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PROGRAMME-METHODICAL COMPLEX "SEISMOCYCLITE"

Introduction
 The new, highly effective methodology of geological investigations with using the geophysical methods is demonstrated, it is elaborated for the aims of petroleum geology and may be used at the investigations of terrigenous, terrigenous-carbonate and carbonate sections. It also may be used at exploration of coal, ore, diamond fields and underground water, as well as at the solving the tasks that need the detailed knowledge of the section structure (gas storages, slide dangerous zones etc.).

This methodology includes the new methods of processing and interpretation of geophysical data and is realized as the programme-methodical complex (PMC) "Seismocyclite". It is based on the theory of sedimentary cyclicity - lithmology (the teaching about the rock-formation associations, which are characterized by the totality of certain indications and are called the cyclites (fig. 1)) and on the assumption of the discompaction zones existence in the rocks.

The characteristic peculiarity of the PMC "Seismocyclite" is a common methodology of geological-geophysical investigations, which envelopes all the stages of work, from the field observations to the geological interpretation of the resultative data.

The PMC "Seismocyclite" peculiarities are as follows:

1. Combined processing and interpretation of the data of various geophysical fields (seismic survey, electrical survey, logging) with the presenting of resultative data in the identical form - the form of seismocyclites. The Seismocyclite is the representation of cyclite in the field of the reflected seismic waves.

2. Application the new methods of the wave fields processing, including:

• method of weakening the regular noise-waves, which do not answer the principle of mutuality in seismic survey;

• method of compensation of the side waves influence;

• method of forming the coloured sections.

3. Using the new methods of:

• the tying to depth of seismic waves;

• correlation of seismic waves;

 • prognosing the hydrocarbon pools.

The uniting of the known geophysical methods, which were tested by time, with the methods of processing and interpretation worked out by us led to the creation of the new instrument for geological investigations. The advantages of our methodology in comparison with the commonly used methods lay in the possibility of obtaining the new qualitative data as to the geological structure of the investigated areas and of prognosing the hydrocarbon pools.

In the PMC "Seismocyclite" some problems of geophysical investigations are solved in a new way, in particular the methodology makes possible:

• to enhance the trustworthiness of geological results at the expense of using the new methods, and also of joint processing and interpretation of the data of various geophysical fields;

• to improve the ratio signal/noise and the resolving power of seismic survey laterally at the expense of additional removing the regular noise-waves and the absence of "tailing" of the phase coincidence axes at the averaging the signals of traces;

• to improve the trustworthiness of correlation of the reflecting boundaries at the expense of using the seismocyclites at correlation;

• to increase the accuracy of structural constructions at the expense of identical stratigraphical tying of the reflected waves phases. 

Using of the PMC "Seismocyclite" makes possible:

• to do the prognosing of the hydrocarbon pools;

• to establish in the section the heterogeneities of material-structural composition, which disturb the bedding of the section intervals (the zones of discompaction, the organogenic constructions, intrusions, salt stocks, breaks and so on);

• to establish in the section the stratigraphic and lithological boundaries, the lithofacial substitutions, the uplifts with small amplitude, the places of the beds wedging out and other peculiarities of the section structure.

All the mentioned possibilities of the method are the grounds of its using in different spheres of geological investigations.

* * *

For the work of the PMC "Seismocyclite" the following input data are necessary:

• materials of the 2D or 3D seismic survey and, if possible, of electrical survey;

• the log diagrams of acoustic and (or) gamma-ray logging of the wells;

• the a priori geological information on the geological structure and oil-and-gas-bearingness of the investigated area.

In the result of the works the Client will obtain the following main materials:

1. At the prospecting of the new hydrocarbon fields:

• the conclusions as to the expediency of drilling the wildcats and the indication of their location and the expected bedding depths of the producing layers;

• the scheme of disposition of the detailing seismic profiles with the recommendations as to the methods of the field works carrying out.

2. At the prospecting and additional prospecting of the hydrocarbon fields:

• the prognosing maps of the hydrocarbon pools in the definite interval of the depths;

• the conclusions as to the presence of new objects of the prospecting in the field;

• the recommendations as to the exploration works carrying out in the field with the indication of the location of new exploratory wells.

The Client may obtain any traditional results of seismic survey, and the intermediate results of the PMC "Seismocyclite".

* * *

At the prospecting of other mineral resources the PMC "Seismocyclite" is correspondingly adapted to the given task.

Methods
According to the theory of sedimentary cyclicity the sedimentary thickness is composed with the cyclites undistorted or distorted by the postsedimentary processes. The representation of the cyclite in the field of reflected seismic waves is called the Seismocyclite. Four indications of the cyclites we reformulated into four indications of the seismocyclites. Each indication has the corresponding algorithms worked out. by us, and each algorithm has the package of applied programmes. For the PMC "Seismocyclite" reduction to the geological conditions one more algorithm (ORT) was created. The mentioned расkages of the applied programmes compose the computing part of the PMC "Seismocyclite", wnose scheme is represented in fig. 1.

The work of the PMC "Seismocyclite" computing part is illustrated by a concrete example of the processing of the seismic profile materials, obtained by the method of multiple coverage with the central system of observations. In fig 2, 3, 4 there are the CDP time sections, obtained by one and the same profile: the summary section (built by the CDP full hodographs), the left-side one (built by the left-side branches of the CDP hodographs), the right-side section (built by the right-side branches of the CDP hodographs) correspondingly. The first of them is the final result of a standard CDP processing, and the latter two are the input massifs for the processing using the PMC "Seismocyclite".

The CDP left-side and right-side sections are worked out by SVAN package of the applied programmes. This package realizes the time sections in the frequency narrow subranges (not less than 18) with the horizons selection by the inclination angles and with the simultaneous enhancing the ratio signal/noise. The essential peculiarity of the work of this programmes package is the absence of "tailings" of the phase coincidence axes at the averaging the signals of traces. In fig. 5, 6 the SVAN-sections for one of the subranges of the frequencies are given, which are obtained by the massifs from the fig. 3, 4 correspondingly.

The obtained massifs (fig. 5, 6) are worked out by the package of the SNELL applied programmes. This package realizes the singling out of the waves, that answer the principle of mutuality, in seismic survey. From two mentioned massifs (fig. 5, 6) the third one is created - the time SNELL-section (fig. 7), in which only those signals are present, that coincide by the form and the registration time in the first two (fig. 5, 6). In the result of work of the package of the SNELL applied programmes the majority of various regular noise-waves is eliminated. Besides, the possibility of singling out the quasi-diffracted and diffracted waves is foreseen. The necessity and effectiveness of using the SNELL-type algorithms result from the combined analysis of the sections from fig. 5, 6, 7.

The real geological medium possesses a thin-bedded structure. Its representation in the field of the reflected seismic waves depends upon the length of the sounding signal wave and its visible frequency. So, the time SNELL-sections for various frequency subranges are different. This circumstance is shown in fig. 7, 8 and is just the precondition of the wave field processing in the frequency subranges.

The wave fields of all the frequency subranges are represented in the form of the CYCLITE-columns. The CYCLITE-column is formed from the same traces of SVAN-sections or SNELL-sections of the profile. In the left half of the CYCLITE-column its traces are put in order by the increasing of the visible frequency, and, for the convenience of the visual analysis, they are duplicated mirror-like in the right half. In such a way each trace of the profile has its corresponding CYCLITE-column. The set of the CYCLITE-columns by the profile is called the CYCLITE-section. The fragment of the profile CYCLITE-section, built by a package of the CYCLITE applied programmes, is represented in fig. 9. In the given fragment a number of seismocyclites is singled out, and almost the undeformed Seismocyclite is observed in the time interval 430-470 ms.

The coloured picture is obtained by joining up the pictures of SVAN-sections or SNELL-sections. It is realized by the addition of the massifs in the space of colours. This procedure of joining up is the base of the algorithm COLOUR, which is realized in the package of the applied programmes of the same name. The result of the processing is represented in fig. 10. This section is called the seismolithmological section. Its main features is the presence of connection between the change of the colour of the picture and the change of material-structural composition of the deposits. In the seismolithmological section the following peculiarities of the investigated thickness structure are observed:

• the section is essentially heterogeneous vertically and laterally;

• in the section the zones of approximately identical colour are singled out; they correspond to the approximately identical material-structural composition of the deposits (for example, the deposits in the time interval 500-600 ms);

• in the section the zones of subvertical direction are singled out caused by the postsedimentary processes (for example, the deposits in'the interval 1400-1850 m, the time interval - 250-600 ms).

In the fig. 2 ... 10 the RMC "Seismocyclite" work is illustrated at the input material as the CDP time sections, which are obtained with the central system of observations. In the same way the method works with the data of 2D and 3D seismic survey. The using of the package of the ORT applied programmes foreseen the presence of the field materials, obtained by the 3D seismic survey.

* * *

The cyclites, as the really existing objects, are represented in any geophysical fields. In fig. 11 (a black-white variant) and fig. 12 (a coloured variant) the CYCLITE-columns are given, which are calculated by the diagrams of the neutron gamma-ray logging, gamma-ray logging, acoustic logging for the wells W-1 and W-2. The CYCLITE-columns have a similar form and the structure of image. The method makes possible to obtain the resultative materials of the logging methods in the identical form of image.

In fig. 13 the diagrams of gamma-ray logging are presented, as well as the CYCLITE-columns for three wells (W-1, W-2, W-3) built by them. The correlation results of the section intervals by the CYCLITE-columns and the log diagrams coincide. At the same time the log diagrams are represented in the form identical with the CYCLITE-columns of seismic profiles. This circumstance lets to compare the data of the land seismic survey and the logging, that is illustrated in fig. 14. The methods make possible to tie identically the phase registration time of seismic signal with the depth of the thickness bedding, that formed the mentioned phase.

In fig. 15 the example of visual tracing of the reflecting boundary on the profile crossing the break is given. The comparison of the seismocyclites from to the left and to the right from the break lets to make the reliable correlation of the phase coincidence axes of the time sections.

In the upper part of the fig. 16 the fragments of three CDP time sections are pictured, which were obtained by the profiles crossing in points A and B. In the lower part of the same figure the CYCLITE-columns are given, calculated by the traces, which are located in the points of the profiles A and В intersection. The method allows to identify for sure the seismic waves, which are reflected from one boundary and are registered in the different profiles.      

In fig. 17 two coloured seismolithmological sections are represented which are built by the parallel profiles. The distance between them is 2 km. The coloured pictures of Cenozoic and Mesozoic deposits in both sections are similar and differ only in details. The stratigraphic complexes of the same age in both profiles are represented with identical colours, and the change of the colour takes place on the complexes boundaries. In particular, it is clearly seen the increasing of the Cretaceous deposits thickness in the right part of the profiles. The analogical seismolithmological sections are represented in fig. 18, and they reflect the structure of Paleozoic deposits structure. The distance between the parallel profiles is 1 km. Sharp change of the colour vertically in the interval C1 is caused by lithological changes of the rocks composition. The methods allow to single out the stratigraphic and lithological boundaries in the section.

In fig. 19 the seismolithmological section and its simplified variant are represented. In this section the peculiarities of the wave field are demonstrated - it is the singular seismolithmological section. Here the zones of dark, cold colours are singled out, that

correspond to the deformed seismocyclites, or, just the same, to the intervals of the section with disturbed bedding. These disturbances may be caused by a number of geological reasons: the discompaction zones, organogenic constructions, intrusions, salt stocks, breaks and other inhomogeneities. The discompaction zones are of the greatest interest for petroleum geology, because they have good reservoir properties. In the singular seismolithmological section only the zones of the bedding disturbance are singled out. The methods allows to simplify the seismolithmological section and to single out there the zones of the bedding disturbance, which are caused, in particular, by the discompacted intervals of the section.                                            

Methods of prognosing of the hydrocarbon pools
Methods of prognosing of the hydrocarbon pools is based on the hypothesis, that the

oil or gas field is formed in the result of the hydrocarbon migration from the source of their generation and the subsequent accumulation and conservation of the hydrocarbons in the traps, which are located along the ways of migration. According to this hypothesis the searching for oil and gas pools is the following:

• prospecting of the main ways of migration - the channels of supply;

• prospecting of the traps connected with these channels of supply;

• prognosis of the hydrocarbon presence in the trap.

The main ways of migration - the channels of supply - are the subvertical zones, which are formed in the result of the rocks discompaction.

The hydrocarbon trap is composed with the reservoir (permeable porous rocks) and the impermeable seam (impermeable rocks that limit the upper and lateral parts of the reservoir). The reservoirs may be formed by the discompacted zones or the separate porous layers. The discompacted zones are in the section intervals with disturbed bedding. The separate porous layers may be in the section intervals with undisturbed bedding. The screening of the trap from above is provided by the subvertical impermeable seam. So the impermeable seam overlapping the trap must have the undisturbed bedding, because the disturbed bedding witnesses to the possibility of the subvertical permeability of the section given interval. The lateral screening of the trap may be provided by compact rocks or the structural forms of the reservoir.

The reservoir of the trap must be united with the channel of supply. The uniting of the reservoir with the main way of migration - the channel of supply - may take place directly or with the additional ways of migration. It may be the separate permeable seams or the subhorizontal discompacted zones.

Prognosis of the hydrocarbon presence in the trap is carried out on the base of the a priori geological-geophysical information and the data of electrical survey. For example, if it is known the only one hydrocarbon pool in the investigated area, it is possible to affirm as to the presence of the pools in all the traps, which are connected with that same channel of supply as the known pool.

Our experimental investigations proved, that the main elements of the seismolithmological sections are the zones of two types:

contrast, distinct zones of image, within which the phase correlation of the reflected waves is preserved (mainly of warm colours);

zones with partial of full loss of the phase correlation of the reflected waves (mainly of cold, dark colours).

   At whole image represents the picture, which consists of the first type zones "divided" by the second type zones. The first type zones form mainly the block forms of unspecified sizes, and the second type zones - the mosaic subhorizontal, subvertical forms. The first type zones correspond to the undisturbed bedding and the second type

zones - to the disturbed bedding. The section intervals with undisturbed bedding are impermeable in the subvertical direction and are the impermeable seams. The section intervals with disturbed bedding may be permeable subvertically and are the main ways of migration - the channels of supply.

Basing on the hypothesis as to the existence of the subvertical ways of migration -the channels of supply, and using the main peculiarity of the seismolithmological sections - the connection of the colour changes with the changes of the material-structural composition of the deposits, the hydrocarbon pools prognosing is as follows.

In the sections the channels of supply are established, which are traced from the lower half-space to the impermeable seam. The traps are established near the channels of supply. In many cases the main feature of the trap is the presence of the section interval with disturbed bedding, which is overlapped by the section interval with undisturbed bedding (the reservoir and the impermeable seam). Often the important additional indication of the trap existence is the presence of a small positive structural form in the impermeable seam. The reservoir of such kind of the trap is formed in the result of the rocks discompaction at discharging of the geosolitone energy, and the part of' this energy may form the uplift in the impermeable seam rocks. Using the a priori

geological-geophysical information, and also the seismolithmological materials it is possible to study the opportunity of hydrocarbon migration from the channels of supply to the trap reservoirs through the additional ways of migration. The modes of possible traps connection with the channels of supply are analyzed. The indications of the traps and the channels of supply are tied by the profiles. At presence of the electrical survey data within the established traps the parameters of electrical field are analyzed. The prognosis of the presence or absence of the hydrocarbon pools is done on the base of the general analysis of all the a priori geological data and the resultative geophysical materials.

Verification of the methods of prognosing of the hydrocarbon pools
In fig. 20 and 21 the seismolithmological sections of the gas-condensate field are presented. This field is situated in the Dnieper-Donets depression central part. The commercial gas influxes were obtained in the intervals of the wells S-2 and S-3, within which all the indications of the hydrocarbon traps are clearly shown (the reservoir, the impermeable seam) and the indications of the channel of supply. Besides, the rocks of the trap impermeable seam, uncovered by the well S-2 at the time of 2900 ms, form a small positive structural form. In well S-7 and in the lower parts of the wells S-3 and S-2, where the traps and channels of supply indications are absent, the hydrocarbon influxes were not obtained. In well S-6 the testing was not carried out in connection with the negative conclusions by the log data, and in well S-5 no influxes were obtained along the whole interval of testing. In the seismolithmological section the indications of the traps and the channels of supply are absent near these wells.

In fig. 22 and 23 the seismolithmological sections of the gas-condensate field are presented. The field is situated in the Dnieper-Donets depression near-edge zone. The gas commercial influxes were obtained in well M-3 in the interval, where the indications of the trap and the channel of supply are shown. In well M-7 the weak gas and condensate influxes were obtained, and in the lower interval of the testing no influxes were obtained. In the seismolithmological section within the limits of the testing intervals the indications of the channel of supply and the reservoir are manifested, but the indications of the impermeable seam are absent. By the results of the seismolithmological analysis the absence of the gas commercial influxes in well M-7 is caused by the opening of the trap.

In fig. 24 the seismolithmological section of the gas field is presented. This field is situated in the Black Sea shelf. In well G-4 the gas commercial influx was obtained

 interval of the depth, where all the seismolithmological indications of the hydrocarbon trap are clearly expressed. The pool is in the porous layer in the section interval with undisturbed bedding. The additional way of migration from the channel of supply to the pool is just the same productive bed. In the lower intervals the water influxes were obtained, and in the upper one - the weak gas influx.

The comparison of the factual oil-and-gas-bearingness of the section, established by the drilling data, with the results of the seismolithmological analysis (fig. 20 ... 24), makes possible to draw the following conclusions:                 

1. The wells S-2, S-3, M-3, G-4 uncovered the section intervals, where the hydrocarbon pools are prognosed by the seismolithmological analysis data. All the pools uncovered by the wells are located in the traps, connected with the channels of supply. The indications of the traps and the channels of supply are shown in the seismolithmological sections. By the seismolithmological data the well drilling in these areas was justified.

2. The wells S-5, S-6, S-7, M-7 uncovered the section intervals, where by the seismolithmological analysis data the hydrocarbon pools are not prognosed. The section intervals uncovered by the wells did not give the hydrocarbon commercial influxes. Within the testing intervals the indications of the traps connected with the channels of supply (wells S-5, S-6, S-7) are absent, or the indications of the impermeable seam (well M-7) are also absent. By the data of seismolithmological analysis drilling of the wells in these areas was unjustified.

The analogical results were obtained in 10 oil and gas fields.

In fig. 25 the possibility of the section prognosing is demonstrated with the help of electrical survey (sounding by field formation in the neighbouring zone) at the example of three parallel profiles, located at the distance of 1 km one from another. The proving ground is in the south-western ending of the East-European platform. The dark colours correspond to the carbonate rocks of Upper Devonian and Silurian. The section is shown in the scale of depths. With the help of the electrical methods it is possible to solve various geological tasks: prospecting of the hydrocarbon pools, the mineral deposits, the solving of engineering-geological and ecological tasks. The materials of the electrical survey supplement the PMC "Seismocyclite" at the stage of prognosing of the hydrocarbons presence in the trap..
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Fig.1. General scheme of the methodology realizing (computing part)
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Fig.2. Time section, built by the CDP full hodographs.
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Fig.3. Time section, built by the left-side branches of the CDP hodographs.
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Fig.4. Time section, built by the right-side branches of the CDP hodographs.
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Fig.5. SVAN-section in one of the frequency subrange, obtained from the time section, built by the left-side branches of the CDP hodographs.
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Fig.6. SVAN-section in one of the frequency subrange, obtained from the time section, built by the right-side branches of the CDP hodographs.
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Fig.7.SNELL-section, obtained by the common processing of the SVAN-section.
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Fig.8.SNELL-section in the another subrange of frequency.
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Fig.9.Fragment of the CYCLIT-section.
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Fig.10.Seismolithmological section.
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Fig.11.CYCLIT-columns of two wells, calculated by the log diagrams of neutron gamma logging, gamma logging and acousting (black-white variant).
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Fig.12.CYCLIT-columns of two wells, calculated by the log diagrams of neutron gamma logging, gamma logging and acousting (coloured variant).
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Fig.13.Log diagrams of gamma logging and the CYCLIT-columns for three wells, built by them.
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Fig.14.Comparison of the CYCLIT-columns, calculated by the CDP time section and the log diagrams of acoustic logging.
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Fig.15.Correlation of the phase coincidence axe of the time section using the seismocyclites.
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Fig.16.Determination of the shift between the signals in the points of the profiles intersection.
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Fig.17.Seismolithmological section of the parallel profiles, situated at the distance of 2 km.
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Fig.18.Seismolithmological section of the parallel profiles, situated at the distance of 1 km.
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Fig.19.Seismolithmological section and its simplified variant – the singular seismolithmolgical section.
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Fig.20.Seismolithmological section – the verification of the method (The Dnieper-Donets depression central part).
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Fig.21.Seismolithmological section – the verification of the method (The Dnieper-Donets depression central part).
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Fig.22.Seismolithmological section – the verification of the method (The Dnieper-Donets depression near-edge part).
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Fig.23.Seismolithmological section – the verification of the method (The Dnieper-Donets depression near-edge part).
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Fig.24.Seismolithmological section – the verification of the method (The Black-Sea shelf).
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Fig.25.Section of the apparent resistivity by the parallel profiles 

(the East-European platform south-western ending)
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