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Beam Pumping Systems
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HacocHble cucTeMbl ¢ 6anaHCUpHLIMU CTaHKaMU-Kadankamm
ABNAOTCA HanBoree CTapbIM U LIXPOKO MCTONb3yeMbIM CrIOCO60M
MEeXaHWU3MPOBaHHOM A06bIYM HA HE(ITAHBIX CKBaXKUHAX.

Bo Bcem Mype HacHUTLIBAETCA OKOMO 2 MUMTIMOHOB HEDTAHDBIX
CKBaXKWMH, 1 MOYTW ANA 1 MUNAMOHA U3 HUX NPUMEHAETCA
MexaHU3UpPOoBaHHbI crnocob fobbiun. B 6onee yem 750 000 ckBaXkuHax
C MEXaHN31pOBaHHOW A00ObIYeV MPUMEHAETCA LITAHTOBbIE MMYOUHHbIE
Hacochbl (LUMH). B CLLA cTaHku-kavanku paboTatoT nodtn Ha 350

000 ckBaxkunHax. Okono 80% HedTAHbIX ckBaxkuH B CLUA aBnsatoTcA
manoaebutHeiMu (MeHee 1 M3/cyTku) 1 fobblva U3 HUX OCYLLECTBNAETCA
C MOMOLLIbIO CTAHKOB-Ka4auoK.

LLiTaHroBble ry6uHHbIE HACOChI 06LIYHO MPUMEHAIOTCA B
ManofebuTHbIX CkBadknHax. OHM fokasany cBoto apheKTUBHOCTb.
Obcny>xuBatoLume nx orneparopbl 06bIYHO 3HAKOMbI C 3TUMM AOBOSILHO
NPOCTbIMM MexaHn4yeckuMn cuctemamu. LLitaHrosble Hacockl 6onee
NPOCTbI B 3KCMyaTaLmm, Yem Apyrne cMcTeMbl MEXaHN3NPOBaHHOW
[06bI4KM, 1 X MOTYT 0BCYXMBaTb AaXe onepaTopbl C HEBOMNbLLNM
onbIToM paboTbl. LUMHbI athdhekTrBHO paboTaloT B LUMPOKOM AManasoHe
[ebuToB 1 my6yH. LLUMHbI MeoT BbICOKYHO OCTaTO4HYIO CTOMMOCTb.

LLITaHroBble Hacochl cnenyeT NPUMEeHATb ANA OTKa4YkKu cpegHnx
06BbEMOB CKBa>KMHHOW >XXUAKOCTW € HEBOMbLUMX FYOUH 1 Manbix
06EMOB C MPOMEXYTOYHBIX FY6UH. OTHOP >XXMAKOCTU MOXET
coctaenATb 1000 6appenei B CyTKM € mMy6uHbI npumepHo 7000 dyToB
1 200 6appeneii ¢ ry6uHbl 14000 dpyToB (MoxeT noTpeboBaTtbeA
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Beam systems (Figure 1) are the oldest and most widely used type of
artificial lift for oil wells.

There are about 2 million oil wells in the world and about 1 million wells
utilize artificial lift. Over 750,000 of the lifted wells use sucker rod pumps.
In the U.S. beam lift systems lift about 350,000 wells. About 80 percent of
U.S. oil wells are stripper wells, making less than 10 bpd and these are
primarily beam lifted

Beam systems should be considered for lower volume stripper wells.
They have proven to be cost effective. Operating personnel are usually
familiar with these mechanically simple systems. Less experienced
personnel also can often operate rod pumps more effectively than other
types of AL. Beam systems can operate efficiently over a wide range of
production rates and depths. Systems have a high salvage value.

Beam systems should be considered for lifting moderate volumes
from shallow depths and small volumes from intermediate depths. It is
possible to lift up to 1,000 BPD from about 7,000 feet and 200 barrels from
approximately 14,000 feet (special rods may be required and rates result
depend on conditions present). Less rate might be lifted from 7,000 feet
and few wells are lifted by Beam below 10,000 ft.

Many parts of the Beam system are manufactured to meet existing
standards, which have been established by the American Petroleum
Institute (API). Manufacturers can supply compatible interconnecting parts.
Also there are many components available that are not API certified, such
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UCMONb30BaHME creumanbHbIX WTaHN, a ypoBeHb oTbopa byaeT 3aBnceTb
OT cywlecTBytowmx ycrosun). C ypoBHen Huke 7000 cyToB ypoBEHb
oTbopa 3aMETHO CHUXXAETCA, 1 NNLLb B O4EHb HEMHOINX CKBa>KUHAX
0T60p XMAKOCTY ¢ nomoLbto LLIMH nponssoanTcA ¢ rmy6buHbl Hxe
10000 dpyTOB.

MHorve koMnoHeHTbI cucTemb! LUMH nsrotasnueatotea B
COOTBETCTBUM C CyLLECTBYIOLWMMI cTaHAapTamm AP| (AMeprnkaHcKoro
UHCTUTYTa HeddTK). MponssoauTenn obecnevnBaioT NOCTaBKy
KOMTMOHEHTOB C COBMECTUMbIMM COeANHEHNAMN. Kpome Toro, Ha
PbIHKE UMEETCA MHOIO KOMMOHEHTOB, He uMetoLwmx cepTudukara AP,
Hanpvmep, AnA My6VHHBIX HACOCOB HOMBLIOMO UM MaNoro AUaMeTpoB,
He onpeaeneHHbIX cTaHaapTamm AP

KornoHHa WTaHr oT YCTbA A0 MMy6MHHOMO Hacoca noasepXxeHa
LMKNUYHBIM Harpy3kam. YpOoBeHb 3almThbl LUTAHr OT KOPPO3uu 1
MoBpeEXAEeHNA NPU NOLBLEME UMK CryCKe A0MKEH ObITh BbILLE, YEM
B APYrMX CUCTEMAX MEXaHW3MPOBaHHOM J06bI4mn (M), nockonbKy
KOPPO3M1A BbI3blBAET KOHLUEHTPALUWUIO HanpA>XeHnA, NpuBoaALLYHO
K NpeXxaeBpeMeHHOMY BbIxofy M3 cTpos. Mpoussoautenamm
BbIMyCKaloTCA crneumasbHble BbicokonpoyHbie (BIM) n donbeprnacosbie
(Pr) wraHmm.

LLUIMHbI 3a4acTyto He MOTyT NPUMEHATLCA B HAKIMOHHBIX CKBaXKMHAX
(M1 cKBaXKMHAxX C PE3KMMU UCKPUBNEHNAMU CTBONA), JaXKe C
MCNOMb30BaHUEM crieumarnbHbIX 3aLlMTHbBIX 3NIEMEHTOB U BpallaTenamm
wraHr wmnn HKT. LUMH B HAKNOHHBIX CKBa>KUHAX C POBHbIM Mpodunem
CTBOMA 1 OTCYTCTBMEM PE3KUX NCKPVBIEHWA MOXET AOCTaTO4HO
abpekTMBHO paboTaTb gaxke Npu 60sbLLOM yrne 3a6oq (~30-40°
10 80°). HekoTopble CUCTEMBI LLITAHIOBbIX HACOCOB AnA paboTbl
B CKBa&XXVMHaxX C 60bLUVMMM YITaMy HaKfIoHa CTBOMA UCMONb3YoT
HenoABMKHbIE U POTIMKOBbIE 3aLUMTHbIE 3NIEMEHTbI LTaHE. 3HauYUTensHO
MeHbLLEe KOMMYECTBO ITUX 3aLLMTHbLIX 3NIeMEHTOB ncnonb3yeTcaA ¢ LUMH,
paboTaloLMMKN B CKBaXKMHAX C 60MbLUMM MPOLIEHTHBLIM COAEpXXaHNeM
HepTH, POBHBIM NPOUNEM 1 CPABHUTENBHO ManbIMU Yriamm HaKIoHa.
MpumereHne HKT ¢ BHYTPEHHNM NNacTUKOBbLIM NOKPbLITUEM MO3BONAET
3HAYUTENBHO YMEHBLUNTB 3HOC HACOCHBIX LUTAHT U NIMAPTOBBIX TPYO.

LLUMHbI MMetoT orpaHnyeHHbIE BO3MOXHOCTM M0 0TGOPY XXMAKOCTEN
C BbICOKUM COAEPXaHMEM MecKa, XOTA CYLLeCTBYIOT crieumarbHble
UNbTPBI 1 ApYrve yCTpoCcTBa AN1A OrpaHUyeHUA NoCTyMneHUA necka.
HekoTopble KOHCTPYKLMM LITAHMOBbIX HACOCOB NpeaycMaTpuBaroT
OTCeueHMe necka 1nm paboTy B YCIOBUAX NepemMeLLleHI s rnecka
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Figure 1:

as larger/smaller diameter downhole pumps (SRP’s) extending beyond
API sizes.

The sucker rod string from the surface to the downhole pump is
subjected to cyclic loads. Rods must be protected against corrosion and
from damage from running/pulling more than any other AL system, since
corrosion introduces stress concentrations that lead to early failures.
Special high strength (HS) and fiberglass (FG) rods are available.

Beam systems are often incompatible with deviated (doglegged)
wells, even with rod protectors, and rod and/or tubing rotators. Deviated
wells with smooth profiles and low dogleg severity may allow satisfactory
performance, even if the angle at the bottom of the well is large (~30-
40° and some up to 80°). Some high angle hole systems employ rod
protectors and “roller-rod protectors” while other installations with high
oil cuts, smooth profiles, and lower angles of deviation use only a few of
these devices. Plastic lined tubing is effective in reducing rod/tubing wear.

The ability of beam systems to produce sand laden fluids is limited,
although there are special filters and sand exclusion devices. Some
pumps are designed to either exclude the sand or operate as the sand
travels through the barrel-plunger clearance. Special metallurgies are
employed for fine sand wear.

Paraffin and scale can interfere with the operation of Beam systems.
Special wiper systems on the rods, and hot water/oil treatments are used
to combat paraffin. Hard scales can cause early failures.

Free gas entering the downhole pump reduces production and causes
other problems. See www.Echometer.com for papers related to gas
separation.

One of the disadvantages of a beam pumping system is that the PR
stuffing box (which is where the PR enter the well at the surface through
a rubber packing element) can leak. Special pollution free stuffing boxes
that collect any leakage are available. Good practice such as “don’t over
tighten’; and “insure unit alignment’; are also important.

Production with the system attempting to produce more that the
reservoir will produce leads to incomplete filling of the pump, “fluid
pound’; mechanical damage and low energy efficiency. Many systems are
designed to produce 120-150% more than the reservoir will produce but
when the well is pumped-down, a POC (pump-off controller) will
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B MPOCTPaHCTBE MeXAy BTYIKOW W NyH>XXepoM Hacoca.

Hanuune napadmHOBbBIX OTNIOXEHUIA 1 TBEPAOrO 0OCaaKa MoryT
BbI3blBaTb Npobnemb! B pabote LLUMH. [ina 60pbbbl ¢ napacdunHoBbIMU
OTIIOKEHVAMM NMPUMEHAIOTCA CneumarnbHble CKPebKy Ha HaCOCHbIX
LTaHrax, a TakXke NPOMbIBKU ropaden Bogon unm Hedteto. TBepaple
oTNoXeHnA Ha cTeHkax HKT mMoryT npusecTy K npexxaespeMeHHOMy
Bbixogy LUHI n3 ctpon.

MocTynneHne cBob60AHOrO ra3a B MMy6VHHbIV HACOC NPUBOAUT K
CHUDKEHUIO €ro NPOU3BOANTENLHOCTY U Bbi3biBAET Apyrie Npobnembi.
Cnocobbl cenapaumm rada onncaHbl Ha cante www.Echometer.com.

OpavH 13 HepocTaTkoB LLUMH 3akntoyaeTcA B TOM, YTO Ha canbHuKe
HaCOCHOW LUTaHrN1, PacronoXXeHHOM B MECTE BXOAa LUTAHMN B CKBaXKWHY
Ha yCTbe Yepes PEe3NHOBLIN YNNOTHUTENbHbBIN SNIEMEHT, MOXET ObITb
npoTteyku. [inAa npefoTBpaLleHna 3arpA3HEHUA B peayrbTaTe 3Tux
NpPOTEYEK MOTYT MPUMEHATLCA CrieumanbHble CarnbHUKKM, B KOTOPbIX
obecneymBaeTcA cO0p Takmx NpoTeyek. Takxke HeobxoaMmo CTPoro
cobnogatb METOANKN MOHTaXa 1 06Cny>XmBaHNA HacocoB, nsberatb
NepPeTAXKN COEANHEHUIA U MPOV3BOANTD TLLATESbHYIO LIEHTPOBKY
Hacoca.

VMcnonb3oBaHMe HaCOCHbIX CUCTEM, MPOU3BOANTENBHOCTb
KOTOPbIX NPeBbIAeT YpOBEHb NOCTYNNEHUA XUAKOCTU U3 NnacTa,
NPUBOAUT K HEMOMHOMY 3arnofiHeHUIO Hacoca, “yaapamM” niyHxepa
Hacoca Mo XUAKOCTU, MEXaHUYECKMM MOBPEXAEHUAM N HU3KOMY
K.n.4. MHorne mogenu LUMH umetoT nponssoauTenbHOCTb Ha 120-
150% Bblwwe, Yem cnocobeH oTaaBaTb nnact. OaHako Koraa u3
CKBa>XWHbl 0TOBpaH BeCb 06EM XUAKOCTU, KOHTponep otbopa
xunpkocTtu (KOX) oTknioyaeT Hacoc anA Toro, 4Tobbl XXNAKOCTb
Morfia cHoBa cobpatbcea B 3aTpybe Mexay obcafHoW 1 nudgpToBoN
KOJIOHHaMK, NMocIie Yero KOHTPOIep CHOBa aBTOMaTUYECKM
3anycTuT Hacoc.

Mo cywecTtsy, LLIMH ABnAeTCA 04HMM N3 OCHOBHBLIX cnocoboB oTHopa
JKNOKOCTU N3 CKBaXXWVH, KOTOprI?I AOMKeH NPUMEeHATbCA, ecnn

HaCcoC MOXHO CKOH(OMIypMpoBaTb Takum 06pa3oM, 4Tobbl n3bexxarb
neperpy3Kn NpMBOAHOTO ABUraTens, Kopobku nepenad, BCeX af1IeMeHTOB
Hacoca, a TaKXKe He AoNYCTUTb NPeBbILLEeHUA NPeaenbHON YCTanoCTHOM
Harpy3Ku1 HaCOCHbIX LUTaHK.

O6bI4HO KOHTpPOILHBIN 650K LLMH BKNoYaeT koHTponnep otbopa
>xuarocTn (KOXK), KoTopbIin KOHTPONMPYET OAMH MU HECKOMBbKO
napameTpoB HACOCHOW CUCTEMbI 1 OTKITIOHAET ee, KOraa OauH 13
napaMeTpOoB MPEBbLILLAET NpeaesbHbIA YPOBEHb, YCTAHOBMEHHbIN
onepaTtopoM. CTaHAapTHbIE KOHTPONMPYeMble NapameTpbl MOTyT
BKNO4YaTb YpOBEeHb Harpy3kn HaCOCHbIX LUTaHr 1 NonoXxeHue, cuny
TOKa, U3MEHEHNE CKOPOCTM BpaLLEHWNA HACOCHOMN YCTAHOBKM, a TakXe
[OaBrieHve Ha BbIKMOHOW NMHUW. PasnnyHble Harpy3kun NpMMeHAoTCA
[ONA OLEHKM YPOBHEN Harpy3Kku Ha Hacoc, KopobKy nepeaay, asuratenb
1 WTaHrn. KonnyecTBo XoA0B NiyHXepa B MUHYTY U AJIMHa Xo4a
nnyHxepa (C AMameTpoM Hacoca) XxapakTepusyoT NPON3BOANTENBHOCTb
Hacoca. OgHomn M3 cTaHAAPTHBIX PyHKLMIA KOHTPONNepoB 0T6opa
ABNAETCA ONpeAeneHne HENOTHOTO 3arnofTHEHUA HAcoca U OTKITKOYEHVE
B 3TOM CJlydae Hacoca Ha YCTaHOBIIEHHbI neproz Bpemexu. [Mocne
OKOHYaHWA YCTAHOBJIEHHOTO Neproaa OXXMAAHNA KOHTPOIep CHoBa
BKJIIO4aeT Hacoc. MoBTOPAKOWMIACA LMK BKITKOYEHUA U BbIKITHOUYEHUA
Hacoca Nno3BONAET YMEHbLUNTL ObLLee BpeMs aKchyaTaumm n
3KCMyaTauMoHHbIe pacxoabl 683 CHUKEHNA YPOBHA 0TOMpaeMblx
06bEMOB.

AHanma cobpaHHbIX JaHHbIX 1 yNpaBneHne HacoCHOW YCTaHOBKOM
NPOM3BOANTCA C NMOMOLLBIO KOHTposiepa (A) (CM. puc. HUXeE), a
pesynbTaTbl MOrYT MepechaTbCA B ONepaTopHyto. Harpyska B BepxHen
TOYKE KOMOHHbI HACOCHBIX LUTAHT U3MEPAETCA C MOMOLLbIO TeH304aTuMKa
(B), pacronoxxeHHoro Mexay Hecywmm 6pycom 6anaHcmpa n XoMyToM
HacoCHOW WTaHru. [onoxeHne WTaHrM BO BPEMA ee NnepemeLleHnaA
n3mepAeTcA KaknuM-nmbo ykasarenem nonoxxenua (D). MonoxeHne
MOXET TaKXKe N3MEPATLCA OAHOTOYEHHBIM AATHNKOM MPU MPOXOXAEHAN

58 | POITEX

stop pumping to allow fluid entry into the casing-tubing annulus before
automatically restarting.

In general, sucker-rod pumping is a premier lift method that should be
used if the system can be designed without overloading the prime mover,
gearbox (GB), unit structure, and the calculated fatigue loading limits of the
rods.

Typically beam pump surveillance consists of a pump off controller (POC)
monitoring one or more parameters of the Beam system and shutting
down the pumping unit when one of the parameters exceeds a limit set
by the operator. Common parameters monitored to detect pump off can
include PR load and position, electrical current, pumping unit change

in RPM and flow line pressures. Loads are used to evaluate loads on

the unit, grearbox, motor, and rods. SPM and stroke length (with pump
diameter) relate to production capacity. One common use of pump off
controllers is to detect incomplete pump fill and then turn the pumping
system off for a set downtime. The pump off controller restarts the unit after
a set downtime. This on/off cycle is repeated and reduces both operating
time and operating expense without the loss of oil production.

The collected data is analyzed and the unit is controlled using the
controller (A) in the below figure and the results can be transmitted. The
load at the top of the top rod is measured by a load cell (B) between the
carrier bar and the PR clamp. The Position in the stroke is measured by
some sort of position indicator shown as (D) below. Position can also be
checked by a one point pickup as the cranks pass a sensor during the
pumping cycle. Shown below is (E) which is older style strain gage as
done more exactly by (B).

A - Rod Pump Controller

B - Polished Rod (PR) Load Cell

C - Position Sensor Switch, for Pump-Off Control

D - Optional Continuous Position Transducer for Downhole Analysis
E - Optional Beam-Mounted Strain Gauge

A - KoHTponnep oT6opa >UAKoCTU

B - TeH304aT4MK NOMMPOBAHHOTO LITOKA Hacoca

C - Boikntodatenb ykasarensa nonoxerHua ana KOX

D - [laTunK HENPEePbLIBHOIO M3MEPEHWA NOMOXEHWA AJ1A ONepPaTMBHOIO
aHanmsa (BapuaHT KoMMneKTauum)

E - TeH304aT4MK, CMOHTUPOBaHHbIN Ha HecyLlem bpyce 6anaHcupa

i

Puc. 2:

Figure 2:

One technique is to monitor the load/position plot (surface dynamometer)
as shown below and as the SRP becomes less filled (pumped off) and
when an input set point passed, the controller stops the unit to allow fluid
to rise in the annulus before pumping again.

Some controllers operate using calculated downhole conditions. (see on
next page)

The below figure shows (3) sequences of top and bottom dynamometer
cards as the pump is full, about 20% incomplete fillage is occurring in the
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http://FracSchool.org

We are pleased to announce our 2006 - 2007 Frac School Program. This state-of-the-art, week-
long course on hydraulic fracturing is best known for providing an excellent balance between
theory and practical experience. Frac School is recognized as one of the oil & gas industry’s
premier short courses. The school is taught by Texas A&M University faculty (Dr. John Lee,
Dr. Peter Valkd, Dr. Jerry Jensen and Dr. Stuart Scott) and John Ely (Ely & Associates).
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Please visit:

FracSchool.org

Some topics covered include:

« The latest in Hydraulic Fracturing Techniques
« Basics of Water Fracturing and Stimulation
of Unconventional Reservoirs
« Fundamentals in Rock Mechanics and Fracture Design
+ Methods of Identifying Fracturing Candidates
« Predicting After-Frac Well Performance
» Selection of Fracturing Fluids, Proppants,
Breakers and Additives
+ Quality Control Testing of Fluid Systems

Upcoming School Locations:

US: International:
» College Station, Texas « Banff, Canada
« Steamboat, Colorado « Dubai, UAE
« Boulder, Colorado « Amsterdam, Holland
- Santa Barbara, California « Moscow, Russia



MVMO HEro KpusoLLMna Bo BPeMA Lmkna otéopa xxunakoctu. Ha
NPVYBEAEHHOM HUKE PUCYHKE NMoKasaH TakxKe TeHsoaaTymk (E), ogHako
TeH3o4aT4uK (B) obecneunBaeT 6onee TOYHbIE MOKa3aHuA.

13 METOAMK MPeaycMaTpuBaeT KOHTPOSb AviarpaMmMbl HArpy3Ki 1
NONOXeHWUA (AMHaMOMETP Ha YCTbe) Kak MokasaHo HUxXe, 1 Mo mepe
TOrO Kak 3aroJiHeHVe Hacoca YMEHbLIAETCA (CHUDKEHWE YPOBHA 0T6opa),
Koraa AOCTUraeTcA 3apaHee YCTaHOBMNEHHbIN YPOBEHb, KOHTPOINep
BbIKJH0HAET HACOCHYIO YCTaHOBKY YTO6bI AaTb BO3MOXHOCTb YPOBHIO
XKMOKOCTM B 3aTpy6e YBENMUUTLCA, NPexae Yem Hacoc byaeT cHoBa
BKITHOYEH.

YCTAHOBKU KOHPOJIJIEPA
OTBOPA XXUOAKOCTU

CTAHOAPTHAA OMHAMOIPAMMA OTBEOPA

HATPY3KA

5/4/3 2 1
NONIHAA
OVHAMOIPAMMA

NONOXEHNE

HekoTopble kKoHTponnepbl paboTaroT, UCMOMb3yA pacyeTHbIe YCNOBMA Ha
3aboe.

Ha npvBeaeHHOM HUXe pUCyHKe nokasaHbl MocneaoBaTenbHOCTH

(3) BEpPXHEe 1 HDKHeW AMHamorpamm AnA NOTHOCTLIO 3anONHEHHOTo
Hacoca. Yepes 30 cek. HabnoaaeTcA HeMosHoe 3anonHeHne Hacoca
(npumepHo Ha 80%), a 4epe3 1 MuH. — NpuMepHo Ha 50% no Mepe Toro,
Kak B pesynbTare paboTbl HAcoca ONYCKaeTCA YPOBEHb XXUAKOCTN Ha
nprvieme 1 BMECTe C XMWAKOCTbIO B HACOC NOCTynaeT ras. KoHTponnep
KOXX moxeT ocTaHoBWTb paboTy Hacoca Npv HEMOTHOM 3anoHEHUN C
Hepobopom npumMepHo 15-25% 1 NepeBeCTN HACOC B PEXMM OXKMAAHWA
[0 TeX Mop, NOKa ypOBEHb XXMAKOCTU HE MOAHUMETCA Ha JOCTaTO4HYIO
OTMETKY.

IMpw BbICOKOM CopepXXaHUM Necka B XXUAKOCTU, O4EHb HU3KOW
Temneparype unun oTcyTcTeun anekTponuTaHusa LLUMH obbi4HO AomkeH
paboTtaTtb 6€3 OCTaHOBOK.

[InA KOHKPETHOro YpOBHA AebuTa 1 ONpeAeneHHbIX YCIoBUA B
CKBaXXMHE CyLLeCTBYeT MHOro KOMOMHaLMIA ANVHBI X0Aa NiyHXepa,
yucna xo[o0B B MUHYTY, AMameTpa nnyHxepa, rmMybuHbl yCTaHOBKU
Hacoca 1 KOHCTPYKLIMM KOMOHHbI HACOCHbIX WTaHr. He gonyckaA
neperpysku anemeHTos LLMH, NpoeKTMpOoBLLMK MOXET BbIbpaTb
pasnnyHbIe COHETaHNA 3TVUX NapameTpoB, KOTOPbIE AaAYT OANHAKOBYIO
NPON3BOANTENBHOCTL Hacoca. OXxuaaemMbin 06beM NPUTOKA XXNAKOCTH
npy HA3KOM 3a60HOM [aBNEeHWW UCNOMb3yeTcA ANA onpeaeneHns
NpOn3BOANTENbHOCTM Hacoca. CTaHAapTHON METOANKON ABMAETCA
nopbop obopynoBaHvA AnA nonyyYeHvA aebutos oT 90% a0 150%

OT MaKCyMasibHO BO3MOXHOTO YPOBHA A0ObIYM U3 CKBaXXUHbI. C

3TVMM BO3MOXHbBIMU COHETAHMAMM NPOEKTUPOBLUMK cucTem LLUMH
4acTo MOXET OonpeaennTb Havbonee oNTUMasbHYO KOHUrypaumio
[ANA KOHKPETHOro MecTopoXaeHuA. BoibpaHHaA B pesynbtaTe
KOHGpUrypauma obecneqnsaeT CHUXEHWE JKCMNyaTaUMOHHbIX Pacxoaos,
MaKCMMaIbHYH NpYbbIb ANA KOHKPETHOro Habopa ycnoBuin Ha
[aHHoM mecTopoxaeHnn. OpaHako, koHdurypaumm LLUMFH n meToamkn
€ro aKcnnyaraumm, NpUMEHAeMbIe Ha OAHOM MECTOPOXAEHWA, MOryT
oKasaTbCA Aanekn OT ONTUMaSIbHbIX AS1A APYroro MeCTOPOXAEHUA.

PasHble onepaTtopbl MPYMEHAIOT pasnnyHble KOHUrypaumm

LLIM'H npm oaMHakoBoW NPOM3BOANTENBHOCTY HACOCOB. Bbicokan
NPOM3BOANTENBHOCTL Hacoca NOAAEPXKNBAETCA B TOM cry4ae,
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PUMP-OFF CONTROLLER SET POINT
NORMAL PUMP-OFF CARD

LOAD

5/ 4/ 3 2 1+FULLCARD

POSITION

pump at 30 seconds and finally about 50% incomplete fillage is occurring
in the pump at one minute, as the pump lowers the fluid level to the pump
intake and gas enters the pump with liquids. A POC system might stop the
unit from pumping, at about15- 25% incomplete fillage and allow the unit to
wait until fluids build over the pump before starting again.

TIME ZONE
HYNEBOE BPEMA

+ 30 SEC.
+ 30 CEK.

+ 60 SEC.
+ 60 CEK.

Puc. 3:

Figure 3:

The production of sand, extremely cold temperature or lack of electric
power usually means the Beam system must operate 100% of the time.



Koraa 3anofHeHne Hacoca XXMAKOCTLIO MPOUCXOANT MPU KaXXA0M
xoAe nnyH>xepa. KoHTponnep NpUMeHAETCA B TeX Cryyanx, koraa
MPOV3BOANTENbHOCTb HAcOca NpeBbILLaeT 06beM NPUTOKA XXNAKOCTH
N3 CKBa>KUHbI, 1 OT60p N3 CKBa>XMHbl He BeaeTCA HenpepbIBHO.

B nepBoHayanbHoOM KoHdUrypaumm anameTp niyHxepa 4acTto
MCMNonb3yeTcA ANA yBEeNMYeHnA Npon3BoOANTENbHOCTM HAacoca, YToObI
obecne4nTb MOMHbIN OTOHOP XXNAKOCTU U3 CKBAXKWHBI U NMPUMEHUTb
KOXK. OgHako ecnu nuyHble NpeanoyTeHnA Unu YCNoBWA B CKBaXKNHE
He A0MYCKatoT Nepuoanyeckon OCTaHOBKN HAcoca, NpYMeHeHne
KOHcburypaumm ¢ Hacoca co 150% Npon3BOANTENBHOCTHIO OT
MaKCUMasibHOro NPUTOKA XXNMAKOCTY MPU NCMONb30BaHWK Hacoca
60MbLLOro ArameTpa ABNAETCA HexenaTesbHbIM. [1pn NpuHATIN
peLweHnAa o Hel'lpeprBHOI7I JKcnnyatauum Hacoca Ba>HO MOMHUTb O
HeobxoaMMoCTH obecneyeHna oToopa XXMAKOCTH N3 CKBaXKVMHbI XOPOLLIO
3aronHAeMbIM HACOCOM.

OntumanbHana koHdurypauma LLIMH obecneyrBaeT MUHUMASBHBIV
MEXXPEMOHTHBIV Neproa — 3 roaa, NPy HaIMYMM COOTBETCTBYHOLLMX
ycnosui. MNpu nsaHoce wraHrn n HKT 1 0TCyTCTBUM 3anacHbIX AeTanen
[NA WTaHr, yBenuyeHne AnvHbl U 3ameaneHve xoda niyHxepa, a
TaK>Xe yMEeHbLUEeHUe ero anameTpa 6yaeT cnocobCTBOBaTb CHUXEHUIO
neperpy30K KONMOHHbI HACOCHbIX LUTAHr 1 ee CrvpanbHoro naruba u
yBENUYEHUIO cpoka 6e3aBapuiiHoii aKcnyataumu. MNpu BO3HUKHOBEHWN
npobnembl Ype3MepHbIX Harpy3oK Ha HazeMHoe obopynosaHue LLUMH,
ncrnonb3oBaHue 6onee KOPOTKOro XoAa MOPLUHA 1 YBENMYEHNE ero
OMameTpa, a TakXXe YBEIMYEHNE CKOPOCTM €ro ABUXKEHMA obecneynT
CHWDKEHME BEPOATHOCTU OTKasa Ha3eMHOro obopyaoBaHuaA. HacTo Bbixoa
13 CTPOA HACOCHbIX LUTAHr BbI3BaH hakTopamu, He CBA3AHHLIMM C
BbI6paHHbIMM KOHCTPYKTUBHBIMW NapaMeTpamu, 1 Npexae Yem BHOCUTb
MN3MEHEHMA B KOHMIypaumio HeobXoaMMO OTKOPPEKTUPOBATL 3TH
thakTopbl. Koraa Hacoc He 3anornHAETCA XXUAKOCTLIO 13-3a nonaaaHnA
rasa, HeoH6XoAMMO NPUHATL MePbI ANA NPefoTBPaLLEeHVA NOCTYMNNeHWA
rasa B Hacoc. [TpocToe yBennyeHue koaduumeHTa
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For a particular production rate and set of well conditions there are many
combinations of stroke lengths, strokes per minute, plunger diameter,
pump setting depth and rod string designs. Without overloading
components the designer can select different combinations of these
parameters that result in the exact same pump displacement. The
expected liquid inflow at low producing bottom hole pressure is used to
determine the pump displacement. Common practice is to size equipment
to produce within a range of 90% to 150% of the maximum rate possible
from the well. With these combinations possible the sucker rod system
designer often defines a best design practice for his field. His design
results in the lowest operating cost / highest operating profit for this
particular set of field conditions. But the practice for one field may not be
optimum in another field.

Different operators design very different sucker rod configurations for the
same SRP displacement. High pumping efficiency is maintained when
the pump is filled with fluid on each pump stroke. Use of a POC requires
that pump displacement exceed inflow from the well and that the well not
operate 100% of the time for each day. In the initial design larger plunger
diameters are frequently used to increase pump displacement in order
to pump the well off and utilize the POC’s. But if personal preference or
well conditions prevent the on and off pumping cycle, then designing for
150% of the maximum well inflow from the well using a large diameter
pump would be a bad practice. Pumping with a pump filled with fluid is still
important when the decision is made to operate 100% of the time

The best design should result in a system run life to exceed 3 years
between failures if conditions permit. When rod/tubing wear and rod parts
are a problem, then a longer and slower stroke per minute with a smaller
plunger size may reduce rod overloading and rod buckling problems and
increase run life. When surface equipment overloading is a problem, then
shorter stroke lengths and larger plunger sizes with increased pumping

www.kentintrol.com
Email: control.valves@kentintrol.com



CXMMaeMOCTV 3a CHET YBeNMYEHUA AfMHbI X0Aa NiyHXepa ABNAeTCA
HELOCTaTo4HbIM AN1A NPeaoTBpaLLeHNA 0TKa3oB. [1A NnpeaoTepalleHmn
0TKa30B BHYTPUCKBAXKNHHOTO 060PYNOBaHNA, BbI3BaHHbIX KOPPO3UEN
U HanMnaHMeM NOCTOPOHHMX YacTuL, HEOGX0AMMO NpoBeaeH e
COOTBETCTBYIOLUE XUMUYecKol 06paboTku, 1 U3MEHEHVe NapaMeTpoB
pexxuma paboTbl Hacoca B JaHHOM CIy4ae He MOMOXET.

CnvpasnbHbIf M3rMb KOMOHHBI HACOCHBIX LUTAHT MOXET 6bITb ycyrybneH
OVNHaMUYeCKUMU adhheKTaMy B KOSIOHHE, TPEHNEM MITyHXepa 0 LUInHAP
Hacoca npu ABVXKEHWUM NITyHXKepa BHU3, MPOXOXAEHWE XMAKOCTN Yepe3
NOABV>KHBIV KNnanaH Npy ABVXXEHUM MITyHXepa BHWU3, CYXXEHNAMU B

HKT, a Takke B HEKOTOPbIX CRy4anx yaapamu niyHxepa Hacoca no
KUAKOCTW. Ha cnvpanbHbIi n3rvb He BAUAET NNaBy4eCTb U AaBNeHUe
BHYTPMW CKBaXXMHbI, OHO BbI3bIBAETCA TOMLKO BO3AEHCTBUEM

BHELLHWX CUJ1.

OTHoLEHUe KPUTUHECKOrO YCUIUA K KPUTUYECKOM
AnuHePe3ynbTaThl cnMpanbHOro u3ruba
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Puc. 4:

[InA HACOCHBIX LUTAHT CTaHAAPTHbLIX AMamMeTPOB Bbi3biBaloLLEe
cnupanbHbI U3rnb ycunve He npesbiwaeT 100 yHT-cuna, 1, Takum
06pa3om, cvna, Bbi3biBaOLWAA CNPasibHbIA U3MM6 U KOHTAKT LUTaHr CO
cteHkon HKT npu ABV>XEHUM NnyHXepa BHU3, ABNAETCA HEOOMbLLIOWN.
CnuparnbHbIf U3rmb KONMOHHBI HACOCHBIX LWTAHT MPUBOAUT K MX U3HOCY.
Ecnn pencTsyiowwas cuna npesbilaeT YPOBEHb, MPU KOTOPOM
MPOVCXOANT CrinpanbHbIA U3rnb, naHoc wraHr n HKT yckopaeTcA.

Ha npakTuke ncnonb3yetca yctaHoBka 70-100 M yAapHbIX WTaHr HaA,
HacoCcoM, rae MoryT NPOUCXOAUTb TPEHWe MiyHXepa n umnuHapa u
yaapbl NAyH>Xepa no >XXnaKoCTH, NpMBoAALLIME K M3HOCY LWTaHr u HKT.
Mpy MEHee NHTEHCUBHOM M3HOCE MOTYT NMPMMEHATLCA CTabnNU3aTopsbl
HaCOCHbIX LUTAHI BMECTO YAapHbIX LUTaHL

[inA BbI6Opa KOHMMrypaummn Hacoca, NepeBoaHNKa ANA LWTaHr

pasHoro amameTpa v rabapuToB Hacoca, yCTaHaBMMBaeMoro B HOBOW
CKBaXXVHe, MPUMEHAIOTCA creumarnbHble nporpammbl. MNporpammbi
Mo3BONAOT BbICTPO ONpeAenuTb, KakaA CKOPOCTb U ANMHA XoAa
nnyHxepa HeobxoavMbl ANA JOCTUXKEHWA 3a4aHHOTO YPOBHA oTHopa
6e3 neperpy3ku HaCOCHbIX LUTaHr, 6anaHcupa n peaykropa. Kpome Toro,
rporpaMmbl MPOrHO3MPOBAHWA MOTYT MCNONb30BaTLCA ANA aHanm3a
paboThbl y>ke IKCNyaTMpyemMbIX HACOCOB 1 MPOBEPKMN COOTBETCTBUA
U3MePEHHbIX Harpy30K CNPOrHO3MpoBaHHbIM YPOBHAM. PacyeTHan
Harpy3ska »xwuakoctu (FO), npuknaabiBaeman K LUTaHram Hacocom,

a TaKoke Bec wraHr B xxnaxkocTn (Wrf) omkHbl AOBOMBHO 6nM3ko

(8 npegenax 1 3%) coOoTBETCTBOBATb 3HA4YEHMAM, NONYYEHHbIM B
pesynbTare N3MepeHuin B CKBaxkuHe. Ecnn nsmepexHbie n pacyeTHble
3Ha4veHnA Fo n Wrf He 6nnsku, 3Ha4eHNA BCeX APYrMX MNPOrHO3npyembix
napameTpoB, CKOpee BCero, TOXe ABNAITCA oWwmMbo4HbIMU. Korga aTn
[iBa 3HAa4YeHVA coBNaatoT, apyrne adhdeKTbl, BKIOYaA CKOMbXEHWe
poTOpa 3NeKTpoaABUraTena, MHEPLMA XXUOKOCTM N HYaCcTUYHOe
3aroriHeHne MOryT okasaTbCA BaXKHbIMU AJ1A NOMY4EHNA XOpOoLLEero
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speed will reduce GB failures and torque overloads. Frequently sucker

rod failures are caused by factors other than the selection of design
parameters and these factors must be corrected before making changes
to the design. When the pump is not filled with fluid due to gas interference
then actions are required to prevent gas from entering the pump. Just
higher compression ratio due to increasing the stroke length is not enough
to prevent failures. Downhole equipment failures due to corrosion or
foreign material sticking the pump requires proper chemical treatment

to prevent these type of failures, and changing the operational design
parameters will not help.

Rod buckling can be aggravated by dynamic effects in the rod string,
friction between the plunger and the barrel on the down stroke, flow
through the TV on the downstroke, by tight spots in the tubing, and by fluid
pound in some cases. Rod buckling is not influenced by buoyancy and
pressure at depth but instead only by external forces.

Critical Force vs. Critical Lenght
Buckling Results
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Figure 4:

For most commonly used rod sizes, the force to buckle is less than 100
Ibfs so the force needed to buckle the rods to contact the tubing on the
downstroke is small and once buckled more wear occurs. A force in
excess of the buckling force will accelerate rod/tubing wear.

Common practice is to put 200-300 ft of larger diameter sinker bars above
the pump where plunger/barrel resistance and fluid pound can occur
causing rod/tubing wear. For less severe wear, rod guides may be used in
place of sinker bars.

Programs are used to select a pumping unit, design the rod string taper,
and a size the pump for new wells. One can easily evaluate which
pumping speed and stroke will yield the desired production without
overloading the rods, beam, and GB. Another use of predictive programs
is to check an existing pumping system, to verify that the measured loads
match predicted loads. The calculated fluid load, Fo, applied to the rods by
the pump and the weight of the rods in fluid, Wrf, should match very closely
(within 1-3%) to the values measured at the well. If Fo and Wrf measured
and calculated do not match closely, then any of the other predicted
parameters are likely to be in error. Once these two values match, then
other effects such as of motor slip, fluid inertia, and partial fillage can be
important in getting a good match between the predicted and measured
conditions. Production rate and pump intake pressure are related by

the inflow relation ship of the well and accurate modeling of rod loading
depend on the fluid load which depend on the pump intake pressure
determined from the desired production rate is based. Motor performance
curves may be needed to be used to determine the actual speed of the
system if the motor is heavily loaded and large speed variations occur
during a stroke. The motor/pumping unit slows down as the torque
increase and speeds up when the net gear box torque decreases, thereby
affecting rod load and positioning of the peak loading. Peak load, pump
and PR horsepower and pump stroke should be predicted within 2%



COBMafeHNA pacyeTHbIX M M3MEPEHHbIX MapaMeTpoB. YpoBeHb 406bI4n
1 AaBneHne Ha npueme Hacoca CBA3aHbl C MPUTOKOM XXWAKOCTY B
CKBaXXMHY, 1 TLIATENbHOE MOAENMPOBAHNE Harpy3Ku LWTaHT 3aBUCUT OT
>KWAKOCTHOW Harpy3Ku, KOTopaA B CBOKO O4epeab 3aBUCUT OT AAaBMEHVA
Ha npvieme Hacoca, onpeaenAemMom TpebyembIM ypoBHEM AebuTa.
Bo3MOXHO, NOTpebyeTcA NCMOMb30BaTb KPUBbIE XapaKTEPUCTUKN
Asuratena AnA onpeaeneHns hakTUHecKon cKopocTy paboTbl HACOCHOM
CUCTEMbI, NPY BbICOKMX Harpy3kax ABUratena n 3HauMTenbHbIX
N3MEHEHMNAX CKOPOCTW paboTbl HAacoca BO BPEMA ABVKEHWA NyHXepa.
CkopocTb paboTbl ABUraTena n Hacoca 3ameasiAeTcA Npu pocTe
3(phPEKTUBHOTO MOMEHTA, 1 YBENNHMBAETCA NPU CHMKEHUM MOMEHTA Ha
penykTope, BNVAA, TakUM 06pa3oMm, Ha Harpy3Ky LUTaHr 1 pacronoXxeHve
NMKOBOW Harpy3ku. MNMporHo3unpyemble NapaMeTpbl, BKOYAA NMUKOBYIO
HarpysKy, MOLLHOCTb HAacoca N HACOCHbIX LUTAHN, @ TakxXe AIMHY XoAa
nnyH>xepa AOMKHbI ObiTb B npeaenax 2% OT M3MEPEHHbIX 3HA4YEHUN.
QRod ABnAeTcA cneumanuampoBaHHON LUIMPOKO NPUMEHAIOLLENCA
nporpaMmo AnA NpoeKTupoBaHWA ycTaHoBok LLUMH v nporHoamposanuA
napameTpoB ux paboTbl. MNporpamMma gocTynHa anAa 6ecnnarHoro
ckadmsaHuA: www.echometer.com/software/qrod/index.html . Bennumtbl
NPOrHO3MPyeMbIX NapamMeTPOB CPABHUBAIOTCA CO 3HAYEHNAMY,
nony4YeHHbIMK B pesynbTaTe namepeHuid. CyLlecTByIOT Takxe apyrve
noao6Hble nporpammbl: Rodstar ot komnaHum Theta Enterprises, Srod

— paspaboTka Lufkin Automation n AccuPump, cm. PLTechLLC.com

MN3mepeHve Ha yCTbe 3Ha4YEHW Harpy3ku 1 MONOXKEHWA ANA CKBaXKUH
¢ LLUMH ¢ nomMoLubio AMHaMOMETPUYECKOrO AaTyMKa NPOBOANTCA HA
HedpTenpombicnax y>xe 6onee 50 net. MNonyyaemble B pesynbTare
N3MepeHn AnHamorpammbl He BCeraa Nno3BonAloT oneparopy
BbINOSHWTB MOMHYIO AMarHoCcTuKy cuctemsl LLUMH. OnbiT aHanusa

MO KOHKPEeTHOMY MeCTOPOXXAEHUIO CFIOCOGCTByeT BbIABNEHUIO
onpeaeneHHbIX Npobnem B CKBaxkKMHE No hopmam AMHamorpamm.
CyLliecTBytoLLME KOHCTPYKLIMM ANHAMOMETPOB B CO4ETaHUN C
KOMMNbIOTEPHbIMU TEXHONOMMAMU NO3BOMAKOT BbINOMTHATL O4EeHb TOYHbIE
N3MEPEHNA Harpy3Kku 1 NOMIOXKEHUA C MOMOLLBIO AaT4HMKa Ha YCTbe,

1 NMPOrHO3MPOBATb YPOBHW HArpy3kun B Pa3NyHbIX TOHKaX KOMOHHbI
HacoCHbIX WTaHr 1 Hacoca. B 1960-x 6b1110 BbINOMHEHO MaTeMaTn4YecKoe
mMopenupoBaHue (S. Gibbs) ¢ ncnonb3oBaHnem BOMTHOBOTO ypaBHEHUA,
Ha4vHaA C pesynbTaToB 3MEPEHUI Harpy3n 1 NOMOXKEHNA AATHMKOM
Ha yCTbe A0 “BOMIHOBOrO Crycka” — MPOrHo3a BHY TPUCKBaXKMHHOWM
[AMHamorpammMbl Hacoca.

lMoBepxHOCTHaA AMHaMorpamma npeacTaBnAeT cobon anarpammHyo
KPVBYIO OTHOLLEHNA U3MEPEHHbBIX 3HAYEHWIN HArpy3KK Ha KOSIOHHY
LUTaHT K MOMOXXEHNAM MPW XoAe NMopLUHA. [oBepXHOCTHbIE
ANHaMorpamMmmbl UMeOT Ba>KHOe 3Ha4YeHne AnAa AarHoCTUKU Harpysku
LUTaHr, 3anaca nNpo4YHOCTM KOHCTPYKLMM U MOMEHTHBbIX Harpy3oK Ha
penyKTop v MPMBOAHONM ABuratenb. B Hernybokmx ckBaxknHax chopma
[AMHamorpammbl 06bI4HO NO3BONAET ANArHOCTMPOBaTb WHEKTUBHOCTb
paboTbl Hacoca. B 60MbLIMHCTBE APYrMX CKBaXKWMH CIIoXKHaA AMHaMUKa
paboTbl cuctembl LLUMH cHukaeT adhcheKTMBHOCTbL ANarHOCTMPOBaHMA
np06r|eM C BHYTPUCKBa>XUHHbIMW KOMMOHEHTaMn Hacoca npu
MCMOJIb30BaHWM TOMBbKO JIULLb MOBEPXHOCTHbBIX AMHAMOrpamMM.
[vHamorpamma Hacoca ABMAETCA KPUBOW NMPOrHO3MPYEMbIX HAarpy30K
B pa3/iM4HbIX NMNONOXXeHNAX Npu xoae niyH>xepa. OHa nokasbiBaeT
Harpysky, KoTopas NpuKnaabiBaeTcA Y310M NiyHXepa Hacoca K
HVDKHEMY KOHLIY KOMTOHHbI HACOCHBIX LUTaHr. PacyeTHaA auHamorpamva
LLIM'H nokasbiBaeT ahheKTUBHOCTbL paboThbl Hacoca 1 NO3BONAET
aHanM3npoBaTb NPO6EMbI, BO3HUKAIOLLME C BHYTPUCKBAXXMHHbBIM
HacoCHbIM 060pynoBaHMEM.

Ha BbllwenprBegeHHOM PUCYHKE NokasaHa AuHamorpaMmma Hacoca,
3aroIHEHHOTO >XXMAKOCTBIO C HebonbLUMM coaepkaHueMm rasa. Hacoc
paboTaeT HopmasibHO U HKT HagexHo 3akpenneHo. MakcumanbHaa
anvHa xoaa nnyHxepa (MPT) — ABnAeTcA paccToAHWEM MO
ropusoHTanm ot A-C. MPT — makcumarnbHaaA anvHa nepemeLLeHna
NyH>Xepa OTHOCUTENBHO LMMMHAPA Hacoca BO BPEMSA OAHOIO NMOSTHOrO
xoaa. XXuakocTHaA 3arpy3ka — 3TO BbICOTa BEPTUKANbHOW NTUHWK,
0603HayeHHon Fo n (FO OT ypoBHA XUAKOCTWN) NPeacTaBnAeT ycunume,
co3aaHHoe pasHuuen mexxay aasneHvem B HKT n nasneHuem Ha
npueme, AeCTBYIOLLEE B 30HE YNNIOTHEHMA MYHXeEpa Hacoca Ha

of measured data QRod is a very widely used program for the design

and prediction of Sucker Rod Beam Pumping Installations and can

be downloaded free of charge from the web at http:/www.echometer.
com/software/grod/index.html . Predictions compare well with field
measurements. Alternatives include Rodstar from Theta Enterprises, Srod
from Lufkin Automation and AccuPump, see PLTechLLC.com.

Acquiring surface load and position data on sucker rod lifted wells using
a dynamometer transducer has been performed in the oil field for more
than 50 years. Measured surface dynamometer cards may not allow the
operator to make complete diagnostics of the beam system. Experience
in a particular field helps to associate surface dynamometer card shapes
to certain downhole problems. Current dynamometer and computer
technology result in very accurate measurement of load and position at
the surface and prediction of loads along the rod string and down to the
pump. During the 1960s the rod string was mathematically modeled (S.
Gibbs) using the wave equation, starting with measured surface loads and
position to “wave down” predicting a downhole dynamometer pump card.

The surface dynamometer card is the plot of measured PR load vs.
positions throughout a stroke. Surface dynamometer cards are valuable
for diagnosing rod loading, structural loading , and torque loads on the
GB and prime mover. In shallow wells, the shape of the card is usually
effective in diagnosing pump performance. In most other wells, the
complex dynamics of the Beam system reduces the effectiveness of
diagnosing downhole problems from only the surface dynamometer card.
The pump dynamometer card is a plot of the predicted load at positions of
pump stroke and shows the load the TV/pump plunger assembly applies
to the bottom of the rod string. Identifying how the pump is performing and
analyzing downhole problems are the primary uses of the calculated SRP
dynamometer plot.
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Puc. 5:
Figure 5:

The above pump card shape is for the pump filled with liquid with little

gas present in the pump. The pump is functioning properly and the

tubing appears to be anchored. The maximum plunger travel, MPT, is the
horizontal distance from A-C. MPT is the maximum length of the plunger
movement with respect to the pump barrel during one complete stroke.
The fluid load is the height of the vertical line labeled Fo and (Fo From the
Fluid Level) represents a force caused by the difference in tubing pressure
minus intake pressure acting across the pump plunger seal at the traveling
valve (TV). FO Max represents the load on the plunger for the plunger

to lift the liquid to the surface, assuming zero pump intake pressure. The
fluid load acts across the traveling valve on the upstroke and the tubing
discharge pressure is transferred to the standing valve (SV) on the down
stroke. The magnitude of the fluid load is equal to the pump discharge
pressure minus the pump intake pressure multiplied by the plunger area.
From points B to C the rods carry the fluid load, when the TV is closed.
From points D to A the tubing carries the fluid load, when the TV is closed.
The distance from A-D is the effective plunger travel, EPT, and EPT is the
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noasmxHoM knanaHe (TV). Fo Max npeactaBnAeT Harpy3Kky Ha niyHxep
npv noaBLEME NIYHXXEPOM XMAKOCTU Ha YCTbe (ANA HYNeBoro AaBneHunn
Ha npueme Hacoca). XKUAKOCTHaA Harpy3ka AeNCTBYET Ha NOABUXKHOM
KnanaHe npu ABUXKeHUW NnyH>xepa BBepX, a AasneHve nogayv B HKT
nepefaeTcaA Ha BcacbiBaloLMIA KnanaH Hacoca (SV) npu ABvXeHun
nnyH>xepa BHU3. BenmumHa >xnaKkocTHOWM Harpy3kn pasHa AaBeHno

Ha noaade LUMH muHyc fasneHne Ha npueme Hacoca yMHOXXEHHOMY

Ha nnowaab ceveHna NnyHxxepa. Mpu 3akpbITOM NOABUXHOM KnanaHe
LITaHr NepemMeLLaloT XXUAKOCTb OT To4KM B K Touke C. [MNpu 3akpbiToM
NoABVXHOM KranaHe LWTaHr nepemMeLLaroT XUAKOCTb OT To4KM B K
Touke C. Pacctoanune A-D aBnaeTca adhpeKTMBHBIM paboyrm Xoaom
nnyHxepa (EPT), T.e. paccToAHveM nepemeLLeHna niyHxepa npv
[eViCTBUM Ha BCACbIBAIOLLMI KNanaH NonHOM XXMAKOCTHON Harpy3Ku.

Hw>xe npusBoauTCcA onncaHne nocneaosaTesibHbIX 3Tanos paboThl
Hacoca. [Npy Havane ABMXeHUA NiyH>Kepa BBepx (To4ka A) NOABUMXKHbIA
1 BCACbIBAIOLLMIA KnanaHbl 3akpbiTel. OT A [0 B xunakocTHaA Harpyska
nepxntea HKT oo A v witaHrv pactarmBaroTeA 4nA cosaadua Fo

B Touke B. BcacbiBatowmin knanaH oTkpbiBaeTcA B To4ke B, korga
[aBneHve B Hacoce najaeT HUXKe YPOoBHA AaBneHnA Ha npueme. OT
B no C Fo co3naeTcaA KOMOHHOM LUTaHT, B TO BPEMA Kak CKBa)XKUHHAA
>XXMAKOCTb NocTynaeT B Hacoc. B Touke C, BcacbiBatoLwmii Knanax
3aKpblBaeTCA, a MOABUXKHBIA KnanaH ocTaeTCcA 3aKpbITbiM [0 TOro,
noka AaBfeHne BHYTPW HAcoca He NPEeBbICUT AaBrieHne Ha nogade
Hacoca B D. OT C o D ras n >xnakocTb B Hacoce CXXUMaroTea, 1
nnyH>xep nepemetyaetcA BHu3. OT D oo A npu ABWXXEHUN NyHXepa
BHM3 XXWAKOCTb BbIXOAMT M3 HAacoca Yepes MOABMKHbIN KnanaH B
HKT, a 3akpbITbIn BCacbiBaOLWMIA KnanaH yaep>KuBaeT XUAKOCTb

B HKT.

,D,I/IaFHOCTVIKa 1 BblABNEHNe np06neM MOXXeT NpoBOAUTLCA C
MCMNONb30BaHNEM AyHaMorpamm Hacoca. Bo3MoxkHbIe Nnpobnembsl MoryT
BKJ/104aTh OT HErOHOrO 3anofiHEHNA Hacoca 13-3a Ype3MepHOro
0T60pa 13 CKBaXKUHBI UMK U3-3a NoNajaHnA rasa B HacoC B
pesynbTarte Nnnoxow cenapaumy ra3a Ha npveme. CHKeHNe Harpy3Kku,
BbI3BAHHOE MPOTEYKON Ha NMOABVXXHOM KnanaHe, v ee ysenmyeHue
13-3a NPOTEe4KN Ha BCacCbiBaroLleM KnanaHe MoryTt 6bITb BbIABMEHDI
VCKPVBNEHHON hOpPMOW AMHAMOrpaMMbl Hacoca, Koraa Hacoc

[OMKeH bbITb 3aKpbIT AN1A NPUHATUA Harpy3kun. [inarHoctnyeckne
AvHamorpammbl LUMH npeactaeneHsbl Ha: www.echometer.com/support/
technotes/pumpcards.htm

YpoBeHb 0TOOpa XXNAKOCTU, HEO6XOAMMbIN AJ1A UCTIONb30BaHUA
KOHTponnepa KOX:

YpoBeHb oT60pa = Heobx. ypoBeHb 0T60pa X 24 Yaca/cyTku (¢ KOX)
.80 VE x 20 yacos/cyTku

Mpumep: YpoBeHb oT60pa MOXeT cocTaBnATb 300 6appeneit XXmakocTu

B cyTku (BXKC)

YpoBeHb oT60pa = 300 BXKC x 24 yaca/cytku = 450 BXXC
.80 VE x 20 yacos/cyTku

Mpu pacueTe ypoBHA oT6opa Ana ucnonb3osaHuA KOXK, Heobxoanmo
YMHOXaTb TeKyLMA AebuT ckBaxkmHbl Ha 1,5. Ecnn KOXX He 6ynet
MCMonb30BaTbCA, pac4eTHbIV ypoBEHb OTOOpa AOMKEH COOTBETCTBOBATb
TeKylLemy AebUTY CKBaXKWHbI UK BbITb Yy Tb HUXKE MPU HANU4uMmM rasa.
3TV pekomeHAaUMN MO MPUMEHEHWIO KOHTPOIIepa MOryT MEHATLCA,

MW B HEKOTOPbIX CIy4aAX KOHTPOMNIepbl 0Téopa >XWAKOCTU MOTyT He
NPYMEHATLCA.

MeToauka ucnonb3oBaHMA NPOrpamMmmbl MPOrHO3MPOBaHUA NpuU
Bblbope KoHdurypauum LLUMH

He ucnonb3oBaTb AONONHUTESbHYIO HArpy3Ky Ha Hacoc
Vcnonb3oBaTh CTaHAapTHLIE aMOPTU3VpytoLLme hakTopbl
[inA ymMepeHHO-MaKCMaibHOM Harpy3Ky Ha Hacochl criefyeT
MCMONb30BaTh HU3KWUI YpOBEHb 0THOPA NpUMeEpPHO 50’

100 % Heobxoammo obecneumnTb 100% Harpysky Ha Hacoc.
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length of the plunger travel when the full fluid load is acting on the SV.

The successive steps in the pump operation are:

At the start of the upstroke (point A), the TV and SV are both closed.
From A to B, the fluid load is carried by the tubing prior to A and the rods
stretch to pick up Fo at B. The SV opens at B, when the pressure in the
pump drops below the intake pressure. From point B to C, Fo is carried
by the rods as well fluids flow into the pump. At C, the SV closes and the
TV remains closed until the pressure inside the pump is greater than the
pump discharge pressure at D. From C to D, gas and liquid in the pump
are compressed as the plunger moves down; From D to A on the down
stroke, the fluid in the pump is displaced through the TV into the tubing and
the closed SV holds the fluid in the tubing.

Problems may be diagnosed through use of the pump card. These
problems vary from incomplete pump fillage due to over pumping the well
or incomplete pump fillage caused by gas being swept into the pump due
to poor gas separation at the pump intake. Both the loss in load caused by
a leaking travel or the gain in load caused by a leaking SV are identified
by the curved shape of the pump card when the valve should be closed
carrying the load. See diagnostic pump cards at www.echometer.com/
support/technotes/pumpcards.html

Design Rate in order to use POC:

Design Rate = Desired Rate x 24 hr/day (Using POC)
.80 VE x 20 hr/day
Example: Well can make 300 bfpd

Design Rate = 300 bfpd x 24 hr/day = 450 bfpd
.80 VE x 20 hr/day

If you design for POC, design for about 1.5 times what the well makes.
If no POC, design for what well will make or slightly less if gassy. These
recommendations for POC design may be altered or under some
conditions POC may not be used.

Guidelines for Design Using Predictive Program:

Design with no additional load on pump

Use default dampening factors

A low pumped off level of about 50’ should be used for a conservative
maximum load on the pump.

100 % pump load should be input..

Use motor option for speed variation and use defaults for inertial
values, etc.

Rod String Guidelines:

Use Grade D rods with T couplings or Spray Metal couplings if wear
and economics dictate. Grade “C” rods can be used in sinker bars
larger than 1” in diameter.

HS rods should only be used when absolutely necessary. EL HS rods
do not have HS pins. Use HS couplings with HS rods. Be cautious of
slim hole couplings with HS rods. Be cautious of HS rods when H2S is
present.

All rods should be designed with loadings using your field established
service factor. Do not change from D rod to HS rods until rod loading on
D rods exceed 100% when using a 1.0 service factor.

Molded rod guides should be placed on any rods below the anchor or
run weight bars. NOT DO NOT RUN ROD GUIDES ON WEIGHT BARS!
Use steel as opposed to FG unless economical to do otherwise.

Use lighter % loading with FG (~ 80%) using lowest temperature rating.
This usually shown in predictive program input/output. FG is used for
deep wells when rod loading is a problem. It is used with some FG
rods for perhaps 50-70% of the top of the string and steel rods for the
bottom of the string to keep the glass out of compression.

With FG, shear tools should be run on all wells that have shown any
tendency to stick pumps.



CKopocTb paboTbl Hacoca cnegyeT BapbMpoBaTh C MOMOLLbHO
ynpasneHua asuratenemM. Heob6xoamMmo Takxke Mchonb30BaTh
3a[laHHble YCTaHOBKW Af1A MHEPLMANbHbIX 3HAYEHUA 1 T.M.

MeToamku noabopa KONMOHHbI HACOCHDIX LUTAHT:

Mcnonb3oBarh WTaHrm U3 ctany Mapku D ¢ coeanHeHnAamMm Mapkn

T unu coeanHeHNAMM € HanbINEHHbIM CrifIaBoM, NPY ONacHOCTH
U3HOCa NN HEOHXOAMMOCTIN IKOHOMMM CPeacTB. B kavecTse
Harpy304HbIX LUTAHI MOMYT UCMONb30BaTbCA WTAHMM Mapku “C”
OvamveTpom 6onee 1 gronma.

MPUMEHATL Harpy304HbIe LITAaHMM TOMbKO B Clyvae camomn

KpanHen HeobxopgmumocTu. LUtaHrm EL HS He nmetoT coeanHernii HS.
Wcnonb3ynte coeanmHenna HS co wraHramu HS. Mpu ncnons3osaHum
wTaHr HS n coeanMHeHUn AnA CKBaXKMH Masoro avamerpa
HeobxoayMo cobntoaaTe OCTOPOXKHOCTb. C OCTOPOXXHOCTbLIO
ucnonb3oBarth WraHr HS B ycnosuAx HanuumnA H2S.

YpoBeHb Harpy3ku AnA BCEX LUTaHr crnegyeT BbibnpaTb C yH4eToM
pac4eTHOro KoadhhmumeHTa, 3aBUCALLETO OT YCITOBUIMA 3KCMyaTauuu.
He nepexoautb co wraHr D Ha wraHr HS, noka ypoBeHb

Harpy3ku Ha wtaHrn D He npeBbicuT 100% Npy NCNonNb30BaHWUN
aKCnyaTaumoHHoro koadpdpuumenTa 1.0.

HeobxoanMmo yctaHasnmnearb NMTble CTabUNM3aTopbl HACOCHbLIX
LUTaHT NoJ, AKOPEM Ha Nobble WTaHT UM NPUMEHATDL rpy30Bble
wranrn. UCIMOJIb3OBAHNE CTABUITM3ATOPOB HA N'PY30BbIX
LUTTAHTAX HE OOMYCKAETCA!

CnepnyeT oTAaBaTh NPeAnoYTEHNE NCNONb30BaHNIO CTaNbHbIX,

a He dmbeprnacosbix (PI) WTaHr, 3a UCKINIOYEHNEM Cry4aes,

Koraa NpUMEHEeHMe NocneaHNX ANKTYETCA SKOHOMUYECKUMM
CO0BpaKEHNAMMU.

YMeHbLIMTb Harpy3Ky npv ncrnonb3oBaHun I WwraHr npyMepHo

10 80% AnA HU3KOTEeMMepaTypHbIX YCNOBUIA IKCNyaTaumm.

O6bI4HO YPOBEHb Harpy3Kn OTPaXKAETCA B BbIBOAVMbIX MPOrHO3HLIMM
nporpammamu napameTpax. @I WwraHrm Ncnonb3yTcA B My6oKux
CKBaXKUHaX, [ae CylwecTByeT 60MbLUION YPOBEHb Harpy3ku. ®r
LUTaHM YCTaHaBNMBAIOTCA B BEPXHEN HaCTW KOMOHHbI HACOCHBIX
WwTaHr (50-70%), a B HYDKHEW YacTu - CTasbHble LWTaHr, YTobbl He
[ONyCTUTb CXXMMatoLWen Harpy3ku Ha OI wtaHrm.

Mpu ncnonb3osaHum OI WTAHT B CKBaXKUHAX, [Ae BO3MOXEH Npuxeat
Hacoca, HeobXxoAYMO yCTaHaBNMBATbL CreumabHble cpesatoLye
yCTpOWCTBA.

OnTumanbHaA meToauka JKcnsyataumm HacocoB:

He ponyLueHne neperpy3ky HaCoCOB W LUTAHT Npy

MCNONb30BaHUM HAcoCcoB 6onbLLOro AnameTpa byaeT cnocobecTBoBaThb
6onee ahdekTnBHOM paboTe LLMH.

Heobxoammo ucnonb3oBatb LUMH npocTbix koHCTpyKuwmin. Bonee
CNO>XHblE KOHCTPYKLMW HACOCOB ABMAKOTCA 6oree AOPOrMMu 1 vatle
BbIXOAAT U3 CTPOA.

Mcnonb3osaTb Hacoch! ¢ 60MbLLIOI TOMLLUMHOWM CTEeHKW. Hacockl ¢
TOHKVMM CTEHKAMWN MEHEE YCTONYMBBI K KOPPO3UM 1 JaBIIEHUIO.

Bo Bcex ucnonbsyembix LUMH noasuykHbIA KnanaH AomkeH
HaxoAMTbCA Ha PacCcToAHWM 1 OtOoM OT BCaChbIBAIOLLEro KnanaHa,
KOrAa HacoC A0CTUraeT NPOEKTHOW rybuHbI YyCTAaHOBKM MO MydhTe B
BEpXHeW YacTu.

YTeyKun Hacoca AOMKHbI COCTaBNATL He 6onee 2-5% OT ypoBHA
oTbopa. B ckBakMHax ¢ BbICOKUM MPOLIEHTHBIM COAEPXXaHNEM BOAbI
YTEYKM MOTYT NPeBbILLIAThb YKa3aHHbIN BbilLe AOMYCTUMbIA YPOBEHb.
B rny60oKux CKBaXKMHaX MOXHO MCMONb30BaTh HACOCHI C MEHbLLLMM
3a3opamu. CnepyeT ncnonb3oBaTh HOBOE ypaBHEHWE ANA pacyeTa
NpoTeYeK C pacHeTHbIM BHYTPUCKBAXXMHHBIM 3a30POM.

Best Practice for Pumps:

Use of larger pumps without overloading the unit and rods will result in
a more energy efficient installation.

Use a simple design. More complicated pumps fail more and cost
more.

Use heavy wall pumps. Thin wall pumps have less corrosion and
pressure resistance.

All pumps should be designed and built where the TV is within 1” of the
SV when pump bottoms out on the clutch at the top.

Pump leakage should about 2-5% of production. High water cut wells
should have more pump leakage. Deep wells can have pumps with
smaller clearances. Use new leakage equation with calculated
downhole clearances.

Beam Pump Unit Best Practices:

The GB and the unit structure load should be below 100%.

Use a predictive program to help size the motor. If program says a 32
HP is needed and the next bigger available size is 50 HP, then use it.
In general you loose significant energy only when the motor size
exceeds about 2X the correct size. Use only NEMA D motors.

Polish Rods: Spray metal polish rods without liners should be used

in all CO2 flood beam lifted wells and corrosive wells. Water flood and
primary wells can use either a liner on the polish rod or a spray metal
polish rod.

Tubing Best Practice (with beam pumping):

Use J55 tubing on producing wells with depths no greater than 8500°
For deeper wells, calculations must be made. Use couplings of same
grade as the tubing

Run the seating nipple as deep as possible.

Minimize the distance between the tubing anchor and the seating
nipple. In open hole , the tubing anchor should be as close to the
casing shoe as possible. In cased hole, the tubing anchor should be
out of the perforated zones.

Justify why not to use a tubing anchor. Corroded casing, small diameter
pumps, and shallow wells are reasons not to use tubing anchor.

Use API modified no lead thread sealant spread over complete thread
area.

Tubing below the anchor should be inspected for excessive wear on
each pull and replaced if worn.

Use thread protectors until tubing in derrick.

No wrench marks are acceptable on tubing anchors. Use only ISO
9000 replacement parts.

A non API seating nipple should be used only on 2 7/8’s tubing strings.
The API nipple can cause the pump to stick.

Gas Separation Best Practice:

The pump intake should be below the gas entry point to the well. If
this is not possible, consider the new Echometer collar size gas
separator instead of the poor boy separator.

A typical poor boy separator can only be used for low rates (~75-150
bpd). For 2 7/8’s tubing, a 1 1/4” stinger and velocity between the gas
and mud anchor of 1/2 ft/sec, the max fluid rate is 177 bfpd. If 30% is
gas, the max fluid rate is only 124 bfpd.

An improperly sized gas separator is worse than no separator as it
breaks out more gas and also becomes gas locked.

See www.Echometer.com.

Beam Pumping Unit:
Haubonee achdeKTUBHbIE METOAUKM SKCNNyaTaLMm Ha3eMHOro

obopyanoBaHuaA LUMH: The unit should have the concrete base set on 5/8’s river stock. Sand

Harpyska Ha pepyKTop 1 KOHCTPYKLMIO CTaHKa-Ka4asnkm He AOMmKHa
npesbliwarb 100%.

[inAa nonbopa apuratena Tpebyemoi MOLLHOCTM cneayeT
1Ccnonb3oBaTh MPOrHO3HYHO NporpaMmy AJf1A pacyeTa napameTpoB.
Ecnun paccunTaHHbI MporpaMmMoin ypoBeHb MOLLHOCTW COCTaBnAeT

can wash out.

The unit must be aligned correctly so the polish rod pulls out straight
each time

Each week the unit should be inspected for abnormal sounds, grease
or oil leaks, or rust stains at metal joints.

On a six month interval, grease all bushings, inspect unit and GB oil
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32 n.c., a MMHMManbHaA MOLHOCTb B 3TOM AManasoHe UMetoLerocA
B Hanu4uum asurartenda coctasnaeT 50 n.c., HeobxoaMmo
MCMonb30BaTh 3TOT ABUratenb. 3Ha4UTeNbHbIE NOTEPU
3NEeKTPO3Heprum GyayT TONMbKO B TOM Clyyae, eCciin MOLLHOCTb
MCMOsb3yeMoro ABuraTensa NpeBbIlaeT TpebyeMyto MOLWHOCTb B 2
pasa. Heobxoaumo ncnonb3oBaTh TOMbKO SMEKTPOABUraTeNu ¢
Kknaccom 6e3onacHocT NEMA D.

MonupoBaHHbIe WTokn: HeobxoanmMo ncnonb3oBaTh NOMPOBaHHbIe
LUTOKM C METAIIMYECKMM HarnblfieHneM, 6e3 BTYNOK Ha BCex
ckBaxkmHax ¢ LUMH ¢ 3akayvkonn CO2 unum BbICOKUM ypOBHEM
KOppOo3un. B ckBa)knHax Ha MECTOPOXKAEHWAX C 3aBOAHEHNEM MOTYT
NPUMEHATBCA BTYNKWU [AN1A MONIMPOBAHHbIX LLITOKOB UIN
nonnpoBaHHble LUTOKN C MeTalllIM4eCKUM HarblfIeHNeM.

MeTtoauku adpchekTuBHom akcnnyartauum HKT npu ao6bbiyve c LUMH:

Heobxoanmo ncrnons3osaTtb HKT J55 B A0OLIBAIOWMX CKBaXKMHAX

¢ rny6uHon He 6onee 8500 gyToB. [inA 6onee ryboKUX CKBaXKMH
HeobXxoAMMO NPoun3BOAMTbL pacyeTbl. CoeanHTenbHble MyddThI
DOMKHbI 6bITb U3 TOW XK€ MapKu CTanu, YTo U camu Tpy6bl.
Mocapo4HbIi NaTpyboK AnAa KpensieHvA rmybuHHOro Hacoca
HeobX0AMMO YCTaHaBMMBATb HA MakCUMaIIbHO BO3MOXHOW rybuHe.
CnenyeT yMEHbLUWNTb HACKOMBbKO BO3MOXHO PACCTOAHNE MeX Ay
AKOpeM NMOTOBOW KOMOHHbI 1 MOCaA04HbIM NaTpybkom. Mpu
yCTaHOBKe Hacoca B HEOBCaXXeHHOM CTBOME He0OX0ANMO
pacrionaratb Akopb HKT kak MoxXHO 6rimdke K 6alumaKy KOMOHHbI.
Mpu yctaHoske LUMH BHYTpU KonoHHbI Akopb HKT pgormkeH
pacnonaraTtbcA 3a npeaenamm nepopMpoBaHHON 30HbI.
Hewucnonb3oBaHue Akopa HKT pomkHo o6ocHoBbIBaTLCA. Kopposua
06cafHON KOMOHHBI, ManeHbKUN AnameTp Hacocos, 6onbLuan rmybuHa
CKBaXXMH ABMAIOTCA MPUYMHAMM ANA 0TKasa OT UCNOMb30BaHUA
AkopA HKT.

Mcnonb3osaTtb MOANGULIMPOBaHHBIA COCTaB ANA YNIOTHEHWA
pe3bb0BbIX coeanHeHu no ctaHaapTy AP, HaHocA ero Ha BCio
pe3bb0BYIO NOBEPXHOCTD.

Mpun kaxxaom CINMO HKT noa AKopeM A0MKHbI MPOX0AUTb KOHTPOSTb
Ha OTCYTCTBWE YPE3MEPHOro U3HOCa ¥ NP HEO6XOAUMOCTMN
NpOVN3BOANTL 3aMEHY.

Mpu HaxoxxaeHn HKT Ha noacBeYHMKe BbILLKW UCNONb30BaThb
KOMNnayku AnA 3aWwmTbl pe3bb0BbIX COeANHEHUI.

He ponyckatb HannumA BMATUH 1 3ayCeHeL OT KITlo4en Ha AKOPAX
HKT. Bce ncnonbsyemble aetanu n3 komnnekta UM AomkHbI 6biTb
cepTtuchmumpoBaHbi no 1ISO 9000

Vcnonb3oBaHne nocafoyHbIX NaTpybKoB, He COOTBETCTBYHOLLMX
ctaHaapTy APl gonyckaeTca TONbKO ¢ NMATOBLIMW KOSIOHHaMu 2 7/8”
Matpy6ok no craHaapTy APl MOXeT Bbi3BaTb 3aKMMHMBaHWE Hacoca.

3dpchekTUBHAA cenapauuma rasa:

Mpuem Hacoca [oMmKeH HaxoAUTLCA HXKE TOYKW MOCTYNMeHnA rasa
B CKBaXXWHY. ECnn 9T0 HEBO3MOXHO obecneunTb, cneayet
pPaccMOTPETb BO3MOXHOCTb NMPUMEHEHNA ra3ocenapaTopos
Echometer ¢ pmameTpom paBHbIM arameTpy MydpTbl BMECTO
[fAerasaropa Ha ycTbe.

CTaHaapTHBIN AerasaTop Ha YCTbe MOXET NPUMEHATLCA TONMbKO
npu HU3KoM aebute (~75-150 6appenen B cyTkn). AnAa HKT 2 7/8”
HeobxoaMMOo ucnonb3oBaTb CTUHrep 1 1/4” n CKOpoCTb MeXAY
razoBbIM M PacTBOPHbIM AKOpAMKM 0.5 dyTa/cek Npy MakcUMaribHOM
ypoBHe oTbopa 177 6appenei xXuakocTu B cyTku. Npu ypoBHe
cofepxanua rasa 30%, MakcMMarbHbIi YpoBEHb 0T60pa XXUAKOCTH
cocTaBnAeT Bcero 124 6appenA B CyTKW.

Vcnonb3oBaHne raszocenaparopa ¢ HernpaBuIbHO PacCYUTAHHON
NPON3BOAUTENBHOCTLIO XY>XE, YeM OTCYyTCTBME cenaparopa, T.K. OH
oTcemBaeT 60MbLLIOe KOMMYECTBO ra3a v B HeM 06pasyeTcA rasosan
npobka. Cm. www.echometer.com

CTaHOK Kavanka:

CTaHOK Kavasika JOo/KeH yCTaHaBNMBaThCA Ha 6ETOHHOM OCHOBaHMMK,
CMOHTMPOBAHHOM Ha PEYHOM MNecke ToNWwmHo 5/8 dpyTa. MecyaHoe
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for contamination, check tightness of all bolts, follow check list and
keep records.

Check stuffing boxes daily. Don’t over tighten causing wear on polish
rod and motor.

Fluid Level Detection:

Shooting fluid levels regularly is recommended, especially on wells that
aren’t on POC. Echometer’s AWP program can be used to correct
foamy fluid levels. Dynamometer cards can indicate if a well is pumped
off or has other problems.

Shoot fluid levels when the well is being tested.

Consider a lift revision to increase the pumping unit capacity if
indicated.

Casing Pressure:

Lower is better
Check the casing side check valve to be sure it is operating properly.

Corrosion:

For corrosive wells producing, for instance, H2S, target might be
treating with 25 ppm of ail soluble filming amine. The total chemical
treatment volume is based on wells total production with the minimum
treating volume of 1 gallon. Treating schedules are 1/week for the most
part. For normal water flood wells, flush a volume of 3 bbls water with
the treatment. For wells with a gas rate of 100-200 Mfcf/D, use 5 bbls
and for greater than 200 Mfcf/D, use 8 bbls of water with the treatment.
These recommendations for W. Texas area where H2S prevalent but
may provide a starting point for other areas.

Check your chemical program or check with your chemical supplier.
Before running pump and rods, it recommended that 15 gallons of

oil soluble filming amine and 15 bbls of lease crude be pumped into the
tubing after a workover. This should be done on wells that have been
killed with heavy brine or on wells that have exhibited severe pitting on
tubulars or rods. It is optional on less severe situations.



OCHOBaHVe MOXET NoABEepraTbCA PasmMbiBy.

©
YCTaHoBKY He06XOAMMO TLIATENbHO OTLIEHTPOBATb, YTOBbI MOMMPOBAaHHbIN LITOK CKBaKI/IHHBII/I

MOAHNMASICA BBEPX CTPOro BEPTUKANBHO MPU KaXKAOM Noabeme.
HeobxoanMMo NpoBOANTL eXXeHeAenNbHbI KOHTPOSb HACOCHOW YCTaHOBKW ANA aH aJIl/IgaTOp
BbIABMEHNA aHOMasTbHbIX 3BYKOB, MPOTEYEK CMa304HOro Macna nunm
KOHCVCTEHTHOW CMa3Ku, a Takxe KOPPO3MOHHbBIX MNOPadKEHWIA Ha CTasbHbIX
COeANHEHNAX.

Kaxable WwecTb MecALeB HeO6X0AMMO CMasblBaTb BCE BTYNKMW, MPOBEPATb
Macno Ha CTaHKe Kadarnke 1 peayKTope Ha OTCyTCTBME 3arpA3HEeHUA, MPOBEPATL
HaAEXXHOCTb 3aTAXKKN BCEX COEAMHEHUI, 3anONHATL KOHTPOMbHYIO BEAOMOCTb U
BECTV COOTBETCTBYIOLLYIO PErVICTPALMIO NMPOBEPOK.

CarnbHnkoBble KOPObKN HEOH6X0AMMO NMPOBEPATL exxeaHeBHO. CrieayeTt usberartb
Y pe3MepHOM 3aTAXKKM, YTO MPUBOAUT K U3HOCY MONMPOBAHHOIO LUTOKA U
asuvrarena.

OnpepeneHue ypoBHA XXMAKOCTH:

PekomMeHayeTcA perynapHo NpoBepPATb YPOBEHb XKUAKOCTW, 0COOEHHO Ha
CKBaXKvHax, rae He ucnonb3yetcA koHTponnep KOXK. [1nA KoppeKTnposku
YPOBHA XMAKOCTM C y4ETOM BCNEHUBAHUA MOXHO MCMONL30BaTh nporpammy AWP
oT Echometer. Mo aMHamorpammam MOXHO ONpeaenuTb, ynas fin ypoBeHb Ana sanven IR EMAEE ARl b BRI N
XUAKOCTW B CKBaXKMHE UMW Hanuume apyrix npobnem. HORIEMBLE MR RIS CHIGIHPREARLE T
P UCTIbITAHIM CKBAXKIHBI HEOBXOANMO 3aMEPATH YPOBEHb XXUAKOCTH. BMECTE C BLICOKOTOHHbIM 8HAIIOMOBO-LM(DOBLIM
Mpy HAMMYUY COOTBETCTBYHIOLLMX YCITOBUI, PACCMOTPETL BO3MOXHOCTb L gzsee st b sl e s e e e o

5 5 IMprMeHeH1e eaVHOTO AMIEKTPOHHOTO 610Ka ¢
yBenuueHns oTéopa (YCTaHOBKM Gosiee NPOU3BOAMTESNIBHOMO HACOCa). T

aHanmaa Bcex NapamMeTpoB CKBabKMHbI NMO3BONAET
3atpy6Hoe naBneHue: [0BUTLCA 3HAYUTENBEHON SKOHOMUM.

YeMm Huxe ypoBEHb AABEHNA, TEM NyYLUe.
MpoBepnTb 1 yb6eamTbcA B HOPMasibHOM paboTe 60KOBOro 06paTHOro
KnanaHa 06CcaHON KOMOHHbI.

OnnanHoBble ycnyru Echometer
VHdbopmauma o npogykumm n cny>xoa noaaepku

BecnnatHan 3arpyska MO
MPOTMBOKOPPO3UOHHBIE MEPbI: ABTOMaTNYECKWI YPOBHEMEP C aKyCTUHECKNM
rnyéuHomepom
KoppekTupoBka ana pacyeTta ctonba
rasvipoBaHHOMN XWOKOCTU
Pac4yeT naBneHua Ha 3aboe

B ckBaXknHax ¢ BbICOKOKOPPO3MOHHbLIMM CPEAaMU, HanpuMep, BbICOKUM
copepkaHnem H2S HeobxoaumMo NpoBoaUTL 06paboTKM pacTBOPUMbIM B
macrne nneHKoobpasyoLmMM aMMHOM C KOHLEeHTpaumnen 25 4actein Ha MUIMOH.
O6Lwwmit o6beM peareHTa A51A 06paboTKM 3aBUCUT OT O6LLEMO Ae6UTa CKBAXKMHI. AvxamowmeTp 5
MuHuManbHbI 06bem 0bpaboTku coctaBnaeT 3,8 nutpa. OnA BbICOKOTONHbIN n?ﬂKOBOOGDaSHbIM [aTyuk
6OMbLUNHCTBA Y3M10B 1 AeTanein NepuoaMyHoCTbL 06paboTKy cocTaBnAeT Y/COBEPLUCHCTBOBAHHbI AATVIK MOTMPOBAHHBIX LLTAHT
AkcenepomeTp ANA onpeaeneHna NonoXxeHna
OAVH pa3 B Heaento. B ckBaxknHax ¢ HopmasnbHbIM coaepkaHvnem Boabl 06bem MOMMPOBAHHOTO LITOKA
NpoKa4MBaemoro peareHTa npu ob6paboTke y3noB Hacoca AOIMKEH COCTaBNATb [vHamorpaMmmMa CKBa>XMHHOro Hacoca
3 6appenA. B cksaxxuHax ¢ aebutom raza 100-200 MunnmoHos Ky6. coyTos B AHanus KpyTALLero MoMeHTa
CyTKM 06bem 06paboTKM JOMKeH CocTaBnATL 5 6appenei, a B CKBaXXMHax
¢ pebutom cabile 200 MUNIMOHOB Kyb. chyTOB B CyTkM — 8 6appeneit Boabl C NepeMeHHbIM AaBneHMem
peareHTOM AnA 06paboTku. AT peKoMeHAaLMM MOAFOTOBIIEHbI ANA parioHa 3an. ABTOMATVHECKMIA PACHET YPOBHA XUAKOCTY C
Texaca ¢ BbICOKMM cofep>XaHMeM CepoBoaopoaa, Ho MOryT UCNonb30BaTbCA B aKyCTUYECKUM rIyb1HOMEpPOM
Ka4ecTBe OCHOBbI ANA pacyeTa 06paboTkv ANA APYrvX PErVIOHOB. [varpammbl aHanm3a gaHHbIX
MposepuTb NporpamMmy 06paboTku XMpeareHTaMu, Nosly4nMTb peKoMeHaaumm
MOCTABILNKOB XNMPEAreHTos. AHanM3 MOLLHOCTM M TOKa ABuratena
Mepen, cnyckoM Hacoca U HAaCOCHbIX LUTAHT pekomMeHAayeTcA 3akadaTb B HKT BanaHc HacOCHOI YCTaHOBKM
rocne KanpemMoHTa 15 ranfoHoB pacTBOPUMOrO B Macrne nieHkoobpasyioLLero O6LwWmiA KNa Hacoca
amuHa n 15 bappenein HeT! MECTHOTO NPONCXOXKAEHUA. JTO CreayeT BbINOSHATL AHanus pacxofoB Ha 3NEKTPO3IHEPT MO
B CKBaXXVHaX, AJA MYLIEHNA KOTOPbIX 6bl1 MCNONMb30BaH TAXEbIA CONAHON
pacTBop, UIN B CKBaXKMHAX, rae Habnioaanuch 3HauMTe NbHble KOPPO3NOHHbIE
npoteccbl Ha HKT nnun HacocHbIx wtaHrax. [Mpw skcnnyatauum Hacocos

B yCNoBUAX OTCYTCTBUA KOPPO3UK cneunanbHaA 06pa60TKa npoBoaMTCA no
YCMOTPEHMIO oneparopa. 0O6e3BOXKMBaHUE ra3oBbIX CKBaXXUH

Mpubop AnA ucnbiTaHUA CKBaXXUHbI C

[aT4ynuk MOLHOCTHU

AHanus BepxHero xofa niyHxepa
OnpepneneHue NonoXeHwve nayHxepa
OnNTUMU3AUMA ANMTENBHOCTU LMKIIOB
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