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2 Clarivate

Analytics

NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

KasakcmaH Pecrniybriukacbl Ynmmbik fbinibiM  akademusicel "KP ¥FA Xabapnapbl. Xumusi XoHe
mexHorsoausi cepusicbl” fblnbiMU XypHanbiHbiH Web of Science-miH xaHanaHfaH Hyckacel Emerging
Sources Citation Index-me uHOekcmeryee KabblndaHraHbiH xabapralobl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH opi the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday moaceneciH
kapacmbipyOda. Webof Science 3epmmeyuwinep, asmopnap, bacnawnbinap MeH MeKkeMmeriepee KOHmMeHm
mepeHOdiai MeH canacbiH ycbiHalbl. KP ¥FA Xabapnapbi. Xumusi XeHe mexHonoaus cepusicbl Emerging
Sources Citation Index-ke eHyi 6i30iH KoFamOacmbIK YWiH eH 63eKmi xoHe 6edendi XUuMusinbIK FblribiMOap
6olbiHWa KoHmMeHmke adarndbifbiMbI30bl 6irndipedi.

HAH PK coobwaem, ymo Hay4HblIl xypHan «Mseecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6blin
npuHsm Ons uHOekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uUHOeKcupoeaHUU Haxodumcs 8 cmaduu paccmompeHusi komnaHuel Clarivate
Analytics dnss danbHeliwezo npuHamus xypHasa e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kayecmeo u
enybuHy koHmeHma 0r1s1 uccriedosamernel, asmopos, usdamerned u y4ypexdeHuli. BknoyeHue Vseecmusi
HAH PK e Emerging Sources Citation Index demoHcmpupyem Hawly rpusepxeHHocmb K Hauboree
akmyarnbHOMY U 8/USIMesIbHOMY KOHMEeHMY o XUMU4YecKUM Haykam 011 Hauleeo coobwecmaa.
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SEPARATE DETERMINATION OF THE AMOUNT
OF OIL EXTRACTED BY ONE WELL FROM TWO LAYERS

Abstract. The authors of this article proposed a different sampling technique for determining reservoir
productivity. Relative shares of two in common developed layers in the general output of one production well are
determined by vanadium content in oil of several neighboring wells working at each of productive layers separately.
Results of experiments on mixture of oil of different layers of the Kalamkas field showed that concentration of
vanadium changes in proportion to a volume ratio of oil that confirms competency of such offer.

Proposed method was approved in Martyshi and Southeast Kamyshitov multi-layer deposits. The flow rate of
the studied reservoirs according to EPR spectroscopy data is in good agreement with the field data.

Unconditional advantages of the EPR method are its productivity providing a possibility of receiving the
express — information, higher precision and reliability in comparison with the listed methods and no need to stop
production wells when sampling oil for a research.

Key words: electronic paramagnetic resonance, photocolorimetric method, vanadium paramagnetism, relative
flow rate, multilayer deposit.

To solve the problems of development of oil fields of Western Kazakhstan, R. N. Nasirov and others
[1] used data from the study of vanadium paramagnetism. It is found that in the Kalamkas field in the
context of productive layers there is a clear distinction between two independent deposits by paramagnetic
features and vanadium distribution (in the upper — 200g/t, in the lower -140g/t). This gave rise to the
authors argue that the vanadium content is a reliable correlation feature that can be used in monitoring the
development of oil reservoirs.

In the geological and field analysis of oil field development it is necessary to have information about
the operating modes of productive horizons. Basically, the control over the development of deposits is
carried out by geophysical and hydrodynamic methods. However, for the most complete study of oil
fields, it is desirable to use other, non-traditional methods of research.

In recent years, one of the promising areas of control over the development of the field was the study
of changes in the physical, in particular optical and paramagnetic properties of oils.

I. F. Glumov and A. F. Gilmanshin [2] used the photocolorimetric method of separate determination
of oil inflow into the well from two layers operated jointly. The relative debits were calculated according
to the formulas:

(K'"- k")
ql = (KII_ KI); (1)
qn =1—qy, 2)

where K ' K" K" - light absorption coefficients of oil, respectively, of the first, second layers and
produced oil.
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The main disadvantage of this method is the inability to directly determine the optical properties of
oils with a significant content of colored substances (asphaltenes and resins). The method of electronic
paramagnetic resonance (EPR) is devoid of this disadvantage and can be used for separate determination
of reservoir productivity. Paramagnetism of oils is mainly due to the presence of various complex
compounds V #*and free radicals (FR) in them.

V. M. Arbuzov with co-authors [3] proposed to replace the optical density with the concentration of
tetravalent vanadium or FR in formula (1) and then to determine the productivity of both layers. In one
specially drilled well, first samples are taken from the upper layer, then from the lower and, finally, a
mixture of oils from both layers is taken.

The authors of this article propose a different method of sampling to determine the productivity of
layers. The relative share of the two jointly developed seams in the overall production rate of one
producing well is based on the content of vanadium in the oil for a few nearby wells operating at each of
the productive strata separately. The results of experiments on the mixing of oils from different layers of
the Kalamkass field showed that the concentration of vanadium varies in proportion to the volume ratio of
oils, i.e. confirmed the validity of such a proposal [4].

In the present work, using the EPR method, a hew technique was introduced to the fields of Martyshi
and Southeast Kamyshitov.

The above-salt oil and gas deposits in the Ural-Volga region are characterized by a complex
geological structure, due to the influence of salt tectogenesis, as a result of which they are divided by
numerous discharges into individual wings, blocks, fields. Oil and gas resources are dispersed in these
blocks and fields.

The EPR method was used to estimate the productivity of the jointly operated | and Il layers of the
VII middle Jurassic horizon in the North-West wing of the Southeast Kamyshitov field. Well 7 receives
oil from these formations. The content of vanadium in the oils of | and Il layers is given in table.1. Its
average concentration in these layers is 24.7% and 13.3%, respectively. According to the formulas (1) and
(2) it is possible to determine the productivity of these layers: as a percentage of the well flow rate 7, it is
11 and 89, respectively. As can be seen from table 1, the productivity of the second layer is much higher
compared to the productivity of the I layer, which, in our opinion, is due to their different permeability
(table. 2) calculated from well testing data.

Table 1 - Determination of the relative flow rate of two jointly operated oil reservoirs at the Southeast Kamyshitov field

Well number Horizon age Oil production rate Data according to EPR
t/day | % V4 git | Oil production rate, %
The North-West wing
7 J2; VII (1+11 layers) 29,3 100 23,5 11 (I layer)
89 (Il layer)
19 J2; VII (I layer) 3,0 100 24,7 -
18 J2; VII (11 layer) 25,0 100 13,6
131 J2; VII (11 layer) 235 100 13,1
South-East wing
117 J2; VI 9,2 100 13,2 95(VI)
VI 5 (VII)
123 J2; VI 7,1 100 10,0 -
110 VI 33 100 71,1
16 J2; VII 3,2 100 68,3

Table - Permeability of oil-saturated reservoirs in the middle Jurassic horizons, mkm?

Horizon age | Permeability, 10" mkm
The North—West wing
J2; VII (1 layer) 0,338
J2;VII (11 layer) 0,505
South-East wing
J2; VI 0,217
Ja; Vil 0,070
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High productivity of the VI horizon in comparison with the VII within the South-Eastern wing can be
associated not only with its permeability (table.2), but also with the physical and chemical properties of
the oil lying in it. The flow rate of the studied layers according to EPR spectroscopy is in good agreement
with the field data.

To clarify the process of development by EPR, paramagnetic features of the oil field Martyshi
(between the Ural - Volga) were studied). The main object of the development here consists of | the
Neocomian and the Aptian - Neocomian horizons. According to the results of the development in previous
years, it was assumed that the I Neocomian horizon either does not participate at all in this process, or
takes a small part in it. To find out the share of the Neocomian horizon | in the total flow rate, the EPR
method was used to analyze the vanadium content in the oils selected from the wells of joint operation of
the 1 Neocomian and Apt - Neocomian horizons, as well as only the Apt - Neocomian horizon.

The average value of vanadium content from the oil of jointly operated horizons is 6.72 g/t, from the
oil of the Apt - Neocomian horizon is 6.78 g/t. Apparently, the proximity of these values means that the
Neocomian horizon | is practically not developed. The main reason for this, in our opinion, is a significant
difference in the permeability of the layers, despite the fact that the other reservoir properties of the layers
and the physico - chemical properties of oils are close. Permeability of the Apt - Neocomian horizon is
0,414 mkm?, | Neocomian is 0,143 mkm?.

Thus, based on the data obtained by the EPR method, it is possible to recommend the | Neocomian
horizon of the Martyshi field for the development of an independent well grid.

In conclusion, it should be noted that in the practice of operating multi-layer oil fields in individual
production wells, several productive deposits are often combined into one development object. Under
these conditions, the possibility of determining the share of each deposit in the total well flow rate is a
very complex and extremely important problem.

The undoubted advantages of the EPR method are its performance, which provides the possibility of
obtaining express information, higher accuracy and reliability compared to the above methods and the
absence of the need to stop producing wells when sampling oil for research [5,6].

EXPERIMENTAL PART

EPR spectra were recorded on the E-12 spectrometer of Varian company. We have found EPR signals
from vanadium ions in the oils of the studied fields. For the determination of concentrations used the most
intense line hyperfine structure (HFS) of complexes of tetravalent vanadium [5,7]. The standard
concentrations were the oil from Urichtau field (from well 8) with known vanadium content (27,6 g/t).
Samples of oil before the analysis was subjected to purification from associated water and solids by
centrifugation (centrifuge T-22) when the rotation frequency of 4000 rpm. The oil samples prepared in this
way were sealed in order to avoid evaporation of gasoline fractions into glass ampoules 0.2 cm in diameter
and 10-15 cm in length.

Gratitude. The authors express their gratitude to the head of the laboratory of electron paramagnetic
resonance (EPR) of Institute of Organoelement compounds from Russian Academy of Sciences - S. P.
Solodovnikov for assistance in recording the spectra of oil on the EPR spectrometer.

CONCLUSIONS

We have proposed a different, simpler sampling technique for determining reservoir productivity. The
relative flow rates of the two jointly operated formations are determined by the measurements of wells
located near the two layers being operated simultaneously. The proposed method is tested in the multi-
layer fields of Martyshi and Southeast Kamyshitov. The flow rate of the studied layers according to EPR
spectroscopy data is in good agreement with the field data.
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1X.JlocMyXaMeI0B aThIHAAFbl ATBIpAy MEMIIEKETTIK YHHBEPCHTETI;
2 Peceii Frutbim Axagemusicoiabiy A. H. HecMessHOB aThIHIAFbI 3JIEMEHTOOPTaHUKAJIBIK
KOCBUIBICTAap MHCTUTYTHI, Poccus, MockBa

EKI TYPJII KABATTAH BIP CKBA’KMHA KOMEI'TMEH OHAIPVIETIH
MYHAMIBIH )KEKE KABAT BOMBIHIIA JTEBUTHIH AHBIKTAY

AnHoTanusi. ByJ1 ’KyMbIC aBTOpIIapbl Kenl KabaTThl MyHail KeHIIITepiHEH OHIIPLTiTeH MyHai MeJIIepiHiH, ap
KabaTTaH MyHail 1€OMTBIH aHBIKTAY YIIiH MyHail YITiCiH amynslH Oackamia sficiH ycelHaasl. Exi Typui kabatTaH Oip
CKBO)XMHA KOMETIMEH aJiblHFaH MYHai/IbIH KOCIACHIHIAFbl BaHAIWH MOJIIEPiH, OHbIH MaHbIHAA OpHATACKaH JKEKe
KabaTTap MeH )KYMBIC )KacalThIH CKBR)KWHA MYHaWbIH/IaFbl BaHA M MOJIIEPIMEH CaJIBICTHIPY KaXeT.

byn opic Mapteimm sxoHe Onryctik LIbiFbic Kamummri ken kabaTThl MyHal KEHIIITEpiH/IE ChIHAKTAH OTTI.
3eprrenreH KabatrapablH OIIP  CHEKTpOCKONHS KOMETiMEH aHBIKTAJIFAaH BaHAAWN MeJIIepiMeH eCeNTeNreH
MaiMeTTep OYJI TapH30HTTAPABIH OHAIPICTIK TeOJOTHSIBIK NeOUTTepl MEH TOJBIK colikec keneni. COHBIMEH KaTap
TOCUIIIH iCKe acybl VINiH KepeKTi MyHall YITiiepiH any Ke3iHAe MYHall eHIipiCTIK YHFBUIAPABI TOKTATYIBIH KajKeTi
KOK.

Tyiiin ce3aep: dICKTPOHMABIK MapaMarHUTTIK PE30HAHC, (HOTOKOIOPHMETPII SMiC, BaHAIUH MapaMarHUTH3MI,
CaNBICTRIPMAITBI AEOUT, KOTIKA0ATTHI MyHal KEHIIII.

VJIK 546.881:553.982:538.113
P.H. Hacupos?, I'.K. Baiimykamesa?, C.II. Co1010BHAKOB?

! Atbipayckuii rocyiapcTBeHHbIH yHuBepcuTeT um. X, JlocMyxameioBa
2 ®I'BYH HHCcTUTYT 31eMeHTooprannyeckux coepunenuii um. A. H. Hecmesnosa PAH, Poccus, Mocksa

PA3/EJIbHOE OIIPEJEJEHUE KOJUYECTBA HE®TH,
JTOBBIBAEMOM OJTHOM CKBAKUHOM U3 JIBYX IIJIACTOB

AnHoranusi. OTHOCUTENILHBIC OJH JBYX COBMECTHO pa3pabaThlBacMbIX ILIACTOB B OOIIEM 1eOUTE OMHOU
JOOBIBAIOIICH CKBAYKHHBI OINPEICNISIOTCS IO COACPKAHHIO BaHAIUS B HE(DTH HECKOJBKUX COCEIHHMX CKBAXKHH,
paboTaronx Ha KaXJOM W3 TPOAYKTUBHBIX IUIACTOB pPa3ieNbHO. Pe3ynpTaThl SKCIEPUMEHTOB IO CMEMIEHUIO
HedTel pasHbBIX TIacTOB KamaMkacCKOro MecTOpOXKIEHHUS! TMOKa3aldH, YTO KOHIICGHTpAIWsl BaHAJAUS H3MEHSETCS
MIPOIOPIIMOHATIBHO 00BEMHOMY COOTHOIIICHUIO He(TEH, T.€. MOATBEP AN IPABOMOYHOCT TAKOTO MPEII0KCHUS.

[Ipennaraemsliii croco® anpoOUpoBaH B MHOTOIIIACTOBLIX MECTOpOXKAeHUIX MapTeimu u KambrmuroBoe HOro
— Bocrounoe. /IeOUT M3y4eHHBIX TIACTOB MO JaHHBIM D[P crieKTpOoCKOIH XOPOIIIO COTMIacyeTcs ¢ MPOMBICIIOBBIMHU
JTAHHBIMH.

BesycnoBHbIMU TipenMyInecTBaMu MeToma OIIP  SBISIOTCS €ro NpOW3BOAUTEIBLHOCTH, OOECICUUBAIOIIAS
BO3MOKHOCTh TIOJYYEHHUs dKcrpecc — wHpopMaImu, 0oiee BBICOKAas TOYHOCTh U HANIC)KHOCTH IO CPAaBHCHHIO C
MIEPEYHCICHHBIMA METOJaMH U OTCYTCTBHE HEOOXOIMMOCTH OCTaHOBKH JOOBIBAIOIINX CKBaXKWUH IPU OTOOpE MpoOd
HE(PTH IS UCCIICIOBAHUS.

KiamoueBble cia0oBa: DJEKTPOHHBIM  MMapaMarHUTHBIA  PE30HAHC, (OTOKOIOPUMETPUYECKHH  METO],
rapamMarHuTH3M BaHAIMsl, OTHOCUTENBHBIN T1e0UT, MHOTOILUIACTOBOE MECTOPOXKIECHHE.
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Baimukhasheva G.K. - Atyrau State University named after Kh. Dosmukhamedov, gaini.baimukasheva@mail.ru,
https://orcid.org/0000-0003-4695-9543;

Solodovnikov S.P. - A.N. Nesmeyanov Institute of Organoelement Compounds of Russian Academy of Sciences (INEOS
RAS), Russia, Moscow
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Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint,
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere,
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. In particular, translations into English of papers already published in another language are not
accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked
by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.
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