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Abstract
The current state of widely applied technologies of the seismic data quality control (QC) is considered for the cases of 2D and 3D data acquisition. Variants of algorithms of seismic records attribute calculation and their efficiency, criteria of the seismogram quality estimation is considered. Tendencies of development and optimization of QC technology on the basis of modern requirements to seismic survey, possibilities of computing means and the software are discussed. Examples of use of the interactive QC technology developed in “GDS” Ltd. realized on the basis of the software package "SeisWin-QC", for field supervising of seismic data and from outside the Customer are resulted. The conclusion about necessity of transition from widespread requirements to absolute values of used attributes to the relative values formed on the basis of the statistical data, received in the given region and on the area of seismic survey becomes.

Introduction

At present time the problem of effective quality control (QC) organization and supplying becomes more and more actual. There are several reasons of that.

First of all, the seismic data acquisition cost is about 80% of total cycle of seismic prospecting cost, which include data processing and interpretation. Field seismic data quality loss or decreasing causes big economical lack, it makes the terms of area exploration longer. It can disable usage of seismic inversion procedure, AVO analysis, attributive and seismic facies analysis, reservoir characterization. Today it’s impossible to make a true model of oilfield and reserves estimations without usage of these technologies.  

Secondly, the technical level of seismic crew equipment is growing up. Now the modern multichannel telemetric observing systems allow to use up to 10000-15000 channels, seismic geophones with advanced technical characteristic are available, modern conveyor technologies of 2D and 3D seismic acquisition are much more productive than before. Because of that often the contractors don’t pay enough attention to questions of survey methodology and parameters optimization. The contractor often sets hopes to possibility to get data with redundant fold for the following rejection of “bad quality” records.

In the third place, Customers prefer to employ independent supervisors (company  or specialists) to make infield quality control of seismic data, and have no possibility to supervise using internal service groups.

The last ten years are characterized by rapid development of QC technology in direction from simple visual control to infield express data processing with migrated CDP stacks and 3D seismic cubes as result.

The fig.1 illustrates factors, which make influence to seismic data quality.
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Fig.1 Components of seismic data quality
As a rule, in the process of QC implementation for seismic crew work control and seismic data quality the main attention is concentrated to technical defects such as geometry mistakes, not alive channels, polarity inversion, record’s distortion etc. And it’s really important.
At the same time, not less or even much significant has an aim of “geophysical quality” estimation for a field record. What this term does mean ?

This term includes simple, but very important general characteristics of seismic record: signal/noise ratio in target time interval, width of spectrum and dominant frequency of the signal. Exactly these attributes control resolution and dynamical expressiveness of a record.
There is an illusion, that any average qualified geophysicist is able to range a seismogram with good or bad quality just visually. It’s a big delusion, which we will try to illustrate by examples. The reason is in existing of different ideas and algorithms for measuring of general seismic record characteristics, which are mentioned above.

What is the signal and what is the noise ?

Signal/noise ratio is one of the most important characteristics of seismogram’s geophysical quality. The problem is that several methods for calculation are applied and recommended for this attribute and they can bring to different conclusions.

Let’s look at the most common algorithms.

One of the most widespread methods is measuring of mean-square normalized amplitudes in three windows and calculation of their ratios to each other (fig. 2). One of windows should be defined before “first break” line and it brings an estimation of microseism level or random noise. It’s the A1 window. The second window is defined in time interval of target layers and it contains the signal amplitude level, window A2. The third window is located in area of regular surface noise wave and it allows measure its intensity, window A3. The ratios of mentioned amplitude estimations in windows let to calculate signal/noise ratio (A2/A1) and signal/regular noise ratio (A2/A3).
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Fig.2. Comparison of seismograms and their spectrums, registered with different weight and depth of explosive sources.

A – source depth 6 m, weight – 1,5 kg. B – source depth 18 m, weight - 0,5 kg.

А1- microseism window; А2 - signal window; А3 – regular noise wave window.
Disadvantages of this method are quite evident. In reality, the window of signal contains superposition of all waves with different types: reflected, regular noise and random noise. The proposed method can’t separate these waves. The part of reflected waves depends much on seismic-geological conditions at works area. For example, in some regions of West Siberia the part of effective signal can reach up to 70-80%. In areas of East Siberia it can be on level of 5-10%. In any case, if we use this method at stage of testing works and want to investigate dependencies of signal/noise ratio, we will notice definitely, that the signal/noise ratio as much as a explosive volume is bigger. The biggest value of this attribute will be noticed when the explosive is located near the ground surface – in this case the mean-square amplitude estimation in window of target reflections will be maximal, but the microseism level will stay stable.
This conclusion can be illustrated by comparison of two seismograms, which had been received during testing works at some area in West Siberia (fig. 2a and 2b). One of them (fig. 2a) is corresponding to explosive weight 1,5 kg at the depth of 6 meters, and the other one – with explosive weight 0,5 kg and depth 18 m. The ratio signal/noise at the first record is bigger than at the second record in about 10 times. At the same time it’s evidently can be noticed, that the part of reflected waves at the second seismogram is much bigger and the spectrum of effective waves is wider and more regular.
The described ratio measurement of reflected waves to regular noise can be a scientific interest, but not much useful in practice for field works technology improvement. The reasons are the following: not only the amplitude of noise is important, but its square rate in wave field of seismogram. One case if the cone of surface noise wave is quite narrow, and another business if the cone takes a biggest part of a record. By other side, the modern trend is to use the single located geophones of “VectorSeis” type instead of a group of geophones. It inevitably would bring to increasing of surface waves rate in the field records, and the effort to reduce this type of waves will move from field investigations to the stage of laboratory data processing.
Another method of signal/noise calculation is more correct and does not depend on area of works. It’s also quite widespread. Its idea is in the ratio estimation of coherent part of wave field energy to energy of random part. The estimation can be calculated using normalized autocorrelation function (ACF) and cross-correlation function (CCF) for different traces groups in defined windows by the formula:
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	- maximum of cross-correlation function of 2 traces (i and j)
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The opponents of such method can notice that signal can include also regular coherent noise waves and it’s right. It really can happen if not to take very simple steps. Namely, calculation of ACF and CCF should be done in window along moveout curve with limitation of valid time shift for CCF.
What width of spectrum we need ?

The width of amplitude spectrum for target part of seismogram wave field is related directly with seismic resolution: as spectrum is wider, the thinner layers of productive deposits can be identified and their physical and reservoir properties can be estimated.

The frequency range of waves, reflected from depth more than 1000 m, can seldom go out from 10-130 Hz. If frequencies more than 90 Hz are detected, it can be called high resolution seismic. Even very good seismic can obtain full direct resolution of layers with thickness not more than 10-20 meters.

How to control presence of necessary frequencies in spectrum of signal better and more correct within the bounds of QC technology ?

There are some pitfalls here. Very often during infield testing a supervisor measures spectral characteristics without thinking or is not aware of algorithm which is applied for amplitude spectrum calculation – what kind of amplitude normalization is applied or not, do we deal with normalized spectrum or it’s calculated without normalization etc. The authors of this article many times got situation, when modifying of any parameter of field works (number of vibrogram accumulations, weight of explosive and others), which is measured using not normalized spectrum, caused the conclusion about high frequencies rate increasing in record. Repeat of the same test with normalized spectrum could lead to the opposite conclusion. Really, modern telemetric seismic stations have a 24-32 bit ADC and it let geophysicists not to care about absolute amplitude level of registered wave field. Instantaneous dynamic range of modern seismic stations provides registration of interfering signals and noises in wide dynamic range. Even very low signal in conditions of high-level industrial noises presence (for example, under high voltage power line) almost excluded in practice. Geophysicist need care only about relative ratio of different spectrum components of seismic record. That’s why we consider necessary to make estimations of spectrum components only using normalized spectrum. In this case, the value of high cutoff frequency, measured at defined level, can be an indicator of quality for seismogram.             
Evidently also, the seismic resolution of record as higher as dominant frequency is higher. 
The technology of quantitative quality control of field records using multiparametric criteria. 
Very often the measured characteristics of seismic records can be inconsistent. Let’s look at examples of field tests, received in West Siberia. 
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Fig. 3. Dependence of parameters on explosive source depth.

The aim of testing was a choice of optimal source depth for explosives. The graphics at fig. 3 illustrates, that source depth increasing causes dominant frequency growing up and spectrum becomes wider. At the same time, signal/noise ratio is decreasing. What decision geophysicist should take in conditions of inconsistent estimations ? We see the answer in usage of integrated criteria, bases on weighted sum of separate characteristics:

where ESP – is energy characteristic of seismogram; EAVG – is average energy estimation for a number of seismograms at line or area; dominant Fr – dominant frequency; K – normalizing coefficient; 0,7 – normalizing divider to level 70% of maximum.

Values 60, 35 and “k” characterize parameters of averaged model seismogram, typical for any concrete area of works and can be edited by supervisor or automatically using statistical data.
Using of integrated estimation allow to geophysicist to take the right decision. For the example shown above, the optimal value corresponds to 16,5 m source depth. For deeper depth QC value is not changed much.

The comparison of seismograms, registered at source depth 7,5 and 16,5 meters is shown at fig.4.
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       b)

Fig.4. Comparison of seismograms with different explosive source depth and weight 0,5 kg

a) – depth 7,5 m;  b) – depth 16,5 m.
Software package “SeisWin QC”, which implements the described methodology, is developed in “Geophysical Data Systems Ltd.” and is used extensively by service and oil companies in Russia. 
Conclusions
· “Geophysical quality control” of field seismic data is very important stage in total cycle of seismic prospecting, it defines economical effectiveness and success of the following data processing and interpretation;
· Visual estimations of seismic records quality and usage of not correct algorithms for calculation of individual characteristics often can be unacceptable;

· To get true estimations of seismograms quality it’s recommended to use integrated quality coefficient, based on weighted sum of separate characteristics of wave field.

� EMBED Equation.3  ���
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		8		18		27.8		22.5		39.5		2.4		0.98

		9		19.5		24.3		21.8		36		2.5		0.95

				Необходимо построить графики зависимости колонок С,D,E,F,G от глубины заряда В

				Сделать рис.3 на англ. И рус.
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