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06waa undhopmauma

3a nocnegHve HECKOMbKO NET O ra3nMpTHOM MeTofe 3KChyaTaumm
CKBaXKuH 6bIf10 HaNMcaHo Hemano, n ,El06aBI/ITb K 3TOMY 4TO-

nMbo cyLecTBEHHOE BECbMa HEMPOCTO. B HacToALel cTaTbe
npencTaBfieHbl COBPEMEHHble AOCTUXEHUA TeXHONornmm rasnwcha

1 NepCcneKTUBHbIE HANPaBMeHNA Pa3BUTUA STOro cnocoba
aKcnyaTaumm CKBa>kuH.

Tax nu 6e3HafeXHo ycTapen ra3nudiTHbLIA CNoco6 aKcnnyaTauumn?
ELe Heckonbko neT Hasap ra3nudTHbIN cnocob aKkcnnyaTaumm
cuntanca 6esHafexxHo yctapesLmM. Ero cobupanmcb NonHOCTbIO
3aMeHUTb Ha cnocob J06bIYN C UCMONb30BAHNEM ANIEKTPUHECKNX
LIeHTPO6eXHbIX Hacocos (SLIH) unm BUHTOBLIX HACOCOB. JTOT CNOCO6
MexaHMSMpOBaHHOﬁ ,D.Oﬁbl‘-ll/l no3BONAeT yBeIn4nTb ,D,GGI/IT CKBa>XXWUHbl,
SKCnyaTupoBaTb CKBa>XUHY nNpu 6onee HU3KNX YPOBHAX AaBfieHNA Ha
3aboe u, TakuMm 06pa3om, yBennimTb CyMMapHbI 0TOOP N3 CKBaXXMHbI
nnv Bectun fobbivy 6osee TAXENbIX XXUAKOCTEN.

OpfHako Cnyxu 0 “CKOpOomnoCTUXHOW cMepTH” rasnndTHOro
cnocoba oKasanucb CUMbHO NPeyBeNnYeHHbIMU. BblfIo 0TNOXEHO
WM NPEeKpaLLeHO HECKONbKO MPOEKTOB MO NepeBoay CKBaXKUH
C ras3nnTHOro Ha Apyrne cnocobbl aKcnayaTauum B CBA3M C
npoGnemaMM, BOSHUKLUMMU NPU OTKa4vke )KI/I,D,KOCTGVI ¢ 6onbwnmM
coaep>xxaHueM rasa, Teepblx Hactuu, n T.n. A Bce Aeno B TOM, 4TO
rasnupTHbIN cnocob coBceM He ABNAeTCA 6e3HaAEXHO yCTapeBLIUM.
Kak nokasblBaeT NpakTuKa, OH BMOJIHE XWU3HecrnocobeH, 1 BecbMa
yCcnewHo NnpumMeHAeTCA TaM, rae paHblle cHuTanca HBSdeI)GKTVIBHbIM.

B KaKux cny4yaax npumeHeHne

rasnudiTHoro cnoco6a Hanbonee adheKTUBHO

[a3nndTHBIN cnocob akcnnyaTauny Havbonee ahHEKTUBEH B TEX
cny4anx, Koraa BO3HVKaoT NpobnemMbl Npy UCNoNb30BaHWN ApYyrnx
METOA0B MEXaHW3NPOBaHHON [06bIYK:

e [lo6blya XMAKOCTU ¢ 6oNnblUIMM coaep)KaHuem rasa. [laxe
y4uUTbiBaA nocnenHne ycosepLleHCTBOBaAHNUA HACOCHbIX CUCTEM,
no3sonAawLwue 0T6I/IpaTb XXNOKOCTb C NOBbILWEHHbIM coaep>XXaHnem
rasa, 6eccrnopHbiM ABNAETCA TOT PaKT, YTO HaNMU4Me rasa cosgaet
ﬂpOﬁJ‘IeMbl anAa paﬁOTbI CKBa>XMHHbIX HACOCOB, U B TO >XXe BpeMA
ABIAETCA NpenMyLiecTBoM npu ncnosib3osaHuUn raSJ'II/ICbTHOrO meToaa.

e Hanuuue necka. HecmMoTps Ha BHOCMMbIE B HACOCHbIE CUCTEMBI
ycoBepLlleHCTBOBaHNA AN1A BO3MOXHOCTU OTKa4YKN XUAOKOCTU

C NoBblleHHbIM coaep>XXaHnemM necka, Nnpoao>KaroT BO3HNKATb
pa3nuyHble npobnembl B ux paboTe. Nockonbky ra3nuTHoe
obopynoBaHue He HaxoAMTCA Ha NyTH NOTOKa CKBaXKMHHOM
XXKNOKOCTW, NpUCYyTCTBUE B aTOoN XXKNOKOCTU Necka U TBepAblX HacTuy
He OKasblBaeT Ha 3TO 0bopyaoBaHNe HeraTUBHOMO BO3AENCTBUA, 1
ero MO>XXHO ncnonb3oBaTtb AnA ,D,OGbIHI/I XXKNAOKOCTU C NOBbIWEHHbIM
cofep>KaHneM necka, ecnv KOHLEeHTpauuA NocneaHero He ABNAETCA
YpEe3MepPHO BbICOKOM.

e HaknoHHble cKkBaXkuHbl. [1py 60nbLIOM UCKPMBAEHUN CTBONA
CKBa>XWHbI MOTYT BO3HUKHYTb NPO6nemMbl C yCTaHOBKOMN 1
3KCnyaTaumen HacoCHbIX cucTeM. 3NN THbIE CUCTEMBI MOTYT

C YCMEXoM NPUMEHATLCA B CKBAXKMHAX C YINTIOM OTKITIOHEHWA OT
BepTUKanu fo 70°. Takol yron HaknoHa ABNAETCA MaKCUMasbHbIM
AnA paboTbl KaHaTHOW Nebeakm, C MOMOLLbIO KOTOPOA
ycTaHaBnuesaeTcA ra3nupTHoe obopyaosaHue.

¢ Mopckana no6bbiya. Ha MHOMMX MOPCKNX 1 HEKOTOPbIX

Ha3eMHbIX ,qOGbIBaIOIJ.l,VIX KOMMNeKcax BOSMOXXHOCTb YCTAaHOBKU
[OOMNONHUTENbHOro 060pyaOBaHUA Ha YCTbe BECbMa OrpaHuYeHa 13-3a
OTCyTCTBUA HGOGXO,D,I/IMOFO AnA Hero mecTta. O,D,HI/IM 13 npeunmyLiecTs
ra3J'II/ICbTHbIX CNUCTeM ABNAETCA TO, YTO AN1A X YCTAaHOBKU U
aKcnnyaTaumm TpebyeTcA o4eHb He3HAYUTENbHOE NPOCTPaAHCTBO

Ha ycTbe. U ecnu Ha gobbiBatoLemM KOMMNeKce NCnonb3yeTca
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Introduction

Much has been written about gas-lift in the past few years, so it is
difficult to add new information. The purpose of this section is to
present the current state-of-the-art of gas-lift and to suggest some
future directions that are “on the drawing boards.”

Is Gas-Lift a Dying Practice?
A few years ago, many people suggested that gas-lift was a dying
practice. Plans were underway to replace it by electrical submersible
pumping or progressing cavity pumping. These methods of artificial lift
could potentially produce more fluids, achieve lower operating bottom-
hole pressures (and thus higher ultimate recoveries), or handle heavier fluids.
However, announcements of gas-lift’s demise were premature.
Several of the “conversion” projects have been delayed or cancelled
due to problems with pumping gassy fluids, handling solids, etc. So,
the simple matter is that gas-lift is not a dying practice; it is alive and
well and being used for new applications that were previously thought
to be impractical.

Applications for Which Gas-Lift is Especially Well Suited
Gas-lift is especially well suited for a number of applications where
other methods of artificial lift have problems:

e Gassy production. Even though advancements have been made in
the abilities of pumping systems to handle gas, it is still true that gas
creates problems for pumping systems, while gas-lift benefits from the
presence of gas.

e Solids. Improvements are also being made in the abilities of pumping
systems to handle solids, but here too there are problems. Since gas-
lift equipment is not in the main production stream, it is not adversely
affected by the presence of solids and can be used to produce “sandy”
fluids, as long as the concentration of solids is not too high.

¢ Deviated wells. If wells are highly deviated, there can be problems
installing and operating pumping systems. Gas—lift has no problem
with deviated wells as long as the angle of deviation is not greater than
about 70° from vertical. This is the practical limit of wire line operations
to install gas-lift equipment.

e Offshore. In many offshore and some onshore locations, there is
limited space near the wellhead to install equipment. An advantage of
gas-lift is that it requires a very small footprint near the wellhead. If a
compressor is required for gas export anyway, it can often also be used
for gas-lift, so additional equipment can be very modest.

¢ Subsea. All subsea completions present challenges in installation,

operating, and maintenance. However, if gas-lift injection pressures are
sufficient to support a single point of gas injection, use of gas-lift valves
can be avoided and gas can be injected through an orifice. In this case,
gas-lift can be a highly reliable means for artificially lifting subsea wells.

¢ Backup for pumping. In some cases, electrical submersible pumps
are installed to achieve high production rates and low operating bottom-
hole pressures. However, if an ESP fails, especially in offshore or subsea
environments, it may take a long time to organize a work over. In many
of these installations, gas-lift is used as a backup to keep the well on
production until a work over can be scheduled to replace the ESP.

* Low pressure, gassy wells. One common criticism of continuous
gas-lift is that it can’t achieve low operating bottom-hole pressures.
However, when reservoir pressures are low, or the inflow productivity
it poor, and the production is gassy, intermittent gas-lift may be an
excellent alternative to pumping. New information on intermittent gas-
lift can be found in APl RP 11V10. This is a new API document, still
being drafted, for design, operation, and optimization of intermittent



KOMMpeccop ANA NepekaYvkm rasa, oH TaK Xe 3a4acTyto MOXeT
NMPUMEHATLCA ANA ras3nMdTHOM [o6bI4K. Mpy 3TOM, KONNMYECTBO
HeobxoAnMOro AONONHMTENbHOro o6opyaoBaHMA byaeT o4eHb
He3HaunUTesIbHO.

o lo6biBalowwme KOMNAeKchbl ¢ NOABOAHBIMM YCTbAMU. MOHTaX,
aKcnnyarauma n obcnyxmneaHne o6opyAoBaHNA NOABOAHbLIX
006bIBaOLLMX KOMMNEKCOB ABMAETCA HenpocTon 3agadven. OgHako,
€CNY YypOBEHb AaBfeHWA HarHeTaHWA ra3nupTHOW CUCTEMBI
[ocTaTodeH AnA obecrneyvyeHna LeHTpanM3oBaHHOro HarHeTaHuaA rasa,
MOXHO 060MTUCL 63 YCTaHOBKM ra3nupTHbIX KnanaHoBs, a 3aka4ky
rasa npou3BoAMTb Yepes HarHeTaTenbHyo BOPOHKY. B aTom cny4ae,
NpUMeHeHne rasnupta MoXeT cTaTb HaAEeXHbIM U 3P(EKTUBHBIM
€cnocob0M MexaHU3UPOBaHHOW A06bIYN U3 CKBaXKMH C NOABOAHBLIM
yCTbeM.

o Pe3epBHbIN cnocob akcnnyaTtaumu. B HekoTopbix crnyvasx, AnA
yBenMyeHnA Aebuta CKBaXXWH NN BO3MOXHOCTU BECTU A0ObIYY Mpu
HU3KMX AaBfieHUAX Ha 3aboe B CKBaXKMHY crnyckaioT OLHbI. OgHako,
npu Bbixoge 3LH 13 cTpona, ocobeHHO B yCNOBUAX IKCNyaTaumm
MOPCKMX CKBa>KWH C 0ObIYHbIM UMW MNOABOAHBIM A0ObIBAOLLIMM
KOMIMNIEKCOM, BbINOSIHEHWE PEMOHTHBIX paboT MOXET 3aHATb
npojomkutTensHoe spema. B aTux cnyyanax, ra3nudT ncnonbayeTtcaA
Kak pe3epBHbIil cnocob aKcnayaTaumm Ha Nepmos pemMoHTa unm
3ameHbl OLH.

o CKBa)XWHbI C HU3KUM fAlaBieHUeM U 60nbLINMM ra3ocofep)xaHem.
OAHMM U3 4acTo YNOMUHaEeMbIX HEAOCTaTKOB HenpepbIiBHON
ra3nnTHON aKCnnyaTaumm ABNAETCA HEBO3MOXHOCTb [006bI4M

Npu HU3KOM ypOBHE AaBneHuA Ha 3aboe. OaHaKo, NPU HU3KMX
NnacToBbIX AABMEHUAX UK CNabom NPUTOKE XXUAKOCTU B CKBAXKMHY,
a TaK e MoBbILEHHOM CoAepXaHnn ra3a B A06bIBAEMOW XNAKOCTH
nepuoamyecKan ra3nupTHan oTKayka MOXeT CTaTb NpeKpacHon
anbTepHaTUBON MEXaHW3NPOBaHHON HAacOCHOW Aobblve. NHdopmauma
Nno HOBON MeTOAMKE NepuoaNYecKoro rasnudta npuBoaUTCA B pp

CHCTEMBI HFIJFFEMMHIJFD
obecneuyeHun

CweTemsl ynpasneHHs
NPOHIROACTEEHHBIMM Ob6BENTAMM H
rpybonpoeogamm

¥oomepweHCTRORAHMEIM KOHTPOMNE W
onTHMAIALMA paboT

MoHwWTopuHr TpyGonpoEonon, YCTPaHEHWE
npobox W obHapymeHHe yTeuex

Kypchl NOBLIWEHHMA KEANHPHEILHK
WHNMEHEPOE W ONEpaTopos

gas-lift. The draft can be found on www.alrdc.com/techcom/index.htm.

¢ Dual wells. Many wells are completed with two (or even sometimes
more) tubing strings in the same wellbore. This is done for several
reasons; perhaps the primary one being to complete two or more
productive intervals with one wellbore and thus save drilling costs.
Producing dual wells with pumps is very challenging. It is also difficult
with gas-lift, but is possible. Current recommended practices for dual
gas-lift are being developed in API RP, 11V9. See http://www.alrdc.
com/techcom/index.htm.

Typical Gas-Lift Problems

There are three primary objectives in gas-lift. In order of importance,
they are: lift as deep as possible, lift as steady as possible, lift as
optimally as possible. There are several typical gas-lift problems.
Each of these can significantly reduce the efficiency and effectiveness
of production by gas-lift, but most of them can be overcome by

using appropriate gas-lift surveillance and automation/optimization
techniques. A detailed discussion of these problems can be found

in API RP 11V5. Currently, this RP is being updated. The current draft
version can be found on http://www.alrdc.com/techcom/index.htm.

¢ Under injection. In many fields, gas for injection into gas-lift wells

is a scarce commodity. In these cases, some wells, and perhaps

many wells, may be under injected. This can lead to several problems
including under production, heading or instability, etc. Recommended
practices to overcome under injection are:

- Provide a way to control the rate of gas injection, using a control
valves or a gas-lift automation system. This will prevent inadvertent
under injection in all of the wells.

- Know the performance of each gas-lift well and assure that the
“good” wells obtain the desired amount of gas. Let the “poor” wells
suffer, if they must.

- Consider converting some of the poorer wells to intermittent gas-lift,
or pumping, if this becomes necessary to conserve gas. pp

a—

ultiphase Solution

=

-

¢ 10

| TexHuyeckKkue
KOHCANTHHIoOBLIE YCNYrM

FMApOgUHAMMYECKHE PacUeTh

MﬂﬂEﬂHFﬁlHHHE nepeXooHBN
“Hﬂrﬂﬁﬂ JHBIX NOTOEKOE

AvHaMuyecKue KApAKTEPHCTHEW ApOUBCCa
H MOBCNHMPpoOBAHAD MO METOAY KOHEYHBIX
INEMEHTOR

Cucrema Advisor™ gna onepatopon

Mt nomoracms HawEs IKaIUHMKAM B PO IEMTHE
M ONTHMHAIAUWHE NPOHIN0OCTRCHNEX KOMNNEKCOR

A
EE

O01.281.648,1515
ol phase . com

CTOAMOCTRID B MANNHARAK Qonnapon

A Wood Groug
Coampany

TexHuuecKkue pEelIeHHAA, FBEPEEIJTEIHHBIE H BONMNOLWLEHHBIE
AnA NoBLIUeHHA ach-:l:lerrmm-mcm BALHMX NPpOHRIBOOCTEEHHBIX obsexToB

ROGTEC | 67



cneumncukaummn APl 11V10. OTa cneundpukauma npeacrtasneHa noka
B NpeABapuTenbHOM BapuaHTe, 1 OnucbiBaeT NOArOTOBKY, BHeApeHue
1 onTUMM3aumIo nepuoauyeckoro rasnudTa. C npeasapuTesibHbIM
BapuaHToOM cneunuKaumm MOXHO 03HAKOMUTBLCA MO aapecy Www.
alrdc.com/techcom/index.htm.

o CKBa)XvHbI C OAHOBPEMEHHOW 3KCnJlyaTauuein AByX ropu3oHTOB.
3akaHuMBaHWe MHOTMX CKBaXXMH NPOM3BOANTCA CNYCKOM ABYX (a
nHoraa u 6onee) konoHH HKT B ogunH cTBON. 3TO AenaeTcA no
HECKOJbKUM NPUYMHAM, IMaBHOW U3 KOTOPbIX, BUAMMO, ABAETCA
BO3MOXHOCTb 3KCMyaTaummn AByX Unun 6onee ropu3oHTOB, BCKPbIThIX
OAHMM CTBOJIOM AJ1A CHMXXEHWA pacxofoB Ha bypeHne. SkcnnyaTauma
ABYX Unun 6onee ropu3oHTOB B OAHOCTBOMbHBLIX CKBaXXUHAX C
MCMOMb30BaHWEM HACOCOB ABMAETCA BECbMa CNOXHOWN 3aaaqen.
Ob6ecneunTb ra3nUpTHYIO SKCTyaTaumio TakKUX CKBaXKUH TOXe
HenpocTo, HO BMOMHE BO3MOXHO. VIHhopMaumA No nCnonb30BaHMio
rasnudTa AnAa aKcnayarauum Asyx unv 6onee ropusoHTOB, BCKPbITbIX
OAHOCTBOMbHON CKBa>KMHOW, NpuBeaeHa B cneundunkauum API RP,
11V9. Cm.www.alrdc.com/techcom/index.htm.

CTanpapTHbie npo6nembl NPy

MCcNoNb30BaHUMN rasnnIiTHOI IKcNAyaTaLum

[nA apdekTnBHOM rasnMTHON aKcnyaTauum Heob6xoaAMmo AOCTUYb
TPpex OCHOBHbIX Lienien. BoT oHM B nopAAKe BaXXHOCTU: MakCcMmanbHO
BO3MOXHAaA rMybuHa 3aka4ku rasa, MakcumanbHas cTabunbHOCTb
noToka n makcumansHana aheKTMBHOCTb 0THOPa XnakocTu. Mpu
rasnMdTHOM SKCMnyaTaumm CywecTByeT HECKOMNbKO CTaHAaPTHbIX
npobnemM. Kaxaana n3 HAX MOXeT NPUBECTU K 3HA4YUTENbHOMY
CHUWXEHUIO 3hPEKTUBHOCTM ra3nmudpTHoM akennyarauum. Ho
60MbLUNHCTBO 3TUX NPOBNEM MOryT BbITb YCTPaHEeHb! UCMONb30BaHNEM
COOTBETCTBYIOLUMX METOANK MOHWTOPUWHra, asTomaTusaumm n
onTumMmM3aumm rasnnudpTHom akennyataummn. fletansHaa nHcopmauma
no yKasaHHbIM npobnemam npueeaeHa B cneumdukaummn API

RP 11V5. B HacToALee BpemMA B cneumdurkaumio BHOCATCA
HeobxoAMMble n3MeHeHWA 1 gononHeHuA. C npeaBapuTenbHbIM
BapuvaHToM cneundunkaumm MoOXHO 03HaKOMUTLCA MO aapecy
www.alrdc.com/techcom/index.htm.

e HepocTtaTouHblil ypoBeHb 3aKa4ku rasa. Ha MHorux
MEeCTOPOXAEHNAX BECbMa OrpaHnyeHbl nMetoLmeca ob6bemMbl rasa
ANA NCNOoNb30BaHUA Npu ra3nuTHON aKecnnyaTaumun. B aTo cny4ae,
YPOBEHb 3aKa4Ku ra3a B HEKOTOPble CKBaXXWHbI, YACO KOTOPbIX
MHOrAA AOBOMbHO 3HAYUTESIbHO, MOXET ObITb HEAOCTATOYHbIM. OTO
MOXET MPUBECTU K Cepbe3HbIM npobnemam, HanpuMmep, 3aHNKEHHOMY
0TH0PY, HEYCTONYMBOMY NMOTOKY XXMAKOCTU U T.N. [inA ycTpaHeHna
npobnemMbl HEAOCTATOYHOIO YPOBHA 3aKaykm ra3a pekomeHayeTcA
NPUMEHATb cneayowme MeTOANKMN:

- Obecne4ynTb perynMpoBaHne ypoBHA HarHeTaHWA rasa c
NMOMOLLbIO PEryNMPYIOLMX KNanaHoB Un CUCTEMbI
aBTOMaTUYECKOro perynmpoBaHna ra3nmdTHON akcnnyatauumn. 3T1o
npeaoTBpaTUT CnyYyanHoe BO3HUKHOBEHNA HEA0CTATOHHOMO YPOBHA
3aKayku rasa Ha BCeX CKBaXMHax.

- OtcnexxumaTb AeOUT KaXAoW CKBaXWHbI C ra3nnTHON
aKcnnyaTaumen n obecneymsaTb HEOOXOANMbIN YPOBEHb 3aKa4vKu
rasa AfiAa CKBa>KWH C XOpoLmnmM gebuTtom. MNycTb ny4lie CHU3NTCA
Ao6bi4a ManoaebuTHbIX CKBaXXWMH YeM BbICOKOAEOUTHbIX.

- PaccmoTpeTb BO3MOXHOCTb NepeBoAa HEKOTOPbIX ManoaebuTHbIX
CKBaXXWH Ha NepvoanyecKui ra3nnuT nnm HaCoCHY OTKauKy, ecnm
3TO HEO6XOANMO ANA IKOHOMUM rasa.

¢ YpeamepHbii ypoBeHb 3aKaykM rasa. Ha HekoTopbix
MEeCTOPOXAEHNAX KapTMHa obpaTHaA: UMETCA N36bITOYHbIE
o6beMbl ra3a. 34ech CcyllecTByeT TeHAEHUMA K 3aKayke Ype3MepHoro
ob6bema raza Ha TOM OCHOBaHWUM, YTO €Cnv MOJ1 3aKa4kKa HEKOTOpPOro
obbema rasa - 3T0 XOpoLUO, TO 3aKayka 6onbLiero obbema - eLle
ny4uwe. Ype3MepHbIin ypoBeHb 3aKaykuy ra3a MoXeT npusecTu
K BO3HUKHOBEHWIO O4eHb HecTabunbHOro NoToka oTémpaemon
SKMAKOCTU U 3HAYUTENBHOMY CHUKEHWIO 3(PHEKTUBHOCTUN AaHHOMO
cnocoba akcnnyarauun. inA yctpaHeHna npobnemMbl Ype3MepHoro
YPOBHA 3aKa4Ku rasa peKoMeHayeTCcA UCMonb3oBaTth crneayoLwme
METOANKN:
- NmeTb TO4YHYI0 MHDOpMaLmo 06 ONTUMAasibHOM YPOBHE 3aKaykun
rasa npv ra3nMdTHOM dKCnnyaTaummn Ana KaxX,a0ou KOHKpeTHOM
CKBaXWHbI U 06ecneynTb perynuposaHne 3akadnsaemoro obbema

68 | POITEX

e Over injection. Conversely, in some fields there is an abundance of
gas. Here, the tendency is to over inject the wells on the thinking that is
some gas is good, more must be better. Over injection can lead to sever
heading (instability) and can be very uneconomical. Recommended
practices to overcome over injection are:
- Know the optimum gas-lift injection rate into each well and control
the rate to not exceed this amount.
- Use control valves or a gas-lift automation system to assure that
each well is kept at its optimum rate at all times, and not over injected.
- If excess gas is available, there is usually a market to sell it.
Or possibly other wells can be converted to gas-lift.

e Lifting shallow. The first objective listed above is to inject gas as

deep as possible. It is never better to inject gas from a shallow depth.

This will result in lower production at higher gas-lift injection rates.

Shallow injection can occur due to leaks in the tubing or mandrels,

valves that are hung open, under injection from the surface, or

upper valves that are periodically open due to pressure fluctuations.

Recommended practices to overcome lifting too shallow are:
- Provide a good surveillance system, using two or three pen charts,
or a gas-lift automation system, to continuously check for shallow
injection. This can usually be detected by too low injection pressure,
too low production rate, etc.

- If necessary, confirm the too shallow injection by running a flowing
pressure survey, CO, survey (see below), etc.

- If too shallow injection is detected, determine the cause of the
problem and fix it. It is never a good idea to allow this problem is persist.

¢ Heading or instability. Pressure heading or instability is a common
problem in many gas-lift wells. It is never better to allow instability in
a gas-lift well than to have stable injection and production. Instability
can be caused by several conditions, including leaks, under injection,
over injection, in appropriate injection pressure, incorrectly set gas-lift
valves, etc. The most common cause is an oversized port, choke, or
orifice on a gas-lift injection valve or orifice. Recommended practices to
overcome heading or instability are:
- Provide a good surveillance system, using two or three pen charts,
or a gas-lift automation system, to continuously check for heading
or instability.
- When this occurs, diagnose the cause(s) of the problem.
- Sometimes heading or instability can be corrected by adjusting the
gas-lift injection rate or pressure.
- If this doesn’t work, it may be necessary to pull and resize the
operating gas-lift valve or orifice, or change an upper unloading valve.
- If the instability is caused by a leak, it is necessary to fix the leak.

e System upsets. Most gas-lift wells do not operate alone; they

are part of a system. If there is an upset in the system (compressor
stopping or restarting, production station stopping or restarting,

big well changing, etc.), this can affect other wells in the system. It
can sometimes cause other wells to be at least temporarily under
injected, over injected, or forced to go unstable. If a system is operated
manually, there may be no good way to react to temporary system
upsets. Of course, if a compressor is going to be out of service for an
extended period, this can be accounted for by adjusting the injection
rates into the wells. If a system is operated automatically, with a gas-
lift automation system, the system can be designed to automatically
respond to a system upset.

It can keep the “good” wells at their desired rate and reduce the rate
into poor wells or turn the gas to them off altogether if necessary.

e Others. Many other problems can occur in a gas-lift system.
Examples include problems with surface measurements, surface
controllers, the source of gas, plugging of lines, upsets in the
production station, etc. API RP 11V5 covers many of these problems
and suggests possible solutions.

Recent Gas-Lift Advances

To help meet the challenges of needing to use gas-lift in ever more
difficult environments, several recent advances have been made in
gas-lift equipment and practices.

¢ New gas-lift mandrel. Weatherford’s SBRO-DVX side-pocket
gas-lift mandrel features (patent pending) unique dual pocket



AnA NpeaoTBpaLleHnA N36bITOYHOW 3aKaYKu.

- WNcnonb3oBatb perynupyowmii KnanaH unu cuctemy
aBTOMaTusaumu rasnnudTHOM aKcnyaTtaumm anAa obecneyeHua
NOCTOAHHOIO ONTUMAaNbHOrO YPOBHA 3aKayky rasa anAa Kaxaomn

CKBa>XNHbl 1 NpefoTepalieHnAa 3aka4ykm 4Ype3amepHoro obbema rasa.

- O6pasyolmeca N3NnULWKM rada 06614HO MOryT 6bITb peann3oBaHbl.
Mnu >ke nx MOXXHO 1cronb3oBaThb ANA 3aKadyku B ApYyrne CKBa>KMHbI
KOTOpbIE NepeBOAATCA Ha rasnnTHBIA CNocob aKcnyaTauum.

o Hebonblana rnybuHa 3aKka4yku rasa. [lepsoi 13 ykasaHHbIX BbilLe
uenen anAa JOCTWXeHNA ahPeKTUBHON rasnndTHON aKcnnyaTaumm
ABNAETCA 3aKayka rasa Ha MakCMmanbHO BO3MOXHYIO ryOuHy.
3akayka Ha Hebonbluyto rybuHy cHmxaeT adheKTUBHOCTb AaHHOMO
cnocoba fobbiun. OHa NpuBeaeT K CHMKEHUIO AebuTa CKBaXKWHbI 1
YBENMUYEHNIO YPOBHA 3aKayku rasa. Hebonbliaa rmybuHa 3akayku
rasza MoXxeT 6bITb Bbl3aBaHa yTe4kamu B HKT vnu onpaske anA
CbEMHOTO KnarnaHa, Harnm4nem OCTaBLUMXCA OTKPbITbIMU NPU 3aKayke
C YCTbA KNanaHos, NN NepnoanyecknM OTKpbiIBAHMEM BEPXHUX
KnanaHoB 13-3a konebaHua aasneHuna. [inA ycTpaHeHna npobnembi
Heb60onbLION rNybuHbI 3aKa4ku ra3a peKoMeHayeTCA UCMonb3oBaTb
cneaylowme MeToaNKN:

- ObecneunTb HaAEXHYIO CUCTEMY MOHUTOPWHIA C UCMOMb30BaHNEM
ABYX- NN TPEXNepbeBbIX AnarpaMmHbIX CaMOMNUCLEB, MU CUCTEMY
aBTomaTusaumm ra3nupTHOM aKennyatauum, AnA HenpepbIBHON
NPOBEPKU OTCYTCTBUA HEOOMBLLION rMybuHbI 3akayvku. NprusHakamm
Heb6onbLUION rNybuHbI 3aKa4ku rasa ABNAIOTCA HU3KOE AaBneHve
3aKayku, CIIULLKOM HU3KUA oebuT, n T.n.

- lNpun Heo6x0AMMOCTU CneayeT BbINONHWUTL NPOBEPKY HaNM4MA
CMULLKOM Mason rnybuHbl 3aka4yku ¢ NOMOLLbIO N3MepeHunA
AaBneHunAa otéopa xuakoctu, yposHA CO, (CM. Huxe) 1 T.n.

- Ecnu cnuwkom Hebonbluana rybuHa 3akayku NoaATBepAnnach,
HeobxoAnMO YCTaHOBUTb MPUYKHY U yCTpaHuTb ee. He cneayeT
OCTaBNATb 3Ty NPo6nemy HepaspeLleHHON.

o ynbcauuna n HectabunbHOCTb NOTOKa. Mynbcauua n
HecTabunbHOCTb AaBMEHMA U MOTOKa OTOMpPaeMom XNAKOCTH
ABNAETCA TUNNYHON NPo6NemMor Ha 6OMbLUMHCTBE CKBaXKWH

¢ rasnudtom. CTabmnbHOCTb 3aKaykuy raza u otbopa HedTH,

6eccrnopHo, ABNAIOTCA BaXKHbIMU dhakTopamu JOCTUXEHNA

3(hPEKTUBHOCTM ra3nMTHOro cnocoba aKcnnyaraunmn.

HecTabunbHOCTb MOXET 6bITb BblI3BaHa pa3nnM4HbIMU NPUHUHaAMMK,

BKMIOYaA YTEYKMW, HEAOCTaTO4HbIN YPOBEHb 3aKa4vKu rasa, Ype3amepHo

BbICOKWI YPOBEHb 3aKayku rasa, HeCOOTBETCTBME YPOBHA AaBMeHUA

3aKayku, HenpasuIbHYIO YCTAHOBKY ra3fiMdpTHbIX KnanaHos 1 T.M.

Hanbonee 4acTon NpuynHON ABNAETCA CAULLIKOM 60onbLUON AvameTp

BbIXOAHOrO OTBEPCTUA, LWITYLepa UM BOPOHKU B ra3fimgpTHOM

HarHeTarTesnbHOM KnanaHe. [inA ycTpaHeHWA npobnembl nynbcaumm

UM HecTabunbHOCTN NOTOKa PEeKOMEHAyeTCA UCMoNb30BaTh

cneaylowme MeToaNKN:

- ObecneunTb HaAEXHYIO CUCTEMY MOHUTOPWHIA C UCMOMb30BaHNEM
ABYX- NN TPEXNepbeBbIX AnarpaMmHbIX CaMOMNUCLEB, MU CUCTEMY
aBTomaTusaumm rasnupTHOM akennyataunm, AnA HenpepbIBHON
NPOBEPKMN OTCYTCTBMA NynbCaummn UNN HeCTabUNbHOCTM NOTOKA.

- B cnyyae obHapy>eHuna nynbcaunm unm HecTabunbHOCTN NOTOKa
Heob6x0AUMO YCTaHOBUTb MPUYNHY BO3SHUKHOBEHMWA 3TOW Npobnemb.

- VHorpa nynbcaumio nnv HeCTabunbHOCTb NOTOKA MOXHO YCTPaHUTb
perynnposaHneM ypoBHA 3aKa4ku Un JaBfieHUA HarHeTaemoro rasa.

- Ecnu 310 He NnoMorno, MoxeT noTpeboBaTbCA NOABLEM ra3nMPTHOrO
KnanaHa unm BOPOHKN N N3MEHEHUe 1X NPOXOAHOro AvameTpa,
nmMb0o 3amMeHa BEpXHEro pasrpy304HOro KnanaHa.

- Ecnu HecTabnnbHOCTb NOTOKA Bbi3BaHa YyTEYKON, MOCNEAHIO
HeobXx0AUMO YCTPaHUTb.

e HapyweHua B paboTte cuctembl 3KcnnyaTaumu CKBa>kuH.
BOMbLMHCTBO CKBaXMH € ra3nupTHbIM OTOOPOM SKCNIyaTUpPYOTCA
Kak 4acTb eauHon cuctembl. CO60M nnum HapyLeHue B paboTe
CcMCTeMbI (OCTaHOBKa MK Nepesanyck komnpeccopa, OCTaHOBKa
UM Nepesanyck aKcnnyaTaLmMoHHOro KoMrniekca v T.n.) MoryT
HeraTMBHO OTPa3UTbLCA Ha paboTe APYrMx CKBaXkWH, ABAAIOLMXCA
4acTblO 3TOW CUCTEMbI. Hanprumep, Ha ApyrMx CKBaXXMHax ypoBeHb
3aKayku rasa vHorga MoXeT CTaTb HeAOCTaTOYHbIM UK, HA060POT,
Ype3MepHbIM, MO0 OTOHOP XXUAKOCTN MOXET CTaTb HECTAOUSIbHBIM.
Mpu ncnonb3oBaHWUM py4HOro yrpaBneHnsa CUCTEMON cpearnposaTtb
[OMKHBIM 06pa3oM Ha BO3HUKLLMI cHOi B ee paboTe bbiBaeT pp

communication channels that, when equipped with external back-flow
check assemblies, prevent well fluids from entering the casing annulus
through gas-lift valves or empty pockets. The mandrel provides the
ability to encompass multiple barriers to protect the casing annulus
from being exposed to corrosive fluids and pressure during the
operation. In addition communication is prevented during valve change-
out activities, thus eliminating the repetitive annular fluid unloading

and resulting in longer valve life and quicker production recovery. The
mandrel is designed to accept existing industry standard gas-lift valves
and latches for maximum flexibility. It is available is 2-3/8” to 7” sizes in
a variety of materials for high pressure and corrosive environments.

¢ Surveillance with CO, tracer. AppSmiths, Inc. (ASI) offers a new
gas-lift surveillance tool called a CO, tracer survey. A “slug” of CO,

is injected with the gas-lift injection gas. The time required for it to
travel down the casing/tubing annulus and back up the tubing string is
indicative of the depth(s) of injection. This can be used to determine the
operating gas-lift valve(s) and can give an indication if there is a leak in
the tubing or an upper gas-lift valve or mandrel. The plot below shows
the well lifting from valve #4.
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¢ Gas-lift standards. For years, the Gas-Lift Industry standard for
gas-lift mandrels and valves has been API 11V1. This document is now
being replaced by a new series of standards from the International
Standards Organization (ISO). ISO 17078-1 is the new standard for
gas-lift mandrels. It is complete and has been published by ISO. ISO
17078-2 is the new standard for flow control devices (gas-lift valves and
related equipment). It is in the final stages of international approval and
should be published in 2006. ISO 17078-3 is the new standard for running,
pulling, and kick-over tools, and latches. It has been drafted and is now
starting the international review process. These documents are intended
to provide standards by which equipment quality can be assured.

¢ Gas-lift design software. Industry gas-lift design software packages
continue to be enhanced. Current leading programs include “Prosper”
by Petroleum Experts, “WellFlo” by Edinburgh Petroleum Services
(owned by Weatherford), “PipeSim” by Baker Jardine (owned by
Schlumberger), and “WinGLUE” by Shell International Exploration
Production (manufactured and distributed by AppSmiths, Inc.
Information and often trial runs on these programs can be obtained

by contacting the companies directly.

¢ Gas-lift design with gas-lift valve models. For years, the Thornhill
Craver model has been used to estimate the gas flow though chokes.
It is also relatively accurate in estimating flow through gas-lift orifices.
However, it is not accurate for estimating gas flow rates through
gas-lift valves. This is primarily due to the throttling nature of valves.
Several years ago, several companies in the Industry created the Valve
Performance Clearinghouse (VPC), a joint venture organization to conduct
flow tests and develop accurate models of gas-lift valve performance.
For example, see the significant difference between the Thornhill Craver
prediction [green line] and the estimate based on the valve model in the
plot on the right. Currently, gas-lift valve models developed by the VPC
are being used in at least some of the commercially available gas-lift
design and surveillance software programs. pp
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3aTpyaHUTenbHO. KoHeYHo, BbiIBOA KOMMpeccopa M3 aKcnyataumm Ha
A0CTaTOYHO NpoAOoI>XXUTEeNnbHOE BpeMA MOXeT 6bITb KOMnNeHcunpoBaH
KOPPEKTUPOBKOW YPOBHA 3aKayku rasa B CKBa>KuHbl. OgHaKo,

npu Hann4nm aBTOMaTU4eCKOro pexxumMa ynpasfieHmnA cuctemom
ra3J'II/ICbTHOI7I aKcnnyaTtauuny, MO>XXHO HACTPOUTb cUCTeMy OnA
aBTOMaTU4eCKoro pearmposaHnA Ha BO3HUKLLUee HapylleHne B

ee paborte. [Npn 3TOM, MOXET Noaaep>XMBaTbCA HEOOXO0AMMbIN
YpOBEHb 3aKa4ku ra3a B CKBa>kMHbl C XOpPOLUMM ,El.eGI/ITOM n
CHMXXaTbCA YpPOBEHb 3aKa4Kn B CKBa>XUHbl C HU3KNM ,D,GGI/ITOM. |-|pI/I
Heo6X0AMMOCTM, NoAaYa rasa B HU3KOAEOUTHbIE CKBaXXMHbI MOXET
6bITb COBCEM NpeKpaLleHa.

e [lpyrue Bo3MoXHble npobnemsbl. [pu ncnonb3osaHum
ra3nudTHOro cnocoba aKcnyataumMm MoryT BO3HUKATb TaKxXe

1 apyrue npobnembl. B KayecTse NpumMepoB MOXHO NpUBECTU
npobnemMbl ¢ 3aMepHbIM 060pyAOBaHNEM Ha YCTbe, YyCTbeBbIMU
perynATopamu, UICTOYHUKaMM rasa Afna 3akayku, 3aKynopmsaHuem
JIMHWIN 06BA3KM, HAapYyLIeHNA B paboTe aKCnnyaTaLUMOHHOro KOMMneKca
1 T.N. BOMBLWMHCTBO M3 BbileyKa3aHHbIX NPO6/1eM 1 BO3MOXHbIX
Ccnocob0B nX ycTpaHeHuA onuncaHbl B cneundukauum API RP 11V5.

Mocneanne focTIKEHNA N

YCOBEPLIEHCTBOBAHUA TEXHONOrMMN rasnudiTHON IKCNAyaTauum
MocneaHwe ycosepLUEHCTBOBaHWA ra3nudTHoro o6opynosaHmA n
MeTOAMK ra3nnpTHOM aKcnyaTaumm HanpasfeHbl Ha obecneyeHve
BO3MOXHOCTU 3¢phEeKTUBHOIO NCNONb30BaHNA ra3nudTHOro cnocoba
[06bI4n HehTn BO BCe 6onee CNOXHbIX YCIOBUAX.

* HoBasa rasnudTHaA onpasBka. bokosaa rasnnudTHaA onpaska
SBRO-DVX chupmbl Besepchopa umeeT cneumnansbHo paspaboTaHHyo
YHUKAIIbHYIO KOHCTPYKLMIO C ABYMA KapMaHamu ¢ MPOXOAHbIMU
KaHanamu. byay4u ocHalLeHHbIM 06paTHbIMK KnanaHamy Hapy>KHOro
NpOTUBOTOKA, OHa obecrne4vmBaeT NpeaoTBpaLleHe nonaaaHna
CKBaXXWHHOWN XXMAKOCTU B 3aTpyb Yepes rasnudTHble KnanaHbl Unm
nycTble Kapmanbl. Onpaska obecne4mBaeT Hann4ne MHoXecTBa
6apbepoB Afa 3awmThl 3aTpyba OT nonaaaHna KOPPO3UNHBLIX
CKBaXXWMHHbIX XXMAKOCTEN 1 Bo3aencTemA aasneHna. Kpome

TOro, OHa No3BONAET NPeAoTBPaATUTL NEPETOK XUAKOCTM NpK
3aMeHe KnanaHoB, YCTpaHAA, Takum 06pa3om, He06xoaAUMOCTb
nepvoanyeckon pasrpy3ku 3aTpyba, a Tak >ke obecneunsan
yBenm4eHne cpoka cny>Xobbl KnanaHa v noBbILEHWe CKOpoCcTn oTbopa
HedpTn. KOHCTPYKLUMA ONpaBKK NO3BOMAET yCTaHaBMUBaTb CEPUNHO
BblIyCKaemMble ra3anudTHbIe KnanaHbl CTaHAAPTHLIX pa3mMepos 1
obopynoBaHa hmkcaTopom, o6ecneymnBatowLmM MakCUManbHYyLO
rmbkocTb. imetoTcA onpasku oT 2-3/8 Ao 7 AOWMOB, U3rOTOBJIEHHbIE
13 pasnu4HbIX MaTepuanos AfA IKCnnyaraunm B YCNOBUAX BbICOKOTO
AaBfeHNA N HaNN4YnA KOPPO3UOHHBIX Cpea.

¢ OnpepaeneHue rny6uHbl 3aka4ku ¢ nomolbio nHaukaropa CO,.
Komnanua AppSmiths, Inc. (ASI) npeanaraet HoBoe CpeacTBo
MOHWUTOPWHra ra3nMhTHOM 3KCnnyaTaummn, KOTopoe nonyymnio
HassaHue “OnpegenuTenb rMybuHbl 3aKa4ky ¢ MOMOLLBIO MHAVKATOpa
CO,* Mopuwma CO, 3akaymBaeTCcA BMECTE C ra3oM, HarHeTaembIM B
CKBaXWHy ANnA rasnudTHON akcnnyataumn. Bpema, Heobxoanmoe
AnA npoxoxaeHua nopumm CO, BHU3 Yepes 3aTpy6 mexay HKT

1 3KCMyaTaUMOHHON KONMOHHOW 1 06paTHO HaBepXx A0 YCTbA

yepes HKT, oTpaxkaeT rnybuHy(bl) HarHeTaHWA (3aKayku) rasa.
PesynbTatbl 3amepa MOryT 6bITb UCMOMb30BaHbI ANA onpeaeneHns
paboTatowlero(vnx) rasanudpTHoro(bIx) KnanaHa(os), a Takxe MoryT
yKasblBaTb Ha Hanuume yteyvek B KonoHHe HKT nnu Ha BepxHeMm
rasnndTHOM KnanaHe unu onpaske. Ha rpacumke cnpasa nokasaH
0T60p XXMAKOCTK € ypoBHA KnanaHa Ne 4. Puc. 1

o CraHpgapTbl Ha ra3nudTHOoe obopynoBaHue. B TeueHne MHOrmx
net API 11V1 6bin oTpacneBbiM CTaHAAPTOM Ha ra3nuTHble ONpaBkKu
1 KnanaHsl. B HacToALwwee BpeMA nAeT NpoLecc 3aMeHbl 3TOro
[OKYMeHTa HOBOW cepvelt CTaHAapToB, pa3paboTaHHbIX B pamKax
Me>xayHapogHow opraHusaumm no ctaHgaptusaumm (1SO). 1ISO
17078-1 ABNAeTCA HOBbIM CTAHAAPTOM Ha rasnnTHbIE ONpaBKu.
[JaHHbI cTaHAapT ABMNAETCA NOMHbIM, U y>Xe 6bin onybnukosaH I1SO.
ISO 17078-2 ABnAeTCA HOBbLIM CTAaHAAPTOM Ha YCTPOMCTBA ANA
perynmpoBaHunA aebuta (ra3nndTHble KnanaHbl 1 CONyTCTBYloLiee
obopyaoBaHue). ATOT CTaHAAPT cenvac NPOXoAnT NOCNEAHIO
CTa[MIo COrnacoBaHuA Ha MeXAyHapOAHOM YPOBHE M AOMXKEH ObITb
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e Gas-lift valve testing. Many fields re-install used gas-lift valves.
In some cases, upward of 25% of installed valves have problems
such as leaks, unexpected opening or closing pressures, insufficient
valve stem travel, incorrect set pressures, etc. A Gas-Lift Valve,
Automatic Validation Tester (GLV-AVT), is offered by Decker
Technology. Each gas-lift valve can be tested before it is installed
and again when it is pulled. Valves that are not “up to speck” can be
rejected, thus avoiding premature failures. Each test only requires

a few minutes and determines: opening pressure, closing pressure,
load rate, stem travel, stem/seat leak rate, back-check leak rate, and
the valve’s Av/Ab ratio.

¢ Using chokes in unloading gas-lift valves. For years, some
companies have used chokes in unloading gas-lift valves, mounted
downstream of the valve port, to assist with the unloading process.

A majority of the pressure drop through the valve is taken across

the choke. This helps hold the valve fully open during the unloading
process, thus minimizing the effects of throttling. Basically, the design-
unloading rate can be injected through each unloading valve as long
as it is open, thus assisting in efficient unloading. Since most of the
pressure drop is taken across the choke, this helps protect the valve
ball and seat from erosion damage. Also, since the design flow rate
can be adjusted by selection of choke size, one standard gas-lift valve
port size can be used in a given field, thus helping with the inventory
control costs and problems. The graph on below left shows the gas
rate through a choked unloading valve compared with the rate though
an un-choked, throttling valve. It is interesting that more gas passes
through the choked valve. This is because the valve stem is held off of
the set and not allowed to throttle closed. The schematic below right
illustrates how this concept works.
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e Full field optimization. ReO, by eProduction Solutions in
Houston, Texas, USA, is a full-field optimization program which,
in addition to modeling the surface gathering system, provides
detailed modeling of separators, compressors, gas injection
lines, downhole gas-lift valves, and wells. This provides the
gas-lift engineer with the ability to perform rigorous closed-loop
optimization of the gas-lift system.

e Web-based gas-lift software program. A program called i-DO,
also offered by eProduction Solutions, is a web-based software
program which links with engineering applications such as ReO and
WellFlo (a gas-lift design program) to integrate with real-time data and
allow multiple users to work collaboratively in an online environment.

¢ Real-time gas-lift surveillance and optimization. Shell Global
Solutions (SGS) and AppSmiths, Inc. (ASI), both based in Houston,
Texas, USA, offer a combined package for real-time analysis of
gas-lift problems and optimization of gas-lift operations. The SGS
Fieldware program is a real-time SCADA package that can monitor
and control gas-lift wells and systems. When a problem is detected,
a plot of injection pressure, production pressure, and injection

rate vs. time can be captured (plot below left) and electronically
transmitted to the ASI WinGLUE gas-lift design and surveillance
program. WinGLUE can analyze this data to “look down hole” and
interpret which valve(s) the well is lifting from as the well cycles or
demonstrates other problems over time (plot below right). WinGLUE
can also determine the optimum gas-lift injection rates into a group
of gas-lift wells. It can transmit this electronically to Fieldware,
where it can be implemented whenever the injection rates into the
wells need to be changed to optimize injection, keep the system in
balance, etc.



ony6nukosaH B 2006 r. ISO 17078-3 ABNAETCA HOBbIM CTAHAAPTOM
Ha MHCTPYMEHTbI ANA CrycKa, YCTAHOBKW U U3BNEYEHUA rasnuTHbIX
KnanaHoB, a TakXe Ha (hukcupytoLwwme yCTporucTBa. Y>ke NoAroToBeH
YepHOBOW BapuaHT cTaHAapTa, KOTopbln B 6ninkariuee spema byaeT
NpPOXoAuTb 3Tan cornacoBaHWA Ha MeXXayHapoaHOM ypoBHe. Bce
YNOMAHYTblE JOKYMEHTbI YyCTaHaBNMBAIOT CTaHAapThl kavecTsa AnA
BbllLeyKa3aHHOro obopyaoBaHuA.

o 1O anA npoeKTUpoBaHUA rasnudTHbIX cuctem. NpogoskatoTca
paboTbl No coBeplueHcTBoBaHMo MO anA NpoeKTnpoBaHnA
ra3anudTHbIX cucteM. Cpean Hanbonee N3BecTHbIX NporpaMm
—“Prosper” o1 Petroleum Experts, “WellFlo” ot Edinburgh Petroleum
Services (noapasaenexune Weatherford), “PipeSim” oT Baker
Jardine (nogpasaenenne Schlumberger) n “WinGLUE” ot Shell
International Exploration Production (nporpamma npounssogutca n
pacnpocTpaHAeTcA koMmnaHuen AppSmiths, Inc). [inAa nonyyeHuA
UHOPMaLMN O KOHKPETHOW NporpaMmMe 1 BO3MOXHOCTHN

ee TecTupoBaHMA Heo6xoAMMO obpallaTbCA HanpAMyo B
BbllleyKa3aHHble KOMMaHun.

o poekTupoBaHue rasnUPTHbLIX CUCTEM C MOMOLLbLIO
MmoaenupoBaHuA paboTbl rasnudTHbIX KnanaHos. B Tevexne
MHOTUX NeT ANA pacyeTa ra3oBoro NOToKa Yepes LTyuepbl
ucnons3osanack moaens TopHxunn Kpansepa (Thornhill Craver).
[aHHaA mogenb Takxe obecnevmBaeT AOBOIbHO TOYHbIV pacyeT
noToka Yepes KaHasbl ¢ perynupyembim cedeHnem. OaHako, oHa
He No3BOMAET TOYHO paccyMTaTb pacxof rasa Yyepes rasnuiTHble
Knanaxbl. NaBHbIM 06pa3om n3-3a PYHKLUMM KnanaHos,
obecneynBatoLlern perynmpoBaHue pacxoga. Heckonbko net
Hasap rpynnou paboTarowwmx B OTpacnM KomnaHui 6oina cospaHa
coBMecTHaA opraHnsauma Valve Performance Clearinghouse (VPC)
OJ1A U3MepeHnin NoToKa 1 paspaboTKy TOYHbIX Modenen paboThbl
rasanudTHbIX KnanaHos. (B kayecTse npumepa Ha anarpamve
cnpasa nokasaHa 3HaunTenbHaA pasHuua Mexkay nporHo3om

no metoay TopHxunn Kpaneepa [3eneHanA nMHUA] u pac4yeTHOM
OLIEHKOIN Ha OCHOBe Moaenun paboThl knanaHa). B HacToALwee
BpeMmA, paspabarbiBaemble VPC mogenu paboTbl rasnngTHbIX
KnanaHoB MUCMNOb3YTCA, MO KpaHen Mepe, B HECKOMbKMX
CEepUNHO BbINyCKaeMbIX KOHUrypaumaAx ra3nuTHbIX CUCTEM U
MoHuTopuHrosom MO. Puc. 2

e [unarHocTuKa rasnuTHbIX KnanaHos. Ha MHoOrnx
MECTOPOXAEHNAX ras3nuTHbIE KnamnaHbl UCNosb3YI0TCA NOBTOPHO.

B HekoTopbIx cryyasax Ao 25% yCTaHOBMEHHbIX KnanaHoB MOryT
UMeTb Takne Npobnembl, Kak NPOTEYKM, HEOXWNAAHHO BO3HMKaloLLee
[aBneHVA OTKPbITUA UMK 3aKPbITUA, HEAOCTAaTOYHBIN XOA, LITOKA,
HenpasBuIIbHO YCTAHOBNEHHbIE YPOBHU AaBneHuA u T.n. dupma [exep
TexHonopxu (Decker Technology) npeanaraeT nokasaHHbI Ha poTo
cnpasa npubop GLV-AVT ana TexHU4ecKon ANarHoCTUKM ra3nupTHbIX
knanaHos. Mprbop No3BonAeT NPOBOANTL ANArHOCTUYECKUIA
KOHTPONb rasnudTHbIX KNanaHoB nepea ux ycTaHOBKOW, U nocne
nssnedvennna. bnaronapA Takon AMarHOCTUKe, MOXHO OTOpakoBbIBaTb
KnanaHbl, napameTpbl KOTOPbIX HE COOTBETCTBYIOT TY, AnA Toro
4TOObI U36eXaThb UX NPeXAeBPEeMeHHOro oTkasa. Kaxabli Bua,
[NarHOCTU4ECKOro KOHTPONA 3aHUMAaET BCEro HECKOMbKO MUHYT U
Nno3BOMNAET OnpeaennTb: YPOBHY AABNEHUA OTKPbLITUA 1 3aKPbITWA,
MaKCUManbHO JOMYCTUMYIO Harpy3sKy, AIMHY X04a LUTOKa, YPOBEHb
NMPOTEYKM Ha LUTOKE U cease, ypoBeHb 06paTHOM NPOTeYKU, a TakxKe
YPOBEHb OTHOLLEHWA 3aKPbITUA KnanaHa.

o Mcnonb3oBaHue WTYLIEPOB AS1A Pa3rpy3Ku rasnunTHbIX KnanaHos.
B TeyeHne MHOMNX NeT HEKOTOPbIE KOMMAaHUU NPUMEHANN LWTYLepb!
[NA pasrpy3ku ra3nuTHbIX KnanaHos, yCTaHaBNMBanA ero 3a
KnanaHHbIM KaHanom. OCHOBHOW Nepenaj AaBfieHUA Ha KnanaHe
npomcxoamT Ha wryuepe. bnarogapa aTtomy knanaH octaeTcA
MOMHOCTbLIO OTKPLITLIM B NPOLIECCe Pa3rpy3ku, 3a cHeT Yero
CHMXaeTcA A0 MUHUMYMa 3thbdheKT ApoccenupoBannA. B npuHumne,
pacyeTHas CKOPOCTb pasrpy3kun MoxeT 6biTb obecrneyeHa
HarHeTaHveM Yepes KaXkAbll pa3rpy304HbI KnanaH, ecnu

OH HaxoAMTCA B OTKPbLITOM MOMIOXEHUN, YTO cnocobCcTByeT
achbchekTUBHOWM pasrpyake. [Nockonbky 6onbliaA yacTb nepenaga
[aBneHnA NpUxXoaMTCA Ha WTyuep, obecneynsaeTcA xopoluas
3awmTa Wwapa v cegna KnanaHa oT 9pO3MOHHOTO BO3AENCTBUA.
Kpowme Toro, 6narogapA BO3MOXHOCTW perynnpoBaHuA pacxoaa pp

e Continuous production rate monitoring.

Every production operator’s dream is to know the production rate

(oil, water, gas) of each well all of the time. Today, this can be done

with reasonable accuracy using a variety of techniques. Multiphase

production can be “measured” using a multiphase meter, but this may
be too expensive to apply to individual wells. Two other techniques,
one using the differential pressure measured across an orifice or choke

body, and another using dynamical pressure readings taken from a

pressure transducer, can produce reasonable estimates of liquid (in the

case of the differential pressure method) or oil, water, and gas (in the
case of the dynamical pressure method). These estimates can be used
for several purposes including:

- Detecting changes in production rate that may need to be addressed.

- Determining the estimated production volume during a well test (by
integrating the signal over time). This can be used to help evaluate
the quality of the well test.

- Determining the estimated production volume on a daily basis. This
can be used to help allocate production from the sales meter to each
well that produces in a system.

- Optimizing the artificial lift system by determining the change in
production rate that occurs with each change in the artificial lift
system - e.g. gas-lift injection rate.

The chart below shows estimated production rate (solid line) vs.

measured production rate through a test separator (dotted line). When

things are working, the two signals compare well. When the separator
dump valve locks open and allows gas passage which is interpreted as
liquid flow, the signals don’t agree. So here, the estimation technique
gives accurate results and helps to diagnose a problem with the test

separator measurement system. m
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Cleon Dunham worked in production engineering, artificial lift, and
production automation for Shell for 36 years. Since retirement from
Shell, he has his own consulting company, Oilfield Automation
Consulting (see www.oilfieldautomation.com). And, he is founder

of the Artificial Lift R&D Council, an organization to share artificial lift
information with interested parties around the world (see www.alrdc.
com). He helps to organize international workshops on gas-lift, gas
well deliquification, electrical submersible pumping, progressing cavity
pumping, and sucker rod pumping.
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3a c4eT nogbopa HeobxoAUMOro AnameTpa WTyLepa, MOXHO
MCcnonb30BaTh ra3nUTHbIE KnanaHbl C O4HUM CTaHAapPTHLIM
OvamMeTpoM KaHana ajiA BCEX CKBaXXUH OAHOTO MECTOPOXKAEHMWA,
YTO MO3BOJIAET COKPATUTb Pacxofbl HA MaTepuanbHO-TEXHUYECKOE
obecneyeHne aaHHbIM BUAoOM obopynoBaHuA. Ha guarpammve
crneBa CpaBHMBAKOTCA YPOBHM pacxoaa rasa vyepes pasrpy304HbIi
KnanaH co WTYLEepoM 1 Yepes ApocCenbHbIA KnanaH 6e3 wTylepa.
MpumeyaTensHo, 4To 6onblunA 06BEM rasa NPOXoauT Yepes
KnanaH co WTyLuepoM. TO NPOUCXoam, MOTOMY, YTO LITOK KnanaHa
yOEepXNBaeTCA BHE y3na KnanaH-wTyLep U ApoccennpoBaHme
KnanaHom He ocyllecTBnAeTcA. Ha cxeme crnpaBa nokasaH NpuHLMm
paboTbl aToN KOHGUrypaummn. Puc. 3/ Puc. 4

¢ KomnnekcHaAa onTumMu3auuA rasnudgTHOM aKcnayaTauum
mectopoxaeHuda. KomnaHua eProduction Solutions u3 r. XbtocToHa,
wT. Texac paspaboTtana nporpammy ReO anA komMnnexkcHon
oNTUMM3aLMK ra3nPTHON IKCMTyaTaumm MectopoxaeHnsa. Kpome
MOAENMPOBaHNA HA3EMHOWN CUCTeMbI cbopa, MporpaMmma no3BonAaeT
NpoBOAWTL AeTalnbHoe MoaenupoBaHve paboThbl cenapaTopos,
KOMMPECCOPOB, NIMHWIA 3aKayKu rasa, BHYTPUCKBaXXMHHbIX
ras3nMpTHbLIX KNanaHoB 1 CKBaXKUH. OTO NO3BOMAET UHXKEHePY Mo
rasnupTHOM aKcnnyaTaumm NPoM3BECTM AOCKOHANbHYIO KOMMIEKCHYIO
ONTUMM3ALNIO Fra3NNETHON CUCTEMBI.

o PaboTalowee yepes ceTb nporpammHoe obecneyeHue.
Komnanua eProduction Solutions Takxe npeanaraet pa6oTatoLuyto
Yyepes ceTb nporpammy i-DO, KoTopasa coeanHAETCA C TaKnuMu
MHXXEHEpHbIMK npunoxeHuAmu, kak ReO n WellFlo (nporpamma
ONA NPOEKTMPOBaHNA ra3nM@THbIX CUCTEM) AJIA UHTErpauum ¢
nocTtynavownmm B peasibHOM BpeMeHN AaHHbIMU U O,ElHOBpeMeHHOPI
COBMECTHOM paboTbl rpynnbl Nofb30BaTeNewn.

e MoHUTOPUHr paboTbl U ONTUMM3aALMA ra3nn@THbIX CUCTEM

B peXxume peanbHOro BpemeHun. basupytowmeca B . XbloCTOH
komnanum Shell Global Solutions (SGS) n AppSmiths, Inc. (ASI)
npegnarailoT paspaboTaHHbIN MU KOMMEKCHbIN NakeT nporpaMm
ON1A aHanM3a BO3HUKaILWMX B ra3nMdTHbIX cucTemax npobnem B
peXxume peanbHOro BpeMeHu 1 onTuMm3auum paboTbl STUX CUCTEM.
Mporpamma SGS Fieldware npegHasHayeHa AnA UCMob30BaHWA

C CUCTEMOW MPOMbICNOBOrO KOHTPOIA 1 cbopa AaHHbIX B PeXume
peanbHOro BpeMeHwu, 1 obecrnevnBaeT MOHUTOPWHT 1 ynpasneHue
CKBaXuHamu, paboTatoLwmmm Ha ra3nmdTHOM SKCnyaTauum.

Mpy o6Hapy>xeHun Npobnembl, MOTyT PerMcTPUpPOBaThLCA B BUAE
AvarpaMm Takue napameTpbl, Kak AaBneHue 3akadku rasa,
[aBneHve NocTynaroLen Ha yCTbe XXUAKOCTHU, a Takxe pacxon
rasa BO BPeMeHU (nesanA gvarpamma), 1 nepefasaTtbCA B BUAE
3MEKTPUHECKMX CUTHAMOB B MPOrpaMmy MOHUTOPMHIa 1 ONTUMKU3aLMK
rasnnudTHbix cuctem WinGLUE cupmbr ASI. Mporpamma WinGLUE
aHanuampyeT nocTynatoLme AaHHbIe U onpeaenAeT, Kakon(ne)
KnanaH(bl) paboTaeT(l0T) Ha NOABEM XUOKOCTU, KOrAa CKBaXKMHA
HaxoAMTCA B LMKNNYECKOM pexunme Unn B NnpoLecce ee akcnnyaraumm
BO3HUKAIOT Apyrue npobnemsl (NpasanA anarpamma). Mporpamma
WinGLUE no3BonAeT Takxxe onpefenvTb ONTUMarbHbIe YPOBHU
3aKayku rasa Ana rpynnbl CKBaXXWH C ra3nugpTHOM aKcnnyaTaumen.
3aTeM, COOTBETCTBYIOLME 3TUM YPOBHAM INIEKTPUHECKME CUrHASbI
nepefatoTCA Ha UCMONHUTENbHBIE YCTPOWCTBA ANA HEO6X0AMMON
KOPPEKTUPOBKU 1 ONTUMU3ALMM 3aKa4vKu rasa, NoaAepXKaHuaA
Heobxoammoro 6anaHca cucTembl 1 .M.

¢ HenpepblBHbI KOHTPOJb 32 AE6MTOM CKBaXkuH.

Bce onepaTopbl f06bI4M XOTENU 6bl HENPEPLIBHO Mony4YaTb
MHhopMaLmo 0 AebuTax Kaxxaon cKBaXKuHbl No HedpTu, Boae

n ragdy. CerogHa Takaa MHoOpMaumA C AOCTAaTOYHOWN CTEMEHbIO
TOYHOCTU MOXET ObITb nosiydeHa ¢ NoOMOLLbIO pasmMYHbIX OOCTYMNHbIX
cnocobos. MHorodasHaA NpoayKLUMA N3MepPAETCA C MOMOLLbIO
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cneumasnbHbIX MHOrogasHblX PacxofoMepoB, YTO, OAHAKO, MOXeT
oKasaTbCA BecbMa [OPOrM cnocobom npu Ucnonb3oBaHnn ANnA
KaXkAoN OTAEeNbHON CKBaXXWHbI. [1Ba Apyrmux cnocoba, oayH — ¢
n3MepeHveM nepenaga AaBneHWA Ha APOCCeNbHON Wwaibe nnm
Kopnyce wTyuepa, 1 Apyrov - ¢ UCNONb30BaHNEM ANHAMUYECKNX
nokasaHui uHauKaTopa AaBfieHWA, NO3BOMAOT NONY4YUTb AOBOSIHO
TOYHble febuTbl MO XMAKOCTM (NPU UCMOb30BaHUN MeToaa
namepenua anddepeHumnanbHoro aasneHuns), Heptu, soae n

rasy (cnocob AnHamMMyeckKux nokasaHui gasneHus). ATu 6biTb
Mcnonb3oBaHbl ANA:

- BbiABneHnA namMeHeHnn ypoBHA A06bLIMN U NMPUHATUA KOPPEKTUBHBIX
mep.

OnpeaeneHvAa npnbnuanTensHoro geburta npu UcnbiTaHn
CKBa>XWHbI (C MOMOLLBIO UHTErpauum curHana Bo BpeMeHu). 310
MO3BONUT NyYLle OLEHUTb Ka4eCTBO PaboT MO UCMbITaHUIO
CKBa>KVHBI.

E>xenHeBHOro onpepeneHu npubnuanTensHOro CyTo4Horo gebuTa.
310 0becrnevnT BO3MOXHOCTb OMTUMAIIbHOTO pacrnpeaeneHna
NpOAYKUMN OT 3aMEepPHOr0 YCTPOUCTBA KaXA0N CKBaXXUHbI,
3KCNJyaTUpyloLencA B eAMHOM cucTeme.

OnTUMU3aUMM CUCTEMbI MEXaHWU3NPOBaHHON A00bIYM MyTeM
onpeneneHnA N3MeHeHNA YPOBHA A00bIYK NMPY KaXK,A0M U3MEHEHUN
B CUCTEME MEXaHM3NPOBAHHON A06bIYM (Hanpumep, YPOBHA
3aKayku rasa npu ra3nupTHOM akcnyaTaumm).

Ha anarpamme cnpasa nokasaHbl NpubnNunanTenbHbIn AeduT
(HenpepbiBHAA NMHWA) U AeBUT, NONYYEHHbIA NPU 3aMepe Yepes
3aMepHbIV cenaparTop AnA UCMbITaHNA CKBaXXUH (MyHKTUPHAA NIMHWA).
Mpwn HopmanbHoW paboTe o0ba curHana NokasbiBaloT LOBONbHO
xopollee coBrnageHue. Korga pasrpy3odHas 3a4BuxXKa cenapartopa
3aCbI/IKCI/IpOBaHa B OTKPbITOM MOSIOXXEeHUN, NO3BOMNAA NpoXoXaeHue
rasa, KOTopoe NpUHUMaEeTCA 3a NOTOK XUAKOCTU, COBMaAeHNsA
CUrHasnoB He NpoucxoauT. Takum obpa3om, NPUMEHEHNE MeToa
OLIEHKU NMO3BOMAET NOMYYUTb TOYHbIE Pe3ynbTaThbl K CNIOCOOCTBYET
BbIABIIEHNIO NPO6NEeM B 3aMEPHOM cenapartope AJ1A UCMbITaHnA
CKBaXXVHbl. Puc. 5 m
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PucyHok 5

KneoH [aHxam nmeet 36-neTHuii onbIT paboTsi B LLlenn (Shell) B
MH)XKeHEepHO-TEXHNYECKOM obecriedeHnn n asTomaTm3auymy npoyecca
[06bI4M, @ TakXKe B MexaHU3upoBaHHOM fobskide. [ocne yxoaa mn3
Lllenn Ha neHcnio, OH OCHOBAaJs1 CO6CTBEHHYO KOHCaTUHIOBYIO
upmy Oilfield Automation Consulting (www.oilfieldautomation.com).
OH AaBnaeTcA ocHoBaTenem CoBeTa o nccrenoBaHmnio n paspaboTke
MeToAoB MexaHn3npoBaHHo fobbiun (Artificial Lift R&D Council),
opraHusauum, criocobCTBYHOLLEN MOMyYeHN0 nHeopmaLmm B obnactun
MexaHN3npoBaHHON [06bIYM BCeMy 3anHTepeCcoBaHHbIMU CTOPOHaMu
BO BceM mupe (see www.alrdc.com). OH npuHUMaeT akTMBHOE
y4acTve B opraHnsaunm CeMMHapoB 1o ra3iMTHON SKCrIyaraumm,
06€3BOXXMBAHNIO ra30BbIX CKBAXKMH, MPUMEHEHMIO LIeHTPOBEXKHbIX,
BUHTOBbIX U LLITAHIOBbIX HACOCOB.



