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MULTI-PROBE HARDWARE FOR ELECTROMETRY
OF OIL AND GAS WELLS

Introduction. The research aims at the creation of electrometry equipment capable of solving the actual problems of
geophysical exploration of oil and gas wells.

Problem Statement. The existing equipment in Ukraine is not capable of reliably solving the problems of geophysical
exploration of oil and gas wells in the conditions of Dnieper-Donets Basin.

Purpose. Creation and well testing of appropriate equipment with a high spatial resolution.

Materials and Methods. Combining potential probes that enable to restore the electric potential along the borehole
axis and to solve the inverse problem with a high spatial resolution, a multi-probe resistivity logging tool has been created.
Using the frequency scanning method, a multi-probe induction logging tool has been created.

Results. Well tests of the developed equipment in the conditions of a terrigenous cut have been carried out and its effi-
ciency has been compared with the existing equipment in Ukraine.

Conclusion. The developed resistivity logging equipment has a higher resolution than LLS+LL+IL, it is also easier to op-
erate, since it is configured as one device, instead of three separate ones. The developed induction logging equipment has
the same vertical spatial resolution as the Il probe, but enables to define the geoelectric parameters of reservoir layers with-
out involving other research methods.
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In addition to many other opportunities, the Practically, the geoelectric parameters of cross
borehole electric measurements enable to establish | sections can be measured in two ways: by direct
the two key points [1, 2]: how many carbohydrates | measurement, with the use of appropriate logging
are in the mine and where exactly they are in it? equipment, and by measurements of some aver-

The necessity to increase or, at least, to main- | age («imaginary») values, based on which the re-
tain the hydrocarbon yield implies the efficient | quired values are determined as a result of solving
use of borehole electric measurements that can | the corresponding inverse problem.
define the parameters of compound geological Thus, using the second method, the develop-
cross sections. Such cross sections (thin-layer, | ment of a new hardware and software complex
anisotropic collectors [3], abnormally low-resis- | becomes an iterative task: the designed equip-
tance collectors [4] residual oil-saturated collec- | ment must take into account the peculiarities of
tors, and «false» collectors [5], etc.), as well as | the algorithm for solving the inverse problem,
horizontally inclined and horizontal wells typical | and the algorithm for solving the inverse problem
for current conditions the Dnieper-Donets basin | must match the structural, technical, and physi-

(DDB) [6]. cal characteristics of the hardware |7, 8].
Since to evaluate the efficiency of any method
© MYRONTSOV, M.L,, 2018 of borehole electric measurements means to de-
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fine the geoelectric parameters of the cross sec-
tion [1, 2, 9], the requirement of high engineering
and measuring characteristics of the equipment is
not decisive any longer. Instead, the main ques-
tion arises [10]: do the achieved engineering and
measuring characteristics enable getting an exact
solution of inverse problem? The second method
opens a simplified way for carrying out R&D and
design of the hardware component of the hard-
ware and software complex for oil and gas well
electric measurements.

The main object of the electrometric study is
collector layer (reservoir bed), the main physical
property of which, in terms of electrometry, is
change in longitudinal conductivity (perpendic-
ular to the borehole axis) [11, 12]. If resistivity of
the near-well zone differs from that of the remote
zone, such a layer is called the invaded bed. To
study it, it is necessary to have several probes for
measuring conductivity at different depths.

There are two practically widely used physical
principles of studying the invaded beds [ 1, 2]: elec-
tric logging (EL) and induction logging (IL).

ELis used in wells filled with a conductive drill-
ing fluid (resistivity <0.5 ohm - m) or a fluid with
weak conductivity (0.5-5 ohm - m). IL is used in
wells filled with a fluid with a weak conductivity
or a nonconductive fluid (resistivity >5 ohm - m)
[13]. This division is rather arbitrary, but it is used
in the field of geophysical exploration of wells.

All three mentioned types of wells with differ-
ent conductivity are typical for the conditions of
DDB, so the creation of new electrometric equip-
ment implies the independent design of two dif-
ferent complexes for EL and IL.

Modern means of electrometry used by Ukrai-
nian geophysical companies of various forms of
ownership are divided into the three types [14]:
lateral log sounding (LLS) equipment that is a set
of potential and gradient probes of different opera-
tion depths [15] having a low spatial resolution [1,
2]; EL equipment consisting of a single focused
probe — lateral logging equipment (BC); equip-
ment consisting of one IL probe or the so-called
induction logging equipment (IL equipment).

In the conductive wells only LLS and LL are
used; in the low-conductivity wells, LLS, LL, and
IL are applied; in the non-conductive wells, only
IL is used.

However, the use of LLS + LL + IL complex
has significant disadvantages: in the boreholes
filled with non-conductive drilling fluids one can
do only one Il measurement that does not enable
to establish any variation of conductivity along
the layer. In the boreholes filled with high-con-
ductivity fluids one can do only one EL measure-
ment with a high spatial resolution, with changes
in conductivity along the layer recorded with a
low spatial resolution, i.e. it is impossible to es-
tablish changes in conductivity along thin forma-
tions; in the boreholes with a weak conductivity
where both methods (EL and IL) can be used
only two high-resolution measurements are re-
corded. It’s not enough for determining three re-
quired parameters of thin layer formation.

It can be shown by the example of interval of
well cross section (Fig. 1, drilling fluid resistivity
is 0.9 ohm - m), where the first diagram features
curves for LLS probes: A1.0M0.1N, A2.0M0.5N,
A4.0MO.5N, and A8.0M1.0N; the second one
shows LL and IL probes; the third and fourth dia-
grams bear curves of supplementary spontaneous
polarization potential (SPP) methods and gam-
ma-logging (GL), which help to establish invaded
beds. In fact, from the whole of LLS + LL + IL
only two high-resolution curves, LL and IL, are
distinguished. Hence, there is a limitation on the
thicknessofstudiedinvaded bed: for zoctosiproro
determination of its geoelectric parameters the
bed shall be thicker than 3—4 m. Such spatial res-
olution was sufficient in mid-20% century, when
this equipment was developed [1, 2, 13], however
it is certainly not enough not only for current con-
ditions of DDB, but also for many other oil and gas
deposits. In addition, the permissible error (20%
[16]) of measurement of each component of LLS +
+ LL + IL must be significantly reduced.

Proceeding from the above, the ultimate pur-
pose of research is to design an multi-probe log-
ging (more than 3 probes in each device) hard-
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Comparison of results obtained by different methods for electric measurements of oil and gas wells

ware with a high spatial resolution for separate
EL and separate IL measurements.

These facilities have been theoretically devel-
oped within the framework contest R&D Projects
of Institutions of the NAS of Ukraine, in 2012, with
Geophysical Equipment Nadra CJSC as partner
organization.

The multi-probe EL hardware with a high spa-
tial resolution has been developed due to combi-
ning normal logging devices, which enables to es-
tablish electric potential along the borehole axis
[17]. This enables solving the inverse problem
with a high accuracy [18] and, consequently, to mea-
sure required geoelectric parameters with a high spa-
tial resolution (up to 1 m, along the borehole).
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The multi-probe IL hardware with a high spa-
tial resolution has been developed due to proposed
method for improving measurement accuracy [19]
used in four-point probe IL equipment [20, 21].

In 2014-2017, respective R&D and design works
were done and full-scale mock-ups for each type
of hardware were made.

For their field testing a borehole with a weak
conductivity (fluid resistivity is 0.9 ohm-m) has
been selected. Fig. 1 shows log sheets obtained
using the multi-probe IL hardware (10.5, 10.85,
11.25, and 12.05 curves) and the multi-probe EL
hardware (EK1, EK2, EK3, and EK4 curves).
The selected depth intervals correspond to the
intervals in which the real fluid inflow is record-
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ed. One can see that in each interval, the readings
of the probes of each type of equipment differ,
which testifies to the existence of conductivity
gradient along the formation and the achieve-
ment of required spatial resolution of equipment
for specified borehole conditions.

It should be noted that the designed EL equip-
ment has a higher resolution than LLS + LL + IL and
is easier to operate, since it is configured as single de-
vice instead of three separate ones. The designed TL
equipment has the same spatial resolution as IL
probe, but enables to establish geoelectric parameters
of reservoir bed without using other methods.

The lower spatial resolution of designed IL
equipment as compared with EL hardware in the
studied borehole is explained by specific resistiv-
ity of drilling fluid, at which the EL method gives
more accurate results.

Hence, the objective to create a multi-probe
equipment for high-resolution electric measure-

ments of oil and gas wells has been successfully
achieved.

However, it should be noted that current, rath-
er low, prices for hydrocarbons (mainly, crude oil)
and the economic crisis will not allow the Ukrai-
nian geophysical corporations to essentially expand
and to upgrade the hardware, which adversely af-
fects the R&D works aiming at improvement of
geophysical surveys of oil and gas wells.

In addition, it should be pointed out that while
implementing R&D projects with direct involve-
ment of commercial entities there are technical
problems (prohibition against disclosure of infor-
mation containing commercial secret which na-
mes of specific deposits or wells is referred to).

The research can proceed towards manufactur-
ing other types of theoretically designed multi-
probe oil and gas well electrometric devices [22—
24] and carrying out their field tests under vari-
ous borehole conditions.
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BATATO30H/IOBA ATTAPATYPA EJTEKTPOMETPIT
HAOTOTA3OBUX CBEPIJIOBIH

Beryn. Po6oty 1pucBsiueHO CTBOPEHHIO allapaTypu eJIEKTPOMETPIl, 1110 3/[aTHA PO3B’SI3yBATH aKTyallbHi 3aBIAHHS Ie0-
dizmunoro focmiReHHs HaTOTa30BUX CBEP/IJIOBIH.

IIpoGaemaTuka. IcHyroua B Ykpaini anapaTypa He CIIPOMOKHA HaiiiHO BUPINIyBaTH 3aBAaHHs Teo(i3MIHOr0 J0CIi-
JUKEeHHST HaTOra30BUX CBEP/JIOBUH, 30KpeMa i1 B yMoBax /[HiipoBcbko-/{oHEIbKOT 3arajinHu.

Mera. CTBOpEHHSI Ta CBEPJIOBUHHE BUIIPOOYBAHHSI BI/IIIOBIZHOL aliapaTypu BUCOKOI IIPOCTOPOBOI PO3ILIBHOI 37aTHOCTI.

Marepiasm it Metou. /ljis cTBOperHs 6araTo30H0BOI allapaTypy eJIeKTPUYHOTO KapOTaKy BUKOPUCTAHO MOKJINUBICTD
[TO€IHAHHS TTOTEHITiaJI-30H/1iB, 1110 I03BOJISIE BCTAHOBJIIOBATH €JIEKTPUYHIH IOTEHITias B3/I0BXK OCi CBEP/JIOBUHM i, Bi/IIIOBI/I-
HO, JIO3BOJISIE PO3B’ A3y BATH 0OEPHEHY 3aj1a4y 3 BUCOKOIO TOYHICTIO. JL71s1 po3po0KI 6araTo30HI0BOI arapaTypu iy KIiiiHoro
KapoTasky BUKOPHCTAHO METO[ YACTOTHOTO CKaHyBaHHS.

Pesyabrat. Po3po6JieHo Ba pOTOTUIIN GATATO30HI0BOI AllapaTypy Ta MPOBEAEHO CBEPAJIOBUHHI BUIPOOYBaHHS iX ra-
6GapUTHUX MAKETIB B YMOBaX TEPUTEHHOTO PO3PI3y Ta IOPIBHSHO ii eeKTUBHICTD 3 BKe iCHYI0UOI0 B YKpaiHi anaparyporo.

Bucnosku. [IpornoHoBana anaparypa eJeKTPUYHOTO KapoTaky Ma€ BMIILY PO3/IJIbHY 3/1aTHICTD, HiXK KOMILJIEKC, 1110
CKJIAJIAETBCS 3 anapaTypu GOKOBOTO-KAPOTAXKHOTO 30HLyBaHHs, GOKOBOTO KAPOTasKy Ta IHAYKIIHHOTO 0JIHO30HI0BOTO Kapo-
Taxy, TAKOK BOHA € TIPOCTIIIOT0 B €KCILIyaTallii, OCKIIBKY KOHCTPYKTHBHO € O[HUM TIPUJIAJIOM, a He TPhoMa pisHuMu. Po3po6-
JIeHa amapaTypa IHAYKIIHHOTO KapoTaxKy, Ma€ TaKy 'K caMy BepTHUKAJIbHY IIPOCTOPOBY PO3IIbHY 3/MATHICTD, 5K 1 iCHyIOUa
OJ/IHO30H/I0BA anapaTypa iHAYKIIHHOTO KapoTaxy, ale HAaTOMICTh BOHA /I03BOJISIE BCTAHOBJIIOBATH Ie0e/IeKTPUYHI TapaMeTp
IJTaCTiB-KOJEKTOPIB 6e3 3aIyd4eHHs iHIIMX METOAIB JOCIiIKEeHH.

Kniwouoei cnoea: enekTpoMeTpis, eIeKTPUYHUIN KapoTaK, IHAYKIINHII KapoTasK, HadhTOra30Ba CBEPIOBUHA.
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MHOT'O30HIOBAS AIIITIAPATYPA
JIEKTPOMETPNU HEDTEIA30BbIX CKBAYKITH

Beeaenne. Pabora mocBsiiena CO3MaHmio alaparypbl JIeKTPOMETPHUI, KOTOPast CIOCOOHA PEIIAaTh aKTYaIbHBIE 33/~
91 Te0(U3NIECKOTO MCCIEI0BAHNS HeDTEra30BbIX CKBAKUH.

IIpo6aemaTuka. CyuiecTByionias B YKparHe anmaparypa He clocoOHa HaJIeKHO PelaTh 3aiaukt reo(pusndeckoro uc-
cyreloBaHusT HeTera3oBbIX CKBAKHH B YCIOBUX [{HENPOBCKO-/OHEIKOI BIIaIMHBIL.

IMexs. Coznanue 1 CKBAKWHHBIE HCITBITAHNST COOTBETCTBYIOIIEN alapaTypbl BBICOKOTO POCTPAHCTBEHHOTO Pa3peleHusl.

Marepuasst 1 MeTopl. VICII0b3ysT BOSMOKHOCTD 00beIMHEHNE TOTEHIINAI-30HI0B, KOTOPast O3BOJIIJIA BOCCTAHAB-
JIMBATD SJIEKTPUYECKHUIT TOTEHITMAI BOJIb OCH CKBAKUHBI M, COOTBETCTBEHHO, TTO3BOJIMIIA PENIATh OOPATHYIO 3a]1a4y € BbICO-
KUM IIPOCTPAHCTBEHHBIM PaspelieHreM, OblTa Co3/iaHa MHOTO30H/[0BasI allliapaTypa JIeKTPUYeCcKOro KapoTtaxa. Mcmombayst
METOJI YaCTOTHOTO CKAHUPOBAHMS CO3/I[aHAa MHOTO30H/I0BAST allllapaTypa MHIYKIIMOHHOTO KapoTasKa.

Pesyabrarpl. BoimosHensl CKBaKUHHbBIE MCIIBITAHUST TAOAPUTHBIX MAKETOB Pa3pabOTAHHON ammapaTypbl B yCIOBUSIX
TEPPUTEHHOTO Pa3pe3a 1 NPOBeIeHO cpaBHeHHe ee ahdOEKTUBHOCTH C y3Ke CYNECTBYIONIEH B YKpaHe alapaTypoil.

BsiBoabl. Paszpaborariiast armapaTypa aJIeKTPUYeCcKOro KapoTaxka uMeet 6oJiee BBICOKOE IIPOCTPAHCTBEHHOE pa3periie-
nue, yem BK3 + BK + AVK, Tak:ke ona GoJiee pocTast B 9KCILIyaTalliy, IOCKOJAbKY KOHCTPYKTHBHO IIPEACTABASET COOOM OMH
npubop, a He TpU pasHbIX. PaspaboraHuas anmapaTypa WHAYKIIMOHHOTO KapOTaXka, UMEET TaKoe e BEePTUKAIbHOE TIPo-
CTPaHCTBEHHOE paspelnrenne, Kak 1 3001 AVK, HO T03BOJIsIET ONpe/esisiTh re0aIeKTPUYeCKe TTapaMeTpPhl ILTACTOB-KOJIJIEK-
TOPOB Ge3 MPUBJICYCHUS TOTOTHUTETLHBIX METOJIOB HCCIICOBAHMSI.

Kniwoueswvie crosa: 9JIEKTPOMETPU, BHCKTDI/I‘IQCKI/Iﬁ KapoTaix, I/IHlIyKLH/IOHHHﬁ KapoTax, He(bTeI‘aSOBaH CKBa’KMHa.
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