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The method of pumping water to compensate for fluid withdrawals from an oil formation in order to maintain
formation pressure has long established itself as an effective technology and is widely used at oil and gas fields. At
the same time, field operator is often faced with the problem of reduction in the intake capacity of injection wells,
which may be caused by various complications arising in the near-wellbore area due to a violation of water treatment
technology or other factors. This problem is typical for reservoirs with low permeability values, which leads to a de-
crease in the performance indicators of the formation pressure maintenance system.

In order to counter contamination of the bottomhole zone of the well, as a rule, injection of specialized acid
compositions for the purpose of cleaning is used. To increase the effectiveness of this procedure, the authors of the
article propose to discharge the injection well at the maximum permissible speeds. This event will allow primary
cleaning of the bottomhole zone of the formation from moving particles clogging the pore space, and reduce forma-
tion pressure in the vicinity of the injection well, which will subsequently improve the intake capacity of the well dur-
ing treatment with acid compositions. The decrease in formation pressure in the bottomhole zone of the well also has
a positive effect on the radius of acid penetration into the formation.

The proposed approach has been successfully tested on a number of injection wells at one of «Gazprom Neft»
enterprises. The results of pilot operations showed an increase in the quality of cleaning the bottomhole zone of the
formation and an increase in the intake capacity of injection wells with subsequent preservation of intake dynamics.
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Introduction. The problem of reducing the intake capacity of injection wells during their op-
eration is not new and is especially widespread in conditions of low permeability reservoirs (the ab-
solute permeability is less than 3 mD). The reasons can be both technological and geological in na-
ture. If it is almost impossible to influence geological factors, then technological ones should be
minimized. These include contamination of the bottomhole zone of the well with suspended parti-
cles, oil products, precipitated insoluble salts, etc. [1, 5].

This article 1s devoted to the method of increasing the intake capacity of an injection well
by short-term discharge at maximum speeds with subsequent bottomhole zone treatment
(BHZT) with an acid composition. This approach has several advantages, one of which is a de-
crease in pressure in the near-wellbore zone, which contributes to the injection of acid composi-
tion at lower pressure, additional cleaning of the bottomhole zone due to the removal of sus-
pended particles at high flow rates during discharge, as well as the possibility of sampling fluid
for laboratory research.

The injection well discharge method is well known and has been widely used previously [2]. A
characteristic feature of the operations was dynamic discharge at speeds of not more than 8 m’/h,
which corresponds to a flow rate of 192 m’/day. A distinctive feature of the work described in this
article is that discharge is carried out at the highest possible speeds (up to 1800 m’/day) and is com-
bined with an acid treatment.

Course of the work. To test the proposed method, four injection wells were selected in the
southern part of the Priobskoye field. The choice was due to the technological possibility to carry
out planned operations in the wells, as well as geological conditions. Wells are located in the deep-
water part of the formation, characterized by permeability average values of 1.5-2 mD.
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section of the pipe. Further, these sam-
ples were transferred to the laboratory
for a detailed analysis, namely, measur-
ing the concentration of suspended par-
ticles (CSP), assessing the distribution
of particle sizes using a system of dif-
ferent sized filters, determining the composition of the particles, and also determining the content
of oil products (Fig.1). The duration of discharge was determined by the conditions for the re-
moval of mechanical impurities by the flow [3, 4]. For the conditions of the wells considered in
the article, the discharge lasted a little more than 5 hours.

In order to evaluate the effect of both the discharge itself and the discharge with the subsequent
BHZT separately, it was decided to operate wells N 3 and 4 without acid treatment. At the same time,
it was decided to operate wells N 1 and 2 twice, i.e. repeat operation after the effect has ended.

During the discharge, samples of the liquid coming out of the well were taken. In all wells
except N 3, a high content of oil products and mechanical impurities was observed (Fig.2).

Samples of well N 3 were not contaminated with oil products and, in comparison with others,
looked relatively clean (Fig.3). The reason is that, due to the technological problems that have
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Fig.1. Well flow rate during discharge

N 1-4 — well numbers

Fig.2. Set of liquid samples taken during well operation:
a — injected water; b — well N 1 in dynamics; ¢ — well N 2 in dynamics; d — well N 4

Fig.3. Liquid samples taken during operation of well N 3
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The next stage of the process is the conduction of acid BHZT. In the case of the Priobskoye
field, the treatment is carried out with a mixture of hydrochloric and hydrofluoric acids, which is
typical for the terrigenous type of reservoir.

For the sake of the experiment, it is also necessary to present the results of the analysis of
previously performed BHZT in injection wells of the Priobskoye field without dynamic operation.
An analysis of the growth dynamics in the intake capacity is shown in Fig.4.

As can be seen from the histogram (Fig.4), the average increase in the intake capacity of injec-
tion wells is 2, and the average duration of the effect over the past two years is 4 months. For com-
parison, in part of the histogram for 2018, the results obtained after operating injection wells with
subsequent BHZT with acid compositions are presented. The rate of increase in the intake capacity
was 3.4, and the duration of the effect was about 8 months.

After BHZT, studied wells were immediately transferred to the injection mode. With shut-off
intake of about 25-30 m’/day, the launch parameters of the wells were about 10 times higher. Fig.5
shows the obtained parameters of the working wells after the injection start. It should be recalled
that at wells N 1 and 2, BHZT was performed, and wells N 3 and 4 were operated without subse-
quent acid treatments.

During operation of well N 1, about 160 m® of liquid was taken out, well N 2 — about 200 m’ ,
well N 3 — about 60 m’, well N 4 — a little less than 150 m’. The entire taken volume was injected dur-

Fig.5. Well operation parameters after injection start
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ing the first days of the wells functioning in the injection mode (marked by vertical lines in Fig.5).
Due to the fact that taken volume is extremely small in order to affect the redistribution of formation
pressure in the area of well drainage, the average value of the intake capacity, starting from the mo-
ment of replacement, is considered as an increase from operation with the conducted BHZT.

Thus, the average increase in the intake capacity in wells N 1 and 2 after BHZT was 3.4. In
well N 3, the production rate was limited; an increase in intake was not obtained. In well N 4, after
the operation, BHZT was not carried out, and a twofold increase in the intake capacity was ob-
tained, which reached shut-off values during the month of well function.

Regarding the duration of the effect, it should be noted that during the initial operation with the
subsequent BHZT of wells N 1 and 2, a positive effect was observed for about 10 months. The
greatest decrease was observed in the first month of exploitation. After repeated operation, it is still
too early to make an unambiguous conclusion about the duration, because current well production
values are twice as high as shut-off ones and continue to fall. However, even a top-level assessment
as a result of regression analysis showed that after treatment the wells reach shut-off values in
7-8 months. Well N 4, operated without acid treatment, had a positive effect for 1 month. Well N 3
showed no increase in intake due to insufficiently high discharge speeds. It is important to note that
according to the regulations, well development after BHZT is not carried out, and therefore, all re-
action products, including insoluble sediment, remain in the formation, which can cause significant
negative consequences for low-permeability reservoirs [6, 9]. This point needs further study and is
not considered in the framework of this article.

Results. The results of field-testing of the approach described in the article show that the intake
capacity during well operation at the maximum possible discharge speeds with subsequent BHZT is
on average 40 % higher than after standard acid treatment of the injection well's bottomhole. Also,
the experimental data showed that the duration of the treatment effect is 1.5-2 times higher than
with the standard approach.

The authors suggest that conducting dynamic operation before BHZT will contribute to more
effective cleaning of the bottomhole zone for the following reasons:

* bottomhole zone is cleaned from mechanical impurities due to high speeds of outcoming liquid;

» pressure in the near-wellbore zone decreases, therefore, a faster injection of the acid composi-
tion occurs;

» reagent radius of effect increases, as a result of which the skin factor will decrease.

An analysis of samples taken during operation revealed a significant content of iron com-
pounds. Moreover, in the injected water leaving the pump-compressor station, the iron content was
within normal limits. Therefore, it is necessary to pay close attention to the condition of the piping
system, as well as to study the possibility of adding special anti-corrosion agents during water
treatment process.

REFERENCES

1. Glushchenko V.N. Inverse emulsions and suspensions in the oil and gas industry. Moscow: Interkontakt Nauka, 2008, p. 725
(in Russian).

2. Instructions on the application of the technology for cleaning the bottomhole zone of injection wells in the formation pres-
sure maintenance system using discharge methods at the fields of JSC «Tatneft». RD-153.39.0-711-11. Bugul'ma: TatNIPI-neft!,
2011, p. 43 (in Russian).

3. Boronin S.A., Tolmacheva K.1., Osiptsov A.A., Orlov D.V., Koroteev D.A., Sitnikov A.N., Yakovlev A.A., Belozerov B.V.,
Belonogov E.V., Galeev R.R. Simulation of injection wells' intake taking into account damage to the permeability of the borehole
zone in the oil and gas fields of Western Siberia: SPE Russian Petroleum Technology Conference. 2017. Moscow. 16-18 October.
SPE 187806 RU (in Russian).

4. Osiptsov A.A., Tolmacheva K.I., Boronin S.A., Sitnikov A.N., Yakovlev A.A., Belozerov B.V., Galeev R.R. Simulation of
suspensions' filtration in a porous medium in the vicinity of an injection well: Tezisy dokladov Yubileinoi kon-ferentsii Natsion-
al'nogo komiteta RAN po teplo- i massoobmenu «Fundamental'nye i prikladnye problemy teplomassoobmenay» i XXI Shkoly-
seminara molodykh uchenykh i spetsialistov pod rukovodstvom akademika RAN A.IL. Leont'eva. Moscow: Izd. dom MEI, 2017. Vol. 1,
p. 255-256 (in Russian).

408

Journal of Mining Institute. 2019. Vol. 238. P. 405-409 e Oil and Gas



4, Evgenii V. Belonogov, Aleksei Yu. Korovin, Andrei A. Yakoviev DOI: 10.31897/PMI.2019.4.405
% Increase in Intake Capacity by Dynamic Operation of Injection Wells

5. Uolkott D. Field development and management at flooding. Moscow: YuKOS Schlumberger, 2001, p. 144 (in Russian).

6. Mikhailov D., Ryzhikov N., Shako V., Theuveny B. An integrated experimental approach to determining how invaded mud
components modify near-wellbore properties: SPE Russian Oil and Gas Exploration & Production Technical Conference and Exhibi-
tion. 2014. Moscow. 14-16 October. SPE 171291-RU. DOI: 10.2118/171291-RU

7. Boronin S.A., Osiptsov A.A., Tolmacheva K.I. Multi-fluid model of suspension filtration in a porous medium. Fluid Dynamics.
2015. Vol. 50. Iss. 6, p. 759-768. DOI: 10.2495/MPF 170161

8. Boronin S.A., Tolmacheva K.I., Osiptsov A.A., Sitnikov A.N., Yakovlev A.A., Belozerov B.V., Belonogov E.V. Damage to
formation surrounding flooding wells: modelling of suspension filtration with account of particle trapping and mobilization. Journal
of Physics: Conference Series. Vol. 925. DOI 10.1088/1742-6596/925/1/012009

9. Gruesbeck C., Collins R.E. Entrainment and deposition of fine particles in porous media. Society of Petroleum Engineers
Journal. 1982. Vol. 22. Iss. 6, p. 847-856. DOI: 10.2118/8430-PA

10. Ochi J., Vernoux J.F. Permeability decrease in sandstone reservoirs by fluid injection: hydrodynamic and chemical effects.
Journal of hydrology. 1998. Vol. 208. N 3, p. 237-248.

Authors: Evgenii V. Belonogov, Department Chief, Belonogov. EV@gazpromneft-ntc.ru (LLC «Gazpromneft Science & Technology
Centre», Saint-Petersburg, Russia), Aleksei Yu. Korovin, Project Coordinator, Korovin.AYu@gazpromnefi-ntc.ru (LLC «Gazpromnefi
Science & Technology Centre», Saint-Petersburg, Russia), Andrei A. Yakovlev, Doctor of Physics and Mathematics, Programs Director,
Yakovlev. AAle@gazprom-neft.ru (PJSC «Gazprom neft, Saint-Petersburg, Russia).

The paper was received on 18 January, 2019.

The paper was accepted for publication on 23 May, 2019.

409
Journal of Mining Institute. 2019. Vol. 238. P. 405-409 e Oil and Gas



