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Intensification of gas production from fields with unstable reservoirs
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Abstract

The negative consequences of sand removal fromeervoir and methods of preventing the formatibsamd plugs
the bottom of wells are indicated. According to theults of research on the well model, th@imum required gas velociti
have been experimentally determined for the remofrabnd patrticles of three different fractiofe optimal concentrations
foaming surface active substances (surfactants)statilizers in aqueous solutions have bdeosen in order to obtain sta
foam for sand plugs flushing on the wells. There haen experimentally set the velocity of the foaith the addition an
without the addition of a foam stabilizer for tmartsfer of solid particles from the well. Two cpasitions of foaming surfactai
and stabilizers have been developed, one of whkigltdposed for sand plugs flushing at the bottothefwell, and the other —
for dosed injection into the annulus of the welptevent accumulation of the solid phase at theobot

Theoretical studies have substantiated the chditteeovell bore diameter in the ghsaring formation zone depending
the well productivity and determined the optimalues of the thickness and permeability of the grgaek in the bttom hole
zone of the well with unstable reservoirs, whiceyant sand from passing the formation to the Widleoretical studies ha
substantiated a rational correlation of diametéraibing, columns of flexible pipes and the flovigaf theflushing agent fc
washing the sand plug in the wells with variousliing agents. The composition of the slurry sofutias been chosen to cre
a cement stone with high values of strength andheability in the bottomhole formation zone. To mase the efficiency ar
reduce the time and costs there has been propadedae for the destruction of sand plugs, whichsists of a housing with
check valve. A patent-protected design of the defac repairing the lower part of the productiosiog, damaged as a resul
erosion destruction by particles of formation sdras been proposed. An improved technology for avipg the productivity ¢
gas wells with unstable reservoirs has been offered

Keywords:cement durry, cement stone, foam, gas, lift pipes, sand plug.

One of the main problems in maintaining theplugs at the bottom of the well. Methods for preirem
productivity of wells during operation of wells Wit the destruction of the bottom-hole formation zone
unstable reservoirs is to prevent the destructibthe include fixing rocks in the bottom-hole zone with
bottom-hole zone of the formation and the elimiorati cement-sand mixtures, cement mortar, resins, etc.,
of sand plugs at the bottom of the well. however, most of the proposed compositions for

The process of destruction of the bottom-holdonding unstable rocks do not provide a sufficientl
formation zone is complex and depends on marhigh efficiency of rock strengthening while presagy
factors. In addition to geological conditions,the filtration characteristics of the formation.€eFefore,
complications are associated with sand breakdownsf particular interest is the use of cement contos
largely due to the technology of primary and seeoypd to create a cement stone with the required streagth
opening of productive deposits, methods of welpermeability values in the bottomhole formationeon
development and the nature of their operation. Sand plugs at the bottom of the well are most often

The presence of sand plugs leads to a decreaseeliminated by washing with various flushing agefitse
well flow rates and can cause the accumulation afse of water or an aqueous solution of various
tubing during operation. In the presence of patiaf a chemicals as a flushing agent is ineffective inletegl
solid phase in the gas produced, the downhole afidlds with abnormally low reservoir pressures dae
ground equipment is subjected to erosive wear, lvisic intensive absorption of flushing fluid by the ressr,
another reason for the withdrawal of productionlsvel which is then difficult to remove from the resenvd?art
from the existing fund [1]. of the sand from the sand plug, along with water,

A number of studies have been devoted tpenetrates the reservoir and plugs it. This in@sdbke
preventing sand entering the well and eliminatingds duration of the well development process and resluce
the current gas flow rate. So, it is urgent to devea
composition of a washing agent with a low density (

* Corresponding author: particular, foam of high multiplicity and signifina
Nataliadremluh@ukr.net stability) for washing sand plugs at the bottonaafell

© 2019, Ivano-Frankivsk National Technical in depleted fields. _ o
University of Oil and Gas. In the case of sand inflow from the formation into
Al rights reserved. the well, it is necessary to prevent its accumaiaiin
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the bottom by continuous removal to the surface. A63.5 %, expanded perlite 3.0-3.5 %, nonionic stafac
effective method of removing solid phase partiétesn  0.3-0.35 %, plasticizer 0.1 %, water is the redie T
the well is the use of foam systems, the justificabf formed cement stone is characterized by high vabdies
the composition of which requires additional reshar ~ mechanical compressive strength (up to 4 MPa) aisd g
One of the urgent problems of natural gagermeability (up to 3.4gmd).
production during destruction of the bottom-holeneo One of the ways to increase the productivity of
of the formation and intensive removal of the solidvells with unstable reservoirs is to expand theshote
phase is to increase the efficiency of the opematib diameter in the interval of the reservoir.
underground and ground equipment in wells under The effect of the wellbore diameter in the interval
conditions of erosion wear. In this regard, theseai of the reservoir on the gas flow, the depressiorthen
need to develop a device for the repair of producti reservoir and the pressure gradient on the well wal
casing damaged as a result of erosion destructyon tere investigated (Table 1).
particles of the solid phase, which are carried foarn According to the calculation results for each o th
unstable reservoir rocks. studied initial values of gas production and degices
To prevent the entry of sand from the formatiorper formation, it follows that with increasing radiof
into the well, the composition of the slurry sotutiwas the wellbore in the interval of the productive fation,
chosen to create a cement stone in the bottomzoole there decrease depression in the formation, pressur
of the formation with the corresponding strengthd angradient on the bottom wall of the well, and gas
permeability values [2]. TC-100 cement slurryproduction increases.
expanded perlite fraction 0.16-1.25 mm, nonionic  With the same multiplicity of increasing the radius
surfactants, plasticizer and water were used atingfa of the wellbore, the degree of decrease in pressure
materials for the creation of the slurry solution. depression on the formation is the greater, thhdrithe
To choose the optimal composition of the cemenhitial gas production (the highest for a high-puotion
slurry, laboratory studies were conducted to deteem well with a gas production of 500 thousanddrand the
the spreadability and density of the cement slurryowest for a low-production well with a gas prodant
compressive strength, and gas permeability of thef 25 thousand ffd).
cement stone. Using the Golden Section Method, the optimal
To determine the content of expanded perlite in thealue of the multiplicity of increasing the diametsf
composition, which will provide the necessary sitbn the wellbore was determined, above which the gas
of the stone while maintaining the permeabilitytbé production rate does not change much: for low-
rock, a graphical dependence is constructed, which production wells — from 13.92 times to 5.2 timesr, f
shown in Figure 1. According to the results ofmedium production wells — 2.1 times; for high-yield
experimental studies, the optimal content of expdnd wells — 1.04 times. The multiplicity of increasinige
perlite is 3.0-3.5 % by mass. At these concentnafio diameter of the wellbore by 13.92 times for low
we obtain the necessary compressive strength of theoduction wells is economically impractical and
stone while preserving the filtration propertiestbé technically impossible. Therefore, it is necesstwy
collector. limit oneself to a less economically feasible and
6 technically perfect degree of increasing the di@meft

& 16 s % the wellbore. When the borehole is expanded by a
gni \ . 5  certain amount, the destruction of the bottomhole
512 3 42 formation zone is prevented.
2 g 5&\ , ; g ~ To combat the removal of sand from the formation
g 2 8 ~ g into the well, there are used gravel and alluvigrs in
g5 \ >./ 2 3 industrial practice. In order to choose the optigralvel
OF 4 £  filter design, there have been performed theoretica
° &k_, ' 2  studies of the influence of the thickness and
0 0 B permeability of the artificially created gravel jg@o the
0 1 2 3 4 bottomhole formation zone on the productive
The content of the expanded petlite, % of mass characteristics of the well, the results of whicte a
Figure 1 — Dependences of the strength of cement shown in Figure 2.
stone on compression (1) and the coefficient of According to the results of theoretical studieg th
permeability of stone (2) on the content of expande flow rate of a gas well with gravel packing (gravel
perlite filter) increases with increasing thickness and

permeability of gravel packing [4]. The gas produmtt
The spreadability of the cement slurry with theate increases most significantly with an increiasthe
content of expanded perlite 3.0-3.5% of the mass permeability ratio of gravel pack and productive
190 and 185 mm, respectively, which is technoldbjica formationk,/k; up to 3 times.
convenient for preparing and storing the solutiorthie Based on the results of statistical processingef t
well. calculated data by the least squares method, thase
According to the results of experimental studiesgstablished the ratio of the permeability of thavet
the mass concentration of the individual componémts pack and the reservoir (2.4), and the thicknesshef

the cement slurry is as follows: cement slurry 62.8 gravel pack (0.4 m), above which the gas flow dues
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Table 1 — The magnitude of the change in the flonate of the well Jq depression on the reservoiré'Ap and

the pressure gradienté'gradp from the ratio of the increase in the radius of tle wellbore in the interval of the

reservoir
(=25010°, m’/day q=9010°, m’/day (=25010°, m’/day (=500010°, m’/day
ntimes
JAp Jq 5grad P 5Ap Jq Jgrad P JAp Jq 5grad P 5Ap Jq 5grad P

1.0 1 1 1 1 1 1 1 1 1 1 1 1
1.5 0.953| 1.050 0.655 0.948 1.053 0.631 0.932 1)064684| 0.906| 1.076 0.55D
2.0 0.920( 1.08q 0.48Y 0.912 1.093 0.46 0.889 1/10D1407| 0.851] 1.131 0.369
2.5 0.894| 1.117 0.388 0.885 1.125 0.362 0.858 1/180311| 0.813| 1.17% 0.274
3.0 0.874| 1.143 0.322 0.864 1.153 0.298 0.833 1)]10®51| 0.784| 1.211 0.21F
35 0.856| 1.166 0.27%5 0.846 1.1Y7 0.253 0.813 1)20&210| 0.761] 1.242 0.179
4.0 0.841| 1.187 0.240 0.830 1.198 0.220 0.Y96 1280181 | 0.742] 1.269 0.15P
4.5 0.828| 1.20§ 0.2183 0.816 1.218 0.195 0.Y82 1)2B2158| 0.726] 1.294 0.13P
5.0 0.816| 1.223 0.192 0.804 1.286 0.175 0.Y69 1202141 | 0.712| 1.316 0.11p
55 0.805| 1.240 0.174 0.793 1.253 0.158 0.Y57 1)200127| 0.699| 1.336 0.104
6.0 0.796| 1.255 0.159 0.783 1.268 0.145 0.747 1)307115| 0.688] 1.35% 0.094
7.0 0.778| 1.820 0.13¢ 0.766 1.297 0.123 0.Y29 1)38MW98| 0.669] 1.390 0.079
8.0 0.763| 1.307 0.119 0.751 1.322 0.108 0.Y13 1)36884| 0.652| 1.420 0.068
9.0 0.750( 1.330 0.106 0.737 1.346 0.095 0.699 1)392075| 0.638] 1.448 0.059
10.0 0.739| 1.351 0.095 0.726 1.368 0.086 0.687 51/40.067| 0.626| 1.474 0.053
11.0 0.728| 1.371 0.08f 0.715 1.388 0.078 0.677 61/48.060| 0.615 1.497 0.048
12.0 0.718| 1.389 0.079 0.705 1.407 0.071 0.667 71/4B.055| 0.605 1.519 0.043
13.0 0.709| 1.407 0.073 0.696 1.424 0.066 0.658 61/4D.051| 0.596 1.540 0.040
14.0 0.701| 1.423 0.068 0.688 1.441 0.061 0.649 41/49.047| 0.588 1.559 0.037
o 1.35
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Figure 2 — Dependence of the ratio of gas productidevels in the presence and absence of gravel pagk
upon the ratio of permeability of gravel packing am a reservoir for different values of the radius ofthe
gravel packing zone (the radius of the wellbore wit a bit of 0.1 m)

not change. This ratio is recommended to be guided It is not always possible to achieve effective
when choosing the diameter of gravel grains toteraa prevention of the formation of sand plugs at th&édio
gravel filter. and to ensure the normal operation of wells, and
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Figure 3 — Graph of the rate of removal of sand pdicles by gas flow depending on their diameter

therefore sand plugs are periodically formed in thexperiments were carried out at temperatures ofi@Q,
wells, which lead to deterioration of operatingand 60 € and atmospheric pressure of 0.1013 MPa.
conditions. To resume well operation, sand plugs ar The analysis of the research results shows that
periodically eliminated. when foam stabilizers are added, the multiplicitythe
At present, the elimination of sand plugs in walls foam decreases, and the stability increases. Sofutf
carried out by periodic flushing of wells by thethmed Savenol SWP and Stinol have the highest foam gtabil
of fluid circulation, cleaning of hydraulic drillend in fresh water with xanthan gum. Foam is stable,
other devices. The choice of the plug eliminatiomniform, gas bubbles are of the same size. Foam
method depends on the degree of plug flowability. stabilizers, xanthan gum and guar gum, which wete n
To study the process of removal of solid particlepreviously used in technological processes for
from the bottom of a gas well by a gas stream,etheeliminating sand plugs in the bottom of the weldan
were performed experimental studies on a well modetmoving the liquid with the bottom of the foaming,
[5]. The experiments were carried out with sangrovide higher foam stability values in comparisath
particles of three different fractions (0.1-0.305315— carboxymethyl cellulose, which is used in drilliagd
0.63; 0.63—-1.0 mm). The results of experimentalist well repair.
are shown in Figure 3. The results of experimental studies of the removal
According to the results of experimental studies oof solid particles from the model of lift pipes ligam
a well model, the minimum necessary velocity fog thsystems are shown in Figure 4.
removal of sand particles with a diameter of 0.1 to  According to the results of the studies, foams
1 mm from the bottom to the surface by a gas streafmrmed from an aqueous solution of stinol with a
varies from 0.985 to 10.2 m/s. Based on the resilts concentration of 1% mass in fresh water with the
the experimental studies, there is obtained a ssgre addition of xanthan gum with a concentration of &5
dependence to estimate the necessary gas flowityeloanass have the greatest carrying capacity [7]. ate of
W (m/s) for removing sand particles of differentremoval of sand particles with a diameter of 0.1.10
diameterd,, (mm): mm from the well model by the foam flow varies from
0.017 to 0.064 m/s. According to experimental data,
W :11.6313 - 33.685 + 36,- 3.85 (1) there is proposed a regression dependence of tthefra

To remove sand plugs from the bottom of wells i$and particles removal by the foavwt (m/s) formed

depleted gas fields with low reservoir pressuressi from an aqueous solution of stinol with a concetfira
necessary to use flushing agents with a low density of 1 % mass and xanthan gum with a concentration of

particular, foam with high multiplicity and signifint 0.5 % mass from the particle diametdy, (mm):

stability. To choose compositions of foaming - 2 .
surfactants and foam stabilizers for forming foamith _W =0.0231; + 0.026, + 0.01 @
high foaming characteristics, experimental studiese According to research results there are

performed with solutions of Savenol SWP, Stinol andecommended two compositions of foaming surfactants
Sofir M2 in fresh water with mass concentrations ofnd foam stabilizers for practical use. The first
0.125; 0.25; 0.5; 1.0; 2.0; 4.0 % [6]. Carboxyméthycomposition is an aqueous solution of 1.0 % by heig
cellulose (CMC) and such natural biopolymers a8f the foaming surfactant of stinol and 0.5 % byighe
xanthan and guar gums with mass concentrations @f xanthan gum and it is intended for washing sand
0.25 and 0.5% were used as foam stabilizers. TiuUgs at the bottom of the well. The second conjuosi
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Figure 4 — Graph of the rate of removal of sand paicles by foam systems from their diameter
at different contents in the working solution of sufactants and foam stabilizers

is an aqueous solution of 1.0 % of the mass of the To loosen the sand cork, various tips are screwed
foaming surfactant of Stinol or Savenol SWP and%.5 onto the tubing shoe: a short nozzle with a slameted
of the mass of the stabilizer of the foam of guamgis (“feather”) or with a rounded conical end (“pentil”
intended for dosed introduction into the annulacgpof with a hole (diameter 12—37 mm), with teeth onéhd
the well in order to prevent accumulation of thétdwm (milling cutter — mouthpiece) and others [9]. These
solid phase, coming from the formation. designs of tips do not provide effective destructaf
Recently, industrial practice has used the latesbmpressed sand plugs. We have proposed a newdesig
coiled tubing technologies with a flexible pipeirsgrto of a device for breaking sand plugs [10]. The devg
eliminate sand plugs at the bottom of the well. attached to the bottom of the flushing pipe strifibe
The main factors that affect the cleaning of thelestruction of the sand plug occurs due to theatidmn
well bottom from sand plugs are the diameters ef theffect of the device rods under the influence of th
production string, tubing and flexible pipe stringpressure of the flushing agent. Pulses of the fifgsh
through which operations are being carried out, thegent transfer the particles of the solid phas® int
density of the flushing agent, the size and densfty suspension, which are then easily carried to thiacel
solid particles, the permissible flow rate of theshing by the flow of the flushing agent.
agent, the curvature of the wellbore wells, reservo In the presence of sand in the reservoir prodacts,
pressure and well depth [8]. gradual erosion destruction of the lower part of th
According to the results of studies of flushing groduction string occurs. There has been proposed a
sand plug at the bottom of the well with differentpatented design of a device for repairing the motbd a
flushing agents (water, hydrophobic-emulsion sohti production casing damaged due to erosion by pesticl
gaseous agents and foam) using a string of flexibtd formation sand, which allows repairing several
pipes, lowered into the column of tubing, a reabbna damages along the length of the casing and elimimpat
rational way to flush sand plugs (direct washinghwi irregularities on the surface of the casing.
pumping of the washing agent in the string of ifiex There has been improved the technology of
pipes), there has been substantiated a ratioriatensification of wells operation with unstable
correlation of a string of flexible pipes and th|umn  reservoirs, which includes the expansion in therirgl
of tubing diameters for each washing agent anflatg  of the reservoir during the construction of the Ivisst a
rate, which ensures a minimum value of downholpredetermined size of the well and filling the feun
pressure and correspondingly decreases the améunthollow space (or the formed caverns during the {ong
flushing agent absorbed by the reservoir. The lowegerm operation of the wells) with cement slurry,ieth
bottomhole pressure value was obtained when usifigrms a cement stone of high strength and permnigabil
foam as a flushing agent, a slightly higher valughen flushing the sand plug at the bottom of the welihvan
using a gaseous agent (nitrogen). aqueous solution of a foaming surfactant and a foam
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stabilizer along a string of flexible pipes, thettbm of [5] Kondrat, RM, Dremlyukh, NS, Ugrynovsky, AV &
which is equipped with a device for breaking thadsa Ksenych, Al 2015, ‘Experimental study of the rafeemoval
plug; dosed introduction of an aqueous solutionaof Of a solid phase by gas flow from the bottom ofello the
foaming surfactant and a foam stabilizer into th§urface’.Exploration and development of oil and gas fields,
annulus of the well to remove solid particles freme no.3 ([Z]G)Il(grﬁ)aI:‘La(.)tG_Rll\jl-zb[ll'ZnL‘ljlkLallPllalg]S Uarvnovsky. AV &
wells and the use of a device to eliminate erosicgge P yurh, vs, S9ry Y,

. ) ych, Al 2015, ‘Investigation of the foaming pess using
damages with formation sand at the bottom of thagueous solutions of foaming surfactants and foam

production string. stabilizers’, Scientific Bulletin of NMU, no. 3, pp. 20-26.
[in Ukrainian]
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VIIK 622.279
IHTeHcudpikauis BaoObyTKy rasy 3 poaoBuiy 3 HecTabinbHUMMU pe3epByapamu

PM. Konopam, O.P. Konopam, H.C. /I[pemntox, A.B. Yepunoecokuii

léano-@pankiscvruii HayioHATLHUL MEeXHIYHUL YHIGepcumem Hagmu i 2asy;
syn. Kapnamcoka, 15, Isano-@panxiecvr, 16019, Vipaina

IToka3aHo HeraTWBHI HACIHiJKA BHHECEHHS ITICKy i3 TulacTa i METOAM 3amo0iraHHs YTBOPEHHIO IMiMaHUX
mpoOoK Ha BHOOI CBEPUIOBMH. 3a pe3yibTaTaMH EKCIIEPUMEHTAIBHUX IOCITiIKeHbh Ha MOJENI CBEPIJIOBHHHI
BH3HAYEHO MiHIMAJIILHO HEOOXiTHI MIBUAKOCTI PyXy Tra3y [UIsi BAHECEHHS YaCTHHOK ITCKY TPhOX Pi3HUX (pakiliid.
Bu3HaueHO ONTHUMaNbHI KOHLEHTpAlii MHOTBOPHUX MOBEpXHEBO-akTHBHUX peuoBHH ([TAP) i crabinizatopiB y
BOJIHUX PO3YMHAX 3 METOK OTPUMAHHS CTIMKUX IiH JUIs MPOMHBAHHS MIIaHUX MPOOOK Ha BUOOSX CBEPIJIOBHUH.
ExcrniepuMeHTaIbHO BM3HAYEHO MIBUAKOCTI PyXy MiHM 3 J0JaBaHHsM 1 0e3 JnoiaBaHHs crabimizaTopa HiHM s
BHHECCHHS YaCTUHOK TBepaoi (a3u 3 ceepanoBuHu. Po3pobieno aBi kommnoswumii [TAP i cradinmizaTopa minu, ogHa
3 SIKAX TPOTOHYETHCS JUIss NMPOMHUBAHHS MINIAHUX NPOOOK Ha BHOOI CBEpUIOBHHM, a 1HIIA — IS JO30BAHOTO
YBEACHHS y 3aTPYOHHMIA MPOCTIpP CBEPUIOBUHU 3 METOIO 3aNI00ITaHHs HAKOMMMYCHHIO TBEpIo1 pa3u Ha BUOOI.

OO6rpyHTOBaHO BHOIp miameTpa cTOBOypa CBEpUIOBHHM B 30HI Ta30HOCHOTO IJacTa  3aJIeKHO Bif
MIPOIYKTUBHOCTI CBEPJIOBHHM 1 BU3HAYEHO OINTHMAaJbHI 3HAUYEHHS TOBIIWHU 1 MMPOHUKHOCTI TPaBiiHOT HAOUBKH Y
MpUBHUOIHINA 30H1 3 HECTIHKUMHU KOJIEKTOPaMH, 32 SKHX 3aM00IracThcss BUHECEHHS TICKY 13 IUIacTa y CBEPIJIOBHUHY.
HageneHo partioHasIbHI CITiBBiAHOIICHHS iaMETPiB HACOCHO-KOMIIPECOPHUX TPYO, KOJIOHU THYYKHX TPYO 1 BUTpATH
areHra JUId MPOMUBAHHS TIIIAHUX MPOOOK y cBepioBHHAxX. [limiOpaHo CKIaa TaMIIOHAKHOTO PO3YMHY IS
CTBOpPCHHS Y MPUBUOIHHIN 30HI TUIacTa TAMITIOHAXKHOTO KAMEHIO 3 BUCOKMMH 3HAYEHHSMH MIITHOCTI 1 TPOHUKHOCTI.
Jist miBUICHHS ¢()EKTHBHOCTI Ta 3MCHIIICHHS Yacy 1 BUTPAT 3allPONOHOBAHO MPHUCTPIH I pYHHYBaHHS IIIIAHIX
npoOOK. 3ampONOHOBAHO KOHCTPYKIIO MPHUCTPOIO I PEMOHTY HWKHBOI YaCTHHU CKCIUIyaTalliHOi KOJIOHH,
MOLIKOJKCHOT Y Pe3yIbTaTi €pO3iiHOr0 pyiHYBaHHS YaCTHHKAMU IUIACTOBOTO IICKY.

Kitouosi cioBa: eas, niggmosi mpybu, nina, niyana npobxa, mamnoOHAACHUN PO3UUH, YeMeHMHUU KaAMiHb.
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