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BUHTOBbIE HACOCHbIE YCTaHOBKM
PGP Sysiems

Cangu Yunbame, ALP (Artificial Lift Performance)
ke @. Jn, PLTech LLC

ObLme ceefeHVst O MPUMEHEHUN BUHTOBBIX HACOCHbIX
YCTaHOBOK /151 MexaH13aLmm 0ooblHm Obiniv NprBeaeHb!

B YacTu 1 HacTosLen cTaTbi. B HacTosALwen YacTn 2
npviBoasaTcs 6onee NoapobHble cBedgHUst 00 YCTPOWCTBE U
NMPUHLMNax paboTbl BUHTOBbIX HACOCHbBIX YCTAHOBOK.

06oiima Hacoca

OboiMa Hacoca COCTOUT U3 XKECTKOro METaNINHECKOro
Kopryca, BHYTPEHHSI MOBEPXHOCTb KOTOPOro 0b/m1LoBaHa
anacTomMepoM. [nmHa XecTKoro kopryca rnoaovpaeTcst

B 3aBMCMMOCTW OT YMcIa CTyrneHem, HeobXoaymoro ans
obecneveHnst 3aaHHOro Nepenana AaBneHns Ha Hacoce.
Kak npaBuno, npuemMnemMbiM 3Ha4eHMEM Nepenaga
OaBMeHns cumTaeTcs 65 QyHT/AoM, Ha KaXKAOoWM CTYMEHN.

[MNpaBnbHbIM MOAOOP 3N1acTOMEepa UMEET peLLatoLLee
3HaYeHVe 151 06ecneHeHNst HOPMaTLHOMO PeXMa

paboThbl 1 JONTOBEYHOCTU Hacoca. IacTomep 00oNMb|
CKBa2XKNHHOIO Hacoca 06bIMHO MOABEPMKEH Pa3byXaHuko Mop,
JeCTBreM TemMrepaTyp 1 OitoUa0B B CTBOME CKBAKUHDI.
OnpeneneHne cTeneHn pasdyxaHus MO3BOSSET MPaBUIbHO
nopobpaTh pa3Mep poTopa. B HeKOTOpbIX CryHasix Mpu
BbICOKOW CTEMNeHN pasbyxaHusi anacTomepa poTopb!
HACOCOB 3aMEHSIOTCS HA POTOPbI MEHbLLIErO AuaMeTpa no
MPOLLIECTBIM HEKOTOPOIO BPEMEH SKCITyaTaLmN.

C uenbto noabopa anactomepa, Hambonee NoaxoasaLero
L1 YCNOBUIA SKCMyaTaLvn B CTBOSE KOHKPETHOW
CKBaXKWHbI, PEKOMEHAYETCS1 MPOBOAUTL UCTIbITAHNSA
3M1aCTOMEPOB C UCMOMb30BaHMEM M1acTOBbIX (OIHONOOB.

Huke nepedmncneH pag, hakTopos, TPeOyIoLLVX yYeTa npu
onpeneneHnn XapakTepUCTUK anacTomepa:

» Temnepatypa

» COOePXKaHME MEXaHNYECKMX MPUMECEN

» XapaKTEPUCTUKM CKBaXKMHHbBIX (DHOMO0B

» MPUMEHEHNE XUMPEAreHToB (MHMMOUTOpPbI
CONEOTNOXEHNS 1 KOPPO3WM, KACOTa L T. M.)

» 3aboVHOe JaBneHve 1 AaBneHne gerasaummn paovaa

» radoBble Npumeck (Hanpumep, HoS 1 CO,)

» COOEpKaHve apoMaTUHeCcKX YrieBoaopOa0B
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| YACTb 2 - Part 2

Sandy Williams, ALP (Artificial Lift Performance)

JFLea, PLTech LLC

Part One introduced the PCP artificial lift system. This
part gives details on the components and operation of
the PCP system.

Pump Stator

The pump stator consists of a metal housing with the
elastomer stator bonded to the wall of the housing. The
length of the housing may vary depending on the number of
stages required to support the pressure differential across
the pump. A rule of thumb is that a pressure differential of
65 psi/stage is acceptable.

Correct elastomer selection is the key to pump operation
and longevity. When installed in the well, the elastomer

will most likely swell use to temperature and well bore fluid
effects. Being able to know the degree of swelling, will then
allow selection of an appropriately sized rotor. In some
operating areas where elastomer swelling is an issue, the
rotor will be changed with time to a smaller rotor.

It is strongly recommended that elastomers are tested
using well fluids to allow selection of the most appropriate
elastomer type for the well conditions.

The following provides a list of some of the aspects that need
to be taken into account in specification of the elastomer:

» temperature

» solids

» well fluids

» chemical treatments (scale / corrosion inhibitor, acid etc)
» bottomhole pressure relative to fluid bubble point

» gas contaminants (e.g. H,S and COy,)

» aromatics

The correctly specified elastomer needs to be able to
seal against the rotor but also needs to have the following
properties to a greater or lesser degree depending upon
the application:

» gas permeation resistance
» oil resistance
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[MpaBnbHO NOAOBPaHHBIV SN1aCTOMEP AO/MKEH
obecne4BaTb repMeTN3aLnio Ha CTbike 0B0MMbI U
poTOopa Hacoca 1 061aaaTh B TOM UM UHOWM CTEMEHN, B
3aBUCUMOCTW OT YCIOBUIA SKCMyaTaumm, cneayolwmmm
CBOVICTBaMM:

» COMPOTUBEHNE NPOHMKHOBEHWIO rasa;

» YCTOMHMBOCTb K BO3OENCTBUIO HEDTY;

» YCTOMHMBOCTb K abpasuBHbIM MaTepuanam;

» MPOYHOCTb Ha PACTSPKEHUE;

» MAAaCTUHHOCTB;

» TBEPLOCT;

» YCTOMHMBOCTb K TEMMepaTypHbIM BO3OENCTBUSM.

Lo Ha4ana NpUMEHEHNST BUHTOBOIO Hacoca Ha
KOHKPETHOM MECTOPOX/AEHNM LiENecoobpasHo

NMpoOBECTN UCTbITaHNA C LeNblo OLEHKK NpurogHoCcTm
CMOMb3YEMOr0 B €ro KOHCTPYKLIMM SniacTomepa A5
pPabOoTbl CO CKBaXKMHHbIMI (Dntonagamm ¢ 3agaHHbIMA
XapakTepUCTUKaMM, B OCOBEHHOCTY B HaCTK

pa3byxaHunsa anactomepa. PaszbyxaHne anactomepa nog
BO3,EI,eI7ICTBI/IeM CKBa>XNHHbBIX (DJ'I}OI/IJ],OB 4aCTO OLeHBaeTCA
3KCMNEepPUMEHTasTbHbIM MyTEM C MocneayoLLyIM NoabopoM
npPreMneMbIX nokasaTtenei.

NokazaTenin OLEeHKW NPUroaHOCTY 31acTOMEPOB As
oKcCrnnyataunn B 3ajaHHbIX YCNOBUAX MNMpvBeneHbl B
cnenyoLlen Tabnuue.

» abrasion resistance

» tensile strength

» ductility

» hardness

» temperature resistance

™

Prior to a PCP being applied in a given operating area

it is useful to perform tests to determine the suitability

of a given elastomer in the wellbore fluids - particularly
swelling of the elastomer. Trial and error are often used
to set the pump in a test environment and allow the
elastomer to swell in field operation, adjusted to finally an
acceptable value.

Suitability of elastomers to a given application is
summarised by the table below:

Pump Rotor

The rotor is normally 4140/4150 Carbon steel chrome
plated with a coating. The purpose of the coating is to
increase lubricity of the rod in the stator, resist corrosion
and resist wear from solids. The coating is typically
chrome but this may change with well conditions. In

acidic conditions (< pH 6 ) stainless steel may be used in
preference over carbon steel (with no chrome coating) and
in high sand applications the rotor may be impregnated
with boron to resist rotor wear.

YcroitumeocTb K Resistance to
Mexg:::lézl(lﬂx fnenentHan
0
UL cBOMCTE | AGPa3vBHbIM | ApoMaTHyecKum Temneparyna, '¢
Properiies | Abrasives Aromatics Limit (deg C)
CTraHgapTHbIA HATPWN OTnm4Ho XopoLLo YnoBneTs. XopoLLo XopoLLo 120
Standard Nitrile Excellent Good Medium Good Good 120
MSrkuin HATpUA XOopOoLLo OTnm4Ho Heynosn. Xopowo — Heymosn. 80
Soft Nitrile Good Excellent Poor Good Poor 80
3OnNacToMep C BbICOKM
CoOepP>KaHVEM XopoLLo Y[OoBnets. XOopoLLlo Xopowo  YOoBners. 100
aKpunoH1Tpua Good Medium Good Good Medium 100
High Acrylonitrile
r .
Mﬂpore:;fgﬁﬁBaHHbM XopoLlo OTtamy4Ho YOoBneTs. OtamyHO  YOOBRETB. 140
Hydrogenated Nitrile Good Excellent Medium Excellent Medium 140
dTopyrneponq, YnoBneTs Heynosn. Ou. xop. XOopoLLo OTnm4Ho 130
Fluorocarbon Medium Poor Very Good Good Excellent 130
PoTop Hacoca When running the pump rotor it is critical that the rotor is

PoTop 06bI4HO M3roTaBANBAETCS 13 YrNEepOANCTON
cTanm Mapok 4140/4150 ¢ XPOMUPOBAHNEM 1
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fully engaged in the stator, not running high and not running
on the tag bar and so correct space out is vital.
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3aLLMTHBIM MOKPbITVEM. [TOKPbITVE NpeaHa3Ha4eHo

07151 MOBbILLEHWS CMa304HOM CMNOCOBHOCTM poTopa npwu
KOHTaKTe C 0OONMON, 3aLLUMTBI OT KOPPO3UN 1 U3HOCA
noa, AeNCTBMEM MeXaHN4YecKMX npumecen. B kadectse
Martepviana rnokpbITUs 0BbIMHO UCMOMBb3YETCH XPOM,

HO B 32BMICMMOCTU OT YCJIOBUIN B CKBEXK/HE BO3MOXKHO
NpUMEHeHVe OPYrnx MaTepuasios. B KUCNOTHbIX cpeaax
(pH<B) BMecTO yrnepoamcTon ctanm (6e3 XpoM1poBaHIs)
MOMYT MPUMEHATLCA HEPXKABEIOLLME CTasn, a NMpwu
BbICOKOM COLEPXXaHWM NeCKa BOZMOXXHO MPVIMEHEHNE
opcogep>kallyx ctanem ansa obecnedeHns
YCTOMHMBOCTU K USHOCY .

Mpu paboTe Hacoca KpamHe BabkKHO 0DeCneqmTb NONHOE
BXOXXOEHME pOTOpa B 060MMY, TakuM 06pa3oM, YTOObI
OH He BbIXOOWN 3a ee BEPXHUIA Kpar 1 He yrnnmpascs

B NMepeBoaHVK. Bbibop npaBmibHOro B3aMMHOIO
PacrnofioXKEHNST POTopa 1 0O0MMbI OCYLLIECTBISETCS
cnenytoLmm 06pasoMm.

1. PaccunTbiBaeTcs OJIMHa KOJTOHHbI HACOCHbIX LUTaHTr,
obecnevnBaroLLasa KOHTaKT C MepeBOOHNKOM B 060ME
BMHTOBOrO Hacoca.

2. POTOp CrnycKaeTcs Ha KOMOHHE HACOCHbIX LUTAHT 10
yropa B NepeBOHUK U NOJSTy4eHUA HyneBoro otc4yeTa
MacCCbl Ha MOABECKE KOSIOHHbI.

3. KoJ/1OHHa HACOCHbIX LUTaHr npmnogHNMaeTca C
MepeBoaHMKA N YOSPXXUBAETCA Ha BECY.

4. KonoHHa npunoaHMMaeTCA Ha BEJIMHNHY PaCCTOAHNA OT
nepeBodHVKa 40 060MMBbI.

5. KofioHHa npunogHnMasTCs Ha BEINHMHY
OXKMOAEMOTO (PaCHETHOrO) PACTKEHMA NOA AENCTBNEM
OOMNOJIHUTESIbHbBIX MPOA0JIbHLIX HArPy30K Mpn
paboTe Hacoca.

KonoHHa HACOCHDLIX LUTAHT
KofIoHHa HACOCHbIX LLUTaHr:

» BOCNpHMMaeT NpogoJibHblE HArpy3Ku;
» MNepemaeT BpaLLaoLLMIA MOMEHT Ha POTOP Hacoca.

Py NPOEKTMNPOBAHUN KOMOHHBI HACOCHbBIX LLITAHI CReayeT
MPVHMMAaTL BO BHUMaHWE CreadytoLLine hakTopbl:

» Macca LUTaHr 1 poTopa;

» MaKCUMaJibHOE Harps>XeHne B KOJIOHHE LTaHr
(coyeTaHMe BpallaTeilbHOro MOMEHTA 1 OCEBbIX
Harpy3o0k);

» rpepen Teky4eCt Metasifia LTaHr,;

» YCNOBUS SKCMyaTaumm (coneHasa Boaa, HoS);

» yCTanocTHas MPOYHOCTb.

[MpoOonbHbIE HAMPY3KM Ha LUTaHM 0OYCNOBAEHbI MaCCOWM
LUTaHM (Harpyska HanpasfeHa BHI3), MacCown poTopa
(Harpyska HanpasAeHa BH3) 1 MOPLLUHEBBIM 3(PEEKTOM,
CBs13aHHbIM C MepenanoM AaBfieHUn Ha 3amMKax 1
LIeHTpaTopax (Harpyska HanpasfeHa BepX).
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The process for correct space out is:

1. Calculate rod string tally to reach tag bar within PCP stator
2. Run rotor on rod string until hit tag bar and have
Olbs weight
3. Pick up the weight of the rod string.
4. Pick up distance form tag-bar to stator
5. Pick up the expected (calculated) rod stretch due to axial
load increase when pumping

Rod String
The function of the rod is to:

» withstand axial roads
» transmit torque to the rotor

In design of a rod system the following issues need to be
considered:

-

» weight of the rod and rotor

» maximum stress in rod (combined torque and load)
» yield Strength of rod material

» operating environment (salt water, H,S)

fatigue loading

v v
<

Axial loads on the rod are due to the rod weight (|), the
weight of the rotor (|) and a piston force (1) due to the
differential pressure across collars and centralisers.

Torque loads are a function of the pump differential
pressure, efficiency of the pump, the pump internal friction,
and a resistive torque of the fluid between the rod/couplings
and tubing.

Torque Load
The total torque can be expressed as:

Ttotal = Tpumpfriction+ Tpumphydraulic+ Tresistive
where:

Tpumpfriction is the torque required to overcome the fit
between the stator and rotor and allow the pump to turn.
The value is typically 65-100 ft.lbs and is known form
experience rather than a direct calculation. In the case of a
swollen elastomer this value be much higher

Tpumphydraulic is due to the work that the pump does
and is calculated from:

Tpumphydraulic=0.0897 x Q x dP

where:

Q = flowrate (bbl/day)
dP = Pump differential pressure (psi)

Tresistive is the torque required to overcome friction of the
rod string rotating in the produced fluid and is calculated

www.rogtecmagazine.com



HoBaa thopmyna ycnexa: Mpywen. Boinonxaun paéory.
[lo6unca oTANYHOro pe3ynbrara!

HapexxHoe cunoBoe o6opyaoBaHue AnA cambiX

pa3nnyHbIX YCNOBUIA paboThbl.

[Mpv BBINOAHEHMM PABOT MO BOCCTAHOBEHVIIO CKBaXKVIH
MPOCTON HEAOMYCTUMBI. B TO >xe Bpemst, 60MbLLIMHCTBO
nepeMeHHBbIX, BAUSIIOLLMX Ha YCIOBYISi paboTbl, HAXOAATCA
BHe Baluero KoHTposs. MprMeHss CreLyaniavpoBaHHblie
[OBvirateni 1 TpaHeMmcen rpmel Karepnvnnep Bol
CMOXKETE B35ATb CUTYaLMIO MO KOHTPOSb. Hannive
COBPEMEHHbIX SMEKTPOHHBIX Y3/10B, ObICTPOrO YCKOPEHIS,
BO3MOXXHOCTb [JIATENBHOM HEMPEPbIBHOM PaboTh! Mpu
MaKC1MaUTEHON HarpysKe 1 Apyre KOHCTPYKTUBHbIE
OCOBEHHOCTY 1 MPEnMYLLIECTBA 0BECTEHMBAIOT
HEMPEB3OAEHHYHO HAOEXKHOCTL 1 3(OEKTUBHOCTL MK
BbINOMHEHMM OrepaLyin MO BOCCTAHOBEHWIO CKBXKMH.
JTtoBble onepaLmy, BKItoHas MPUroTOBEHNE U 3aKadqKy
cmecy mpu [PTT, LeMeHTpoBaHMe, KUCIOTHasA 06paboTka,
NIOBUIBHbIE Y APYriie PaboTbl MO BOCCTAHOBMEHMIO
CKBaXKVH, BGnarofaps obopyaoBaHMio Katepnvnnep 6yayt
BbIMOSTHATLCS MaKCUMaUTEHO ObICTPO 1 KAHECTBEHHO.
Komnanvs Karepnunnep NpuoaeT TEXHNHECKOM
MOAAEPKKE HE MEHbLLIEE 3HaYEHME, HYeM BHEAPEHIO
MEPEROBbIX Pa3PaboTOK 1 COBEPLLIEHCTBOBAHWIO HALLIEN
MPOAyKLMN. MosToMy Mbl BCErAa roToBb! MOMOHb Bam B
PELLIEHN BOSHNKAIOLLWX MPOBSIEM.

[ononHUTENBHYIO MHDOPMaLIO O TOM, Kak
creLvann3npoBaHHoOe 0bopyaoBaHue Katepnnnnep
NOMOXeT Bam atheKkTBHO BOCCTaHaBMBATL

CKBaXXVHbl MOXXHO MOJ1y41Tb, CBA3aBLUNCE C AMNI1IePOM

Caterpillar B Ballem pervoHe nnv noceTtvs B3O-cant
www.cat-oilandgas.com

[a3oBble ABuratenu B gnanasoHe
3phEeKTUBHON MOLLHOCTM:
ot 71 kBT (95 n.c.) oo 6100 kBT (8180 11.c.)

[usenbHble ABuUraTeny B avanasoHe
3(hHEKTMBHON MOLLHOCTMW:
ot 31 kBT (41,6 n.c.) mo 16 000 kBT (21 760 n.c.)

Caterpillar Global Petroleum
13105 Northwest Freeway,
Suite 1100

Houston, Texas 77040-6321
Phone: 713-329-2207

Fax: 713-895-4280

©2008 Caterpillar. All Rights Reserved. CAT, CATERPILLAR, their respective logos, “Caterpillar Yellow” and the POWER EDGE trade dress,
as well as corporate and product identity used herein, are trademarks of Caterpillar and may not be used without permission.

Power Train for Well Service
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KpyTsiLLye HarpysKmn 3aBUCAT OT nepenana JaBneHns Ha
Hacoce, K.MN.4. Hacoca, TPeHWs! B HacoCe 1 COMPOTUBIIEHMS
XKUOKOCTM B 3a30pe MEXY LUTaHraMu/3aMKamm 1
KOJTOHHOM HACOCHO-KOMMPECCOPHbIX TPYO.

CkpyuumBaroLlan Harpy3ska
CyMMapHas cKpydmBaroLLas Harpyska onpenenseTcs
CcneayoLLwmM 06pasoMm:

Ttotal = Tpumpfriction+ Tpumphydraulic+ Tresistive

roe

Tpumpfriction — KpyTALLMIA MOMEHT, HEODOXOOMMBIN O
NPEeOoAONEHNS CUTbl TPEHMST MOBEPXHOCTEN 0B0MMbI U
poTopa 1 0becneyeHns BpalleHUst potopa. Jta BenvymHa
0BbI4HO cocTaBnsAeT 65-100 dyT-hyHTOB 1 oNpeaenseTcs
SMMVPUYECKN, a He pacHETHbIM NyTeM. [pun pasdyxaHunm
anacToMepa ee 3Ha4eHe 3aMETHO BO3pacTaeT.

Tpumphydraulic cooTBeTcTByeT paboTe, MPon3BoANMON

Hacocom, u paccyYnTbiBaeTCA Mo creayroLwen ghopmyne:
Tpumphydraulic=0.0897 x Q x dP

roe

Q = pacxon, 6app./cyT.
dP = nepenan paBneHus Ha Hacoce, PyHT/O0NM,

Tresistive — KpyTALMIA MOMEHT, HEOBXOAVMbIV ANS
NPEeoaONEHNSA TPEHMS BPALLEHNSA KOTOHHBI HACOCHbBIX
LUTaHI B CKBXXNHHOM (OOMAE, KOTOPbIN PacCHMUTbIBAETCA
no chopmyne:

477 %107 x IDtub’ x Drod” x L x ux N

Tresistive = 3 3
IDtub” - Drod
roe
IDtub — BHYTPEHHMN OMamMeTp HaCOCHO-KOMMPECCOPHbIX
TPyO, OrOVMbI
Drot — Hapy>KHbI AnaMeTP KOMOHHbI HACOCHbBIX LUTaHM
L — ANIHA KOSTIOHHbI HACOCHBIX LUTaHr
W —BaskocTb donga, Cfl
N — YacToTa BpaLLeHms poTopa Hacoca

[nst nony4eHnst KOPPEKTHOIO Pe3ysbTarta pacyHeT
MPOV3BOANTCSA C YHETOM MOHOM AJIMHBbI CEKLIMA HACOCHbIX
LUTaHr, MOJSIHOW OJIMHBI BCEX YCTAHOBNEHHbIX 3aMKOB

1 LEHTPATOPOB C MOJTyHYEHMEM NS HAX CYMMapPHOrO
3HaveHna Tresistive.

KpyTSALLMA MOMEHT B CKBaXKVHE, HEODXOOMMBIN

0N paboTbl HACOCA, YKa3bIBAETCS HEKOTOPBIMU
MPOV3BOANTENSMN KaK MOLLIHOCTb B JIOLLIANHBIX CUax.
[nst nepexopa OT KpyTALLEro MOMeHTa K MOLLIHOCTU B
JOLWaaVHbIX cuiax Npy 3a0aHHON YacToTe BpaLLEeHVS
NCMOSIb3YETCA CreaytoLasa dopmyna:

_Tx06./ mun
5252
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from:
... 477x107" x IDtub® x Drod” x L x ux N
Tresistive = > >
IDtub” - Drod
where

IDtub = Internal diameter of the tubing (inches)

Drot = OD of the rod string
L = length of rod string
u = fluid viscosity (cP)

N = rpm of pump

In order to perform this calculation properly it should be
performed using the total length of rod section, total length
of couplings and total length of centralisers installed and the
Tresistive for each added to give the total

The downhole torque required to turn the pump is quoted
by some manufacturers in terms of HP. The following
equation can be used to covert between torque and Hp for
a given RPM

_ T xRPM

5252

HP

where:

HP = Horsepower
T = Torque ft-lbs

Axial Load
The axial forces in the rod can be calculated from

Faxial = Fpump+ Frods

where
Frods = Pumpdepthx rod weightlb/ ft)
and
Fpump= dP x Aeff — Pd x Arod
dP = Pump differential pressure (psi)

2

Aeff = geD+ nz? 8ed (for a single lobe pump)
D = diameter of rotor

e eccentricity of rotor

Pd pump discharge pressure

Arod = area of rod

Rod Effective Stress

The combined loading of torque and axial load on the

rod string can be accounted for using Von Mises stress
equation. Calculation the torque and axial loads are best
performed using software although there are a number

of equations and tables that can be used to estimate the
forces and calculate the effective stress on the rod. In order
to ensure a safety factor an effective stress of less that 70-
80% of maximum is used.

0.1106 x Ttotal?
w2 xD®

1.6x107° x Faxial 2
7’ x D*

Effective Stress= \/
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B [JOBbIHA

roe

HP — MOLLHOCTb B floLIaaMHbIX cuiax
T  — KpyTAWMA MOMEHT B yT-dhyHTax

OceBan Harpyska
Cunbl, OEVCTBYIOLLIME BOOSb OCY LLUTAHIMM, PacCUMTLIBAIOTCS
no dopmyne:

Faxial = Fpump+ Frods

roe
eiicmayrouee nanprwcene = \/ 1.6x10-5 x Faxial2 01106 x Ttotal2
w2 x D* w2 x Do
n
Fpump= dP x Aeff — Pd x Arod
roe

dP - nepenag AaBneHvs Ha Hacoce, (PYHT/AoVMy

2

Aeff = 8eD+ D (0151 O AHO3aX0OHOrO HAcoca)
D - gwameTp poTopa
€  — 3KCUEHTPUCUTET poTopa

Pd - gaBneHve HarHeTaHusi Hacoca
Arod — nnowaab CeveHns LUTaHmm

HencTtBylollee HaNpAXXeHue B WTaHrax (LUTOKe)
KombBrHaLms Harpy30K, BbI3BaHHbIX KPYTSLIMM MOMEHTOM
N OCEBOW HArPy3KOM Ha KOTOHHY HACOCHbIX LUTaHT,
PaCCHNTBLIBAETCS MPY MOMOLLM YpaBHEHMS (hoH Minseca
ONs1 oNpeaeneHnst HanMPsHXKeHUN. PacyeT KpyTsLero
MOMEHTA M OCEBbIX HArpy30K Hanbonee LIeNnecoobpasHo
BbIMNOMHATL C MCMOJIb30BaHMEM MPOrPaMMHbIX CPEACTB,
XOTS ANS OLUEHKN (PaKTNYECKMX HAMPSPKEHNIA B LUTAHrax
CYLLECTBYET Psif, YPaBHEHUN N PACHETHbBIX TabnuL,

[ns obecneveHns Hagnexallero 3anaca HaoeXKHOCTU

B pacHeTax UCMOJb3yeTCA BENNYNHA OENCTBYOLLETO
HanpspkeHnst MeHee 70-80% MakCUMaTbHOMO 3HAYEHNS.

BPD, ¢haxm.
BPD/100 06 ./mur x 06 ./mun/100

77:

Tunbl WTaHr

[ns paboTbl C BUHTOBBIMI HACOCAMM MOTYT MPUMEHSTHECA
0BblI4HbIE HACOCHBIE LUTaHM A5 LUTAHMOBbIX HACOCOB. TeM
He MeHee, Ps, KOMMaHUIA B HACTOsILLIEE BpeMst npeafaraeTt
LLITOKW, MPOEKTUPYEMbIE CMELNaNbHO AN BUHTOBBIX
HacocoB. Ha cnemytoulen nnarcTpaummn NpBeaeHbI
CPaBHUTESbHBIE XaPaKTEPUCTVKN LLITOKA AMaMETPOM

1 oronm (BBEPXY) U LLITaHM ANs LUTAHrOBOrO Hacoca
anametpom 1 arorm (BHU3Y).

[MprBOOHbIE LUTOKM 0OMagatoT CreayoLLMiA
NperMyLLECTBaMN;

» 3aMKU MEHbLLIEO pasmMepa (CHWKeHKe TpeboBaHWN K
NPOOONBHOM MPOYHOCTH), CHUXKAKOLLINE M3HOC HACOCHO-
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Rod Types

Normal sucker pump rods can be used to power the
PCP but a number of companies now make Drive rods
specifically for a PCP application.

Drive rods have the following advantages:

» Smaller coupling (less requirement for axial strength)
which reduces tubing wear and flow losses

» Smaller upset so more resistant to fatigue
» Thread designed for higher torque resistance

Correct Make-Up

Regardless of the type of rod used the coupling should
have higher stress capacity than the body of the rods and
yet when rod failures are sustained, they are typically in the
coupling rather than the body of the rod. In order to avoid
failures of the coupling it is critical to ensure correct make-
up of the coupling. The key steps to successful

make-up are:

1. Apply manufacturers recommendations
(may differ by supplier)

2. The sucker rod specification API RP 11BR is not
adequate for PCPs.

3. Ensure the coupling faces and rod shoulders are clean
and free of grease.

4. Use the lubricant recommended by the manufacturer.

5. Only lubricate the pin, lightly.

6. Use torgue make-up (JAM unit) rather than rotary
displacement to ensure correct make-up (Note: if using
rotary make up cards, the card will most likely be different
from rod pump applications).

1. Every connection (both ends) needs to be subjected to
correct make-up procedure and torque.

8.The make-up torque of the rods should be higher than the
expected operating torque.

Continuous rod is available (co-rod) which is like coiled
tubing only solid. Co- rod only requires a coupling at the top
and the bottom of the rod string and so is more suited to
deviated wells, causes less tubing wear and eliminates the
potential for coupling failures.

Other Concerns

Consideration must also be given to the fact that the top
of the rotor is moving eccentrically, as such the connection
and first 30ft of rod above the rotor needs to be designed
to accommodate such movement. It is recommended that
a full sized sucker rod be used at exit but at least a pony
rod no shorter than 8'.

In directional wells centralisers are often used to centralise

the rod string and prevent rod and tubing wear. Spacing of
centralisers is based on the profile of the wellbore.
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KOMMPECCOPHBIX TPYO 1 rapaBinyeckme noTepu;

» MeHblUe pa3Mepbl BbICa>KEHHbIX KOHLOB, MNoBbILLatoLLIne
YCTOMHMBOCTb K YCTaNIOCTHOMY PaspyLLEHMIO METANNA;

» pesbba, paccymTaHHas Ha Bonee BbICOKME KPYTALLME
MOMEHTbI.

KOHCTpPYKUUA KONMOHHbI WTAHT (LUTOKOB)

HesaBnCMMO OT KOHCTRYKLMW LUTaHI 3aMKM AOMKHbI
obnapaTb 60bLLEN YCTOMHMBOCTLIO K HAMPSMXEHMISIM, HYeM
camu LTaHr (XOTs, HEB3Mpast Ha 3TO, Pa3pPblB KOMOHH
OBObIHHO MPOUCXOAUT Ha 3aMKax, a HE B CaMUX LUITaHrax).
Bo n3bexkaHne paspbiBa B 3aMKax BaXKHO 06eCneYnTb
NPaBUNbHOCTb 3aTSHKKWN coeamHeHnin. OCHOBHbIE YKa3aHMs
MO NMOPSAAKY NPaBUIBHON 3aTSHKKN COEANHEHWIA
npUBEOEHbI HXKE:

1. CobntogHme ykasaHuii NporsBoamUTeNs (OTIMHaloTCs
07191 Pa3HbIX MOCTaBLLKOB).

2. HacocHble LTaHm no TexHu4eckum ycnosmam APl RP
11BR He nooxomaT onsg BUHTOBbLIX HACOCOB.

3. Mpu BbINONHEHWM CoeaVHEHWI crieayeT yoeauTbCs
B OTCYTCTBUM MPsi3v M CMasKy Ha MOBEPXHOCTAX 3aMKOB
W 3arneqmKax LLTaHr.

4. \cnonb3oBaHre cMa304HbIX CPEeACTB B COOTBETCTBUN C
PEKOMEHOALMSAMM MPOU3BOANTENS.

5. HaHeceHe HeboMbLLIOrO KONMMHecTBa CMasKky TOSbKO Ha
CTOMOPHOW naneLl.

6. 1na oBGecneyeHrst NPaBubHON COOPKIM 3aTHKKY
cnenyeT NpomsBOOUTb MO NMOKa3aHNsIM KPYTSALLErO
MOMEHTa (M3MepUTENb KPYTSLLENO MOMEHTA), a
He CMELLIEHVS (MPpYMeYaHne: HOMOMPaMMb! 3aTSKKM
MO 3HAYEHNSIM CMELLIEHVS OObIMHO OTNINHaOTCA OT
HOMOMPAaMM, UCMOSb3YeMbIX A1 LUTAHrOBbIX HACOCOB).

1. Bce coeamHeHns (C 06erx CTOPOH) CnedyeT BbIMoNHATL
B YCTAHOBJIEHHOM MOPSAAKE C CODMOAEHMEM 3a0aHHbBIX
3HAYEHUN KPYTSLLErO MOMEHTA.

8. KpyTaLumin MOMEHT Npu 3aTsXKKe COeaVHEHI JOMKEH
ObITb OOMbLLE, YEM PACHETHBIN KPYTALLUIA MOMEHT MW
akcnayaraumm,

BbinyckaroTes Takke LenbHble 6e33aMKOBbIE LLITOKM (CO-
rod), aHaTOrM4YHbIE MO MPUHLMMY MPUMEHEHNST KOTTIOOUHIY,
HO BbIMNOTHEHHbIE KaK LESbHbIE LLTOKM, a He Kak TpyObl.
LienbHble 6€33aMKOBbIE LUTOKN TPEOYIOT YCTAaHOBKM BCErO
[OBYX 3aMKOB B BEPXHEN U H/XKHEN TOYKaX KOJSIOHHbI,

YTO MOBbLILLIAET UX MPUBNEKATENBHOCTb B CKBaDKMHAX

C OTKJ/TIOHEHMEM OT BEPTUKASIV B CBS3M CO CHYPKEHNEM
N3HOCa HACOCHO-KOMMPECCOPHBIX TRYD U yCTpaHeH st
pVICKa pa3pblBa B 3aMKax.

Mpouue coobparkeHun

Takke crnenyet NPpUHMMaTb BO BHUMaHWE SKCLEHTPUCUTET
OBVDKEHWSA BEPXHEN YaCTV POTOPA, TPEOYIOLLMIA
[OCTaTO4HOW MOABMXKHOCTU LUTOKA Ha YHaCcTKe LJIMHON
npumepHo 30 yToB Haf POTOPOM. B cBA3N ¢ aTuMm
PEKOMEHIYETCA MPUMEHEHME Ha BbIXO4E Hacoca

LUTaHM MoJSIHOrO AVameTpa B COYETaHNN C YKOPOYEHHOM
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Drive system

The drive system is normally comprised of a drive head,
speed reducer and a power source. The function of the
drive system is to:

<

» suspend the rod and carry axial loads
» deliver torque to the rod

» rotate the polished rod at desired RPM
» prevent backspin

» prevent escape of produced fluid

<

Various drivehead configurations are available that allow the
drivehead to be vertically or horizontally. Typical HP is in the
range of 10 - 100 HP.

Speed reducers are available that facilitate either fixed
speed or variable speed drives. Variable speed drives allow
for more well inflow uncertainty.

Prime movers can be electric motors, hydraulic motors

or internal combustion engines. Electric motors are more
efficient but require the wellsite to have electricity, although
solar power can be used in some applications.

The required power output of the prime mover can be
calculated from:

B 1.904 x107 xT. 4 xN

HP
n
where :
HP = required horsepower
Trod = total calculated torque (ft.lbs)
N = system rotational speed (RPM)
n = efficiency of drive system
PCP Design

The basic procedure for pump design is as follows:

1. Assume a design flowrate (STB/day), watercut,
wellhead pressure, pump setting depth and reservoir
inflow performance.

2. Calculate bottomhole flowing pressure for
desired flowrate.

3. Calculate required intake pressure at pump depth.

4. Calculate pump discharge pressure (wellhead pressure
+ gravitational pressure loss + frictional loss).

5. Calculate pump differential pressure and convert to
head by dividing by fluid gradient of produced fluid. To
this point the design is what is also required for and
ESP design when the TDH is calculated.

6. Examine pump specifications and curves, select
appropriate pump to produce desired flowrate with
RPM of less than 300 and expected pump differential of
approximately 70% of pump maximum.

Calculate required surface torque.
. Calculate forces in rod string for expected operating

o ~N
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HaCOCHOW LLTaHrom AnMHOM He MeHee 8 dhyToB. Kpome
TOr0, HE PEKOMEH[IYETCS YCTaHaBMBaTb NEPEBOAHVKA C
YMEHbLIEHHbIM MPOXOAHbIM CEHYEHNEM Ha y4acTKe AJIMHON
4 hyTa Hag HaCOCOM (COrnacHoO AaHHbIM KOMMaHUM
Weatherford).

B ckBaXKnHax HaKNOHHO-HaMPaBNEHHOrO BypPEHNS

ONns npeaynpexxaeHnst naHoca LwraHr n HKT yacto
MPUMEHSAOTCA LieHTPAaTopbl. LLiar ycTaHOBKN LiEHTPaTOpOB
onpenenseTcs B 3aBMCUMOCTU OT NPOMUNSA CKPUBIEHNS
CTBONA CKBaXKMHbI.

Mpuson
MprBoA 06bIMHO COCTOUT 13 FONOBKW MPMBOAA, PeayKTopa
v opvxknTens. MNpmneog BbINOMHAET CneaytoLme QyHKLUN:

» MoAdBecCKa LUTOKa 1 BOCMNPUATME OCEBBLIX HArpy30K;
» Mepefaya BpallatoLLero MOMeHTa Ha poTop;

» BpaLLleHVe LLIToKa C TpebyeMom HYacTOTOw;

» MpeaynpexaeHe obpaTHOro BpaLleHis;

» MPedynpexxaeHne yTeukn NnacToBbIX Nonaos.

CyLLeCTBYET psif, KOHCTRYKLMIA FOMIOBOK MPVBOAA
BEPTUKATBHOM UM FOPUSOHTASIBHOW YCTaHOBKW. MOLLIHOCTb
npvBoaa 0bbiMHO cocTasnaeT ot 10 go 100 n.c.

[MponssoanMble PEQYKTOPLI 06eCneqmBaroT BO3MOXHOCTb
SKCryaTaummn ¢ PUKCUPOBAHHOM U PErYNNPYEMOM
YacToTOW BpaLleHus. [NprBoabl C perynmpyemMor HacToTom
BpALLEHMA MO3BONSAOT SKCMyaTUPOBaTb CKBEXKUHbI B
6onbLUEM AMana3oHe naMeHeHu geduTa.

B kayecTBe OBWKUTENEN MPUMEHSIKOTCA
3NeKTPOaABUIraTENM, MMAPABINHECKIE MOTOPbI 1 ABMraTeNM
BHYTPEHHErO CropaHnst. SNeKTpoaBUraTen oTn4akoTcs
fonee BbICOKUM K.M.4., HO TPEOYHOT HaMYMs UCTOYHMKA
3M1EKTPO3HEPI VN HA MECTE MPON3BOACTBA OYPOBbIX

pPaboT (B KA4ECTBE KOTOPOrO B HEKOTOPbIX CRy4asix MOryT
1CMNOMb30BaTLCA CONMHEYHbIE BaTapen).

Tpebyemasi MOLLHOCTb ABVPKUTENS PACCHNTLIBAETCS MO
dopmyne:

1,904 x107 xT, ., xN
M

HP

roe :

HP - Tpebyemasa MOLLHOCTb B NOLLIAQAMHBIX CUax

Trod — CyMMapHbI pacHETHbIA KPYTALLMIA MOMEHT,
hyT-cpyHT

N — YacToTa BpaLleHus, 06./M1H

N -«xn.pg npveoga

MpoekTupoBaHUe BUHTOBbIX HACOCHbIX YyCTaHOBOK

Huxke NprBeagHO KPaTKoe onmncaHmne obLLero rnopsaxa
MPOEKTUPOBAHNA BUHTOBbIX HACOCHbIX YCTAHOBOK.

46 | ROGTEC

conditions, size rod string appropriately to ensure that
rod string is adequate for loads (less than 70-80%
effective stress).

9. Calculate HP requirement of drive head and bearing
rating for axial load.

10. Determine power generation requirement.

Operation, Monitoring and Diagnosis

A typical monitoring system will include torque and RPM
sensors to measure the mechanical system response.

The majority of PCPs are applied in low cost operating
areas and an operator is often reluctant to spend additional
capital on equipment for monitoring of the PCP system.

Advanced monitoring systems will include a downhole
sensor to measure pump intake and discharge pressures,
pump discharge temperature and vibration. A controller
can then be used in conjunction with a variable speed drive
and remote diagnostic software to optimise well production
within the system limits of rpm, torque and pump depth
relative to fluid level.

The following table provides a summary of the
measurements that can be taken:

v | i | o —

RPM Total Rate Pump Intake pressure

Torque Water Cut Pump Discharge Pressure
WHP Sand Rate Pump Discharge Temperature
CHP Pump Intake Temperature
WHT Vibration

Diluent injection rate

The efficiency is the ratio of the power to lift fluids from
approximately the fluid level in the casing divided by the
input power to the system.

One simple monitoring process can be the pump efficiency.
The formula is:

_ BPD,actual
1= BPD/100rpm x rpm/100

The simple formula showing what the production is as a

% of the no-slip production is a method of estimating if the
pump is too tight or too loose. If the efficiency is over 90%
field experience should be monitored to see if pump is too
tight to restart or breaks in the pump or rods occur. If the
is lower than ~80% then experience may show the pump
is set too loose in the shop and after the pump elastomer
swells in field operation. It is one way to try to monitor
performance without additional instrumentation.

The following graph (figure 1) shows a plot of pump
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TunnyHbie AaHHbIe NPU NYCKe CKBAXWHDI
Typical Data - Well Start Up
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Puc. 1 : TynnyHble 3HaYeHNsA MapamMeTPOB MpY MYCKe BUHTOBOMO Hacoca

Fig. 1 : Typical data during PCP start-up

1. B kadecTBe MCXoaHbIX AaHHbIX MPUHUMAETCS
pacHeTHbIN [eduT (6app./CyT Mpy HOPMasTbHbIX
YCNOBUSIX), 06BOOHEHHOCTb, YCTHEBOE AABMEHME,
rnybrHa yCTaHOBKM HAacoca 1 XapakTepUCTUKM
MpUTOKa MNacToBbIX PONOOB.

2. PaccunTbiBaeTCA AvHaMUYeckoe 3aboiHoe AaBneHne
npu TpebyeMoM pacHeTHOM aebuTe.

3. PaccunTbiBaeTca Tpebyemoe BXO4HOE AaBieHne Ha
rnybvHe yCTaHOBKW Hacoca.

4. PaccunTbiBAETCA JABMEHNe HArHETaHsA Hacoca
(yCTbEBOE OaBNEHME+ MOTEPW, OBYCOBNEHHBIE MaCCOM
cTonba XXMOKOCTW + NOTepW Ha TPEeHMe).

5. PaccunTbiBasTCS nepenap JaBneHNs Ha Hacoce,
BEIN4YMHA KOTOPOr0 MEPECHMTLIBAETCS B BbICOTY
cTonba XXUOKOCTW UCXOAsA U3 rpadvieHTa aaBneHuin onis
nnacTtoBoro dsrovaa. lNepedmcnerHbsie aTanbl pacyeTa
COBMafatoT C PacHETOM A5 NOrPY>KHbIX
LIEHTPOBEXKHBIX HACOCOB, KOTOPLIN Takke TpedyeT
onpeneneHnsa ObLLEN PACHETHOWM BbICOTbI HArHETAHUS.

6. TMocsne aToro NCXOOsA N3 TEXHNYECKNX XapaKTepUCTUK
N KPUBbLIX 3KCMITyaTaLMOHHbIX XapakTepPUCTNK Hacoca
noadupaeTcst HacoC, obecnevnBaroLLIA TPEBYEMBbIN
0ebunt Npu YacToTe BpaLleHms meHee 300 06./MuH
1 pacyeTHOM nepenage aasneHns okono 70% oT
MaKCUMasTbHOIrO 3Ha4YeHUs A1 BbIOpaHHOMO Hacoca.

1. Tocne aToro paccHTbIBAETCSA TPEOyeMbIi KPYTALLMIA
MOMEHT Ha3eMHOro NMpuBoa.

8. [anee BbINOMHASTCA pacHeT HArPY30K HA KOJTOHHY
HACOCHbIX LLTaHI MPW MPOEKTHBIX YCOBMSX
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operating parameters acquired during a PCP start-up.

[t can be observed that as pump RPM increases torque,
discharge pressure and discharge temperature increase
significantly. Conventional wisdom would say higher RPM
means higher flow which means greater frictional pressure
drop in the tubing resulting in an increased discharged
pressure (discharge temperature increases as a result of
increased heating in the PCP). However, consideration of
the wellhead pressure trend shows that a large proportion
of the pressure increase at the pump discharge is due

to the increased wellhead pressure (due to increased
pressure drop in the horizontal surface pipeline or pressure
drop across the surface choke). This plot indicates the
importance of considering the hydraulic parameters
(pressure) as well as the mechanical measurements (torque
and RPM) to understand the response of the system.

Through the use of measured downhole parameters it is
possible to determine:

» pump performance

» fluid loss / slippage

» tubing frictional pressure drop

» torque due to pump

» well inflow information for pump redesign

Common operational problems that can be diagnosed
using a combination of surface data and measured
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aKcnnyaTaumm, ouaMeTp KOMOHHbI HACOCHbBIX
LUTaHr, 06ecnevmBatoLLMIA AOCTATOHHYHO MPOYHOCTb
01151 paCHETHbIX HAarpy30K (He 6onee 70-80%
OENCTBUTENBHOMO HANPSHXKEHIS).

9. [anee paccynTbiBatoTCA TPEGOBAHMS K MOLLHOCTM
rOMIOBKM MPUBOAA U XapaKTEPUCTUKI €r0 NOALLIMMHMKA
C Y4ETOM OCEBOW Harpy3KMu.

10. 3atem onpenensietcs Tpebyemast MOLLIHOCTb ABVKATESS.

JennyaTayua, KOHTPONb M ANArHOCTUKA

Kak npaBno, B COCTaB CUCTEMbI KOHTPONA BXOOAT
cpencTsa oNngd OLEeHKN MNOBEOEHNA MEXaHNHYECKNX
KOMIMOHEHTOB CNCTEMbI 3a CHET KOHTPOJIA KPYTALLErO
MOMEHTa 1 4aCTOTbl BPaLLeHWA. BonblwmnHCTBO

BMHTOBbLIX HACOCHbIX YCTAHOBOK 3KCIJ1yaTpyeTCA Ha
MECTOPOXAEHMSAX C HU3KON CEBECTOMMOCTBIO A00bIHN,

B CBA3M C 4YeM Orepartopbl He CKIOHHbLIX BKJ1adblBaTb
gonoJiH1TeNbHble CpeacTBa B CKITOHHbI KOHTPOJIA peXxrMa
aKCryaraumm BUHTOBbIX HACOCHbIX YCTAaHOBOK.

B cocTaB 605ee CNoXkHbIX CUCTEM KOHTPONS BXOOAT
CKBaXKWHHbIE MPUOOoPbI y4eTa AaBNEHMS Ha CTOPOHAX
BCacbIBaHWS 1 HAarHETaHWs, TeMnepaTypb! dntovaa

Ha CTOPOHE HarHeTaHus, Bubpauun. [pu HanmuHmm
NoAo6HbIX CPeACTB KOHTPOSS BO3MOXXHO MCMOb30BaHME
JIOMMHECKOrO KOHTROSEPa B COMETAHUM C MPUBOOOM C
PEryNMpYEMON HacTOTOM BpaLLEHMS 1 MPOrPaMMHbIMIA
CpedcTBamm OMCTaHLMOHHOW AMArHOCTUKM, KOTOPbIE
MO3BOMSAOT OMTUMMN3MPOBATL PEXMM OTOOPA MPK
COBMOAEHN 3aaHHbIX TPAHNYHbBIX 3HAYEHNIA YaCTOTbI
BpaLLEHUS, KRYTSALLEro MOMEHTa U MyOuHbI YCTAHOBKMN
Hacoca Mo OTHOLLEHMIO K YPOBHIO cTON6a dnovaa B
CKBaXKVHE.

Ob6LLMe cBefeHNS O BOSMOXXHbBIX KOHTPONMPYEMbIX
napamMeTpax npueeaeHbl B CreayroLLen Tabnmue:

Ha3semubie npu6opbl Ot6op CKXBaXXMHHbIE NpUBOPbLI

[aBneHvie Ha CTOpOHe

YacToTa BpaLleHns
CToTa BpaLe BCacbIBaH1s

o6 nebut
[aBneHvie Ha CTOPOHe

KpyTaLmin MOMEHT
PyTALY HarHeTaHVst

O6BOAHEHHOCTb
Temnepatypa Ha CTopoHe

TbEB BJIEHN
Ve B 2R HarHetaHma

Copep>xaHve necka

[LaBneHvie Ha ycTbe obcaaHom
KOMOHHb!

Temneparypa Ha CTopoHe
BCaChIBaHNA0OCALHON KOMOHHb!

YcTbeBas Temneparypa Bubpauys

Pacxop nogasum peareHta

Noa KO3 MDULIMEHTOM NOME3HOrO AENCTBUSA MOHUMAETCA
OTHOLLIEHME TpebyeMol MOLLIHOCTM ANst nogbema daonaa
MPUMEPHO OT OTMETKM YPOBHSA dhntomaa B 0bcaaHom
KOJOHHE K MOLLIHOCTM NMprBoAa.

Huxe paccMoTpeHa HeECNOXXHaA METOONKA KOHTPOJIH,
NMo3BOJIAOLLIaA ONTUMN3MPOBATL K.IM.4. HaCOCHOW
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downhole parameters are:

» pump wear
» excess pump friction (stator swelling)
» plugged pump intake

» pump off

» tubing leak

» excessive gas at pump intake

» sand loading

» parted rods

Production Optimisation

The key to production optimisation is to reduce the
bottomhole pressure (Pwf), create more drawdown
(Pr—Pwf) and allow the well to flow at a higher rate.
Increasing the RPM for a PCP results in reduction of Pwf.

Traditional analysis methods have used ‘Echometers’ to
infer the fluid level. A more advanced method is to use

a downhole pressure sensor and measure the actual
pressure. A direct measurement of the pump intake
pressure is the most accurate method to determine
whether there is an opportunity to produce at higher rates
by drawing down the Pwf further (note it is also necessary
to monitor casing pressure in conjunction with

intake pressure).

Another system used with good success is to use the OGI
system with a flow measuring system in the flowline (good
for water, perhaps not for heavy viscous oil) and when
rates drop, a VSD is signalled to slow the unit. A complete
system of control algorithms are available with the system.
No downhole sensors are needed.

A downhole pressure sensor can be used to monitor well

pressure when the well is shut in (build-up) and provide an
indication of reservoir pressure but downhole sensors are

more prone to fail.

Automation

Automation provides the best means of optimising
production whilst preventing equipment failure. The
technology exists to automate the PCP system as follows:

vary RPM to maintain constant Pi prevent excessive Pd (shut in or low flow)

minimise Pi prevent pump off (Pi - Pcasing)
prevent wrong rotation (Pd < Pi)
prevent excessive Td (gas)
sand detection

Pd - Pi vs Q over time (wear)

Prevent rod over-torque
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yCTaHOBKW. B Hel ncnonb3dyetcs cnenytoLlas hopmyna:

BPD, ¢paxm.
BPD/100 06 ./mun x 06 ./mun/100

]’]:

3Ta HecnoXkHas hopmyna No3BONAET OLEHUTbL OTOOP

B NpoLeHTax 0T 0T6opa B MAeasbHbIX YCIOBUAX

6e3 y4eTa 0bpaTHOro OTTOKA, a TakKe OTKIIOHEHWE
napamMeTpoB HaTsdra Hacoca OT ONTUMASIBHOIO
3HaveHud. [Npn K.N.4. bonee 90% cnenyet
OpraHM30BaTb KOHTPOJb NapamMeTpoB 3KCMyaTaLmm
ONS BbIABNEHNSA BO3MOXXHOIO MPEBbLILLEHNS HATAra

BO 136exkaHmne NosoMKM NPUBOAHOMO LWTOKa. [pun

K.N.g. meHee ~80% He UCKIOYEHO, YTO TPeBYEMbIN
HaTar He 6bln o6ecnedeH Npu cOopKe Hacoca n

He OOCTUraeTcd nocne pasbyxaHus snactomepa

B Npovuecce skcnyataummn. 13noxeHHas Bblille
MeTOOMKa NO3BONSET KOHTPOMPOBAaThL S(NHEKTUBHOCTL
aKcnyaTaumm HaCOCHOM YCTaHOBKM 63 NCMONb30BaHNSA
OOMNOHUTENBHBIX CPEACTB U3MEPEHUS.

Ha cnepytoLlen nnntoctpaumm (puc. 1) npuseaeH
rpadmk sKcnyaTaumMoHHbIX NapamMeTpoB BUHTOBOMO
Hacoca, NOCTPOEHHbLIV MO AAHHBIM U3MEPEHUIN NMPU ero
nycke.

V13 mpuBegeHHoro rpadurka BMOHO, YTO Mo Mepe
yBEIMYEHMA HYaCTOTbl BpaLLeHWsa poTopa MMEET MECTO
3HAYNTENBHOE YBENNYEHNE SHAYEHNA KPYTALLErO
MOMEHTa, JaBNeHNs HarHeTaHNs 1 TeMnepaTypsbl

Ha CTOPOHe HarHeTaHus. [pUHATO cynTaTh, YTO
yBeIMYEHME HYaCTOTbl BPaLLEHWs BEAET K YBENHEHNIO
pacxofa, Y4TO CBA3aHO C yBeMYeHeM nepenana
OaBNEHVIN B HACOCHO-KOMMPECCOPHbIX TRybax, KOTopoe
BEOET K POCTY AaBNEHUSA HarHeTaHWs (Mpu 3TOM Takxke
MMeET MECTO MOBbILLEHNE TEMMEePaTypPbl HA CTOPOHE
HarHeTaHVsa B pedynbTate 60nee NHTEHCUBHOIO
Harpesa paboTaroLLero BMHTOBOrO Hacoca). TeM He
MeHee, NMpu PacCMOTPEHUN ONHAMUKN U3MEHEHNS
YCTbEBOro AABfEHNS BbIACHSAETCS, YTO 3HAYUTENbHAsA
0ON5 yBEIMYEHVA 0aBNEHMA HA CTOPOHE HarHETaHNS
Hacoca CBsidaHa C POCTOM YCTbEBOrO AABEHNS
(BbI3BAHHOIO YBENMYEHNEM Nepenafa AaBneHns B
Ha3eMHbIX TPYOOoNMpPOBOAax UM Ha ApOCccese B COCTaBe
HaszeMHoro obopyaoBaHus). NprBeaeHHbIN rpadurk
NoOYepPKMBaET BaXKHOCTb yYeTa rmapaBiNHeECKmX
napameTpOB (OaBneHne) B AOMOHEHME K MEXaHUYECKIM
XapakTepUCTMKaMm (KPYTALLMIA MOMEHT 1 YacToTa
BpaLLEHMS!) 19 OLEHKIN MOBEAEHMS CUCTEMbBI B LIESIOM.

VIamepeHne NapamMeTpoB B CTBOSE CKBaXKWHbI MO3BOSIAET
onpefen Tb credytoLve nokasaresu:

» K. M. . HacoCa,

» MOTEPW/0BpPaTHBLI OTTOK (hrtonaa;

» Mepenag gaBfeHns 3a CHET TPEHMSA B HACOCHO-
KOMMPECCOPHbIX TPpybax;

» KPYTSALLMA MOMEHT B pe3yrnbTarte paboTbl HACOCa;

<
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Alternative Deployment

As an alternative to powering the PCP using a rod string
and drivehead it is also possible to use a downhole (ESP)
motor to power the PCP.

In order to drive the PCP using a downhole motor it is
necessary to use a gear reducer (9:1 or 11.5:1) to run
the PCP at an acceptable speed (100 to 500 RPM).

This type of system has the following advantages over
conventionally deployed PCPs:

» Can be set deeper

» Better suited to horizontal or directional wells
» Reduces frictional pressure drop in the tubing
» Eliminates potential for tubing wear

3

3

Some of these systems are designed such that the PC
Pump can be moved and reinstalled using wireline or coil
tubing while leaving the motor in the hole.

» [aHHble NPUTOKa hritonaa B CKBaXKMHY O/15
1CMOJIb30BaHMS MNP NEPECMOTPE XapPaKTEePUCTUK
Hacoca.

CoyeTaHmne AaHHbIX HA3EMHbBIX 11 BHYTOUCKBaKMHHBIX
N3MEPEHU NMO3BOSIAET OCYLLECTBATE ANArHOCTUKY
CNeyoLLMX LLMPOKO PacripOCTPAHEHHBIX OCTIOMKHEHWI:

» N3HOC Hacoca;

» MOBbILLEHHOE COMPOTMBEHME TPEHVS B HAacoce
(pasbyxaHme 06onMbI);

» 3aKyrnopka BcacblBaroLLEro narpybka Hacoca;

» OTTOK;

» YTEYKM B HACOCHO-KOMIMPECCOPHbIX TPpybax;

» BbICOKOE COAEP KaHME rasa Ha CTOPOHE BCaChIBaHMS
Hacoca;

» MeCKonposaBlieHNE;

» Pa3pblB KOJOHHbI LLUTAHT .

OonTumusauma otéopa

Knto4eBbIM YCoBMEM AJ151 ONTUMM3aLIMN OTOOPA SBSETCA
CHWDKEHME 3aboHOro aaenenust (Pwi), ysenmyenve
nenpeccum (Pr — Pwf ) obecneveHre NoBbILLEHVA aeduTa
CKB2XXMHbI. YBEM4YeHne 4acToTbl BpaLLeH!st poTtopa
BMHTOBOIO HAcoca BEAET K CHVPKEHMIO BENYMHBbI Pwf.

TpaguuMoHHO AN KOHTPOJIS YPOBHSA dhntomnaa
MCMNONBb30Ba/ICb METOb! aXoMeTpun. bonee
COBPEMEHHbIE METObI MPEAyCMaTPUBaIOT
MCMNONb30BaHWE AN 9TOW LENN BHYTPUCKBaXKNHHBIX
MaHOMETPOB 019 U3MEPEHUA (PaKTUHECKNX 3HAYEHWI
baBneHns. [NpamMoe nsmepeHne gaBneHns Ha
BCacbIBaHNM Hacoca ABMSAeTCH Hanbonee TOYHbIM
CMocO60M OLEHKM BO3MOXXHOCTY MOBbILLEHWST febuTa
3a CHYET JallbHENLLIErO yBeNMYeHa Oenpeccumn Ha niacT
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B [JOBbIHA

(Pwf) (cnemyeT 0bpatuTb BHUMAHNE HA HEOOXOANUMOCTb
KOHTPONS AaBneHns B 06CagHON KOMOHHE B YBASKE C
[OaBNEeHNEM Ha BCAChIBaHWM).

Taroke xopoLLo 3apekoMeHaoBana cebst metoavka OGl,

npegycMaTprBatoLLas 3aMep PacxooB B BbIKOAHON NUHMN

(Hamnbonee LenecoobpasHa onga Bodbl, HO, BEPOSATHO,
Mas1o MPUroAHa A1 BbICOKOBASKIMX TSHKESbIX HeDTEN)

CO CHVPKEHMEM HaCTOThl BPALLEHWS Bana PeryimpyemMoro
npvBOda NP CHYDKEHW PACXOA0B. [penaraemas cuctema
COOEPXKUT NOMHbIN HABOP HEOOXOANMBIX aNrOPUTMOB
ynpaenervs. [na peanvsaumm yrnoMsaHyTOM CUCTEMbI HE
TpebyeTcs YCTAaHOBKU BHYTPUCKBAXKMHHBIX AATHUKOB.

Tarkoke BO3MOXKHO NnprMeHeHre BHYTPUCKBaDKNHHbBIX
MaHOMETPOB 014 KOHTPONA daBfeHnA npn octaHoBe
CKBaXXWHbI (HABOP AaBneHrs) 1 onpeaeneHns MnacToBoro
naBrieHnsA, HO Mpn 3TOM cnenyeTt NoMHUTL O MOBbILLEHHOM
BEPOSATHOCTU BbIXOAA BHYTPUCKBaXKMHHBIX MPUOopoB

13 CTPOS.

ABTOMaTM3auma

ABTOMATU3aALIMIO CNeayeT cHnuTaTb Hanbonee
LlenecoobpasHbiM CnocoboM oNTUMK3aLIMm 0T60POB
¥ NpeaynpexxneHns Bbixoga 0bopyaoBaHUs U3
CTpost. CyLLECTBYIOT TEXHNYECKME PELLEHNSA ONA

aBToMartndaunmn pa6OTbI BMHTOBbIX HACOCHbIX YCTAHOBOK

Mo nepevncrieHHbIM HDKE NoKa3aTesidaM.

0T6op

BapnanTbl TEXHNYECKUX PeLIeHnit

BsameH HasemMHOro NprBoAa v NPUBOAHOMO

LITOKA BMHTOBOIO HAacOCa BO3MOXXHA YCTaHOBKa
BHYTPUCKBaXKVHHOIO 3N1EKTPOABUraTeNs, MPUBOASALLErO
B ENCTBME POTOP BUHTOBOIO Hacoca.

[MpY NCMOMB30BaHMM CKBaXKMHHOIO ABMraTens B
Ka4eCcTBe NpMBOLa BUHTOBOIrO Hacoca HeOOXOANMO
NPUMEHSATb PeayKTop (Nepenaro4Hoe oTHoLeHue 9:1
nnn 11,5:1), obecnedmBatoLLMii MPUEMIIEMYIO HacTOTY
BpalLLeHNst poTopa BUHTOBOroO Hacoca (100-500 06./
MUH).

CuCTEMBI C BHYTPUCKBAXKMHHBIM ABUratenem obnanaroT
CnenyoLWMM NPenMyLLIECTBaMM MO CPaBHEHWIO C
0BbIH4HBIMY BUHTOBBIMW HACOCHBIMU YCTaHOBKaMM:

BO3MOXXHOCTb YBEIMHEHS! [yOUHbI YCTAHOBKM;
6onee BbiCOKas MPUroAHOCTb A1 YCTAHOBKM B
FOPUSOHTATBHBIX W HAKITOHHO-HAMPAaBIEHHbIX
CKBaDKMHAX;

CHWKeHMe Nepenaia AaBfeHns 3a CHeT TPEHVs! B
HACOCHO-KOMMPECCOPHbIX TPYOaXx;

yCTpaHeHve p1cka N3Hoca HaCOCHO-KOMIMPECCOPHbIX

TpYyob.

HekoTopble 13 NofobHbIX CUCTEM MpedycMaTpuBatoT
BO3MOYXHOCTb NOAbEMA U MOBTOPHOW YCTaHOBKM
BWUHTOBOIO HacoCa Ha KaHaTte Ui KonTiobuHre 6e3
nofbema BHYTPUCKBAXKMHHOIO ABUraTens.

N3MEHEHVE YaCTOThbl BPALLEHWS Bana NprBoda
0151 NoAAep>KaHns MOCTOSIHHOMO YPOBHS Pi

YMEHbLLEHNE 3Ha4eHus Pi 0o
MUHUMYyMa
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npenynpexaeHue NpeBbILLIeHs 3Ha4eHun Pd
(oCTaHOB VN HU3KWIA 0EONT)

npenynpexaeHne otkadku (Pi - Pcasing)

NpeLynpeXxaeHe HenpaBUbHOro HarnpasieHns
BpaLleHuns (Pd < Pi)

npenynpexxaeHne 4pesmepHoro yBeMHeHns
3Ha4eHns Td (ras)

BblABJIEHME MECKOIMPOA BNEHNI

Pd - Pi B 3aB1cMOCTM OT n3meHeHuin Q BO
BPEMEHW (M3HOC)

[MNpenynpexaeHue npeBbllleHVs KPYTALLEero
MOMEHTA Ha LLITOKE
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To effectiveness through cooperation!

II International Geoscience
Conference & Exhibition

2-5 March 2009

FOR THE FIRST TIME will take place
in the Tyumen Technopark
“Western-Siberian Innovative
Centre of Oil and Gas”

IMPORTANT DATES:

PREPARING CONFERENCE & EXHIBITION:

31.12.2008 Deadline for early registration
15.01.2009 Deadline for abstract submission
20.01.2009 Deadline for booth booking
10.02.2009 Completion of technical program

10.02.2009 Deadline for pre-registration .

10.02.2009 Deadline for workshops registration . 4 7

CONFERENCE & EXHIBITION: \ 4 w
- | 01.03.2009  Start of the on-site registration N o P R S i Y q wiy b

01.03.2009 Courses and workshops -:lnr ‘!"JHT'O / ’5;'.”1'5@ _M“""' i Ty-; M

02.03.2009 Official opening, plenary session 3 «-" i AHCHGCx o

02.03.2008 Exhibition opening, lce-breaker reception | .'-‘:.* S ) lis " :

03.03.2009 Start of the scientific sessions =1 . g h2 N nTﬁﬁanhcx

04.03.2009 Gala evening e '

05.03.2009 Conference and exhibition closing "w FROME

S

EAGE Regional office Russia & CIS
Tel: +7 (495) 661-92-85; Fax: +7(495) 661-92-86; E-mail: tmn2009@eage.ru; Web: www.eage.ru



