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INTEGRATED INTERPRETATION OF SEISMIC AND WELL
LOGGING DATA IN THE DETAILED PHASE OF OIL AND GAS
EXPLORATION AND IN THE SEARCH FOR STRATIGRAPHIC

TRAPS

G. N. GOGONENKOV*, S S, ELMANOVICH*. V. V. KIRSANOV?*,
Yu. A. MIKHAILOV*

A description is given of the case history of a western Siberian oil field where the technique
of seismic stratigraphy was combined with the most up-to-date dynamic processing of seismic
profiles. All geological information, well logs, seismic and petrophysical parameters were integrated
to produce a reliable assessment of the hydrocarbon potential of the area.
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1. Introduction

In recent years the rapid development of seismic methodology and technol-
ogy has greatly contributed to the sharp increase in depth range, accuracy and
detailedness of the studies of geological sections, particularly in hydrocarbon
prospecting. Also, the increased possibilities of the seismic method suggest that
these techniques should have an important role in the later stages of the
geologic-exploratory process as well, namely, in the stage of the detailed ex-
ploration and industrial exploitation of the deposits. It is expected that seismic
prospecting in combination with well logging data would help us to achieve
substantial cuts in costs and deadlines when opening up new reservoirs. One
only needs to recall that usually most of the enormously expensive exploratory
drilling is done during the detailed exploration phase. A drastic reduction in the
number of exploratory drillings at the expense of deeper interpretation of the
available seismic material is one of the most important tasks of exploration
geophysics from the economic viewpoint. We foresee a particularly important
effect of the more precise determination of the structure of reservoirs. Complex
analysis of all available data could also be useful in the planning of post-
exploration work, and in the detection of associated deposits, including non-
anticlinal traps.

Our study is based on seismic sections, processed by the PGR program
package (the Russian abbreviation stands for Prognozirovanie Geologiches-
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kogo Razreza = Prediction of the (lithologic properties of) Geological Sections,
See Gogonenkov [1981 a, 1981 Db]), and subsequently analysed by the methods
of seismic stratigraphy [Payton 1977]. We also carried out facies analysis on
the well log data. The present work describes the methodological foundations
of the integrated interpretation and illustrates its effectiveness through a case
history dealing with the post-exploration for hydrocarbon reservoirs on a

western Siberian exploration site.

2. Scheme of the integrated interpretation of geological-geophysical data on
the basis of seismic stratigraphy

The sequence of, and interconnections between the individual stages of the
whole procedure — from the preparation and editing of the input data to the

Fig. /. Schematic flow-chart of processing of geological-geophysical data by seismic stratigraphy

1 abra. A szeizmikus sztratigrafiai adatfeldolgozas folyamatabraja
1—BEMENO INFORMACIOK; 2—pillanatnyi amplitadok, frekvenciak és fazisok;
3—iddszelvények; 4—pszeudo-akusztikus szelvények; 5—kd6zettani adatok akusztikus,
gamma-gamma és egyéb karotazs gorbék alapjan; 6—geologiai informacidk (a priori
szedimentaciés modell, furasi adatok); 7—Kkarotazs adatok (latszélagos ellenallas, PS,
neutron-gamma sth.); 8—prébaiizemi adatok, olaj/viz hatar meghatarozasa; 9—AZ ADATOK
EGYBEVETESE; 10—iddszelvények és pszeudo-akusztikus szelvények a karotazs-adatokkal;
11—reflexiok sztratigrafiai korrelacioja; 12 karotazs-adatok id6-1éptékben; 13—SZEIZMIKUS
SZTRATIGRAFIAlI ERTELMEZES; 14—id6szelvények és pszeudo-akusztikus szelvények
rekonstrukcidja az eredeti sikban; 15 -szeizmikus sztratigrafiai analizis; 16—facies analizis;
17—szeizmikus fécies térképek; 18 szeizmikus litofacies szelvények; 19 karotazs facies
térképek; 20—szedimentacidés modell; 21—a hullamtér paramétereinek kvantitativ becslése; 22—
a dinamikai paraméter- és akusztikus impedanciatérképek szerkesztése; iterativ modellezés;
23—izokron térképek, szerkezeti és paleo-szerkezeti térképek; 24—EREDMENYEK;
25—a perspektivikus objektumok kivalasztasa; 26 javaslatok részletes szeizmikus kutatasra;
27 javaslatok a furasi tervhez; 28 javaslatok a termel6 farasi program médositasara

Pue. 1. Cxema KOMMNIEKCHOW MHTepnpeTaunn reonoro-reomanyecknx AaHHbIX Ha
celicmocTpaTurpagmceckoii 0CHoBe
1 wucxofHas MH(oOpMauua; 2 MrHOBEHHbIe aMNNTYAbl, MTHOBEHHbIE YaCTOTbl, MIHOBEHHbIE
thasbl; 3—BpeMeHHble paspesbl; 4—paspesbl MAK; 5 neTpodusnyeckme gaHHble no AK. I'TK,
CK un gp.; 6—reonornyckas MHgopmMauns (MCXo4Has MofeNb, 0CafKOHAKONNEHNS, AaHHble
aHanusa KepHa); 7—kapoTaxHble gaHHble (KC, MC, MK. HIK, KB un gp.); 8—pe3ynbTathbl
onpo6oBaHna CKB. nonoxeHne BHK; 9—komnnekcmpoBaHue gaHHbIX; 10—BpeMeHHbIe
paspesbl 1 paspesbl MAK B KOMMNNeKCe C KAPOTAXKHbIMU JaHHbIMK; 1l—cTpaTurpaduyeckas
NpuBs3Ka OTPaXeHWUN; 12—kKapoTaXKHble JaHHble BO BPeMEHHOM MacLuTabe;
13—celicmocTpaTurpaduyeckas nHTepnpetauns; 14—naneopekOHCTPYKLUN BPEMEHHBIX
paspe3oB U paspe3oB MAK; 15—celicmocTpaturpaguyuecknii aHanus; 16—paymanbHblil aHanms;
17—kapTbl celicMmnyecknx tauuii; 18—ceicmonuTodalmanbHble paspesbl; 19—kapThbl
KapoTaxHbIX (hauuii; 20—mMofenb 0cagKoHaKoNNeHNs; 21 KONMYecTBEHHasA OLeHKa
napameTpoB BOJIHOBOrO MONs; 22—rMOCTPOEHNe KapT AUHAMUYECKMX MapaMeTpoB U KapT
aKyCTMUYeCKnX XecTkocTeld, mogenuposaHue (MMC); 23- KapTbl U30OXPOH, CTPYKTYPHbIE U
NaneocTPyKTYpHble KapTbl; 24—pe3ynbTathl; 25—BblAeNeHne NepcnekTUBHbIX 06beKTOB; 26—
peKkoMeHAaLmnn Ha MpoBejeHne feTaNbHbIX CEACMUYECKMX UCCefOBaHNA; 27—peKOMeHaaunMmn Ha
6ypeHune CKBaXWH; 28—peKoMeHaUnn Ha U3MeHeHWe MpoeKTa 3KCnayaTaunmoHHOro 6ypeHus
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final conclusions and recommendations — are schematically shown in Fig. 1
Input data can include all kinds of geological-geophysical information about
the study site: seismic data (both in the usual presentation and transformed into
instantaneous frequency-, amplitude- and phase sections as described in P tet-
sov and G ogonenkov [1982], or into pseudo-acoustic impedance sections, [cf.
Gogonenkov et al. 1980]; well logging data of exploratory boreholes and
analysis of core samples; all available geological information (sedimentation
models, stratigraphy, lithology, descriptions of the core samples and of the mud.
etc.); and all relevant petrophysical relationships and data, primarily as regards
velocities and bulk densities, these having the greatest influence on the seismic
wave field.

A few remarks should be made on preliminary seismic data processing, for
all subsequent steps basically depend on this very important stage. The prelimin-
ary processing should transform the recorded seismograms into a time section
that could be considered as an undistorted model of the wave field. The time
section should contain only primary reflections from plane-wave sources within
the medium, the elastic signal should have zero-phase characteristics in the
useful frequency range. Using state-of-the-art processing packages for multiple-
coverage seismic data [Koz1ov et al. 1973], and the novel possibilities of true
amplitude recovery [Averbukh 1982], this goal can always be achieved under
favourable seismogeological conditions. Since the final interpretation will have
been based on the dynamic parameters of the reflected waves, unusually high
requirements should be imposed on the completeness and thoroughness of the
processing, both in the design of the processing flow-chart and in the selection
of the parameters for the individual steps. The main criteria against which
processing quality should be matched is, how does the resulting time section fit
to the above-described models? The agreement has to be checked by wave-field
analysis, which has become an integral part of all up-to-date seismic processing
systems.

The first, and crucial step of integrated interpretation is the juxtaposition
of the seismic and well log data to the same scale. In order to do this, the well
logs should be rescaled from depth to two-way travel time, by means of the
proper velocity function, and superimposed on the seismic sections. (Or, alter-
natively, we transform the seismic time sections into depth, and use both kinds
of data in depth scale). An example of the composite display of seismic data and
SP logs is shown in Fig. 2. In lack of marker horizons and if the velocity
distributions and temporal tie-ins are not accurately known, the combination
of seismic and well log data could be an intricate and uncertain task whose
proper solution calls for the utilization of all available geological-geophysical
information.

Having constructed an intercorrelating network of seismic and well log
data, we can proceed to the central part of the investigation, to seismic strati-
graphy, where we construct the sedimentation model, and estimate the geologi-
cal nature and petrophysical properties of the different sedimentary sequences
with a degree of resolution allowed by the seismic material.
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The basic task of seismic stratigraphy is to be able to create geological
hypotheses about the sedimentation models of the target (productive and pros-
pective strata). We start out from a priori hypotheses, and these are gradually
improved as we iteratively proceed through more and more refined variants of
the sedimentation model, and by a composite study of the seismic and well log
facies.

The following are the basic tasks of seismic stratigraphy in the detailed
phase of seismic prospecting:

a) To delineate and analyse the large stratigraphic units (seismic sequences) of
the seismic time section, corresponding to long periods (of a few million
years) in the development of the palaeo-basin, each of them corresponding
to different palaeotectonic conditions of sedimentation.

b) To delineate and study the seismic facies belonging to these sequences.
c) To predict the source rocks.
After performing these tasks we predict the sedimentation conditions and the
lithology, delimit the reservoirs and sealing formations, and map the prospective
CH-bearing objects. Figure 3 illustrates the subdivision of a west Siberian time
section into seismic sequences. If we have to confine ourselves to the relatively
short sections of the detailed survey, we often face a particular problem: the
seismic profiles reveal only parts of the sequences so that their structural
regularities and their extension cannot be fully clarified. To circumvent this
problem, the stratigraphic analysis of local areas should be supplemented by
seismic facies analysis.

In order to construct the seismic facies map, the relative positions of the
fragments of the analysed time sections should exactly repeat the configuration
of seismic profiles (as shown in Fig. 4, where the elements of the facies map were
taken from a series of E—W profiles of the given area).

In order to decipher the genetic nature of the seismic facies we use the
seismic lithofacies sections and the well log facies maps. The seismic lithofacies
sections are constructed from a combined interpretation of the time sections,
core samples, grain-size analyses and the whole complex of geophysical well log
data. For the analysis, the vertical scale of the sections is transformed to that
of the well logs while the horizontal scale will be that of the seismic sections.
In the correlation between lithostratigraphic units the well log data should be
matched with the seismic sections. In spite of the significant differences between
the resolution power of the two methods, we can still avoid the pitfalls in the
correlation of the well log information and we shall more accurately represent
the geological build-up even at those places where no boreholes were available
(Fig. 5).

The seismic lithofacies sections can also be constructed on the palaeoplan.
Figure 6 shows the section of Fig. 5, reconstructed in the palaeoplan. Usually,
we take the roof of the thick shale formation as the datum plane in palaeo-
reconstructions, because of its good lateral correlation. The palaeo-reconstruc-
tion of the seismic lithofacies sections reveals the palaeotectonic development
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profile

Fig. 4. Elements of the seismic facies map. E-W profiles, Pokacheva area

4. abra. A szeizmofacies térkép elemei. Pokacseva terlilet, K-Ny-i szelvények

PuC. 4. AneMeHT KapTbl ceiicMuyecknx dauuii. Mpoduan WUPoTHOro NPOCTUPAHMS.

MokaueBcKas NoLlafb

Fig. 3 can be found on the last page
A 3. 4bra a flizet utolsé oldaldn taldlhaté

Puc. 3 npuBefeH Ha nocnefHel cTpaHuue
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of the territory, the development history of synsedimantary structures and their
connection with the reservoirs or sand/shale transitions.

The well log facies map serves for a division of the territory according to
the type and character of the genetically different facies. The well log facies
analysis is based on the changes of the SP patterns reflecting variations of grain
size. Changes in the lithologic composition and rock-physical properties —
recorded by SP logs — are essential indicators of the sedimentation conditions
[Taytor 1980]. On the maps, constructed for the given stratigraphic intervals,
we also display the corresponding SP pattern (Fig. 7). From its form one can
conclude to the genetic nature of the sand bodies. Because of the close connec-
tion between certain types of facies and the morphologically pronounced nega-
tiv and positive features of the palaeorelief of the basin floor, the genetic
interpretation of SP curves should be corroborated by palaeo-morphologic
data.

Making use of seismic stratigraphy and facies analyses, and of the correla-
tion of the lithologic parameters to the seismic facies and of lithofacies con-
ditions, we can construct the well log facies map supplemented with data of
grain-size analysis. Based on this map, we can form an idea on the sedimentation
model, clarify the genetic nature of the sedimentary units and conduct a search
for zones of possible reservoirs, for stratigraphic and combined traps.

To estimate the dimensions of the traps, to trace the contours of a deposit,
to pick the most promising location of a borehole, etc., we carry out special
wave-field analyses by means of the PGR package. The quantitative estimation
of wave-field parameters is based on the dynamic analyses (instantaneous
amplitudes and frequencies) and on pseudo-acoustic transformation. We con-
struct maps of the dynamic and (pseudo-) velocity parameters along the reflect-
ing horizons corresponding to the prospective pay zones; and establish a cor-
relational dependence between the seismic (amplitude, frequency, acoustic im-
pedance) and geological-petrophysical characteristics (porosity, sand/shale ra-
tio, oil saturation, productivity, etc.). The choice between different models and
the solution of some particular questions arising in the analysis of the anoma-
lous wave field are facilitated by seismic modelling techniques.

Fig. 5. Seismic lithofacies section in the present plane (vertical exaggaration 1:100) for Profile 3
of the Pokacheva area
1- different sands and aleurolites (productive rocks, reservoirs): 2 — shale, argillite; 3 — shaly
sandstone; 4 - aleurolite; 5 — shaly aleurolite; 6  oil; 7 — oil + water

5. abra. Pokacseva-3 szeizmikus litofacies szelvény (100-szoros vertikalis kimagasitassal)
1 homok és aleurolit (termel6 rétegek, tarolok); 2 — agyag; 3 — agyagos homokkd; 4 —
aleurolit; 5 — agyagos aleurolit; 6 - olaj; 7 — olaj + viz

Puc. 5. CeiicmonutochaymanbHblii pa3pe3 B COBPEMEHHOM MaHe no npogunto 3 MokayeBcKoi
nnowanu
1  necyaHO-aneBpOSIMTOBbIE PA3HOCTM (MPOHULAEMble NOPOAbl, KOMNEKTOPbI); 2 — F/INHbI;
3 — [IMHUCTbIE MEeCYaHUKW; 4 —aneBpoONUTbI; 5  TNIMHUCTbIE aneBpoONUTbl; 6 — He(Tb; 7 —
HepTb + BOAA
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The final stage of interpretation is based on the analysis of all data: based
on this analysis we make recommendations for additional exploratory boreholes
and for the correction of the drilling program of the production wells.

3. Application of integrated interpretation of geological-geophysical data in the
post-exploration phase

The effectiveness of the method will be illustrated on the example of a
project involving the Pokacheva deposit of the west Siberian CH-bearing
province, on the NW side of the lower Vartovo arch. The large, multilayered,
Jurassic and lower Cretaceous oil beds had previously been revealed by seismic
and well log surveys and prepared for exploitation, some oil producing wells are
already operating. In 1981 a detailed seismic survey was carried out as post-
exploration of the site, it was interpreted according to the above-described
methodology. The exploration was focused on the deposits of the Megion
Formation, which was already sufficiently known from exploratory boreholes.
While the occurrence of industrial amounts of oil in these deposits has proved
the regional presence of oil, general disagreement still existed among geologists
as to the regularities of the structure and conditions of development of these
deposits. Due to the complicated build-up of the formation and to its lithologic-
al inhomogeneity the correlation between well log sections is very uncertain,
which explains the existence of different sedimentation models. The top of the
Megion Formation contains the productive bed BB8which extends all over the
lower Vartovo arch and is the basic oil-producing layer of the ocality. In the
Pokacheva deposit, the oil-bearing layer is inhomogeneous: both in the western
and eastern part of the site sand/shale transition zones were found by drilling.
Also, a low yield of oil is obtained from the sandstones of the so-called Achi-
movy member, which is usually in the lower Megion Formation. Consequently,
the structural position of the reservoirs in the Achimovy member and the
location of the traps within it have remained unsolved problems in spite of the
large _nlumber of wells, because of the very complex nature of the logging
material.

Fig. 6. Seismic lithofacies section in the palaeoplane for Profile 3 of the Pokacheva area (vertical
exaggeration 1: 100)
1— sandy-aleurolithic elastics (permeable rocks, reservoirs). Sealing rocks: 2 - shale, argillite;

3 — shaly sandstone; 4 — aleurolite; 5 — shaly aleurolite

6. abra. Pokacseva-3 szeizmikus litofacies szelvény az eredeti sikban (100-szoros vertikalis
kimagasitassal)
1 - tormelékes homokké és aleurolit (tarolok). Zarorétegek: 2 - agyag; 3 - agyagos
homokkd; 4  aleurolit; 5 — agyagos aleurolit

Puc. 6. CeiicmonuTothaymanbHblil paspe3 B naneonnaHe no npogunato 3 MokayeBCKOW naowagn
1- mecyaHo-aneBPOANTOBbIE Pa3HOCTU (MPOHMLLAEMbIE MOPOAbI, KOMNEKTOPLI); 2 - FAWHbI; 3 -
FNUHUCTBIE MECHAHWKU; 4 - aneBpONUTLI; 5 - FNIMHUCTbIE aneBPO/UTLI



Fig. 7. Well log facies map for the interval, corresponding to the productive bed BB8
1— oil-producing wells; 2 — mixed oil-water wells; 3 — wells giving water with oil film; 4
water wells; 5 — dry wells; 6 — contour lines showing roof of payzone BB8; 7 — areas
of development of accumulated bar sands; 8 — boundary zones of the accumulation of bar
sands; 9 — SP patterns corresponding to bed BB8

7. abra. A BB8produktiv rétegnek megfeleld karotazs facies-térkép;
1— termel6 olaj-kutak; 2 — olaj-viz keveréket ad6 kutak; 3 - olajfilmes vizet ad6 kutak; 4 —
viz-kutak; 5 — szaraz farasok; 6 a BBg termeld réteg fed6jének izohipszai
7 — gat-homokkovek kifejlodési teriiletei; 8 — gat-homokkdvek hatarzénai; 9 — a BB8
rétegnek megfelelé PS-gorbék

Puc. 7. KapTa KapoTaXHbIX (hauyuii no MHTepBany, CBA3aHHOMY C NPOAYKTMBHbLIM niactom BB8
1— CKBaXWHbI, faBline He(hTb; 2 — CKBaXWHbI, AaBlune HePTb C BOAON; 3 — CKBaXWHbI,
[aBLLine BOLY C NNEHKON HePTU; 4 — CKBaXKMHbI, faBLUMe BOLY; 5 — CKBaXWHbI, rae
OTCYTCTBYIOT AaHHble 0npo6oBaHWA; 6 — M30rMMCbl MO KPOB/E OTPaXAKOLLero ropusoHTa
«BB8»; 7 — 06nacTn pa3BUTUA aKKYMYNATUBHbLIX NecyaHbiX Ten 6apoBOro Tmna; 8 -  Kpaesble
30Hbl aKKYMYNATUBHbIX MecyaHbiX Ten 6aposoro tuna; 9 — agunarpammsl MC npoTuB nnacta
BB8
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Fig. 9. Sigmoid seismic facies on a series of parallel profiles
9. dbra. Szigmoid szeizmikus faciesek néhany parhuzamos szelvényen

Puc. 9. CurmoBuaHble ceicmodaumm Ha cepun napannefbHbIX npogunei
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The clearest representation of the geological information contained in
seismic data can be achieved by the pseudo-acoustic transformation of the time
sections. Figure 8 shows the pseudo-acoustic section constructed from Profile
3, proceeding through the dome of the Pokacheva deposit. (The corresponding
time section was shown in Fig. 2). When carrying out the pseudo-acoustic
transformation the low-frequency components of the velocities had not been
taken into account, and a constant density had been asumed, so that the
black-and-white shades of the display show the relative changes of the acoustic
impedances. In particular, in the given case darker colours signify decreased
acoustic impedance values. The time window 1.9-2.1 s corresponds to the
Megion Formation, in the upper part of this interval the succession of low
acoustic impedance values around 1.9 s corresponds to the productive bed BBS.
The Megion Formation is underlain by the argillites of the Bazhenovo Forma-
tion, represented by the marker horizon at 2.1 s.

Stratigraphically, the reflection horizons have been correlated by means of
well shooting, acoustic logs and gamma-gamma logs; however, because of the
limited number of such measurements, additional information had to be sought
from the detailed analysis of the seismic and geological materials. We singled
out the most striking changes of the geological section (sand/shale transition
within the layer, significant changes in their thickness, fluid saturation of the
productive layers, layers of anomalous acoustic impedances, etc.) and compared
them with corresponding changes on the seismograms. The final step in the
stratigraphic correlation of the reflection horizons took place when we super-
posed the time-scaled well log curves on the seismic and pseudo-acoustic section
(Figs. 2 and 8).

As a result of the seismic stratigraphic analysis of the wave patterns within
the time gate of the Megion Formation we could delineate two seismic
sequences, differing in form: the clinoform (in Fig. 2 between 1.94 and 2.07 s),
correlating with the Megion Formation, including the so-called Achimovy
member. Higher up in the section appears the overlying complex (between 1.90
and 1.94 s), which corresponds to those strata where also BB8 belongs.

The interior structure of the clinoform sequence can be characterized by
two types of seismic facies: sigmoid (Fig. 9) and oblique reflections (Fig. 10).
Based on the characteristics of the interior structure of the complex, the study
site can be split into two parts: the back part, characterized by the presence of
two zones of sigmoid facies, occupying the SE-half of the area; the front part,
extending along the NW-part of the territory, exclusively built up of oblique
reflections.

The interior structure of the overlying complex is characterized by len-
ticular bodies, these correlate from profile to profile and constitute a regularly
arranged system (Fig. 11). The lenticular facies is confined to the depression
zones and is most wide-spread in the west part of the area characterized by the
most complex structure. This stratigraphic analysis has been completed by the
construction of seismic lithofacies sections, both in the comtemporary- and the



192 Gogonenkov— Elmanovich- Kirsanov— Mikhailov

FHOFIIE 24
K250
x ™ 8 MK 200
ww\ xxx ey xf o TN % «1»n’ 'COT 1 Y P ERR g RRERRE
f*t40nt*
R Ve e S APTE
20 e 1 e I
y ] _l.‘ _..II—I . -Hl_,-l

Fig. 10. Seismic facies characterized by oblique reflections on a series of parallel profiles
10. dbra. D6t reflektorokkal jellemzett szeizmikus faciesek néhany parhuzamos szelvényen

Puc. 10. CeiicMoauMn HaKNOHHbIX OTPAXXEHWUI Ha cepun napannenbHbIX Npogunen
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palaeoplans (Figs. 5 and 6), and by the well log facies map (Fig. 7). Thus we
could genetically interpret the deposits of the Megion Formation.

4. Conclusions

The integrated analysis of the geological-geophysical materials, carried out
as outlined above, has provided a sedimentation model of the Megion Forma-
tion. In the clinoform sequence of the Megion Formation one can distinguish
regularly alternating sedimentation stages, characterized by different tectonic
activities and different features of the generated geological bodies, which are
considered statigraphic traps. In the initial stage of the formation of the cli-
noforms the fast lateral accretion of its back part took place passively, without
the participation of tectonic movements. At the same time sigmoid lenses of
varying aleurolithic-argillic composition whaose cyclic structure is due to pulsa-
tions in the sediment transport, have been formed due to the prograding
clinoforms, and the channel sands lying obliquely at the foot of the slopes
having become argillaceous up-dip.

The sigmoid bodies and the sandstones at their feet have been hit by a
number of wells. According to the stratigraphic correlation the sandstones have
been identified with the dipping reflections, recorded from below the lower
Megion Formation revealing six sandstone bodies, denoted in the figures as [0,
02 05 06, A7 and A48. Figure 12 shows the composite map of the isochrons
of oblique reflections, corresponding to sandstones of the Achimovy member.
The formation of these sandstone bodies is connected with the activity of the
bottom currents along the slopes.

The tiled structure of these bodies in the north-western part of the area is
very likely due to the fact that the decelerated lateral advance into the basin of
the noncyclic front parts of the clinoforms happened at the same time as a
noticeable activation of the tectonic movements. In the final stage of develop-
ment of the clinoforms, their shelf parts are characterized by vertical accretion
of sediments. The features of the distribution of the corresponding shallow
marine lithofacies are determined by the activation of the tectonic movements.
In the depressions the lateral accretion of the clinoforms took place syn-
chronously resulting in extremely varying lithofacies. In the depressions of the
shelf, channel sands had been accumulated with lenticular seismic facies (Fig.
11), on the elevated parts there are sand bars (Figs. 6, 7). In the depression zones
at the foot of the clayey slope, canyon sand bodies are formed due to the
activities of the deep-water currents.

The sedimentation and the structural model of the deposits within the
Megion Formation have been used to outline the basic prospective objects. For
the obliquely deposited sandstone layers of the lower part of the Megion
Formation (the Achimovy member) these are, first of all, nonanticlinal traps,
connected with sand-shale transition up-dip. In the overlying complex we
mapped the zones of channel sands and bars having the most favourable
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PRMAF1F 3

PROFILE 14

Fig. 11. Lenticular seismic facies, identified with the zone of channel sands
A — time section, direct polarity, B —time section, reversed polarity

1. abra. Csatorna-homokkal azonosithato lencsés szeizmikus faciesek
A - id6szelvény egyenes polaritassal; B — id6szelvény forditott polaritassal

Puc. 11. /IuH30BUAHbIE ceiicModaLK, OTOXAECTBNSEMbIE C 30HOI pa3BUTMS KaHana
A — BpemeHHoli pa3pe3 npsamas NofspHocTb; B BpeMeHHol pa3pes ob6paTHas MonspHOCTb
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Fig. 12. Composite isochron map of the oblique seismic facies
1— isochrons of the reflecting horizons corresponding to the roofs of the sand bodies 40, 42,
05 06- 07> [l
2 — sand/shale transition line; 3 — zones of decreased acoustic impedance within the beds

12. abra. A ferde szeizmikus faciesek 0sszetett izokron térképe.
1—a A0 42 A5 46, 47 A8 homoktestek fedSinek megfelel6 izokronok; 2 homok-agyag
atmenet vonala; 3 — a réteg belsejében levé csokkent akusztikus impedanciaji zénak

Puc. 12. CBoHas KapTa WU30XPOH HaKNOHHbLIX CeACMUYecKMX (auuii
1 —u30XpoHbI OTpaxatrowmx ropmusoHTos A0, A4,, 45 A6 A7 O, COOTBETCTBYHOLLUX KPOBAAM
necyaHux nnacTos;
2 — [IMHWW TNMHW3aLMW pa3pe3oB NacToB; 3 30Hbl MOHWKEHUS aKyCTMUYEeCKOW XeCTKOCTU
nnacToB
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reservoir properties. Within the Pokacheva oil field the structural oil deposits
are controlled by bars in the 6B8bed, while the nonanticlinal hydrocarbon traps
are possibly connected with the pinch-outs in the zone of channel sands. High-
productivity wells belong to uplifted zones of channel sands.

In order to get additional information on the nature of the changes of the
petrophysical properties and of the fluid-saturation of the productive layers the
guantitative estimations of the seismic wave-field parameters have been used.
We computed, for all prospective objects detected during the construction of
the sedimentation model, the velocity maps from pseudo-acoustic data and the
instantaneous amplitude map based on the dynamic analysis of the complex
traces. The highest inverse correlation has been established between the pseudo-
acoustic velocities, on the one hand, and the thickness of the oil-bearing zone
and the productivity of the wells, on the other. Figure 13 shows a comparison
of the pseudo-acoustic velocity map with the productivity map displaying the
yield of the exploratory wells from the 5B8 bed. Observe the fair agreement of
the anomalously low pseudo-acoustic velocities with the highest yield of the
wells in the north part of the Pokacheva field. By including all data into the
analysis we could delineate the contours of the deposit within the productive
bed BB8, we detected new structural traps and assessed the probable oil content.

In the sediments of the Achimovy member the analysis of the pseudo-
acoustic sections and of other data revealed zones of decreased acoustic im-
pedance, which correspond to the most elevated parts of the sand bodies,
around the sand/shale transition line of the layers. Characteristic anomalies of
the seismic parameters, corresponding to the development of the prospective
object [16, are shown in Fig. 14. In zones like this, nonanticlinal hydrocarbon
traps can be predicted. As an example Fig. 15 shows the isochron map of object
[6. On the same map we superimposed the respective intervals of the SP and
apparent resistivity logs, characterizing the lithology of the geological body,
which clearly show the accurate coincidence of the object [6 with the develop-
ment of the sandstone layer. The sand/shale transition line was constructed on
the basis of the dynamic analysis of the wave field and has been checked by the
available well log data. The results of the integrated interpretation have ren-
dered it possible to work out recommendations for the additional exploration
of the oil field.

The investigation presented can be considered as a first step towards a novel
technique in the geological exploration for oil and gas, which more fully relies
on the up-to-date possibilities of seismic prospecting combined with all available
geological-geophysical information. It should be noted that the solution of this
task requires a new kind of research team as well, consisting of petroleum
geologists, well log analysts and seismic interpreters. Only such team-work
together with a thorough cross-analysis of the materials could lead to a synthesis
of the ideas on the sedimentation history of the basins which would be in
accordance with all available data and could thus be used for the detection of
the prospective objects.
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There is no doubt that the wide-spread use of the integrated approach of
geological-geophysical interpretation—supported by sophisticated seismic
techniques—in the detailed exploration and exploitation phase of oil and gas
reservoirs would lead to a further increase in exploration efficiency.

Fig. 13. Comparison of the map of interval velocities computed from pseudo-acoustic logs for
the BB8 bed with the productivity isolines of the exploratory wells

13. abra. A BBSrétegben, a pszeudo-akusztikus szelvények alapjan meghatarozott
intervallum-sebességek, valamint a kutaté farasok egyenlé hozam-gorbéi

Puc. 13. CoBMelyeHMe KapTbl MHTEPBa/bHLIX CKOpOCTen no KpumebiM MAK B MHTepBane nnacrta
BB8 un usonunHuii NPOAYKTUBHOCTU pa3BefoYHbIX CKBAXMWH



198 Gogonenkov— Elmanovich— Kirsanov—Mikhailov

Fig. 14. Seismic wave-field characteristics for the range containing the prospective object [16
within the sediments of the Achimovy member
A — time section, direct polarity; B — time section, reversed polarity; C — instantaneous
frequencies; D — instantaneous amplitudes; E — pseudo-acoustic section; F — instantaneous
phases

14. abra. A 6 homokkétestet tartalmazd Acsimovi rétegsor szeizmikus hullamtér jellemz6i

A — id6szelvény egyenes polaritassal; B — id6észelvény forditott polaritassal; C — pillanatnyi

frekvenciak; D — pillanatnyi amplitddok; E — pszeudo-akusztikus szelvény; F — pillanatnyi
fazisok

Puc. 14. XapaKTepuUCTMKa BOJIHOBOTO MOJSi HA Y4acTKe BbIAENEHUs NMepCrneKTUBHOIO 06beKTa B
OTNOXEHUAX «a4MMOBCKOI Nauku» (06bekT [ 6)
A — BpemMeHHO pa3pe3 npsMas NONSAPHOCTb; B — BpeMeHHOl pa3pe3 o6paTHas MONSPHOCTb;
C — MrHOBEHHble 4acToTbl; D — MrHOBEHHblE aMnANTYAbl; E — nceBfoakyCcTUUecKuit
KapoTax; F — MrHOBeHHble asbl
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Fig. 15. Isochron map of the object [1 6 with characteristic well log patterns
1 — SP log; 2 — exploratory borehole; 3 — oil-producing well; 4 — sand/shale transition line;
5 — isochrons for horizon [ 6, corresponding to the roof of the sandstone body; 6 — zones of
decreased acoustic impedance within the bed

15. abra. A 16 homokkd6test izokron térképe, a jellemz6 karotidzs felvételekkel
1 — PS-gérbe; 2 — kutaté fards; 3 — termel6 olajkit; 4 — homok-agyag hatarvonal; 5 — a
N6 fed6jének izokronjai; 6 csokkent akusztikus impedancia-zénadk a rétegben

Puc. 15. KapTa M30XpoH no o06bekTy [l6 c hparmMmeHTamMmmn KapoTaXHblX XapakTepucTuk ob6bekTa
1 — pe3ynbTaTbl MCNbITAHUA MAacTa C ykasaHuem fe6uTa HeTU W BOAbI; 2 — CKBaXMHbI; 3
CKBaXMWHbl, faBlwimne He@Tb; 4 — AUHUA TAUHU3aUMKM pa3pe3a nnacta 46;5 M30XPOHbI
oTpaxatwero ropumsonTa /6, COOTBETCTBYIOL €r0 KPOB/Ee MeCY4aHHOro nnacrta; 6 — 30HbI
NOHUXEHUA aKyCTUYEeCKOW xecTkocTu nnacta [ 6
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SZEIZMIKUS ES KAROTAZS ADATOK KOMPLEX ERTELMEZESE A
SZENHIDROGEN-KUTATAS RESZLETES SZAKASZABAN

G. N. GOGONENKOV. S. S. ELMANOVICS. V. V. KIRSZANOV. Yu. A. MIHAILOV

Egy nyugat-szibériai olajmez6 kutatdsdnak példéjan bemutatjuk a szeizmikus sztratigréafia
moédszerének és a korszer( szeizmikus adatfeldolgozasi eljardsoknak &sszekapcsolt alkalmazésat.
A geoldgiai informéciék, a karotdzs-adatok, a szeizmikus és kézetfizikai paraméterek integralt
felhasznalasaval sikerilt a tertileten taldlhaté szénhidrogén-el6fordulds megbizhaté becslése.

KOMM/IEKCHASA NHTEPTIPETALINA CEMCMUNYECKUNX I KAPOTAXHbIX
OAHHBIX MPU AETA/IbHOW PA3BEAKE HE®TAHBLIX U MTA30BbIX
MECTOPOXAEHWN N MONCKAX HECTPYKTYPHbIX JIOBYLLEK

I H MOMOHEHKOB. C. C. /TbMAHOBWY. B B KV/PCAHOB. O A MUXAATIOB

B uwacTtoaweii pa6oTe 6yayT M3NOXeHb MeTOAMYECKME OCHOBbI KOMMNNEKCHOW WHTep-
npetauuu M Ha nNpumMepe OAHOW M3 pa3BefOYHbIX nnowapeid 3anagHolt Cubupu npowunntoc-
TpupoBaHa 9PGHEKTUBHOCTbL €e MNPUMEHeHus Ha 3Tane Aopa3BeAkw MEeCTOPOXAEHNIA
yrneBoAopojoOB.

OCHOBY paccMaTpuBaeMbl X UccnefoBaHnii npeactapnaetr o6pa6boTka ceiCMUYECKUX AaHHbBIX
no KoMnnekcy nporpamMm MNpPOrHO3MpPoOBaHWA BeljeCTBEHHOro cocTaBa reon0rn4Yeckoro paspesa
MIMP v nuTepnpetauns nonyyeHHbIX AaHHBIX C NPUMEHEHMEM NPUHLUNOB celicMocTparurpapuuec-
KOro n ceiicmodaLManbHOro aHanu3oB, a TakXe (GaynanbHOro aHanusa KapoTaXHblX AaHHbIX.



