relatively small difference in their dynamic
viscosities, the efficiency of forming the pressure
pulses at the bottom of the well is almost halved.
To maintain the maximum pressure pulse produced
at the bottom AP, when using a large amount of
agent fluid, it is necessary to increase its dynamic
viscosity relative to the working fluid by several
times.

CONCLUSION

The conducted analytical studies prove the effi-
ciency of applying the hydrodynamic technology
with the use of various liquids with different vis-
coelastic characteristics and obtaining a synerge-
tic effect in the development, repair and operation
of wells in complex geological conditions.
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