MWAKOCTHAA 3arpy3Ka ra3oBbiX CKBAXWH

Gas Well Liguid Loading Review

Ho6blya raza u3 CKBaXKH ¢ NPOGNEMOit XKUAKOCTHOI 3arpy3Ku

Producing Wells with Liguid Loading Problems

XKngkoctHana 3arpyska ra3oBbliX CKBa>XMH O3Ha4aeT, YTO B CKBa>KMHaxX
C HU3KOMN CKOPOCTbIO ABUXXEHUA rasa (I/I COOTBETCTBEHHO, C HU3KUM
,D,eﬁlllTOM) Kanm >XKMAKOCTM B NOTOKe rasa nepectaroT yBlieKaTbCA N
BbIHOCUTbCA Ha YCTbe ra30BbiM MOTOKOM. Kannu xxuakoctu TepAarT
CKOpPOCTb 1 B pe3yfibTate HauynHaloT najatb BHU3, co3faBaA npouecc
>KMAKOCTHOMN 3arpy3kn CKBa>kuHbI.

Kak nokasaHo Ha auarpamme, Npy HU3KUX CKOPOCTAX rasa
HaYMHAEeTCA HakanMBaH1e XuaKocTen. CHUXKEHMe CKOpoCTH
ra3oBOro NoToKa NPMBOAWT K eLLe 6oMblIeMy YMEHbLIEHUIO CPeaHei
CKOpOCTU NepemeLleHua xuakocTv. KpaitHaa uudpa cnesa Ha
BbILIENPUBEAEHHOW AuarpaMme NoKasbiBaeT, YTO NPOVCXOANT, Koraa
XKMAKOCTU BOnblUe He NepemMeLLatloTcA BBEPX Y rasy ABUraTbeA

Yepes XXWAKOCTb BBEpX B BuAe Ny3bipei. XXKnAKOCTW HaunHatoT
orpaHuYnBaTh NPUTOK rasa B CKBAXUHY M3 Niacta 1 MOryT B KOHLe
KOHLIOB 3a6/10KMPOBaTh CKBAXMHY BMJIOTb [0 €€ MOHON OCTaHOBKM 1
npeKpalleHVA NoCTyNNeHVA rasa Ha ycTbe.

Hwxe npuBoaMTCA ONUcCaHne HEKOTOPbLIX LMPOKO NPUMEHAEMbIX
MeTof0B 60pbbbl C XXMAKOCTHOMN 3arpy3Kon, a Takxe
COOTBETCTBYHOLUME KOMMEHTAPUN:

NMeprognyecKan IKcNyaTauuA CKBAKWHbI

MpocTo Bpy4HYtO MnK C MOMOLLBIO TaiMepa OTKPbIBaTb 1 3aKpbiBaTb
CKBaXvHy. B aTOM cnyyae, ckBaxkmHa OTKpbIBAeTCA Nocne Toro, Kak
AaeneHue B nnacte (a Takxe B 3aTpybe mexxay HKT n konoHHow,

npu OTCYTCTBUM NakepoB) CHOBA BbIpPacTeT. W13 CKBaXKUHbI CHOBA
Ha4MHaeTcA BECTUCH A0ObI4a A0 TeX Nop, Noka CHOBA HEe BO3HUKHET
XWAKOCTHaA 3arpyska. B To Bpems, Koraa CKBaXkmHa OCTaHOBIEHa,
XXUOKOCTb MOXET HauaTb NOCTynaTb 06paTHO B NnacT. Mpy oTKpbITUM
CKBaXXVHbI, OHa B TEYEHNE HEKOTOPOro BPEMEHU MOXET CHOBa AaBaTb
NpoAyKLUMIo. OTOT METOZA MOXET NMPUMEHATLCA Ha CKBaXKMHAX, KOTOPbIE
nepecTtany asaTb NPOAYKLUMIO, AN1A UX NEepUOaNYECKON IKcnyaTaumu,
WK CKBaXKMHAX, Ae6UT KOTOPbIX NPpU SKCnyaTaumm pe3ko CHU3WICA.

Mpumenenne nnthToBON KONOHHLI MEHbLUET0 AMAMeTpa
[inA noabema >XMAKOCTU NOTOK rasa AOoMKEeH UMETb JOCTATOYHYO
CKOPOCTb YTO6bI YBMEYb XXMAKOCTN M NOAHUMATL Kanim HaBepx
npeoAoneBan Cuny TAXECTM U CONPOTMBIEHNE, CO3JaBaemoe npu
B3aVMOLENCTBUN YacTuL ra3a u XXUAKOCTU. [a3 MeeT MeHbLLYO
CKOpOCTb Npu nepemelleHnn Yyepe3 HKT 6onbluoro anameTtpa. Takum
06pasoM, ncnonb3oBaHne NMMETOBOWN KOIOHHbI MEHBLLETO AnameTpa
ABMNAETCA OQHUM U3 CNOCO60B NPOAOIMKEHNA A0ObIYN ra3a u3
CKBaXXVH C NOCTOAHHON MU Nepuoanyeckon akcnnyatauven. MNpu
MCronb30BaHUM TPYH CNMLLKOM ManeHbKoro AnameTpa, NpUToK rasa
13 nnacTa 6yaeT orpaHMyMBaTLCA 3a CHET TPEHWA, @ He XXMAKOCTHON
3arpysku. Cwm. Bblle

Komnpeccua

CHuxeHue ycTbesoro aasnexuna B HKT ¢ nomoLLbio komnpeccum
Tak>e cnocobCTBYeT yaepXXaHWIo XUAKOCTEN B rase B Buae napa. JT0
Mo3BOMNAET NOBbLICUTb CKOPOCTb U CHA3UTbL AMHAMUYECKOe AaBieHne
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Liquid loading in gas wells means that where wells are producing to a
low velocity (and corresponding rate) the liquid droplets in the gas flow
are no longer being entrained or carried up by the gas, drag is being
exerted on the droplets. As a result of this drag the liquid droplets fall
back and the “Liquid Loading” progresses.
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by permission from R. Lestz, Chevron

As shown in the above simple chart, liquids begin to accumulate at lower
gas velocities. As the gas slows, the liquid’s average velocity slows even
more. The left most figure above shows what happens when the liquids
are no longer moving upward and the gas is bubbling up through the
liquids. The liquids restrict reservoir inflow and may even kill the well to
the level of no gas production.

Some popular methods of attacking liquid loading are listed below with
some introductory comments:

Intermit Well

Simply manually or with a timer, open the well and close the well. It is
then opened after pressure has been allowed to build in the formation
(and casing/tubing annulus if no packer). It is then reopened to flow
until loading becomes evident. During the off cycle liquids may be
pushed back into the formation. The well can then re-start gas flow
when it has been opened for a period of time. This method can be used
for wells that cease to flow, if continued to flow or wells that drop off
sharply when flowing.

Sizing Tubing

In order to lift liquids the gas must have enough velocity to entrain the
liquids or to lift the droplets against the force created by gravity and
the drag force of the gas and liquid particles against each other. Gas
flows slowly through large tubing so downsizing the tubing to lift liquids
is a method to continue lifting gas wells with siphon or velocity strings,
either intermittently or continuously. If the tubing is too small, then
friction and not liquid loading will reduce formation inflow. See above

Compression

Lowering the surface tubing pressure with compression helps keep
liquids in the gas as vapor. This increases the velocity and lowers the
bottom flowing pressure of the well. It may be applied as single well
compression or for many wells flowing into a large compressor suction.



Ha 3ab6oe. MeToa KOMNpeccun MOXET NPUMEHATLCA Kak AnA OOQHOW,
TaK 1 AnA 60rbLIEro YMcna CKBaXkuH C BbIKUAHBIMW TMHUAMY,
NOAKITIOYEHHBIMU K NMpUeMy 60mbLLON KOMMPECCOPHOW YCTaHOBKM.

MnynxepHaAa akcnnyarauwa

Mpun NnyHXepHOW 3KCnyaTaumm NCronb3yeTcA AaBrieHne rasa B
nnacte u B 3aTpybHoMm npocTpaHcTee mexxay HKT 1 KonoHHown,
KOTOpOE BbIPOCIO, MOKa CKBaXKMHA bblna 3akpbiTa, AN1A NepeMeLLeHna
NIyH>Xepa 1 CKONMBLLEWNCA XXUAKOCTUN Ha yCTbe ANA AanbHenwen
JKcnlyatauun CKBa>knuHbl B Te4eHue onpenenieHHoro nepnoaa. 3aTeM,
nocne BO3HWKHOBEHWA XXMAKOCTHON 3arpy3ku, CKBaXKMHa 3aKpbiBaeTcaA
[NA TOro 4To6bl NyHXep MOr OMyCTUTLCA C YCTbA A0 3aboA AnA
Ha4vana nosbilWweHnA aaBneHnAa U BbiMNONMHEHUA HOBOIO UMKa.
Bornbluoe YNCo CKBaXKWH C XXMAKOCTHOW 3arpy3Koi SKCnnyaTupyloTcaA ¢
MOMOLLbIO NITyHXXepa, 6e3 Kakunx N0 Hapy>XHbIX MCTOYHWUKOB SHEPTUN.

BcneHuBaHue XXUAKOCTU B ra30BbIX CKBAXKUHAX
BcnennBanue xunakoctv B HKT ¢ npumeHenne cneumansHbix NAB
peareHTOB NO3BOMAET YMEHbLUNTb NOBEPXHOCTHOE HATAXKeHNe Mexxay
rasoM U XXUOKOCTbIO, B pe3yfibTaTe Yero cHuxaeTcA ahpeKkTBHaA
MMNOTHOCTb XWAKOCTU. CNeacTBMEM 3TOTO CTAHOBUTCA CHUXEHWE
YPOBHA CKOPOCTU ra30BOro NoToKa, Heo6XoAMMOro AfA nogbeMa
SKUAKOCTU, MOYTW Ha 66%, YTO MOXET NO3BOMUTbL NPOJOIXATb
3KCrnyaTaumio CKBaxkvHbl. [MAB MoryT npumeHATbCA CrycKom
MblfIbHBIX cTep>kHen B HKT, NOCTOAHHLIM Unn Nepuoanyeckum
BBOJOM XMMPEeareHToB Yepes HxHee oTBepcTue HKT, nnu cnyckom
KanunnApHoOWn KonoHHbl Yyepe3 HKT ana 3akadvku MNMAB cHusy.

MeToAbl 0TKaYKN

LLTaHroBble (LLUMH), ruapaBnnyecknin, BAHTOBOW UK 3N1EKTPUYECKIN
NOrpy>xHow Hacoc u T.n. MeToabl 3kcnayaTtauum ¢ NpUMeHeHNem
HacocHoro obopynoBaHunA, HECMOTPA Ha CBOK 3PHEKTUBHOCTb, YacTo
NPUMEHAIOTCA B Ka4eCcTBe NOCNEAHEro CPeacTBa n3-3a BbICOKUX
HayasnbHbIX 3aTpaT, a TakXXe 3aTpar Ha NoTpebneHve aHeprum
npusogoM Hacoca. O6bI4HO XMAKOCTb 0TKaumBaeTcA Yyeped HKT, a ra3
nogHUMaeTCcA Ha yCTbe Yyepes 3aTpy6. HopmanbHow paboTe Hacoca
MOXEeT NpenATCTBOBATb NOCTYNSIeHNe rasa, No3TOMy Hacoc Nnbo
ONyCKatoT HMXKE 30HbI Nepdropaumn, 60 NPUMEHAIOT AOPEKTUBHLIE
cMCTeMbl razocenapauum.

3aKauKa )XUAKOCTH NoJ naxep

Mo>xHO ncnonb3osaTb MeTOA, NPU KOTOPOM YCTaHaBNMBAETCA Nakep
ANA 3aKa4ykKn UNv NOCTYNNEHNA BOAbI B 30HY HArHeTaHWA NoA nakepom,
B TO BPEMA Kak ra3 MoXeT cBO6OAHO NepemeLLaTbCa K YCTbio Yepes
3arpy6. Vicnonb3yemble ANA 9TOF0 METOAA HACOChI BKIOYAIOT cnerka
mopaepHusmposaHHble SLHbI n LUMHbI, XoTA TeopeTnyeckn mMoryT
1Cnonb30BaTbCA Mobble BUAbI HACOCOB.

fa3nuthTHaa aKkcnnyaTauma

Py CNWLIKOM HU3KON CKOPOCTM ra30BOro NMoToKa B CKBaXKMHAX C
Npo6nemMow XUAKOCTHOMN 3arpy3ku, 3aKayka JOMOMHUTENBHOro ob6bema
rasa B HKT moxeT obecneuntb NoAbEM XUAKOCTU U YyCTPaHUTb
>KWAKOCTHYIO 3arpy3ky. 1o aTo npuynHe, rasnudpTHLIN MeToA,

Halen W1poKoe NPpUMEHeHne Npu aKCnyaTaumm ra3oBbiX CKBaXXWH.
MaHHaA MeToAuKa 3a4acTyio OTNNYAETCA OT TPaAULIMOHHOIO cnocoba
ra3nndTHOW aKCNyaTaumm, NpUMeHAEMOoro Ana Aobbiun 60nbLnX
06BbEMOB XNAKOCTK, T.K. B JAHHOM Cny4ae He BeaeTcA Aobblya
>KMAKOCTU, @ NOCTyNatoLan XXMAKOCTb U ra3 Jaxe 3akaynsaloTcA K
HWKHeMy koHUy HKT, 4To Bbi3Bano 6bl 60MblUyto HECTabUNbHOCTL NpU
[o6bI4e N3 HePTAHBIX CKBAXKMH.

[pyrvie ncnonb3yemble METOANKU

B HOBbIX MeTOAuKax, pa3pabaTtbiBaeMbix AnA 60pbbbl ¢ Npobnemon
)KI/I,D,KOCTHOI?I 3arpy3ku ra3oBbiX CKBa>XWH, UCMOJb3YHOTCA HOBble
KOHCTPYKLIMN HACOCOB CO cneumasibHbIMU BCTaBKaMU.

Mo HekoTopbIM AaHHbIM, B CLLUA HacumTbiBaeTcA okono 400 000
ra3oBbIX CKBaXXWH, No4TK B 80% 13 KOTOPbIX BO3HUKaET npobnema
>KUAKOCTHOW 3arpy3ku. Takoke yTBep>XAaeTcA, YTO Npu pasrpyske
CKOMMBLLENCA B CKBAXKMHE XXMOKOCTU C MOMOLLbIHO OAHON 13
BbILLEONUCAHHBIX METOAUK, AEOUT CKBaXKUHbI MOXET YABOUTLCA. P )

Plunger Lift

Plunger lift uses gas pressure from the formation and stored in the
casing/tubing annulus during a shut-in period and lifts the plunger

and liquid slug to the surface for a flow of gas period. Then as loading
ensues, the well is shut to allow the plunger to fall from the wellhead to
the bottom of the well to begin pressure build up and to ready for another
cycle. Many loaded wells will produce with a plunger and no other
outside source of power.

Use of Foam to De-Liquefy Gas Wells

If the liquids in the tubing will foam using surfactants of some type, the
surface tension between the gas/liquids will be reduced and the effective
liquid density will be reduced. This lowers the rate required to lift the
liquids by possibly 66% and may allow the well to flow. Surfactants are
introduced by soap sticks down the tubing, chemicals down the backside
either continuously or intermittently, or by lubricating a capillary string
down the tubing to inject surfactants at the bottom of the tubing.

Pumping Methods

Beam, Hydraulic, PCP, ESP, other Pumping methods, although effective,
are often a last resort due to initial and energy consumption costs. The
usual method is to produce liquid up the tubing and allow gas flow up the
casing. The pumps may experience gas interference unless they can be
sumped below the perforations or a gas separation system is deployed
effectively.

Re-Inject Liguids below a Packer

It is possible to set a packer to pump or allow water to flow below

a packer into an injection zone and gas is then free to flow up the
casing/tubing annulus. Pumps used include ESP’s and Beam Systems
(modified) although theoretically, all types of pumps could be used.

Gas Lift

Wells load with liquids if the gas velocity is too low, so introduction of
additional gas into the tubing can allow lifting of the liquids so loading
will not occur. Hence gaslifting gas wells is a technique that has found
considerable use. It is often somewhat different to conventional gaslifting
of large amounts of liquids, as it is not usually produced as slug flow and
the gas has even been injected around the bottom of tubing which would
be highly unstable for producing oil wells.

Other Techniques
New pumps and special inserts are included in new methods that are
being developed to help attack gas well loading problems.

It is said that in the US, there are about 400,000 gas wells and as many
as 80% may be liquid loaded. It is also said that if a well is unloaded
using some technique such as one of the methods above, the production
may double.

The below chart shows the distribution for gas wells in a typical field
showing that maybe 80% are below the 300 or less Mscf/D rate which
is a typical loading rate for smaller production tubing.
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The chart above shows one typical field in operation and indicates the p )
prevalence of the problem but also the opportunity of attacking Liquid Loading.
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Ha npuBeneHHOM anarpaMme NokasaHo pacnpeaeneHne ra3oBbixX
CKBaXXVH Ha TUNMOBOM MeCTopoXAeHUN, 80% 13 KOTOPbIX BO3MOXHO
nmetoT Aebut He npesbiwatowmin 300 ThiC. CT. Kyb. yTOB rasa B CyTKH,
YTO ABMAETCA NOKasaTenemM ctaHaapTHom 3arpy3ku ana HKT manoro
avameTpa.

Ha pgrarpamme Bbilue nokasaHo OAHO U3 TUMMYHBIX pa3pabaTbiBaeMbIX
MECTOPOXAEHUI, C yKa3aHWeM Ha CyLLECTBYIOLLYIO OCHOBHYIO
npo6nemy 1 BOMOXHOCTU ANA YCTPaHEHWA XXMAKOCTHOMN 3arpy3ku.

Kputnyeckaa ckopocTh

Mo cnosam onepaTopoB, KOrAa CKOPOCTb MoAbEMA rada U3 CKBaXXWHbI
(Mnn cooTBETCTBYIOWMIA [ebUT) NafaeT HUXKE KPUTUHECKOTO YPOBHA,
B CKBa>KUHE Ha4yMHaeT NPOUCXOAUTb XMUAKOCTHAA 3arpyska. Huxe
npvBeAeHbl HEKOTOPbIE KIOYEBble CUMNTOMbI, YKasblBaloLwme Ha
Hanunyve nNpobnembl XUAKOCTHOW 3arpy3ku:

KntoyeBble CUMNTOMbI )XUAKOCTHOW 3arpy3Ku:

(1) Peskoe nageHune gebuta CKBaXKuHbI, MO CPABHEHWIO C KPUBOI
CHVXEHWA [06bl4KM, nocne Yyero AebuT HaxoAUTCA Ha HOBOM,
3Ha4UTenbHO H6onee HU3KOM ypoBHE. B CKBaXknHe, patoLLen cyxon
ras, Kpmsaa nageHvA fobbluv byaeT nnaBHoM, 6e3 pe3kux
n3meHeHuin. Mpu peskom nageHnn aebuTa ra3oBoi CKBaXKUHbI MO
CPaBHEHWIO C KPMBOW CHYDKEHWA [,06bIYW, MPUYNHON Takoro
nageHnA MOXHO MOYTU HAaBEPHAKA CUMTATb XXUAKOCTHYIO 3arpy3ky
CKBaXWHbI. [M03TOMY, HE06XOAMMO OTCNEXMBATL YPOBHM NafeHNA
[06bI4N, XapaKTepHble ANA NPo6neMbl XUAKOCTHON 3arpy3ku.

(2) MoBbiweHVe pasHULbI MEX Y YPOBHAMU YCTHEBOTO AaBIIEHNA B
HKT u 3aTpy6be (B ckBaxxuHax 6e3 nakepos). YKasbisaeT Ha
pocT rpaaveHTa aasnexnuna B HKT BcneacTeme ckonneHua
KUOKOCTW.

(3) 3amep paBneHUA UnNK YPOBHA XUAKOCTU, YKa3bIBAOWMIA HA
NPUCYTCTBME XXUAKOCTU B CKBaXKMHE, ABIAETCA BECbMA TOYHbIM
crnocobom onpeaeneHna HanmuuaA NPobremMbl XXMAKOCTHON
3arpysku. B 6tonnetene SPE 100633 (aBTopbl: PoynaH, MakMow
1 Moano) npneoAMTCA NHDOPMALIMA MO ONPEeAeNeHno YpoBHeN
>KUOKOCTU B ra30BbIX CKBaXMHAX C MCMOMb30BaHNEM METOAA
N3MepPEeHNA YPOBHA C MOMOLLIbIO aKyCTMHECKOro curHana, a
Tak>ke Mo ApyruM MEeTOAMKaM UCCNefOBaHNA CKBaXKWUHbI ANA
onpeaeneHna >XNAKOCTHOWN 3arpy3Ku.

(4) Mpwu akcnnyaTaumm CKBaXKWHbI Ha YCTbe CTan NocTynatb
Heb0ombLLON 06bEM XWUAKOCTU, YEro paHee He Habnoaanoch.

(5) Pe3koe n3aMeHeHMe rasoxmaKOCTHOrO hakTopa B MoCTynatoLen
13 CKBa>KMHbI NPOAYKLMM (E€CIM NPOBOAMTCA €ro U3mMepeHue)
MOXET yKasblBaTb Ha Ha4aso >XWAKOCTHOW 3arpy3kv Unu Hanuuue
CBA3aHHbIX C HeW Npobnem.

MoMVMO BbIABNEHWA BbiLLEYKa3aHHbIX XapakTepHbIX CUMMTOMOB,
Hamnmume XXAKOCTHOW 3arpy3kut MOXeT Takke 6bITb OnpeaeneHo ¢
MOMOLLBIO pacyeTa KPUTUHECKON CKOPOCTM.

TépHepom 6bin BbINOMHEH aHanm3 (2) cnoA XunakocTu Ha cteHke HKT, a
Tak>Ke aHanu3 nepemeLlleHna Kanenb BBepX U BHU3. OH 0BHapy>xur,
YTO MOAENb Karnnn COOTBETCTBYET AaHHbIM C 20% KOPPEKTUPOBKOM
CKOPOCTW NepemMeLLEeHNA BBEPX.

Konemat (3) noBTopun aHanus TépHepa 1 Hawen AaHHble C MeHbLIMM
YCTbEBbLIM JaBEHNEM, KOTOPbIM €r0 MOAENb Jly4Lle COOTBETCTBYET
6e3 20% KOPPEKTUPOBKU:

B03MOXHO MOCTPOEHME pasnUYHbIX AuarpaMm KpUTUHECKUX YPOBHEN
nebuta. HuxenpveeneHHaa amarpamMma nocTpoeHa aHanmsa
KonemaHa anA BoAbl M KOHAeHcaTa:

KonemaH (3) o6Hapyxwun, 4To KoahOUUMEHT ANA KPUTUHECKON
CKOpOCTU cocTaBnfAeT 4,43 anA nepemelleHnA soabl n 3,37

AnA KoHaeHcata. OnepaTopy He06xoaAMMO onpeaennuTb, YbA

Mogenb (KonemaHa unv TépHepa) 6onbLue NoAXoanT ANA ero
MEeCTOPOXAEHUA UMM BO3MOXHO OAHA U3 ABYX MOAENEN C HEKOTOPOW
KOPPEKTVMPOBKON ByaeT onTUMansHOW ANA NPOrHO3UpOBaHUA
>KWAKOCTHOWN 3arpy3Kku.
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Critical Velocity

Operators say when a well drops below “critical velocity” or corresponding
rate, the well is beginning to experience liquid loading. Some of the key field
symptoms to look for that indicate liquid loading are:

Field Symptoms of Liquid Loading:

(1) Well drops sharply off the decline curve and stays at new low value.
If a well produced dry gas only, the decline curve would drop slowly
and smoothly. If gas production drops sharply off the decline curve,
then the cause of the decline in the tubing is almost certainly liquid
loading. The decline should be checked for rates that are attributed
to liquid loading.

(2) The difference between surface tubing/casing pressure is (said
“in” not “is” previously) increasing (in a well with no packer).

This indicates that a heavier gradient is developing in the tubing due
to liquids accumulating.

(3) A pressure survey or fluid level shot indicating that liquids are
standing in the well is a sure method of identifying loading. See
SPE 100663 by Rowlan, McCoy and Podio for information on finding
fluid levels in a gas well using fluid level acoustic shots and other
well analysis information techniques for loaded gas wells.

(4) A gas well begins to show slugs of liquid being produced at the
surface when previously not there before.

(5) Sharp changes in the produced GLR (if measured) may indicate the
onset of liquid loading or problems associated with liquid loading.

So the above summarizes loading symptoms, but it can be predicted by
using critical velocity calculations.

Turner (2) did an analysis of a layer of liquid on the tubing wall and for

droplets traveling up or down and found the droplet model fit the data
with a 20% upward adjustment in velocity to fit data.

Liquid Transport in a Vartical Gas Well
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Coleman (3) reviewed Turner and found for data with lower wellhead
pressures, that his model fit better without the 20% adjustment:



Kputndeckuit yposeHb aebmTa MOXHO onpeaenuTb no Q, MUNNMOH CT.
Ky6. pyTos/cyTkn = 3.06 PAV_./ ((T°F+460) Z)

MpumeHeHue NUPTOBON KONMOHHbI MEHbLUEro AnameTpa
MpumeHeHne HKT MeHbLiero gnameTpa No3BOMUT YBENUYUTb
CKOPOCTb MOTOKa 1, BO3MOXHO, BO30OHOBUTbL 3KCMNJyaTaumio
CKBa>XWHbl MPU CKOPOCTU NOTOKA Bbille KPUTUHECKOro YPOBHA.
lMprMeHeHne KoppenAunMn KPUTUYECKON CKOPOCTU NOTOKA, a TakxXe
MeTOAa y3/10BOro aHanv3a no3BonnT CNpPoeKTUpoBaTh KONMoHHY HKT.

Ha HuxxenpuBeaeHHoOW anarpamMmme nokasaHa Kpusas
achchekTuBHOCTM paboTel HKT, nepecekarowian Tpn KpuBbIX NpUTOKa
(KpMBble MHTEHCUBHOCTM NPUTOKA U3 NfacTa B TPU pasHbIX MOMeHTa
BPEMEHU) C OTMEYEHHbIMU CTabunbHbIMK YpOBHAMMK AebuTa. YTobbI
6bITb CTabubHbIMKU, KpuBble 3hhekTBHOCTM HKT AOMKHbI
nepecekartb KpuBble MPUTOKa crpaBa OT MUHUMYMa Ha KPUBbIX
appekTuBHocTN HKT.

HKT gomxHbl 6bITb CRyLWEeHbl A0 MW HUXKE BEPXHEN rpaHuubl
nepcopauunn. KononHa HKT gomnkHa NpoeKTUpoBaTbCA TakuUM
06pa3om, 4ToHbl CKOPOCTb NOTOKA 6blna Bbille KPUTUHECKOW Mo
BCEW ANUHE KOMOHHbI. KpoMe Toro, oHa AomkHa NpoeKTMpoBaTbCA C
pacyeToOM Ha 3KChyaTauuio CKBaXKVHbI NMPU CHUXKEHUN MNacTOBOro
naeneHua B 6yagyliem, B COOTBETCTBME C NPMBEAEHHON Bbille
Avarpammon, MOCTPOEHHOW MO MeToAy Yy30BOro aHanusa, rae
TONMbKO 0AHa Kpueaa apekTuBHocTN HKT camoro maneHbKoro
avameTpa TAHETCA A0 HWKHEW TOYKW KPVMBOW NadeHnA NpuTokKa.
HKT manoro guameTtpa okono 1 aiorMa nnoxo pasrpy>arTcaA npu
3aTArMBaHumM B HNX Xnakoctn. Bce HKT B ra3oBbIx cCKBaXKnHax

B KOHEYHOM MTOre NOABEPrHYTCA BO3AEWCTBUIO npouecca
XNAKOCTHOMN 3arpy3Ku npv onpeaeneHHbIX HU3KNX yPOBHAX
nebuta, B TO Bpemsa Kak npu nayHXepHon akcnnyatauum npobnema
>KMAKOCTHOW 3arpy3Kun MOXET N HE BO3HUKHYTb.

Komnpeccua

Yucnosoe 3HaveHne Ha NpUBEAEeHHON HUXe Anarpamme ABNAeTCA
npuMepoM AaHHbIX U3 AnarpaMmbl TemnepaTypbl KOHAeHcauun, n
MCMonb30BaHO ANA YKasaHWA Ha TO, YTO ra3 C HU3KUM AaBreHnem
MOXeT cofepxaTb 6onbluee KONM4ecTBO XXNAKOCTUN B COCTOAHUN
napa v, Takum o6pasom, MOXeT UCMOMb30BaTbCA Kak crnocob
60pbObI C NPUCYTCTBUEM XKUAKOCTU.

MeTon Komnpeccun Hanbonee apPeKTUBEH B CKBAXMHAX C HUSKUM
[aBneHnem, 4To No3BoNAeT AOCTUYb 60MNbLIEro NPOLEHTHOro
yBenu4yeHna febuta, Kak nokasaHo Ha NpMBEAEeHHON HUXe
Anarpamme, NOCTPOEHHON MO MeTOoAY Y3/0BOro aHanunsa.

Mepen NpMMeHeHneM [0pOrocToALLEN KOMNPECCOPHOW YCTAHOBKMN
AnA yBenu4eHna aebuta n yctpaHeHnA npobnemMbl XXUAKOCTHON
3arpy3ku Heob6xoamMmo obecneynTb OTCYTCTBUE OrpaHNyeHmA
anameTpa HKT ycTaHOBKOW BbIKUAHON NHUK 6onbluero agnameTrpa
Uy COBOEHHOM, a TakXXe YyCTpaHeHWem BCex NMPenATCTBUMA NOTOKY
Ha ycTbe.

Hawnbonee wunpokoe npumeHeHne AnA 3Toro cnocoba Aobblun Halm
NMOpLUHEBbLIE KOMMPECCOPbI, XOTA BUHTOBbLIE M BOAOKOMNbLEBbLIE
KOMNpeccopbl TakXe NPUMEHATCA ANA A06bIYM U3 OTAENbHbIX
CKBaXXMH. [opLUHEBbIE KOMMPECCOPbI LUIMPOKO UCMONb3YyTCA ANnA
OLHOBPEMEHHOW aKcnyaTaumm 60MbLIOro Yncna CKBaXKuH Ha
MECTOPOXAEHUN.

MnyH>xepHaA akcnnyaTaumA

MeTon nnyH>XXepHOW aKcnnyaTaumMm 4OCTaTOYHO LUMPOKO
ncnonb3yeTcA, T.K. BO MHOIMMX Ccriy4aAx no3BonAeT BeCTu ,ﬂ06bl‘-{y
N3 CKBaXXMHbI C XXWAKOCTHON 3arpy3Kon 6e3 NpuMeHeHnA BHELHEero
NCTOYHMKA 3Heprun. MeToabl MOXeT okasaTbeA 3PHEKTUBHBIM
ecnu B ckBaxxunHe 400 cT. ky6. dpyta/(6appenb-1000 cyToB) 1
yCcTbeBoOe 3aTpybHoe AaBneHve 3a napy 4acos BbipacTaeT A0
ypoBHA B 1,5 pa3a npesbllaloLLero AaBfeHne B BbIKWAHON NMUHUN
unu cenapartope. CTaHAapTHbIA METOA, NAYHXEPHON dKCnnyaTaunm
Hanbonee ahhekTnBEH 6€3 NCnonNb30BaHWA nakepa. pp

Various charts of critical rate can be developed. The below chart is for
Coleman for water and condensate:
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Coleman (3) found that the coefficient for the critical velocity is 4.43 for
water and 3.37 for condensate flow. The user has to find if Coleman or
Turner is best for his field or if some adjustment of either model is best
for his field applications to predict liquid loading.

The rate can be found by Q, MMscf/D = 3.06 P A Vcrit/ (( T°F+460) Z)

Sizing Tubing

Smaller tubing will increase velocity and possibly get the well flowing up
above critical velocity. The use of critical flow correlations and also Nodal
Analysis (TM of Macco) will help design tubing strings. The below chart
shows tubing performance intersecting three inflow (reservoir performance
inflow curves at three different times) to show stable flow rates. To be stable,
the tubing curves should intersect the inflow curves to the right of the
minimum in the tubing performance curves.
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Tubing should extend to top of or partially into the perforations. Tubing
should be designed such that it is above critical flow for the length of
the tubing. Tubing should be designed to last into the future, considering
declining reservoir performance, as in the above Nodal plot where only
one (smallest) tubing size extends to the lower most declined reservoir
inflow curve. Small tubings approaching 1” are hard to unload if a slug
of liquid in ingested. All tubing strings eventually liquid load at some low
rate whereas , for instance, plunger lift may or will not.

Compression

The below figure is a sample of data from a Dew Point Chart but is used
to show that low pressure gas can hold more liquids in the vapor state
and as such is a delquifying technique.
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Ha pucyHke npeacraBneHa ctaHaapTHaA yCTaHOBKA C 3aABUXKKOM
1 aBTOMaTUYECKUM YNpaBneHWeM OTKPbITUEM CKBaXKWHbI Af1A
JKcnnyatauum unu 3akpbiTuem AnA pocta gaBneHua.

3a HiKenpyBeAEHHbIM LIVKIIOM CreaytoT CTaHAapTHbIe LMKIIbI
nnyHxepa:

CORNTEMNTIHGNAL PLUMGER CTYCOLE

[aBneHve B CKBaXXnHe pacTeT A0 YPOBHA, NPV KOTOPOM AaBfieHne B
3atpybe AOCTATOMHO AN1A NepeMeLLEeHNA MNYHXXepa 1 XUAKOCTU BBEPX.
3710 MoxeT npovcxoauTb Korga (CP-TP)/(CP-LP) <1/2 nocne oTkpbiTumn
ckBaxuHbl, rae CP — 3aTpy6Hoe nasnenwve, TP — paBnexune B HKT, LP
— JaBneHve B BbIKUAHOW NUHWK UNW cenapartope.

CkBaXxvHa paboTaeT noka He MoABMATCA NPU3HAKN XXNOKOCTHON
3arpysku, onpegenaemMble pasfiv4HbIMM MeToAaMM, Hanpuvep,
pervcTpaumei pocta AaBneHna B 3aTpybe Nm CHUKEHNA CKOPOCTH
noToKa, NMbo ypoBeHb Nepenaga AaBeHnA Ha YCTPONCTBE CHMDKaEeTCA
HV>XE onpeaesieHHoN BENUYUHBI.

Ha pucyHke Hu>xe nokasaHbl MnyHXepbl ¢ 0bknagkamv AnA
3hheKTUBHOTO YNIOTHEHNA C MPUMEHAIOLLIMMUCA YCTPOUCTBaMM,
obecneunBatoLme 6bICTPbIN CNYCK.

[BYXKOMMOHEHTHbIA MIIYHXEP COCTOMT U3 MOMOro UMnMHApa ¢
YNMOTHAIOLLMM LLIAPUKOM CHM3Y. Mpu noabeme NyHxepa BBEPX,

OH YNMOTHAETCA CHU3Y LUAPUKOM Ha UMnMHApe. HaBepxy Wwapuk
CMeLLaeTcA U NafaeT BHU3, a LUNMHAP OCTaeTCA HaBepxy [0
KPaTKOBPEMEHHOTO 3aKPbITWA CKBAXXUHbI ANA TOro, YTO6bI LMINHAP
MOF CMYCTUTLCA BHU3 U COEAMHUTLCA C LAPUKOM. DTO NO3BONAET
NpaKTUYECKN He OCTaHABNMUBATL CKBAXKMHY U BO MHOMUX Cryyanx
YBENUUUTL J06bIYY.

Mowunck u ycTpaHeHWe HeUCNpPaBHOCTU B yCTaHOBKe ANA
NAYyH)XepHOW aKcnyaTaumm

Hwxe npuBeneHa avarpamma ypoBHen fasnenvA B 3atpybe, HKT,

a TakXKe aKyCTMYecKne CUrHasbl, 3anucaHHble BO BPEMA OAHOM0
MOMHOrO LMKNa paboTbl CUCTEMbI MNYHXXEPHON SKchyaTaumm.
Mepuropbl BKMOYAOT B ce6A 3aKpbiTUe CKBaXuHbI [A-B], pasrpysky
[B-4] n nocnegaytoLee nony4eHne NpoayKLMN n3 CKBaXKUHbI [4-

C]. OTKpbITWE 3aABWKKMN ANA pasrpy3Kun, Unu ee 3akpbiTve AnA
OCTaHOBKM CKBaXWHbI MOXET ObITb MCMOMb30BaHO ANA onpeaeneHna
Havana uvkna. lMpuBeaeHHas HUXe umdpa NoKasbiBaeT, YTO LMK
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Compression works best on low pressure wells to obtain bigger percent
increase of production as shown in the below Nodal Plot.
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Make sure that the tubing cannot be reduced by a larger flowline or
twining the flowlines or by removing restrictions to flow at the wellhead
before installing an expensive compressor to increase production and
perhaps to attack a liquid loading problem.

Reciprocating compressor’s are the most common form of compression
although screw, and liquid ring compressors are also used as single well
devices. Reciprocating compressors for field wide compression is also
common.

Plunger Lift

Plunger lift is popular as many times it will operate a liquid loaded

well with no outside source of energy. It may work if the well has

400 scf/(bbl-1000’) and casing surface pressure will build to 1 1/2 times
line or separator pressure in a couple of hours. It works best with no
packer for conventional plunger lift.

Opposite is a typical installation with the valve and computer to open/
close the well for flow/pressure buildup.

Conventional plunger cycles follow the cycle opposite.

The well builds pressure until the casing pressure is sufficient to lift the
plunger and liquid slug. This might be when (CP-TP)/(CP-LP) <1/2 where
during shut-in, CP is casing pressure, TP is tubing pressure, and LP is
line pressure or separator pressure the well sees when well is opened.

It is allowed to flow until there is indication of loading in the well using
various schemes such as noting a casing pressure increase , or flow or
delta pressure across a device drops below a set value.

Below are padded plungers for good seal with devices included to allow
faster fall rates.

The Pacemaker or Two Piece Plunger is a plunger that
consists of a hollow cylinder with a sealing ball below.
Coming up the plunger is sealed with the ball on bottom
of the cylinder. On top the ball is dislodged and falls
with cylinder remaining until a short shut-in to allow the
cylinder to fall and recombine with the ball. This allows
for practically no shut-in time and more production in
many cases.

Trouble Shooting Plunger Lift Installations
Following is a plot of the casing pressure, tubing
pressure and acoustic signals acquired during one
complete cycle during the operation of a plunger lift
system. The time periods include the Shut-in [A-B], the
Unloading [B-4] and the Afterflow [4-C] periods. When
the valve opens, Unloading, or when the valve closes, shut-in, can be
used to identify when a cycle begins. In the figure below the plunger lift
cycle/shut-in starts a few minutes after data acquisition began. The shut-
in period lasted 67 minutes, unloading period lasted for 11 minutes and
26 seconds, and afterflow occurred for 10 minutes and 37 seconds.




NAYHXXEPHOW 3KCNyaTaummn/3akpbiTUA CKBaXXMHbl HavancAa Yyepes
HECKONMbKO MUHYT Mocne Havana 3anucu aaHHbix. CkBaxuHa
6bina ocTaHoBMeHa Ha 67 MWH., nepuof pasrpy3kun gnunca 11
MWH. 26 CeK., N 3aTeM CKBa>XMHa gasana npoaykuuio B Te4eHune
10 MWH. 1 37 cek.

AHanus ypoBHA AaBNEeHMA U aKyCTUYECKUX CUrHanos No3sonAaeT
OnNpeaenvTb MNOMOXeHWe NyH>xxepa B No60N MOMEHT uMKna.

3a nepuop Bpemenu [A-1] nnyH>xep reHepupyeT aKyCTUHECKUN
CUTHan npu cnycke BHM3 U NPOXOXAEHUN Kaxaon myd Tl HKT.
Mo>xHO onpegenuTb ypoBeHb Xxuakoctn B HKT 1 ckopocTb
nepeMeLLeHnA NyHXepa € YyCTbA BHU3 A0 YPOBHA XUAKOCTH

C NPOXOXAEHNEM ero MUMO KaxkAon MydTbl. HacTo curHansl
3anuncbiBalOTCA MPU MPOXOXKAEHUN MAYHXepa Yepes XXMAKOCTb
MUMO Ka>KAoWn MydThl Mpu ero ABuxeHun BHU3 [1-2]. MNepuoa
BpemeHu, npoweawun ¢ [A-2], onpeaenAeT MUHUManbHoe

BPEeMA 3aKpbITUA CKBaXWUHbI ANA paboTbl CUCTEMbI NAYHXKEPHOW
akcnnyatauvn. Ecnu ypoBHu pasnexusa B 3atpybe n B HKT
cbnmaAaTcA 3a nepuoa spemeHu nocne [A-2], Torga AasneHue
raza/>xugkocTtu B HKT BbiTankuBaeT xuakoctb n3 HKT. MNocne
nepvoaa [2-B] nnyH>xxep HaxoanTCcA BHU3Y, U B 3TOM NpumMepe
HeT cMbicna NpoAoXaTb 3aKPbIThIA UNKI, T.K. 3aTpybHOe
[aBrnieHne pacTeT 1 orpaHnynBaeT NpUTOK U3 nnacta. B
TeyeHue nepuopa [B-4] nnactoBoe fgaBneHue n gaeneHue rasa

B 3aTpy6e ucnonb3yTca ANnA NoAgbeMa CKOMNUBLLENACA XUAKOCTH
1 nNnyHxepa Ha ycTbe. KoadhprUNEHT XUAKOCTHON 3arpy3ku un
CKOPOCTb MOoAbEMA MIyHXXepa OnpeAenAlTcA B TeYeHne nepmoaa
[B-4]. B TedyeHne nepunopa nonyveHmA NPOAyKUUM U3 CKBAXKMHbI
[4-C], no mepe cHUXeHuA febuTta CKBaXXuWHbl HA4YMHaeTCA
obpaTHOe najeHue XUAKOCTU B CKBaXUHY U ee HakonneHne B
HuxHel yactn HKT. MoBbiweHne aaBneHuA B 3aTpybe 4acTo
ABNAETCA NPU3HAKOM 3aTAHYBLUErocA nepuoga nonyyeHuna
NPOAYKLUMM U3 CKBa>XMHbI, KOrAa Ha4nHaeT CHUXATbCA NPUTOK U3
nnacra. B TeyeHne Bcero uukna namepaeTcA gasneHne Ha 3aboe
npu paboTe CKBaXXUHbI.

[eTanbHbI aHanU3 cUCTEMbI MIYHXEPHOMN aKcnyaTaumm
No3BOMAKT ONTUMU3NPOBaTb Npouecc A06bIYN C MOMOLLBIO

3TOro MeToAa C MUHUMAlbHbIMW 3aTpaTaMu BPEMEHU U CPEACTB,
ycTpaHAA Heo6XoAUMOCTb B MCNONb30BAHUN METOANKN “NPob u
ownbokK” Bo3MOXHOCTM CUCTEMBI MO pacyeTy 06BHEMOB XMAKOCTHU
1 rasa, 4o6biBaeMbIX N3 CKBa>XXWUHbI 32 OAMH UMK, a TakXe Mo
onpeaeneHno NoTeHumana CKBa>knHbl MO3BOMAIOT NONYYNTb
HeoUeHMMYI0 MHOpMaLMIo ANA onpeaeneHnsa 3KOHOMUYECKOW
3h(HEKTUBHOCTU NMPUMEHEHNA 3TOr0 MeTOAa Ha [AHHOMN
CKBaXKMHe, a Tak>ke BO3MOXHOCTEW AN1A ee MOBbIEHNA.

[aHHaA meToAMKa MoucKa n ycTtpaHeHna npobnem un
obopynoBaHue ana cbopa AaHHbIX NpeanaranTca KoMNaHuemn
Echometer.

BcneHnBaHue )XUAKOCTU B ra3oBbIX CKBa)XMHaX
BcnerHuBaHue XnakocT no3sonAeT AOOUTLCA CHUXEHNA
KPUTUYECKOWN CKOPOCTM NOTOKA, He06X0AMMON ANA BblHOCA
XXUAKOCTU N3 CKBaXWUHbI, U COOTBETCTBYIOLEro aebuta
CKBa>MHbI.

B BbllienpneeaeHHoON hopmMyne KpUTUHECKOW CKOPOCTU (Y -
NMOBEPXHOCTHOE HaTAXeHWe, a |4 - NNOTHOCTL XuaKocTu.

O6a napameTpa CHMXalTCA C MOMOLbIO NnpumeHeHua MNAB.
MpumeHeHne BcneHnBaTenen 06bIYHO IPMEKTUBHO NPU HANNYUN
BOAbl (6€3 nnu ¢ HebonbLlWKM KONMYEeCTBOM KOHAeHcaTa). Beoa
XMMpeareHTOB OCYLLEeCTBAETCA Nojayel MblfibHbIX CTEPXHEN

W XMMpeareHTOB B OTKPbITbIA 3aTpy6, a Takxe 3akaykon B HKT
Yepes KanunnApHYIO KOMOHHY.

Hwxe npeacTaBneHa KanunnapHaA KONoHHa, cnyckaemaa B HKT
ana sakadku MAB.
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Analysis of the pressure and acoustic signals can determine the location
of the plunger through out the cycle. Over time period [A-1] the plunger
generates an acoustic signal as the plunger falls past each tubing collar
recess. The depth to the top of the liquid in the tubing and the plunger

fall velocity past each tubing collar from the surface to the liquid can be
determined. Frequently signals are detected as the plunger falls past
each tubing collar recess when the plunger is falling through liquid [1-2].
The time period from [A-2] determines the minimum shut-in time for the
plunger lift installation. If the tubing pressure and casing pressure get
closer together over the time period from [A-2] then tubing gas/liquid
pressure is pushing liquid out of tubing. From time period [2-B] the plunger
is on bottom, in this example there is little benefit to continue closed cycle
as casing pressure increases and restricts flow from the formation. Over
time period [B-4] the pressure from the reservoir and the pressure from
the gas stored in the casing annulus are used to lift the accumulated liquid
and plunger to the surface. Liquid load factor and the plunger rise velocity
are determined over period [B-4]. During the afterflow period [4-C], as

the gas rate decreases the liquid tends to fall back and accumulate at the
bottom of the tubing. An increase in the casing pressure is often used as
an indicator that the afterflow period is too long and flow from the formation
is being reduced. Through out the entire cycle the producing bottom hole
pressure is determined.

Having a detailed analysis of the plunger lift system makes optimization
of plunger lift production achievable with a minimum of effort and time
devoted to trial and error procedures. The capability of the system of
calculating the volumes of liquid and gas produced during the cycle and
determining the potential of the well give invaluable information regarding
the economics of the operation and the potential for improvement. These
trouble shooting techniques and the equipment to collect the data can
be provided by Echometer Company.

Use of Foam to De-Liquefy Gas Wells
Foam can lower the required critical velocity and corresponding rate.
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In the above equation for critical rate, {F is the surface tension and |-.||
is the liquid density and both are lowered by surfactants. When water
(no or little condensate) is present, foamers usually work. Chemicals
are introduced by soap sticks down the casing, chemicals down the
casing if open, and injected down the tubing with a capillary string.
Below is a capillary string being lubricated down the tubing for
surfactant injection. p p
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mapaBnuyeckue Hacochbl

Okcnnyarauma ¢ NOMOLLBIO FMAPaBANYECKUX HACOCOB NPOBOAMTCA C
MCNoNb30BaHNEM BbICOKOHAMOPHOro Hacoca AnA CO34aHNA BbICOKOTO
AasneHnA BOoAbl UNn Macna anAa npusoga CprI?IHOFO nnu nopLuHeBoro
Hacoca Ha 3aboe. [InA O4UCTKM rMapaBiMyeckomn XUaKocTu 06bI4HO
MCNOMb3YIOT TakXXe OTCTONHUKM U FTMAPOLIMKIOHHbIE YCTaHOBKW.

Hwxe nokasaHo cooTBeTCTBYIOLLEee 06opyaoBaHNe Ha yCTbe.

KomnaHua Weatherford npegnaraet cTpyiHble HAacOCbl AnameTpoM
0,9 atoima, ycTaHaBNMBaeMble BHYTPY MMOKoN Tpy6bl AnamMeTpoM

1 1/4 provima, KoTopble MOryT 6bITb cnyLleHbl BHyTpb HKT 2 3/8 nnn
2 7/8 provima anA noabemMa >uakocTtun yepes HKT u Bbixoga rasa
Ha ycTbe Yepes 3aTpyb, Kak 0AVH U3 BapvaHTOB UCMONMb30BaHWA
rmapaBfIM4ECKNX HACOCOB.

HacocHble cuctemsl

LUMHe1, SLIHbI, BUHTOBbLIE HACOCHI, @ TaK>Xe Apyrne BUabl HACOCHOIO
obopyaoBaHUA MOTyT UCMONL30BaTLCA ANA NOAbEMA XUAKOCTU

yepes HKT u Bbixoga rasa yepes 3atpy6. Cryck Hacoca HuXe 30HbI
nepdopaumm (HeobxoanMbl crneumasbHble Mepbl NPeAOCTOPOXHOCTH
npv ncnonb3oBaHuu 3LH) no3BonAeT ycTpaHnTb BAMAHME
nocTynaroLiero rasa Ha paboTy Hacoca. Ecnu Hacocbl Heo6xoaumo
YCTaHOBMWTb Bbille 30HbI Nepchopaumm, MoXxeT noTpeboBaTbea
nNpVYMeHeHne cneumnanbHbIX HACOCOB M ra3ocenapaTopoB. Ona
nogbema HebonbLMX 06EMOB XMAKOCTU C NoMoLLbto LLIMH
PEKOMEHAYETCA UCMONb30BaTh LUTOKM M HACOCHI Maroro AMaMeTpa, He
yCTaHaBNMBATb AKOPb, & TAKXXE NPUMEHATb CUCTEMY aBTOMATU4ECKOro
OTKa4YMBaHUA XXUAKOCTU, OCHALLEHHYIO KOHTponiepoM. MNpumeHeHne
NPOME>XYTOYHOIO Bana No3BONUT CHU3WUTb YNCIO XOAO0B B MUHYTY. XOTA
B [A@HHOW CTaTbe 3TOT METOZ SKCMyaTaumm OnncaH KpaTko, OH BeCbMa
LUMPOKO NpuMeHAeTCA. B ckBaxknHax manoro agnameTtpa cnegyeT
NPUMEHATb MNOMbIE LITAHMM UK UCMONMb30BaTh B KAYECTBE LUTaHM
KOOHHY rMBKMX TPy6 ANA OTKAYKM XXUOKOCTU U BbIXOAA ra3a Ha yCTbe
Yyepes 3aTpyb.

lasnudTHaa akcnnyarauma

[a3nndTHLIN MeToA A06bIYM MOXET UCMONBL30BaTLCA NPY AKCNITyaTaumm
rasoBbIX CKBaXXVH ANA NOAAEP>KaHWA CKOPOCTHN ra30BOro NoToKa Bhille
YPOBHA KPUTUYECKON CKOPOCTW YTOObI MPEA0TBPATUTb XXMUAKOCTHYIO
3arpy3Ky CKBaXkvHbl, W AnA NOBbIWEHWA rpagveHTa AasneHnsa npu
HanM4mm CyLeCTBEHHbIX 06EMOB XMAKOCTW. Kpome Toro, 4acTo
MCMONb3YKTCA Pa3rpy304Hble KranaHbl 1 pabodve 3aasmxkn. OgHa
KOMMaHWA UCMOoNb3yeT HOBbIM CNOCO6, NpeaycMaTpUBaloLLMIA 3aKauKy
rasa B 30Hy Nnof NakepoM [AsA NOBbILEHNA rpaaneHTa B NPOTAXKEHHON
NPOAYKTMBHOMN 30HE, PaCMONOXEHHOW NoZ nakepoM. Huxe npuBeeHa
cxema MeToavKu u3 npeseHtauun b. PoyaHa, LLntombepxe, Ha
KoHrpecce NOCBALLUEHHOM YAANEHNIO XXMAKOCTMN U3 ra30BbIX CKBaXXWH,
nposoauBLuemcA B [leHsepe, Wt. Konopago B 2006 r. [laHHaA meToanka
HocuT HassaHue PERFIift. |
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Hydraulic Pumps

Hydraulic pumps require a surface high pressure pump to generate high
pressure water or oil to power downhole jet or reciprocating pumps.
Settling tanks and cyclones are typical for power fluid clean up.

A surface installation is shown below.

Weatherford offers a 0.9” OD jet pump inside 1 1/4” CT that can be
landed in 2 3/8’s or 2 7/8’s tubing to lift fluids up the tubing and allow gas
to flow up casing for one example of using hydraulics.

Pumping Systems

Beam, ESP, PCP and other pumps can be used to lift fluids up the tubing
to allow gas up the casing. If the pump is set below perforations (special
precautions are necessary with ESP’s) then gas interference in the
pumps can be usually eliminated. If the pumps must be set above the
perforations then special pumps and gas separators may be necessary.
For beam systems lifting small rates of liquids the use of small rods,
small diameter pumps, not setting the anchor and the use of a pump off
controller (POC) is recommended. A jack shaft might be useful to lower
the SPM of the unit. Although touched on lightly, this method is very
common. For slim holes use of hollow rods or CT for rods is used to lift
liquids with gas flowingup the casing.

Gas Lift

Gas lift in gas wells can be used insure that gas rates stay above the
critical velocity to prevent liquid loading, or to just lighten the gradient
when larger amounts of liquids are present. Unloading valves and an
operating valve are typical in the industry. One , organizsation has a new
method to inject gas below the packer so that the gas can lighten the
gradient in long pay sections below the packer. A schematic is shown
below from a presentation by B. Rouen, Schlumberger at the 2006 Gas
Well Deliquification Forum in Denver ( See ALRDC.com for information).
This technique is called PERFIift. m
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