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Posenadaemovcs npobrema, noe’szana 3 HeOOHO3HAYHICMIO PE3YAbIMAMIE KOMWIEKCHUX 2e0@i3uyHux 00ci-
Ooicenv ceeponosur (I1IC), wo 6iobusacmvcs y 3HUNCEHHT eeKMUBHOCTNT THMEPAPEMAYIUHUX MEMOOUK OKPEeMUX
Memo0is i, K HACTIOOK, ¥ NPONYCKY HAPYMO2a30HACUYEHUX NOPIO-KOIeKMOpi6. ¥V 38 3Ky 3 yum npoeedeHo auaiz
pe3yabmamie 2amMma-Kapomanxicy, Memooig camoyuHHoi noaapusayii, a0epHo-maecHimuozo kapomasicy. Ompumana
iHghopmayin excnepumMeHmManbHux 00CaiONHCeHb KepHy 003600 6CMAHOBUMU NPUYUHU BUKPUBTIEHHS NOKA3i8 pa-
0I0aKMUBHO20 MA eNeKMPULUHO20 KAPOMAICIB, AKI 3HAUHO BNIUBAIOMb HA 6EIUYUHY THIMEHCUBHOCMI PAJIOAKMUEHO-
20 ma enekmpuuHo20 nouaig. Taxkosc npogedeHo OOIPYHMYEAHHS ePeKMUBHOCMI 2aMMa-CNeKMpPOMEMPUYHO20 Me-
Mmooy ma s10epHO-MASHIMHO20 pe30oHancy. Bcmanosneno, wo y cknadi mampuyi nopio Heo2eHO8UX GIOKNAOI8 HAAGHI
MiHepanu cynvbghioie, OKucie, 00 CKIAdy SAKUX 6X005Mb 3130, MiOb, AIOMIHIN, WO 00YMOBNIOE eNeKMPOHHY NPOGIO-
Hicmb HagmozasoHacuyeHux niacmis. 3a pe3yrbmamamu 2amma-cneKmpomempii y Mmampuyi 6Ka3aHux euwye nopio
BU3HAYEHO BIOMIHHI 8I0 KIAPKOBUX GMICIU YPAHY, MOPil0 Ma KAilo, AKi GNAUEAI0OMb HA EIUYURY NPUPOOHOI iHmMeH-
cugHoCmi padioakmusHO20 NOJsL HACUYEHUX 8YeNe800HAMU NOpPIO. [[isi 00HO3HAUHOT OYIHKU NPpUpoou niosuuyeHoi
PadioakxmusHOCmi Nopio Heo2eHO8UX 8IOKAAI6 PO3POOIEHO MEMOOUKY BUSHAUEHHS KIAPKOB020 BMICIY pAdioaKmi-
6HUX [30MONI6 YPAHY, MOPIK Ma KAiio 3 pO3PAXyHKOM ix cniegionowenns. Hasedeno pezyiomamu ob6rpynmyeanns
3ACMOCYBAHHS HOGIMHIX MEXHOAOSIUHUX MEemOooi8 2aMMA-CNeKmpoMempii ma si0epHO-MAZHIMHO20 PEe30HAHCY Ni0
yac eudinents npodykmusHux nopio. Ceeponosunti 0ocioxcenns memooom AMP eghexmuero modicha nposecmu 3a
oonomozorw AAMK-3 — anapamypu s0epHo-macHimHO20 Kapomasicy, a 2amma-cneKmpomempilo — 3a 00NOMO2U
anapamypu CI'CM-2.

KittouoBi ciioBa: raMMa-CIieKTpOMETpisi KEPHOBOT'O MaTepialy, iOHHA Ta eJeKTPOHHA MPOBIAHICTh, KIaApKOBHH
BMICT PaJlioaKTUBHUX 130TOTIB, MarHiTHUN pe30HaHC.

Paccmampueaemces npobnema, cesizannas ¢ HeOOHOZHAYHOCIbBIO PE3YIbMAMO8 KOMNIEKCHbIX 2e0PUULECKUX
uccreooganuii cksaxcutr (I'UC), umo ompasicaemcs 8 CHUdCeHUU 3P HEeKMUEHOCmU UHMePNPEeMAYUOHHBIX MEmMOOUK
OMOENbHBIX MEMOO08 U, KAK Cle0Cmaue, NPONycKe HeQmea3oHaACbIUeHHbIX NOPOO-KOIeKmMopos. B ceaszu ¢ smum
npoGedeH aHaIU3 pe3yabmamos 2amMma-Kapomaicd, Memooo8 CHOHMAKHOU NOJAPU3AYUL, AOEPHO-MACHUMHO20 Ka-
pomadica. Tlonyuennas un@opmayus IKCNEPUMEHMATbHBIX UCCIEO08AHUL KePHA NO36OIUNA YCIMAHOBUMb NPUHUHbL
UCKPUBTIEHUsL NOKA3AHUTI PAOUOAKMUBHO20 U INEKMPUUECKO20 KAPOMAICEU, KOMOpble 3HAYUMENbHO GIUSION HA
BEUNUHY UHMEHCUBHOCMU PAOUOAKMUBHO20 U DJIEKMPULecKo20 noiel. Buecme ¢ smum nposedeno obocnosanue
ahpexmusHoCcmU 2AMMA-CREKMPOMEMPUYECKO20 MEMOOA U SIOEPHO-MASHUMHO20 PEe30HAHCA. YCMAaHOBIEHo, Ymo 8
mampuye nopoo He02EeHOBbIX OMIONCEHUN NPUCYMCMBYION MUHEPATbl CYTb@PUO08, OKUCLO08, 8 COCMAE KOMOPbIX
6x005m dicene3o, medb, ANOMUHUL, HATUYUE KOMOpble 00YCI06IUBAEI INEKMPULECKYIO NPOBOOUMOCTNL Hepmeza-
30Hacviyennblx niacmos. Io pesynomamam 2amma-cneKmpomMempuy 6 COCmage Mampuybl 8biiie YKA3aHHbIX NOPOO
BbISIGNIEHBI OMIUYHBIE OM KIAPKOGHIX COOEPAUCAHUS YPAHA, MOPUSL U KAUsL, KOMOpble ONPeoesiom 6eUYUHY eche-
CMBEHHOU UHMEHCUBHOCU PAOUOAKMUBHO20 NOJISL HACLIYEHHBIX Y2Ne8000po0amu nopoo. [l 00HOZHAYHOU OYeHKU
npUpoOvl NOBLIULEHHOU PAOUOAKMUBHOCHU NOPOO HEO2EHOBLIX OMIONCEHU PA3PAOOMARA MEMOOUKA ONpedeleHUs.
KAAPKOBO2O COOEPIHCANUS PAOUOAKMUBHBIX UZ0MONO08 YPAHA, MOPUSL U KAUSL C PACCHUMAHHLIMU UX COOMHOULEHUS1-
mu. Tlpusedenvl pesyivmanuvl NPUMEHEHUs: HOGEUUUX MEXHOIOSUYECKUX MEeMO008 2aMMa-CneKmpomempuu u soep-
HO-MACHUMHO20 PE30HAHCA NpU BblOeleHUU NPOOYKMuUGHbIX nopod. Ckeadcunuvle ucciedosanusi memooom SMP
apexmusno modcno nposecmu ¢ nomowvio AAMK-3 — annapamypul 10epHO-MACHUMHO20 KAPOMANCA, d 2AMMA-
cnexmpomempuio — ¢ nomowwto annapamyput CI'CM-2.

KiroueBbie ciioBa: raMMa-CrEKTPOMETPHs KEPHOBOTO Marepualia, WOHHAS M DJICKTPOHHAS MPOBOJHUMOCTD,
KJIAPKOB COJ/IEP)KAHUE PAJMOAKTUBHBIX H30TOMOB, MATHUTHBIN PE30HAHC.
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The article considers the problem related to the ambiguity of logging results, which is reflected in the reduc-
tion of the efficiency of certain interpretive methods, and as a consequence of oil and gas reservoirs omission. In
this regard, the analysis of the results of gamma logging, spontaneous polarization methods, nuclear magnetic log-
ging, were conducted. The received information of experimental researches of cores, has allowed establishing the
reasons of distortion of radioactive and electric logging indications which considerably influence on size of radio-
active and electric fields intensity. In addition, the efficiency of gamma-spectrometric method and nuclear magnetic
resonance is substantiated. It is established that the matrix of rocks of Neogene sediments contains minerals of sul-
fides, oxides, which include iron, copper, aluminum. That determines the electronic conductivity of oil and gas satu-
rated layers. Different from clarke, the contents of uranium, thorium and potassium were determined in the matrix
of the above mentioned rocks according to the results of gamma spectrometry. These elements affect the value of the
natural intensity of hydrocarbon-saturated rocks’ radioactive field. A method for determining the carke content of
radioactive isotopes of uranium, thorium and potassium with the calculation of their ratio was developed to unam-
biguously assess the nature of the increased radioactivity of Neogene rocks. The results justify the use of the latest
technological methods for gamma spectrometry and nuclear magnetic resonance in the allocation of productive
rocks. Well research by NMR can be effectively performed with the help of NMLE-3 (nuclear magnetic logging

equipment), and gamma spectrometry can be conducted with the help of SGSM-2.
Key words: gamma spectrometry of core material, ionic and electronic conductivity, clarke content of radioac-

tive isotopes, magnetic resonance.

Introduction

Increasing hydrocarbon production in Ukraine
involves the development and introduction into
production of new promising methodological and
technological tools based on modern advances in
science and technology. The analysis of the geo-
logical structure of lithological and stratigraphic
strata of prospecting and exploratory wells of the
Bilche-Volytska zone of the Pre-Carpathian Fore-
deep showed that in each case there are peculiari-
ties both in the structure of the rock matrix and in
the conditions of its formation. It can be stated that
the Sarmatian, Baden and Helvetic stages are the
most promising rock complexes for hydrocarbon
production in the Neogene system. The complexity
of the geological structure of the Neogene system
is caused by the rhythmicity and fine layering of
the sand-clayey layers, as well as the lack of reli-
able marker horizons when performing correlation
constructions.

Analysis of published works

In articles [1, 2] the theoretical aspects of nu-
clear physics methods, in particular nuclear mag-
netic resonance and gamma spectrometric re-
searches conducted in classical geological cross-
sections with ideal conditions for the formation of
hydrocarbon deposits, are substantiated in detail.
Given the complicated structure of lithological and
stratigraphic strata of Neogene deposits of the Bil-
che-Volytska zone of the Pre-Carpathian Foredeep,
it is necessary to adapt the theoretical foundations
of nuclear physics methods to specific geological
cross-sections of oil and gas-saturated reservoir
rocks.
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Coverage of previously unresolved parts of
the overall problem

An unambiguous characteristic of the litho-
typeis not always obtained in the process of re-
search of complexly constructed cross-sections by
a standard set of logging. This ultimately leads to
the omission of oil and gas saturated rocks. There-
fore, taking into account the peculiarities of the
geological structure of lithological and strati-
graphic strata of the Bilche-Volytska zone of the
Pre-Carpathian Foredeep, it is necessary to sub-
stantiate the methodological development, as well
as the introduction of new nuclear physics methods
and applied guidelines in the complex of logging.

Objectives of the article

To substantiate the efficiency and reliability
of the latest technologies on the example of geo-
logical cross-sections of gas and condensate fields
of Bilche-Volytska zone of the Pre-Carpathian
Foredeep. In particular, the efficiency and reliabil-
ity of nuclear magnetic resonance and gamma
spectrometry in the process of complex geophysi-
cal research will be considered in more detail.

The main tasks

To perform a comprehensive analysis of geo-
logical and geophysical surveys that were con-
ducted in wells of gas and condensate fields with
complex geological structure within the Bilche-
Volytska zone of the Pre-Carpathian Foredeep.
The second task is to substantiate the optimal set of
geophysical surveys for unambiguous determina-
tion of reservoir rocks and to assess the saturation
nature in cases of complex geological structure.
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Figure 1 — Correlation scheme of the productive part of Neogene sediments constructed by the
results of electric logging in wells NeNe7-2-8 of Letnyansky gas field
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Table 1 — Mineralogical composition of the rock matrix according to the results of
petrography and gamma spectrometric analysis

Depth Lithological Minerals that contain .The'coqtent of o
of core characteristics of rocks radioactive elements radu;actlve 1sotope4s, %
selection, m Th-10 | U(Ra) 10 | K
Well No 2
Gravels and stone with zircon - 1%,
1673,5 chlorite-clayey cement chlorite — up to 5% 2,5 .3 0.8
chlorites - (3-5%),
Gravelly-sandy accumulation of
1674 limestone phosphorites with red 2,5 L3 L4
fragments of chalcedony
Fine-graineds and stone sircon — 1 %
1675,2 with glauconite and lanconite — 0.5 % 2,8 1,7 0,7
chloride-clayey cement & = 70
Well No 5
1 - - 0
1588,5 Gravel-sandy siltstone zircon - (1-1,7)%, clayey 2,3 0,9 0,2
and carbonat ecement
. . single grains of glauconite -
1590,0 Srzﬁiﬁ;“;?ftgg:n‘ffle? 0.6%, pyrite, clayey and 2,5 1,4 0,4
carbonate cement
Fine-graineds and stone singles grains of zircon
1592,0 with chloride-clayey gics & . 32 1,4 0,3
cement staurolite and chamosite
Medium-graineds and
1593,0 cenig‘;?‘*:;‘;@";;fs o | glauconite - (1-12) % 2,1 L1 |03
glauconite
Gravels and silt stone zircon - 1.1%,
1596,0 with clayey-chlorite and chlorites - 3.1%, 1,8 0,01 0,1
clayey cement effusive clay - 1.4%
Well No 9
1484,0 ill{at;te};?—?;(iiiteoél:nlﬁ? single grains of glauconite 1,8 2,8 0,3
Fine-graineds and stone
with calcite cement, single grains of glauconite,
1482,1 foraminifera and single | marcasite, organic seaweed 3,7 1.3 1.4
glauconite

The main material of the research

It should be noted that the complex geological
structure of rocks causes difficulties in unambigu-
ous identification of reservoir rocks, assessment of
the saturation nature, as well as leads to the omis-
sion of a significant number of gas and condensate
objects. Insufficient informativeness of typical
complexes of geophysical methods (in particular
electric and radioactive surveys), which were car-
ried out in clayey lithological cross-sections that
are characterized by significant fine-rhythmic al-
ternation of different lithotypes, distinguishes those
strata as homogeneous physical objects (so-called
"barren strata").The morphology of geophysical
curves is represented as a straight line despite the

)
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interbedding of rocks with different lithological
and physical parameters (Fig. 1).

Analysis of the results of complex laboratory
core studies (objects from which core was selected
are represented in table 1) allowed to optimize the
results of geophysical studies. Also, this analysis
made it possible to focus on the informative possi-
bilities of the latest methods, including nuclear
magnetic resonance (NMR), gamma spectrometry
and gamma logging using the collimation of the
NalJ (Te) radiation intensity indicator.

The obtained results of laboratory researches
allowed to state that the increased radioactivity of
the rocks of the Sarmatian, Baden and Helvetic
agesis mainly caused by the polymineral structure
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of the matrix. The matrix includes such minerals as
zircon, chlorites, phosphorites. High electrical
conductivity in most of the above mentioned rocks
is caused by accumulations of pyrite, staurolite,
chamosite and increased mineralization of forma-
tion waters (75%, NaCl).All the above mentioned
factors that characterize the productive deposits of
the Neogene system create a complex system of
inhomogeneous reservoir, which is difficult to de-
termine by the traditional logging set.

The development of the latest methods and
technologies (in particular nuclear magnetic re-
search) allows obtaining reliable information in
geological conditions, which are typical for the
Bilche-Volytska zone of the Pre-Carpathian Fore-
deep. The physical essence of the nuclear-magnetic
method consists in resonant absorption, and as a
consequence, in the radiation of electromagnetic
energy by the rock, which is caused by the tran-
sient migration of electrons between the energy
levels of atomic nuclei in rocks [1, 3].According to
NMR theory, an atomic nucleus with spin (J)
within a magnetic field with intensity (H) has a
specific number of evenly spaced levels (2] + 1)
with energy depending on the distance between
them:

H
AE =u—= , 1
s (M
where AE - the energy difference between specific
levels, J;

H_ - magnetic field strength of the medium,

Av/m;

M - the magnetic moment of the spin of the
atomic nucleus, 4 m”°.

The value uis calculated through the ratio:

p=y @

2

where ¥ - gyromagnetic ratio, s-4-kg ';

h - Planck constant, Js;

J - number of spins in the atomic nucleus.

Based on the above, it can be assumed that
nuclear magnetic methods are extremely informa-
tive for solving geological and geophysical prob-
lems that arise in the process of geophysical re-
search of wells that are allocated within areas of
complex lithological and stratigraphic conditions.
Taken into account the ambiguity of the reservoir
rocks determination within this type of cross-
sections of the Bilche-Volytska zone, as well as the
fact that the maximum value of the gyromagnetic

ratio (7:%’ where p is the magnetic moment,

A-m’; P is the mechanical moment) is mainly char-
acteristic of hydrogen atoms, which is almost
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100% present in lithological-stratigraphic strata.
The use of nuclear magnetic resonance parameters,
in particular the time of longitudinal and transverse
relaxation (T;, T,), the amplitude of the free pre-
cession signal (Ag,) is an informative criterion that
significantly increases the informativeness of com-
plex geophysical researches. The process of estab-
lishing the magnitude of the nuclear magnetization
vector is called nuclear magnetic relaxation, which
occurs in rocks during the exchange of nuclear
moments between themselves and the environ-
ment. In this process, spin-spin and spin-lattice
relaxation are distinguished. Spin-spin relaxation
determines the rate of change of the induced nu-
clear-magnetic field, perpendicular to the compo-
nent of the rock's magnetic magnetization vector,
in the direction of the Earth's magnetic field.
Spin-lattice relaxation characterizes the
change in the magnitude of the longitudinal relaxa-
tion amplitude with respect to the magnetization
vector of the crystal lattice. In this case, the rate of
change in time of the nuclear magnetization vector

M with the magnitude of the Earth's magnetic
field is determined. The abovementioned magnetic
effects are used in the process of well and ground
surveys by applying a high-frequency electromag-
netic field H,,. on rock, which is allocated within
the natural magnetic field of the Earth. The excit-
ing, high-frequency magnetic field with an inten-
sity of He. 1s much larger than the natural field,
and due to this, the corresponding amplitude of the
free precession signal appears in the resonance re-
gion. This amplitude decreases to the level of the
magnetization amplitude of the rock under the ac-
tion of the natural magnetic field H, as the excita-
tion field H,,. is excluded. Thus, the use of the lat-
est technology of nuclear magnetic logging allows
identifying the saturated layers within the geologi-
cal cross-section and to assess their nature of satu-
ration by the parameters of the longitudinal and
transverse relaxation time (T;, Ty).The amplitude
of the free precession signal (Ag) value unambi-
guously allows to distinguish sandy, siltstone rocks
within clayey rocks and to assess their porosity.
Substantiation of efficiency of the newest nu-
clear-magnetic  surveys during  geological-
technological researches was based on determina-
tions of petrophysical parameters (porosity and
permeability) influence on amplitude of the free
precession signal (Ag,), relaxation time (T, T)
and speed of longitudinal relaxation (r) in rocks
with different saturation nature. An informative
sample of the core material was formed for this
purpose (n=141). The core material was not ex-
tracted, but was saturated with mineralized solu-
tions of 75 g / 1 NaCl. The core was selected for

—
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Table 2— The reservoir rocks™ research results of the Letnyansky gas field

No No | Coresampling interval, | Kyoros.o. Kperm-» 10" FFI, T, T,
well. m % mcm % msec msec
1 2 1250,8-1261,5 23,1 3 18,7 650 84
2 2 1250,8-1261,5 20,6 175 12,9 639 57
3 2 1250,8-1261,5 21,6 9 13,7 638 60
4 3 1195,0-1215,0 23,1 - 12,0 637 56
5 3 1240,0-1250,0 23,1 153.,9 17,6 670 59
6 5 1246,0-1262,0 20,3 94,1 13,7 642 61
7 5 1300,0-1316,0 21,2 103 12,1 629 72
8 5 1316,0-1332,0 23,0 7.3 15,2 632 62
9 5 1316,0-1332,0 23,2 4.8 15,5 641 63
10 5 1430,0-1446,0 17,7 - 10,5 504 59
11 7 1458,1-1465,2 18,2 0,27 10,2 581 98
12 7 1465,2-1558,1 18,0 48.4 15,2 588 92
13 7 1472,0-1478,9 4,8 - 0 260 69
14 7 1458,1-1465,2 6,7 - 0,89 264 70
15 7 1472,0-1478,2 20,7 7,0 15,4 648 72
16 7 1497,1-1503,0 5,8 - 0 252 68
17 7 1503,0-1506,9 14,9 1,75 8,8 312 51
18 9 1158,0-1168,0 25,1 - 21,6 642 62
19 9 1208,0-1216,0 224 3,8 16,2 638 65
20 9 1250,0-1260,0 10,3 3,72 4.2 300 54
A4 Kporos=14% AA Kporos=2%
A, A,
50
20
10
5
2.
1S IS

100 200 300 400 500
T=15-20ms, T,'=15-20ms,
r=60-65s', K., =96%

100 200 300 400 500

K, 1 %,T=70ms, T'=300ms, T"'=66ms,
r=175s', K ,=44%

Figure 2 — Relaxation characteristics of the Sarmatian reservoir rocks
(the Bilche-Volytska zone of Pre-Carpathian Foredeep) [3 with clarifications]

research from the intervals of Neogene formation
of Letnyansky, Hrushivsky and Vyshnyansky gas
condensate fields in the conditions of their actual
occurrence (Table 2).

Researches, the results of which are presented
in table 2, allowed to establish that rocks whose
porosity is from 10.3% to 23.2% are characterized
by a two-component characteristic (Fig. 2) and,
accordingly, different values of longitudinal and
transverse relaxation time (T, = 300 msec, T, = 66
msec, T; = 641 msec and T, = 63 msec). The per-
meability coefficient of the rock is almost the same
(Kperm = 4.8-10" mem” and 3.7-10™" mem?). This
testifies to its uniform matrix structure and insig-

38 )
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nificant value of fracturing and cavernous coeffi-
cients.

Comparison of the porosity coefficients de-
termined by the nuclear magnetic resonance
method with the porosity coefficient obtained by
the results of the Preobrazhensky method showed a
fairly close relationship, which is characterized by
a regression coefficient of 0.94. The obtained re-
sults also confirmed the high resolution and effi-
ciency of NMR during operative determination of
porosity and oil and gas saturation coefficients of
reservoir rocks. In this regard, the use of nuclear
magnetic resonance while complex geophysical
research optimizes the ability to obtain reliable
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information in the determination of reservoir rocks
during the research of complex lithological-
stratigraphic strata, as well as provide expressive
measurements of physical and petrophysical pa-
rameters of rocks at the hydrocarbon searches
stage.

Taken into account the complex geological
structure of exploration areas and deposits of the
Bilche-Volytska zone of Pre-Carpathian Foredeep,
it is necessary to strengthen the use of a typical
logging complex with the latest gamma-
spectrometric methodologies in addition to nuclear
magnetic research. This must be done both in the
process of logging and during laboratory re-
searches while experimental determinations of
petrophysical parameters. It should be noted that
the results of gamma logging obtained during re-
searches of Neogene sediments by a typical set of
logging methods do not always give an unambigu-
ous description of the type of rock, its mineralogi-
cal composition, effective thickness and clay con-
tent. The lack of reliable data makes it difficult to
identify clayey, sandy, siltstone rocks, which leads
to the omission of productive hydrocarbon-
saturated strata.

This ambiguity is caused by the complex
structure of the rock matrix, the type of cement, as
well as the resolution of the hardware of the geo-
physical method. In order to determine the minera-
logical composition of the above mentioned rocks
of the Neogene system, as well as to assess their
impact on measurement results in particular by
radioactive methods, we performed petrographic
researches of the reservoir rocks matrix with the
aim to determine their type of cement, the coeffi-
cients of clay content and residual water saturation.
The results of clayey material researches showed
that the dominant components in the cement of the
rock are potassium-containing minerals, in particu-
lar: muscovite, hydromica, glauconite, montmore-
lonite, and kaolinite. However, in each case the
presence and percentage of the above mentioned
minerals is different and is associated not only with
the type of clayey material. Gamma-spectrometric
surveus of clays, sandstones and siltstones for the
content of radioactive isotopes of uranium, thorium
and potassium were performed on samples taken
from the rocks of the Sarmatian, Baden and Helve-
tic ages. These researches have shown that in most
rocks there is a polymineral matrix in which there
are radioactive elements and minerals of the sul-
fides and silicates class. The obtained results of
core researches allowed to establish the average
content of radioactive isotopes of uranium, tho-
rium, potassium in rocks, which in some cases
(table 3) cause a significant increase in the inten-
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sity of the radioactive field (4Jy) while gamma
logging. The allocation of sandy and siltstone
rocks saturated with hydrocarbons is significantly
complicated by the ambiguity of the gamma-
logging interpretation in this case.

Table 3 — Average values of radioactive isotopes
of Neogene sediments of the Bilche-Volytska

zone
The content of radioactive

No Age isotopes, %
URa)-10" | Th-107 | K
1 Helvetic 3,7 6,2 1,8
Baden 4,8 9,1 2,2
3 Sarmatian 5.8 7,6 2,3

Gamma-spectrometric analysis of the core
material of the Sarmatian and Helvetic ages also
revealed that the uneven distribution of uranium,
thorium and potassium-40 is mainly characteristic
of the Lower Dashav subformation deposits and is
observed in most cases in the ND-9, ND-10, ND-
11 and ND-12 horizons.

The constructed histograms of the distribution
of the concentrations of radioactive isotopes in the
rocks (Fig. 3) that fill the cross-section of the
Lower Dashav subformation clearly define the dif-
ferences in the content of radioactive isotopes of
uranium, thorium, and potassium. The different
percentage of the above mentioned isotopes is
caused by the conditions of lithological units’ for-
mation, the depth of occurrence and the different
structure of the rock. The most different indica-
tions of the content of radioactive isotopes U, Th,
K40 in the rocks are characteristic of the sediments
of the ND-12 and ND-15 horizons.

Conclusion

Based on this, it is possible to use the results
of gamma spectrometric surveys for lithology dif-
ferentiation of exploration areas, assessment of
clay and sand content of promising oil and gas
saturated rocks.

Summarizing the results of logging and labo-
ratory researches of rocks using the latest tech-
nologies, including nuclear magnetic resonance
and gamma spectrometry, it can be stated that the
including of the above mentioned methods in a set
of geological and geophysical surveys will reliably
identify oil and gas saturated rocks, evaluate their
reservoir parameters within complex lithologic-
stratigraphical strata.
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Figure 3 — Histogram of the radioactive isotopes U, Th, K40 distribution in the Sarmatian deposits
of the Bilche-Volytska zone of the Pre-Carpathian Foredeep {3 with additions} [3 with clarifications]
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