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FEATURES OF DISTRIBUTION OF THE PARAMAGNETIC CENTERS
ON THE AREA OF THE EMBA REGION OIL DEPOSITS

Abstract. In the oils of the studied deposits, we detected EPR signals both from vanadium ions and free radicals
(FR). To determine their concentration, the most intense hyperfine structure (HFS) line was used among the
complexes of tetravalent vanadium and a single line from the FR.

There are no noticeable changes in the density of oil and the content of vanadium (I'V) in the studied wells from
the area of the Jurassic deposits of the Kyrykmyltyk field. It means that on the area, vanadium content in oil does not
change, there is a good hydrodynamic communication between production wells, and the Kyrykmyltyk field belongs
to low-vanadium oils.

Uniform distribution of vanadium, is also established on the arca of the Aptian, Albian and Cenomanian
horizons of the Kara-Arna deposit and it characterizes the conditioned content of vanadium. Between the producing
wells of each horizon there is observed a good hydrodynamic connection.

Keywords: complex of tetravalent vanadium, free radical, electronic paramagnetic resonance, hydrodynamic
communication, conditioned content.

During the work [1], we found that in the Kalamkas ficld 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 [2].

The study of the relationship between the content of stable free radicals and vanadium (IV) in oils
with their physical and chemical characteristics in the area of deposits was carried out at the fields of the
Emba region.

The interdependence between the content of vanadium (IV), FR and physico-chemical characteristics
of the oils were studied on the area of the oil horizon for deposits Kyrykmyltyk, Kara-Arna, Karsak and
Iskene. Table 1 shows the results of the determination of vanadium (IV) in oils with different densities.
Table 1 shows that the relationship between oil density and vanadium (IV) content is quite clear.

The analysis of paramagnetic features of the oils of Permo-Triassic deposits of the Iskene field
showed that the oils of the southern and northern fields differ sharply in vanadium (IV) content. The
industrial content of vanadium was found in the oils of the southern field (table 1). These oils are also
characterized by high density and high sulfur content (S >1 %) in contrast to lighter and low-sulfur (S >0,2
%) oils of the northern field. This indicates various hypergenic changes in the oils of the southern and
northem fields.

IV Albian horizon deposits of Karsak — the most significant in size, thickness and oil reserves. IV
Albian horizon quality oil is divided into two types: west field - low-sulphur, resinous, paraffinic; cast
field - low-sulphur, low-resinous, high-paraffinic, oily. As can be seen from table 1, the average vanadium
(IV) content in the oils of the IV Albian horizon of the western field is 3 times higher than in the oils of
the IV Albian horizon of the eastern field. Such a difference in the area of this productive horizon oil
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seems to be explained cither by the losses of light oil fractions of the western field, or by their migration
towards the eastern field.

Table 1 — Results of the study of correlations between density and vanadium (IV) content

Field The number Oil extraction Horizon Change interval
of the sltludled interval, m Densiy, o
Wels g/em’ content, g/t of oil

Kyrykmyltyk 8 911 -943 Jurassic 0,8867 - 10,8919 2,38 -3,38
Kara-Ama 11 1047- 1074 Aptian 0,9153 110,1
Iskene:

south field 2 659-948 Permo-Trias 0,9294-0,9397 167,7-190,8

north field 6 704-773 Permo-Trias 0,7974-0,8144 0,7-1,3
Karsak:

west field 2 472-782 IV albian 0,9051 9.2

east field 3 481-484 IV albian 0,8612 2,9

For the oil fields Kyryvkmyltyk, the relationship between FR and vanadium (IV) content, as well as
physico—chemical characteristics (table 2) also established. As can be seen from table 2, the content of
sulfur, resins, asphaltenes, as well as the density and viscosity of oils increases with the content of FR and
vanadium (IV). There is an inversely proportional relationship between the content of FR and vanadium
(IV) in oils and the yield of gasoline fractions. From the results of the analysis of the data given in table 1,
it is also seen that with the increase in the depth and age of the oil, the vanadium (IV) and FR content
naturally decreases. The highest content of vanadium (28 g/t) and FR falls on the Cretaceous oil
horizon(table 2). Vanadium content is much higher in the lower Cretaceous deposits than in the Jurassic
deposits. A similar change is characteristic of the FR. In Cretaceous sediment oils the concentration of FR
is higher than in Jurassic sediments.

Table 2 - The interdependence between the content of vanadium (IV),
FR and physico-chemical characteristics of low-vanadium oil from Kyrykmyltyk field

Content, % Fraction
: output up
well ||| e g g1 | Density, Aspha | 10300°C.
number R g R spin/g glem’ Sulfur | Resin Ite- %
g/t
nes
11 389..396 | Cret 232 0.2 0,927 0,35 20,0 2,56 24,1
15 930...931 A 2.6 2.5 0,888 0,25 8,46 0,76 28,8
11 883...891 A 33 3,6 0,887 0,39 9,01 0,29 323
16 469..477 | Cret 17.9 5,9 0,914 0,38 14,1 1,19 15,2

At the studied wells on the area of Jurassic deposits of the field Kyrykmyltyk, there are no noticeable
changes in density of oil and the content of vanadium (IV) (table.1).

The uniform distribution of vanadium (IV) is also established on the area of the Aptian horizon of the
Kara-Ara field with the help of oil samples obtained from 11 producing wells (wells 23, 25, 53, 57, 66,
68, 82, 86, 87, 90, 94) (table 1). For illustration, figure 1 shows the central parts of EPR spectra of oil
samples of the Aptian horizon of the Kara-Arna field (wells 82, 57, 90, 53), taken at -196° C, containing
one of the components of the hyperfine vanadium (IV) structure and the singlet from FR.

Table 3 — Change of paramagnetic properties of Kara-Arna oil field

The number of the Oil extraction Age The average content of FR-1077,
studied wells interval, m vanadium, g/t spin/g
3 510-555 Cenomanian 60,08 8,36
4 967-983 Early Albian 93.83 10,95
11 1047-1074 Aptian 102.44 11,99
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Figure 1- The Central part of EPR spectra of oils on the area of the Aptian horizon of the Kara-Ama field
(wells 82, 57, 90, 53) in -196° C: a — central line of HFS from vanadium (IV); 6 — signal from FR.
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As can be seen from figure 1, the intensity of both lines of the spectrum of oil samples for the studied
wells is the same. This suggests that the area content of vanadium (IV) and FR in oil does not change and
between producing wells, there is a good hydrodynamic connection. It should be noted that the Aptian
horizon is also characterized by the conditioned content of vanadium (IV), so the industrial significance of
the Kara-Arna deposit as a raw material source of vanadium is of practical interest.

Vanadium content in the oils of Emba district ranges from 60 to 126 g/t. Its increased concentration is
characterized mainly by oil fields in the area, located on the South Emba uplift. Oils also belong to the
category of high viscosity with a high content of resin, asphaltene and low — light fractions [3-5]. The
work [6,7] discusses the patterns of distribution of vanadium in low-vanadium oils ( <10g/t) from East
Moldabek, North Kotyrtas, Kemerkol, South Kozha, South Tagan and Kyrykmyltyk fields, located in the
South-Emba oil and gas province, united by the interdependence between the vanadium content and the
physical-chemical parameters of these oils.

EXPERIMENTAL PART

EPR spectra were recorded on the E-12 spectrometer of “Varian” company. We have found EPR
signals from FR and 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) and FR (7.8-1017 spin/cm3). 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 Organoclement compounds from Russian Academy of Sciences - S. P.
Solodovnikov for assistance in recording the spectra of oil on the EPR spectrometer.

CONCLUSIONS
Evaluation of the composition and properties of oils based on the study of their paramagnetic features
is proposed as a necessary step for the selection of rational ways of oil development.
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"X JlocMyXaMeoBa aThIHAAFE! ATHIDAY MEMICKETTIK Y HHBEPCHTET,
*ATBIpay MyHAif KOHE Ta3 YHHBEPCHTETI

EMBI MYHAU KEHIMTEPIHJAE TAPAMATHUTTI
OPTAJIBIKTAPJAbIH KABATTAPBI BOUBIHIIIA TAPAJIY EPEKIINEJIKTEPI

Amnnoranmusi. bi3 3epTTereH KeH OpHHJapAarkl MyHaiimapia BaHaauit HOHBIMEH Goc pagukamiapiasiy Ol1P
CUTHALJIAPHl aHBIKTaI bl KOHIEHTpanusIChlH aHBIKTay VIMIH TOPT BaJeHTTI BaHAIUM KeIIeHIHIH jkoHe Olp CHI3BIKTaH
TYPaTHIH 00C paJuKaIBIH aca KiHimke KypbUIHIMBIH (AXKK) maitpamaHibik.
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KpIphIKMBUITHIK, KCHOPHBIHBIH I0pa MOTIHAICIHIH ay/faHbl OOMBIHINA MyHAdl THIFBI3ABEBIHEIH koHe BaHaaumy (IV)
MOJITIepIHiH 3epTTeNIeH VHFBIMatap OoMbIHITa e3repici OalfkamraH oK. Byl jgereHiMiz  ayjgaH GoMbIHITIA BaHaIui
MOJIIEPIHIH ~ ©3TepMeiTIHIH , SFHM 3epTTeIreH VHFBIMalap apachlHAad JKaKChl THAPOMHAMEKAIBIK OaifmaHbic Gap
eKCH/IITTH COHBIMCH KaTap KpIPRIKMBUITHIK KCHIMIHIH MYHaH KypaMbl TOMEH BaHAIAI MyHalFa KaTaTbIHBH KOPCETe .

Kapa ApHa MyHalt KeHIIiHIH GapibIK 3epTTeNreH KabaTTaphl Ooitbiamia Banaamit (IV) skeHe 0Goc pajukaiiapblH
TYPAKThl OOJTATHIHBIH KOHE OJAPJIbIH KOFAPFEL BAHA I TOIKA KATATEIHBIH KOPCETE/IL. .

Tyiiin cesmep: TepT BaleHTTI BaHajguil KelieHi, 0OC pajUKal, OHICKTPOHABl MAPAMATHHTTIK PE30HAHC,
THJIPO IMHAMUKAIBIK OalfTaHbic, OHIIPICTIK MOJIIIep.
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OCOBEHHOCTH PACIIPEAEJIEHUA MTAPAMATHUTHBIX HEHTPOB IO ILTOINA AN
B HE®TAX MECTOPOXAEHUU SMBUHCKOI'O PETHOHA

Annoranus. B HedTIX H3yUeHHEIX MECTOPOXACHUYM HaMu oOHapyskeHEI curHanel OIIP kak OT HOHOB BaHa-JWd,
Tak u oT cBoboxHBIX pamukanoB (CP). [Jl1g ompemereHns WX KOHIGHTpaIlMH HCIOIB30BATACh HaMOONIee MHTCHCHUBHAS
nuHus cBepXToHKOH cTpykTypsl (CTC) cpemm KOMIUIEKCOB YeThIpeX BaJIEHTHOTO BaHa AW U ouHOoUHas JTuHus oT CP.

Ilo mromaau IOPCKUX OTIOXEHHH MecTopokeHHsS KEHIPHIKMBIITHIK 3aMeTHBIC W3MEHCHHS IUTOTHOCTH HeTH U
cofepkaHns BaHaami (IV) Mo WM3YYeHHBIM CKBaXWMHAM HE IIPOSBIIOTCS. DTO TOBOPHT O TOM, UTO IO ILTOIATH
coflepkaHMe BaHa[uiI B HedTIX He U3MEHACTCS, MekJy NOOBBAIONIMMHE CKBa)XMHAMH HMeeTcs XOpOIIast
THApOAMHAMIIecKas CBI3b, 4 CaMo MecTOpoxk ieHre KEIPEIKMBITTEIK OTHOCHTCS K HI3KOBAHAa IUCBEIM He(DTSIM.

PaBHOMepHOe pacIipesielicHHe BaHAJIWS, TaK ke YCTAHOBICHO IO IUIOMAM allTCKOTO, albOCKOTO M CeHOMAaHCKOTO
TOPH30HTOB MecTopoxeHms Kapa-ApHa ¥ OHO XapaKTepHsyeT KOHAWIIMOHHOE cojepkaHHMe BaHagus. Mexay
JOOBIBAIONTIME CKBaKMHAMH Kak JOTO TOPH30HTa HaOIoJaeTcsl XOpoIas TH/PO IMHAMIIECKas! CBI3b.

KmroueBnle cioBa: KOMIDIEKC UeTBIPEXBaJIGHTHOTO BaHaIWs, CBOOOJHEIN pajuKal, 3IeKTPOHHBI MapaMaTHUTHBIH
pe3oHaHC, THPO MHAMHUIECKas! CBSI3b, KOHUITIOHHOE CO/IepKaHHe.
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