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Abstract

Method declared in this invention relates to processing of 2D and 3D seismic exploration data. More particularly, it relates to the family of static correction methods used for delineation and compensation of near-surface heterogeneities. Time anomalies, caused by such heterogeneities, are detected, analyzed and removed. If not removed, they mask useful information about true position of geological structures in time. Near surface anomalies are delineated via construction and interpretation of sets of surface-consistent time sections (2D) or cubes (3D), which are resulted from stacking seismic traces with common receiver point (CRP) or common source point (CSP). Combinations of partial-offset CRP and CSP stacks are used to discriminate between surface anomaly and depth structure. Special case of time sections is the one where spatially fixed patterns of sources and receivers are used. This case is primarily used for 3D. Analysis of stacked time sections or volumes and estimation of time shifts is performed interactively by using specially designed software system.

Introduction

Compensation for near-surface heterogeneities is one of the most important stage of seismic data processing. The conventional way of solving this problem is static corrections. How correctly static shifts are entered, quality of stacking and in general, accuracy of all further constructions depends.
The most difficult aspect are brought by the lengthy zones of velocity near surface anomalies complicating its removal during the data processing stage using conventional algorithms of automatic static correction.

In the case of velocity heterogeneities presence in LVL (low velocity layer) the values of t0 and vcdp are much distorted for all reflecting horizons. Stacking section is characterized by pulse shape changing because of stacking along unhyperbolical hodographs. The correct compensation of LVL heterogeneities allows not only to improve accuracy of structural forms but also to exclude dynamic distortions of wave field appearing because of hodographs unhyperbolicity.
There is a static classification depending on anomaly length with respect to spread length. All statics can be divided into three groups: short (laterial period from ~ 0.25 to 0.5 spread length), medium (laterial period from ~ 0.5 to 2 spread length) and long (laterial period from more than 2 spread length) wavelength statics.
The short wavelength statics influence on reflected times usually is not significant but this influence can be shown on the small time values where the stacking fold is low and in the sequence of short wavelength anomalies of the same sign along the profile and also in the case of false coherent lineup forming.
In medium wavelength range the static shifts cause distortion of stacking velocities and horizon times on the resulted stacks.
In long wavelength shifts time changes are adequate to velocity changes, its compensation is possible in the time-depth conversion stage. Long wavelength statics don`t influence on the quality of stacking.
How technology works

On the first step of such analysis we estimate anomaly behavior using common-offset time section. First arrivals and surface noise character help to delineate near-surface heterogeneities (fig.1)
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Fig.1 Common-offset time section with first break picking.
Let`s consider anomaly appearance on CMP partial-offset stack. Here you can see the distortion of the reflection caused by the anomaly. The distorted zone spreads wider on far offset time section. In the case of geological structure we wouldn`t have such widening of distorted zone (fig.2).
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Fig.2 CMP partial-offset stacks
Anomaly behavior is also presented on horizontal velocity panel. Near surface heterogeneity causes distortion of horizontal stacking velocities (fig.3).
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Fig.3 Horizontal Velocity Analysis panel
The areas with near surface anomalies presence are thoroughly analyzed by partial-offset CRP and CSP stacks.

In the case of 3D seismic data we suggest spatial patterns form the volume of surface consistent CSP/CRP traces. 
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Fig.4 Spatially Fixed Pattern concept
Fig.4 explains the main idea behind the fixed patterns: stacking trace for particular sources is obtained by summing traces, which had kinematical corrections applied and belong to the same pattern of receiver points. The number of source points, for which the stacking traces can be obtained from one receiver pattern, depends on the acquisition spread and restrictions of offsets. Using the second receiver pattern forms CSP traces on the next part of the line. Since the first pattern of receivers is located above the anomaly (determined by first breaks map) and the second pattern is not, the time shift between the two trace groups can be identified and then removed by applying a block shift. Comparison of different offset-limited CSP and CRP stacks helps in identification and separation of static anomalies from changing surface-independent components, including deep anomalies and components depending on stacking patterns. The latter is characterized by the influence of components depending on sources for CRP and receivers for CSP. They are small in values in the case of short wavelength anomalies, but can double anomalies when their lengths are large. This component also can have large values in the case of a sequence of short wavelength anomalies of the same sign.
Analysis requires at least two systems of patterns and the corresponding numbers of CSP/CRP stacking volumes created. By analyzing the combination of the stacks the form of anomalies are identified and the time shifts are determined, which then used as the static corrections (fig.5). The static shifts are determined by simultaneous interactive time movements of traces in the same position on all stacks. If time anomalies are connected with depth factors they are compared in the combination of CMP partial-offset stacks. This way the special features of the system is its ability to match computed stacks in a surface-consistent and depth dependent manner and to shift traces in time simultaneously on all stacks subject to analysis.
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Conclusions.

Near surface anomalies in the 2D and 3D CMP method (short- and medium-period, boundaries of large heterogeneities) are delineated and compensated for by analyzing a suite of surface consistent time sections (volumes in 3D), including sections with a fixed stacking pattern. The use of the sets of spatially fixed pattern sections (fixed sources for CRP1 and fixed receivers for CSP2) allows separation of components depending in the stacking system, i.e. components caused by shifts both in source and receiver domains when using CRP and CSP stacks.

So the method consists of the following:
· Preliminary analysis of prestack data and preliminary stacking, detection of possible near surface heterogeneities areas

· Selection of partial-offset CSP and CRP stacking schemes (including SFP technology)

· Analysis of partial-offset stacks in different domains – CRP, CSP and CMP and estimation of static shifts models on the near surface heterogeneities selected.
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Fig.5 CRP stacks in receiver domain before and after block shifts








