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One of the unfavourable factors of downhole pumping equipment operation at the fields at the
final stage of development is high content of mechanical impurities in the pumped fluid.

Similar problems are observed in fields with friable, weakly cemented formations, the fracture
products of which flow downhole, resulting in lower extraction rates, equipment damage and higher
operating costs.

In oil production practice various technological measures and technical means are used to
reduce the negative impact of sand penetration - regulation and optimisation of pumping equipment
operation mode to ensure a rational rate of fluid withdrawal, application of technical devices in the
form of sand filters and sand anchors and others. However, these measures and recommendations,
for the most part, work successfully in the modes of continuous operation of wells. With the growing
number of oil fields at the final stage of development, the issue of sanding becomes more and
more urgent, as due to low flow rate wells at such fields are often switched to the mode of periodic
operation, which favours the formation of sand plugs in tubing above the pump due to sufficient
time for sedimentation of mechanical impurities. This can lead to pump jamming or rod breakage
during subsequent well pump start-up.

The experience of using sand filters (frame, slotted and others) in the arrangement of downhole
pumps has shown that it does not always effectively solve the problem of sand penetration due
to clogging of their cells with mechanical impurities and increased hydraulic resistance. This
negatively affects the pumping equipment operation due to the shift of characteristics into the zone
of suboptimal modes with associated problems for the electric drive. This makes it necessary to carry
out underground well workover with removal of deep well pumping equipment for replacement or
washing of the filter in surface conditions, as due to their peculiarities in the well pump layout (the
filter is located at the intake of the pumping section), washing in well conditions is not always possible.

These problems require not only the creation of effective downhole devices to prevent sand
ingress to the pump intake or devices to prevent sand plugs above it, but also acceptable in
practice calculation methods for predicting the sedimentation time of mechanical impurities in tubing
or determining the minimum required speed of upward oil flow for stable sand removal. These
calculation methods would also allow to reasonably regulate the time of technological interruptions
while waiting for the wells to start up in periodic operation modes or to predict the time of activation
of sand control devices for discharging the sand accumulated above the pump. This is the subject
of this article.

As a result of calculation analysis it was established that the main factors affecting the
sedimentation process of mechanical impurities in the well are the speed and mode of fluid
movement, its viscosity, density and size of the impurities themselves. Moreover, the most sensitive
for the calculation accuracy is to take into account the change of fluid viscosity as it moves along
the tubing as a result of heat exchange and the change of dissolved gas content due to pressure
drop. Although at this stage the proposed methodology does not take into account some factors
that can make additional adjustments to the process of sand sedimentation, however, it allows
to predict with acceptable accuracy the time of technological interruptions in the well operation
to prevent the formation of sand plugs, or the rational mode of operation of pumping equipment,
providing the necessary speed of upward flow in the pipe for sand removal.

KEY WORDS: well, complications, sand ingress, mechanical impurities, downhole pumping
equipment.
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IA. MALLATAEBA", noktopaHT, gulzada_90_90@mail.ru

B.K. MAYJIETBEKOBA, okbiTyLUbl, mauletbekova.b@gmail.com

'COTBAEB YHUBEPCUTETI,
KasakctaH Pecny6nukacel, 050013, Anmarthl k., CoTbaeB keL., 22

2CUNE3NA TEXHONOIMMANBIK YHUBEPCUTETI,
KpectuHckuin keweci 8,40-019 Katosuue k., MNMonbLua

UzepydiH coHFbl cambicbiHOa mypraH KeH opbiHOapbiHOa YHFbIbIK COPFbl abOoblKmapbIHbIH
JKYMbICbIHOaFbI Konatickl3 ghakmopsiapObiH 6ipi atidanamsiH cylbIKmbiKmarbl MexaHUKasbIK Kocra-
n1apObiH xoFapbl 60s1ybl 6071bIN mabbinadkl.

¥Kcac macenenep kabammapbl 6oprbindak, 8/1Cci3 UeMeHmmernaeH may XbiHbiIcmapbivMeH b6el-
HerneHeeH, by3blrly eHiMOepi mybiHOeai WyHKbIpFa mycemiH KeH opbiHOapbiHOa balikanalbl, 6y eH-
Oipy »b1ndamobifbiHbIH memeHOeyiHe, xab0biKkmbiH 6y3blrybiHa XoeHe natidanaHy WhlbIHOapbIHbIH
ecyiHe okenedi.

MyHati eHOipy maxipubeciHOe Kym weeiHdinepiHiH mepic acepiH asalmy ywiH apmypsi mexHo-
TI02USINbIK Waparnap MeH mexHuKarbiK Kypandap KondaHblinads! - CylbIKmbIKMbI anydbiH YmbiMOb!
XKblr0amObiFbIH KaMmamachI3 emy YWiH copfbl Xab0bIfbIHbIH XYMbIC PEXUMIH pemmey xeHe oHmau-
1aHObIPY, MeXHUKasbIK Kypblnfbliapobl natidanaHy. Kym cy3ainepi MeH KymM aHKeprepi xoHe m.6. [e-
2eHMeH, byr Wwaparnap MeH yCbiHbICMap, He2i3iHeH, YHFbiManapobi Y30ikci3 natidanaHy pexumoepiHoe
cammi xymbic icmetidi. MieepydiH CoHfbl cambicbiHOa mypraH MyHal KeH OpbIHOaPbIHbIH CaHbIHbIH
ecyimeH KyMHbIH rnatida 6oy maceneci e3ekmi 6ona mycyde, elmxkeHi HOIPY KapKbIHbIHObIbIFbIHbIH
memeH borybiHa baliiaHbicmbl MyHOal KeH OpbIHOapbIHOaFbl YHFbIMaap Xui Mep3imOi natidanaHyra
aybicmbIpbinadbl, 6y MexaHuKarbIK KocrianapObl myHObIPY YWIH XEMKIniKmi yakbimka 6alnaHbicmbl
coprbl ycmiHOeai KybbiprapbiHOa KyM mbirbIHOapbiHbIH rnatida 60rybl. ¥HfbiMa coprbinapbl KetUiHHeH
icke KocblnFaHOa, byl copFbiHbIH KermesyiHe Hemece wimaHaanapOobiH CbIHYbIHa OKeryi MyMKiH.

¥HrbIManbIK copFbinapObl OpHaracmbipy Ke3iHoe KymM cy3einepiH (kaHka, olibiK xaHe m.6.) nal-
OanaHy maxipubeci 6y onapObiH XacywarnapbiHbIH MEXaHUKasbIK KocrianapmeH 6imersyiHe xoHe
2udpasrnukarnbiK kedepeiHiH XofapblnaybiHa balnaHbICmbl KYMMEH flacmaHy MacereciH apKawaH
muimOi wewe anmalmbiHbIH Kepcemmi. by coprbil Xab0biFbIHbIH XYMbICbIHa mepic acep emedi,
cebebi cunammamasnapObiH oHmMadlibl eMec pexxumoep aliMarbiHa aybICybl S7IEKMP Xemeai YWiH
inecrie npobnemarap 6ap. by xep acmbi yHFbIManapbiH XeHOeydi YHFbIMasibIK COpFbl Xab0bifbiH
anbin macmay apKbiiibl Cy32iHi Xep ycmi xardalibiHOa aybiCmbipyra Hemece Xyyra Maxoypnetioi,
elmkeHi onapObIH YHFbIMasbIK COPFbl OpHanacybiHOarbl epexwernikmepiHe balinaHbicmel (cy3ai co-
PFbI CEKUUSIChIHBIH KipiciHOe OpHanackaH), waro yHFbiMadarbl xardalinap spKawaH MyMKiH eMec.

AmarnraH macernernep coprbl Kabblndayra KYMHbIH mycyiHe xon 6epmelmiH muimOi YHFbI-
Ma KypblniFblriapbiH HeMece OHbIH YyCmiHOe KyM mbifbiHOapbIHbIH natida 60sybiH 6010bipMatimsiH
KypbirFblnapObl faHa eMec, COHbIMEH Kamap Kybbiprnapldarbl MexaHUKarblK KocranapobiH weay
yaKbimbIH bormkay yWwiH npakmukansiK ecenmey adicmepiH xacayObl manan emeodi. mypakmbl KyM-
Obl Kemipy yWiH Kaxemmi eH a3 xorapbl XblidamObikmarbl MyHal afbiHbl. byn ecenmey adicmepi
CoHOali-aK Mep3iMOi XXyMbiC pexxumMOepiHOe yHFbiManapObl icke KOCy KapcaHblHOa MEXHOM02USIbIK
y3inicmep yakbimbiH Heei30i mypde pemmeyae HeMece COopfbl YCmIHOe XXuHarFaH KymObl Wbirapy
YWiH KymObl 6akblnay KypbliFbliapbiHbIH ICKe KOCbITy yakbimbiH 6omkayra MyMKiHOik 6epedi. byn
Mmakanada KapacmblpbliambiH Macere.
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Ecenmik manday HemuxeciHOe yHrbIMadarbl MexaHUKarblK KocranapOobiH myHObIpY npoueciHe
acep ememiH Heai3ai hakmopriap CylibIKMbIH KO3rasly Xbli0amOblfbl MEH PEXUMI, OHbIH MYMKbIPIIbIfbl,
MbIfbI30bifbl XoHe KocrnanapObiH 63iHOIK Menwepi ekeHi aHbikmarnobl. COHbIMEH Kamap, ecernmey-
OiH Oandiei ywiH eH cesimman ¢hakmop Xblly anmacy HomuxeciHoe Kybbip 6olbIMeH Ko3ranambiH
CYUbIKMbIKMbIH MYMKbIPIIbIfbIHbIH 632epPYiH XoHe KbICbIMHbIH meMeHOeyiHe balinaHbiCmbi epieeH
2a3 KypambiHbIH 632epyiH ecerike any 6ornbin mabbinadsi. by ke3eHOe yCbiHbiriFaH 90iC KYMHbIH
myHObLIpY rpPoueciHe KocbiMwa my3emyrep eHaidyi MyMKiH kelbip ¢hakmopnapObl ecerke anmvara-
HbIMEH, OI1 YHFbIMaHbIH XYMbICbIHOafbl MEXHON02Uusi/bIK y3irnicmepoiH yakbimbiH fpakmuKkarsIiK
OondikneH bormkayra MyMKiHOIK 6epedi. KyM mbifbiHOaPbIH Karnbinmacmblpy Hemece KymObl Kemipy
YWIiH KybbipOarbl XX0ofFapbl Kapal arbIHHbIH Kaxkemmi Xblri0amOblfbiH KaMmamachkl3 ememiH COpfbl
)KabObIfFbIHBIH YMbIMObI XYMbIC PEXUMI.

TYUIH CO3[EP: yHrbima, acKbIHynap, KyMHbIH rnatida 6onybl, MexaHuKarbIK Kocrasnap, me-
PpeHOIK coprbl XabObIKmapbl.
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'CATMAEB YHVBEPCUTET,
Pecny6bnuka KasaxcraH, 050013, r. Anmarsl, yn. Catnaesa, 22

2CUNE3CKUN TEXHUYECKUN YHUBEPCUTET,
yn. KpacuHbeckero 8, 40-019 Katosuue, lNMonblua

OdHUM u3 HebnazonpusimHbIX ¢hakmopo8 IKCIyamayuu CK8axXUHHO20 HacOCHO20 0bopydosa-
Husi (CHO) Ha Mecmopox0eHuUsIX, Haxo0awWuxcs Ha 3asepwarowieli cmaduu pa3pabomku, sensemcs
8bICOKOE COOepXKaHUe MexaHU4YeCKUX npumecell 8 omkadusaemol XudKocmu.

AHarnozau4Hble rpobnemb! Habrirodarmces Ha MecmopOoXXOeHUSIX, Macmbl KOMopbIX rnpeo-
cmaerieHbl pbixbiMu, criabocyemMeHmuposaHHbIMU rnopodamu, MpodyKmbl Pa3pyuieHUs KOmopbiX
rnocmynatom Ha 3abod, Ymo fMpueooUM K CHUXeHUI0 memra ombopa, rnospexoeHuro obopydosaHust
u pocmy aKcryamayUuoHHbIX 3ampam.

B npakmuke HegbmeOobbI4u UCrOob3yomcs pasfiuyHbIe MexXHOMo2U4YecKue Mepornpusmus u
mexHu4Yeckue cpedcmea Orisi CHUXeHUS HeeamugHO20 8030elicmausi MeCKONpPOosieneHus - peaynupo-
8aHue u onmumu3ayusi pexuma pabomsi HacocHo20 obopydosaHusi 1S obecriedeHUs payuoHarb-
HOo20 memmna ombopa XuOKocmu, MPUMEHEHUE MEXHUYECKUX yCmpolicme 8 8ude ecoYHbIX (ourib-
mpoe u necoyHbIx sikopel u npodue. OOHaKO 3mu Meponpusmusi u pekomeHoayuu, 8 6obuuHcmee
ceoeM, ycriewHo pabomarom Ha pexxumax HernpepbI8HOU 3Kcrnyamayuu ckeaxuH. C pocmom xe
qucna mecmopox0eHuli Heghmu, Haxo0AWUXcs Ha 3asepwaroweli cmaduu paspabomku, 8onpoc ne-
CKOMposi8rieHUsi cmaHosumcsi ece boriee akmyarnbHbIM, MakK KaK u3-3a HU3Ko2o 0ebuma CK8aXXUHhbI
Ha makux MecmopOoXX0eHUsIX 4acmo rnepesodsiImcs Ha PexxuM rnepuoduyeckol 3Kcryamayuu, Ymo
criocobcmeyem obpa308aHUIo recyaHbIx MPOBbOK 8 HACOCHO-KOMIPECCOPHbIX mpybax Had Hacocom
3a cyem 0ocmamoYHO20 8peMEHU Ha ceOuMeHmMauUro MexaHu4deckux rnpumeced. Npu nocnedyrowem
3ar1ycKe CK8aXXUHHbIX HacOCO8 3MOo MOXem Mpu8ecmu K 3aKIMUHUBaHUI Hacoca umu obpbigy wmaHe.

Onbim npumMeHeHUs1 MPOMUBONeCcoYHbIX (huibMpPO8 (KapKacCHbIX, wiesiesbix U Opyaux) 8 KOMIo-
HOBKe CK8aXXUHHbIX HacoCo8 riokasar, 4mo amo He gcez20a 3¢hchekmusHo peliaem npobremy necko-
rposieneHusi u3-3a 3abusaHusi UX SIHEEeK MEXaHUYECKUMU MPUMECSIMU U MOBbILUEHUI 2udpasiuyecko-
20 conpomuerieHusi. 9mo Hez2amueHO cKka3bigaemcs Ha pabome HacocHo20 obopydosaHus Uu3-3a
CMeWeHUs1 xapakmepucmuK 8 30Hy HeONMUMarlbHbIX PEXUMO8 C COMymemeyouuMu npobnemamu
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Oris1 anekmporpugoda. Amo 8biHydaem MpPoeoduMmb NMOO3eMHbIU PEMOHM CK8AXXUH C U381eYeHUeM
211ybUHHO-HacoCcHO20 0bopydosaHusi Onsi 3aMeHbI UrU MPOMbISKU (busibmpa 8 Ha3eMHbIX YCII08USIX,
mak Kak u3-3a ux ocobeHHocmel 8 KOMIOHOBKE CK8aXXUHHO20 Hacoca (¢huribmp pacronasaemcsi
Ha rpueme HacoCHOU CeKyUU), MPOMbIBKa 8 CKBaXUHHbIX YCII08USIX HE 8ce20a B03MOXHa.

lMepeducneHHbie npobnemsb mpebyrom co30aHusi He MosibKO 3¢hgheKMUBHbBIX 8HYmMpUCKea-
JKUHHBIX ycmpoutcme o rnpedomapaleHuro rnornadaHusi rnecka Ha rpuem Hacoca usnu ycmpoucme
o npedomspauyeHuro obpazosaHusi necyarbIx MPOOOK Had HUM, HO U MpueMeMbiX Ha rpaKmuke
pacyemHbiXx MemoOUK 10 MPO2HO3UPOBaHUID 8peMeHU ceOuMeHmayuu MexaHu4yeckux npumecel 8
HaCOCHO-KOMIPECCOPHbIX mpybax uru ornpedeneHuo MUHUManbHO He0OX00UMOU CKOPOCMU 80CX0-
Osweeo nomoka Heghmu Onisi ycmouyu8020 8bIHOCa recka. Imu pacyemHbie MemoOUKU MO380IuUu
6b1 makxxe 060CHOBaHHO peayrupos8amb 8PEMs MEXHOT02UYECKUX ePepbI8os8 8 OXXUGaHUU 3arycka
CKBaXUH Ha pexxumax rnepuoduyeckoll Ux aKCrTyamayuu unu rnpoaHo3uposams 8pemMsi akmusayuu
PoOMUE0Neco4YHbIX ycmpolicme 0718 cbpoca Hakonuewe20csi Had HacocoM necka. 3mo u sienssemcs
npedmemom paccMompeHusi 8 0aHHOU cmambe.

B pe3ynbmame pac4yemHoz0 aHanu3sa ycmaHo81eHo, Ymo 2r1asHbIMU ghakmopamu, enusiouum
Ha rpouecc cedumMeHmayuu MexaHuU4ecKux rnpumecel 8 CK8aXKUHE SI8MISIFOMCSI CKOPOCMb U PeXUM
08UXKEHUS XXUOKOCMU, ee 853KOCMb, MIIOMHOCMb U pa3mepbi camux npumeced. [Npudem, Haubonee
yygcmeumesibHoU 0711 MOYHOCMU pacyema siefiiemcsi y4em U3MeHEeHUsT 8513Kocmu XudKocmu o
mepe dsuxeHus rno HKT e pesynsmame mernnoobmeHa u UsMeHeHUs1 codepxxaHusi pacmeopeHHo20
2a3a u3-3a nadeHusi 0asrneHusi. Xomsi Ha OaHHOM amarie rnpednazaemasi MemooduKka He y4umblea-
em HeKkomopable hakmopakl, KOmMopble Mo2ym eHecmu OOMOTHUMEsbHbIE KOPPEeKMUEBbl Ha Npoyuecc
cedumeHmayuu recka, 0OHaKo, OHa 0380MIieM MPO2HO3UPO8amb C MpuemnemMou Ons IpaKmuKu
MOYHOCMbIO BPEMS MEXHOTI02UYECKUX Mepepbisos 8 pabome cksaxXuHbl O pedomespawjeHus 06-
pa3oeaHusi necyaHbIx NPOBOK, Unu payuoHarnbHbIU PEXUM 3KCrTyamayuu HacoOCHO20 06opy0o8aHUs,
obecneyusarouje2o HeobxoOUMYH CKOPOCMb 80CX005We20 nomoka 8 mpybe Orisi 8bIHOCa recka.

KJTOYEBBIE CJTIOBA: ckgaxuHa, OC/IOXHEHUS, MecKonposisrieHue, MexaHu4yeckue rnpumecu,
eny6buHHO-HacocHoe 0bopydosaHue.

ntroduction. As a rule, low-yield wells are operated at low velocities of the

I ascending flow of production fluid in a flow string and at sharp fluctuations in

the dynamic fluid level in the well. As a result, more favorable conditions are

created in the well for the formation of sand plugs, asphalt-resin and paraffin deposits

and salt deposits on surfaces of parts and units of underground equipment. This is also

facilitated by frequent failures of downhole pumping equipment due to increased wear
of moving elements.

In most oil fields at a later stage of development, the proportion of low-yield wells is
increasing. Their operation, as a rule, is complicated by the presence of a high concentration
of water, dissolved gases, salts, asphalt-resinous substances and mechanical impurities in
the form of sand particles in the produced oil.

At the pumping of wells, there are the following four methods of combating sand
ingress [1-4]:

1) prevention and regulation of the ingress of sand particles (mechanical impurities)
from the productive formation into the well;

2) ensuring that sand particles coming into the well from the productive formation
are brought to the surface;

3) preventing sand particles from entering the well pump by installing sand separators
and filters on its receiving part;

4) use of special downhole pumping equipment for oil production in sandy service.

The first method is the main one that is used in practice to combat sand ingress. The
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ingress of mechanical impurities can be prevented either by installing special filters at
the bottom of the well, or by special fastening of the bottom-hole zone of the productive
formation.

The flow of sand particles from the productive formation into the production well
can be regulated by controlling the amount of oil produced from the well and reducing
differential pressure.

Using the second method of combating sand ingress, conditions are created that ensure
the removal of sand particles from the well by the flow of produced oil. According to
A.N. Adonin [14], for a vertical production well, these conditions are ensured when the
ratio of the flow rate of the pumped well fluid to the sedimentation rate of sand particles
in the same fluid exceeds 2 ... 2,5:

Ve/Vs > 2...2,5,

where V- is an ascending fluid velocity; Vs is the rate of unhindered (gravity) sedimentation
of sand particles with a design diameter equal to the average diameter of the largest fraction
of sand particles, the volume fraction of which is 20 %.

This ratio can be ensured by selecting combinations of lifting pipes and rods, by
changing the supply of the pumping unit by means of adjusting its operating parameters
or adding a volume of liquid (oil, water) that does not contain mechanical impurities
into the borehole annulus in a ratio of 0.2 ... 0.25 of the supply volume of the borehole
pumping unit.

Sand separators and filters used in harmony with the third method are quite effective
in preventing sand particles from getting into the well pump only during the initial period
of their operation on its receiving part. However, as their operational characteristics
deteriorate, in particular due to wear and clogging (reduction of their filtering ability),
the concentration of sand in the bottom-hole part of the well will constantly increase until
sand plugs are formed.

The use of sand separators is most effective for those production wells in which sand
particles enter in small volumes and for a short time. The direct sand separator is also
a gas separator. The use of sand separators is not the main, but an auxiliary method of
combating sand ingress.

Sand filters installed at the pump inlet prevent sand particles of medium and large
sizes. In practice, sand filters of various designs are used: mesh, wire, slotted, metal-
ceramic, sand-plastic, gravel, etc.

As arule, low-yield wells are operated at low velocities of the ascending flow of
production fluid in a flow string and at sharp fluctuations in the dynamic fluid level in
the well. As a result, more favorable conditions are created in the well for the formation
of sand plugs, asphalt-resin and paraffin deposits and salt deposits on the surfaces of
parts and units of underground equipment. This is also facilitated by frequent failures of
downhole pumping equipment due to increased wear of moving elements.

The development of oil fields at later stages is associated with high water cut and
high contents of mechanical impurities in extracted products of wells, since to maintain
oil production levels, water is often injected into the reservoir, which is a common method
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of reservoir pressure maintenance. This method is especially widely combined with heat
treatment of the near-well zone and productive formation.

It is known that the products of the majority of fields in Western Kazakhstan (more
than 30%) are viscous and highly paraffinic oils. These include the world-famous Uzen,
Zhetybay, Karamandybas fields, whose oils are extremely saturated with paraffin dissolved
in them (up to 26%), resins and asphaltenes (up to 20%) and contain corrosive gases
(H,S, CO,), [5.6].

Increased viscosity has a significant impact on the processes of oil production and
preparation in the fields [6]. For example, at Northern Buzachi, Karazhanbas and other
fields in Western Kazakhstan, the method of pumping hot water into the reservoir is
actively used to increase well production rates.

Reservoir pressure maintenance inevitably leads to high filtration rates, which
contribute to the stripping and washout of mechanical impurities from weakly cemented
reservoirs in the near-well zone due to the destruction of the reservoir frame on the walls
of channels and cracks due to the formation of microcracks. In this case, the process of
destruction of the reservoir will be continuous due to the constant washout of particles of
destroyed rock into the well. Perhaps the intensification of these processes explains the
often encountered effect — increased solids content when bottom-hole pressure is below
the saturation pressure.

There are many ways how solid particles get into pumping equipment [7]. The main
part of them consists of particles removed from the formation during the operation of
wells, but a significant part of the solids is extraneous:

- corrosion products of underground equipment and particles that get into the well
as a result of repairs and geological and engineering operations;

- insoluble solid inclusions in the kill fluid or proppant fragments after hydraulic
fracturing;

- products formed by the interaction of chemically incompatible pumped liquids.

The percentage composition of mechanical impurities contained in well production
is determined by the predominance of particles from the formation.

Table 1 contains a proposed classification of the causes of reservoir destruction and
sand production. They are divided into three main groups based on the conditions of
occurrence:

- geological (particularities of the occurrence of the reservoir layer, lithology);

- technological (conditions of drilling-in and well operation);

- technical (bottom-hole design).

Table 1 - Classification of causes of reservoir destruction and sand production

Origin Percentage Particle composition Percentage

Formation 50-60 Magnetic and iron particles 25-65

Mixed (formation + 15-25 Mineral particles from the

surface) formation AV

Surface 10-20 Surface particles 10-50
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Geological: formation depth and formation pressure; horizontal component of rock
pressure; the degree of cementation of the formation rock, its compaction and natural
permeability; the nature of the produced fluid and its phase state; characteristics of
formation sand (angularity, clay content); influx of bottom water into the deposit and
dissolution of the cementing material; duration of sand removal.

Technological: well flow rate; the value of overbalance and differential pressure;
deterioration of natural permeability (skin effect); filtration loads and disruption of capillary
adhesion of sand.

Technical: bottom-hole design; the surface of the bottom-hole through which filtration
occurs (interval of formation opening, if perforation channels are open or plugged, etc.).

Among the main factors that determine the concentration of impurities, the following
are usually pointed out: formation depth and formation pressure; formation permeability;
physical and chemical properties of the produced fluid; water cut; characteristics of sand
particles; well flow rate; perforation density; drawdown pressure; type of working fluid
used in the process of repair and recovery activities.

In relation to underground pumping equipment, mechanical impurities are the main
cause of breakdowns and structural defects. According to well-known statistics, the
percentage of pumping equipment breakdowns associated with the impact of mechanical
impurities far exceeds the influence of other geological and technical factors, the main
ones being corrosion and salt formation. For most oil fields, mechanical impurities account
for 35-50% of the total number of main causes of failures of deep-well pumps; corrosion,
20-25%; and scaling, 15-20%.

Mechanical impurities that get into the sucker rod pump significantly affect the
performance of the plunger and valve pair. Sand causes gross wear of the threaded
connections of pump pipes. At the slightest leak in the connections, especially in flooded
wells, it quickly corrodes the threads and liquid flows through the resulting channel,
reducing the supply, and subsequently leading to its complete cutoff.

The presence of a large amount of poorly permeable sediments at the bottom of the
well primarily leads to a decrease in fluid flow rate, because the concentrated mixture
in the well increases the back pressure on the bottom and worsens the conditions for the
natural flow of fluid. Technical or technological shutdowns of wells contribute to the
deposition of sand on the bottom and the formation of plugs, which is often the most
serious problem in the operation of sand wells. When sand sediments in the production
string, the pump jams, as a rule, when the downhole equipment is stopped.

As a result of the analysis of production materials, it was established that sand
ingress, despite the application of the well-known methods to protect downhole pumping
equipment, remains a pressing problem for most fields in Kazakhstan. Table 2 shows
statistics on failures of downhole pumping equipment at the Kumkol, Karazhanbas and
Northern Buzachi fields, where sucker rod screw pumps are widely used [5,6].

During the analysis of production materials from the Northern Buzachi field,
it was found that, despite the high resistance of screw pumps to pumped sand, they
often fail due to sand ingress. For instance, more than 50% of screw pump failures
were associated with the influence of sand from the formation and 39% with rods
parted (Figure 1).
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Table 2 - Statistics of failures of sucker rod screw pumps due to sand ingress

Number of wells Percent of failures of sucker
Field Operator equipped with sucker | rod pumps because of sand
rod pumps, pc. ingress, %
Karazhanbas " B " 1600 27 %
Karazhanbasmunay'
. Branch of "Buzachi o
Northern Buzachi Bz Ll 900 38%
Kumkol JSC "PetroKazakhstan" 180 0o 40%

It has been noted that some of the produced sand tends to settle above the pump
as the fluid rises to the surface. One of the main factors influencing this process is the
velocity of the ascending flow during production, the viscosity of the produced fluid and
the fractional composition of mechanical impurities (sand) coming from the formation.
Due to the inexpediency of changing the fluid viscosity and sand composition, the most
practical is to increase the flow rate to bring sand to the surface during well operation.
However, in practice there are situations where the flow rate of the produced fluid is not
enough to remove all particles, which results in some sand settling above the pump or is
suspended in the flow string. This causes an increase in the amount of suspended particles
in the liquid, which, during the shutdown of the well, begin to settle in the lower part of
the string, where the gas pumping equipment is located, and form a sand plug.

Passage of pu_mp = sand influence
compressor pipes

® broken rods

Figure 1 - Causes of failures of sucker rod screw pumps at the Northern Buzachi field

In addition to plugging, mechanical impurities in well production also have
a significant impact on the service life of submersible equipment. The interaction of
mechanical impurities with the moving elements of downhole pumping equipment becomes
one of the main causes of wear of its power section. There is no doubt that the intensity
of wear is also affected by the granulometric composition of the produced sand. For
example, the presence of leaks in the valve pairs of sucker rod pumps when pumping out
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a low-viscosity liquid with a high sand content leads to intense erosion of the seat and
shut-off valve. The operating practice of sucker rod pumps in the fields shows that the
largest number of well servicing (about 40%) is caused by valve malfunction.

Intensive recovery of mechanical impurities with well production also causes
premature wear of the elements of the production and oil strings. This necessitates
unscheduled well servicing at significant financial costs associated with a loss of oil,
diversion of own or hired material and human resources, etc.

Field experience in operating wells with sucker rod pumps shows that jamming
mostly occurs even during relatively short-term 15-20 minute stops. Tubing pumps,
while attempting to move the plunger upward, will immediately jam in the cylinder due
to a large amount of sand getting into the gap and a sharp increase in the friction of the
plunger in the cylinder. A similar situation can be observed in an insert pump, when due to
sand sediment it becomes impossible to remove it from the sitting nipple. It is necessary
to perform a cumbersome and dangerous operation of lifting rods and pipes part by part.

Thus, the study of sedimentation of mechanical impurities during oil production under
conditions of high sand ingress still remains one of the most urgent.

Solving this problem will make it possible to predict the rational duration of
operational shutdowns of wells to prevent sand plugs or to select the operating mode
of a downhole pump to ensure sustainable sand removal. The most difficult problem in
this regard is to estimate the amount of sedimentation of mechanical impurities in the
constrained conditions of a moving fluid in a turbulent flow.

Materials and methods of research. The mechanism of sedimentation and movement
of sand particles both in a stationary and flowing fluid is considered in detail by B.M.
Latypov [8].

Let's consider the rate of sand sedimentation in a stationary fluid, which corresponds
to stopping the pump and cutting off the liquid column in the production string with a
check valve.

Sand particles in a liquid medium, the density of which is less than the density of
sand particles, settle under gravity, the magnitude of which is determined by the following
formula: y

-
g=—8 (pp—pr), (1)
where d, is a sand particle diameter; p,, pr are the density of sand particles and liquid,
respectively.

In addition, as mentioned above, the process of sedimentation of sand particles is
influenced by their shape, density and viscosity of the liquid.

By equating the gravitational force acting on a sand particle to the vertical resultant
force of resistance to friction between the surface of a sand particle and a liquid, it is
possible to obtain the following:

.43
Fg="-"-g(pp—pr) =m-d2- 1, @)
where 1, is a vertical resultant friction stress on the surface of a sand particle.

From formula (2), the diameter of the largest spherical sand particle suspended in a
liquid is determined:

F
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_ 6T
07 g(pp-pp) )

However, due to the absence of an ideal Bingham fluid in real well conditions, the
use of formula (3) is not entirely correct.

The performed studies [8,9,10] determined the critical values of the limiting shear
stress of a fluid at which particles of various diameters will be in suspension. For example,
for 0.2 mm particles, the critical shear stress ranges from 0.2 to 0.4 Pa.

Using Yalin’s method [9], for particles with a diameter of less than 1 mm, the
calculated critical shear stress of a fluid equaled 0.83 Pa.

In field practice, sand particles with a size of less than 1 mm are most often found in
a production fluid. Therefore, when pumping a well fluid having a maximum shear stress
of more than 0.83 Pa, a change in the fluid flow rate will have a minor effect on the sand
particles from the well. In this case, the removal of sand particles from the well can occur
even at minimal ascending velocities of the well fluid.

If under gravity a sand particle increments the velocity, then it will be affected by the
resistance force directed opposite to the velocity vector of its deposition.

The value of this resistance force in the general case can be determined using the
following formula:

12
Fr=Cq S 2 (4)

where C, is a fluid resistance coefficient; S is a particle cross-sectional area; u is a particle
velocity.

Particle can deposit in a liquid medium in different modes depending on the rate of
particle sedimentation and the physical characteristics of the medium. In this case, each
deposition mode is characterized by its own value of the resistance coefficient of the
medium depending on the Reynolds number (Re).

When a spherical particle settles according to Stokes’ law, it is acted upon by a
resistance force equal to [9]:

Fp=3-m-pu-d-v. (5)
In this case, the settling rate of a spherical particle can be determined as follows:
) _g‘(pﬂ_pm).dz 6

From formula (6) it follows that the settling rate of a spherical particle is affected by
the difference in the densities of the particle and the medium, by the size of the particle
and the viscosity of the medium. For particles that do not move according to Stokes’ law,
the value of the sedimentation velocity can be determined using Cheng's formula [10]:

95 =§-(\/25+1,2-d§—5))1'5, (7)

where v is a kinematic viscosity; d is a particle diameter; d,” is a dimensionless diameter
depending on the relative densities of sand and liquid.

Formula (7) obtained from an analysis of experimental data from various sources
allows to calculate the settling velocity of sand particles moving both according to Stokes’
law and at high Reynolds numbers.
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Results and discussion. As a result, the estimated values of the sedimentation rate
of sand particles with a density of 2,650 kg/m® in a liquid with a density of 1,000 kg at
various values of its kinematic viscosity are exemplified in Figures 2 and 3.
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Figure 2 - Dependence of the sedimentation rate of sand particles of various sizes in a liquid at values
of kinematic viscosity of the liquid from 1:10 to 10-10-° m%s
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Figure 3 - Dependence of the sedimentation rate of sand particles of various sizes in a liquid at values
of kinematic viscosity of the liquid from 10-10- to 100-10-¢ m?/s
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It should also be taken into account that temperature and the amount of dissolved
gas in the oil can have a significant effect on viscosity (Figure 4). Viscosity of oil as it
moves from bottomhole to wellhead can change significantly not only due to intensive
heat dissipation from the tubing walls, but also due to gradual decrease in the amount of
dissolved gas in it as the hydrostatic pressure decreases.

The fluid flow regime along the tubing height also changes and establishing the
boundaries of fluid flow regime transition can also improve the calculation accuracy.
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Figure 4 - Effect of oil temperature and amount of dissolved gas on oil viscosity

As can be seen from the above data, with an increase in viscosity, the rate of sand
sedimentation decreases significantly, which must be taken into account when choosing
a technology for protecting downhole pumping equipment from sand ingress. Moreover,
liquid viscosity has a more significant effect on sand sedimentation than the density and
size of its particles.

Conclusions. The analysis of existing methods of mechanical impurities control in
the practice of downhole oil production shows that up to the present time this problem
remains actual and requires further research to develop new technologies and technical
devices to reduce their negative impact both on reliability of downhole pumping equipment
and on the efficiency of their operation.

No less urgent is the development of acceptable for practice methods of calculated
determination of sedimentation time of mechanical impurities in downhole conditions
for selection of pump operation mode. It will allow to prevent formation of sand plugs
during technological breaks in operation, or to provide stable sand removal. at the fields
with periodic mode of well operation.

As aresult of the calculation analysis according to the above method it was established
that the main factors influencing the process of sedimentation of mechanical impurities in
the well are the speed and mode of fluid movement, its viscosity, density and the size of
the impurities themselves. Moreover, the most sensitive for the accuracy of calculation
is the consideration of the change of fluid viscosity as it moves along the tubing as a
result of heat exchange and the change of dissolved gas content due to pressure drop.
Their change affects both the fluid flow regime and sedimentation regime of mechanical
impurities contained in it.
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The proposed methodology does not take into account some factors that can make
additional adjustments to the process of sand sedimentation, but it allows us to estimate the
necessary data both for regulating the time of technological breaks in the well operation
and activation of the parameters of the anti-sanding device in the mode of their periodic
operation, and for selecting the operating mode of the HFO, providing the necessary speed
of the upward flow in the tubing for sand removal. @
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