BUHTOBBIE
HACOCDI

ABTop cTatbu — Tum Contuc

Weatherford International, ctatba nogrotoBneHa c yqyactuem Ox.d. Jin

06waA uxthopmauua

BuHTOBOM Hacoc (BH), ABnAtowmiicA yCTPOWCTBOM AJ1A NepeKaykm
XXMAKOCTW, 6bIn paspaboTaH B Havane 1920-x rogoB AnAa nepekayvku
BA3KUX XMAKOCTel 1 pacTBopos. C camoro Hayana BUHTOBblE
HacoChbl MOYYUIUN LUIMPOKOE NMPUMEHEHME B CaMbIX Pa3HbIX YCITOBUAX
MCMonb30BanuCh B Pas3fiMiHbIX OTPACAX NPOMbILLIIEHHOCTH
(xvmmnyeckon, nuieBow, meTannoobpabaTbiBatoLen, GyMma>kHoM,
TeKCTWNbHON, TabavyHon, oTxoponepepabaTbiBatoLLein U He(OTAHON).
C MOMeHTa nepBbiX Cepbe3HbIX MOMNbITOK NpuMeHeHnA BH anA
MexaH13MpoBaHHoOW [06bl4M B Havane 1980-x ronos, NpoMcxoamno
WX NOCTENeHHoe BHeApeHne B He(OTAHOM NpombilnieHHocTu. K 2003
I. BAHTOBbIE HAacoChl paboTanu B caMblX pa3HOO6pa3HbIX YCIIOBUAX U
BapuaHTax 3akaH4ynBaHuA B 6onee 4yem 40 000 CKBaXXMH MO BCEMY
mupy, oT AnAcku oo lOxxHon AMepuKu, OT A0DbIYM Nerkon HedpTu n
YronbHOro MeTaHa B poccumnckux HmxHeBapToBcke 1 HoBOKy3HeLke
[0 ABCTpanum, oT oTAaneHHbIX MUHepasibHbIX MCTOYHWMKOB B ropax
ANOHMM [0 HAa3eMHbIX U MOPCKMX CKBaXKMH B Acbpuke n VIHaoHe3nw.
Hwxe npvBeaeHbl cTaHAaPTHbLIE BapyaHTbl U YCNOBWUA NPUMEHEHNA
BMHTOBbIX HACOCOB:

e Taxkenana He(pTb
MnoTHocTb B rpaaycax no APl <18
AbcontoTHaA BA3KOCTb 500 — 50000 cll
Copep>xaHune necka ao 50%, cHukeHHoe Ao 3-5% npu
cTabunbHom pebute
e HedTb cpeaHein nnoTHocTH
MnoTHocTb B rpapycax no API 18 — 30
AbcontoTHaaA BA3KOCTb <500 cll
Orpanuyenna no cogepxanmio CO, n H,S
¢ Jlerkana HepTb
MnoTHocTb B rpapycax no APl >30
OrpaHunyeHne No coaep>KaHno apomMaTM4ecKnx yrnesonoponoB
TemnepaTypHble orpaHuyeHuA
* Bopa
O6e3BOXMBaHWE yronbHoro metaHa (CBM)
O6e3BoXVBaHMe NPUPOAHOrO rasa
BonosabopHble CKBaXKUHbI
e OTonneHve Xunblx NOMeLLEHNI
® [pOMBbILLIEHHbIE UCTOYHWUKM MUHEpanbHbIX BOA,
3akayka BoAbl - 3aBOAHEHNE

Hwxe npvBeneHa amarpaMmma, B3ATaA U3 0OHOMO U3 HOMEPOB
>xypHana Oil & Gas Journal 3a 2003 r., unntocTpupyowias
NPUGAN3NTENBHO OLIEHEHHOE KONMUYECTBO CKBaXXWH BO BCEM
MUpe, aKCnyaTauma KOTOpbIX BEAETCA C MOMOLLbO cuctem ¢ BH.
XoTA 6pocaeTcA B rnasa oTcyTCTBMEe AaHHbIx no Poccum n CHIL
Mo HEKOTOPbIM noAcyeTam B HedpTeno6bIBaOLLMX PErMoHaX 3aTNX
rocygapcts pabotaet ot 1000 go 2000 cuctem BH.

CucTtembl BH obnagatoT paaoM oTnnynTesibHbIX 0CO6EHHOCTEN,
KOTOpble MOTYT caenaTb ux 6onee NpeanoYTUTENbHLIMU ANA
MeXaHU3MPOBaHHOM A06bI4N MO CPABHEHUIO C APYTYMU UMEOLLMMUCH
TEXHUYECKMMU cpeacTBamMu. BoT Hanbonee 3HauYMMble U3 3TUX
ocobeHHocTeN:

e KI1[ cuctem BMHTOBbLIX HacocoB cocTaBnaeT 50 — 70%

e Huskue KanuTanbHble 3aTpaTbl M pacxofbl HA SNIEKTPOIHEPTUIO

Bo3MOXHOCTb NepekavymBaHnA XXMAKOCTEN C BbICOKUM YPOBHEM

BA3KOCTW, BOMbLUMM cofepXaHneM TBEpAbIX YacTuL 1 CBOOOAHOTO rasa

* Huskue 3HayYeHNA BHYTPEHHUX rPaANEHTOB CKOPOCTU CABUIA,
orpaHv4MBaioLme aMynbrnpoBaHne XUAKOCTU

e OTCyTCTBME KNanaHoB WUnu AeTanei ¢ BO3BPaTHO-NOCTyNaTenbHbIM
OBUXEHMEM MO3BOMAET NPeAoTBpaTUTb 3aKyrnopyBaHnA, ra3oBble
NPO6KUN NN N3HOC Y3110B

e HecnoXHbIn MOHTaX ¥ 3KCNyaTtauma, MUHUMarbHbIR 06bem
Heo6XxoAMMOro o6cnyXnBaHvA

e Hebornblune rabapuTbl U HU3KUIA YPOBEHD LyMa NPUBOAHOW
YCTaHOBKM Ha yCTbe
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PROGRESSING CAVITY
PUMPING SYSTEMS

Article by Tim Soltys
Weatherford International, assisted and organized by Mr. J. F. Lea

Overview

The progressing cavity pump (PCP) was developed as a fluid transfer
pump in the early 1920’s for pumping viscous fluids and slurries.

Since its inception PCP’s have been in a wide range of applications
and industries such as; chemical, food, metalworking, mining, paper,
textile, tobacco, waste treatment and petroleum. Since the first serious
efforts to apply PCP’s as a method of artificial lift in the early 1980’s,
PC pumping systems have experienced a gradual emergence in the
petroleum industry. As of 2003, from Alaska to South America, from
the Russian light oil and CBM applications in the Nizhnavartovsk and
Novokuznetsk regions to Australia, from the secluded mountain spas in
Japan to the wells offshore/onshore Africa and Indonesia it is estimated
that there are over 40,000 wells operating worldwide over an extremely
diverse range of applications and completions. Highlighted below are
the typical progressing cavity pumping system applications.

e Heavy Oil
<18 API gravity
500 - 50000 cp
Sand cuts up to 50% with stabilized cuts of 3 - 5%
e Medium Oil
18 — 30 API gravity
<500 cp
Limits on CO2 and H2S content
e Light Oil
>30 API gravity
Limits on aromatic content
Limits on temperature
* Water
Coalbed methane (CBM) de-watering
Natural gas dewatering
Source water wells
* Domestic heating
e Commercial spas
Injection — water flood

The following chart extracted from the 2003 Oil & Gas Journal
illustrates the estimated number of wells globally that are producing
with PC pumping systems. Although Russia and the FSU are notable
absent there are an estimated 1000 — 2000 PC pumping systems
deployed in these areas.

PC pumping systems have a number of distinct characteristics,
which can make them preferable over other forms of artificial lift.
The more prominent are:

System efficiencies 50 - 70%

Low capital and power costs

Ability to produce high viscous fluids, large solids concentrations & free gas
Low internal shear rates which limits fluid emulsification

No valves or reciprocating parts to clog, gas lock or wear

Simple installation, operation and low maintenance

Low surface profile and noise



CucTtembl BH nmetoT paa onpeaeneHHbIX orpaHuyeHunii no
ycnosuAM npumeHeHnA. OCHOBHbLIMMW U3 3TUX OrPaHN4eHUn
ABNAIOTCA NPOU3BOANTENBHOCTb, BbICOTA NOABEMA XNAKOCTH
1 COBMECTMMOCTb PE3UHOBBIX AeTanew ¢ 0TKavnBaeMbiMm
XMAKOCTAMU. HuXe npuBefeH KpaTkui nepedeHb orpaHn4mTenbHbIX
YCNOBWI NPUMEHEHWA N IKCMNITyaTauMOHHbIX MPobnem, CBA3aHHbIX C
ucnons3osaHmem cuctem BH.

MpounssoauTensHocTb: 1-800 M% aeHb (5000 6appeneil/aeHb)
BbicoTa nogbema xungkoctu: 3000 m (9800 chyToB)
Temnepatypa: 150°C (300°F)

TeHAeHUMA K BO3HNKHOBEHWIO HEYCTPaHVMbIX NOBPEXAEHWN
3nacToOMepHbIX aeTanen npyu paboTe Hacoca 6e3 XXnakocTu gaxe
O4YeHb HenMpoAOIKUTENIbHOE BPeMA.

* BosgeicTeue HEKOTOPbIX XXMAKOCTEN NPUBOAUT K pasbyxaHuio n
ropye an1acToMepHOro Marepuana

Mcnonb3oBaHWe ycoBepLUEHCTBOBAHHOMO 060pyAOBaHNA 1
maTepuanos No3BofAeT CYLECTBEHHO PacluMpUTbL AnanasoH
NPUMEHEHNA BUHTOBbIX HACOCOB HOBbIX Moaenein. Bo MHorux
cny4vanx, BH ABnAeTcA He TONbKO €ANHCTBEHHO BO3MOXHbIM
BapMaHTOM MEeXaHU3MpPOBaHHOW JKCMnyaTaumm, HO N MOXeT CTaTb
BecbMa 3PHEKTUBHBIM C IKOHOMUYECKOW TOHKMN 3pEHUA Npun
ONTUManbHOW KOHPUrypaumm 1 NpaBuIbHON IKCMTyaTauum.

OcHOBHbIE NPUHLUUNLI Pa6oTbl BH

BH ABnAeTcA O06bEMHbIM HACOCOM,
COCTOALMM U3 [BYX KOMIMOHEHTOB -
poTopa u ctatopa (Puc. 1). Potop umeet
hopMy Hapy>XHOW cruvpanum C 4MCiioM
3axofoB “n” 1 06bI4HO N3roTaBNMBaeTCA
13 Bblcokonpo4Holi ctanu (Puc. 2). Potop
ABNAETCA E€AVHCTBEHHOW [OBWXYyLUENCcA
netanbto Hacoca. CtaTtop npeacraenAeT
co60M BHYTPEHHIO Cnupanb C YUCIIOM
3axogoB “n+1” (Puc. 3) n cocTouT U3
CTanbHOro KoXyxa-Tpybbl C Hepa3bEMHO
COeOMHEHHbIM CO CTeHKamu Tpybbl
3/1aCTOMEPHbIM31IEMEHTOM. POTop nmeeT
Ha OAWH 3axo4 MeHbLe YeMm CcTaTop.
Korga oHu cobpaHbl BMmecTe, rpynna
[BOAKOBBIMYKJIbIX MOMOCTEN, CnvpanbHO
ornbarwollaa poTop CHapyXwu, TAHETCA
BO/Mb BUHTOBOW NnHUM Hacoca (Puc. 4). KaxaanA nonoctb
repMeTUYHO OTAefleHa OT PacnoNOXEHHbIX PAAOM NOOCTEN ¢
NMOMOLLBIO YMIIOTHUTENBHBIX IMHUIA. YNIOTHATENbHBIE JIMHWN
obpasyoTcA BAOMb JIMHUM KOHTaKTa Mexay poTOpOM 1 CTaTOpOM
(MokasaHa KpacHbIM LiIBETOM) M ABMAIOTCA BaXXHbIM MOMEHTOM AnfA
apchpekTMBHOM paboTbl Hacoca. Puc. 4 nokasbiBaeT ABe OTAENbHbIE
nonocTn Ha OAHOM Liare ctaTopa nog yrnom 180° apyr K apyry B
Hacoce ¢ 0HO3aXx0AHbIM POTOPOM.

PucyHok 1 - Figure 1

MpuHUMN geicTBMA Hacoca

Mpw BpaLleHn poTopa NPONCXOANT NOCTOAHHOE OTKPbITME 1
3aKpbITUE NOMOCTEN 1 UX NepemMeLLeHne OT Npuema K nogade
Hacoca. lNnowaap NonocTn mexay poTopoM 1 CTaTtopom
OCTaeTCA NOCTOAHHOW Ha NMiobOM CeveHun No Bcen anviHe

Hacoca, 4To obecneynBaeT HenynbLCMpyLWMn NOToK. O6bem
rMonocTn onpeaenaAeTcA Kak nnowaab 3akayku (nnowans
NnonepeyHOro ceyYeHnA noocTn) YMHOXEHHAA Ha Luar ctaTopa.
OceBaA NMHVA poTopa CMeLLeHa OT OCK CTaTopa Ha NOCTOAHHYIO
BENNYMHY, Ha3biBaemyto “akcueHTpucutet” (Puc. 5). inA Hacoca
C 0AHO3aX0HON reoMeTpreln IKCLIEHTPUCUTET paBeH pasHuLe
mexay 60MbWnM 1 ManbiM guaMeTpaMu poTopa AeneHHOW Ha aga.
Mnowane NonocTn Hacoca ¢ OAHO3aX0AHON reoMeTpuert paBHa
Masnomy auameTpy poTopa yMHOXEHHOMY Ha 4 U YMHOXEHHOMY Ha
aKcueHTpucnteT. O6BEM NONOCTY onpeaenAeTcA Kak pyHKUMA
nowaam nonocTn yMHOXeHHan Ha war ctaropa (Puc. 5).

lMnowans nonoctn = d x 4e
O6bem nonoctu = d x 4e x war ctaropa

XapaKTepucTiKa no 1aBNIeHUI0 U U3MEeHeHue NolaYu Hacoca npu
W3MEeHEeHUN faBNneHna

HomunHanbHbI ypoBeHb AnddepeHumansHoro aasneHua BH
ABNAETCA CyMMOW HOMVHAIbHbIX YPOBHEN AABNEHNA KaXA0Mn

PC pumping systems also have a number of distinct applications
limitations. The most prominent of these limitations are with respect
to pump capacity, lift and elastomer compatibility. The list below
summarizes the current application limitations and major operational
difficulties associated with PC pumping systems.

Production rate: 1-800 m3/day (5000 bbls/day)

Lift: 3000 m (9800 ft)

Temperature: 150°C (300°F)

Tendency of elastomer to sustain permanent damage if ran without
fluid for even short periods of time

¢ Elastomer may swell or deteriorate when exposed to certain fluids

With improvements in materials and equipment design, new products
are aggressively pushing to expand this application envelope. In many
instances not only is the PC pumping systems the only means of
artificial lift, when configured and correctly operated can be the most
economical.

Basic Principles

The PCP is a positive displacement pump comprised of two
components, rotor and stator (Figure 1). The rotor is the shape
of an external helix of “n” lobes and typically manufactured from

high strength steel (Figure 2). The rotor is the only moving piece of

the pump. The stator is an internal helix of “n+1” lobes (Figure 3),
consisting of a steel tube housing in which a synthetic elastomer is
permanently bonded. The rotor has one less lobe than the stator and
when the two are assembled, a series of lenticular cavities spiraling
around the outside of the rotor are formed along the helical curve of the
pump (Figure 4). Each cavity is sealed from adjacent cavities by seal
lines. Seals lines are formed along the contact line between the rotor
and stator (shown in red) and are critical to the pump performance.
Figure 4 illustrates that in one stator pitch there are two
separate cavities 180° apart in a single lobe pump.
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PucyHok 2 - Figure 2 PucyHok 3 - Figure 3 Figure 4

Displacement

As the rotor rotates, opening and closing of the cavities occurs
continuously, progressing the cavities from the pump suction to
discharge. The cavity area between the rotor and stator remains
constant, at any given cross-section along the pump length, therefore
delivering a non-pulsating flow. Cavity volume is defined as the pumping
(cavity cross sectional) area multiplied by stator pitch. The centerline

of the rotor is offset from the center of the stator by fixed value known
as the “eccentricity” (Figure 5). For a single lobe geometry pump the
eccentricity is the rotor major diameter minus the rotor minor diameter
divided by two. The cavity area for a single lobe geometry pump is equal
to the rotor minor diameter multiplied by four times the eccentricity.
Cavity volume is purely a function of the cavity area multiplied by the
stator pitch (Figure 5).

Cavity Area = d x 4e
Cavity Volume = d x 4e x stator pitch

Pressure Rating and Slip

The differential pressure rating of a
PCP is the summation of the pressure
rating for each individual stage.
Although somewhat arbitrary, a stage
is typically defined as one pitch length
of the stator. The typical pressure
rating for an individual stage ranges
from 66 -100 psi. The combination

of a) maximum pressure that can be
developed in a single cavity and b) the

PucyHok 5 - Figure 5
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OTAeNbHOM CTyneHN. XOTA 3TO M ABMAETCA HECKOMbKO NPOU3BOSbHbIM
onpeneneHnem, CTyneHblo 06bIYHO Ha3bIBalOT ANWHY OAHOTO Lara
ctaTopa. O6bI4HO YPOBEHb HOMUHANBLHOMO AaBfIeHUA ANA OTAeNbHON
CTYMEHN HaxoauTcA B ananasoHe 66-100 psi. KombuHauma a)
MaKCUMasnbHOrO YPOBHA AaBfEHWA, KOTOPbIA MOXET 6bITb CO34aH

B OHOW NofiocTu 1 6) Yncna nonocTen B Hacoce onpeaendAeT ero
npegensbHoe aasneHve. [laBneHne, KOTOPoe MOXeT bbiTb CO3AaHO

B Ka>XX[O0W NonocTu, ABNAETCA PyHKUMEN KOMNPECCUOHHOW NMOATOHKM
poTopa u cTatopa, hn3nHecKnx XxapakTepUCTUK 3/1aCTOMEPHOro
3MeMeHTa, ANWHbI Lara cTaTopa v CBOUCTB Npoka4ynBaemMom
>xnakoctu. inAa BH, npu npo4mx paBHbIX ycnoBuAX, 6onee BbICOKOE
OaBreHve AnAa Kaxaomn CTyneHn obbl4HO 03HavaeT 6onee HU3KYLo
[ONroBeYHOCTb cTaTopa.

Hawnbonee 4acTo ncnonb3yemMmbiM CNOCO60M U3MepeHnA
3KCNJyaTaUMOHHON XapakTepuUCTUKW Hacoca ABNAETCA pacyeT
06EMHOrO0 KN Hacoca, onpefenAemMoro Kak pasHuua Mexay
MCXOAHOW NojaYen Hacoca Npu HyJIeBOM Hanope 1 noaaden npu
HOMMHAJILHOM Hanope pasfeneHHanA Ha UCXO4HYHO nojady npu
HyneBoMm Hanope. Pa3Huua B ypoBHAX NoAauu Npu HyNeBoMm u
HOMMHAJIBHOM Hanopax onpeaenAeTcA Kak “u3mMeHeHne nogayu
Hacoca npu n3MeHeHnn aasnenvA’ isameHeHne nogayn Hacoca npu
N3MEHEHWUWN JaBfeHVA BO3HMKAET, KOraa HaxoAALWAAcA Noj BbICOKMM
[aBMNeHVeM XNAKOCTb HapyLlaeT KOMMPECCUOHHYIO MOATOHKY MeXAY
npuneraloLwmmm NoNocTAMA 1 NPOPbIBAETCA MeXAY YNNOTHUTENbHOW
TNMHVen poTop/cTaTop. OTO NPMBOANT K 06LLEMY CHVKEHUIO YPOBHA
nogaym Hacoca, KOTopbln ABNAETCA NOCTOAHHBLIM ANA AaHHON
BEIMYNHbI AndbdpepeHLmanbHOro AaBneHus.

Ha Puc. 6 npeactaeneHa cTaHAapTHaA KpUBaA aKCrnyaTaumoHHON
XapaKTepuUCTUKKN Hacoca NPOU3BOAUTENBHOCTLIO 50 Happenen/cyTku
npu 100 06/MUH U HOMUHANBHOM YPOBHE AnddepeHLmnansHOro
nAasnennAa 1750 psi. MNpn HOMMHaNBLHOM AaBneHun
NPOM3BOAUTENIBHOCTb Hacoca cocTasnAeT 30 6appenen/cyTku, 4To
03HavyaeT CHUXeHWe noaayn Hacoca Ha 20 6appenein/cyTku unm
06beMHBIV Kna Hacoca — 60%. MNpu anddepeHumnansHOM gaBneHum
1300 psi 06beMHbIV Kng Hacoca — 80%, YTO 03Ha4YaeT CHMXKEHWEe
nopa4yun Hacoca Ha 10 6appenen/cyTkun. Ecnn komnpeccuoHHanA
NOAroHKa poTopa 1 ctatopa CTaHOBUTCA CANLLIKOM MAIOTHOM 3TO
NPUBOANT K 3HAYNTENBHOMY CHUXKEHWIO AONMTOBEYHOCTW CTaTopa.
AnbTepHaTuBHaA NOAroHKa obecrnevnBaeT Takon ypoBeHb

CHVXEHUA NoAayn, KOTopbIi 6yaeT ABNATLCA KOMMPOMUCCOM

ANA MakcumarnbHOro paboyero AaBneHuA, U ABNAETCA OCHOBHbLIM
haKTopOM, BAMAIOLLMM Ha AONTOBEYHOCTL cTaTopa. [Mpouecc
pa3paboTKu KOHCTpyKunn BH BKntoyaeT BbI6GOP ypoBHA
KOMMPECCUOHHOWN NOAFOHKU, KOTOPbIN 06ecneynT onTUMarnbHyo
NpON3BOANTENBHOCTb HAacoca 1 AONrOBEYHOCTL cTaTopa B
KOHKPETHbIX BHYTPUCKBA>KMHHBIX YCNOBUAX. BbIGOp ypOBHA MNOATOHKM
OCHOBaH Ha 0XW4aemMOM TEPMUHYECKOM pasbyxaHun anactomepa,
pa3byxaHun B pe3dynbTaTe BO3AENCTBNA XUAKOCTU, AaHHbIX
MCMbITaHWIA, AAaHHBIX U3MEPEHUIA B MPOLecce aKcnnyaTaumm, a Takxe
umMetoLLerocA onbliTa. PacyeTHble napameTpbl, Takne Kak reomeTpua
Hacoca 1 TN 3n1acTOMEPHOro 3NeMeHTa, TakXe YYUTbIBaoTCA

npu BblbOpe NOAroHKN. Ecn KoMNpeccnoHHaA NOAroHKa CRNLLKOM
cBobogHan, TpeboBaHWA Mo 06bEMY U YPOBHIO NoAaqm MOryT 6bITb He
[OCTUrHYThI. [py CANLLKOM NAOTHOM KOMMPECCUOHHOW NOArOHKE, XOTA
YPOBEHb NOAAYM U KNA Hacoca BO3pacTyT, MPOM3ONAET 3HAYNTENbHOE
yBenuyeHne noTepb Ha TpeHne n aecopmaumm pe3amHOBOro
3MeMeHTa, YTO NPUBEAET K CHMXXEHWNIO CpOoKa Cny>6bbl Hacoca.

B HekoTOpbIX Cny4YaAx NOTepU Ha TPeHMe 13-3a CNLLKOM MII0THOrO
KOMMPECCUOHHOTO MOAroHa MOryT NPEBbICUTL AOCTYMHbIE YPOBHU
MOMEHTa U MOLLHOCTK, CO3/iaBaemMble MPUBOAHON YCTaHOBKOMN.

Heo6xoaumble yPOBHM MOMEHTa W MOLLUHOCTH

Mpw npoekTnposaHun BH Heobxoanmo yunTbiBaTh ABa
nepBOCTENEHHbIX NapamMeTpa — HeobxoaMMble YPOBHM o6bema n
noaayn, KOTopble HeNnoCpeACTBEHHO COOTHOCATCA C TPebyembIMM
YPOBHAMU r'MAPaBINYECKOro MOMEHTa U r’MApaBIM4ecKomn
MoLHOCTK. Ha Puc. 7 nokasaHo, 4To ruapaBnm4eckmin MOMEHT v
BbIXOAHAA MOLHOCTb JIMHENHO YBENMYMBAIOTCA NPU yBENNYEHNN
AnddepeHumansHoro AasneHnA n obbema.

MOMeHT Hacoca COCTOUT U3 rMApPaBINYECKOrO MOMEHTa 1 MOMEHTA
TpeHnA. MOMEHTOM TPEeHUA Ha3bIBAETCA MOMEHT, HEOOX0AMMbIN
ONA NpeofonieHnA KOMMPECCMOHHOTO NMOAroHa MeXAay pOTOpPOM U
cTaTopoM. MOMEHT TpeHMA 3aBUCUT OT CTENEHU KOMMPECCUOHHOM
NMOAFOHKU, 311aCTOMEPHOrO 3NIEMEHTa cTaTopa, NOKpPbITMA
poTopa, CMa3blBaloLLMX CBONCTB XWUAKOCTU, BASKOCTUN XXUAKOCTH,
06 bEMHON NPOU3BOAMTENBHOCTM Hacoca U ero AnuHbl. MomMeHT
TpeHuna Hacoca 0bbl4HO cocTasnaeT 10-40% oT paboyero ypoBHA
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number of cavities in the pump defines it’s pressure capability.

The pressure that can be supported by each cavity is a function of

the compression fit between the rotor and stator, elastomer physical
properties, pitch length and properties of the produced fluid. For a PCP,
at otherwise identical conditions, higher pressure per stage usually
means lower stator life.

The most common method to measure pump performance is by
volumetric efficiency which can be defined as the benchmark flow rate
at zero head minus the flow at rated head divided by the benchmark
flow at zero head. The difference in flow between zero and rated head is
defined as “slip”. Slip is caused when high-pressure fluid compromises
the rotor/stator compression fit between adjacent cavities and blows by
the rotor/stator seal line. This results in a net reduction in flow, which is
constant for a given differential pressure.

Figure 6 illustrates a typical pump performance curve for a pump
with a displacement of 50 bbls/day/100 rpm and a differential
pressure rating of 1750 psi. At rated pressure the fluid rate is 30 bbls
representing 20 bbls/day slip or a volumetric efficiency of 60%. At a
differential pressure of 1300 psi the pump volumetric efficiency is 80%
representing 10 bbls/day of slip. If the rotor/stator compression fit
becomes too tight, stator life will be significantly reduced. Optimal fit
provides a slip efficiency that is a compromise of the maximum rated
pressure and is the most critical factor that determines stator life.

The PCP design process involves selecting a compression fit that will
provide optimal pump performance and stator life at specific down-
hole conditions. Fit selection is based on anticipated thermal swell,
fluid swell, test data, field data and experience. Design parameters
such as pump geometry and elastomer type are also considered in

the fit selection process. If the compression fit is too loose the lift and
volume requirements may not be achieved. If the compression fit is too
tight, although the lift capacity and pump efficiency increases, frictional
losses and rubber strain are increase dramatically, resulting in reduced
stator life. In some cases the frictional losses due to a high compression
fit may exceed the available surface torque and horsepower capacities.
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PucyHok 6 - Figure 6
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PucyHok 7 - Figure 7

Torque and Power Requirements

When designing a PC pumping system the two foremost parameters to
consider are the volume and lift requirements, which correlate, directly
to the hydraulic torque and hydraulic power requirements. Figure 7
shows that the torque and horsepower output increases linearly with
increasing differential pressure and volume.
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Onupancb Ha 6onee 4Yem 50-neTHU onbIT pa3pa60'rKu
W U3roToBJIEHUA 3a00MHbIX ABUraTesien, Hawu

mogenu Moyno- Power Systems o6ecneunBatoT gnsa
6ypoBoOI OoTpacsiM caMbii LLMPOKUIA AMana3oH pacxoaa
YKMAKOCTU, CKOPOCTU BpalleHUA, MOMEHTa

M KOH(uUrypauum nonacren.

Ouana3oHbl napameTpoB

HvameTp — 43 — 286 mm

OnuHa — 915 - 6250 mm

KoHdurypaumm nonactew — 1/2s — 9/10s
Pacxop, »xwupkocTtun — 75 — 5675 n/MunH
BbixogHo MOMeEHT — 34 — 27000 Hm
BbixogHaa mowHocTb — 3 — 360 KBT
CkopocTb BpalleHua — 30 — 2000 06/MuH

YcnoBua akcnnyaTaumm

BypoBble pacTBopbl — [NpMMeHeHe BbICOKOMPOYHbIX C
HU3KOWM CTENEeHblo HabyxaHnA 3N1acTOMEPHbIX 3/IEMEHTOB
Ultra-Flex- no3sonaeT o6ecneynTb NOBbLILLEHHYHO
[ONTOBEYHOCTb U BbICOKUIA YPOBEHD BbIXOAHON MOLLHOCTM
npu paboTte ¢ 6ypoBbiMY pacTBOPamm Ha BOAAHOWN,
HE(TAHOM U CUHTETUYECKOM OCHOBAX, a TaK>XXe npu
6ypeHun ¢ BO34yXOM UM NMEHON.

Koppo3noHHbIe 1 abpasunBHble XUAKOCTM — [MoKpbITne
poTopa Ultra-Shield- npeBocxoanT XpoMUpOBaHHOE
NMOKPbITWE MO 3aLlMTHBIM CBOMCTBAM B 3TUX Cpeaax.

Temnepatypa — fo 190° C

AccOpTUMEHT BbinycKaeMbix 3ab60WHbIX ABUraTenen

CTaHpapTHaA cepua — NPUMEHAKTCA Npu BypeHnn NpakTUYecKn
BCEX HAK/MOHHO-HAMPaBMEHHbIX U FTOPU3OHTASIbHBIX CKBaXMH,
a Tak>XXe CKBa)XXWH C 60MbLUMM 1 CPEAHUM PaanyCcoM Ha y4acTKe
Habopa KpMBU3HbI.

BbicokoadhdpekTmBHaAA cepmA — o6ecneunBatoT BbICOKME CKOPOCTU
'Y MPOXOAKM M YPOBHM paboyero MOMeHTa.

Cepua Manbii paanyc — A1A BbICOKOW CKOPOCTU NPOXOAKU Npur
6ypeHnmn y4acTKoB Habopa KpPMBU3HbI C MarnbiM paanycom.

Cepuva ona cTBONOB C HEOONbWUMK auamMeTpamu n bypeHnn Ha
rmbkumx Tpybax - anAa KPC n 6ypeHna 60KOBbIX CTBOMOB Yepes
NNGOTOBYIO KOTNOHHY.

Cepua ona 6ypeHna ¢ NpoayBKOW BO3AYXOM — AnA paboTbl CO
CXKMMaeMbIMU TEKYYUMU Cpefamn, HanpuMmep, a3oToM.

M R&M ENERGY
N SYSTEMS

Excellence Through Innovation

Belgium 32-87-313151 USA 8-10+1(936)890-1064 WWW.menergy.com



rmngpasnmnMy4eckoro MOMeHTa. ypOBeHb rmapaBfin4eckoro MOMeHTa
NMPAMO NPOMOPLIMOHANEH BESIMYNHE 06BEMHON NPON3BOANTENBHOCTM
Hacoca 1 ypoBHIo AvddepeHumanbLHoro AaBneHnA B Hacoce,

1 paccuuTbiBaeTCcA No hopmyne:

mapasnnyeckmii momeHT (Hem) = 0,111 x O6bemMHasA
npon3BoanTeIbHOCTb (M%/cyTkn/06/MuH) x AnghbepeHumanbHoe
pasnerne (kla)

YpoBEHb rMapaBnu4eCcKoi MOLHOCTY NPAMO NPOMOPLMOHANEH
BEJIMYMHE OBLUErO MOMEHTA HAacoca U CKOPOCTMW BpalleHus,
U paccuuTbIBAETCA Mo hopmyne:

mapasnnyeckaa MoyHOCTb (KBT) = 1.05x10* x O6LLmit MOMEHT
Hacoca (Hem) x ckopocTb BpaLlyeHnsa Hacoca (06/MuH)

Haubonee Bbicokne paboyne ypoBHU MOMEHTA U MOLLHOCTM 6blnn
3aunKcnpoBaHbl Npu o6blYe TAXENoW HedTN Ha MECTOPOXAEeHUN
OpwuHoko B BeHecyane. B 3TuX YHUKanbHbIX YCNOBUAX 3aKaH4YMBaHne
CKBa)XWMHbI NMPOBOAMIIOCH CMYCKOM 06cafHoOM KOMOHHbI 9-5/8” n
N TOBON KONOHHbLI 5-1/2” TlonyyeHHbI aebut coctasnan 477
Mm3/cyTkm (3000 Happenen/cyTkn) TAXeNon HepTn ¢ BA3KOCTbIO
>2000 cl1. bbinu 3aperncTpupoBaHbl paboyme ypoBHM BpaLlatoLero
MOMEHTa U MOLLHOCTW COOTBETCTBEHHO 3500 Hem (2600 cpyTOBehyHT)
1 150 kBT (200 n.c.). Nepsble cuctembl BH mMowwHocTbio 223 KBT (300
1.c.), cocToABLUMe U3 WnuHaena 1-1/2 gionva v aByx ABuratenei
111 kBT (150 n.c.) 6binm yctaHosneHsl B 2005 T. o cny4aiHomy
coBnaneHnto, B BeHecyane Tak>xe MCnonb3yloTcA camble 6onblune
B MMUpe BCTaBHble cucTembl BH, koraa Hacocbl ¢ 06beMHOA
Npou3BoAUTENBHOCTLIO 80 M%/cyTkn/100 06/MUH (500 Gappeneit)
1 BbICOTOM HarHeTaHma 1600 m (5200 chyToB) ycTaHaBNMBaOTCA B
3KCMnyaTaumoHHyto KonoHHy HKT 5-1/2”

BWHTOBbBIE HACOCHI NMPUMEHANNCH TaKXe B APYrX paoHax
MVpa B YCNOBUAX 04EeHb HEBOMbLIMX 06BEMOB N HU3KWX YPOBHEW
MOMEHTa, KaK, Hanpumep, Ha 3penoM 3KCnyaTmpyroLemMca
mMecTopoxaeHun B 6acceiiHe PaToH B TpuHnaaae, unm B wrate
Hbto Mekcnko. HavanbHblin 4ebuT CKBaXkuH 06bIMHO COCTaBNAN
80 m¥cyTkm (500 Gappeneit) ¢ ry6uHbl 1200 m (4100 doyToB), U
Yepes HeCKONbko NeT nagan o <10 6bappenen/cyTkn no mepe
MCTOLLEHNA aKcnnyaTupyemoro obbekTa. [Mpn Taknmx HU3KMX aebutax
Heobxoanmble pabo4ne ypoBHM MOMEHTA U MOLYHOCTU COCTaBNAIOT
COOTBETCTBEHHO <27 Hem (20 coyToBechyHT) 11 3,7 KBT (5 n.c.).

JnactomepHble 3NIEMEHTbI

CTtaTtopbl 60MbLUNMHCTBA BUHTOBbLIX HACOCOB M3rOTaBIMBaIOTCA C
ucnornb3oBaHueM 6yTaaueH-HUTpunbHoro kaydyka (NBR) us-3a ero
npeKpacHbIX PU3NYECKNX CBONCTB U YCTONHNBOCTU K BO3AENCTBUIO
HedbTu. ByTaaneH-HUTpUnbHbIA Kaydyk (NBR) npounssoanTca

nyTem cononumepusauum GytaameHa ¢ akpunoHutpuiiom (ACN).
CocTaB 91acTOMEPHOro 3neMeHTa BKo4aeT Nonmmep Ha OCHOBe
HUTPUNA, YNPOYHAIOLME MaTepuansl, BynKaHuanpyoLwme nob6asku,
yCcKOpUTENu BynkaHnsauum n nnactugukartopsl. MNpounssogutens BH
obnajaeT NaTeHTOM Ha peLenTypy 31acTOMepHOro coctasa, KotTopas
noabupaeTcA NoA KOHKPETHbIE YCNOBUA JKCNyaTaumm.

Bce HUTpunbHbIE NONMMepbl FOTOBATCA C pa3nM4Homn
KOHUeHTpauuen akpunonutpuna. OT coaepxaHnA akpunoHuTpuna
B NonvmMepe 3aBUCUT CTEMNeHb ero yCTOMYMBOCTU K HeddTu 1
pacTBopuTenAM. YBenuyeHne cogepxXaHna akpunoHuTpuna
noBbIlIAEeT Nokasartesb NONAPHOCTM 3nacToMepa, YTO NPUBOAUT K
YBENVYEHNIO YCTONYMBOCTM 31acTomMepa K HernonApHLIM Macnam
1 pacTeopuTenAM. Anactomepsbl ¢ KoHUeHTpaumein ACN 25-35%
ABMAIOTCA “cpeaHUMn’, a ¢ KoHueHTpauuen 35-50% - “BbICOKMMMK” MO
CoAepXXaHUo akpUNoHMTpUNa coctaBamy. AnNacTomepbl CO CPeAHNUM
Mo COAEP>KaHUIO aKpUMOHNTPKNA COCTaBOM 0OBbIYHO HOCAT Ha3BaHWe
“6yHa” (NBR), B TO BpeMA Kak C BbICOKMM COAepXaHuem HUTpuna
Ha3blBaloTCA “BbICOKOHUTPUNbHBIMM” (HN).

CTaHaapTHble aKpUNOHUTPUIIbHBIE 3N1acTOMEpPbl HacTo coaepXar
60rbLLIOe KONMMYECTBO HEHACHILLEHHbIX COEANHEHWI B BUAE MONEKYN
C OBONHOM N TPONHOW CBA3bIO. B 0TNuume oT oanHapHbIX CBA3ENn,
ABNAOLWMXCA 6onee cTabunbHLIMKU, HEHACLILWEHHbIE CBA3N 60nblue
noasepXXeHbl XMMUYECKUM BO3AEUCTBUAM /UM MEXMOMNEKYNAPHbLIM
CLUMBaHVAMIO Hann4une HeHacbIWEHHbIX CBA3eW ABNAETCA NPUYNHON,
orpaHu4mBaioLLein NPUMEHeHne aKpUNOHUTPUIIbHBIX 3N1acTOMEPOB
B YCNOBWAX BbICOKUX TeMMepaTyp, NpucyTcTenA H,S n HekoTopbIx
XMMUYECKMX BelecTB. [InA YMeHbLUEHUA KONMNYeCTBa HEHACHILLEHHbIX
CBA3EW 1 yNyYlleHnA OU3NYECKNX CBONCTB, HUTPUIbHBINA Nonumep
noasepratoT npoueccy ruaporeHnsaumm. NonyyeHHbIn NpoayKT
06bI4HO Ha3blBAIOT MMAPVMPOBAHHBIM UMW HACBILEHHBIM Kay4YyKOBbIM
anactomepom (HNBR). MexaHnyeckme CBOMCTBA aHanorM4Hbl
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Pump torque is comprised of both the hydraulic and friction
components. The friction torque is the torque required to overcome
the compression fit between the rotor and stator. The friction torque is
dependent on the compression fit, stator elastomer, rotor coating, and
lubricating properties of the fluid, fluid viscosity, pump displacement
and length. Pump friction torque is typically 10-40% of the pumps rated
hydraulic torque. The hydraulic torque is directly proportional to the
pump displacement and differential pressure acting across the pump,
which can be calculated using:

Hydraulic Torque (N.m) = 0.111 x Pump displacement (m3/day/rom) x
Differential pressure (kPa)

The hydraulic torque is directly proportional to the total pump torque
and rotational speed, which can be calculated using:

Hydraulic Power (kW) = 1.05x10-4 x Total pump torque (N.m) x pump
rotational speed (RPM)

The highest recorded normal operating torques and horsepower are

in Venezuela in the heavy oil fields of the Orinoco. In these unique
applications wells are completed with 9-5/8” casing and 5-1/2” tubing
to produce 477 mé/day (3000 bbls/day) plus of >2000 cp heavy oil.
Normal running torques and horsepower of 3500 N.m (2600 ftlbs) and
150 kW (200 hp) respectively have been recorded. The first 223 kW (300
hp) systems which consisted of 1-1/2 Drive Rod and twin 111 kW (150
hp) motors where installed in 2005. Venezuela coincidentally also has
some of the largest insertable PC pumping systems in the world where
PC pump displacement and lift capacities of 80m?3/day/100rpm (500 bbls)
and 1600 m (5200 ft) of lift are deployed in 5-1/2” production tubing.

PC pumping systems have also been deployed in extremely low
volume and low torque applications such as the mature CBM Raton
Basin play in Trinidad, New Mexico. The wells normally come on line
producing 80 m3/day (500 bbls) from 1200 m (4100) and over several
years decline to <10 bbls/day as they mature. At these low rates normal
operating torque and horsepower requirements are <27 N.m (20 ftlbs)
and 3.7 kW (5 hp) respectively.

Elastomers

The majority of progressing cavity pump stators are manufactured
with nitrile rubbers (NBR) because of their excellent physical
properties and oil resistance. Nitrile rubbers (NBR) are manufactured
by copolymerization of butadiene with acrylonitrile (ACN). Elastomer
compounding consists of a nitrile base polymer, reinforcing materials,
curatives, accelerators and plasticizers. Elastomer compound
formulations are proprietary to the PC pump manufacturer and are
designed to address specific applications.

Al nitrile polymers are prepared with varying ratios of ACN. The
amount of oil and solvent resistance is based on the ACN content of
the polymer. The addition of ACN increases the elastomer polarity
therefore increasing the elastomers resistance to non-polar oils and
solvents. Elastomers with 25 to 35 percent ACN content are “medium”
and compounds with 35 to 50 percent ACN are known as “high” ACN
compounds. Medium nitrile elastomers are generally referenced as “buna”
(NBR) while high nitrile elastomers are reference as “high nitrile” (HN).
Conventional nitrile elastomers often contain a large degree of
unsaturation in the form of double and triple bonds. Unlike a single
bond, which is more stable, the unsaturated bonds are more
susceptible to chemical attack and/or cross-linking. The unsaturation
is why temperature, H,S and some chemicals limit the operating
envelope of nitrile elastomers. To decrease the amount of unsaturated
bonds and improve its physical properties the nitrile polymer is put
through a hydrogenation process. The resulting elastomer is commonly
referenced as a hydrogenated or saturated elastomer (HNBR).
Mechanical properties are similar to NBR but the big advantage is
improved heat resistance and improved tolerance to chemicals and
H,S. HNBR elastomers are difficult to mold and typically cost four times
as much for and equivalent volume of NBR. Figure 8 illustrates a typical
elastomer selection table.

Stator elastomers are designed for different applications. Typically
HNBR’s are used for high temperature applications and HN’s are used
for applications with more aromatics in the oil. Most manufacturers

will offer compatibility testing to ensure the correct elastomer and
rotor/stator compression fit is selected for the application. Compatibility
testing is conducted with the reservoir fluid and several different
elastomers. The elastomers mechanical properties are measured before
and after exposure to the reservoir fluid. Figure 9 illustrates the typical
measurements taken as part of fluid/elastomer compatibility testing.
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PucyHok 8 - Figure 8

Tabnuua npepnoctaBneHa komnanuen Weatherford CPS
Table Courtesy of Weatherford CPS

NBR, ogHako 60nblIMM NpenMyLLeCTBOM ABAETCA NOBbILEHHAA
YCTONYMBOCTb K BO3AENCTBUIO TEMNA, a TakKe XMMUYECKNX BELLECTB
1 ceposogopoaa. Anactomepbl HNBR cnoxHbl B M3rotoBneHnm ¢
MCnonb30BaHNeM Npecc-thopM 1 NX CTOMMOCTb 0BbIYHO B YeTbIpe
pasa Bbille N0 CPaBHEHUIO C TaknM e obbemom anactomepa NBR.
Ha Puc. 8 npeacrtaeneHa Tunosaa Tabnuua sblibopa 31acToMepHbIX
3MEMEHTOB.

OnacToMepHbIe 3NeMeHTbI CTaTOPOB U3roTaBnuBaloTCA ANA
pasnunyHbIX ycnosui akcnnyatauum. O6bi4HO anemeHTsl HNBR
NPUMEHAIOTCA B YCMOBMAX BbICOKUX Temnepatyp, a HNR — npu
60MbLIOM coaep>XaHU apoMaTUYECKUX YrNeBoAOPOAOB B HEPTH.
BonblWMHCTBO NponsBoanTenen npeanaraeT NPoBeAEeHVE UCNbITaHNA
Ha COBMECTMMOCTb, 0becrneynBaroLLero npasubHbIA BbIGOP
371aCTOMEPHOro 3NeMeHTa 1 CTeneHn NoAroHKN poTopa v ctatopa AanA
KOHKPETHbIX YCoBUI aKkcnnyataumu. VicneitaHme Ha COBMECTUMOCTb
NpOBOANTCA C MCMOMb30BaHWEM MNIACTOBOW XXUAKOCTU U HECKOMbKMX
3M1acTOMEpPHbIX 3NIEMEHTOB C pa3nu4HbiM cocTasoM. [posoaaTcA
3amepbl MeXaHN4YeCKNX CBOMCTB 3/1aCTOMEPOB A0 W nocne
BO3JEWCTBMA NacToBom xxuakoctn. Ha Puc. 9 npeacTtaBneHsbl
CcTaHAapTHbIe U3MEPEHUA NPU UCTbITaHUU HA COBMECTUMOCTb
3M1aCTOMEPHbIX MaTepnanos € NacTOBON XXUAKOCTbIO.

Y3nbl U KOMNOHEHTbI BUHTOBOr0 Hacoca

CTtaHpgapTHaa cuctema BH BkntoyaeT NpuBoAHYO YCTaHOBKY

Ha yCTbe, POTOP, COEANHEHHBIN C KONOHHOW HACOCHbIX LUTaHT,

CTaTop, COEANHEHHBIA C HAXHMM KOHLIOM MG TOBOW KOMOHHbI, 1
COeMHUTENbHAA WTaHra, 3aKpenyieHHaa Ha HYXKHEM KOHLe cTaTopa.
HecTtaHpapTHble cuctembl BH cOCTOAT M3 BCTaBHOMO BUHTOBOIO
Hacoca, B KOTOPOM BCA YCTaHOBKa CMycKaeTCA Ha KONMOHHE HaCOCHbIX
LUTaHr BHYTPb M TOBON KOMOHHbI. [pyrne HecTaHAapTHbIE CUCTEMbI
BH BkntoyaoT 3a60MHbIM NPUBOA NN 31EKTPUYECKMWIA MOTPY>KHON
BMHTOBOMN Hacoc (ESPCP) 1 nutatowmin/umMpKynALMOHHBIA Hacoc.

lMomMMmOo pa3nMyHOro AOMNONHUTENBHOrO 060PYAOBAHUA U Y3IO0B,
CYLLECTBYET HECKOMbKO KOH(UrypaLmii yCTbeBbIX MPUBOAOB U
LUMPOKMWIA Ananas3oH TMNopa3mMepoB HACOCOB AA NPUMEHEHWA

B CambIX pa3Ho0bpasHbIX U crieumduydeckux ycrnosuax. Ha

Puc. 10 n 11 nokasaHbl cTaHgapTHaA KOHdUrypauma Hacoca

C aneKTpnyeckum 6e3peayKTOpHbLIM YCTbEBLIM NMPUBOAOM,
KOHdMrypauvA ¢ 3ab0iHbIM NMPUBOAOM U AOMNOHUTENbHOE
obopyaoBaHue, HanpuMep, NPOTMBOBPALLATENbHbIV NePEBOAHUK,
COEAMHEHHBIN C HUXKHUM KOHLIOM CO€AMHUTENbHON LTaHru, 1
npeaoTBpaLlaoLLmin OTBOPOT NTMITOBOW KONOHHbI NPY 3KCMyataumm
CKBa>XUHbI. MpoTMBOBpAaLLaTesbHbIi NepeBOAHNK NCNONb3yeTcA

C BbICOKONPOW3BOANTESIbHBIMW HACOCamm, a TaKXe Npu BbICOKNX
obopoTax, korga MOMEHT CONPOTUBNEHNA 1 BUOpaUMA yBENn4nsaroT
NOTEHUMANbHbIA PUCK OTBOPOTA COEANHEHWI KOMOHHbLI NI TOBBLIX
Tpy6. CoeanHMTENbHAA WTaHra ABNAETCA BAXHbLIM KOMMOHEHTOM
Hacoca, 1 UCnonb3yeTCA ANA YCTAHOBKM N NOATOHKMN AJIMHBI KONIOHHbI
HaCOCHbIX WTaHr. HecMoTpsA Ha Hannyme MHOXeCTBa KOHdMrypaummn
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PucyHok 9 - Figure 9

PC Pumping System Components

A conventional PC pumping system consists of a surface drive
unit, rotor attached to a sucker rod string, stator attached to the
bottom of the tubing string and tag-bar attached to the bottom of
the stator. Non-conventional PC pumping systems would consist
of insert PC pumps in which the complete assembly is deployed
on the sucker rod string and set inside the tubing. Other non-
conventional systems would be bottom drive units or ESPCP’s
and charge/circulating pumps.

There are several different surface drive configurations and a
diverse range of pump types and sizes in addition to various
auxiliary equipment components designed to meet the unique
challenges of any application. Figure 10 &11 respectively illustrate
a typical electric, direct drive surface configuration, down-hole
configuration and auxiliary equipment such as the no-turn tool
which is connected to the bottom of the tag-bar and is to prevent
the tubing from backing off during production. No-turn tools should
be run with high volume pumps and in high-speed applications
where the resistive torque and vibrations increase the potential

for a tubing connection to back off. The tag-bar is an essential
pump component and is required for the installation and space-
out of the rod string. Although numerous tag-bar configurations
exist, typically all incorporate a high strength steel pin permanently
fixed across the middle of a short pump joint. Gas separator and
tail-joint assemblies are used to prevent free gas from entering

the pump intake. These are typically used when the pump intake
cannot be placed below the lowest set of perforations or gas
producing interval.

Charge/circulating pumps are used in gassy wells to increase the
primary pumps volumetric efficiency or in wells that produce large
volumes of sand to prevent sand from settling out in the sump or
restricting the pump intake. This special configuration consists

of two PC pumps run in tandem and produced with the same rod
and tubing string. The lower (charge/circulating) pump is typically
double the top (primary) pumps displacement. The lift capacity of
the lower pump is normally several hundred meters as the pump
only has to move fluid to the intake of the primary pump. In the
case of a circulating pump the two stators and rotors are typically
connected by an 8 ft perforated pump joint and 10 ft pony rod
respectively. The pump is normally landed with the perforated
pump joint spaced across the perforations. The theory behind the
configuration is to allow large volumes of fluid to be swept past the
perforations assisting to keep them open and to keep sand slugs
fluidized thus preventing plugging or restriction of the pump intake
due to the high velocity, turbulent flow induced by the recirculation
of fluid. Figure 12 illustrates a typical charge/circulating pump
configuration.

Article by Tim Soltys
Weatherford International, assisted and organized by Mr. J. F. Lea
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PucyHok 10 - Figure 10

COEAMHUTENbHbIX LUTaHT, BCE OHU BKIIOYAIOT BbICOKOMPOYHbIN
cTanbHOM WTUT, XXECTKO 3aKPENIEHHbI NONepPeK KOPOTKOM
COeAVHUTENbHOM My(PTbl HACOCHbBIX WTaHr. [a3ocenapaTop u
nepeBOAHMKMN ANA HUKHEro COeANHEHNA Hacoca NPUMEHAOTCA AnA
npefoTBpaLleHnA NoCcTynneHna cBoboAHOro rasa Ha npmMemM Hacoca.
370 pononHuTenbHoe obopyaoBaHue 06bIYHO NCMOMb3YeTCA Npu
HEBO3MOXHOCTM YCTAHOBUTb MPUEM HACoCa HUXEe CamblX HUKHUX
nepdopaLroHHbIX OTBEPCTUIN UNW ra3oCoAepXallero nnacra.
MuTaoWmnin/uMpKynALMOHHBIN HACOC NMPUMEHAETCA B CKBaXXVHE

C BbICOKOW rasmpoBaHHOCTbIO MPOAYKLMUW ANA NOBbILEHUA
06EMHOr0 Knj OCHOBHOIO HAacoca, U B CKBaXKUHAaX C BbICOKUM
cofepxxaHveM necka B NpoAyKUMM AnA NpefoTBpalleHns oceaaHmaA
necka B OTCTOMHUKE UM OrpaHUYeHnA YPOBHA Npuema Hacoca.
CneumanbHanA KOHMUrypauma BKNoYaeT ABa BUHTOBbIX HACOCa,
paboTatowmx B TaHAEME Ha OLHOW 1 TOM XKe HACOCHOW LTaHre

1 NUOTOBOMN KOMOHHE. HUXKHUIA NUTaIOLWMIA/UIMPKYNALMOHHBIN
Hacoc 06bI4HO obecneynBaeT yABOEHME BbICOTbl HAarHeTaHUA
OCHOBHOrO Hacoca. BeicoTa HarHeTaHnA HMWXKHero Hacoca 06bI4HO
COCTaBAET HECKOMbKO COT METPOB, NMOCKOMbKY OH MpeAHasHayeH
ANA NoAayn XnAKOCTU TONMbKO A0 Npuema 0CHOBHOro Hacoca. Mpu
MCMoNb30BaHMM LUMPKYNALMOHHOIO Hacoca, oba ctatopa v potopa
06bI4HO COEIMHEHbI COOTBETCTBEHHO C NOMOLLbIO 8-0hyTOBOW
nepdgopmnpoBaHHON coeanHUTENbHOM My Thl 1 10-cbyTOBOWA
YKOPOYEHHOM WTaHrn. Hacoc 06bl4HO yCTaHaBNMBAETCA TakMM
obpas3om, 4Tobbl NnepcopupoBaHHan coegnHuTenbHaa mydTa
pacnonaranacb B uHTepBane nepdopaumun. 31a KoHdUrypauma
npeanonaraeTt, 4To 6onbme 06beMbl XMAKOCTU 6yayT NOCTOAHHO
NPOXoAMTb BAOMb OTBEPCTUIA, NpefoTBpaLlan nx 3akynopmsaHve
1 nopaep>KmBanA NCeBAOOKUKEHHOE COCTOAHME Necka u TBepabIxX
yacTuu, NnpegoTBpallan 3abusaHue nogadn Hacoca bnarogapsa
BbICOKOW CKOPOCTW NOCTYNaoLLen XXUAKOCTN U TypOyneHTHOMY
MOTOKY, CO34aBaeMbIM NPY pPeLmMpKynaumMmn xxunakoctu. Ha Puc.

12 npencrTaBneHa ctaHAapTHaA KOHMUrypauma nutatowero/
LIMPKYNALMOHHOIO Hacoca.

FeTop ctatbn — Tum ConTtuc
Weatherford International, ctatba noarotosneHa ¢ yqactuem [pk.®. Jin
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