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Summary

One of the applications of seismic interferometry (Sl) byssrcorrelation is the retrieval of the
reflection response of the subsurface from ambient seisoige mecorded at the surface. We
apply Sl to ambient-noise data recorded in a desert arearitihMdrica. The retrieved results
show distinct coherent events with hyperbolic moveout. \@gare the retrieved results with
results from an active reflection survey recorded at the $aoa¢ion. We apply standard seismic
processing to the retrieved results and obtain a stackestiigrated reflection profile of the
subsurface.
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Introduction

In recent years, the interest for Seismic Interferometrly (&s substantially grown in both
industry and academia. An extensive overview of the patlisaqplications can be found in
Wapenaalet al. (2008) and Schuster (2009). One of the applications of Siasrétrieval of
the Earth’s reflection response from the cross-correlatfoeimbient seismic noise recorded at
the Earth’s surface. This technique was first proposed bgrGtat (1968) for a 1D medium.
He showed that the auto-correlation of the transmissioporese can retrieve the reflection
response of the medium. Later, he conjectured that in the eaa 3D acoustic medium to
retrieve the reflection response, one should cross-ctertiia transmission responses observed
at the surface. Wapenaatral. (2002) and Wapenaar (2004) proved Claerbout’s conjecture f
any 3D inhomogeneous acoustic as well as elastic mediumnigaisie of wavefield-reciprocity
theorems. Actually, the developed theories show that eros®lating the recorded noise will
retrieve the complete Green’s function of the medium.

The process of retrieval of the Green’s function from thessroorrelation of recorded noise
has been extensively investigated using modelling restite method was successfully applied
to the retrieval of surface waves (Campillo and Paul, 2008pBo et al., 2005) and is now
becoming a standard application in seismology. The redrief reflections has proved more
elusive. Only recently, Dragana al. (2007) showed that reflections can indeed be retrieved.
In the following, we present results from the applicationSdfto ambient-noise data recorded
in North Africa with the aim to retrieve the reflection resgenwhich can then be subjected,
as for active data, to velocity analysis, stacking, and atign to obtain time sections of the
subsurface.

Description of the field experiment

In 2007, Shell carried out a passive seismic acquisitioreexpent in a desert area in North
Africa. The objective was to record ambient seismic noise napply Sl to it. The field
geometry consisted of an areal array of 8 parallel lines afibut 400 receiver positions on
each line. The spacing between the lines was 500 m and thanggaetween neighbouring
receiver stations was 50 m. Each receiver position repredengroup of 48 industry-standard
10-Hz vertical-component geophones. The time samplingdvas. The 2D array recorded in
total about 11 hours of ambient noise. Due to field-hardwes#rictions, the noise was split and
stored in 47-seconds-long windows (ambient-noise pané&ls 2D passive array also formed
part of an active seismic reflection survey, which was shidtesame locations.

Retrieval of the reflection response

To retrieve the reflection response from the recorded arttbigise data, we use the Sl relation
as derived in Wapenaar (2004). In the frequency domainyétasion reads

2R { Gt (k. xp,0) } § () ~ ({5 (XA,W)}* 7 (x3,w) ) (1)

whereG} (x4,xp,w) is the Green’s function observed at poini due to a source at point
X3, S (w) denotes the power spectrum of the recorded ambient noideR atands for taking
the real part of a complex function. The Green’s functiorrespnts the observedcomponent

of the particle velocity, due to a traction source)(acting in theg-direction p,q = 1,2, 3). As
both the source and receiver are at the surface, the Grearcddn will contain the reflection
response of the medium. At the right-hand side of relatign ({1 stands for spatial ensemble
average an@gfg) (x A( B),w) denotes the observed ¢)-component of the particle velocity that
will be measured at the surface>af ) due to all subsurface noise sources. Relation (1) states
that the cross-correlation (in the time domain) of the amibmise recorded at two stations at
the surface approximates the Green’s function and itscanisal version at one of the stations
as if a transient source were located at the other statioqprdctice, the ensemble average is
approximated by averaging over different time windows.
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In the following, we show results from the application of 8la@mbient-noise data recorded
along one of the receiver lines. This line has 412 receitafem positions at 50 m spacing. The
recorded ambient noise is dominated by strong remnantsatiafip coherent surface waves
that were not suppressed by the geophone groups. Theseesurdaes are excited randomly
in time by traffic along a road that crosses the line at appnately 14 km. As we aim to
retrieve reflections, the surface waves should be furthgpressed. Frequency and frequency-
wavenumber (f-k) analysis revealed that the most energaticof the surface waves is mainly
concentrated below 6 Hz. Furthermore, the amplitude freguspectrum of the ambient noise
shows significant spectral notches and peaks above 24 Hehwimy complicate our analysis.
Therefore, for further processing, we select the energyédset 6 and 24 Hz with a band-pass
filter. We then apply an f-k filter to remove the surface waves tvere not suppressed by the
geophone groups.

Following relation (1), we correlate the vertical compotsenf the filtered ambient noise to
retrieve the vertical component of the particle velocitgttivould result from a vertical traction
source. We thereby we use the following procedure. We takdfitinared ambient-noise panel
and energy-normalise it. Then, we extract one of its traaendster trace atzp = 1 km) and
cross-correlate it with this ambient-noise panel to obsasn-called correlation panel. We repeat
this process for all 47-seconds ambient-noise panelsdedalong the line while always taking
the master trace to be at the same location. The resultirgg)0 correlation panels are then
summed together to obtain a retrieved common-shot gathee t®the energy normalisation
of the ambient-noise panels, all the correlation panelfiénsummation process contribute to
the final result. The retrieved gather is deconvolved withavelet obtained by applying a
narrow window around zero time to the auto-correlated naistee (in our example the trace at
horizontal position 1 km). As a last step, the retrieved ahand anti-causal parts are summed
together. The final retrieved result for a master trace at 1skshown in Figure 1(a).
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Figure 1: Comparison betwe¢a) a common-shot gather retrieved from the ambient noise and
(b) a common-shot gather from the active reflection survey dmgbat the same location. The
green stars indicates (virtual) shot positions. The gresowa and areas highlight hyperbolic
events that coincide in time.

The retrieved common-shot gather exhibits several cohenents. We compare the re-
trieved result to a common-shot gather from the active réflecsurvey at the same location.
The active reflection data was shot using seismic vibratodsaa a result the active survey con-
tains reflections up to higher frequencies. For comparisasans, the active reflection data
is also band-pass filtered between 6 and 24 Hz (Figure 1(lmparing the two shot gathers
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we see that the retrieved coherent arrivals correlate vety iw a travel-time sense with the
reflection hyperbolae in the active data (see the arrowshandreas highlighted in green). The
retrieved shot gather is not of the same quality as the astiot gather for several reasons.
One reason is that, in order to obtain a complete retrievii@fGreen’s function, including the
reflection response, the passive receiver line should dmiilated by subsurface noise sources
from all directions. When this is not the case, the Greengtion retrieval might not be com-
plete (Draganowt al., 2004). Another reason is that even though the same barsdfifias is
applied to both gathers, the retrieved events seem to haw foequency content due to a low-
frequent bias in the non-flat amplitude spectrum. This mighitse separate reflection events in
the active data in some cases to appear as a single event@tribeed results. Nevertheless, the
retrieved result is very encouraging and we interpret theoent events as retrieved reflections
(primaries or multiples).
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Figure 2: (a) Poststack time-migrated section obtained from the comshmt-gathers as re-
trieved from the ambient-noise recording®) Poststack time-migrated section obtained from
the active data. The green areas highlight reflectors thaticke in time. The blue arrows
indicate the position of the Earth’s surface.

The above correlation procedure is repeated for all rec@wsitions, thus producing 412
retrieved common-shot gathers. We then apply a standasthigeprocessing flow (Yilmaz,
1999) to the retrieved gathers. The flow consists of statio®ction, common-midpoint sorting,
interactive velocity analysis (using velocity semblancd aommon-velocity stacks), normal-
moveout correction, stacking, and finally phase-shift timigration. The retrieved time section
is shown in Figure 2(a). In the left part of the section we smeal coherent linear structures
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(highlighted in green in the figure). At locations relativelose to the traffic road around 14

km, it is not possible to identify unambiguously coherentigiures. Despite our best efforts,

there are still strong surface-wave remnants at theseidosgpreventing the retrieval, and sub-
sequently picking, of coherent reflections. At times beybsgthe events in the stacked section
loose their spatial coherence. Thus, as we would expectodhe larger geometrical spreading
of the body waves, it is more difficult to extract deeper réfters. We expect that a longer

recording period could solve this problem. To be able to katee whether the coherent linear
structures are retrieved reflectors, we compare the rettiGmne-migrated section with a post-

stack time-migrated section from the active data (Figub2)2{To facilitate the comparison, the

section from the active data has been band-pass filterecebpté/ and 15 Hz (note that some
filtering is visible above the Earth’s surface. Comparing two figures, we can see that the
retrieved coherent linear structures coincide very wethweflectors in the active data.

Conclusions

We applied Seismic Interferometry to 11 hours of ambiergrag noise recorded in a desert
region in North Africa. The results, retrieved from the cr@®rrelation, exhibited coherent

hyperbolic events. Comparison of these events to data fromctive reflection survey at the

same location, confirmed that the retrieved events represélactions. We further subjected

the retrieved common-shot gathers to velocity analysismaémoveout correction, stacking,

and phase-shift time migration. The resulting time sectbawed several coherent reflection
events. Comparison of the retrieved migrated time sectianrhigrated time section obtained
from the active survey, revealed that we have successfetheved several subsurface reflec-
tors. The retrieval of reflection images from ambient noisg fmave large potential for seismic
exploration and surveillance.
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