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BUHTOBbIE HACOCHbIE YCTaHOBKM

PGP Systems

Canau Yunbame, ALP (Artificial Lift Performance)

Ixen @. Jin, komnanns PLTech LLC

BuHTOBasi HacocHas yCTaHOBKa COCTOUT U3 TPEX
OCHOBHbIX Y3/10B:

1) CKBaXKMHHbIN HACOC, B KOHCTPYKLMIO KOTOPOrO
BXOOUT POTOP 1 060NMa;

2) LITOK, NepefaoLLmii BPaLLAIOLLMIA MOMEHT
Ha POTOP Hacoca,;

3) HaseMHbI MPUBOL, BUHTOBOIO HAcoCa (rofoBKa
npvBOda, PEOYKTOP, OBVKUTEND).

MpuHLUMN pa6oTbl BUHTOBOrO Hacoca

» KOHCTPYKLMSA HAacoca CoaepXmnT 06orMMy 1 poTop 1
B LIESTIOM aHanorn4Ha KOHCTPYKLIMM MAPaBANYECKOrO
3ab0oMHOro gpuratens.

» O6pas3Ho roBopsi, BUHTOBOM HACOC MOXXHO YroaobuTb
KOHBelepy COOPOHHOM NIMHNM: YEM BbiLLIE CKOPOCTb
— Tem 60rblie NPON3BOOUTENBHOCTb.

» B nonocTu Hacoca HaxoauTcs MeTanINHecKuii
POTOP W pesnHoBasa oborma. Npu BpaLLeHn
poTopa KaMmepbl, 0bpasyemMble MOBEPXHOCTSMM LLHEKA
1 0BOVIMbI CMELLIAKOTCA MO CIMpaiv B HanpaBneHnn
OT BCacbIBatoLLIEro naTpybka K HarHeTaroLLEMY,
4TO obecrnevrBaeT ABVKeHVe dnovaa B TpedyemMom
HanpaBeHNN.

» POoTOp BbINOMHEH B hOpME BUHTOBOIO LLIHEKA, a 0bonMa
MMEET OOHO3aXOAHYHO UM ABYX3aXOAHYIO CrPasibHYO
Hapes3ky. LLlar crnnpanv o6ormbl BOBOE MpeBbILLaET Luar
BMHTa poTopa.

» YNNOTHEHWE MEXY MOBEPXHOCTHIO OOONMBI U
poTopa obecnevrBaeT Nepekadky dnomnga BMecTe
C coaepXaLUMMICS B HEM rasamm U TBeEPabIMU
MPUMECSIMU.

» [lepeka4vrBaeMbii Poma UrPaeT POsb CMasKM Ans
KOHTaKTUPRYOLLINX MOBEPXHOCTEN 0BOVMbI U poTopa.

» BUWHTOBbIE HACOCHI MOMYT paboTaTb Ha rybrHax a0
8000 ¢hyTos.

» MakcumManbHbii Hanop coctaenaeT 11 800 dyTos,

YTO COOTBETCTBYET Nepenagy gasneHnsd B Hacoce 5112
(hYHTOB/KB. OHONM.
»  [1ebuT no »>maKocTv coctaBnseT 5 - 5300 bapperen B CyTKA.
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Sandy Williams, ALP (Artificial Lift Performance)

JFLea, PLTech LLC

A PCP system is made up of three principal components:

1) the downhole pump comprising of the rotor and stator
2) the rod string which provides the torque to tum the pump

3) surface drive system (drive unit, speed reducer and
prime mover)
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Figure 1: Typical PCP System Configuration
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» YacToTa BpalleHnst poTopa
Hacoca cocTasnget 100 - 1000
06./MVH, Mpy4eM 05 peasbHbIX
YCNOBWI 3KCnyataumm 6onee
TUNdeH gynanadoH 100 - 500
06./MVH.

» [lponsBoanTenn HacocoB
YKasbIBatOT MX
MPOV3BOANTENBHOCTb Kak
nepekaqBaeMblil 3a CyTKN OObEM
XKNOKOCTW B pacHeTe Ha 3adaHHoe
umMcno 0b6opOoTOoB.

» [lonyckaeTcs akcnyaTaums npu
Temnepatypax Ao NPUMEPHO
350 °F (orpaHunyeHms 6ycnosneHbl
CBOWCTBaMM UCMOSBE3YEMOrO B
KOHCTPYKLMW HAacoca 31acToMepa).

BVHTOBbIE HACOCHbIE YCTAHOBKM
Havbonee NoaXoddAT A1A NepeKadKin
cneayroLLMX XKUOKOCTeN 1 cpeq,

» cpepbl C B3BELLEHHbIMM TBEPOLIMY
MpVMECSMM

» BbICOKOBSA3KME Cpefp!

» abpasvBHble CyCNeH3UM

» CMECW, CoTepKalLLIVe XXUOKyto dhasy, TBepable MoVMMecH 1 ras
» HEeaMybrpoBaHHble BOAOHEMTAHbIE CMECH

MOCKOMBKY BUHTOBbIE HACOCHI OTHOCHATCS K HAacocam
BbITECHEHWA, NMepenaf, AaB/eHNs! Ha HACOCE HE CKasblBaeTCs
Ha X NMPON3BOAUTENBHOCTL. TeM He MeHee, Mo Mepe
YBENVYEHNS nepenafa JaBneH!s yrnoTHEHWE MONOCTeN
MeXXay NOBEPXHOCTAMM POTOPA 1 060VMbI OKa3bIBaETCS
He#oCcTaTo4HbIM, YTO BEAET K OTTOKY NepeKaqnBaeMol
YKUOKOCTU U CHYDKEHNIO K.M.[. HACOCHOI YCTAHOBKW, KOTOPbIN
3aBVICUT OT HaTAra 1 CTerneH! repMeTUHHOCTY YIIOTHEeHWS Ha
CTbIKE MOBEPXHOCTEN 060MMbI M POTOPA, a TaKKE BSIBKOCTU
nepeKaqvBaeMoit cpep!.

Ha puc. 4 nokasaHa kKpvBasi IPOV3BOAUTENBHOCTM
BMHTOBOrO Hacoca. Hamopy cooTBETCTBYET OCb abCLIMCC,
a nofjade — oCb opauHaT (cneayet obpaTTb BHUMaHME,
YTO O/ MOMPYXKHbIX SNEKTPUHECKMX HACOCOB OCU
BbIOMPAKOTCSt HA0BOPOT); MoAaYa yBEINYNBAETCA TOSIbKO
NpW YBENUYEHWIN HaCTOTbl BpaLLeHust. [Npun yenuyeHn
Hanopa Hacoca nojada OCTaeTCst HeM3MEHHOW [0 Tex Nop,
rMoKa He BOSHVKAET OTTOK XKNOKOCTW B HACOCE, MOCIE Yero
nofada Hacoca CHIDKaeTCA Mo Mepe YBEIMYeHMs Harnopa.

[rana3oH gasneHun ans BUHTOBOrO Hacoca

OorpaHN4MBaETCA CneayoLLmMMm akTopami;

» XaPaKTEPUCTUKK MaTepuania 060oMMbl;

» CBOWCTBa NMepeKavmBaeMom XXUaKOCTU (FNaBHbIM
06pa3oM — OaBneHve);

www.rogtecmagazine.com

Puc.2: MvpopaBnvdecknin mpueog,
BUHTOBOW HACOCHOW YCTaHOBKM

Fig 2: PCP Installation, hydraulic drive
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Pump Operation

» the pump consists of a rotor
and a stator and function in a
similar manner to a downhole
mud motor.

» in simple terms the pump can be
thought of as a conveyor belt
on an assembly line, the faster the
conveyor belt the more production
is obtained.

» within the pump a series of cavities
are formed between the metal
pump rotor and the rubber
stator, as the rotor turns the
cavities spiral up the pump from
intake to discharge carrying the
well fluid through the pump.

» the rotor has the shape of an
external spiral (or helix) machined
onto its surface while an internal
spiral with one more lobe is
moulded into the surface of the
stator. The pitch of the helix of the
stator is twice that of the pitch

of the rotor.

the constantly sweeping seal line between the stator and

rotor facilitates the transport of entrained gas or solids.

the pumped fluid provides lubrication between the stator
and rotor.

operating depth up to 8000ft.

maximum head approx 11800 ft of head or 5112 psi of

differential pressure across the pump.

production rates 5 - 5300 BFPD.

Pump speed 100 - 1000 RPM although for ailfield

operation, speeds of 100 - 500 RPM are more typical.

pump displacement is quoted by manufacturers in terms
of fluid volume per day per rom.

operating temperature approaching 350 deg F

(elastomer limitation).
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Figure 3: One manufacturer’s rate/head chart
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MUHAIBHOW MPOM3BOOMTENBHOCTLIO 170 6appenen/cyT.

Ha 100 06./M1H npu MakcumanbHoOM Harope 4000 dyToB BogHOro ctonba [MprmedanHve: HabnoaaeTCsa CHIDKEHNE

K.M.4. no Mepe yBenn4eHnA Hariopa.

Figure 4: Pump curve for a PCP rated for 170 bfpd per 100 1
efficiency with increasing head, increasing HP and increasing head

pm and a maximum head of 4000 ft H20. Note: drop in

» HaTHAr KOHTaKTUPYIOLLIX MOBEPXHOCTEN
poTopa 1 060NMbI.

OB K.N.4. BUHTOBOW HACOCHOW YCTaHOBKW 0ObIHHO
BbILLIE, YEM MPW UCMNOMb30BaHWM OPYrnX CriocoboB
MEXAHM3NPOBAHHOM O00ObIYM, YTO BUOHO U3 CNEAYIOLLEN
Tabnuupbl;

BuHTOBOM Hacoc 60 - 75
LLITaHroBbIn Hacoc 45 -60
[Norpy»xHor SLH 35-40
aznudpt 5-30
CTpyiHbI Hacoc 10-25
YcTpoiicTBO Hacoca

Hacoc KOHCTPYKTUBHO COCTOUT 13 ABYX BIIOXKEHHbBIX

OPYr B Opyra BUHTOBbIX Crvpane, NOOOOHbIX BUHTOBOW

nepepade:

» BHYTPEHHEN Crpasi COOTBETCTBYET METASINHECKNI
POTOP B BUIE OAHO3aX0OOHOrO BUHTA;

» oboliMa 13 NoJaT/MBOro Matepuasna CoaepXX1T Ha
BHYTPEHHEN MOBEPXHOCTU ABYX3aXO4HYIO Crivpalb, Luar
KOTOPOW B ABa pa3a bosblUe, YeM Lar BUHTA pOTOpa.
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PCPs are particularly well suited to pumping the following
types of fluid:

» solids in suspension

» high viscosities

» abrasive slurries

» solids, liquids, gas mixtures

» oil and water mixtures without emulsification

<

Since the PCP is a positive displacement pump its
performance is not affected by pressure across the

pump. However, with increasing pump differential the seal
between the individual cavities is not adequate and slippage
of the pumped fluid takes place resulting in a drop in pump
efficiency. Pump efficiency is a function of the interference
fit between the rotor and stator and the viscosity of the

fluid pumped.

Figure 4 shows a pump curve for a PCP. Head is plotted
on the x-axis and flowrate is plotted on the y-axis (note
this is the opposite of an ESP pump curve); flowrate only
increases with increasing RPM. With increasing pump
head the flow rate is initially constant until slippage starts
to occur in the pump; pump flowrate then drops with
increasing head.

www.rogtecmagazine.com
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B HenoaBm>XxHOM COCTOSIHUN MOBEPXHOCTU 060MMbI

1 poTOpa Hacoca B cbope 06pasdytoT HECKOBKO
OTOEeNbHbIX OAMHAKOBbLIX Kamep. [Mpu BpalleHnn
poTOpa BHYTPU OBOVMbI 3TN KaMepPbl CMELLIAIOTCS
BOOJIb OCY Hacoca OT BCcachlBatOLIEro narpybka kK
HarHeTaTenbHOMY, 06ecrne4nBas TeEM CambiM ABVPKEHWE
>KMOKOCTM B HACOCe.

BWHTOBbIE HACOCHI XapaKTePU3YHOTCH YNCIOM 3aX040B
BMHTOBbIX CrMpasiei potopa 1 ob6onmel. Hanbonee
PacnpPOCTPaHEHbI HACOChI C OAHO3aX0AHbIM BUHTOM poTopa
1 ABYX3ax0OHbIM BUHTOM 060MbI (1:2), XapakTepuaytoLLmecs
CenytoLLIM PacrioNOXKEHNEM 1 OHERTaHVSIMM KaMEP MEX[TY
MOBEPXHOCTSIMM BUHTOBbIX CrpaUien:

Hncno Kamep BO BCEX MOMEPEYHbIX CEHEHNUSIX HAacoca
PaBHO YMCITy 3aX0A0B BUHTA O60VMBbI, T. €. MPW OTHOLLEHWN
3ax000B BUHTOB 1:2 B Ce4eHMn 0bpasyeTca ABe KaMepbl,
pasHeceHHble Ha 180°. [IMHa KaKA0W KaMepbl PaBHAETCS
X0Oy BMHTa 0BOMMbI. Kamepbl HEMOCPEACTBEHHO
npuneraioT Apyr K apyry. LLlar BuHTa potopa paBHsieTcs
MOJIOBUHE LLara BUHTa 0B0VMbI.

[oM1MO HaCOCOB C OAHO3aX04HbIM BUHTOM pOoTOpa P,
NPOU3BOAUTENEN BbIMYCKAET HACOChI C MHOrO3ax04HbIMM
BYHTaMM Kak poTopa, Tak 1 060MMbl.

szl e g

170 net 8 matmHocTpoeHuu! _
Bonee 15 ner BmecTe C HedpTerazosbiM Komrsiekcom CHI

Npow3BOACTEO W NOCTAEKAE HACOCHOro (BKNIOYEA MHOrogasHeIe
HaCcoChl) W TEXHONOrMYeckoro oGopyaoBaHWA MWPOBOro Knacca Ans
Ao6biHW, NMOAroTOBKK, TpAHcnopTa v rny6okon nepepaboTku Hedimv 1
rasa. TexHW4eCKWA CePBMC CNOXHOMO TYPEUHHOrO, HACOCHOIO W
KOMNpeccopHoro 060pynoBaHUA; TEXHONOM WU NOBEPXHOCTHOM
obpaboTku W NpoaneHWs cpoka cnyxBel ANA AeTanen ¢ MHTEHCUBHLIM

MEXSHWMHECKUM W KOPPO2WOHHBIM M3HOCOM.

AGEH =

Jallero croKoncTens

PCP pressure limitation is a function of:

» stator material

» fluid properties (mainly viscosity)

» interference fit between stator and rotor

Total power system efficiency is usually higher for PCPs
than other forms of artificial lift system, as demonstrated by
the following table:

I PE D d | eIl

PCP 60-75
Rod Pump 45 - 60
ESP 35 - 40
Gas Lift 5-30
Jet Pump 10-25
Pump Geometry

The pump consists of two helices, one inside the other,

which constitutes a helical gear:

» the metal rotor, the internal one, is a simple helix;

» the soft stator, the external one, is a double helix with
twice the pitch length of the rotor.

The geometry of the assembly is such that it constitutes

-1.1‘. =
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Tunopasmepbl HACOCOB

[na onpepeneHnst TMNopa3mMepoB HACOCOB UCMOMB3YOTCS
nepeYCNEHHbIE HKE pa3Mepbl.

Paclumdposka:

Ds = gameTp 060MMbI (arormbl)
dr = anameTp potopa - % (IoMMb)
E = skcueHTpucutet (Orormbl)

Ps = war BuHTa 060MMbI (OHOMMBbI)
Pr = war BuHTa potopa (aronmbi) .

MnoLLaab NOBEPXHOCTU XKUOKOCTY BO BCEX MOMepeYHbIX
CeYeHUsIX Hacoca paccHMTbIBAaeTCs Mo hopmyne:

= 4Exd,.

O6BbEM »KNOKOCTUN B K&XXOOW KaMepe pacCHUTLIBAETCA Mo
dhopmyne:

léradii

Iaudi  diiéifioe

=4Exd xP.

TeopeTunyeckasn nogada Hacoca (o1 Hacoca C
0OHO3ax0dHbIM POTOPOM) B MMEPCKOM CUCTEME EANHIL
PaCCHUTLIBAETCS MO POPMYIIE:;

roe PD=594x10" xd xExP,,

PD = yoenbHast nogada Hacoca (bappenn/cyTkin/06./M1H)

To »xe camoe ypaBHeHME, NMocne 3amMeHbl 3Ha4eHUs
MOCTOAHHOW Ha 5.7E-6, NCnosb3yeTcs ONg pacyeTa
yOENbHOM Nofayn B eanHmLax cuctembl CH, BoipaxkaeMon
Kak M3/cyT/06./MUH.

ObLLast nofjada paccHmTbIBaeTcs no hopmyre:

roe Q= PDx RPM

Q = nogaya, 6appenn/cyT.

RPM= yacTtoTa BpalLeH1s poTopa Hacoca, 06./MUH
PacueTtHas nogada Q OTAmMHaeTcs OT (PaKTUHECKOro
nebuta NpoayKLMn Ha yCTbe B CBSA3M C!

® MOTePsiIMM (OTTOK U YTEHKM) B BUHTOBOM Hacoce;
® yMeHbLLEHeM 0Gbema XUOKOCTN B HOPMaUTbHbIX
YCINOBUSIX MO CPaBHEHWIO C OGBLEMOM B M1aCTOBbIX YCIOBUSIX.

Tunn4Hoe 3Ha4eHne o6bemHoro K.n.g. coctasnaeT 70 — 80%.

82| ROGTEC

a series of identical, separate cavities. When the rotor

is rotated inside the stator these cavities move axially

from one end of the stator to the other, from suction

to discharge, creating the pumping action. Pumps are
described by the ratio of lobes created by the rotor and
stator geometry. The most typical pump for oil production

is a pump with a 1:2 geometry is referred to as a single lobe
pump and creates geometry as follows:

At any cross-section the number of cavities is equal to the
number of lobes on the stator i.e. for a 1:2 geometry there
are 2 cavities 180° apart. Cavities are one stator pitch in
length. One cavity starts where the other ends. The pitch of
the rotor is one-half that of the stator.

In addition to single lobe pumps some manufacturers have
designs for multilobe systems, where additional lobes are
added to the rotor and stator.

Pump Displacement
Pump dimensions are identified using the following
terminology:

where

Ds = Diameter of rotor
dr = Diameter of rotor
E = pump eccentricity
Ps = stator pitch (in)
Pr = rotor pitch (in)

At any cross section of the pump the area of fluid is
equal to:
Area Fluid = 4E xd,,

And the volume of fluid per cavity is equal to:
Volume per cavity = 4E xd % P,

Taking into account units the theoretical pump
displacement (single lobe pump) can be determined from:

where PD=594x10" xd ,x ExP,,
PD = pump displacement (bbl/day/rpm)

www.rogtecmagazine.com
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[Mpon3soauTEN BUHTOBbBIX HACOCHBIX YCTAHOBOK
0BbI4HO HE MPUBOAAT B NMybnMKaLmsax ceegeHna oo
SKCLIEHTPUCUTETE, ANaMETPE POTOopa 1 Liare cnvpani
0B0MMBI, B CBA3M C YEM PYHHOM pacyeT nofaqu Hacoca
OKa3bIBAETCA HEMPOCTOM 3adaden. BmecTo aTtoro
MPOVIBBOANTENM MPVBOAAT KPVBbIE SKCMyaTaUMOHHDBIX
XapPaKTEPUCTUK HACOCa U 3HAYEHNS yOEbHOM

noga4m (bappenb/cyT./06./MUH), a TakKe BENNHUHY
MaKCVMaJsTbHOMO Mepenaga AaBNeHNs Kak BENNHNHY
Harnopa W1 AaBNeHns Ha eAUHNLY MNoWaau C y4eTOM
MCMOMb3YEMOro B KOHCTPYKLMM 3nacToMepa 00oMbl.

HomeHknartypa HacocoB

[MponsBoaNTENM BUHTOBLIX HACOCOB He Cpady NepeLLnn

K MCMOSIb30BAHMIO €NHON CUCTEMbI MAPKMPOBKM
MOOENEN MPOU3BOOVMbIX HACOCOB, XOTH, Kak NMpaBusio,

B 0D03HaYeHNM MOOENM COAEP>KANMCb CBEAEHMS O
BENMYMHAX YOENBHOW NOAAa4N 1 MakCUMaUTbHOMO nepenaga
[OaBNeHNst B METPUHECKOW NIV UMMEPCKON CUCTEME
eavHVL, TprMepbl Takx 0603HaqYeHNIA MPUBEAEHD! HDKE.

Moyno 50-N-340 - makcumanbHblin Hanop 5000 gyTos,
yaenbHasa nogada 340 6appenei/cyT. /100 06./MUH.
PCM 15-TP-1200 - nogada 15 M3/cyT. npu YactoTe
BpaLLeHna 500 06./MUH. Npu HYNEBOM HaMopeE;
MaKCUManbHbI Harop 1200 m.

[nsa paclundpoBky 0603Ha4EHNST Hacoca TPEOOBANOCH
3HaTb Ha3BaHWE NPOU3BOAUTENS U MPUHSTYHO VM
HOMeHKaTypy. [pryemM pasnnyns kacanmcb He TONMbKO
HOMEHKIIAaTYpbl, HO 1 KPVBbIX 3KCMTyaTaLOHHbIX
XapakTEPUCTUK HacoCcoB. [NpuHaTue ctaHgapTa ISO
15136 cnocobcTBOBAO YHUMMKALMN 0O03HAYEHWNIA 1
YMPOLLEHMIO PaclUMPOBKN 0603HA4EHNI HACOCOB.
CornacHo ynomMsHyToMy CTaHOapTy, AN yKa3aHus
XapaKTEPUCTUK OBOMMbI CMONBb3YETCS CneayroLLas
cucTema 0603HaveHNI:

vvv-hhhh-eee
Paclumdposka:
VVV = HOMWHaSbHas yaenbHas nojaqa B Kyon4eckmx
mMeTpax Ha 100 06./MUH

hhhh = HOMWHaNBHBIN Hanop
(BbICOTA BOOSIHOrO CTONGA B METPAX)

eee = Kofj, a51actomepa 060MMbl

O603Ha4eHNEe XapaKTEPUCTUK POTOPOB:
vvv-hhhh-rrr
Paclumndposka:

VVV = HOMWHabHas yaenbHas nogada B Kyon4eckmx
meTpax Ha 100 06./M1H

hhhh = HOMWHaNBHbBIN Hanop
(BbICOTa BOAHOIO CTOM6A B METPAX)

rrr = KOJ, TUnopasmepa potopa

84 | ROGTEC

The same equation is applicable for calculating flowrate
using metric units if the constant is changed to 5.7E-6.
The flowrate calculated will be in m3/day/rpm. and total
flow is calculated as:

where Q= PDx RPM
Q = flowrate (bbl/day) RPM = Pump rotational speed (RPM)

The calculated Q will differ from actual production rates at

surface due to:

e inefficiency (slip/leakage) in the PCP

¢ downhole fluid volume will be higher than that at the
surface (Bo effect).

Volumetric efficiencies of 70 — 80% are typical.

PCP manufacturers do not usually publish figures on the
pump eccentricity, diameter of the rotor and stator pitch and
so it is difficult to manually calculate pump rates. Instead
manufacturers provide a pump curve and a value for
displacement (bbl/day/rpm) and maximum pressure differential
rating in terms of head or psi for a specific rotor elastomer.

Pump Nomenclature

Historically, PCP manufactures have not used the same
convention for the naming of pumps although most pump
names have numbers in the name that provide an indication
of pump displacement and maximum differential pressure in
either metric or imperial units for example.

Moyno 50-N-340 - maximum head of 5000 ft displacement
of 340 bbl/day/100rpm,. PCM 15-TP-1200 - displacement
of 15 m3/day at 500 rpm with zero head, maximum head
of 1200 m.

In order to know what each pump name meant it was
necessary to know the manufacturer and their designation
of pump type. Not only was their nomenclature different
but so were their graphs of pump performance. Through
ISO 15136 manufacturers are moving to use one standard
terminology which will simplify the understanding of pump
types. Under this standard the following terminology will be
used for stators:

vvv-hhhh-eee
where

vvv = nominal capacity per rpm expressed in units of cubic
metres per 100 rpm

hhhh = nominal head rating (metres of water)

eee = the elastomer code

and for rotors:
vvv-hhhh-rrr

where:

vvv = nominal capacity per rpm expressed in units of cubic
metres per 100 rpm

hhhh = nominal head rating (metres of water)

rrr = the rotor size code

www.rogtecmagazine.com



mmm

services o ofl production companies in Azerbaijan,

THROUGH SUPPORT FROM SUPPLIERS AROUND THE
WORLD, CWS IS CURRENTLY
PROVIDING THE SERVICES LISTED BELOW:

Open Hole Logging
{Tucker Technologies, Inc.)

* Phased Induction Log
* Dual Laterclog
* Micro-Laleralog
* Mircolog
« Compensated Density
* Litho-Density
* Compensated Neutron
* Caliper
+ Gamma Ray

- Spectral Gamma Ray
* Dipmeter

VE'F Seismic Checkshots (Read)

Cased Hole Logging
(Probe Technology Services)

* Cament Bond Log

« Compensated Neutron
+ Gamma Ray

« Caliper

* Free Point Services

Production Logging (Sondex)
- Flowmeter

* Fluid Density

* Fluid Capacitance

* Pressure

* Temperaiure
= X-¥ Caliper
= Gamma Ray

Perforating (Owen Oil Tools)
Wireline Conveyed

* Through Tubing

* Through Casing

+ Packers and Plugs

* Pipe Recovery

Tubing Conveyed

Wall Testing

* 3 Phase Separator.

+ 15 Kpsi Choke Manifold

= Pressure Monitoring (Calscan)
* Surface

Tad. #8484 12 502 7T 02
#0612 497 45 70
«Oikl 12 40T 45 T

Fooc #08d 12 502 17 81

Ermask.

LIRIL: wavw.as a2



