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In order to detect, determine thickness and localize hydrocarbon accumulations there are qualitative and quantitative meth-
ods of interpretation still in use. Such methods are not divided into geological criteria and geophysical features which cause
certain error.

The study is based on the theory of appearance processes and composition formation as well as on conditions of occurrence of
oil and ]gas Deep structure such as gas-steam-conductive faults and oil-gas-steam-distributing faults of low order were studied.
All the features of its determination under natural conditions of occurrence were integrated. Based on listed above and on results
of several years of experimental and operating works, carried by other scientists in order to discover hydrocarbon accumulation
in geological structure the authors determined and grouped geological criteria and geophysical features.

Furthermore, during determination of geological criteria and geophysical features following dpetrophysical parameters of reservoir
proEerties are determined: porosity, saturation, effective porosity, reservoirs density and speed of seismic wave propagation in the
rock, rock and fluid resistivity.

1t should be noted, that during interpretation of seismic data to discover hydrocarbon mi?ration tame and deep cross-sections
as well as simultaneous cross-sections, frequencies and phases were used. The charts of amplitudes, frequencies, phases and
its dispersion, decrement and attenuation coefficients that are equivalents to absorption coefficients and differences of elas-
tic vibrations of reflected waves were used.

Finallly. having these parameters determined geological criteria and geophysical features of discovery of hydrocarbon ac-
cumulations under natural conditions of occurrence were grouped.

Jlist OOHApy KEHUs! HAINYKS, ONPEENCHHS MOIIHOCTH H JIOKAJIM3AIlHU YIJICBOZOPOIHBIX 3aJ€Xel 10 CUX MOp Ha IMPaKTHKE
HCIIOJIB3YIOTCS. KAYE€CTBEHHBIC U KOJIMYECTBEHHBIC CIIOCOOBI MHTEPIPETalny 6e3 pa3JieleHust UX Ha Ie0JIOTHYeCKUe KpHTe-
puH ¥ reoU3nYecKUe IPU3HAKH, 9TO, 6E3YCIOBHO, IIPHBOIHUT K ONPE/ICTCHHBIM OIIHOKaM.

B cBsi3u ¢ 3THM, OCHOBBIBAsICH HAa TEOPHU MPOLIECCOB 00pa3oBaHus, (HOPMUPOBAHUS COCTABA M YCIOBHAX 3aJ€raHus He(TH
U ra3a; JeTalbHO U3ydas IlyOMHHOE e0JIOrnYecKoe CTPOCHUE, B YaCTHOCTH YCTaHABIIMBAsl HA BPEMEHHBIX pa3pe3ax Hallu-
YyHe TIIyOMHHBIX Pa3/IOMOB, SBIISIOIIMXCS Ta30MapornoABOAAIIMMU, U Pa3IoOMOB HU3KOTO MOPsJIKA, SBISIONMXCS HedTera-
30I1apopaclpee/IAIoMUMH; B IIeJOM coOupas BCe NMPUMETHl MX OOHAPYKEHMSI B EGCTECTBEHHBIX YCIOBHUSX 3ajeraHus,
a TAKOKe Ha OCHOBAHUM PE3YJIbTaTOB MHOTOJETHUX 3KCIEPUMEHTAIBHBIX U NMPOU3BOJCTBEHHBIX PaOOT, MPOBOAUMEIX APY-
THMH MCCIIE/IOBATENISIMH, aBTOPBI YCTAHOBHIIM U CIPYNIIUPOBAJIN TEOJOTHYECKUE KPUTEPHUH U reo(U3UUECKHe IPU3HAKU 110
OINPE/ICNIEHNIO HATTMYKS YTIIEBOIOPOIHBIX 3a1€Kei B Te€0JOrn4eCKOM CTPOCHHH.

Kpome Toro, Ipy yCTaHOBJICHHH T€OJIOTMYECKUX KPUTEPHEB U IeO(QU3MYECKUX TIPU3HAKOB C BBICOKOH TOYHOCTBIO OIPEICIIOTCS
neTpodu3HIecKre napamMeTphl KOJUIEKTOPCKHX IUTACTOB, TAKHE KAaK IIOPHCTOCTD, HACBILICHHOCTD M, COOTBETCTBEHHO, d()(eKTHBHAS
MIOPUCTOCTD, SIBJIIOIIASACS MX IIPOM3BEACHHEM, ILIACTOBBIE IUIOTHOCTH U CKOPOCTH PACHPOCTPAHEHHUs CEHCMUUYECKUX BOJIH U
YJIENBHOE JIIEKTPHYECKOE CONMPOTHBIIEHUE IUIACTA, INIOTHOCTh M CKOPOCTH PACIPOCTPAHEHMS] CEHCMUYECKUX BOJH M YJEIbHOE
IEKTPUIECKOE CONPOTUBIICHUE CKEJIETA TOPHBIX TTOPOJI, CIIAraloNIMX KOJUIEKTOPCKHX IIACTOB U 3aNOJHSIONMX MX (ITIOHJIOB.
CrieryetT OTMETHTbD, YTO KPOME BBILICHIEPEUHUCIACHHBIX HETPOPU3UICCKUX TAPaMETPOB MPU HHTEPIPETALUH CEHCMUUCCKUX
JIAHHBIX JUISl OOHApY)KEHUs YIJIEBOJOPOAHBIX 3ajieXeil ObUIM HCIIOJIb30BaHbl MHUIPALIMOHHBIC BPEMEHHbIC M TNIyOUHHbIC
paspesbl U pa3pe3bl MTHOBEHHBIX aMILTHTYJI, YacTOT U (ha3, a TakKe UCHOIb30BaHbl IPa(UKH aMIUIMTY ], 4acToT, (a3 u ux
JIUCIIEPCUH, JACKPEMEHT M KOI(D(UIHEHTBI 3aTyXaHHs, SBISIOMINECS SKBUBAICHTOM KOI()(UIHEHTOB MOIJIOMEHHS U pac-
XOKJCHHS yIPYTHX KOIeOaHHil OTPaKeHHBIX BOJIH.

B urore nocie onpejeneHus 3THX MapaMeTpoB ObUIM CIPYIIUPOBAHBI T€OJIOTHYECKUE KPUTEPHH U reo(hH3NYeCKUe MpH-
3HAKU OOHAPYKEHHUS! YIIICBOJOPOAHBIX 3aI€KeH B €CTECTBEHHBIX YCIOBHSX 3aJICTaHMUsL.
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Introduction

Analysis of theoretical basis to predict fluid-
saturated media and fluids by geophysical explora-
tion methods and their synthesis are given in this
article in order to use in production.

Summary of results of several years of experi-
mental and production works performed by scien-
tists previously during forecast of hydrocarbon
accumulation and analysis of physics and mathe-
matics of geophysical methods (seismic explora-
tion, resistivety prospecting and gravimetric pro-
specting), petrophysical properties of reservoirs
and physical features of fluids were the basis to
group following exploration criteria and features of
hydrocarbon fields discovery [1-17]:

1. Geological criteria.

2. Geophysical features.

Geological criteria
to discover hydrocarbon accumulation
in geological structure

Summary of formation processes and condi-
tions of hydrocarbon occurrence allows to distin-
guish following geological criteria to discover
hydrocarbon in geological structure [1-3]:

1. Deep gas-steam-conductive faults (migration
channels).

2. Dispersed organic matter
Cross-sections.

3. Migration faults that are oil-gas-steam-
distributing for first and second hydrocarbons.

4. Reservoirs that have pores and cracks of
effective porosity more than 2%.

5. Anticlines, domes, bars, monoclines, strati-
graphic unconformities, riffs, lenses, paleo chan-
nels etc.

6. Seals that are not permeable and represent
screen which block oil, gas, condensate, water and
its vapor to flow upside.

7. Lateral limit that does not allow oil, gas,
condensate and water to move laterally.

8. Unconformity of morphology of seals with
underlying sediments detected on temporary and
seismic deep cross-sections.

in geological

9. Deep-buried part of crystal foundation and
superimposed structure.

Thus, based on mentioned geologic criteria it is
possible to determine fluids in the geological
cross-section of studied areas during exploration of
oil, gas and condensate fields.

Geophysical features of discovery
of hydrocarbon accumulation
in geological structure

In order to determine geophysical features of
hydrocarbon presence under natural conditions an
analysis of theory that forecast fluid-saturated
media and fluids by geophysical methods of explo-
ration is done [4-8].

Based on the analysis of the theory and field da-
ta it can be concluded that seismic shear waves do
not propagate in fluids, but longitudinal do. On the
other hand, it is also known that the longitudinal
seismic waves propagating in fluids lose some of its
energy due to divergence and absorption. As a
result, their dynamic parameters change. For exam-
ple, amplitude of elastic vibrations are reduced and
attenuation coefficients, which are equivalent to the
absorption coefficients and the differences increase.

Moreover, it is also known that velocity of
seismic wave propagation in fluids and fluid-
containing reservoir is much less than velocity of
rock matrix. Therefore, on seismograms and time
sections of reflected waves in the hodograph longi-
tudinal reflected, refracted and transmitted waves
there is a time delay of their travel. Simultaneous-
ly, there is an increase of observable periods and
decrease of frequency of elastic vibrations on rec-
orded seismic signals.

Considering factors of wave field physical
phenomena during several years a lot of investiga-
tors while forecast of hydrocarbon deposits have
started to apply full-wave seismic survey in order
to use both longitudinal, transverse and converted
waves, since they can help to determine exact loca-
tion of fluids on its way.

Discovery of hydrocarbon accumulations in the
overlying and underlying medium using full-wave
seismic survey carried out as follows:
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—a desired object is located in overburden in
the area of incident waves, wave types PPP, PPS,
PSP, PSS, PP and PS are registered, there are
no wave types such as SSS, SSP, SPS, SPP, SP
and SS;

— a desired object is located in overburden, in
the reflection or refraction area wave types PPP,
SPP, PSP, SSP, PP and SP are recorded,
there are no wave types SSS, SPS, PPS, PSS, SS
and PS;

—a desired object is in underlying medium, in
an area below refractor, wave types PPP, SPP,
PPS, SPS are recorded and there are no wave types
SSS, SSP, PSP, PSS.

Besides, it was found that changes in values of
dynamic and kinematic parameters of longitudinal
reflected, refracted and transmitted waves depend
on power and phase of hydrocarbon compounds
and formation water, reservoir saturation, porosity
as well as pressure and temperature.

During the processing and interpretation of
seismic data obtained by methods of reflected, re-
fracted and transmitted waves, the authors found
that all kinds of longitudinal waves passing
through fluids (particularly through gas reservoir)
produce in the corner of its trap dynamic mature
longitudinal diffracted waves.

Also, according to actual seismic data authors
found that from the oil-water and water-gas contact
reflection that is so-called "flat spot" is registered.
Reflection from these contacts is always recorded
with a horizontal axis phase synchronism that is
characterized by an angular unconformity with ax-
is of phase synchronism of waves reflected from
top and bottom of a formation. Wherein reflection
coefficient of these contacts have the same order of
magnitude as from the other media boundaries.

This boundary has two characteristics: 1) lim-
ited length of media boundary in case of small
thickness and high angle of boundary of media
saturated by fluid can be less than Frenel zone that
leads to decrease in reflection intensity from the
boundary; 2) non-mirror and gritty nature of the
border causes an amplitude dependence of the
reflection from a frequency range of research.

Secondary transformation may occur in the contact
area, i.e. reduced porosity and increased density of
the water-saturated rocks.

In the analysis of electrical exploration data
obtained earlier [16, 17], it was found that the
value of resistivity of oil, gas and condensate is
very high and ranges from 10° to 10** Ohm-m. In this
regard, resistivity of formations saturated by water is
significantly reduced from 0.01 to 100 Ohm-m.
On the other hand it was found that the higher res-
ervoir temperature the lower resistivity and the
higher the geostatic pressure (gravity effect) the
higher resistivity of formation saturated by fluid.

Furthermore, field data show that relatively
small group of rocks (metal nuggets minerals, sul-
fides, certain oxides, carbons and carbonized
graphite) has electron conductivity and the higher
the concentration of such minerals in the rocks the
lower resistivity.

Main rock-forming minerals such as silicates,
most oxides (quartz etc.), carbonates (calcium
etc.), nitrates, phosphates and the like have very
high resistivity. Most igneous rocks are character-
ized by high resistivity and change in the value of
resistivity of these rocks depends on many physical
and geological factors, in particular on their struc-
ture, texture, mineral composition etc.

Texture and structure of rocks mainly affect
their electrical anisotropy, due to the existence of
which resistivity along the lamination (p;) in most
cases is smaller than across (pa), i.€. p;< pa. In case
of reverse phenomenon anisotropy paradox is
observed. Fluids in geological structure (under
natural conditions of occurrence) are discovered
with detection of negative local anomalies in gravi-
tational fields.

Thus, in the analysis of seismic, gravimetric
and electrical exploration data obtained previously
by researchers during prediction of hydrocarbon,
authors established following geophysical features
of detection of hydrocarbon accumulations in the
geological structure:

1. Seismic shear waves do not propagate in
fluids, therefore are not presented on seismograms
in presence of fluids in geological structure.
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2. When longitudinal, reflected and refracted
waves pass from borders below object of interest
there is a decreased values of effective and reser-
voir velocities and frequencies of elastic vibra-
tions, increase of attenuation coefficients, travel
time and visible periods of seismic waves.

3. Having considered factors above and taking
into account reference data authors grouped
following seismic characteristics. Kinematic,
dynamic, morphological, structural and formation-
al group of features [4-8]:

A. Kinematic features:

—increase of time interval between reflections
of overlying and underlying layers of hydrocarbon
accumulations;

—decrease of time interval between reflections
of covering layers of hydrocarbon accumulations;

—increase of a number of signal phases of
reflected waves coming from underlying layer and
passing through hydrocarbon accumulations;

—increase of travel time of reflected waves
from underlying layers and passing through hydro-
carbon accumulations;

—increase of formation speed between the
covering layers of hydrocarbon accumulations;

— decrease of formation (interval) speed in the
presence of hydrocarbon accumulations;

—increase of formation speed between underly-
ing layers in presence of hydrocarbon accumulations.

B. Dinamic features:

— decrease of amplitudes of elastic vibrations
of reflected waves coming from underlying layers
and passing through hydrocarbon accumulations;

—increase of amplitudes of elastic vibrations of
reflected waves (bright spot), coming from covering
layers (surfaces) of hydrocarbon accumulations;

— decrease of amplitudes of elastic vibrations
of reflected waves (dark or dim spot), coming from
the underlying layers (from the base and below) of
hydrocarbon accumulations;

— increase of period and decrease of frequency
(spectrum frequency) of elastic vibrations of
reflected waves coming from the underlying layers
(from the base and below) and passing through
hydrocarbon accumulations;

— decrease of period (increase of frequency) of
elastic vibrations of reflected waves coming from
the covering layers (from the roof and above) of
hydrocarbon accumulations;

—increase of attenuation coefficient of elastic
vibrations of reflected waves coming from under-
lying layers (from the base and below) and passing
through the hydrocarbon accumulations;

— decrease of attenuation coefficient of elastic
vibrations of reflected waves coming from the
covering layers (from roof and above) of hydro-
carbon accumulations;

—increase in relative dispersion of instant o /f
frequency in an area with hydrocarbon accumula-
tions;

—increase in relative dispersion of instant
phases of o,/¢ in an area with hydrocarbon accu-
mulations;

—a local change of polarity of reflected waves
at the corners of contacts between hydrocarbons
and reservoir rocks;

—an increase in intensity energy of reflected
and diffracted waves generated at the corner points
of contacts between hydrocarbons and reservoir
rocks;

— increase of energy of reflected waves coming
from layers covering (roof and above) in an area
with hydrocarbon accumulations;

—decrease in energy of reflected waves coming
from underlying layers (from the base and below)
and passing through hydrocarbon accumulations;

— change in relative dispersion of lateral reflec-
tion coefficient Kyes;

—increase of average reflection coefficient
module |K layers in the area covering (from the
roof and above) of hydrocarbon accumulations;

—decrease of average reflection coefficient
module |K in underlying layers (base and lower)
of hydrocarbon accumulations.

C. Morphologic (discovery of hydrocarbon
traps on migration time sections for configura-
tions) features:

—anticline (tectonic) traps have isometric
(domes), slightly elongated (brachyanticline) and
linearly-extended (anticline) forms of folds.
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On migration time cross-section domes are
expressed in almost symmetrically convex shape of
axis of phase synchronism, and shape of brachyantic-
line is convex on one side only or slightly stretched
in both directions. Anticline folds have a convex
shape and are strongly stretched in both directions.

In accordance with structural shapes anticline
traps may be:

a) Through: when an axis of phase synchro-
nism of seismic horizons can be traced from the
crystalline basement to the surface in inherited
form. Often these phenomena are expressed even
in the present relief. Within these inherited arches
anticline traps are coincide and shifting aside
sometimes;

b) Buried: associated with wedges of the
crystalline basement, where seismic horizons have
certain amplitude that attenuate up to the sross-
section until horizontality; anticline trap are
blocked by horizontal horizontals from the top;

c) Hinged: located in a limited range and do
not have roots in the crystalline basement.
Anticline trap accompanied by horizontal phase
synchronism axis of reflected waves coming from
covering and underlying sediments.

— Nonanticlinal  (stratigraphic, lithological,
complex (lithologic and stratigraphic) and reef)
traps in terms of features can be categorized as fol-
lows:

a) reservoirs are stratigraphic traps, connected
to pinching out layer. Pinching out line and cut
surface are lateral screen. In this case, it is neces-
sary to determine where the pinching out layer is:
on monoclines or on anticline wings. In all the
options pinching out is accompanied by merge of
axial phase synchronism of reflected waves
coming from the top and bottom of pinching out
layers, and a straight line of phase synchronism of
reflected waves coming from the cut surface;

b) reservoirs are lithological traps associated
with facies replacement of layers. These traps may
be located on anticlines and monoclines. Lenses and
layer inclusions of paleo channel, paleo delta and
other forms of sedimentation, which are presented
by clastic (sandy) sediments are related to lithologi-

cal traps. Lens inclusions on migration time section
are allocated by presence of parallel axis phase syn-
chronism horizons overlying and underlying sedi-
ments. Pinching out both at the beginning and at the
end of the phase synchronism are lateral screens.

Traps of reservoir inclusions represent chaotic
records of symmetrical signals that are detected by
presence of homogeneous, heterogeneous, non-
layered and strongly crumpled media with no
reflection. The zone is limited to the top and
bottom by parallel axis phase synchronism of
covering and underlying layers.

Lateral screens of reservoir inclusion on migra-
tion time section are characterized by presence of
homogeneous and heterogeneous rocks within the
formation, where layered axis phase synchronism
of reflected waves are traced.

In the traps of paleo channels and deltas on
migration time section some areas with lack of
reflection were found coming from the media of
homogeneous stratified rocks;

c) complex traps that have complicated and
difficult to determined shape of folds (monocline
fall of layers with sand bodies, which have screens
presented by line of cut surface). They are found
during determination of true speeds in reservoirs,
rock matrix and fluids.

d) reef traps associated with organogenic
constructions — barrier, shelf, coastal (boundary)
etc. For a number of specific features, especially in
the facies complex, reefs appear in a seismic field,
i.e., according to the shape of axis phase synchro-
nism reef structures are determined;

D. Structurally formational (age determina-
tion, establishment of sedimentation conditions
and study of form of folds) features:

a) seismic facies change (change of cross-
bedding to chaotic, delta or vice versa) within the
parallel layered covering and underlying sedi-
ments. On migration time section of cross-bedding
axis of phase synchronism are surrounded by
chaotic records in a trap area;

b) lateral change of layering types surrounded
by traps, i.e. cross-bedding sediments are fixed to a
trap, change to parallel layered sediments. On
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migration time section cross-beddings axis of
phase synchronism around a trap change to parallel
layered axis of phase synchronism.

c) lateral change of frequency of stratification
around the trap. From the one hand, trap crowding
(compactions) upside down is observed. From the
other hand there is an expansion of trap layers
(decompactions). Axis of phase synchronism of re-
flected waves behave the same way.

4. Longitudinal diffracted waves are formed at
the end of structures saturated with fluid.

5. During the use of method of reflected wave
longitudinal reflected waves with lateral axis phase
synchronism shortly extended from water-oil and
water-gas contacts are registered.

6. On gravimetric fields (charts of gravity
anomaly)  hydrocarbon  accumulations  are
highlightted by presence of local minimums [9-12].

7.In  presence of fluids in geological
cross-section high temperatures and pressures
(AHRP and AHPoP) are observed.

8. Hydrocarbon deposits are found along well
borehole according to the lateral logging sounding
with definition of true resistivity and self polariza-
tion. In presence of hydrocarbon compounds resis-
tivity is very high, while in the presence of
formation water resistivity is low [13-15].

9. In contrast to true velocity and density in
presence of hydrocarbons in geological structure
true values of resistivity are very high, while in
presence of saline and fresh reservoir water true
resistivity values, as velocity and density values,
are very low [16-17].

Conclusion

Use of geologic criteria and geophysical
features allow discovering hydrocarbon accumu-
lation and places of its high concentration in
geological cross-section because they are deter-
mined based on processes of oil and gas
formation and study of geological structure of
territory of interest.
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