VKpaiHChKUU )KypHaJl IMCTAHIIHHOTO 30HAYBaHHS 3emui 25 (2020) 28-32

YKPATHCEKUR
*

Ukrainian Journal of Remote Sensing

journal homepage: www.ujrs.org.ua

DOI:10.36023/ujrs.2020.25.173

VK 553.981/982/477,5/8/

Comprehensive approach in definition of the oil and gas exploration objects
priority
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JSC “Ukrnafta” is the main oil producing company which carries out explorative drilling in the Dnipro-Donetsk’s and PreCarpathian basins. The
decrease in number of seismic studies negatively affects discovery of new potential hydrocarbon bearing structures. Reliability and productivity of
seismic surveys influences productivity of explorative drillings. The article analyzes the results of seismic surveys, data from case studies and
geochemical surveys to predict the oil and gas prospective areas in the Dnipro-Donetsk basin, as well as their complexation. It is shown that need to
use alternative methods of exploration has objectively been increasing, in particular — use of remote methods for determining the presence of
hydrocarbons (using space images). To create predictive geological structural models based on a selected set of studies are widely used modern
software products for reserves and resources estimation with statistical probabilistic approaches and associated risk computation functionalities.
Comprehensive study of results carried out in previous years, utilization of modern methods and software for data analysis enables to define directions

of geological exploration works for the following years in order to raise its efficiency and strengthen the reserves base.
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Introduction

Exploratory drilling provides discovery of new fields and the
growth of hydrocarbon reserves, which is very important for
independent Ukraine. The drilling footage depends on the amount
of funding and the availability of perspective exploration sites.
The number of objects, in turn, depends on the results of
comprehensive geological and geophysical studies.

The decrease in number of conducted seismic surveys and
case studies in recent decades negatively affects the replenishment
of the new potential structures with new objects suitable for
planning of exploration works. It also affects the movement of
objects: from the discovery stage, through the stages of delineation
to the stages of drilling and experimental development planning.

Purpose of the article

The purpose of this article is to give an analysis of results of
study of works that are classically executed in order to set up
exploratory drilling in oil and gas industry companies. Based on
such analysis are proposed ways to increase the effectiveness of
current solution for tasks mentioned above with the application
of a rational set of geological, geophysical and case studies. To
achieve this goal, the results of practical application of various
methods of searching for prospective structures are considered:

* seismic exploration works;
« case studies;

* geochemical,

* remote sensing methods.

* E-mail: AShybetska@gmail.com
Ten.: +380 95 287 57 78
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Seismic exploration works

The main sources for replenishment of the prospective
structures are seismic surveys. Decrease in number of regional
seismic exploration works leads to lack of new structures suitable
for exploration works, e. g. objects that could be source of new
fields (Goshovsky et al., 2007; annual Naftogaz of Ukraine
report).

Recent seismic exploration works did not reveal anticlinal
structures of significant size. As a rule, objects for 1-2 wells are
not economically attractive. The lithological objects offered for
exploration works as a separate hydrocarbon traps, were mostly
not confirmed by the results of drilling. Thus, the expediency of
prospecting works for many lithological objects of the Chernihiv
oil and gas industry district (Skhidno-Khukalovskyi,
Perevolochnianskyi, Kvytnevyi, etc.) remains uncertain, as
indicated by the lack of interest in them by mining enterprises
and finding in the fund of the discovered objects of the State
Geological Survey. (Online map of prospects). The same applies
to tectonically sealed traps (Goshovsky et al., 2007; Okrepka et
al., 2016).

In addition, the accuracy of geological constructions based
on seismic survey results has certain limitations, which lead to
“migration” of the location of the apical parts of structures and
structures themselves in time (Southern Panasovskaya,
Khukhrinskaya deposit, Ivanovskaya area etc.). The issue of the
correspondence of seismic constructions with the results of
drilling remains unanswered. This determines the need for
monitoring of seismic objects.

The complexity of obtaining unambiguous results (Zakhidno-
-Wilshaya area) in the study of highly perspective areas close to
salt diapirs (Starosanjarsky, Novosanzharsky-Pereshchepinsky,
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Gasenkivski salt structures) requires additional case studies and
their application in the interpretation and re-interpretation of field
seismic exploration works (Goshovsky et al., 2007; Tovstyuk
1987).

Use the latest software to reinterpret seismic materials from
the last century has already become a good practice. It rises the
prognosis for not only structures, but also, sometimes,
hydrocarbon reservoirs.

In Ukraine 3D seismic surveys are rarely used on field
exploration phase, although for foreign investors the State
Department of Geodesy has prepared investment projects, which
are proposed to be submitted competitively in 2019 on electronic
bid platform and which already requires 3D seismic surveys on
exploration stage.

Case studies

Equally important are case studies, which are based on analysis
and developed methodological techniques and determine
perspective places of accumulation and storage of hydrocarbons.
Unfortunately, state owned company UkrDGRI which was leading
in this respect is almost non-functioning. Due to lack of funding,
its regional offices are closed. Case studies in some places had a
purely scientific focus and could not be applied for forecasting
the presence of hydrocarbon reservoirs and positioning of new
wells. In other words, the authors cited research findings but did
not provide criteria that could be used for prediction. In addition,

the cost-effectiveness of drilling at the proposed sites was not
considered due to the high cost of the wells.

Assistance to mining companies was offered by many
developers of methods of direct search for hydrocarbon
accumulations. But, unfortunately, most of them did not have
statistically reliable confirmations, or had them for objects with
more simple structure of other oil and gas areas, that is they were
not adapted to the conditions of the Dnieper Donetsk Basin (DDB)
and PreCarpathian Basin.

In 1990-2019 PJSC “Ukrnafta” actively used various kinds
of different scientific approaches for definition of new objects,
contours of hydrocarbon deposits for production of prospecting
drilling that was stated many times in various articles and reports.
List of such methods includes biolocation, geochemical,
electrophysical, dense, spectrometric remote aerospace and other
types of case studies (Okrepka et al., 2016; Shybetska et al., 2008).

Company experience has shown the complexity of
simultaneous use of different methods for the same object, that
was resulted in some contradictions within the results of research.
The contours of the detected anomalies mostly did not coincide
(Khukhra-Chernechenskaya area, Prokopenki, Verbivskyi,
Orlivska area etc.) and the drilling results were often negative.
On figures Fig. 1, 2, 3 research results are shown in format of
map, where structures and fault blocks are visualized together
with contours of detected hydrogeological and geochemical
anomalies.

According to some results of researches within the facilities,

Fig. 1. Scheme of oil and gas prospects position according to results of geological, geochemical, geophysical and case studies on Orlivska area
(Pererva at all, 1999). Faults are marked with: red lines — results of geophysical studies, pink lines — faults originated from airborne images and
geomorphology study. Colored lines indicate hydrogeological anomalies. Pink areas indicate possible oil and gas prospects

Fig. 2. Scheme of case study results on Khukhra-Chernecha area (according to Arkhipov et al., 1999). Red dotted line on picture indicates faults of
seismic studies origin, yellow lines — facies analysis anomalies, thick blue lines — positive gas anomalies, thin blue line — negative gas anomalies.

Light green areas — anomalies defined using remote sensing methods
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Fig. 3. Scheme of case study results on Kadnytska area (according to Arkhipov et al., 1999). Anomalies defined: using onland sensing methods (green
line, 1), Eh, pH studies (red lines, 2), gas and geothemperature surveys (blue areas, 3). Small red circle is drilled dry well 1

the presence of hydrocarbon deposits was recorded, and the others
results didn’t confirm presence of hydrocarbons on the same
facilities. As a logical follow up appears a request for decision
making in favor of the results of only one of the techniques used
and question: How to analyze the causes of ambiguity of research
results?

Geochemical methods

A considerable number of techniques use the geochemical basis
for the research of hydrocarbons, and there is a need to analyze the
validity of geochemical forecasts made by different methods on
objects of different types, that belong to certain tectonic zones,
structures, a certain geological cross section, etc. Such targeted
analysis should increase the accuracy of geochemical forecasting
by applying different methodological techniques depending on the
geological and tectonic features of the objects (Pererva et al., 1998).

Remote sensing methods

Due to the fact that seismic surveys are quite expensive and
require thorough preparation, the quality of data obtained as a
result of seismic surveys does not always correspond to what is
necessary, that is related to errors in the processing of seismic
source data and the conditions of the survey (large population on
prospective areas, inaccessibility of some areas, etc). Remote
sensing methods utilization helps to correct logistics of works,
gives necessary information on the possible presence of annular
structures and lineaments, which can serve as indicators of deep
anticlines and faults, and in combination with other investigation
methods, help to create structural models of objects.

The technology developed in CASRE based on the use of
aerospace information and is designed to solve oil and gas
exploration problems on land. Its application allows to allocate
the most perspective sites for future detailed oil and gas
exploration works. The technology is based on the quantitative
assessment of the optical reflective characteristics of landscape
elements and is the result of many years of joint work of petroleum
geologists, optical physicists, biologists, geomorphologists,
mathematicians and other specialists.

Thus, according to the remote sensing research data, a number
of objects were predicted in Livnenska Area, which have high
estimates as possible new hydrocarbon traps (Fig. 4).
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According to the research results of CASRE IGN NAS of
Ukraine specialists (Pererva et al., 1995, 1998) the greatest
perspectives are related to neotectonic uplifts, which are defined
to the North from the fault which divides Livinska fold (reflecting
horizon Vv3) into two blocks — the northern one and the south
one. To Northern block belong possible prospects of oil and gas.
Within the neotectonic blocks # 10, 11 and the northern part of
block # 14, were recorded optical anomalies, which partially
coincide with the geochemical anomaly revealed by the case
studies of other researchers (Bagriy, 2016).

Due to the absence of optical anomalies, the blocks 9, 12,
21, the Northern parts of blocks 6, 7, the Northeast part of block
18, and the Southern part of block 14 are classified as
unpromising areas. In general, according to the results of
detailed remote aerospace research, the authors conclude that
the wells No 1, 3, 5, 7, 10 are in optimal conditions, and wells
No 4, 6, 9 are not in optimal. However, there is also further
ambiguity in the prediction of possible hydrocarbon traps within
this area.

Conclusions

Summarizing all statements above it becomes clear that each
type of study has its own advantages and known limitations. The
need to obtain objects with a high probability of new fields
discovery or expanding the area of already known fields by
drilling exploration wells requires optimization and
purposefulness of comprehensive implementation of case studies,
geochemical and remote sensing methods. In order to create
predictive structural-geological models based on the selected set
of studies, use the latest software products with functionality to
calculate predictive and prospective resources, using statistical
probabilistic approaches and risk rates. In order to bring the
scientific development closer to the production, it is advisable to
restore not only geophysical prospect passports but also geological
passports (new oil and gas “floors” at known fields, new structural
elements that can be considered as hydrocarbon traps, new search
areas).
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Fig. 4. Scheme of results of remote sensing studies on Livinska area (according to Arkhipov et al., 1999). Red lines — fault (regional and local),
dotted red line — internal block lineaments and their zones, green areas — priority objects for seismic researches, blue areas — regions where
additional studies are required, orange areas — non-perspective areas, yellow areas — zones above known deep prospective structures (according to

Bagriy 2007)
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HEOBXIJHICTb KOMIIJIEKCHOTI'O IIIAXOAY 10 BUSHAUEHHS NEPIIOYEPTOBUX OB’€KTIB IPOBEJEHHA ITOIIYKOBO-

PO3BIJIYBAJIbHUX POBIT HA HA®TY TA I'A3
A.T. Muuak, A. 1O. [IluGenpka

1Y “HayxoBwuii ienTp aepokocmiunux gocmimkens 3emui IT'H HAH Yrpaiun”, Byn. O. Ionuapa 55 B, Kuis 01054, Vkpaina

ITAT “VYkpHahTa” € OCHOBHHM IMiAMPUEMCTBOM YKpaiHu 3 BUAOOYTKY HATH i Bee MOILIYKOBO-pO3BiAyBaibHe OypinHs B J{HinpoBchko-/loHebKil
sanaguHi Ta [Ipukapnarti. CKkopodeHHst 06’ €MiB CeficMOPO3BiAyBaIbHUX POOIT HEraTHBHO BIUIMBAE HA MPOLEC BIAKPHUTTS HOBUX MEPCIEKTUBHUX
Ha(TOra30HOCHU3 CTPYKTYp. JOCTOBIpHICTh Ta PE3yJIbTATHBHICTH CEHICMOPO3BiAyBadbHUX POOIT BILIMBAIOTH HA PE3YNIBTATHBHICTH MOIIYKOBO-
po3BigyBanbHOro OypiHHs. B cTaTTi MpoaHati3oBaHO pe3yIbTaTi CEHCMOPO3BiAyBaIbHUX POOIT, JaHi TEMATHYHUX JO0CIIKEHb Ta Te0XiMITHOT 3HOMKH
UTSL IPOTHO3Y BaHHS HaTOra30nepcneKTHBHOCTI miomn] JIHimpoBchKo-/{0HEeBKOT 3amaaiHu, a TAKOXK iX KOMILIeKCyBaHHs. [Toka3aHo, 0 00’ €KTHBHO
3pocTae HeoOXiMHICTh BUKOPUCTAHHS abTePHATUBHUX METOAIB PO3BIAKH, 30KpeMa AMCTAHIIHHUX METOAIB BU3HAYEHHS HAsBHOCTI BYIJIEBOAHIB (3
BHUKOPHCTAHHIM KOCMIYHHX 3HIMKIB). JIJIs1 CTBOPEHHS MPOTHO3HUX CTPYKTYPHO-TE€OIOTIYHIX MOJIeIel Ha OCHOBI BUOpaHOro Habopa JOCIiIKEeHb B
JIaHUH 4ac MHPOKO BUKOPHCTOBYIOTHCS HOBITHI POrpaMHi HPOIYKTH [UIsl PO3PAXyHKY MPOTHO3HHUX Ta MEPCIEKTHBHUX PECYPCiB 3 BUKOPHCTAHHAM
CTATHCTHYHUX IMOBIPHICHHX MiAXOIiB Ta PO3paxyHKOM piBHs pusuky. KoMIuiekcHe BHBYEHHS Pe3yJbTariB poOIT MPOBEICHUX B MHHYII POKH,
BUKOPHUCTAHHS CYy4aCHHUX METOJIB Ta MPOTPAMHHUX KOMILICKCIB s BHBYCHHS MarepialiB J03BOJs€ OOIPYHTOBAHO BH3HAYATH HAMPSIMKHU
Te0JI0ropo3BiAyBaNbHUX POOIT Ha HACTYITHI POKH, MiABUIYBATH 1X e(DEKTUBHICTD Ta 3MII[HIOBATH HALlIOHAJIbHY CHPOBHHHY 0a3y.

Kuro4oBi ci10Ba: epcnekTHBHI CTPYKTYPH, T€0IOrOpO3BiLyBaibHi pOOOTH, TEMATHYHI O CITI[DKCHHS, KOMIUTEKCHHH MiAXi/, AUCTAHI{IHE 30H/IyBaHHS,
ceiicMOpo3BiaKa
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HEOBXOJMUMOCTb KOMIIJIEKCHOI'O IMTOAXOAA AJIA OINPEAEJIEHNSA ITEPBOOYEPEJJHBIX OBBEKTOB INTPOBEJJEHU A
ITONCKOBO-PA3BE/JOYHbIX PABOT HA HE®Tb U T'A3
A.T. Mrruak, A. 1O. [IIubenxas
I'Y “Hayunslit ueHTp aspokocmuueckux uccnenosanuit 3emau UI'H HAH Vkpaunsr”, yin. O. I'onuapa 55 b, Kues 01054, Ykpanna
ITAO “YkpHadTa” SBISETCS OCHOBHBIM NPEANPUSITHEM YKpPaHHBI 110 100bIYe HE(TH U IPOBOAUT IIOUCKOBO-pPa3BelouHOE OypeHue B JIHenpoBCKo-
Jloneuxoii Bnagune u B IIpukapnarse. Coxpamenne 005eMOB celicMOpa3BeIOYHBIX Pa0OT HEraTHBHO BIIMSET HAa IPOLECC OTKPHITHUS HOBBIX
MEPCIIEKTUBHEIX HE(TEra30HOCHBIX CTPYKTYp. JI0CTOBEPHOCTH M PE3ylIbTaTHBHOCTh CEHCMOpa3BEIOYHBIX PA0OT BIHMSET HA PE3yIbTaTHBHOCTH
IIOMCKOBO-Pa3BeOYHOro OypeHus. B cTaTbe MpoaHaIM3HPOBAHBI PE3YIIbTaThl CEHCMOPA3BENOYHBIX PA0OT, JaHHBIE TEMAaTHUSCKHX UCCIIENOBAHUI 1
TeOXMMHUYECKOH ChEeMKHU JUIS IPOTHO3UPOBAHMS He(Tera3onepclneKTUBHOCTH Iutomaneil B JlHenpoBcko-J/loHenkol BrmagnHe, a TakkKe UX
koMIutekcupoBanue. [Toka3aHo, 4To 0OBEKTUBHO BO3pacTaeT HEOOXOMMMOCTh HCIIOIb30BAHMS abTEPHATHBHBIX METONOB Pa3BEIKU, B YaCTHOCTH
JIICTaHIIOHHEIX METO/IOB OIIPEe/IEICHUS HATTNINS YIIIEBOAOPOIOB (C HCIOIb30BaHHEM KOCMIYECKHX CHUMKOB). JJIs1 CO3JaHMs IPOTHO3HBIX CTPYKTYPHO-
TeOJIOTMYECKUX MOJieNieil Ha OCHOBE BRIOpaHHOTO Habopa UCCIIe0BaHUN B HACTOSIIEE BPEMsI IIHPOKO IPHMEHSIOTCSI HOBEHIIIHE IPOr paAMMHBIE ITPOYKTEI
¢ QYHKIMOHATBHBIMH BO3MOXKHOCTSIMU JJIs pacdeTa IPOTHO3HBIX H IIEPCIIEKTHBHBIX PECYPCOB C HCIOJIB30BAHUEM CTATHCTHIECKUX BEPOSTHOCTHBIX
IOJIXOJI0B H PAcYeTOM ypOBHEH pucka. KoMIniekcHOe H3ydeHne pe3yasTaToB padoT IPOBEASHHBIX B IIPEABIIYIIHE TOIbI, HCTIONE30BaHUE COBPEMEHHBIX
METOJIOB H IIPOrPaMMHBIX KOMIIEKCOB ISl H3yYECHUSI MATEPHAJIOB II03BOJIIET 000 CHOBAHO ONIPEAENISTh HAIIPABICHUS I'€0JI0rOpa3BeJOUHbIX paboT Ha
CJIeyIOIIUE TObI, HOBBIIATH UX 3P ()EKTUBHOCTD H YKPEIUIATH HAIIHOHAIBHYIO CEIPEEBYIO 0a3y.
KuioueBble ¢10Ba: IIEPCIIEKTUBHEIE CTPYKTYPBI, T€0JIOr0pa3BeJOUHbIe pabOThL, TEMATHIECKHE HCCIEST0BAaHNS, KOMIUIEKCHBIN ITOAXOJ, NUCTAHIIMOHHOE
30HJUPOBaHUE, CElicMOpa3BeaKa

Pyxonuc cmammi ompumarno 12.06.2020
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