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SUMMARY
One of the applications of Seismic Interferometry (SI) is the reconstruction of the Earth’s reflection
response from the crosscorrelation of seismic background noise recorded at the surface. In recent years,
several authors have derived the relations that govern this process. The quality of the reconstruction has
been extensively examined with numerical modeling results.

We applied SI to background­noise field data recorded in a desert area. The reconstructed results show
several coherent events which align well with reflections from an active survey along the same line. 
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Introduction 
 
The term ‘seismic interferometry’ refers to the principle of generating new seismic responses 
by crosscorrelating seismic observations at different receiver locations. In 1968 Claerbout 
derived a remarkable relation between the transmission and reflection responses of a 
horizontally layered lossless medium, bounded by a free surface (Claerbout, 1968). He 
showed that the autocorrelation of the transmission response is equal to the reflection 
response plus its time-reversed version (plus an impulse at time zero). This implies that when 
one measures the response of a plane wave source in the subsurface by a geophone at the free 
surface, the reflection response is obtained simply by taking the causal part of the 
autocorrelation of the observed response. Primary as well as multiple reflections are 
recovered correctly by this procedure. The source wavelet in the recovered reflection response 
is equal to the autocorrelation of the source signal in the subsurface. Hence, if one would 
measure the response of a band-limited white-noise source in the subsurface, the 
autocorrelation would give the impulsive reflection response, convolved with a band-limited 
delta function. This is quite fascinating, since it shows that noise observed at the surface can 
be turned into signal with information about the subsurface. Later Claerbout conjectured that 
his relation could be generalized for offset measurements in 3-D inhomogeneous media, i.e., 
that by crosscorrelating noise traces recorded at two locations on the surface, one can 
construct the wavefield that would be recorded at one of the locations as if there were a 
source at the other. Since its conception, several attempts have been made to make this idea 
work on real data, some more successful than others (Scherbaum, 1987; Cole, 1995; 
Daneshvar et al., 1995; Rickett and Claerbout, 1999). Curiously, the first convincing results 
have been obtained by solar seismologists (Duvall et al., 1993).  
In the exploration geophysics community, the research on retrieving information from 
crosscorrelations got new momentum after a sabbatical stay of Jerry Schuster at the Stanford 
Exploration Project in 2000. He applied the correlation method not only to passive data but 
also to exploration seismic data with man-made sources. Schuster introduced the concept of 
interferometric imaging, which involves an integration of crosscorrelation and migration. He 
supported his interferometric imaging method by an elegant theory based on stationary phase 
analysis (Schuster, 2001). Schuster’s coworkers at the University of Utah, notably Jianhua Yu 
and Jiaming Sheng, successfully applied his method to various types of data, including shot 
records, VSP data and drillbit data. In the meantime, the Delft Applied Geophysics group 
developed a theory for seismic interferometry, based on seismic reciprocity, which formally 
generalizes Claerbout's relation between transmission and reflection responses to acoustic and 
elastic 3-D inhomogeneous anisotropic lossless media (Wapenaar et al., 2002). Draganov et 
al. (2003) confirmed this theory with numerically modelled data in laterally varying media. In 
this paper we present results of applying seismic interferometry to real data. 
 
Field experiment description 
 
In 2005, Shell carried out a small field experiment to test the applicability of seismic 
interferometry with seismic background noise for the reconstruction of the reflection 
response. The experimental set-up consisted of 17 standard industry 3-component geophones 
arranged in a single line. The geophone spacing was 50 m and the time-sampling rate was 4 
ms. The array was planted in a desert area. The particular site was chosen so that there would 
be an active seismic survey available along the line to allow for verification of the 
reconstructed results and that the cultural noise was minimal during the recording of the 
background noise. Standard exploration equipment was used, which allowed for a maximum 
record length of 70 s. The background noise recording was then interrupted for 30 s to store 
the already acquired record. To be able to reconstruct the reflection response of a medium 
from the crosscorrelation of noise, one needs time series at least of the order of hours. For this 
reason, 524 records of 70-seconds were acquired, amounting to about 10 hours of seismic 
background-noise data. 
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Reconstruction of the reflection response 
 
By crosscorrelating the first trace at x=0 (called the master trace) with all other traces we 
reconstruct a common-shot gather as if from a source at x=0. Inspection of the frequency 
spectrum of the background-noise panels showed that the useful information is mainly below 
12 Hz. For this reason, the reconstructed results were band-pass filtered between 2 and 10 Hz. 
Figure 1 shows the intermediate results from building the final reconstructed common-shot 
gather by using two hours of noise data (Figure 1a), 4 hours (1b), 6 hours (1c), 8 hours (1d) 
and, finally, by using the full 10 hours of the recorded noise data (Figure 1e). The panels were 
clipped to emphasize the events at later times. One can appreciate how the increase of the 
recording times leads to more subsurface information and increases the signal-to-noise ratio. 
Due to the short array spread and the low frequencies and due to the fact that the geology in 
the area is composed of nearly horizontal layers, the reflection events below 1.5 s should 
appear nearly horizontal. 
 

 

 
Figure 1: Reconstructed common-shot gather as if from a source at x=0, obtained by 
crosscorrelating the noise trace at x=0 with all other traces, using 2, 4, 6, 8 and 10 hours of 
noise, respectively. 
 
Figures 1a-1e show actually only the causal part of the two-sided crosscorrelation. In theory 
the crosscorrelation is symmetric in time, in practice it is not. Figure 2a shows the first 10 s of 
the causal part of the crosscorrelation result, Figure 2b the first 10 s of the time-reversed anti-
causal part and Figure 2c shows the sum of Figures 2a and 2b. One can clearly see that the 
causal and the anti-causal part are not the same. That is why one should look at their sum, 
which gives a more complete reconstruction. 
By changing the position of the master trace along the receiver array we reconstructed 
common-shot gathers with simulated sources positions at x = 0, 100, 150, ..., 800 m (note that 
the second geophone was dead). These reconstructed shot records are not shown but will be 
used in the following experiments.  
 
In the experiments above we have made no assumption about the subsurface (except that it is 
assumed lossless). In the next experiment we make use of the fact that the subsurface is nearly 
horizontally layered. This helps us to improve the signal-to-noise ratio. We sorted the 
reconstructed common-shot gathers into common-offset gathers. The traces in the individual 
offset gathers were summed together, the resulting trace was divided by the number of  
summed traces and assigned to the corresponding offset. This operation should bring forward 
any coherent events that were present in the reconstructed results. The result of this common- 
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Figure 2: (a) Causal part of the crosscorrelation result. (b) Time-reversed anti-causal part of 
the crosscorrelation result. (c) Result of the summation of (a) and (b). 
 
offset stack operation is a reconstructed common shot gather with improved signal-to-noise 
ratio, see Figure 3a. Automatic Gain Control (AGC) was applied to bring forward the late 
arrivals. For comparison, Figure 3e shows a common shot gather obtained by finite-difference 
elastic forward modeling, for which we used a simplified 1D model based on the results from 
an active survey. This panel is included to show the shape of the expected coherent arrivals 
(and in this way to help the interpretation of Figure 3a) and should not be used for travel-time 
comparison. Another way of improving the signal-to-noise ratio, without the need of 
assuming the medium is horizontally layered, is by applying a brute stack of the traces in each 
individual reconstructed common-shot gather. The resulting trace is assigned at the position 
of the simulated shot position of the corresponding shot gather. This operation is equivalent to 
simulating a physical plane-wave experiment, where the receiver array would emit a plane 
wave and record its response. The result of this approach is that (nearly) horizontal coherent 
events will be amplified. At the same time, random noise, inclined coherent events and 
reflections with moveout will be suppressed. The result of this operation is shown in Figure 
3b. Note that AGC was used to boost the later arrivals. One can see clear presence of several 
coherent horizontal events, which can be reconstructed reflections. These events are pointed 
out with arrows. The first two of the horizontal events were not that clearly visible on the 
common-offset stack panel (Figure 3a). We compare the results with a Post-Stack Time 
Migrated (PSTM) section (Figures 3c,d) from an active reflection survey along the same line 
of geophones. The active survey PSTM data was low-pass filtered till 20 Hz as it did not 
contain information below 8 Hz. Despite the difference in frequency content, the comparison 
of Figure 3b with 3c shows that the four coherent horizontal events pointed out with the 
arrows can potentially be reconstructed reflections. The active reflection data was 6 s long 
and therefore that did not allow a comparison of later arrivals. 
 
Conclusions 
 
We applied seismic interferometry to ten hours of passively acquired seismic background-
noise data. The crosscorrelation produced coherent events in the reconstructed shot gathers. 
The crosscorrelation results were band-pass filtered between 2 and 10 Hz. We applied two 
methods to improve the signal-to-noise ratio. The results were compared with a post-stack 
time migrated section from an active reflection survey. The reconstructed horizontal coherent 
events appear to align very well with imaged reflectors from the active survey.  
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Figure 3: (a) Reconstructed common-shot gather with improved signal-to-noise ratio (see text 
for explanation). (b) Plane-wave response (see text). (c) Time migration result of active 
reflection data. (d) Idem. (e) Finite-difference modeling result. 
 
 
Acknowledgements 
 
We would like to thank South Rub Al-Khali Co. Ltd. for their permission to use their data. 
 
References 
 
Claerbout, J. F. [1968] Synthesis of a layered medium from its acoustic transmission    response. 
Geophysics 33, 264-269.  
 
Cole, S. [1995] Passive seismic and drill-bit experiments using 2-D arrays. Ph.D. thesis, Stanford 
University. 
 
Daneshvar, M. R., Clay, C. S. and Savage, M. K. [1995] Passive seismic imaging using 
microearthquakes. Geophysics 60, 1178-1186. 
 
Draganov, D., Wapenaar, K. and Thorbecke, J. [2003] Synthesis of the reflection response from the 
transmission response in the presence of white noise sources. 65th Mtg., Eur. Assoc. Geosc. & Eng., 
Extended Abstracts,  Session: P218. 
 
Duvall, T. L., Jefferies, S. M., Harvey, J. W. and Pomerantz, M. A. [1993] Time-distance 
helioseismology. Nature 362, 430-432. 
 
Rickett, J. and Claerbout, J. [1999] Acoustic daylight imaging via spectral factorization: 
Helioseismology and reservoir monitoring. The Leading Edge 18, 957-960. 
 
Scherbaum, F. [1987] Seismic imaging of the site response using microearthquake recordings. Part II. 
Application to the Swabian Jura, Southwest Germany, seismic network. Bulletin of the Seismological 
Society of America 77, 1924-1944. 
 
Schuster, G. T. [2001] Theory of daylight/interferometric imaging: tutorial. 63rd Mtg., Eur. Assoc. 
Geosc. & Eng., Extended Abstracts,  Session: A32. 
 
Wapenaar, K., Draganov, D., Thorbecke, J. and Fokkema, J. [2002] Theory of acoustic daylight 
imaging revisited. 72nd Annual Internat. Mtg., Soc. Expl. Geophys., Expanded Abstracts,  2269-2272. 



 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /NLD ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [1133.858 1984.252]
>> setpagedevice


