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The aim of the work is to increase efficiency of well completion under conditions of water inflow by use of viscoelastic
gas-liquid mixtures to shut-off permeable formations.

At present, there is an increase in rates of drilling of wells in abnormal conditions, such as abnormal formation pressure
(both low and high), unstable rocks, rocks of high hardness, permafrost etc. The quality of well construction in such
conditions influences subsequent development and operation of the field greatly. Aquifer isolation is an extremely
important issue due to the fact that from them water breaks through in production wells which has a significant impact on
quality of fluid produced.

The main solution for water breakthrough challenge is formation isolation, which is performed by use of various plugging
material. At present, there are many mixtures that limit water inflows such as fast-setting plugging materials, gel-cement
mixtures, polymeric swelling nets, latexes, synthetic resins, viscoelastic mixtures, materials for selective isolation etc.
Under conditions of abnormally low reservoir pressures, it is important to consider density when selecting drilling fluids
and plugging materials. Therefore, it is recommended to use screens based on viscoelastic three-phase stabilized gas-liquid
mixtures for temporary blockage of permeable aquifer. With use of such mixtures liquid penetration flow rate is
significantly reduced compared to other viscoelastic systems, which makes it possible to increase reliability of temporary
isolation of aquifers.

The paper presents an analysis of domestic and foreign experience of blocking permeable formations by different mixtures.
Three-phase blocking mixtures are studied and requirements for them are generalized.

Llenbio paGoThl siBisieTCst MOBBILICHHE 3((PEKTUBHOCTH 3aKaHYMBAHUSI CKBA)KHH B YCJIOBHSX BOJOIPHUTOKOB Grarojgaps
HPUMEHEHHUIO BSI3KOYNPYTUX ra3oXuaKocTHbIX cMecei (IDKC) uist H305181MU TPOHUIIAEMBIX TOPU30HTOB.

B Hacrosiiee Bpems NPOMCXOAUT YBEIHYEHHE TEMIOB OYPeHHsS CKBaXHH B OCJIOXKHEHHBIX YCJIOBHSX, TAKHX Kak
AQHOMAJIbHBIC UIACTOBBIC JABJICHMS (KaK HU3KHE, TAK M BBICOKHE), HEYCTOWYHBBIC HOPO/IBI, TIOPObI BHICOKOH TBEPAOCTH,
MHOTOJIETHEMEP3JIbIe TOPOb! U p. KauecTBO CTPOHTENBCTBA CKBOKHH B TAKHX YCIOBHSAX BO MHOTOM OKAa3bIBACT BIMSIHHUE
Ha TMOCJIeYIONIyI0 pa3paboTKy M AKCILTyaTallio MecTOpoXkaeHns. OCOOEHHO OCTPO CTOUT BOIPOC M3OJISIIHU BOJOHOCHBIX
IUIACTOB, U3 KOTOPBIX MPOMCXOAAT MPOPHIBBI BOJ| B JOOBIBAIONINE CKBAKHHBI, OKA3bIBAIOIINE CYIECTBEHHOE BIIMSHHE HA
KaueCTBO JJOOBIBAEMOI POy KIINH.

OCHOBHBIM pEIICHHEM IPOOJIEMbl MPOpPbIBA BOJ SIBISETCS H30JMILMS ILUIACTOB, KOTOpas OCYIIECTBISACTCS IPUMEHEHHEM
Pa3IMYHBIX TAMIOHAXHBIX MAaTepHaioB. B HacTosiee BpeMs CYLIECTBYET MHOXECTBO COCTABOB ISl OrPaHHYCHHS
BOJIONIPUTOKOB: OBICTPOCXBATHIBAIONINECS TAMIOHAKHBIC MaTEPHAIbl, TEIBLEMEHTHbBIE PACTBOPBI, TIOJIMMEPHbIE HaOyXaromue
CETKH, JIATEKChI, CHHTETHYECKUE CMOJIBI, BA3KOYIPYTUE COCTABbI, MAaTEPHAIIbI JUISl CEIEKTUBHOM N30JIALUU U JIP.

B ycroBHsX TOHMKEHHBIX IUIACTOBBIX JABJICHHIT NMPH BBIOOpE OypOBBIX TEXHOJIOTHYECKUX JKHJIKOCTEH M TaMIOHAXKHBIX
MaTepualoB BaKHO YYMTHIBATh IUIOTHOCTb, IOITOMY JUISI BPEMEHHOIO OJIOKMPOBaHHS IPOHUIIAEMOr0 BOJOHOCHOTO
TOPH30HTA LENecO00PA3HBIM SIBISETCS IPUMEHEHNHE S9KPAHOB Ha OCHOBE BS3KOYHPYTHX TpeX(a3HbIX CTAOMIM3HPOBAHHBIX
I'KC. Ipu HCHOIB30BaHUM TaKMX COCTABOB 3HAYMTENIBHO MOHIKACTCS CKOPOCTh (QHIIBTPALIMH XKUIKOCTH [0 CPABHEHHIO C
JIPYTHMH  BSI3KOYIPYTUMH CHCTEMaMH, 4YTO II03BOJISIET IIOBBICUTH HAJICKHOCTh BPEMEHHOH H30JSIUH BOJOHOCHBIX
TOPH30HTOB.

B paGote npoBesieH aHAIN3 OTEYECTBEHHOIO U 3apyOEe)KHOTO OINbITa GIOKMPOBAHHS MPOHUIAEMbIX IUIACTOB PA3IHIHBIMU
COCTaBaMH, HCCIIEOBAHbI TpeX(a3Hble OIOKUPYIONINE COCTABbl B 0000IICHBI TPEOOBAHMUS K HUM.
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Introduction

An analysis of current state of development of
oil and gas fields shows that significant amount of
production wells is operated with more than 80 %
of water cut. Inactive wells represent more than 35
% and for some fields it is about 40-50 % of total
amount. At the same time, there are at least 15 %
of wells that have water cut sharply after they are
put on production [1-4].

Breakthrough of water into production wells is
often caused by presence of cross-flow due to poor
quality of cement that can be caused by [5]:

—wrong density of cement slurry, when
pressure in oil-bearing formation is higher than
pressure created by slurry coloumn;

—poor quality adhesion at interfaces ("rock-
cement" and "cement-casing"), caused by poor
quality removal of filter cake (especially during
well flush by hydrocarbon-based solutions) and
volume shrinkage of cement stone;

— premature thickening that cause decrease in
hydrostatic pressure and, as a result, migration of
fluid from the formation;

— low quality of cement slurry due to excessive
water loss, low sedimentation resistance, high
permeability, low strength and shrinkage of
forming cement stone.

Today, there are several ways to overcome the
challenge of qualitative isolation of water-bearing
formations that are selective isolation of water
inflows during repair and isolation works [6, 7],
improvement of quality of well cementing [8-18]
and temporary blockage of the reservoir [19-21].

In order to prevent channels to form by the
migration of fluid from a well during thickening of
cement the most expedient is to block permeable
water-bearing formation for some time.

Current state of the challenge

Analysis of scientific and technical papers in the
field of isolation of water inflows during oil
production, as well as isolation of water-bearing
formations during drilling and operation [3] shows
trend of decrease in use of cement slurries during
repair and isolation work. It is also found that a share
of complex technologies and methods of selective
isolation is increasing. Nevertheless, there is almost
no attention paid to cross-flow prevention.

During construction of wells under conditions
of low (including abnormaly low) pressures, well
pressure plays a significant role. Therefore to
block permeable intervals it is advisable to use low
density mixtures such as three-phase foams. It was
concluded in [22] that character of fluid flow in
porous medium saturated with a three-phase foam
nature of the solid phase has significant influence.
According to that clays are recommended
for isolation of non-oil-bearing formation and
acid-soluble colmatants for oil-bearing ones.
Parameters of mixtures that have been used for
isolation of bottomhole formation zone are given
in Tables 1 and 2.

In some cases in order to block a formation
hydrocarbon-based mixtures that include crump
rubber are used. It leads to inconvertible blockage
of a formation and permeability decrease because
of crumb that do not dissolve and biodegrade
during acid treatment. Thus, the mixture can be
applied only in non-oil-bearing permeable
formations to control loss circulation of flush fluid
but only for drilling wells with flushing by
hydrocarbon-based fluids.

If instead of crumb rubber calcium carbonate is
used as filler material then mixtures can be used
for temporary blockage of oil-bearing formation.
Herewith such mixtures can be easily removed
during acid treatment after perforation.

Foam mixtures (Table 2), designed to shut-in
wells in abnormally low reservoir pressures, can be
successfully applied to temporarily blockage of
bottomhole zone and restriction of water inflows
into the well.

Stable three-phase foams, which serve as a flow
screen, are the most efficient. Due to the solid phase
that is added to foam, stability of a foam increase,
structural and mechanical properties improve and
penetration intensity decreases. Presence of bentonite
as a solid phase can lead to inconvertible colmatation
of a permeable formation.

On the one hand, presence of chalk as filler and
a solid phase to block temporary formation pores
increase blockage abilities, on the other hand,
complicate put-on production because a formation
has to be unblocked. In order to unblock oil-
bearing formation from chalk during acid
treatment its natural permeability is deformated
due to interaction between the acid, minerals and
formation water.
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Table 1

Mixtures that block formation bottome hole zone

Patent of RF Composition

Parameters Features

A mixture of condensate and sulfite-
alcohol spent wash (SASW) in a ratio of
3:1.The water solution of SASW is 38 %

(25-50). Rubber crumb (0.2-0.5%).

No. 484300 [23]

Density — 0.9-0.95 g/cnr’.

SSS — 80 Pa-s High static shear stress

Hydrocarbon base (41-72).
Acyclic acid (6-14).
Caustic soda (4-13).

Mineral filler

No. 2255209 [24]

Insufficiently high efficiency of
application in the fields with high
permeability formation

Emulson density —
1.02 g/em®

Gas condensate (5-75 %).
SASW, concentration 38 % (25-50 %).
Rubber crumb (0.25-0.5 %)

No. 2196164 [25]

Density — 1030 kg/m’,

viscosity —42 s,
SSSI/IO -2/3 dPa,
DSS —37.5 dPa,
Plastic viscosity —
129.5 mPa-s

Inconvercible blokage
of pore space of oil-bearing
formation

CMC (1.5-2.0 %).
Magnesium chloride (12-18 %).
Sodium hydroxide (10-16 %),
Water — the rest.

In addition over 100 %:
microspheres (25-40 %); chalk (3-5 %)

No. 2309177 [26]

Density — 1300 kg/m’,

penetration — 6 cm”,

Ensuring blockage of bottomhole
formation zone of high permeability
("super reservoirs") and cracks

viscosity — 60 s,

stability — 10 min

Table 2

Foam mixtures designed to block a formation and limit water inflows

Patent of RF Composition

Features

Lignin (8.0-15.0).
Alkali (0.3-5.0).
CMC (0.2-0.6).

Surfactant (0.01-0.15).
Petroleum product (1.0-5.0).
Ethylenediamine (0.05-1.5).

Water — the rest

No. 1175951 [27]

Instability of a system, weak ability to block,
negligible decrease in permeability of reservoirs after
workover

Sulfonol or OP-10 (1-3).
Bentonite (1-3).
PAA (0.5-0.7).

CSASW-4 (5-8).
Fresh water — the rest

No. 1208192 [28]

Instability of a system, weak ability to block,
decrease in permeability of reservoirs after workover,
significant time expendetures to put a well on
production

Surfactant (0.5).
Potassium chloride (5.0).
No. 2183735 [29] Condensed SASW (0.5-1.0).

Chalk (3.0).
Water — the rest

Hydroxyethyl carboxymethyl starch (3.0-4.0).

Insufficient well killing.
Formation of foam with low multiplicity

Foaming agent (0.8-1.8).
Modified starch (5.0-7.0).
Sulfacell (0.18-0.3).
Chalk technical (3.0-4.0).
Alumino chloride (1.1-1.4).
Calcined soda (0.6-0.8).
Fresh water — the rest

No. 2187533 [30]

Insufficient well killing

The main requirements for blocking mixtures
are high viscosity, wide limits of regulation of
structural, mechanical and rheological properties,
low penetration value, preservation of reservoir
properties and operating reservoir parameters (with
a probability of penetration into oil-bearing
formation), availible components, a simple
technology of preparation in field conditions,
ensuring work safety.

To block high permeability zones it is
necessary to use a colmatant whose dimensions
depend on formation pore size. The most suitable
for this purpose is calcium carbonate of coarse
fraction or microspheres (glass, aluminosilicate or
ceramic).

General requirements for mixtures for
temporary formation isolation under conditions of
low pressures are as follows:
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1. A blocking mixture should be chemically
inert to rocks, compatible with formation fluids
and should avoid inconvertible reservoir pore
blockage by solid particles.

2. The filtrate of blocking mixture must have
an inhibitory effect on clay particles, preventing
their swelling at any pH value of formation water.

3. The mixture should have thixotropic
properties, in particular little resistance when
moving in drill pipes and annulus and large when
moving in permeable rocks.

4. Blocking mixture liquid must have low
corrosive effect on downhole equipment. The rate of
corrosion of steel should not exceed 0.10-0.12 mm/g.

5. Blocking mixture for isolation should be
thermostable at high temperatures and frost-
resistant in winter conditions.

6. Blocking liquid must not be combustible,
explosive and non-toxic.

7. Blocking mixture must be technological in
preparation and use.

8. Technological properties
blocking must be regulated.

9. In fields with presence of hydrogen sulphide,
mixtures must have a neutralizer of hydrogen
sulphide.

Thus, development of a composition for
temporary isolation of permeable water-bearing
formation, which minimizes fluid penetration in a
system "well-reservoir" and contamination of
bottomhole formation zone, as well as a method of
its removal from oil-bearing formation after jobs
for subsequent shut-in and production, is an
extremely important goal. An obtained result needs
comprehensive study.

of liquid for

Development of gas-liquid blocking liquid

In order to put well on production effectively
in conditions of low pressures and preserve
reservoir properties to ensure temporary isolation it
is needed to use gas-liquid blocking liquid with
following parameters:

— density — less than 1000 kg/m”;

— fluid penetration — no more than 5 cm*/30 min;

—mud cake thickness — 0.5-1.0 mm;

— hydrogen index (pH) — 7-8;

— efficient viscosity — at least 65 mPa-s;

—dynamic  shear stress (at
bottomehole) — 400-1000/150-700 dPa;

— static shear stress (1 min/10 min) — at least
15/15 dPa.

surface/

An oil-bearing formation can be characterized
by high temperatures up to 90-100 °C. So, it is
reccomended to wuse heat-resistant gas-liquid
blocking liquids that retain their properties during
the entire time of liquid being in a well.

Thus, development of thermostable blocking
liquids that have mentioned properties is a high
priority issue.

A solution should include components that are
as follows:

—polymer (biopolymer) to form a structure of
gas-liquid blocking mixture;

— regulator of pH;

—bactericide (in case starch reagents and
biopolymers used);

— viscosity regulator;

— flow properties regulator;

— colmatant (to increase stability);

— additional components.

At the first stage, drilling muds are selected for
density and fluid penetration matching. Studied
solutions are given in Table 3.

Table 3
Composition of studied solutions, %
Solution

Reagent 1 (23 456758
Biopolymer 26 |1.5]15][05(03[03]04]03
Surfactants 0.101]01[0.1]0.0{0.1[0.1]0.08
Colmatant 20(20(20[10]1,0[1.0]0.8]0.8
PH regulator 0.06]0.06/0.06|0.06| 0.0 [0.06]0.06|0.06

In addition, stability was measured and
multiplicity of the foam obtained was calculated.
Results of experimental studies are presented in
Table 4.

Table 4
Results of experimental studies
Parameter Solution
1 2 3 4 5 6 7 8
Density, kg/m3 920|840 780|800 | 820|800 | 810 | 800
Conditional viscosity, s Non-flowing 45 | 55 [150( 99
Multiplicity of foam [1.44| 1.5 [1.68|1.64| 1.6 [1.64| 1.5 | 1.7
Dynamic viscosity, cP:
3 rpm 1300]1367|1500]1100
6 rpm 783800 | 850 | 650
100 rpm 114]112] 96 | 83
200 rpm 70 | 68 | 59 | 51
300 rpm 50 | 50 | 46 | 37
600 rpm 31 |31 26|24
pH 78178]7.6]75|73|78]|76|75
Stability, kg/m’ 0] 0] 0] 0 |150[200| 0 |170
Penetration,cm’/30min | 0 [ 0 [ 0 [ 0 8.8
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The first four solutions showed high stability
(there was no liquid escape from foam during
7 days) high values of resistance, good indexes
of stability and fluid penetration, but they
do not flow. Therefore, determination of their
rheology was imposible. So, they were considered
as inexpedient. Dynamic viscosities at different
shear rates were measured for compositions 5-8.
In general, dynamic viscositiecs are close
to each other for all the solutions, but only
7" solution has acceptable stability (no more than
20 kg/m*). Compositions 5, 6 and 8 delaminated
and showed insufficient stability values. There
was a negative result for fluid penetration in
7" sample. Therefore, in future research it is
recommended to look over solutions that include
following components: 0.4-0.5 % of biopolymer,
0.05-0.1 % of a surfactant and 0,8-1.0 % of a
colmatant. For control over rheology and
penetration properties it is proposed to consider
addition of low and high viscosity polyanionic
cellulose in various concentrations to obtain
optimal values.

Besides, it is necessary to evaluate thermal
stability of compositions in the future and
investigate  technological and  rheological
properties after heating up to reservoir
temperatures (for example, 90 °C), and determine
dependence of destruction of three-phase solution
with increase in pressure up to reservoir.

Findings and recommendations

1. Temporary isolation is a necessary technical
operation that is complicated by low reservoir pressure.
Application of the products with low density, such as
emulsions and foams, is important.

2. In case of temporary isolation, it is
necessary to consider a possibility of penetration of
blocking liquid into bottomhole zone of oil-bearing
formation. As a result, it is necessary to exclude
unsoluble in acids colmatant from composition of
developing solutions.

3. Foams used to create a blocking screen
must be stable from the moment of pumping until
the end of cement thickening. Ground calcium
carbonate is an effective filler to stabilize a
solution. Calcium carbonate is dissolved easily
during acid threatment.

4. The most successful blocking mixtures are
liquids with a low dynamic shear stress at surface
conditions and with a high pressure in bottomhole
formation zone. That allows reducing the
probability of penetration of liquid into an oil-
bearing formation and decreasing reservoir
properties. High values of dynamic shear stress at
surface conditions reduce performance factor and
efficiency of a pump. Thus, forthcoming
rheological studies should be focused on test of
stated requirements and development of new
solutions in case of negative result.

References

1. Zemtsov Iu.V., Timchuk A.S., Akinin D.V.,
Krainov M.V. Retrospektivnyi analiz metodov ogranicheniia
vodopritokov, perspektivy dal'neishego razvitiia v Zapadnoi
Sibiri [Retrospective analysis of methods applied for water
inflows limiting, prospects of further development in the
Western Siberia]. Neftepromyslovoe delo, 2014, no.4, pp.17-22.

2. Shamsutdinova M.Kh., Goitemirova S.U., Isaeva E.L.,
Bisieva Kh.Z., Sirieva Ia.N. Izoliatsiia vodopritokov v
neftianye skvazhiny [Isolation of water inflows into oil
wells]. Refleksiia, 2010, no.3, pp.50-54.

3. Magadova L.A., Silin M.A., Efimov N.N., Efimov
M.N., Nigmatullin T.E., Khasanshin R.N. Opyt izoliatsii
vodopritokov v dobyvaiushchikh neftianykh skvazhinakh s
primeneniem selektivnykh materialov na uglevodorodnoi
osnove [Experience in isolating water inflows in
producing oil wells using selective hydrocarbon-based
materials]. Territoriia Neftegaz, 2011, no.3, pp.68-73.

4. Bailey B. Water control. Oilfield Review, 2000,
vol.12, iss.1, pp.30-51.

5. Piskunov A.I. Zakolonnye peretoki i analiz prichin
ikh poiavleniia [Cross flows and analysis of causes of their
occurrence].  Problemy  razrabotki  mestorozhdenii

uglevodorodnykh i rudnykh poleznykh iskopaemykh, 2014,
no.l, pp.141-144.

6. Krasnova E.I., Zotova O.P., Sivkov P.V.
Primenenie selektivnykh materialov dlia ogranicheniia
vodopritokov na mestorozhdeniiakh Zapadnoi Sibiri [The
use of selective materials for limiting water inflows in
fields of Western Siberial. Akademicheskii zhurnal
Zapadnoi Sibiri, 2013, vol.9, no.4 (47), pp.17-18.

7. Silin M.A., Rud' M1, Davletshina L.F., Gubanov V.B.,
Magadov V.R., Fedorova L.A., Kyong F.Kh. Razrabotka
bitumnoi emul'sii dlia primeneniia v tekhnologii selektivnoi
izoliatsii vodopritokov [Development of bitumen emulsion
for use in technology of selective isolation of water inflows].
Stroitel'stvo neftianykh i gazovykh skvazhin na sushe i na
more, 2010, no.11, pp.11-13.

8. Dvoinikov M.V. Razrabotka i issledovanie azotona-
polnennykh tamponazhnykh sistem dlia krepleniia skvazhin
[Development and study of nitrogen-filled plugging systems
for well casing]. Abstract of Ph. D. thesis. Tiumen', 2005, 26 p.

9. Ismagilova E.R., Agzamov F.A. Razrabotka dobavok
v «samozalechivaiushchiesia» tsementy dlia vosstanovleniia
germetichnosti tsementnogo kol'tsa neftianykh i gazovykh

ISSN 2224-9923. Bectaux ITHUITY. I'eonorus. Hedrerazosoe u roproe geno. 2017. T.16, Nel. C.33-39



38 ISSN 2224-9923. Bulletin of PNRPU. Geology. Oil & Gas Engineering & Mining. 2017. Vol.16, no.1. P.40-48

skvazhin [Development of additives for self-healing cements
to restore the cement stone integrity in oil and gas wells].
Burenie i nefi’, 2016, no.5, pp.36-41.

10. Nikolaev N.I., Liu Kh., Kozhevnikov E.V.
Study of influence of polymer spacers on bond strength
between cement and rock. Bulletin of Perm National
Research Polytechnic University. Geology. Oil & Gas
Engineering & Mining, 2016, vol.15, no.18, pp. 16-22.
DOI: 10.15593/2224-9923/2016.18.2

11. Ovchinnikov P.V., Dvoinikov M.V, Ovchinnikov V.P.,
Frolov A.A., Budko A.V., Prolubshchikov S.V., Arypov Sh.K.
Kreplenie skvazhin v usloviiakh anomal'no nizkikh
plastovykh davlenii [Well cementing in conditions of
abnormally low reservoir pressures]. [zvestiia vysshikh
uchebnykh zavedenii. Neft'i gaz, 2005, no.2, pp.28-34.

12. Piskunov A.L, Dvoinikov M.V. K voprosu
tsementirovaniia skvazhin, proburennykh s ispol'zovaniem
rastvorov na uglevodorodnoi osnove [To the question of well
cementing drilled wusing hydrocarbon-based mixtures].
Estestvennye i tekhnicheskie nauki, 2016, n0.6 (96), pp.60-62.

13. Davis R. Foam cementing program. Drilling,
1989, no.12, p.70.

14. Fujii K., Kondo W., Wataabe T. The hydration of
portland cement immediately after mixing water. Cement-
Klak-Gips, 1970, no.2.

15. Garvin T., Creel P. Foamed cement restores well-
bore integrity in old wells. Oil & Gas Journal, 1984, no.34,
pp.125-126.

16. Ismailov A.A., Kabdulov S.Z., Tikebayev T.A.
Analysis of the existing methods for elimination of cement
slurry losses while well cementing. International Journal
of Chemical Sciences, 2013, no.11(1), pp.150-158.

17. Montman R., Sutton D.L., Harms W.M. Foamed

portland cements. Oil and Gas J, 1983, no.20,
pp-219-232.
18. Rozieres S.D., Ferriere R. Foamed cements

characterization under downhole conditions and I-bz impact on
job design. SPE Prog. Eng., 1991, vol.3, pp.297-304. DOI:
10.2118/19935-PA

19. Gasumov R.A., Dubenko V.E., Minchenko Iu.S.,
Belous A.V., Seliukova V.N. Primenenie geleobra-
zuiushchikh sistem dlia vremennogo blokirovaniia
gazovogo plasta pri tsementirovanii skvazhin s otkrytym
zaboem [The use of gel-forming systems for temporary
blocking of a gas reservoir during cementation of wells

with an open bottom]. Vestnik Assotsiatsii burovykh
podriadchikov, 2015, vol.1, no.2, pp.13-16.

20. Gasumov R.A., Kashapov M.A. Razrabotka
penoobrazuiushchikh sostavov dlia bureniia i remonta
skvazhin [Development of foam-forming compositions for
well drilling and repairing]. Stroitel'stvo neftianykh i
gazovykh skvazhin na sushe i na more, 2009, no.12, pp.30-32.

21. Gasumov R.A., Ponomarenko M.N., Mosienko V.G.
Kreplenie skvazhiny s vremennym blokirovaniem
prizaboinoi zony produktivnogo plasta [Well cementing
with temporary blocking of bottomhole zone of productive
formation). Stroitel'stvo neftianykh i gazovykh skvazhin na
sushe i na more, 2007, no.8, pp.56-58.

22. Tagirov K.M., Nifantov V.I. Burenie skvazhin i
vskrytie neftegazovykh plastov na depressii [Well drilling
and underbalance perforation of oil and gas reservoirs].
Moscow, Nedra-Biznestsentr, 2003, 160 p.

23. Akopian N.R., Klimenko Z.XK., Shmelkov V.E.
Emul'siia dlia glusheniia skvazhin [Emulsion for well killing].
Patent 484300 Rossiiskaia Federatsiia no.1323284, 1975.

24. Riabokon' S.A., Gertsena N.K., Gorlova Z.A. et al.
Sposob glusheniia skvazhiny [Method of well killing]. Patent
2255209 Rossiiskaia Federatsiia n0.2004100762/03, 2004.

25. Galian D.A., Komarova N.M., Chadina N.P.,
Glichev A.Iu. Emul'sionnyi rastvor [Emulsion mixture]. Patent
2196164 Rossiiskaia Federatsiia no. 2000131467/03, 2003.

26. Obidnov V.B., Kustyshev A.V., Mazanov S.V. et
al. Sostav dlia blokirovaniia prizaboinoi zony plasta
gazovykh skvazhin [Mixture for blocking bottomhole
formation zone of gas wells]. Patent 2309177 Rossiiskaia
Federatsiia no. 2006116076/03, 2007.

27. Ukhanov R.F., Kuksov A.K., Sheintsvit L.I. et al.
Penoobrazuiushchii sostav dlia glusheniia skvazhin
[Foaming mixture for well killing]. Patent 1175951
Rossiiskaia Federatsiia n0.3696861, 1985.

28. Amiian V.A., Kiseleva G.S., Romashova M.M. et
al. Zhidkost' dlia glusheniia skvazhin [Liquid for well killing].
Patent 1208192 Rossiiskaia Federatsiia no. 3769506, 1986.

29. Krylov G.V., Shtol' V.F., Kashkarov N.G. et al.
Zhidkost' dlia glusheniia skvazhin [Liquid for well
killing]. Patent 2183735 Rossiiskaia  Federatsiia
n0.2000111805/03, 2002.

30. Gafarov N.A., Glichev A.Iu., Goronovich V.S. et
al. Penoobrazuiushchii sostav [Foaming mixture]. Patent
2187533 Rossiiskaia Federatsiia n0.2000131992/03, 2002.

Bubauorpadunyeckuii cnmcox

1. PerpocrieKTHBHBIM aHAIM3 METONOB OTpaHUYEHHS
BOAONPUTOKOB, TCPCIEKTHUBLI )laJIbHeﬁHJeF 0 pasBuUTUd B
Bamaguoit Cubupu / HO.B. 3emmoB, A.C. Tumuyk,
J.B. Axunnn, M.B. Kpaiinos // HedrenpomsicioBoe nerno. —
2014. —Ne 4. - C. 17-22.

2. V3omsiwist BOZONPUTOKOB B He(ITSIHBIE CKBaKHHBI / M.X.
[MamcytmimHoBa, C.Y. loitremuposa, 2.J1. Mcaesa, X.3. brcuesa,
S1H. Cupuena // Pedmexcrst. —2010. — Ne 3. — C. 50-54.

3. OnBIT M30JIALMK BOJOIPHUTOKOB B JTOOBIBAIOIIUX
HE(TAHBIX CKBAXHMHAX C IPUMEHEHHUEM CEJICKTUBHBIX
MaTepualioB Ha yrieBojnopoaHoi ocHoBe / JI.A. Mara-
noBa, M.A. Cwmn, H.H. EdumoB, M.H. Edumos,

T.D. Hurmarymmn, P.H. Xacanmmu // Teppuropus
Hedreras. —2011. — Ne 3. — C. 68-73.

4. Bailey B. Water control // Oilfield Review. — 2000. —
Vol. 12, iss. 1. - P. 30-51.

5. INuckynoB A.M. 3akon0HHBIE IEPETOKU U aHAIIU3
npuuuH wux mnosisaeHus // IlpoGiemsr pa3paboTku
MECTOPOKACHUN YIIIEBOAOPOIHBIX M PYAHBIX MOJE3HBIX
nckonaembix. —2014. — Ne 1. — C. 141-144.

6. Kpacnora E.N., 3otoBa O.I1., Cuskos I1.B. [Ipumenenne
CENIEKTHBHBIX MaTepUalioB JUT OTPaHWHYCHHST BOJONPHTOKOB HA
MecTopoxkaeHnsIX 3ariaHoi CHOMpH // AKaJIeMUUYECKHUI JKypHaT
Sanasoi Cubupu. —2013.—T. 9, Ne 4 (47). - C. 17-18.

ISSN 2224-9923. Bectaux ITHUITY. I'eonorus. Hedrerazosoe u roproe gexo. 2017. T.16, Nel. C.40-48



ISSN 2224-9923. Bulletin of PNRPU. Geology. Oil & Gas Engineering & Mining. 2017. Vol.16, no.1. P.33-39 39

7. Pa3paboTka OUTYMHOW SMYJBECHH TS TIPHIMEHEHHS B
TEXHOJIOTMM  CENEKTHBHOM H30JSIMM  BOAOIPHUTOKOB  /
M.A. Cwmn, MU. Pynp, JL.®. asnernmna, B.b. I'ybanos,
B.P. Maranos, JLA. ®enopora, ®.X. Keiour // Crpou-
TEJIbCTBO He(l)TﬂHI)IX M Ta30BbIX CKBAXHWH Ha CyII€ U Ha
mope. —2010.—Ne 11. - C. 11-13.

8. lpoitnnkoB M.B. Pa3zpabotka u wuccienoBaHue
A30TOHAITOTHEHHBIX TAMITOHAKHBIX CHUCTEM I KpEIUICHHUS
CKBKMH: aBToped. AWC. ... KaHI. TeXH. HayK. — TIOMeHs,
2005.—26c.

9. Ucmarmnoa DO.P., ArsamoB ®.A. Paszpaborka
J00aBOK B  «CaMO3aJICUMBAIOIIMECS» ILEMEHTHI  JUIs
BOCCTAQHOBJICHMS TEPMETHYHOCTH LEMEHTHOTO KOJIbLA
He(TSHBIX M Ta30BbIX CKBaXUH // bypenune u HedThb. —
2016.—Ne 5. - C. 36-41.

10. Hukomaee H.M., Jlro X., Koxesnukop E.B.
HccnenoBanye BIMSIHUS TONUMEPHBIX Oy(epHBIX >KHAKOC-
Tell Ha IPOYHOCTh KOHTAKTa LIEMEHTHOT'O KaMHsI C OPOJI0i /
Bectauk IlepMckoro HalMOHAIBHOTO HCCIIEIOBATENBCKOTO
MOJINTEXHIYECKOro yHHuBepcureta. [ eonorus. Hedrerasosoe
n ropHoe gemo. — 2016. — T. 15, Ne 18. — C. 16-22.
DOLI: 10.15593/2224-9923/2016.18.2

11. Kpemienue ckBaXuH B YCIOBHSAX aHOMAJIBHO HU3KHX
TacToBbIX JaBnenuit / I1.B. OBunaHIKOB, M.B. JIBOHHMKOB,
B.IL OpunaHNKOB, A.A. ®poios, A.B. byneko, C.B. ITpomy6-
mmkoB, LK. Apemo // W3Bectusi BbICHIMX y4eOHBIX
3aBenennii. Hedts 1 raz. —2005. — Ne 2. — C. 28-34.

12. TIuckynoB A.W., [soitnukoB M.B. K Bompocy
HEMCHTUPOBAHUSA CKBAKUH, HpO6ypeHH])lX C HCII0JIb30BAHUEM
pPacTBOPOB Ha YIJICBOIOpPOAHOI ocHOBe // EcrecTBeHHBIC U
Texandeckre Hayku. —2016. — Ne 6 (96). — C. 60-62.

13. Davis R. Foam cementing program // Drilling. —
1989. — Ne 12. — P. 70.

14. Fujii K., Kondo W., Wataabe T. The hydration of
portland cement immediately after mixing water //
Cement-Klak-Gips. — 1970. — Ne 2.

15. Garvin T., Creel P. Foamed cement restores well-
bore integrity in old wells // Oil & Gas Journal. — 1984. —
Ne 34, —P. 125-126.

16. Ismailov A.A., Kabdulov S.Z., Tikebayev T.A.
Analysis of the existing methods for elimination of cement
slurry losses while well cementing // International Journal of
Chemical Sciences. —2013. —Ne 11 (1). — P. 150-158.

17. Montman R., Sutton D.L., Harms W.M. Foamed
portland cements // Oil and Gas J. — 1983. — Ne 20. — P. 219-232.

18. Rozieres S.D., Ferriere R. Foamed cements
characterization under downhole conditions and I-bz impact on

Please cite this article in English as:

job design // SPE Prog. Eng. — 1991. — Vol. 3. — P. 297-304.
DOI: 10.2118/19935-PA

19. Tlprmenenue rexeoOpa3yIONX CHCTEM /ISl BPEMEH-
HOTO OJIOKMPOBaHHsI ra30BOr0 IUIACTA NPU EMEHTHPOBAHUH
CKB)XUH C OTKpbIThIM 3a00eM / P.A. T'acymos, B.E. [IyoeHko,
10.C. Munuenko, A.B. bemoyc, B.H. Cemokora //
BectHuk Accormanmu OypoBbIX moapsiquukoB. — 2015, —
T.1,Ne2.-C. 13-16.

20. T'acymoB P.A., Kamano M.A. Pa3paborka
MEHOOOPA3yIONIMX COCTaBOB JUIsi OypeHHs M pPEMOHTa
ckBaKHH // CTPOUTENCTBO HE(DTSIHBIX M Ta30BBIX CKBAKUH
Ha cyte 1 Ha Mope. — 2009. — Ne 12. — C. 30-32.

21. T'acymos P.A., [Tonomapenko M.H., Mocuernko B.I'.
Kperuienne CkBaXKMHBI C  BPEMEHHBIM  OJIOKMPOBaHUEM
MpHU3a00KHOMN 30HBI MPOAYKTUBHOIO TU1acTa // CTpOUTENHCTBO
HEe(DTSHBIX M Ta30BBIX CKBAXKHH HA CyIie U Ha Mope. — 2007. —
Ne 8.—C. 56-58.

22. TarupoB K.M., Hudanror B.M. Bypenue
CKBXKMH M BCKpHITHE He(TEera3soBbIX IUIaCTOB Ha
nenpeccud. — M.: Henpa-buznecuentp, 2003. — 160 c.

23. DOmynsenst Uit DoyieHus ckeaxuH: nat. 484300 Poc.
Oeneparms / AxorsiH H.P., Kmmverko 3 K., [ImenskoB B.E. —
Ne 1323284; 3asmn. 15.04.1969; ory6ut. 15.09.1975.

24. Crioco® TiymieHwst CKBaXKWHBL Tmar. 2255209 Poc.
Deneparwst / Psdokons C.A., I'epiiena HK., T'oprosa 3.A. [n
1p.]. — Ne 2004100762/03; 3astei. 08.01.2004; orry6ut. 08.01.2004.

25. DmynecHOHHBIA pacTBOp: mar. 2196164 Poc.
®Oenepanus / Tansu J[.A., Komaposa H.M., Uaguna H.IL,,
Inmuyes AJO. — Ne2000131467/03; 3assn. 15.12.00;
omy6s. 10.01.03.

26. CocraB s OJOKMPOBaHWS TPHU3a00MHON 30HBI
TUIacTa ra3oBbIX ckBaxkwH: mat. 2309177 Poc. deneparms /
Oo6umaoB B.b., Kyctemes A.B., MazanoB C.B. [u mp.]. —
Ne 2006116076/03; 3asBi. 10.05.06; omy6. 27.10.2007.

27. TlenooGOpa3yrommuii coctaB Ui TIIyHICHHAS
ckBakuH: mar. 1175951 Poc. ®enepanus / Yxanos P.®D.,
Kykcos A.K., Hleitnusur JLU. [u ap.]. — Ne 3696861,
3asBi. 30.01.1984; ony06:. 30.08.1985.

28. JKuakocTs 1y mymienus ckaxuH: nar. 1208192 Poc.
Oeneparmst / Amusin B.A., Kucenepa I'.C., PomarioBa M.M.
[1 mp.]. — Ne 3769506; 3astBin. 30.01.1984; orry6ut. 30.08.1986.

29. Xuakocth U1l TIyIIeHus CKBaxuH: rar. 2183735 /
Kpbmos I'B.,, rome B.®., Kamkapos H.I. [u np.]. —
Ne 2000111805/03; 3asBi. 11.05.2000; orry6a1. 20.05.2002.

30. [enooOpasytommii coctaB: mar. 2187533 /
l'agapos H.A., I'mmue A.1O., T'opornosmu B.C. u mp. —
Ne 2000131992/03; 3asiBn. 21.12.2000; omy6a. 20.08.2002.

Dvoynikov M. V., Nutskova M.V., Kuchin V.N. Analysis and justification of selection of fluids to be used for water shut-off treatment
during well completion. Bulletin of PNRPU. Geology. Oil & Gas Engineering & Mining, 2017, vol.16, no.l, pp.33-39.

DOI: 10.15593/2224-9923/2017.1.4

ITpocwba ccpuIaThCs Ha 3TY CTAThIO B PYCCKOS3BIYHBIX HCTOUYHHUKAX CIIEAYIOIIMM 00pa3oM:

[BoitnnkoB M.B., Hynkoa M.B., Kyunn B.H. Ananu3 u obocHoBaHMe BBIOOpa COCTaBOB /IS OTPAaHWYEHHS] BOJOIPHTOKOB IPU
3aKaHYMBAaHUM CKBaXkuH // BectHuk IlepMCKOro HalMOHAIBHOTO MCCIIEAOBATENIBCKOTO MOJINTEXHUYECKOTO yHUBepcuTera. ['eonmorus.
HedreraszoBoe u ropHoe aemno. —2017. — T.16, Nel. — C.33-39. DOI: 10.15593/2224-9923/2017.1.4

ISSN 2224-9923. Bectaux ITHUITY. I'eonorus. Hedrerazosoe u roproe geno. 2017. T.16, Nel. C.33-39



