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B Pesome

[na Toro 4Tobbl MakcUManbHO peannu3oBaTtb
noTeHuuan noay4eHnAa npubblnn Npu yyactum B
OCBOEHUWN MECTOPOXAEHNIA, KOMNAaHWK - onepaTopy
HeobxoaMMo BbibpaTb Hanbonee SKOHOMUYHYIO
CUCTEMY MEXaHN3NPOBaHHON [06bI4K. [1pKn BbICOKMX
LeHax Ha HedbTb U ra3 BNO/He BEPOATHO, YTO camou
9KOHOMUYECKM BbIrOAHOW cuctemon byaoeT Ta, KoTopan
faeTt Hanbonblmi gebut. K MeTogmkam otéopa MoryT
OTHOCUTbCA crneayoLme:

1. OnpenenuTb, Kakne cnocobbl A06bIYN NOAXOAAT
ON1A HY>XXHbIX 0e6UTOB N HEO6XOAUMBIX INY6UH.

2. OueHnTb NNKChI U MUHYCbI MOCTUCO4YHO.

3. MNMpuMeHATb 3KCNEepPTHbIN NOAXOA ANA NPUHATUA

— HEMPUHATUA KOHKPETHbIX CUCTEM.

4. OueHunBaTtb NepBoOHavanbHble 3aTpaTthl, CTOMMOCTb
aKcnnyaTauuu, Ao6bIBHbIE BO3MOXHOCTU U
T.4., UICNOMb3YyA B Ka4eCcTBEe MHCTPYMEHTa Bblibopa
3KOHOMUYECKUE napamMeTpbl (MakcumansHasa
NpubLINL B CPaBHEHUU C NPOAOIKUTENBHOCTLIO
aKcnnyaTaunum MecTopoxaeHus).

Bl BsepeHue

Bonpocbl paspaboTku. Mpu HanMunm gaHHbIX O
naacToBOM AaBfieHUU U NPON3BOAUTENBHOCTU
CKBaXXVH Heo6X0AMMO y4MTbIBaTb 3Ty MHAPOPMALMIO.
Ecnv HauyepTuTb rpadhnk 3aBUCUMOCTU MeEXAY
Ae6UTOM CKBaXXMHbI M 3a60MHbIM AaBMeHNneM
oHTaHNpoBaHUA, To 06bIYHO UTOrom ByaeT ogHa

13 ABYX nHaukKatopHblx gnarpavmm IPR. Bbiwe
[aBfleHUA HacbIWeHUA NnacToBoro gnonaa aTo éyaeT
noyTu nNpAmMaA NUHUA. Huxe gaBneHue HacbiWweHusA
NonyyYnTCA KpMBanA, aHanormyHana onucaHHon dorenem
(Vogel). Obe aTnx KpuBble NpeacTaBneHbl Ha PUcyHke
1 B BuAe oTAenbHOW MHAMKATopHOW gnarpammbl IPR
npu pasneHnn HacoblweHua okono 600 psi.

HekoTopble cMCTEMbI MEXaHU3MPOBAHHOW
akcnnyataumm (M3) cnocobHbl CHMXaTb 3aboinHoe
fAaBrieHne poHTaHNpoBaHnA A0 605ee HU3KNX
YpOBHEMN, Yem apyrve. Boiroga oT JOCTMXXEHNA HU3KOTO
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Bl Abstract

Selection of the most economical artificial lift system is
necessary for the operator to realize the maximum profit
potential when involved in field development. With high
oil and gas prices, the most economical system may
very well be the system that produces the highet rate.
Selection techniques may include:

1. Determining what methods will lift at the desired
rates and from the required depths.

2. Evaluating lists of advantages and disadvantages.

3. Use of “expert” systems to both eliminate and
select systems.

4. Evaluation of initial costs, operating costs,
production capabilities, etc. using economics
(maximum profit over field life) as a tool of selection.

B Introduction

Reservoir Considerations. Reservoir pressure and well
productivity must be considered if the data is available.
If producing rate vs. producing bottom-hole pressure

is plotted, one of two inflow performance relationships
(IPR) will usually occur. Above bubble point pressure,
it will be a near straight line. Below the bubble point
pressure, a curve similar to that described by Vogel will
occur. These two curve types are shown in Figure 1 as
a single IPR with a bubble point at about 600 psi.

Some AL systems are able to reduce the producing
bottom hole producing pressure to a lower level
than others. The reward for achieving a lower
producing pressure will depend on the reservoir
IPR. For example, the well of Figure 1 would have
an absolute open flow (AOF) of about 810 bopd if
no gas was being produced. However due to the
gas, the AOF is reduced to about 740 bopd. If using
a pumping system, then, especially if sitting above
the perforations, you may want to produce above
the bubble point. Gaslift works better with gas from
the reservoir, but usually will not draw the reservoir
down to a producing BHP lower than a well operating
pumping system.
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3abonHoe naBneHue (psia) Bottom Hole Pressure (psig)

1. BasaPR [~
1. IPR Base

CymmapHbIv nebut xxuakocTtu (cT. 6appenb/cyT.) Total Liquid Rate (stblpd)

PucyHok 1: KpuBasa NnpoayKTUBHOCTU CKBaXXWHbI C AaBneHnem HacblweHna 600 psi.

Figure 1: IPR curve with bubble point at 600 psi.

AaBneHnA (POHTaHMPOBAaHNA ONPEeaEenAeTCA KPpMBON
NPOAYKTUBHOCTM KomnnekTopa. Hanpumep, ckBaxkuHa
Ha PucyHke 1 nmena 66l MakCMManbHO BO3MOXHbIN
nebut (MBL) nopagka 810 6appenen HehT B CyTKM
npw ycnoBum NOSTHOMO OTCyTCTBUA raza. OaHako,
NOCKOSbKy ra3 npucytcTteyeT, MB[l cokpalyaeTcaA

[0 BeNVYUHbI nopAaaka 740 6appenen B cyTku. NMpun
NCNOoMb30BaHNN CUCTEMbI HACOCOB, OCOBEHHO B
crny4ae vx yCTaHOBKM Bbllle UHTepBana nepgopaumu,
BO3MOXHO, HY>XHO BECTU A00bIYy Bbille AaBNEHNA
HacblweHna. [a3nudT nyywe AencTByET Npu HaNU4Ynn
rasa n3 KonjeKkTopa, oaHako 0bbl4HO OH HE co3aaeT
Aenpeccuio Ha NnacT A0 ypoBHA paboyero 3abonHOro
AaBneHnA HUXe (PyHKUMOHMPYIOLWEro Hacoca B
CKBaXuHe.

Jonrocpo4Hoe noBefAeHNe KONMEKTOPOB U
orpaHuyeHuns B o6opygosaHun. [na onpeaeneHuns
[ONrOCPOYHOro NoBeAeHUA KONMNEKTOPOB B OCHOBHOM
NPUMEHAIOTCA ABa noaxoaa.

B ogHux crnyyaAax mMbl NPOrHO3MpyeM AONroCpoYHoe
noBeAeHne KOIEKTOPA U CTaBUTb TO 06opynoBaHue
ANA MEXaHN3UPOBAHHON 3KCMyaTaunmn CKBaXKMHbI,
KOTOpOe ByaeT C Hel CNpaBfATbCA B TEYEHNE BCErO
cpoka cny>6bl CKBaXKuHbI. B pesynbtaTte BepoAaTHa
yCTaHOBKa 060pynoBaHnA CANWKOM 60s1bLLOro
AvameTpa C nocneayoLen B KOHEYHOM UTore
nobbiyen 6onbnx o6semoB Boabl. COOTBETCTBEHHO,

Long Term Reservoir Performance

and Facility Constraints
Two approaches are often taken to account for long
term reservoir performance.

In some cases, we predict long term reservoir
performance and install artificial lift equipment that can
handle the well over its entire life. This may lead to the
installation of oversized equipment in the anticipation of
ultimately producing large quantities of water. As a result,
the equipment may operate at poor efficiency due to
under-loading over a significant portion of its total life.

The other extreme is to design the lift system for only
what can be produced under today’s conditions. This
can lead to many changes in the type of lift equipment.
You may operate efficiently short term but spend large
amounts of capital dollars in changing equipment.

One should consider both long term and short term
aspects. The aim is to maximize the present value profit
of the operation. The highest present value profit may
or may not result from greatest production rate available
from the well and may or may not anticipate a lift
system change in the future. However with high prices
for hydrocarbons, the importance of high initial oil and
gas production rate is magnified.

Types of Artificial Lift. The common various major
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060pynoBaHME MOXET 3HAUYNTENBHYIO YacTb CBOErO
CpoKa cny>x6bl paboTaTb C HU3KUM KN U3-3a ero
HeLOCTaTOYHONM 3arpy>XeHHOCTH.

MNHaa KpanHOCTb — NPOEKTMPOBAHNE CUCTEMbI
aKcnyaTaumm ToNbKO AS1A TOro, YTO MOXHO A06bITb
NPV CErOAHALLIHMX YCNOBUAX. OTO MOXET NPUBOANTL
KO MHOTMM M3MEHEHUAM Tuna obopyaoBaHmA

AN1A MexXaHU3MpoBaHHOW akcnnyataumn. MoxHo
3hbpekTMBHO NopaboTaTb KOPOTKUIA CPOK, HO
3aTpaTuTb CePbe3Hble KannTanoBIOXKEHMA HA 3aMeHy
obopynoBaHuA.

lMoaTomy cnegyeT paccmatpuBaTth Kak AOITOCPOYHbIE,
TaK M KpaTKoCpOYyHble acnekThbl. Llens — makcmmansHoO
YBEMUYUTb TEKYLLYIO NPMObINb OT IKCNyaTaumm.
MakcumanbHaa Tekywaa npubbiiib MOXET MNONTH, a
MOXET HE MONTN OT MaKCumanbHOW HOpMbl 0T6opa 13
CKBaXXWHbI; 1 MOXET npeanonaratb, a MOXET U HeT
3aMeHy CUCTEeMbl MEXaHM3MPOBaHHOM JKcnayaTaumm

B byoywieMm. Tem He MeHee, Npu BbICOKMX LieHax Ha
YyrneBoAopoabl 3HAYMTENbHO BO3pacTaeT BaXHOCTb
BbICOKOW HOpMbI 0T6opa (aebuta) HedhbTn n rasa Ha
HayanbHOM 3Tane.

Buabl MexaHusupoBaHHon fobbl4n. Ha PucyHke
2 cxemaTuyHO npeacTaBeHbl OCHOBHbIE
pacnpocTpaHeHHbIe BUAbI MEXaHU3UPOBaHHON
[06b14n.

forms of artificial lift are shown schematically in Figure 2.

Selection by Consideration of Depth/Rate System
Capabilities. One selection criteria is the range of
depth and rate where particular lift types can function
(Figures 3 & 4). Charts like this are approximate but
may be used as screening criteria in many cases.

B Details of Major Systems

Sucker Rod Pumping. Sucker rod pumping systems are
the oldest and most widely used type of artificial lift for
oil wells. Statistics from about the year 2000 showed of
the total world wide lift that of 832,000 wells, 57% were
beam lift, 8% were gas lift, 14% were ESP, and 7% of
the total installations were “other”.

% SR pumping systems should be considered for new,
low volume stripper wells because operating personnel
are usually familiar with these mechanically simple
systems and can operate them more efficiently. Most of
these systems have a high salvage value.

% SR systems also should be considered for lifting
moderate volumes from shallow depths and small
volumes from intermediate depths. It is possible to lift
1,000 barrels from about 7,000 feet and 200 barrels
from approximately 14,000 feet (special rods may be
required). If the well fluids contain hydrogen sulfide,
sucker rod pumping systems can lift 1,000 barrels

of liquid per day from 4,000 feet and 200 barrels per

NyGpukarop 3NeKTPOHHLIA KOHTRONNER
Lubricator  Electronic Controller

 3aGunuan ronosKa

LG

(omuysn)

Standing o

Valtve - Tubing Stop
{optional)

PucyHok 2: OcHOBHbIe Cnocobbl MEXaHU3NPOBaHHOW aKcnyaTtaunmn (npeaoctasnneH Weatherford Artificial Lift Systems)
Figure 2: Major methods of Artificial Lift. (Courtesy Weatherford Artificial Lift Systems)
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[locTvras
Hauny4ywmx
pe3ynbTaToB

Obnapan BbICOKOKBaANMPULMPOBAHHbLIM MEPCOHANOM B 0651aCTU CTUMYNALMK
CKBa>KMH 1 nosbiweHua HedTeoTAaqm, Oilfield Technology Group komnaHum
Hexion ABNAeTCA NpM3HaHHLIM NMAEPOM B 0611acTh pa3paboTku u
NpoM3BOACTBA PAaCK/IMHMBAIOLLEro MaTepyana AnAa rmapopaspbisos. HosaA
CepwA HawwmMX NPoOAYKTOB U YCyr MOAHMMAET TEXHOMOMMIO rmapopaspbisa
Ha HOBbIN YpOBEHb, MoMoraA Bam gocTuyb Haunyywmx pesynstaToB. Hexion
ABnAeTcA Bawmm HageXKHbIM napTHepom, obecneymBatoLwMM NocTaBKy
HeobX0AMMbIX 06 BEMOB BbICOKOKa4YE€CTBEHHOTO PACKTMHUBAIOLLETO

areHTa, ABMAKOLErocA KOMMNOHEHTOM AfA CaMbIX MePeaoBbIX TEXHONOTMN.
Hawa cny>x6a TexHM4eCKon NoAAEPXKKN BCeraa rotosa nomMoyb Bam.
HononHutensHaa nHdopmaumna Ha caite OilTG.com

PacknuHuBatrowme areHtbl gna NP KoHTposnb coaepXxaHuA necka

HEZJION'

Specialty Chemicals
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NMpumeHeHnAa ¢ HU3KUM aebutom - Lower Rate Applications
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PucyHok 3: Kpytepum NpYMEHMMOCTU «FybuHa — 8ebuT» anA HU3KOAEOUTHBIX CrIOCOB0B MEXaHU3NPOBAHHOM A06bIHM

(o1 komnaHum Weatherford)

Figure 3: Depth-Rate Screening Criteria for Lower Rate Artificial Lift Methods

Bbi6op ¢ y4eTOM BO3MOXHOCTEN CUCTEMbI B
3aBUCUMOCTM OT My6uHbl n gebuta. OgHNM 13
KputepueB oTbopa ABNAETCA AnanasoH rmy6buH n
0ebuToB, Ha KOTOPbIX MOTYT (OYyHKLUMOHMPOBATb
KOHKPETHbIE TUMNbl MEXaHU3UPOBAHHON A06bI4K
(pucyHku 3 u 4). Takue gnarpammbl BecbMa
NPUGNU3NTENbHbI, OAHAKO BO MHOTMUX Crly4anAx
MOryT 6bITb MCNOMb30BaHbl B KAYECTBE KpUTEpUEB
NPUMEHNMOCTH.

B Noapo6Hee 06 OCHOBHbIX CMCTEMaX
Okecnnyataynsa CKBaXXuH LUTAaHrOBbIMU [1yOUHHbBIMM
Hacocamu. WTaHroBble rnybuHHble Hacockl (LUMH)

— cambli cTapbln 1 Hanbonee pacnpoCTpaHEHHbIN
BMA MEXaHW3MPOBaHHOW 3KCNyaTaumm HedpTAHbIX
ckBaXkuH. Ctatnctmka npmmepHo ¢ 2000 ropa
nokasbliBaeT — BCero B mupe 6b1010 832 000 ckBaXXuH
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day from 10,000 feet (exclusive of other mitigating
conditions).

% Most of the parts of the sucker rod pumping system
are manufactured to meet existing standards, which
have been established by the American Petroleum
Institute. Numerous manufacturers can supply each
part, and all interconnecting parts are compatible.

% The sucker rod string, parts of the pump and
unanchored tubing are continuously subjected to
fatigue. The system must be more effectively protected
against corrosion more than any other lift system to
insure long equipment life.

% Sucker rod pumping systems and well dog-leg
severity are often incompatible. Deviated wells with
smooth profiles may allow satisfactory sucker rod
pumping.

% The ability of SR pumping systems to lift sand is
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BbicokoaebuTHbin cnocob akcnnyaTtauum - Hi-Volume Selection of Lift

700+

********************************************************

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

650+

6000

5500

5000+ -~~~ 3y

4500+

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

4000+

3500+

m3/cyt m3/D

3000+ -

2500+

,,,,,,,,,,,,,,,,,

777777777777777

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

2000+

1500 1

1000 1

5001

7777777777777777777777777777777777777777777777777777

************************************************************

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

77777777777777777777777777777777777777777777777777777777777777

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

7777777777777777

7777777777777777777777777777777777777777777

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

77777777777777777777777777777777777777777777777777777777

2000

2500

3000 3500 4000 5000 5500

my6buna,m Depth,m

PucyHok 3: Kpytepum NpYMEHMMOCTU «FybuHa — 8ebuT» anA HU3KOAEOUTHBIX CrIOCOB0B MEXaHU3NPOBAHHOM A06bIHM

(o1 komnaHum Weatherford)

Figure 3: Depth-Rate Screening Criteria for Lower Rate Artificial Lift Methods

C MEeXaHM3MPOBaHHbIM NOABLEMOM, B TOM Yucne

57% akcnnyatauma 6anaHCUpHbIMU HACOCHBLIMU
ycTaHOBKamu, 8% - ra3anudpTHel cnocob, 14% - ¢ SUH
n 7% npo4ne yCTaHOBKM.

“ B0O3MOXHOCTb Ucnonb3oBaHuA cuctemsl LUMH
cnenyeT paccMOTPETb AN1A HOBbIX ManoaebuTHbIX
CKBa>XVH, BeAb MPOM3BOACTBEHHbIN NEepcoHan Tam
06bI4HO XOPOLIO 3HAET TakKne MexaHU4YecKu nNpocTble
CUCTEMBI N MOXET 9KCMyaTupoBaTb nx 6onee
3AhheKTMBHO. Y BONbLLUMHCTBA TaKUX CKBaXMWH
BbICOKaA NMKBUAALUMOHHAA CTOUMOCTb.

“ Kpowme Toro, cuctemsl LLUMH cneagyet paccmoTpeTb
ONA U3BnevYeHna cpeaHUx o6bEMOB € HEBOMbLLMX
rnyouH N manbiX 06 bEMOB C MPOMEXYTOYHbIX
rnybuH. EcTb BO3MOXHOCTb AobbiBaTh 1 000
6appenen npumepHo ¢ 7 000 dyTos n 200
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limited but special metallurgies and special pumps
allow some sand production with reasonable run life.

% Paraffin and scale can interfere with the efficient
operation of sucker rod pumping systems.

“ If the gas-liquid separation capacity of the tubing-
casing annulus is too low, or if the annulus is not used
efficiently, and the pump is not designed and operated
properly, the pump will operate inefficiently and tend to
gas lock.

% If the system is not sized to the well productivity
and is over-pumped without POC (pump-off control),
mechanical damage and inefficient pump operation
will occur. Use of POC is very common and may be
said to be recommended except with sand production
and rates higher than can be handled by the pumping
system.
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6appenein npmbnuauntensHo ¢ 14 000 cyToB (MoryT
notpeboBartbCcA cneuunanbHble WTaHrm). Ecnu B
CKBaXXMHHbIX hniionaax coaepXuTca cepoBoaoOpOL,
CUCTEMBI LUTAHIOBbIX MYyOUHHbBIX HACOCOB MOTYT
naenekarb 1 000 6appenemn XXUOKOCTN B CyTKM C
rny6uHbl 4 000 cpyToB 1 200 6appenein B CyTKM

¢ rny6uvHbl 10 000 chyToB (HE cunTaa opyrux
“cmAryarowmx” ycrnosun).

% LUTaHroBble rMybuHHbIE HACOCHI B CBOEN Macce
N3roTaBNMBalOTCA HA COOTBETCTBME CYLLECTBYIOLUM
cTaHpapTaM, YCTaHOBJIEHHbIM AMEPUKAHCKNM
HedTAHbIM NHCcTUTYTOM. KaxkaaA oTaenbHaA getanb
MOXKET MOCTaBMATLCA JIHOOLIM N3 MHOTOYUCTTEHHBIX
3aBOA0B, U BCE COYNIEHAEMbIE AeTann COBMECTUMBI.
% KonoHHa HaCOCHbIX WTaHr, AeTanu Hacoca 1
He3aAkopeHHble HKT nocTtoAHHO noaBepratoTcA
ycTanocTHoMy usHocy. Ana obecneyeHunA
OonroBe4yHOCTU paboThl 06opygoBaHUA cUCTEMY
Heobxoaumo 6onee ahPEKTUBHO NPEAOXPaHATb

OT KOppO3uun, YeMm byt Apyryto cCUcTemy
MEXaHM3MPOBAaHHOIo Nogbema.

% 3a4acTyo MMeeT MeCTO HECOBMECTMMOCTb CUCTEM
LITAHIOBbIX MMYOUHHBIX HACOCOB C MHTEHCUMBHOCTbIO
WUCKPUBNEHNA CTBOMOB CKBaXKMH. HaknoHHbIE
CKBaXXMHbI C MNOAOrMMY MPOPUNAMU MOTYT AaTb
yOOBNETBOPUTENBHYHO 3KCMJIyaTaUUIO LWTAHTOBbIMM
Hacocamm.

“ BoamoxHocTu cuctem LLUMH naesnekatb necok
OrpaHun4eHbl, OAHaKo cneunanbHaA MmeTannorpagua un
creumanbHble HACOChl [AKOT HEKOTOPbIV BbIHOC Necka
C MPUEMITEMBIM MEXPEMOHTHBIM MEPUOLOM.

% C ahhpeKTUBHOMN paboTON CUCTEM LUTAHTOBbIX
rMyOUHHBIX HACOCOB MOTYT CTbIKOBATbCA NapaduvH un
oKanuHa.

% B cnyyae 04eHb HU3KUX BO3MOXHOCTEMN KOMbLEBOro
NPOCTpaHCTBa pa3fenaTb rad u XXMaKocTb, NMMbo
€Cn MeXTpPybHOE NMPOCTPaHCTBO NCMOMNb3yeTcA

He [OCTaTO4YHO 3PPEKTMBHO, a HACOC Ha 3TO HEe
paccunTaH, HO NPaBWIIbHO 3KCMNyaTUPYEeTCA, TO HAcocC
6yoeT PyHKUMOHMPOBATb HEA(PPEKTUBHO U CKINOHEH
obpasoBbiBaTh ra3oBble NPO6KN.

% Ecnu cuctema He COOTBETCTBYET MO CBOEMY
pasmepy NpOAYKTUBHOCTU CKBaXXMWHbI U He
OCYLLeCTBNAETCA KOHTPOnb 0T6opa, 3To byaeT
NPUBOANTE K MEX2HNYECKUM NMOBPEXAEHUAM U
HeadhdekTuBHON paboTe Hacoca. [MpumeHeHne
KOHTPONA OTKa4YMBaHUA BMOMHE MOXET ObITb
PEKOMEHAOBAHO, KPOME CIly4aeB BbIHOCA MECKa U
[ebvToB, NpeBbIWAaoLWMX BO3MOXHOCT HACOCHOM
CUCTEMBI.

[Morpy>kHble 371eKTpuYeckne LeHTPobeXHble
Hacockl (BLH). QkoHOMMYecKne napameTpbl
MOrpy>XHbIX HACOCHbIX YCTAHOBOK TECHO CBA3aHbI
C NPOAOMXNTENbHOCTLIO HEMPEepPbIBHOW paboThbl.
TunuyHaA norpy>xHaA yctaHoBKa obnagaeTt
OrPaHU4eHHOM rMBKOCTBIO B NMiiaHe pearnpoBaHuA

Electrical Submersible Pumps (ESP’s). Economics of
a submersible pump installation are closely related to
the length of run time. A typical submersible installation
has limited flexibility to handle changes in reservoir
producing capabilities. Although, use of Variable Speed
Drives (VSD) provides increased flexibility for producing
rate changes, the increased installation cost demands
a longer operational run life. It is therefore, essential
that good production data and reservoir producing
characteristics be known before a suitable ESP can

be designed. The same is true for all AL systems. An
ESP and a beam system can run for 4 years if few
production problems exist and good procedures are
followed.

B Advantages

+ Adaptable to highly deviated wells - up to 80°.

“ Adaptable to required subsurface wellheads 6’ apart
for maximum surface location density.

« Permit use of minimum space for subsurface
controls and associated production facilities.

< Quiet, safe and sanitary for acceptable operations in
an offshore and environmentally conscious area.

% Generally considered a high volume pump - provides
for increased volumes and water cuts brought on

by pressure maintenance and secondary recovery
operations.

“ Permits placing well production even while drilling
and working over wells in immediate vicinity.

Bl Disadvantages

“ Will tolerate only minimal percents of solids (sand)
production.

% Costly pulling operations to correct downhole failures
(DHF’s) because tubing has to be pulled to service
system for all but very special systems.

“ While on a DHF there is a loss of production.

“ Not particularly adaptable to low volumes.Hower low
volume stages exist, especially to dewater gas wells.
They have lower efficiency.

The PCP and the Electrical Submersible Progressive
Cavity Pump (ESPCP). The PCP has a rotating metal
rotor and a flexible rubber molded stator. The rotating
stator forms a cavity that moves up as the rotor turns.
The pump is well suited for handling solids and viscous
fluids as the solids that move though the pump may
deflect the rubber stator but do not abrade or wear the
stator or rotor to any appreciable degree. In the past,
most PCP’s were powered by rotating rods driven from
the surface with a hydraulic or electrical motor.

Introduced in 1936, the PCP is of simple design and
rugged construction, and its low operating speeds
enable the pump to maintain long periods of downhole
operation if it is not subjected to chemical attack,
excessive wear, or installed at depths greater than
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B [JOBblHA

Ha N3MEHEHNA NMPOM3BOANTENBHOCTb MOLIHOCTU
konnekTopa. HecMoTpA Ha TO, 4TO NpUBOAbI C
perynupyemoin ckopocTbto (MPC) galoT NoBbILWEHHYO
rMOKOCTb Ha U3MEHEeHUA TeMNoB AobblyK, U3-3a
60onee BbICOKOW CTOMMOCTM YCTAHOBOK TpebyeTcA

1 60OMbLINIA 3KCMNNyaTaUnoHHbIN pecypc. B cBAauy,
npexae Yem NpPoekTnpoBaTb noaxoaAwmn SLH,
HeobX0AMMO MMETb XOPOLWME AaHHbIE AMHAMMUKU
0006bIYN 1 3HATb IKCNITyaTaUuMOHHbIE XapaKTEPUCTUKN
KONNEKTOPOB. JTO >e KacaeTcA n Bcex cuctem MO.
OUH n 6anaHcmpHan HacocHaA yCTaHOBKa MOryT
NPOCNy>XnTb 4 roga Npyn He6ONbLLIOM KONUYeCcTBe
npobnem akcnnyataumm n cobnogeHnm npaBuibHbIX
TEXHOMNOTUNA.

Bl Mniocol

“ ABanTUpyeMOCTb K HaKSTOHHO-HaNPaB€HHbIM
CKBaXXMHaM € 60MbLINMN 3EHUTHBIMK yrnamu — Ao 80°.
“ ApanTupyeMoCTb K HE06XOAUMbIM MNOA3EMHbIM
doHTaHHbIM apmaTypam B 6’ Apyr oT gpyra AnA
MaKCMMasIbHOW MSIOTHOCTM MO3MLMKN HA NMOBEPXHOCTU
CKBaXUHbI.

< lNMNosBonAeT ncnosnb3oBaTb MUHUMYM NPOCTPaHCTBA
nop, rny6buHHbIE ynpasnAatoLwmue npubops! 1
COMyTCTBYIOLWME NPOMbICIIOBbLIE COOPY>XXEHUA.

+« Thxo, 6e30MacHO 1 NTMrMeHNYHO AnA AONYyCTUMOro
NPOU3BOACTBA Ha WenbMde 1 B 9KOOrMYeCKn
YA3BUMbIX 30Hax.

< O6bI4HO paccmaTpuBaeTCA HACOC BbICOKOM
NPOU3BOANTENBHOCTU — 06ecneYnBaeT NOBbIWEHHbIE
06bemMbl U1 06BOAHEHHOCTbL OT NOAAEPXaHUA AaBneHnA
1 npoueccosB A06bI4M BTOPUYHBIMW METOAAMMN.

« lNosBonAeT pasmeLlaTb NPOAYKLMIO CKBAXXUH AaXe
B npouecce bypeHuA 1 KanutanbHOro peMoOHTa B
HernocpeacTBEHHOW 6/IM30CTH.

B MwuHychl

< [onyckaeT NyLib MUHUMANbHbIA MPOLEHT BblHOCA
TBEpaon dasbl (necka).

< [NoporoctoAawme CINO gna nMkenpgaumm aBapui B
CKBaXXWMHE, NMOCKONbKY AJ1A PEBU3NM NPAKTUYECKMN BCEX
cucTem (Kpome Becbma cneumnnyecknx) Heobxoammo
nasnekatb HKT.

< lMoTepAa nobblum BO BpeMA NPOCTOA U3-3a aBapun B
CKBaXXUHe.

“ Hnskaa agantTmpyemocTb K HU3KUM obbemam. XoTA
HU3KOOOBEMHbIE 3Tarbl CYLWECTBYOT, 0CO6EHHO ANA
OpeHnpoBaHuA ra3oBbixX CKBaXkKnH. ObnagatoT 6onee
HU3KOMN 3(PPEKTUBHOCTLIO.

OBH v a1eKTpu4eCKuii norpy>KHou 06 beMHbIN
BuHTOBOM Hacoc (BMNOBH). Y 06beMHOro BUHTOBOTO
Hacoca (OBH) ecTb Bpalwatowmnca MeTanindecknm
pOTOP M 3MaCTUYHBIN PE3VMHOBLIN NNTOW CTaTOP.
Bpawatowminca ctatop o6pasyeT BHYTPEHHIO
NonocTb BUHTOBOM hOPMbI, ABUratoLLyIOCA BBEPX NO
Mepe noBopaymBaHMA potopa. Hacoc noaxoant anA
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about 4000 feet. The pump has only one moving part
downhole, with no valves to stick, clog or wear out. The
pump will not gas lock, but can be damaged if too much
gas enters the pump. The rubber stator can easily
handle sandy and abrasive formation fluids and the
pump is not plugged by paraffin, gypsum or scale.

With this system, the rotating rods will wear and also
wear the tubing. Use of spin-through rod guides
reduces rod on tubing wear. The rotating rods will
“wind” up on start and “unwind” on the shut-down.
Rotating rods must be sealed at the surface. Rod
driven PCP’s are commonly used with coal bed
methane wells, cold heavy oil production, sandy
production, and other more general applications.
They have good electrical efficiency.

To alleviate the problems with the conventional rotating
rod PCP systems, the ESPCP system is being made
available. This system has a downhole motor and does
not have rotating rods.

The problem of possible vibration (with the ESPPCP)
due to rotating the eccentric rotor with the motor shaft
is solved by using a flexible connection. There is a seal
section as in an ESP assembly to protect the underlying
motor from well-bore fluids and also to accommodate
thrust with the internal thrust bearing. Because the PCP
usually turns around 3-600 rpm and the ESP motor
turns around 3500 rpm under load, there must be a way
of reducing speed before the shaft connects to the PCP.

Methods in use from the various manufacturers

include using a gear box to reduce the 3500 rpm to
acceptable speeds or using higher pole motors with
lower synchronous speeds to allow the PCP to turn at
operational speeds. The motor is located on the bottom
of the assembly so fluids can pass the motor and
provide cooling as in the conventional ESP. Since the
ESPCP is not rod connected, it can be run into deviated
or horizontal wells. Some manufacturers refer to this
system as the PCSPS (Progressive Cavity Submersible
Pump System) or the ESPCP (Electrical Submersible
Progressive Cavity Pump).

Hl Advantages

“ The pumping system can be run into deviated and
horizontal wells.

“ The pump handles solids in production well but both
stator and rotor will wear with time

“ The pump handles viscous production well.

“ Several of the components are off the shelf ESP
components.

“ The production rates can be varied with use of a
variable speed controller (VSC).

There is one modification of this system whereby

the pump can be wire-lined out of the hole leaving
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B [JOBblHA

paboTbl ¢ TBEPOON ha30oM N BASKMMU XUAKOCTAMM,
MOCKOJbKY MPOXoAALIMe Yepes HacoC TBepAble
YacTuMLUbl MOTYT OTPaXkaTbCA O PE3UHOBLIN CTATOP,
HO He CO3JarT CTaTopPy UM POTOPY CKOSbKO-
HUBYOb 3HAYMTENBHOE UCTUPaHUe Unu n3Hoc. B
npowsnom OBH paboTanu oT BpawatoWmnXcaA WTaHr,
KOTOpblEe NPUBOAWIIMCE B AENCTBNE C MOBEPXHOCTH
rMApaBANYecKNM Nnbo SNeKTPUYECKMM OBUraTENEM.

Bnepeble BHegpeHHbIn B 1936 rogy, OBH obnapaet
NPOCTbIM UCMONTHEHWEM Y NMPOYHOW KOHCTPYKLMEN, a
€ro Hu3Kmne paboyre CKOpoCTM NO3BONAIOT HACOCY
ANVUTENBHO 3KCMTyaTUpOBaTbCA B CKBaXKMHAX, ecnum
OH He NnoaBepraeTcA XMMUYECKOMY BO3AENCTBUIO,
4Ype3MepHOMY U3HOCY, NMHO ycTaHaBNMBaeTCA Ha
rnybuHax 6onblue 4 000 cyToB. B ckBakmHe y Hacoca
BCEro oHa ABMWXXYLLAACA 4acTb, HET KanaHoB,
KOTOpbI€ MOTYT 3aKNnHMBaTbCA, 3abvBaTbcA Unn
nsHawmsatbcA. Hacoc He ob6pasyeT rasoBbIX NPO6OK,
OOHaKO €CNiM B HETO NonagaeT CANWKOM MHOrO rasa,
MOXET BbINTW U3 CTPOA. Pe3nHOBLIN cTaTop Nerko
paboTaeT nnacToBbiMu dhrtonaamu, coagepxammm
necok nnu abpasmebl, a Hacoc He 3abuBaeTcA
napacuHOM, rMncom Unm OKanmHom.

Mpn Takon cnucTeme N3HalMBAIOTCA Bpallalowmecs
wtaHrm u HKT. Wcnonb3oBaHue WnuHAaenbHbIX
LWITAHroBbIX CTAbUNM3aToOpoB cokpalwaeT

TpeHue wTaHrn 06 HKT. Bpalatowmeca wraHrn
«MNOAHMMAKTCA» Ha 3anycke N «onycKalTCcA» Ha
OTKNIoYeHUN. Ha ycTbe Bpalwalowmeca WTaHrm
[OMKHbI 6bITb 3arepMeTn3npoBaHbl. LLTaHroBble
OBH umeloT pacnpocTpaHeHne Ha MeTaHOBbIX
CKBaXKuMHax C yrofbHbIMK nnacTamu, B Aobblve
XONOAHOWN TAXEeNon HedTn, B 0T6Ope C NECKOM 1 B
Apyrux obwmx npmMmeHeHnax. OHM MMEIOT XOpoLUniA
3NEKTPUYECKUN Kna.

[nA ymeHblweHnAa npobnem ¢ TpaanuunoHHbIMK
ycTaHoBkamu OBH ¢ BpalyaiowmMmMmca wraHramm
BHeapAeTcA cuctema IAMOBH. Y aTon cuctembl ectb
3ab0MHbIA aBUraTesb U HET BpaLlaloLWNXCA LWTAHT.

Mpobnema Bo3moxkHon Bubpaumm (¢ AMNMOBH) oT
BpaLLeHNA SKCLEHTPUYECKOro poTopa C BasnioMm
ABUraTena pewaeTca ¢ NoMOoLbio rMbKoro
coeavHeHuns. 30ecb CTOUT TaKoW Xe NPOTEKTOop, Kak
Ha ycTaHoBke JLIH anA sawuTbl HAXoAALWErocA CHU3Y
ABUraTena oT CKBaXXMHHbIX (NONA0B, a TakXe AnA
pasMelLeHns AaBneHna Npu BHYTPEHHEM YMNOPHOM
nogwwunHuke. Mockonbky OBH 06bl4HO BpallaeTcA ¢
yacTtoTom okono 3 600 06/MuH., a YacToTa BpaLleHnA
asuratena OLH nog Harpyskon — okono 3 500 06/
MWH., JOMKHO 6bITb CPEACTBO YMEHbLUEHUA CKOPOCTH
BpalleHua ao npucoeanHeHuAa sana k OBH.

K meTogam, npuMeHAeMbIM pa3nMM4YHbIMU
npounssognTenAMn, OTHOCATCA: NCNOJIb30BaHNe
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the motor and the rest of the system behind. This
is desirable because the pump is likely to have the
shortest run life.

B Disadvantages

< The unit does not tolerate hot wells ( perhaps 250F
max depending on materials used) due to the softening
of the stator material.

% Gas must be separated to increase efficiency. It

will not gas lock but if ingesting large amounts of gas
continuously, or if pumped off, it will overheat and
damage will occur to the stator.

< If the unit pumps off the well, the stator will likely be
permanently damaged.

“ The system is somewhat depth limited. Best
operations perhaps above 4000-5000°’ although deeper
is possible.

“ The rubber stator can be attacked by light
hydrocarbons.

“ The gearbox (for an ESPCP) is another source of
failure if well-bore fluids or solids leak inside.

This pump is suited for deviated wells and can be run in
most locations of a horizontal wells.

B Hydraulic Pumping.

There are two kinds of hydraulic pumps currently on
the market; (1) positive displacement pumps and (2)
jet pumps. The positive displacement pump consists of
a reciprocating hydraulic engine directly coupled to a
pump piston or pump plunger. Power fluid (oil or water)
is directed down the tubing string to operate the engine.
The pump piston or plunger draws fluid from the well
bore through a standing valve. Exhausted power fluid and
production can be returned up a separate tubing string or
up the casing.

For the jet pump, high pressure power fluid is directed
down the tubing to the nozzle where the pressure
energy is converted to velocity head. The high velocity-
low pressure power fluid entrains the production fluid
in the throat of the pump. A diffuser then reduces

the velocity and increases the pressure to allow the
commingled fluids to flow to the surface.

Combining the power fluid and production is called

an Open Power Fluid system. If production and power
fluid are returned up separate tubing, then this is a
Parallel installation with gas vented through the casing
annulus to the surface. A Casing installation requires
the pump to handle the gas. Both types are used with
positive displacement pumps and with jet pumps. In
fact, most bottom hole assemblies can accommodate
interchangeability of jet pumps and positive
displacement pumps.

A Closed Power Fluid arrangement is where power
fluid is returned to the surface separately from the
production. Because the jet pump must commingle
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B [JOBbIHA

penykTopa Ana cHmwkeHua ¢ 3 500 06/mMyH. o
npuemsnemMbiX CKOPOCTeNn, MO UCNoNb30BaHue
ABvratenen ¢ 60/blWMM YUCITTOM MOSIKOCOB U MEHBLLMMMU
CVMHXPOHHbIMK o6opoTamu, 4Tobbl gasate OBH
paboTaTb Ha paboyen yacToTe BpalleHua. [suraTerb
pasmellaeTcA CHU3Y YCTaHOBKM TakMM 06pasom,
4yTO6bI (hrtoNABLI MO MPOXOAMTL ABUratesb u
obecne4ymBaTb oOxnaxaeHusa, Kak ¢ 06bl4HbIMK OLH.
Mockonbky GNOBH He coeanHeH Co WTaHramu, ero
MO>KHO 3KCMJTyaTMpoBaTh B HAKIOHHO-HAaMNPaBIEHHbIX
WM TOPM3OHTAalbHBIX CKBaXkKMHax. HekoTopbie
Npon3BOANTENM Ha3biBaloT Takyto cuctemy YOBIH
(YcTaHOBKa 06BEMHOIO BUHTOBOIO MOrPY>HOro
Hacoca) nnmn AMNOBH (3nekTpudecknii MOrpy>kHon
06BEMHbIN BUHTOBOW Hacoc).

B Nniwocobl

% HacocHyto cuctemy MOXHO CTaBUTb B HAKTOHHO-
HanpaB/IEHHbIX W TOPU3OHTAsIbHbIX CKBa>XUHaXx.

% Hacoc paboTtaeT ¢ TBepaon chason B fobbIBaroLLEN
CKBaXWHE, HO CO BPEMEHEM CTaTOP U POTOP
n3HawmBatoTCA.

% Hacoc paboTtaeT B BA3KON A06bIBaOLLEN CKBAXXUHE.
% HekoTopble cocTaBHbIE YacTu ABMAIOTCA
CTaHAapTHbIMU CEPUMNHBLIMU KOMNOHEeHTamu JLH.

% Pe>xmmbl 0T60pa MOXKHO BapbMpOBaTb C MOMOLLBIO
perynAatopa CKopocTu.

CywecTByeT 0gHa pa3HOBMAHOCTb AAHHON CUCTEMBI,
NPV KOTOPOW HAaCcOC MOXHO M3BJIEKATb U3 CKBa>KMHbI
C nomowym reon3nN4EeCKOro kaHaTa, OcTaBsAA

Tam ABuraTesib U OCTamnbHYIO YaCcTb CUCTEMbI.

OT0 uenecoobpasHo, Tak Kak caMblil KOPOTKUI
MEXPEMOHTHbIV nepuog 6yaeT, ckopee BCero, UMeHHO
y Hacoca.

B MuHychbl

% W3-3a MArkocTn maTepuana cratopa ycTaHoBKa
He BblAepXXMBaET B rOPAYNX CKBAXUHAX (HaBEPHO
250 F MakcMyM B 3aBUCMMOCTU OT UCMOMb3YEMbIX
mMaTepuanos).

< [OnA yBenuyeHunAa Kkna TpebyeTcA cenapauuna rasa.
[asoBbix NPo60OK 06pa3oBbIBATLCA HE ByAeT, OAHAKO
B Cryyae NOCTOAHHOIO NPOHUKHOBEHUA 60MNbLINX
06BEMOB rasa UM B criydae oTKaymBaHuA cuctema
6yneT neperpeBaTbCcA C NOBPEXAEHMEM cTaTopa.

“ Ecnn yctaHOBKa oTKadnBaeT (onopaxxHMBaeT)
CKBaXXVHY, CKOpee BCero, Npou3onaeT cepbe3Hoe
nospexaeHue craropa.

% B HEKOTOpPOW CTeneHn cuctema MMeeT OrpaHn4eHmnA
no rny6buHe. Jlydwe Bcero paboTa Ha rnybvHe Bbilwe
4 000 - 5 000 ¢pyTOB, XOTA B MPUHLMMNE BOSMOXHO 1
rnyéxe.

% Pe3unHOBbIN CTaTOp MOXET NoABepraTbCA
BO34ENCTBUIO NNErKUX YrNeBoaopOaOB.

% Ewe oaHMM UCTOYHMKOM OTKa3sa ABMAeTCA
penykTop (AMNOBH) B cny4ae 3axoga BHYTpb
CKBa>XUHHbIX (b1lOMA0B UNKU TBEPAbIX YacTul,.
[aHHbI Hacoc NOAXOAUT AJ1A HAKITOHHO-
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the power fluid and production, it cannot operate as a
Closed Power Fluid pump.

The most outstanding feature of hydraulic pumps is the
“free pump” When the pump is in need of repair, it is
circulated to the surface if the system is designed to
allow this technique

Surface facilities required are a power fluid cleaning
system and a pump. The most common cleaning
systems are settling tanks located at the tank battery.
Sometimes cyclone de-sanders are used in addition
to settling tanks. In the last few years “well site power
plants” have been very popular. These are separators
located at the well with cyclone de-sanders to remove
solids from the power fluid.

Surface pumps are most commonly triplex plunger
pumps to provide high pressure oil or water to send
down hole to actuate the pumps.

B Advantages

“ FREE PUMP - Being able to circulate the pump in
and out of the well is the most obvious and significant
feature of hydraulic pumps. It is especially attractive on
offshore platforms, remote locations, populated, and
agricultural areas.

“ Deep Wells - Positive displacement pumps are
capable of pumping depths to 17,000 feet, and deeper.
Working fluid levels for jet pumps are limited to around
9000 feet.

% Speed Control - By changing the power fluid rate to
pumps, production can be varied from 10 percent to 100
percent of pump capacity. The optimum speed range is
20 to 85 percent of rated speed.

% Crooked Wells - Deviated wells typically present no
problem to hydraulic “free pumps’ Jet pumps can even
be used in TFL installations.

% Sand Production - jet pumps, because they have no
moving parts, can handle sand and other solids with
hardened nozzle throats.

% Viscous Oils - Positive displacement pumps can
handle viscous oils very well. The power fluid can

be heated or it can have diluent added to further aid
getting the oil to the surface.

% Corrosion - Corrosion inhibitors can be injected into
the power fluid for corrosion control.

B Disadvantages

% Power Fluid Cleaning - Removing solids from the
power fluid is very important for positive displacement
pumps. Surface plunger pumps are also affected by
solids in the power fluid. Jet pumps, on the other hand,
are very tolerant of poor power fluid quality.

% Pump Life - Positive displacement pumps, on
average, have shorter life between repairs than Jet,
sucker rod and electric submersible pumps. Mostly, this
is a function of the quality of power fluid, but also, on



PRODUCTION M

HanpaBlieHHbIX CKBa>XUH N MOXeT pa6OTaTb B
60NbWNHCTBE NO3MUMIA B FTOPN30HTalIbHbIX CKBa>kMHax.

Okennyaraumsa ruaponpuBoAHbIMU HACOCaMM.

B HacToALllee BpemMA Ha pbiHKE UMEIOTCA ABa

BMAa rmaponpuBogHbIX HacocoB: (1) o6bemMHble
HacoCbl BbITECHAKOLWEro AeNCTBUA U (2) CTPYMHbIE
Hacocbl. O6BEMHbIN HACOC COCTOUT U3 MOPLLUHEBOTO
rmapoaBuraTensa, HeNoCPeaCcTBEHHO NPUCOEAUHEHHOTO
Oro K MOpLUHIO UK NAyHXepy Hacoca. Pabo4van
>XXNAKOCTb (Macno unu Boga) HanpaenAaeTcA BHM3 MO
KonoHHe HKT anAa yHKUMOHMpOBaHWA ABuUraTens.
MopweHb NNy NAyHXep Hacoca 0TKaynBatoT XMUOKOCTb
N3 CTBOMA CKBaXXMHbI Yepes BCcacbiBaOLWNA KnanaHx.
BbixogAwana paboyanA XXUAKOCTb 1 NPOAYKUMA MOTyT
BO3BpaLlaTbCA BBEPX MO OTAENbHON KONoHHe HKT nnn
BBEpPX No 06caaHON KONMOHHE.

Y CcTpynHOro Hacoca pabo4an >XMOKOCTb BbICOKOIO
hasneHuA HanpaenaeTcA BHu3 no HKT go conna,

rae aHeprvAa agaBneHuA npeobpasyeTcA B CKOPOCTHOWM
Hanop. Pa6o4yanA >XnAKOCTb BbICOKOW CKOPOCTU U
HU3KOro AaBJfieHMA 3axBaTbiBaeT A06biBaeMbli onons
B ropnoBuHy Hacoca. Ouddhysop 3atem ymeHbLliaeT
CKOPOCTb 1 YBENNYMBAET AaBreHune, YToObl
CcMeLlaHHble honabl WK Ha NOBEPXHOCTb.

CwmelmBaHue paboyen XXnagkocTy u NpoayKumm
Ha3blBaeTCA CUCTEMOM pabo4en XXNAKOCTH C
pPasoMKHYTOW umMpKynAaumen. Ecnn npogykuma

1 paboyasn XXMAKOCTb BO3BpaLLaOTCA BBEPX

no otaensHboiM HKT, Torga ato MNMapannensHan
YyCTaHOBKA, rae ra3 0TBOAUTCA Ha NOBEPXHOCTb Yepes
3aTpybHoe npocTpaHcTBO. OT 3aTpybHON YCTaHOBKM
Heobxoammo, 4Tobbl Hacoc paboTan ¢ rasoMm. Oba
Tna NPMMEHATCA U C 06BEMHBIMU HAcCOCaMmn 1 co
CTPYMHbIMM Hacocamun. PakTnyeckun 60MbLUNHCTBO
3a60MHbIX KOMMOHOBOK MOTYT npegycmaTpuBathb
B3aNMO3aMEHAEMOCTb CTPYMHbIX HACOCOB N O6EMHbIX
HacoCoB.

Cuctemon paboyen XXnakocTu ¢ 3aMKHYTON
LUMPKynAuMen Ha3biBaeTcA Takad, Npu KOTOPOK
paboyan XXnOAKoCTb BO3BpaLLaeTCA Ha MOBEPXHOCTb
OTAENbHO OT NPoAyKUMK. [MOCKOMbKY CTPYMHbIN
Hacoc AOMXeH nepemMeLlunsatb pabo4yto XUAKOCTb
1 NPOOYKUMIO, OH HE MOXET PYHKLMOHNPOBATD B
KayecTBe rmgpoHacoca ¢ 3aMKHYTOW LMPKYNALNEN.

Haunbonee oTNnN4MTENBHOW YEPTOW rMAPONPUBOLHBIX
HacocoB ABNAETCA ero «CBO6OAHO NoABelleHHoe»
cocTofAHue. Korga Hacoc noaneXuT pemMoHTY, OH
LUMPKYNUMPYETCA Ha NOBEPXHOCTb, ECNN KOHCTPYKLUMA
CMCTEeMbI MpedycmMaTpmBaeT TaKyt TEXHOMNOMMIO.

Heobxoaumoe HazemHoe obopynoBaHue — cuctema
O4YUCTKU pabodert XXnaKocTu n Hacoc. CambiMm
pacrnpocTpaHeHHbIMU CUCTEMAMU OHNCTKM

average, they are pumping from greater depths which is
also a factor. Jet pumps, on the other hand, have very
long pump life between repairs without solids or if not
being subjected to cavitation.

+ Bottom Hole Pressure - Positive displacement pumps
can pump to practically zero bottom hole pressure in the
absence of gas interference and other problems (lowest
bottom hole pressure is a gas gradient to the pump
depth plus casing pressure) Jet pumps cannot pump to
low intake pressures. Jet pumps require approximately
1000 PSI bottom hole pressure when set at 10,000 feet
and approximately 500 PSI when set at 5000 feet.

« Skilled Personnel - Positive displacement pumps
generally require more highly skilled operating
personnel, or perhaps, just more attention, than jet
pumps and other types of artificial lift. There are

two reasons for this. First, pump speed needs to be
monitored daily and not allowed to become excessive.
Secondly, power fluid cleaning systems need frequent
checking to keep them operating at their optimum
effectiveness.

To answer the question, “when do you use jet pumps
and when do you use positive displacement pumps?’,
the answer is: Use jet pumps if the flowing (pumping)
bottom hole pressure is adequate.

Gas Lift. Gas lift dominates the USA Gulf Coast and

is used extensively, especially offshore, around the
world. Most of these wells are on constant flow gas lift.
Thus, the questions: “Why choose gas lift?, “Where
do you use constant flow?” and “When do you select
intermittent lift?”

Constant Flow Gas Lift. Continuous gas lift is
recommended for high volume and high static bottom
hole pressure wells where major pumping problems
will occur. It is an excellent application for offshore
classic-type formations with water drive, or waterflood
reservoirs with good productivity indices (PI’s) and
high gas-oil ratios (GOR’s). When high pressure gas
is available without compression or where gas is low
in cost, gas lift is especially attractive. Constant flow
gas lift supplements the produced gas with additional
gas injection to lower the intake pressure to the tubing,
including lowering formation pressure.

A reliable, adequate supply of good quality high-
pressure lift gas is mandatory. This supply is necessary
throughout the producing life if gas lift is to be
effectively maintained. In many fields the produced gas
declines as water cut increases, requiring some make-
up source of gas. The gas lift pressure is typically fixed
during the initial phase of the facility design and as the
water cut increases the depth of lift is decreased not
allowing the gas lift system to obtain the desired flowing
bottom hole pressure. Also the wells will produce
erratically or not at all when the lift supply stops or
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ABNAIOTCA OTCTOMHUKN U3 pe3epByapHOro napka
npomeicna. ViHoraa OOnonMHUTENbHO K OTCTOMHUKAM
NCMONb3YyTCA M’MAPOLMKIIOHHbIE NMECKOOTAENUTENN.
B nocnegHune HeCKonbko BecbMa NonynApPHbIMY
CTAHOBATCA «CUJTOBbIE YCTAHOBKM Ha CKBaXkUHE».
OT0 NocTaBneHHble HAa CKBaXVMHe cenapaTtopbl

C MMAPOLMNKITOHHBIMU NECKOOTAENNTENAMMN ANA
yaaneHua n3 paboyen XnakocTn TBepAbIX YacTu.

HazeMHble Hacochl — 3TO Yalle Bcero
TPexnnyH>XXepHble HAacoChl ANA noga4Yn mMmacna unu
BOAbl BbICOKOrO AaBfieHVA AnA nepeaayn BHU3 B
CKBaXkUHY, YTOGbI 3aNyCTUTb HACOChI.

B Mnwocbl

< CBOBOAHO NOABELIEHHLIA HACOC

— Hanbonee otnuyuTenbHaa n 3Ha4uman
XapaKTepucTuka ruaporpmBogHbIX HACOCOB
3akn4aeTcA B TOM, YTO MX MOXHO CrycKaTb U
NoAHMMAaTb N3 CKBaXUHbI MOCPEACTBOM LMPKYNALUN.
Oc06eHHO 3TO UHTEPECHO ANA MOPCKMX nnatdopma,
yOaneHHbIX KYCTOB, 3aCefleHHbIX U arpapHbIX
TEPPUTOPUNA.

% [ny6okune ckBa>knHbl — O6bEMHbIE HACOCHI MOTYT
Ka4daTb ¢ rny6uH no 17 000 cyToB n 6onblie. YpoBHU
pabouein cpeabl ANA CTPYMHbIX HACOCOB OrPaHUYEHbI
nopagka 9 000 dyTamu.

“ PerynupoBaHue o6opoToB — MeHAA nogayy
paboyen XXnaKoCcTu Ha HacoCbl, MPOU3BOANTENBHOCTb
MOXHO Bapbuposartb oT 10 oo 100 npoueHTOoB OT
pacxoga Hacoca. ONnTUMarbHbIA AnanasoH CKOPOCTH

— 0T 20 8o 85 NnpoueHToB OT HOMWHaNbHLIX 060POTOB.

% VIcKpuBneHHble CKBaXXUHbl — HaknoHHO-
HanpaB/ieHHble CKBa>KMHbl 06bIYHO HE co3aaloT
TPyaHOCTEN AnA «CBO6OAHO NOABELIEHHbIX»
rMApPONpPUBOAHLIX HACOCOB. CTPYMHbIE HACOCHI MOXHO
ncnonb3oBaTh Aaxe B ycTaHoBKax TFL.

% BbIHOC necka — CTpyWHble Hacochkl, bnarogapsa
OTCYTCTBUIO ABWMXYLUMXCA YacTen, MoryT paboTaTb
C NECKOM U ApyruMy TBepAbiMU HYacTMLuamu Yyepes
3aKaJieHHble ropfIoBUHbI cConerl.

% Baskne He(pTn — O6bEMHBIE ABUraTenm O4eHb
xopowo paboTatoT C BA3KMMM HEPTENPOAYKTaMM.
Pabo4yto XXnMOKOCTb MOXXHO MoAorpesaTtb

nnbo f0obaBnATb B HEE Pa3XMXKXUTENb, YTOOLI
cnocob6cTBOBaTb TPAHCMOPTMPOBKE HehTH Ha
NMOBEPXHOCTb.

% Koppoaua — [Ina 60pbbbl ¢ KOppo3nen B paboyyto

XKNOKOCTb MOXXHO BMNPbICKMBATb I/IHFI/I6I/ITOp KOppo3unun.

B MuHychbl

% Ounctka paboden xumakoct — nA 06beMHbIX
ABUraTenen o4eHb BaXKHO yaanaTb 13 paboyen
XXMAKOCTU TBEpAble YacTuubl. TBepable YacTulpbl B
paboyen XXnaKocTy BANAIOT 1 Ha paboTy Ha3eMHbIX
NAyH>XepHbIX HacocoB. CTpyWHble HACOChI, C APYroM
CTOPOHbI, BECbMA «JI0AJIbHbI» K M/IOXOMY KayecTBy
paboyen XnaKocTu.
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pressure fluctuates radically. Poor quality gas will impair
or even stop production. Thus, the basic requirement for
gas must be met or other artificial lift means should be
installed.

Continuous gas lift imposes a relatively high back
pressure on the reservoir compared to pumping
methods and is at best only moderately efficient. The
high back pressure may significantly reduce production
as compared with some pumping methods and poor
efficiency significantly increases both capital cost and
operating energy costs.

B Advantages

% Gas lift systems can produce solids as the solids do
not pass through the valves. Many wells make some
sand even if sand control is installed. The produced
sand causes almost no mechanical problem to the gas
lift valve; whereas, only a little sand causes problems
with pumps.

% Deviated or crooked holes can be gas lifted with
only minor lift problems. This is especially important for
offshore platform wells which are directionally drilled.
However gaslift primarily reduces the gravity component
so it would not help to inject gas into the horizontal
section of a horizontal well (for instance) unless to
reduce instability.

% Gas lift permits the use of wireline equipment and
such equipment is easily and economically serviced.
This feature allows for routine repairs through the
tubing.

% The normal design leaves the tubing full opening.
This permits use of BHP surveys, sand sounding and
bailing, production logging, cutting, paraffin, etc.

% High formation GOR’s are helpful rather than being a
hindrance. Thus in gas lift, less injection gas is required;
whereas, in all pumping methods, pumped gas reduces
efficiency drastically.

% Gas lift is flexible. A wide range of volumes and lift
depths can be achieved with essentially the same well
equipment. In some cases, switching to annular flow
can also be easily accomplished to handle exceedingly
high volumes.

% A central gas lift system can be easily used

to service many wells or operate an entire field.
Centralization usually lowers total capital cost and
permits easier well control and testing.

% Gas lift presents a low profile.

“ Well subsurface equipment is relatively inexpensive
and repair and maintenance of this subsurface
equipment is normally low. The equipment is easily
pulled and repaired or replaced. Also major well
workovers occur infrequently.

% Installation of gas lift is compatible with subsurface
safety valves and other surface equipment. Use of the
surface controlled subsurface safety valve with the 1/4-
inch control line allows easy shut-in of the well.

% Gas lift will tolerate some bad design assumptions
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% Pecypc HacocoB — CpefHuin CpoK Cry>obl
06BEMHBIX HACOCOB A0 PEMOHTA KOpOYe, YeM Y
CTPYWHbIX, LUTAHIOBbIX MMYOUHHBIX N 3IEKTPUYECKMX
MOrpy>HbIX HACOCOB. B OCHOBHOM 3TO nokasaTerb
KadecTBe paboyen XXNOKOCTH, a TakXXe, Kak NpaBuno,
urpaeT porib TO, YTO OHM KayatoT ¢ bonbLien rmybuHsbl,
Yyem ocTtanbHble. CTpynHbIE HACOChl, C APYron
CTOPOHbI, UMEIOT OYEHb HOMBLION CPOK CIYy>KObl A0
peMoHTa 6e3 TBepAblX YacTuu, NMbo 6e3 KaBuTauuu.
% 3abonHoe gaBneHne - O6bEMHbIE HACOChI MOTYT
Ka4vaTb NPaKTUYECKU NPpU HyNIEBOM 3ab60NHOM
AaBMEeHNN NPU OTCYTCTBMM ra3oBbIX NMOMEX U MHbIX
OCNOXXHEHUN (MMHUMarbHOe 3aboHOe oaBreHne

= rpagmeHT rasa no rnybuHe Hacoca + oaBneHune B
3atpybHom npocTpaHcTBe). CTpynHbIE HACOCHI HE
MOTyT KayaTb MpU HU3KOM [ABIEHUN Ha NMpUeme.
CTtpyviHbiM Hacocam TpebyeTcA 3aboriHoe AaBneHne
npnbnuantensHo 1 000 PSI npu ycTaHoBKe Ha rnybuHe
10 000 cpyToB m npubnmamtensHo 500 PSI Ha rnybuHe
5 000 dpyTOB.

< KBanuduumpoBaHHbIN nepcoHan — [Ana
obcny>XneaHnA 06bEMHbBIX HACOCOB 0ObLIYHO TpebyeTcA
BbICOKOKBaNMMPULMPOBAHHLIN pabo4vnii nepcoHan, unm,
BO3MOXHO, 60nblUe BHUMAHUA, YEM ANA CTPYMAHbIX
HaCOCOB U APYrMX BUAOB MEXaHM3MPOBAHHOW [OObIYN.
Tomy ecTb ABe npuydnHbl. Bo-nepBbix, HE06X0AMMO
NoBCEeAHEBHO CeanTb 3a obopoTamy Hacoca un He
ponyckatb 3abpoca. Bo-BTOpbIX, CUCTEMY OYUCTKMU
paboyein XXNAKOCTU HY>KHO YacTO NPOBEPATb,

4yTObbI NOAAEpPXKMBaTL ee B pabodemM COCTOAHNN C
onTUManbHOM 3pHPEKTUBHOCTIO.

OTBeT Ha BOMpOC: «Korga NPUMEHATb CTPYNHbIE
Hacocbl, a Korga o6beMHble?», cnepyowmii: Mpu
HanMunM 4OCTaTOYHOrO MMAPOANHAMUYECKOIO
3ab60NHOro AaBfieHNA UCMONb3YUTE CTPYNHbIE HACOCHI.

[aznupTHasa skcrnnyarauyms. [a3nTHLIN cnocob
akcnnyaTaumm ABNAETCA OCHOBHBIM B MeKCUKaHCKOM
3anuee CLUA u WMpoKo npumeHAeTcA B MUpe,
0CO6€eHHO Ha wenbde. B 0CHOBHOM 3TN CKBaXKWHbI
9KCMAYaTMPYIOTCA HENPEPbIBHBLIM ra3nngTHLIM
crnocoboM. Takum o6pasom, BONpocCkl 34eCb
cneaytowume: «Moyemy BblbupaeTca rasnudT?», «Ipe
NCNonb30BaTb NOCTOAHHLIN (HENPEPbLIBHLIN) pacxoq»,
«Korga BblbupaTtb Nepuoanyeckun raanngt?».

HenpepsiBHadA ra3nnTHas saKcryaraums.
HenpepbiBHbIA rasnudT (C NOCTOAHHBLIM PACcX0A0M)
pekomMeHayeTCcA ANnA CKBaXXWH ¢ 6onbwmnmmn obbemamm
N BbICOKMMM CTaTUYECKNUMU 3260MHBIMWN AaBMEHNAMM,
rae BO3HUKAIOT Cepbe3Hble Npobnembl C HACOCHbIMU
cuctemamu. OH OT/INYHO NOAXOAMT ANA NOABOAHbIX
NaacToB KNaccu4eckoro Tuna ¢ BOAOHaNoOpPHbIM
PEXUMOM NN OO6BOAHEHHbLIX KOSINIEKTOPOB C
XOPOLUMMU KO3hbmUmeHTamMn NpoayKTUBHOCTH U
BbICOKMMU ra3oBbiMu hakTopamu. [a3nudTHbIA
crnocob ocobeHHO nNpuBnekKaTteneH, Koraa ecTb ras
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and still work. This is fortunate since the spacing design
must usually be made before the well is completed and
tested.

“ Down tubing deployed coiled tubing gas lift systems
have been used to lift wells when GLR is high and the
packed off annulus cannot be used for gas injection.

Bl Disadvantages

“ Relatively high back pressure may seriously restrict
production in continuous gas lift. This problem becomes
more significant with increasing depths and declining
static BHP’s. Thus a 10,000 foot well with a static BHP
of 1000 psi and a Pl of 1.0 would be difficult to lift with
the standard constant flow gas lift system. However,
there are some special schemes that could be tried for
such wells. For this reason it is recognized that a well
functioning pump system may create less producing
BHP on the formation.

< Gas lift is relatively inefficient, often resulting in large
capital investments and high energy operating costs.
The cost of compressors is relatively high and are often
long delivery items. Costs in 1981 were found to be
$500 to $600 per horsepower for typical land locations
and $1000 to $1400 per horsepower for offshore
packages. The compressor presents space and weight
design problems when used on offshore platforms.
Also, the cost of the distribution systems onshore may
be significant. Increased gas usage also may increase
the size of flow line and separators needed.

+ Adequate gas supply is needed throughout life of
project. If the field runs out of gas or if gas becomes
too expensive, one may have to switch to another lift
method. In addition, there must be enough gas for easy
start-ups.

“ Increasing water cut increases the flowing bottom
hole pressure with a fixed gas lift pressure. At some
water cut, another form of lift, such as ESP’s, should
be evaluated to increase production be reducing the
flowing bottom hole pressure, especially if the produced
gas is low.

% Operation and maintenance of compressors can

be expensive. Skilled operators and good compressor
mechanics are required for successful and reliable
operation.

« There is increased difficulty when lifting low gravity
(less than 15° API) crude due to greater friction. The
cooling effect of gas expansion further aggravates this
problem. Also the cooling effect will compound any
paraffin problem.

“ Low fluid volumes in conjunction with high water
cuts (less than 200 BPD in 2-3/8” OD tubing) become
less efficient to lift and frequently severe heading is
experienced.

% Good data are required to make a good design as
with all AL systems.

+ Cost to remove a packer can often be high and limit
changing to other lift systems. Changes from gas lift to
another system offshore is seldom done due to cost.
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BbICOKOrO AaBfieHnA 6e3 KOMNPUMUPOBaHWA, UK
rae ras gewesBo CTOUT. HenpepblBHbIV rasnudpT
npunaraeT K AobbiBaeMoMy rady OOMNOSHUTENbHOE
ra3oBoe BO3OENCTBME C LENbI0 CHUXKEHWA AaB/eHnA
BcacbiBaHuAa 0o HKT, Bkntoyaa noHn>xXeHne
NaacToBOro AABIEHUA.

ObAsaTenbHOE yCnoBme — HaaeXHaA n goctaTtodHas
nogada TPaHCMOPTMPYIOLWErO ra3a XopoLlero KayecTea
1 BbICOKOrO AaBrieHusA. Takaa nogada Heobxoamma

B TEYEHME BCEro Nepuoa aKcnayaTauumn, ecnv Haao
3hheKTMBHO NoaaepXuBaTb cuctemy rasnudgra. Ha
MHOIMX MECTOPOXAeHUAX HabnoaaeTca UCTOLEHNE
[06bIBaeMoro rasa ¢ yBenuyeHnem 06BoAHEHHOCTH,
NnoaToMy TpebyeTcA CBEXWUN UCTOYHUK rasa.
[aesneHue raznudta 06bI4HO AEPXXUTCA NOCTOAHHBIM
Ha HayanbHOM 3Tane npoekTa obyCcTponCTBa, a no
Mepe yBenuyeHnA cteneHn o6BogHEHHOCTM rMybuHa
nudpTa yMeHbluaeTcA, He AaBaA cucTeme rasnudra
[OCTUraTh Xenaemoro ruapoaMHamMmmnyeckKoro
3aboriHoro gasneHnA. Kpome Toro, CKBa>kuHbl

6yayT paboTatb HECTAbUNBHO UM NepecTaHyT
paboTaTb COBCEM, KOraa Npon3onaeT npekpalleHue
nogayv nudTa UNn peskoe U3MeHeHWe AaBfIeHUA.
lMnoxoe ka4yecTBO rasa CNOCOBHO YXyaAWNTb UK
COBCEM OCTaHOBUTb A06bIYy. Taknm 06pa3oM, Hago
YOOBMETBOPATb OCHOBHbIE MOTPEBHOCTU MO rasy,
Uy CTaBUTb ApYyrue cCUCTeMbl MEXaHU3UPOBAHHON
sKcnnyaraumm.

HenpepbIBHbIN ra3nuT co3naeT OTHOCUTESIBHO
BbICOKOE NPOTUBOAABIIEHME HA NNACT B CPaBHEHUN

C HaCOCHbIMM TEXHONOIMAMU, N NMOKa3biBaeT B
nydwem cny4vae cpenHio apeKTUBHOCTL. Bbicokoe
NPOTUBOAABIIEHNE MOXET CUJIbHO CHU3UTb YPOBEHb
[06bl4n B CPaBHEHUN C HEKOTOPbLIMU HACOCHBLIMU
cucTemMamu, a HU3KUA Kng 3Ha4YnTeNbHO yBenuunsaeT
KanuTasnbHble 3aTpaTbl N 3KCMyaTaunoHHbIe
3HeprosaTparhl.

B Mnocbl

% las3nnTHbIE CUCTEMBI MOTYT BbIHOCUTb TBEPAYIO
dhasy, Tak Kak OHa He JO/KHa NPOoXoauTb Yepes
knanaHbl. MHOrme cKBa>kvHbl NPOU3BOAAT MECOK,
[axKe ecnv CTOMT necyaHbii punbTp. BeiHOCUMBIN
NecoK NPakTMYecKn He Cco34aeT MEXaHNYECKMNX
npobnem AnA ra3nnTHOro KnanaHa, B To BpeMsA
Kak Ha Hacocax CkasblBaeTcA Aaxke HeborbLioe
KOIM4YEeCTBO Mecka.

% HaknoHHO-HanpaBneHHbIE NN UCKPUBIIEHHbIE
CKBa>XMHbl MOXHO 3KCMNyaTMpoBaTb Ha rasnugTe ¢
MUHMMAasIbHbIM NpobnemMamu nogbema. ATo 0COH6EHHO
Ba>XHO A1A MOPCKMX CKBaXXWUH, NPOBYpPEeHHbIX
HaK/OHHO-HanpaseHHbIM cnocobom. OgHako
rasnudT npexkae Yyem yobmupaeTt rpaBUTaLNOHHYIO
COCTaB/AOLYI0, MO3TOMY OH He cnocobCcTByeT
3aKadke rasa B ropu3oHTasbHbIA y4acTOK
FOPU3OHTANbHOW CKBaXXUHbI (HanpumMep), ecnm He
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Intermittent Gas Lift. Intermittent gas lift method is
generally used on wells that produce low volumes

of fluid (~<200 bpd). Wells where intermittent lift is
recommended normally have the characteristic of

(1) high PIl and low bottom hole pressure (BHP ) or
(2) low PI with high BHP. Its use stems from known
major pumping problems or where continuous gas lift
is already installed or low cost high pressure gas is
available.

If an adequate, good quality, low cost gas supply is
available and plans are to lift a relatively shallow, high
GOR, low PI or low BHP well with a bad dog-leg that
produces some sand, then intermittent gas lift would be
an excellent choice. Intermittent gas lift has many of the
same advantages/disadvantages as constant flow gas
lift, and the major factors to be considered are similar.
Only the differences will be highlighted in the ensuing
discussion.

B Advantages

“ Intermittent gas lift has a significantly lower
producing BHP than the constant flow methods.

% It has the ability to handle low volumes of fluid with
relatively low production BHP’s.

% Use of a plunger can increase efficiency by reducing
liquid fallback and reduce gas use.

B Disadvantages

% Intermittent gas lift is limited to low volume wells.
For example an 8,000 foot well with 2” nominal
tubing can seldom be produced at rates of over 200
BPD with an average producing pressure much below
250 psig. Smaller sizes of tubing have even a lower
maximum rate.

% The average producing pressure of a conventional
intermittent lift system is still relatively high when
compared to rod pumping. However, the producing
BHP can be reduced by use of chambers. Chambers
are particularly suited to high PI, low BHP wells.

% The output to input horsepower efficiency is

low. More gas is used per barrel of produced fluid
than with constant flow gas lift. Also the slippage
increases with depth and water cut making the lift
system even more inefficient. However, slippage can
be reduced by use of plungers. In general if the cycle
time allows time for the plunger to fall, then plunger
should be used with intermittent lift if not solids are
present.

% The fluctuation in rate and BHP can be detrimental
to wells with sand control. The produced sand may
plug the tubing or standing valve. Also surface
fluctuations cause gas and fluid handling problems.
“ Intermittent gas lift requires frequent adjustments.
The lease operator must alter the injection rate and
time period routinely to increase the production and
keep the lift gas requirement relatively low.
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YMEHbLUUTb HEYCTONYMBOCTb.

% lasnudT No3BONAET UCMOMb30BaTb KaHaTHOEe
obopygoBaHue 1 NpmMbopsbl, KOTopble YA06HbI U
9KOHOMWYHbI B 06paLleHun n obcnyxmsaHnn. Takas
XapaKTepucTrKa no3BosiAeT Npou3BOANTb TEKYLUNIA
pPeMOHT Yepe3 HKT.

% [Npu cTaHOapTHOM KOHCTPYKUUM TpybHOE ocTaeTcA
NOSTHOCTBIO OTKPbITbIM. OTO NO3BOMAET BbINOMHATH
3amepbl 3260MHOTO AaBfieHWA, 30HAUPOBaHME Necka,
O4NCTKY >xenoHKou, MK, ncnonb3oBartb pesky,
napadouvH un np.

% BbICOKMe nnacToBble ra3oBble hakKTopbl CKOpee
cny>aT B NOMOLLb, YEM ABMAOTCA MOMEXOW. Taknm
obpasowm, npu rasannTHON cncteme TpebyeTcA
MEHbLLE WHXXEKLUMOHHOIO rasa, B TO BpeMA Kak

Npv BCEX HACOCHbIX TEXHOMOIMAX HarHeTaembli ras
3HAYMTENbHO CHWXAET Kna.

% l[asnudpTHaA cuctema oTnmyaeTcA rmbKOCTbIO.
Wmesn, no cyTn, oonHakoBoe CKBa>KMHHOE
obopynoBaHue, MOXHO 40OMBATBLCA LLMPOKOrO
AnanasoHa 06bemMoB 1 My6buH nogbema. B HekoTopbix
cnyyasax, 4Tobbl CAPaBUTLCA C O4EHb BLICOKUMMU
ob6bemMamn, MOXHO NEerko NepenTn Ha KONbLEeBOW
peXxkum noToka.

“ [nA obcny>xXuBaHnA 60NbLIOro KonuyecTsa
CKBa>XVH UMK 9KcrnyaTaumMm BCero MecTopoXAeHUA
MO>XHO JTIEerko MCMNonb3oBaTh LeHTpann3oBaHHyo
rasnudTHyto cuctemy. LieHTpanusauma obbl4HO
cokpallaeT oblme KanuTasnbHble 3aTpaTbl U
obneryaet ynpasneHue U uccnefoBaHne CKBaXKuH.

% lasnndT npeactaBnAeT HU3KUIA NPOUIb.

% BHyTpuCKBaxXuHHoe obopynoBaHne OTHOCUTESbHO
Hefoporoe, 06bI4YHO He TpebytoLee 60nbLINX
06BHEMOB PEMOHTA N TEXHNYECKOro 06CnyXMBaHuA.
O6opynoBaHne MOXHO NIErko NOAHNUMATb U3 CKBaXXWHbI
ANnA pemoHTa unu 3ameHbl. CepbesHble KanuTanbHble
PEMOHTbI CKBaXXWH TPebyloTcA He YacTo.

% [asnugpTHaA yctaHOBKa COBMECTUMA C
BHYTPUCKBaXXMHHbIMW KnanaHamu-oTceKkaTenAamm

1 HaseMHbIM obopyaoBaHuem. Vicnonb3oBaHue
ynpaBfAeMoro ¢ NOBEPXHOCTU BHYTPUCKBa>KMHHOTO
KnanaHa-oTcekaTenA ¢ NMHMen ynpasneHna B Y
AOloriMa No3BONAET JIErko NPOU3BOANTL 3aKpbITNE
CKBaXWHbI.

< [asnuaT 6yneT paboTaTh Aaxe Npu HEKOTOPLIX
KOHCTPYKLUMOHHbIX U MPOEKTHbIX HegoyeTax. OTo
6onbluan yaaya, NOCKOMbKY pacyeT YyCTaHOBKU 06bIYHO
OOIMKeH NPON3BOANTLCA A0 OCBOEHUA U UCTbITaHNUA
CKBaXXMHbI

% KonbLueBble rasnMdTHbIE CUCTEMbI HA KO-
TIOOMHre NPUMEHAKTCA ANA IKCnyaTaumm CKBaXuH
NpY BbICOKOM ra3oXunaKoCTHOM chaKTope, 1 koraa
3aKyrnopeHHoe 3aTpybHoe NPOCTPaAHCTBO HeNb3A
ucnonb3oBaTb A1A 3aKayky rasa.

Bl MuHycbl

<+ OTHOCUTENbHO BbICOKOE NPOTMBOLABIIEHNE
Ha NnacT MOXET CU/TbHO OrPaHUYNTbL AOObLIBHbIE
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Plunger Lift. Plunger lift is usually used to lift small
amounts of liquid up the tubing while a gas well

can produce up the casing. The most common is
conventional plunger lift. Once the plunger is on the
bottom of the well on a bumper spring, the well is shut
in and pressure is building in the annulus of the casing/
tubing. The surface production valve is open to low
pressure and the plunger rises with an amount of liquid
above it, preventing liquid fallback for the most part.

The plunger and liquid arrive at the surface and the
liquid is produced. The plunger is held by production

at the surface. When the gas rate drops, liquids
accumulate in the tubing and the well is shut in and the
plunger falls. The plunger hits bottom and the cycle is
repeated. If the well has perhaps 400 scf/bbl-1000’ and
the operating casing pressure can build to 1 %2 times
the line pressure, a liquid loaded gas well may produce
with plunger lift3.

B Advantages

% If criteria above satisfied, then no outside

energy needed.

“ Low initial cost

“ New controllers automatically adjust cycle to make
plunger lift easier to operate.

B Disadvantages

« Will not tolerate too much solids production
without sticking.

% Above 30 degrees inclination, falling problems may
OCCuUr.

< Difficult to determine when it hits bottom (Use
Echometer tracking system or other methods to
trouble shoot)

“ May not bring well completely to depletion.

% Limited to few bpd liquid for most low pressure gas
well that are liquid loaded.

% Operator skill should be high to properly operate
plunger lift.

Bl Selection by Advantages and Disadvantages
Tables 1 and 2 after Brown (cited in Ref 1) do provide
a useful summary of the various advantages and
disadvantages of the various lift systems described
briefly in the proceeding sections. The correct selection
of artificial lift systems have been and can be made

by using tables similar to those generated by Clegg,
Bucaram & Hein (cited in Ref 1) or the Tables 1 & 2
repeated here from Brown.

Selection by Expert Programs

These programs include rules and logic so they will
branch to select the best system of lift as a function of
user input of well and operating conditions. References
4-6 are publications dealing with expert systems for the
selection of artificial lift systems.



.
THE CIS OIL & GAS SUMMIT

RUSSIA, UKRAINE, THE CASPIAN & CENTRAL ASIA

SPONSORED BY

PROBNEROLoBesS TETHYS WHITE & CASE
Wood I - -
Mackenzie " Macnaso aurcon.. S SN KA

KEY SPEAKERS

Yves Louis Darricarrere Mr Marco Alvera Boris Zilbermints
President E & P Senior Vice President Vice President, Regional Director
TOTAL ENI SPA LUKOIL OVERSEAS

Martinus Brandal Bengt Lie Hansen
CEO President

AKER KVAERNER STATOIL HYDRO, Russia

Guy Hollingsworth
Managing Director Eurasia
CHEVRON INTERNATIONAL

Sergei Bogdanchikov Viadimir Razdukhov Leonid Dyachenko
President President Director and Chief Executive Officer

ROSNEFT CASPIAN PIPELINE URALS ENERGY
CONSORTIUM

For further information contact: Evnika Polovinkina
The EXCHANGE Ltd tel: +44 (0) 20 7067 1800 fax: +44 (0) 20 7430 9513
|f Email: e.polovinkina@theenergyexchange.co.uk
www.theenergyexchange.co.uk




B [JOBblHA

Table 1: Relative Advantages of Artificial Lift Systems (After K. E. Brown, JPT, Oct, 1982)

Rod Pumping | Hydraulic Electric Gas Lift Hydraulic Plunger Lift Progressive
g g
Piston Pumping | Submersible Jet Pump i

Relatively simple Not so depth limited-  Can lift extremely Can handle large Retrievable without Retrievable without Some types are
system design can lift large volumes high volumes, 20,000  volume of solids with pulling tubing. pulling tubing. retrievable with rods
from great depths B/D (19078 m 3/d), in  minor problems.
Units easily changed shallow wells with large Has no moving parts.  Very inexpensive Moderate Cost
to other wells with 500 B/D (79.49 m 3/d) casing. Handles large installation.
minimum cost from 15,000 ft. (4572 volume in high-Pl No problems in Low Profile
m) have been installed ~ Currently lifting + wells (continuous lift).  deviated or crooked Automatically keeps
Efficient, simple and to 18,000 ft. 120,000 B/D (19068 m 50,000 B/D (7949.37  holes. tubing clean of paraffin, Can use downhole
easy for field people to  (5486.4 m) 3/d) from water supply m 3/d). scale. electric motors that
operate. wells in Middle East Unobtrusive in urban handle sand and
Crooked holes present  with 600-hp (448-kW)  Fairly flexible- locations. Applicable for high gas  viscous fluid well
Applicable to slim minimal problems. units; 720-hp (637- convertible from oil ratio wells.
holes and multiple kW) available, 1,000-  continuous to Applicable offshore. High electrical
completions. Unobtrusive in urban hp (746-kW) under intermittent to chamber Can be used in efficiency
locations. development. or plunger lift as well Can use water as a conjunction with
Can pump a well down declines. power source. intermittent gas lift.
to very low pressure Power source can be  Unaobtrusive in urban
(depth and rate remotely located. locations. Unobtrusive in urban Power fluid does not Can be used to unload
dependent). locations. have to be so clean liquid from gas wells.
Analyzable. Simple to operate. as for hydraulic piston
System usually is Power source canbe  pumping.
naturally vented for gas Flexible-can usually Easy to install remotely located.
separation and fluid match displacement to  downhole pressure Corrosion scale
level soundings. well’s capability as well  sensor for telemetering  Easy to obtain emulsion treatment
declines. pressure to surface via  downhole pressures easy to perform.
Flexible-can match cable. and gradients.
displacement rate to Can use gas or Power source can
well capability as well  electricity as power Crooked hole present  Lifting gassy wells is no  be remotely located
declines. source. no problem. problem. and can handle high
volumes to
Analyzable. Downhole pumps can  Applicable offshore. Sometimes serviceable 30,000 B/D (4769.62
be circulated out in free with wireline unit. m 3/d).
Can lift high- systems. Corrosion and scale
temperature and treatment easy to Crooked holes present
viscous oils. Can pump a well down  perform. no problem.
to fairly low pressure.
Can use gas or Availability in different ~ Corrosion is not usually
electricity as power Applicable to multiple  size. as adverse.
source. completion’s.
Lifting cost for high Applicable offshore.
Corrosion and scale Applicable offshore. volumes generally very
treatments easy to low.
perform. Closed system will

combat corrosion.

Applicable to pump off

control if electrified. Easy to pump in cycles
by time clock.

Availability of different

sizes. Adjustable gear box
for Triplex offers more

Hollow sucker rods are flexibility.

available for slim hole

completion’s and ease  Mixing power fluid with

of inhibitor treatment. ~ waxy or viscous crudes
can reduce viscosity.

Have pumps with

double valving

that pump on

both upstroke and

downstroke.
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Rod Pumping

Table 2: Relative Disadvantages of Artificial Lift Systems

Hydraulic

Crooked holes present Power oil systems are

a friction problem.

High solids production
is troublesome.

Gassy wells usually
lower volumetric
efficiency.

Is depth limited,
primarily due to rod
capability.

Obtrusive in urban
locations.

Heavy and bulky in
offshore operations.

Susceptible to paraffin
problems.

Tubing cannot be
internally coated for
corrosion.

H2S limits depth at
which a large volume
pump can be set.

Limitation of downhole
pump design in small
diameter casing.

a fire hazard.

Large oil inventory
required in power oil
system which detracts
from profitability.

High solids production
is troublesome.

Operating costs are
sometimes higher.

Usually susceptible
to gas interference-
usually not vented.

Vented installations
are more expensive
because of extra
tubing required.

Treating for scale
below packer is
difficult.

Not easy for
field personnel to
troubleshoot.

Difficult to obtain
valid well tests in low
volume wells.

Requires two strings
of tubing for some
installations.

Problems in treating
power water where
used.

Safety problem for
high surface pressure
power oil.

Lost of power oil in
surface equipment
failure.

Piston Pumping

Electric
$ubme_rsible

Not applicable to
multiple compilations.

Only applicable with
electric power.

High voltages (1,000 V)
are necessary.

Impractical in shallow,
low-volume wells.

Expensive to change
equipment to

match declining well
capability.

Cable causes
problems in handling
tubulars.

Cables deteriorate in
high temperatures.

System is depth
limited, 10,000 ft.
(3048.0 m), due to
cable cost and inability
to install enough power
downhole (depends on
casing size).

Gas and solids
production are
troublesome.

Not easily analyzable
unless good
engineering know-how.

Lack of production rate
flexibility.

Casing size limitation.

Cannot be set below
fluid entry without a
shroud to route fluid
by the motor. Shroud
also allows corrosion
inhibitor to protect
outside of motor.

More downtime
when problems are
encountered due
to entire unit being
downhole.

Lift gas is not always
available.

Not efficient in lifting
small fields or one well
leases.

Difficult to lift emulsions
and viscous crudes.

Not efficient for small
fields or one-well
leases if compression
equipment is required.

Gas freezing and
hydrate problems.

Problems with dirty
surface lines.

Some difficulty in
analyzing properly
without engineering
supervision.

Cannot effectively
produce deep wells to
abandonment.

Requires makeup gas
in rotative systems.

Casing must withstand
lift pressure.

Safety problem with
high pressure gas.

Hydraulic
Jet Pump

Relatively inefficient lift
method.

Requires at least
20% submergence
to approach best lift
efficiency.

Design of system is
more complex.

Pump may cavitate
under certain
conditions.

Very sensitive to
any change in back
pressure.

The producing of free
gas through the pump
causes reduction in
ability to handle liquids.

Power oil systems are
fire hazard.

High surface power
fluid pressures are
required.

Plunger Lift

May not take well

to depletion; hence,
eventually requiring
another lift method.

Good for low-rate wells
only normally less than
200 B/D (31.8 m/d).

Requires more
engineering supervision
to adjust properly.

Danger exists in
plunger reaching
too high a velocity
and causing surface
damage.

Communication
between tubing and
casing required for
good operation unless
used in conjunction
with gas lift.

Progressive
Cavity
Pumps

Elastomers in stator
swell in some well
fluids

POC is difficult

Lose efficiency with
depth

Rotating rods wear
tubing; windup and
after-spin of rods

increase with depth
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BO3MOXXHOCTW NpX HenpepbiBHOM rasnudte. [JaHHaA
npobnema ycyrybnaeTcA no mepe yBenndeHuna
rnybuHbl M NAAEHNA CTaTUYECKNX 3a60NHbIX
AaBneHuin. To ecTb ckBaxknHa rnybuHon 10 000
dyTOB, cTaTU4ecknm 3abonHbiM gasneHmem 1 000

psi n KoahdpuuneHTom npogykTusHoctTu 1,0 6yaet
UMeTb TPYOAHOCTM C n3BfiedeHnem hionaos npu
CTaHOapTHOW HenpepbiBHOW ra3nndTHON cucTeme.
CyLLeCTBYIOT, TEM HE MEHee, crieumasnbHble CXEMb,
KOTOpbIE CTOUT NCNPOo60BaTb Ha TaKUX CKBaXKMHAX.
Mo 31O NpnyMHe cunTaeTcA, YTO PYHKLUMOHUPYOLWAA
B CKBa)XUHE HAaCOCHaA cucTemMa MOXeT co3daBaTtb
MeHbluee paboyee 3aboHOE AaBlieHMe Ha NnacT.

“ l[asnudT OTHOCUTENBHO HEah(hEKTNBEH, N HaCTO
NPUBOAMT K BONbLUMM KanuTanoBIOXKEHNAM U
BbICOKOW cebeCTOMMOCTM 3Heprun. Komnpeccopsbl
CTOAT AOCTaTOYHO AOPOro M 3a4acTyro ABMAKTCA
obopyaooBaHueMm ¢ ANUTeNbHbIM CPOKOM NocTaBku. B
1981 rogy cToMmMocTb cocTaBnana ot 500 o 600 $ Ha
n.c. AnA HaseMHbIX cuctem 1 oT 1 000 go 1 400 $ Ha
N.C. ANnA MOPCKMX KOMMIEKCOB. [pu ncnonb3osaHnn
Ha MOPCKMX nnaTtgopmax KoMnpeccop npeacrasnaeT
npobnemy n3-3a MecTta u Beca. A Ha cyle Aoporo
MOTYyT CTOUTb pacnpenenuTenbHble cucTembl. M3-

3a MOBbILEHHOro NOTPe6bNeHNa rasa BO3MOXHO
yBEeNMYEHUe amameTpa BbIKUOHOW NMHWUM U HYXKHbI
cenaparopebl.

% B Te4yeHme Bcero cpoka peanusaumm npoekTa
Hy>KHa JocTaTtoyHaA nogaya rasa. Ecnm Ha
MECTOPOXAEHUN KOHYaeTcA ras, nmbo ecnu ras
CTaHOBUTCA CNINLIKOM AOPOrnM, MOXHO NEPEnTUn Ha
apyrom cnocob aobeiyn. Kpome T0ro, Hago A4OCTaTOYHO
rasa AniA NIerkoro 3anycka.

% C yBenmyeHnem 06BOOHEHHOCTM pacTeT
rmapooMHammnyeckoe 3abonHoe nasneHne npu
NOCTOAHHOM AaBneHun rasnudpta. Ha onpeaeneHHom
ypOBHE 06BOAHEHHOCTM CneayeT pacCMOTPeThb APYron
BuUA nogbemMa, Hanpumep, ALUH, 4Tobbl yBenuuntb
[06bIYy NyTEM CHUXEHMA rMAPOANHAMUYECKOTO
3aborHoro gaBneHnsa, ocobeHHo ecnu fobbiBaeMbIn
ras Ha HU3KOM YPOBHeE.

“ [opornumu MoryT 6bITb 3KCNyaTauua n
TexobCcny>XnBaHuA KOMNpeccopoB. [inAa ycnewHown

N Hape>XXHon paboTbl HY>KHbI KBanuuumMpoBaHHbIE
oneparopbl U Xxopowasa MexaHnKa KOMNpeccopoB.

+« lNoBbllWeHHaA CNOXXHOCTb B Nogbeme HedTu ¢
HU3KUM 3HAYEHMEM MIIOTHOCTU (MeHbwe 15 rpagycos
AHW) n3-3a 6onee BbICOKOro TpeHmA. Oxnaxaarowmmn
apheKT OT pacwmpeHna rasa ewle 6onblue ycyryénaeT
3Ty npobnemy. Kpome T0ro, oxna)kgawouiee gencreune
cospacTt napaduHoBble Npobnemol.

% Hunskue ob6beMbI hniomMaoB B COHETAHUM C BbICOKOW
06BOAHEHHOCTHIO (MeHee 200 6appenen B CyTKu

B HKT Hapy>Horo anametpa 2-3/8”) ctaHOBATCA
MeHee 3hpeKkTUBHbIMM ANA Ao6bIYK, N YacTo ObiBaeT
HEYCTONYMBBIN NOTOK HE(PTUN N3 CKBAXKUHBI.

% Kak 1 co BcemMn cucteMamm MexaHu3npoBaHHON

68 | ROGTEC

Reference 1 has references to expert program methods.
One describes an expert system with selection criteria
on:

1. Sucker rod

2. Hydraulic pump

3. ESP

4. Progressive pump

5. Continuous gas lift

6. Intermittent gas lift

7. Intermittent gas lift with plunger

8. Constant slug injection gas lift

9. Chamber gas lift

10. Conventional plunger lift

The program contains; an (1) Expert Module, a (2)
Design Module, and a (3) Economic Module. Module
1 is an expert module that includes a knowledge base
structured from human expertise, theoretical written
knowledge available and known “rule of thumb” type
calculations. Module 2 incorporates simulation design
and facility component specification programs for all
lift methods considered. Module 3 is an economics
evaluation module that includes a costs data base,
and cost analysis programs to calculate lift profitability.

Module 1 ranks the methods and also issues some
warnings, some of which may rule out high ranked
methods. Module 2 contains a suite of design methods
with advice to follow from Module 1. Module 3 utilizes
the designs and expected production rate to calculate
profitability using evaluation parameters such as

net present value and rate of return. It also includes
investment costs and repair and maintenance costs.

Another reference describes the program AL which
decides, from the user’s input, what system among
gas lift, hydraulic, sucker rod or ESP pumping
systems, is best for particular conditions. Problems
such as sand, paraffin, crooked hole, corrosion, small
casing, flexibility, and scale are used, with the stored
knowledge base and user input, to allow the program
to rank by score, the most appropriate method of lift for
particular conditions. Details of the program’s input,
structure, and output are contained in the reference.

Yet another reference describes another expert system,
which is very encompassing in scope. The reference
describes the OPUS (Optimum Pumping Unit Search)
program, later described commercially as the Artilip
program. The program consists of; (a) a knowledge
base containing the complete set of specific information
on the domain of expertise; (b) an inference engine
using the data and heuristics of the knowledge base to
solve the problem and (c) interactive modules enabling
very simple use of the expert system.
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[o6bluun, AnAa xopownx pacHeTos TpebyoTcA xopolume
AaHHblE.

% 3BavacTyto bbiBaeT BbiICOKaA CTOMMOCTb N3BJIEYEHMUA
nakepa, n orpaHu4eH Nepexoa Ha Apyrue cucTembl
akcnnyaTtauuu. MNepexoa ¢ rasnuTa Ha Apyryto
CUCTEMY Ha wWernbge Npon3BoanTCcA PeaKo n3-3a
CTOMMOCTMW.

lNepunoanyeckas rasnugptHaa akcrayaraumsa. Cnocob
nepuoauyeckoro (nepemexkaroweroca) ra3nudra,
Kak NpaBuio, NCNOMb3YETCA Ha CKBa>KMHAX, AAKOLLUMX
Hu3kne obbeMbl pnonga (~<200 bappenen B
cyTkn). CKBaXuHbl, ANA KOTOPbIX PEKOMEHAYeTCA
nepuoguyeckasn rasnudTHaaA aKkennyatauma, obbl4HO
xapakTepuaytoTca: (1) BbICOKUM KO3(hMUMEHTOM
NPOAYKTUBHOCTM C HU3KMM 3a60MHbIM AaB/IEHNEM
nnn (2) HN3KUM KO3IPPULUNEHTOM NPOAYKTUBHOCTM

C BbICOKUM 3260WHbIM AasneHnem. icnonb3oBaHue
aToro cnocoba obycnosnmBaeTcA U3BECTHLIMU
cepbe3HbIMM NpobiemMamy ¢ HACOCHBIMM CUCTEMaMMU
UNn Tam, rae y>ke CTOUT HEMpPEPbLIBHbIN ra3nudT unm
€CTb HeOpPOron ra3 BbICOKOrO AABMEHUA.

Ecnu npucyTcTByeT goctato4yHoe cHabXeHue
HefopOrMM, HO KA4eCTBEHHbIM ra3oM, a B NniaHax
SKCMyaTMpoBaTh CKBaXXMHY OTHOCUTENBHO
HernyboKyto, C BbICOKUM ra3oBbiM (pakTOPOM, HU3KUM
KO3hPUUNEHTOM NPOAYKTUBHOCTU NN HUSKUM
3ab0MHbIM AaBfIEHUEM, C CUNTbHBIM UCKPUBIIEHUEM U
BbIHOCALLYIO NECOK, Toraa Nepmoandecknin rasnndT
6yneT npeBocxoaHbIM Beibopom. Nepuognyecknii
rasnuT umeeT BO MHOIOM CXOXUE AOCTOUHCTBA

N HEJOCTaTKW, YTO M HEMPEPbIBHLIN rasnndgrT, u
OCHOBHbIE y4uTbIBaeMble (pakTopbl aHaNIOrM4HbI.
Hwxe 06pmncoBbIBAOTCA HEMHOMOYNCIIEHHbBIE OTNINYKA.

Bl Mniocobl

< lNpn nepnoan4eckoM ras3nnugte sHa4YNTENBHO HUXE
pabodee 3aboriHOE AaBfieHme, YeM y cnocobos ¢
HernpepbIBHBIM PACXOA0M.

% CnocobeH paboTaTb C HU3KNMK 06 bEMaMU
>XXNOKOCTU NPU OTHOCUTENBHO HU3KMX 3a60MHbIX
AaBNeHnAX.

% Ncnonb3oBaHue nnyHXepa MOXeT NOBbICUTb

KMNA NyTEM YMEHbLUEHUA BbINaAEeHNA XXNOKOCTU U
yMeHbLLaTb NoTpebneHne rasa.

B MuHychbl

< lMepnoanyeckun ra3annT orpaHmunBaeTcA
HU3KO0O6BEMHBIMWN CKBaXkKnHamu. Hanpumep, ckBaXknHa
rny6uHon 8 000 chyToB co ctaHgapTHom HKT 27

Masno Koraa MOXeT 3KCrnyatnpoBaTbcA npy gebutax
Bbiwe 200 6appenen B CyTKM CO CpeaHMM paboymm
hasneHuem ropasgo Huxe 250 psig. Y HKT meHbLuero
AnameTpa MakcumanbHbIi 4ebUT elle MeHbLUe.

% CpegHee paboyee gaBneHme cTaHAapTHON
NepuoanYecKomn ra3anudTHON CUCTEMBI MO-NPEXHEMY
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The structure of the rules in one method is as follows:

if (condition) then (type of process)

For each process (i.e., lift method) , a suitability
coefficient (SC) from -1 to + 1 for the given condition
is defined, where SC = -1 eliminates the process from
further consideration and SC = +1 indicates a process
well suited to the given condition.

For example, the simple expression

if (Pump Temperature > 500 F) then (ESP), -1

defines a rule that eliminates ESP’s if the pump
temperature exceeds 500 F

Il Selection by Net Present Value (NPV) Comparison
A more complete selection technique will depend upon
the life-time economics of the available lift methods.
The economics in turn depend, for example, upon the
failure rates of the system components, fuel costs,
maintenance costs, inflation rates, anticipated revenue
from produced oil and gas and other factors that may
vary from system to system. References showing
examples of economic selection are contained in
Reference 1 cited here below.

In order to use the NPV comparison method, the user
must have a good idea of the associated costs for each
system. Realistic equipment run life and replacement
cost are critical to the NPV comparison method. This
requires that the user evaluate each system carefully
for his particular well and be aware of the advantages/
disadvantages of each system and additional
equipment (i.e., additional costs) that may be required.
Since energy costs are included in the NPV analysis,
an optimal design for each feasible method must be
determined before running the NPV analysis.

These factors force the user to consider all the
selection methods discussed previously to generate the
necessary information for the NPV analysis.

For each nth year of production the NPV is found by

{( Revenue from Qil and Gas) — (Costs, Power, W/O’s,
etc)} / (1 — Discount Rate) n

Bl Conclusions

Selection may be done by simply seeing what is done
in adjoining fields and/or using tables of advantages/
disadvantages. However a complete economic analysis
of the life of the field has been done in come cases to
compare methods of lift under consideration.
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B [JOBbIHA

OTHOCMUTESIbHO BbICOKOE B CPABHEHUUN CO LUTAHTOBbLIMU
Hacocamu. OpgHako pabodee 3aboViHOE AaBreHne
MOXXHO YMEHbLUUTb C MOMOLLBIO Kamep. Kamepbl
OCOB6EHHO NOAXOAAT AJ1A CKBAXXMH C BbICOKUM
KO3hPUUNEHTOM NPOAYKTUBHOCTU N HUSKUM
3ab0MHbIM AaBfiEHUEM.

< Hn3kuin KoapPuUMEHT NONe3HOro AeNCTBUA «BXO4
— BbIxog». [NoTpebnAaeTca 6onblue rasa Ha 6appens
nobbiBaemoro cniovga, Yem npu HenpepbiBHOM
rasnucpTHoM akcnayatauun. Takxe ¢ rmyouHom m
06BOOHEHHOCTbLIO MPONCXoanT 60onbLle MPOCKOKOB
rasa, 4to Aenaet ra3nmTHYO CUCTEMY MEHee
ahpekTmBHON. OaHaKO NPOCKOKU ra3a MOXHO
COKpaTUTb MCMONb30BaHMEM MITYH>KePoB. B npuHumne,
€CINV NMPOJOIMKNTENBHOCTD UMKNa faeT BpemA AnA
nageHuA nnyHxepa, Torga AnAa nepuognyeckoro
rasnudpTa HYy>KHO NCNOMb30BaTh MIYHXXEP, €CIN
OTCYTCTBYeT TBepaan asa.

% KonebaHuAa pebuTta n 3a60MHOro AaBnieHnA
MOTyT OTpULATENBbHO CKa3blBaTbCA HA CKBaXKUHAaX
C YCTaHOBJIEHHbIMW NecYaHbIMU PUbTPaMM.
BbIHOCUMBIN Necok moxeT 3abuBatb HKT unu
BcacblBalowWmMn knanaH. Kpome Toro, uaMeHeHuA
Ha NOBEPXHOCTU MOTYT BbI3blBaTb NPobsiemMbl €
TPaHCMOPTUPOBKOM ra3a n XXMAKOCTU.

% CucTteme nepuogun4veckoro rasnugra

TpebyeTcA YacTtaa HacTporka. YTobbl yBENMMUYUTb
NPOn3BOANTENBHOCTb M NOAAEPXKMBATbL Ha
OTHOCUTEJIbHO HN3KOM YPOBHE NMOTPEOHOCTL B
pabodem rase, NPOMbICIIOBbLIA ONEPaTop AOMMKEH
perynAapHO MEHATb CKOPOCTb 3aKa4yku 1 MHTepBan
BPEMEHM.

Okcnnyaraumsa CKBa>kuH C MOMOLLYbIO r'MAPONaKepHoOro
noavEMHUKa (MayHXepHbI nugT). TINyHXXEpPHbIN
AT 06bIYHO UCroNb3yeTcA ANA NnoagbemMa HebonbLINX
o6bemoB xunakoctn no HKT, noka razoBanA CKBaXXuHa
MOXeT paboTaTb Mo 3aTPy6HOMY MPOCTPaHCTBY.
Hanbonee pacnpocTpaHeH TpaanuUMOHHbIN
nnyH>XXepHbin nUdT. Korga nnyHxep nexxnt Ha 3aboe
CKBa)XMHbI Ha OTOOMHOM NPY>XXMHE, CKBaXKUHA 3aKpbiTa
Ha HakonfeHne AaBNeHNA B KOMbLEBOM NMPOCTPaHCTBE
mMexay nudpTosBon n o6cagHoON KONMOHHaMK. YCTbeBan
(hOoHTaHHaA 3a4BWM>KKa OTKPbIBAETCA Ha HU3KOE
AaBneHne, 1 NayHXep NOAHMMAETCA XUAKOCTbIO

Hap cobon, He N03BONAA BObLUEN YACTM XNUOKOCTH
BbiNagatb. MayHXep 1 XXNAKOCTb AOXOAAT A0

YCTbA, U NponcxoanT oTbop >xxmakocTu. MNpoaykuma
yOoepXuBaeT MIyHXep Ha ycTbe. Korga pacxop rasa
nagaer, Xunakoctu HakannmBatoTca B HKT, ckBaxxmnHa
3aKpbIBaeTCA, M NIYHXXEP OnyckaeTcA 06paTHO BHUS3.
MnyH>xep yoapAeTcA o 3ab6oi, UMK NOBTOPAETCA.
Ecnu ckBaxkmHa paeT, ckaxkem, 400 cT. kyb. . /
6app. H.-1000’ , a pabo4ee 3aTpybHOe paBneHne
MOXET HaKannueaTbcA A0 ypoBHA B 1,5 pasa Bbiwe
NVHENHOTO OaBMIEHNA, TO 3apAXKEHHAA XNAKOCTbIO
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rasoBas CKBa>KnHa MOXeT paboTaTb Ha NITyH>XEPHOM
nudre.

Il Mniochbl

% [Npw yooBneTBOPEHUN BbilleyKa3aHHbIX KPUTEPUEB
BHELUHAA 3HEPrnA HE HYy>XKHa.

% Huskue nepBoHavanbHble 3aTpaThl.

% HoBble perynAaTopbl aBTOMaTMYECKU NOACTpanBatoT
UKMKn, 4Tobbl 06nerynTb PaboTy NAYHXEepPHOro nudTa.

Bl MwuHychbl

% He gonyckaeT cnuwkom 60nbLIoro BbIHOCA TBEPAOMA
asbl 6e3 npuxeara.

% [Mpwn 3eHUTHOM yrne Bbiwe 30 rpagycos MoryT
BO3HUKHYTb OCJIOKHEHUA C NaAeHNEM.

% TpyoHO onpeaenvMTb MOMEHT yaapa o 3abown
(Monb3ynTechb 3XONOTHOW CUCTEMOW CIEXEHMWA

Wnu ApyruMyM Metogamu AnAa nokanmsaumm
HeucrnpaBHOCTEN).

% MoXeT He JOBECTM CKBaXKMHY A0 MOSHOIO pexxunma
NCTOLLEHMA.

% [nA 60onNbWNHCTBA 3arpy>eHHbIX XXUOKOCTbIO
ra3oBbIX CKBa>XXWH C HU3KUM AaBJfIEHWEM OrpaHuNyeH
0ebnT XXUAKOCTU B HECKOJbKO bappenen B CyTKuU.

% [nAa npaBunbHON 3KCNyaTauumn niyHXepHoro
nndTa oneparop A0/MKEH UMETb BbICOKYHO
KBanudukaumtio.

Il Bbi60op B 3aBUCUMOCTM OT MJIHOCOB U MUHYCOB
B Tabnuuax 1 n 2 ot bpayHa (Brown, unt. no JluT. 1)

B KOHCMEKTHOM BUAE NMPeacTaBnAlT pasnnyHble
OOCTOMHCTBA M HEQOCTAaTKU pasHbIX cucTem 4obbluun,
KOTOpble ObINIM KPaTKO ONUCaHbI B NPEeAbIAYLNX
nogpasgenax. lNpaBunbHbIN BbIGOP CUCTEM
MEXaHM3MPOBAHHOW 3KCM/lyaTaumnm CKBaXKuH genanca
N MOXET AenarbcA ¢ NoOMOoLWbio Tabnmu, aHanormyHbIX
coctaBneHHbivm Clegg, Bucaram & Hein (umT. no JluT.
1) vnn Tabnuy 1 u 2, noBTOPAEMbIX 34€Cb OT Brown.

Bbi60op 3KkcnepTHbIX NporpaMmm. K aTum nporpaMmmam
OTHOCATCA NpaBwuna u fiormyeckue 6moKwm,
noaBOAALIME K BbIOOPY ONTUManbHOW CUCTEMBI
noagbema Kak KpuTepui nosib30BaTeNIbCKNX NCXOOHbIX
OaHHbIX MO CKBa)XKMHE 1 YCNOBMAM aKcniyaTaumu. n.
4-6 «JluTepaTypbl» NpeacTaBnAlT cobon nsgaHus,
r4e ONUCbIBAKOTCA SKCMEPTHbIE CUCTEMbI N0 Nogbopy
CUCTEM MEXAHU3NPOBAHHOW 3KCMNyaTaumm CKBaXKuH.
M. 1 «JlIuTepaTypbl» AaeT CCbINKN HA MeToAbl
3KCMepTHbIX nporpamm. OanH gaet onucaHwne
SKCMOPTHOM CUCTEMBI C KpUTepmnamu otbopa
cneayloLmMx YCTaHOBOK:

LwrH

[maponpmnBoaHOWN HAcoC
OUH

O6bEeMHbI BUHTOBOW HacocC
HenpepbiBHbINA rasnnugT

SR N U
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Tabnuua 1: OTHOCUTE bHbIE NPEeUMyLLeCTBa CUCTEM MEXaHM3UPOBAHHON IKCMJTyaTaLmm CKBaXKUH
(coctaBun: bpayH K.E., )xypHan “DkopHan o neTponeym TeKHONO4KW’, OKT. 1982)

[vMaponpuBoaHOM
MopluHeBoMn
HacocC

OneKkTpu4ecKum
LIeHTPOGEXHbIN
(Morpy>xHom)
Hacoc

[a3nudTHaA
aKcnyatauva

vMaponpuBoaHOM
CTpyhHbIN
HacocC

JkcnnyaTauvA
CKBa)XWH C
NOMOLLbIO

rnapornakepHoro
MOABEMHUK

Ob6bemMHble
BUHTOBbIE
Hacochbl

OtHocuessHo mpocTast
KOHCTPYKLWS! C/ICTEMbI

[pocTasn nepectaHoBKa
YCTaHOBOK Ha Apyrvie
CKBKVHbI C
MUH/AMETBHE M

3aTparami

SchpexTviBeH, MpocT 1
yOoBeH B akCruyaraLim
L5 MPOMbICTIOBOO
repooHara.

[ pUMEHVIM L1 CKBEXKUH
Masioro [vametpa

1 MHOMOM1aCTOBbIX
3aKaHWIBaHIN

MoxeT kavatb
CKBAKVHY [0 O4eHb
HI3KOrO AABNeH/s (B
3aBVIC/MOCTV OT MyOUHb I

1 [edvTe)

Cvicrema 00bMHO C
©CTECTBEHHbIM OTBOAOM
L5 cenapaLym razan
30HOVIPOBAHIS YOBHEN
hrnronaos.

[VOKOCTb — MOXKET
TMOAFOHSTTH CKOPOCT
BbITECHEHV1 K
BOBMOXXHOCTSM
CKBAKVIHbI C MaaeH/Em
nedura.

[Nonpaetcs aHanay.

MoxeT 13arnexartb
BbICOKOTEMIIEPATYPHbIE 1
BsI3K/e HedhTerpOayKTbI

B kavecTBe nctoqHvka
MATAHA MOXXET
VICTIOb30BATH a3 W
SMEKTOVHECTBO

Jlerko mposomyb
00paboTV 5 yaarneH/s
KOPPO3 11 OKAIHbI.

Moy AvTaHwm ot
SMEKTPVHECTBa
MPVIMEH/M A5 KOHTPOSS
OTKaHKU.

l/IMetoTcst pasHbix
pasvepoB.

1519 ckBaXXVH Marioro
[viaveTpau yaoooetea
06paboTKA
VHVOUTOpaMI ECTb
ronoie LLIMH.

Ecmbs Hacocki co
CABOEHHBIMU KriariaHamu,
KaYatoLLIe XOOM MOpPLLHS
11 BBEPX, U BH3.

HeT Takux orpaHHeHii
10 ry6UHe — MOXXET
113BMeKars OombLLVe
06BEMbI C BOMBLLIMX

ryouH

500 Gappernel B CyTkM
(79,49 M3/ cyt)crn.
15 000 chyToB (4572 M)
YCTaHoB/EH Ha . 18
000 (5486,4 M)

VIckpuBrneHHble CTBOSb!
CO30AH0T MUHIMYM
npobem.

He cospaet nomex
Ha ropoACKIX
TEPPUTOPUSIX.

BoamoxHo yoaneHHoe
pacronoxexve
VCTOYHVKA MATAHNA.

[Nonpaetcs aHanmay.

BKOCTb — 0BbIMHO
MOXKET MOATOHATH
BbITECHEHVIE K
BOBMOXKHOCTSAM
CKBaKVHbI C MaieHEM
nebura.

B kadectBe nctoqH1Ka
MATAHNS MOXKET
VCrOb30BaTE ras Wikt
SMIEKTPVHECTBO

B ceobogHo
MOABELLIEHHbIX CHCTEMAX
3a00iHble HacoChI
MOXHO MOAHVMATE C
TMOMOLLIBHO LIVPKY SN

MoxeT kadaTb
CKBK/HY 10
OTHOCUTENBHO H3KOrO
[aBIEHS.

MpymeH M ons
MHOrOMIaCTOBbIX
3aKaHHMBaHWIA.

Mprverm Ha Lwessche.

3amMKHyTas cvicTema
60peTcs C KOPPO3VIEN.

YO06HO Kadatb LKIiamm
o Tanmepy.

Perynipyembii
penyKTop At
TpvInrexca Aaet borbLlie
TVIBKOCTU.

CwmeLLvBaHie
paboel XKNOKOCTV C
rapadVHNCTLIMMA
BSABKMM HEhTSIMA
MOXKET CH/DKATH
BSBKOCTb.

MoxkeT n3BnekaTb
O4eHb HbonbLune
o6bembl, 20 000
Gappenei B CyTku
(19078 M3 / cyT.)

Ha HerlyboKmnx
CKBaXKMHaxX C 6OSbLLION
06caHON KONMOHHO.

B HacTosiee Bpemst
rMofH1MaET Ha
BrwwkHem Boctoke

+ 120 000 6appenen

B CyTkM (19 068 M3 /
CyT.) U3 BOJO3ab0pHbIX
CKkBaxkuH npm 600 1.c.
(448 KkBT) B Hanm4mm n
1000 n.c. (746 kB1) B
paspaboTke.

He cospaet nomex
Ha FoPOACKINX
TEPPUTOPUSIX.

[MpocT B
aKCMyaTaumm.

Yno6HO CTaBUTb
ryOUHHBI AaTHMK
[aBneHns ans
[CTaHLVOHHOTO
13MEpEHVISt AaBNeHIS
[0 yCTbs1 Hepes
kabenb.

VickpuBneHHble
CTBObI HE CO3Jat0T
npobnem.

MpymeHm Ha
Lwenbge.

Jlerko npoBoanThL
06paboTkm Ans
yAaneHVist Kopposun u
OKaMHBI.

VMeroTcst pagHbix
pa3MepoB.

Kak npasuno,

O4eHb H13Kas
cebecToMMOCTb
MoALEMA [J151 BICOKMX
06BHEMOB.

MOo>KeT CroKomHO
paboTaTtb ¢ 60MbLLIMMMN
obbemMamu TBEPAOH
asbl.

ObpabatbiBaeT
60nbLUme 0ObeMbl B
CKB&XXWHbI C BbICOKM
KO3 PULNEHTOM
NPOAYKTUBHOCTY
(HenpepbIBHbIN
rasnmdT) 50 000
6appenei B CyTku1

(7 947,37 m3/cyT.)

[oBoNbHO rnbkas
cucTemMa - nepexon,
C HenpepbIBHOTO

Ha NepyIoaVNHECKIiA,
KamepHbI Un
MAYHXEPHbIN TNAT C
napeHviem fgebura.

He cospaeT nomex
Ha FOPOACKMX
TEPPUTOPUSIX.

BoamoxHo yoaneHHoe
pacronoxxeHne
NCTOYHMKA MUTaHNSA.

Jlerxo nony4atb
3aboliHble faBneHvs 1
rpagveHTbl.

[Moobem ¢
ra30CofepxaLLyx
CKBAXXWH He
npobnema.

VIHoraa BO3MOXXHO
obcnyxvBaHve ¢
reodman4ecKkoro
KaHaTHOro
MOLbEMHMKA.

VickpviBneHHble
CTBOSIbl HE CO3AA0T
npobnem.

OBbIMHO HET CUITBHOrO
oTpuLiaTENBHOrO
ahdekTa oT
KOPPO3UK.

[MpymeHM Ha
wense.

113BnexaeTcs 6e3
nogbema HKT.

OtcyTcTByIOT
[BKYLLIMECS YaCTU.

HeT npobnem

B HaKJ/TOHHO-
HanpaBneHHbIX
VN VCKPUBIEHHBIX
CKBaXKMHAX.

He coapaet nomex
Ha ropOACKMX
TEPPUTOPYISIX.

[MpymeHm Ha
wense.

B kayecTtBe nCTO4HMKa
MUTaHNS MOXET
1CMob30BaThCs BOAA.

Pabo4as »umaKocTb
He 0bs13aTenbHO
[NOIMKHA ObITb TaKOM
XK€ YMCTON, KaK s
TAPONPUBOAHBIX
HacocoB.

Jlerko npoBoavTb
06paboTkn Ans
yAaneHvsi Kopposuu,
SMYJIECUN 1 OKaIMHBI.

B03MOXHO yaaneHHoe
pacronoXxeHme
VNCTOYHMKA MUTaHS 1
obpaboTka 6OMLLLNX
o6bemos Ao 30 000
Gappenelt B CyTkn
(4769,62 mM3/cyT.).

V13BnekaeTcs 6e3
nogbema HKT.

QOu4eHb fellesasn
yCTaHOBKa.

ABTOMaTUHECKM
oumaet HKT ot
naparHa 1 OKaIMHbI.

Mpumernm ons
CKB&K/H C BbICOKNM
ra3oBbiM (haKTOPOM.

Mo>kHO vcnonb3oBaThL
B COYeTaHnn ¢
NepUoaMHECKM
rasnmTom.

MOo>HO rcnonb3oBaTbL
0151 pasrpy3ku
YKWOKOCTU U3 ra30BbIX
CKBaXKVH.

HeKOTOpre TUMbl
13BJIeKarOTCH
wTaHramu.

CpefHsist CTOMMOCTb.
Hunskuin npocnne.

MO>HO MCrosb30BaTh
3aboliHble
3NeKTpOoABMraTent,
KOTOpble paboTatoT

C MECKOM U BAZKNMM
dpnongamm

Bbicokuit
ANEKTPUHECKUI KNA,
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Tabnuua 2: OTHOCUTeNbHbIe HEAOCTAaTKU CUCTEM MEXaHU3UPOBAHHOW SKCIJTyaTaLMm CKBaXKUH

LIrH maponpusogHoi | AnekTpunyeckun | lasnudgTHaA maponpusogHoi | dkcnnyatauma O6BbemMHbIe
[opuiHeson LleHTpobeXHbIn | akcnnyatauna | CTpynHbIn s = BMHTOBbIE
NMOoMoLibHO0

[Mpobnembl ¢ TpeHeM
B VICKPUBEHHbIX
CcTBOSIax.

3aTpyaHeHa fobbiHa
PV BEICOKOM
cofep>kaHnm TBepaon
asbl.

OBbI4HO HIKe
OObEMHbIN KA, B
razocopepKaLLmx
CKBaXVHaX.

OrpaHun4enne no
rny6uHe, B OCHOBHOM
OT MOLLHOCTM LUTaHT .

CospaeT nomexu
Ha ropOACKMX
TEPPUTOPUSIX.

TsKeno 1 HeyLo6HO
NPV MOPCKOW J0BbIHe.

[Noosep>xeH
npobnemam ¢
napatuHOM.

HKT Henb3s nsHyTpun
MOKPbITb OT KOPPO3WIV.

CepoBopopon,
orpaHuimBaeT
ryOuUHy YCTaHOBKM
60MbLLE0OBEMHOrO
Hacoca.

Orpanunderne
KOHCTPYKLN
3ab0MHOro Hacoca B
06CaHON KONMOHHE
Manoro anameTpa.
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HacocC

CucTemsbl
pabo4ero macna
MoYXKapOoomnacHbl.

B cucTeme paboyen
XKUAKOCTU Hy>XKEH
6orbLUo 3anac
Macra, YTo CHKaeT
NPUBbLIIBHOCTb.

3BatpyaHeHa fobblHa
Mpw BbICOKOM
copepKaHnn TBEpAon
dasbl.

VIHorpa Bbille
9KCMyTaLWOHHbIE
3arpartbl.

O6bI4HO MOABEPKEHDI
rasoBbIM NOMexaMm 1
HeT oTBoAa.

YCTaHOBKM C OTBOLAOM
CTOSAT JOPOXE,
T.K. TpebytoTcs

pononHuteneHele HKT.

3atpyaHeHa
obpaboTka oT
OKaVHbI HIKE
nakepa.

MpombICIoBOMY
NEepPCOHaUTy He NIerko
JIOKanM30BaThb
HEeVCrpaBHOCTU.

TpyaHo NnpoBoanTb
kadectseHHble [N
B HI3KOAEOUTHbIX
CKBaXKMHAX.

HekoTopble yCTaHOBKY
TPEBYIOT ABYX KOJOHH
HKT.

[Mpobnemsl ¢
MOAroTOBKOM paboyen
BOAb!, NPy ee
1CNONB30BaHNN.

[Mpobnema
6e3onacHocTn ¢
pabo41M Maciom npu
BbICOKOM YCTbEBOM
[aBneHnn.

[NoTepsi pabo4dero
macra npu
OTKase yCTbEBOro
obopynoBaHust

(norpy>xHomn)
acoc

He npumennm ona
MHOrOMIacTOBbIX
3aKaH4vBaHUM.

MpUMeHNM TONMBKO Ha
3MEKTPOSHEPTUN.

Hy>KHbI BbICOKME
HanpspkeHyst (1 000 B).

HeuenecoobpasHo
B HErnyboKmx
HN3KOAEOUTHBIX
CKBaXKMHAX.

[oporo MeHaTb
obopynoBaHve

[/151 COOTBETCTBUSA
nagatoLLxX J0ObIBHbIX
BO3MOXXHOCTEN
CKBaXKMHbI.

Kabenb cospaeT
npobnembl B pabote ¢
TPy6amu.

YXy[LeHne CoCTOAHS
Kabernein Npu BbICOKMX
Temneparypax.

CvicTema orpaH/-eHa
o rybuHe, 10 000
chyToB (3 048 M)

113-3a LigHa kabens

11 HEBO3MOXKHOCTU
CO3[2H1A AOCTaTO4HOM
MOLLIHOCTV B CKBEKMHE
(3aBvCUT OT ArameTpa
06CaAHON KOMOHHBI).

3atpyaHeHb! obblHa
rasa v BbIHOC TBepLO
asbl.

CrioXHO NPoM3BoaAUTL
aHanma 6e3 xopoLLero
VHXEHEPHO-
TEXHNHECKOTO
obecreveHms.

OtcyTcTBYE
MaHEBPEHHOCTY B
Temne otéopa.

OrpaHuseHre no
[ovameTpy obcagHowm
KOMOHHBI.

Henbssa crasumb Hbke
[nocTyra hnonaos

6e3 KOoKyxa At
HarpaBneHist rionaos
npuratenem. Koxyx
TaKoKe MoaBosseT
3aKa4VBaTb HVIOUTOP
KOPPO3VIKO 1N
3aLLMILLATL fBVraTers
CHapy>KU.

Bonee gonrve npocton
B CJly4ae OC/IOMHEHMI,
TaK KaK B CKBaXXVHE
HaxoguTcs BeCb y3en
LIE/IMKOM.

He Bcerpa nmeetca
pabo4nii ras.

HeaddexkTrBHO

LSt aKennyatauym
HebOoMbLLMX
MECTOPOXAEHNIA NN
Ha OAHOCKBaDKNHHbIX
y4acTkax.

Cno>XXHO NoaHUMaTb
SMYNBCUN Y1 BASKYVE
HedpTI.

HeabdekTneHO

Anst HEOOMbLLINX
MECTOPOXAEHNIA NN
OHOCKBaXKMNHHbIX
y4acTKOB, eC/n
TpebyeTcsa
KOMMPECCOPHOE
obopynoBaHme.

[Mpobnembl ¢
3amMep3aHviem rasa u
rMAPAaTOM.

Mpobnemsl ¢
rPSI3HBIMI HA3EMHbIMM
SMHUSIMU.

HekoTtopast
CNOXXHOCTb B
npaBuIbHOM aHanm3e
663 TEXHNYECKOro
KOHTPOSS.

Henb3sa achdexTBHO
SKCMyaTvpoBarh
ry6OKNE CKBAXKWHbI
[0 NMKBUZALAN.

B poTaumoHHbix
cucTemax Tpebyetcs
CBEXUIN MOANUTOHHBIN
ras.

Ob6caaHas KonoHHa
[OMKHa BblOepKMBaTh
[aBneHne nogbema.

Mpobnema
6€30MacHOCTU C ra3oM
BbICOKOIO AaBfeHNS.

HacocC

Cnocob akcrnyaraLmm
C OTHOCUTENBHO
H3KIM KM,

TpebyeTcst MUHMYM
20% morpy»eHus,
4TOObI JOOUTLCS
OnTVMasIbHON
3(PhexkTUBHOCTN
nogbema.

Bonee cnoxHas
KOHCTPYKLMS
CYICTEMBI.

[Mpwn HekoTOPbIX
YCOBUSIX BO3MOXHA
KaBuTaLys Hacoca.

OuyeHb HyBCTBUTENEH K
NOBLIM UBMEHEHUAMM
npoTVBOAABNEHNSA.

[obbl4a cBO6OAHOMO
rasa 4yepes

Hacoc BblI3blBaeT
YMeHbLLEHWE
BO3MOXXHOCTU
obpaboTkm
>KUOKOCTEN.

Cuctemsl
pabo4ero mMacna
Mo>apoonacHb!.

TpebytoTcst BbICOKVE
YCTbEBbIE 1aBEHS
pabo4en XXNaKoCTH.

rnaponakepHoro
MOABEMHUKSE

(MY HKEPHBIV
TNET).
MOXXeT He noBeCT

CKBaXKVHY [10 pexxmMa
VCTOLLIEHVISI, MOSTOMY,
B KOHLIE KOHLIOB,
TpebyeTcs nepexon,
Ha apyro cnocob
aKcnnyarauum.

XOPOLLIO TOSMBKO

0N HU3KOOEOUTHBIX
CKBaXKVMH MeHbLLe 200
Gappenen B CyTku
31,8 M3/cyT.)

[nst npaBunibHOro
perynmpoBaHns
TpebyeTcs bonbLue
TEXHNYECKOrO
KOHTPOSSA.

CyLectByeT
OMNacHOCTb, YTO
NAYHXEP AOCTUMHYT
CILLIKOM BbICOKOW
CKOPOCTV 1
npov3onaeT
MOBEPXHOCTHOE
NMOBPEXAEHVE.

[nsa xopoLuein paboTbl
TpebyeTcs XxopoLuee
COOBLLIEHVE MEXY
TPYOHBIM 1 3aTPYOHbBIM
npocTpaHcTBamm,
€cnm cuctema He
1cnonb3yeTcst
COBMECTHO C
rasnmTom.

HacocCbl

B HekoTOpbIX
CKBaKMHHBIX
dnongax pasbyxarot
3M1aCcTOMEpbI cTaTopa.

CnoxkHocTb B
obecneveHst
KOHTpOSIst oTbopa
MPOLAYKLN CKBAXKMHbI

[MoTepsi
3(PPEKTUBHOCTI C
KA.

BpalLeHve wraHr
v3HaluveaeT HKT;
3aKpy4mBaHne 1
nocnegytoLee
obparHoe
pacKpy-mBaHne
KOJSIOHHb! LUTaHr
BO3PaCTaOT C
ryGuUHON.



Mepuoamnyeckun rasnudT

Mepuoaunyeckunin ra3nudT ¢ NYHXEPOM
HenpepbIBHLIV rasnuT ¢ NOPLUNOHHOW 3aKa4yKoun
KamepHbin rasnudT

0. TpaAMUMOHHbIV NAYHXEPHbIA NUgT

20OND

Mporpamma cogepxuT: (1) OKCNepTHbIN MOAy b,

(2) PacuyeTHbIn moaynb 1 (3) AKOHOMMYECKUNA
moaynb. Moaynb 1 — aKcnepTHbINA, BKNOYaeT B cebA
6a3y 3HaHWA, NOCTPOEHHYIO U3 YENOBEYECKOro
OnbITa, AOCTYMHbIX TEOPETUHECKUX NMO3HAHUIA 1
M3BECTHbIX SMMNUPUYECKNX NoacyeToB. Moaynb

2 BK/OYaeT NporpaMmMbl NPOEKTUPOBAHMWA

MeTOAO0M MOAENUPOBaHWA U COCTaBMEHUA
cneumduKaumm KOMNoHeHTOB obopynoBaHnA AnA
BCEX paccmaTpuBaeMblx cnocoboB akcnnyaTaunm
ckBaxuH. Mogynb 3 npeacTtaBnAeT cobon OLEHKY
9KOHOMUYECKMNX NapaMeTpoB U BKIOYaeT B cebA
6a3y faHHbIX 0 3aTpartax u nporpammy CTOMMOCTHOrO
aHanuaa anAa pacyeta npubbIfbHOCTU IKCnyaTaumu.

Mogaynb 1 knaccugpuumMpyeT MeToAbl, @ TaKXe BblaaeT
pAL NpefynpexneHnii, HEKOTOPbIE U3 KOTOPbIX

MOTYT UCKJTIOUNTb BBICOKO CTOALME MeToabl. B
Mopyne 2 copepxuTcA Habop MeToaoB pacyeTa

c pekomeHaauven uatn ot Mogynsa 1. Mogynb 3
UCMonb3yeT pacyeTbl U NPOrHO3UpyeMbIi paboynit
LebuT C Lenblo onpeaenuTb NpUbbILHOCTDL C
MOMOLLbIO TAKMX OLIEHOYHbIX NapamMeTPOB, Kak YyucTan
npuBefeHHas CTOMMOCTb U Hopma Npubbinu. Takxxe
OH BKJIIOYAET KanuTasbHble 3aTpaTtbl U CTOUMOCTb
PEMOHTa 1 TEXHUYECKOTO 0B6CNY>XMBaHUA.

Ewe B ogHOM cCbiNke U3 NuTepaTypbl AaeTcA
onucaHuwe nporpammbl AL, koTopasa Ha oCHOBe
WCXOAHbIX MOMNb30BaTENMbCKMX AaHHbIX MPUHUMaET
pelleHne, KakaA cucTema nydile Bcero noaxoauT

ONA KOHKPETHbIX YCNOBUIA, BbiIbupasa 13 rasnudra,
rmaponpueoaHoro Hacoca, LUMH nnu SUH. bepyTtca
Takue 3ajayn, Kak Necok, napaduH, NCKPMBNEHHbIN
CTBOJ, KOPPO3uA, y3kaAa obcagHanA KONoHHa, MOKOCTb
1 oKanuHa; 6asa 3HaHUN N UCXOOHbIEe AaHHbIE
COXpaHATCA, YTOObLI NporpaMmMa BbiCTaBnAnNa
KBanMMKaumoHHY OLEHKY A1A caMoro noaxoaALLero
crnocoba akcrnnyaTaumm B KOHKPeTHbIX ycnosuax. B
nutepatype npmsoanTcA noapobHaa nHdopmaumna ob
UCXOAHbIX AAHHbIX, CTPYKTYpE N BLIXOAHOM pesyrbTaTe
nporpammbi.

Ewe B ogHOM CCbiNke U3 NuTepaTypbl AaeTcA
onuncaHue eLle 0aHOW SKCNEPTHOW CUCTEMbI, O4EHb
obwumpHon no o6bemy. [IOKyMeHT onvcbiBaeT
nporpammy OPUS (Optimum Pumping Unit Search

— Mowuck onTMmanbHOW HACOCHOW CUCTEMBI),
KoOMMepyecKkoe Ha3BaHue Artilip. lNMporpamma coctont
n3: (a) 6a3bl 3HaHUN, coaep kallerl KOMMIEKTHOCTb
crneunanbHoOn nHopMaumny 3 061acTn KOMNeTeHUmMM,

CKBaKMHHBIN
aHaAJIN3aToP

[nAa 3anvcy 1 aHanm3a AaHHbIX UCMOMb3YeTcA
MOPTATUBHBIA KOMIbIOTEP, CMOHTUPOBaHHbIN
BMECTE C BbICOKOTO4HbIM aHaM0roBO-LMcpoBLIM
npeobpasoBaresieM B XXECTKOM NEPEHOCHOM chyTApe.
MprMeHeHne eAMHOTO SMEKTPOHHOIO 61oKa ¢
HeobXoaVMbIMM AaTHMKaMK OJ1A BO3MOXHOCTU
aHanM3a Bcex MapamMeTpoB CKBaXKVHbI MO3BOIAET
[06UTLCA 3HAYUTENBHOM SKOHOMMM.

OnnaviHoBble ycnyru Echometer
WHcbopmauma o npogykumm 1 cny>oéa nopaepxkm

BecnnatHan 3arpy3ka NO
ABTOMAaTMYECKUI YPOBHEMEP C aKyCTUHECKNM
rny6uHoOMepom
KoppekTupoBka ana pacyeta ctonéa
rasvupoBaHHOW XXUAKOCTH
PacueT naBnenua Ha 3aboe

OunHamomeTp
BbICOKOTO4HBIV NOAKOBOOGPA3HbIA AaTUYMK
YCOoBepLLEHCTBOBAHHbIA AATUNK MOMMPOBaHHbIX LUTAHM
AkcenepomeTp AN1A ONpeaeneHna NonoXeHna
NOMPOBaHHOTO LITOKA
[nHamorpamma CKBaXXMHHOro Hacoca
AHanua KpyTALlero MoMeHTa

Mpu6op AnA UCNbITaHUA CKBaXXUHbI C
nepemMeHHbIM AaBJIeHUEM
ABTOMaTUYECKMIA pacHeT YPOBHA XUAKOCTH C
aKyCTUYECKMUM rMyGMHOMEPOM
[Ovarpammbl aHanm“3a aaHHbIX

[daT4ynk MOLUHOCTH
AHanus MOLLUHOCTU U TOKa AaBurartena
BanaHc HacocHoM yCTaHOBKM
Obwwi Kng Hacoca
AHanM3 pacxodoB Ha 3NEKTPOIHEPr MO

AHanus BepxHero xofa niayHxepa
OnpeneneHune nosiokeH1e niyHxepa
OnNTUMU3AUMA ANMTENbHOCTU UMKIIOB

06e3BOXKUBaHME ra3oBbIiX CKBa)KUH

Echometer Company
5001 Ditto Lane
Wichita Falls, TX 76302, USA

Phone: 940-767-4334
Fax: 940-723-7507
www.echometer.com
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B [JOBblHA

(6) MaLIVHBI NOrMYECKOro BbiBOAA, UCMOMb3YIOLEN
AaHHble 1 3BPUCTUMKY 6a3bl 3HAHUIN ANA peLleHnA
3apad, u (B) MHTEPaKTUBHbIX MOAYMEN, YIPOLLAOLWNX
NCNofb30BaHNe 3KCNEPTHON CUCTEMBDI.

lMpaBuna B 04HOM MeTOAe CTPYKTYPUPOBaHbI
cnegyowmm obpasom:

ecnu (ycnosue), To (Tvn npouecca)

[na kaxxgoro npouecca (T.e. cnocoba akcnnayaraumm)
3apaeTcAa KoadhpuumeHT npurogHocTn SC oT -

1 oo +1 no gaHHomy ycnoswuto, rae SC = -1

o3Ha4vaeT UCKJIIoYEHMe npouecca U3 AanbHenwero
paccmoTpeHua, a SC = +1 — 4TO Npouecc XOpoLLo
NnoaxoauT ANA AAaHHOrO YCoBUA.

Hanpumep, NnpocToe BbipaxkeHne

ecnu (Temnepatypa Hacoca > 500 F), 1o (3UH), -1

3ajaeT npaBuo, UCKNKoYatowee npumeHeHne JALH,
ecnun Temnepartypa Hacoca npesbiwaeT 500 F

Bbi6bop No cpaBHEHMIO YNCTOWN NpUBELEHHON
ctoumocTu (HINC). bonee cnoxHaa meToanka Bbibopa
3aBUCUT OT IKOHOMNYECKMX NapameTpoB AOCTYMHbIX
cnocoboB [o6bl4M B TEHEHUE BCEro nepuoaa
akcnnyataumn. B cBoto oyepenb, IKOHOMUYECKME
napamMeTpbl 3aBUCAT OT MHTEHCUBHOCTM OTKa30B
CUCTEMHbIX KOMMOHEHTOB, CTOMMOCTHW TOMNBA,
SKCMyaTaumMoHHbIX pacxo4oB, TEMMNOB MHAIALUMK,
oXuaaemblx AOXOA0B OT AobbiBaeMbIX HEPTU U

rasa v gpyrmx oakTopoB, PasHAWMXCA OT CUCTEMBI

K cucteme. B ccbinkax ns nurepartypbl NpMBoOaATCA
NPUMepPbl SKOHOMUYECKOTO Bblibopa, CM. HUXXE
BblAEPXKY N3 n. 1 «Jlutepartypbi».

YT106bI NPUMEHNTb MeToq cpaBHeHuA no YI1C,
nonb3oBartesib AO/HKEH UMETb YETKOE NpeacTaBieHne
O COMYTCTBYKOLWMX pacxoaax no Ka>kaon cucteme.
Ona metoga cpaBHeHuA no YINC KpuTuYHbIMM
ABMNAOTCA peanMcTUYHbBIA MEXPEMOHTHbIN Nepuog
obopynoBaHnA U BOCCTAHOBUTENbHAA CTOUMOCTb.
3aecb TpebyeTcA, YTOObI NONb30BaTENb BHUMATENBbHO
OUEeHMBan KaXkayt CUCTEMY AJ1A CBOEN KOHKPETHOM
CKBaXXMHbI 1 OCO3HaBasn MntoC bl U MUHYCbI BCEX
CUCTEM U OOMNOSHUTENIBHOTO 060pYyAOBaHUA (T.e.
OOMONMHUTENbHbIE 3aTpaThbl), KOTOPbIE MOTYT
noHagobutecA. MNMockonbky B aHanua YrC exoaAt
3Hepro3aTparbl, TO Nepea Hayanom Takoro aHanusa
HeobX04MMO HAMETUTb ONTUMAasbHbIV MAaH Nno
KaxkAOMy BEPOATHOMY Cnocoby.

OTu hakTopbl 3aCTaBNAT NOMb30BAaTENA YYNTBIBATb
M paccmaTpuBaTtb BCE ONMUCAHHbIE BbILE METOAbI
Bblbopa onAa cbopa Heobxoammon nHpopmauum ana
aHanuaa 4ricC.

Mo kaxxpomy n-Homy ropy Aobbium YINC onpegenaetcaA
no chopmyne:
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{( Ooxoa oT HedpTn 1 rasa) — (3aTparhl,
OnekTpoaHeprua, KPC n 1.4.)} / (1 — AUCcKoHTHaA
cTaBka) n

Bl BbiBoabl

Bbi6op MOXXHO caenaTb, NPOCTO NOCMOTPEB Ha
pesynbTaTbl COCEAHNX MECTOPOXAEHUNA U (Mn)

€ NOMOLLbO Tabnmu NcoB — MUHycoB. OaHaKo
4TO6bI CpaBHUTL paccmaTpmBaeMble crnocobbl
[o6blun, B HEKOTOPbIX Crly4aAx NpoBOAUIICA NMOSHbIN
9KOHOMUYECKNI aHamnmM3 Cpoka aKcnyaTaumm
MECTOPOXAEHMA.
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