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er B| =400 m rec. 40 ~|r, .| =27 m rec. 80 ~|r, .| =67 m sum receivers 70-80
AbStraCt |r| : | 0.05 ‘ . rec. 101: h=56 [m] v=1255 [m/s] rec. 91: h=54 [m] v=1265 [m/s] rec. 81: h=60 [m] v=1245 [m/s]
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We present a novel method to extract subsurface informéten spurious head- ' ¢ 50 s s 7
wave arrivals in seismic interferometry (Sl). Wavefieldsameled at two receivers T e 3 £ £ g
are crosscorrelated to generate new data as if one of thwgexgas a source. In g = 100 £ £ E
field applications, some of the acquisition requirementeasary in Sl are not met, y T s
leading to wavefields containing non-physical artifagisstr case, a virtual refrac- L | ol T2 V=120 [P rec 611296 [m] v=1139 [m's] rec- 51 1=100 [ml v=io7almis] - 0.5 o o S S - ol A S
tion. This particular artifact contains useful informatiabout the subsurface, and V2 095 — ;%'Ocity[mg; . er 40 IVIV_G(;O(;TV[_WS] . . i Vbet'?city[mfsl  ombl |
we use semblance analysis in the crosscorrelation domh’mip)cus estimate the top h e 400 500 . 04 igure 12: Left: semblance panel for receiver 40. Middle: semblance panel for receivé&igbt: sum of semblance panels

from receivers 70 to 80. The estimated depth to the water-table during dpitisiion was 3.9 m and the unsaturated sediment
velocity was 400 m/s. The maximum semblance occurs at 3.5 m and 415 m/s in the mdphdrsee panel.

semblance

layer velocity and thickness. Ir, T
Figure 3: Left: parameters used in the stationary-phase point derivation of the lcatisat. Right: example crosscorrelation

gather from the receiver at 400 m offset in Figure 2. The critical offselastified by the extremum &f,.,,..

thickness [m]

100 - AOS

rec. 41: h=86 [m] v=1645 [m/s] rec. 31: h=86 [m] v=1665 [m/s] rec. 21: h=90 [m] v=1660 [m/s]

The travel time difference curvay; r r) associated with the critical offset in the crosscorrelati
domain is given bl r ¢ = refr("“B) Trefi(ra), Where

thickness [m]

Seismic interferometry

Future work: toward estimating statics

2
Trefl (rq) = \/ |"Z) :l| 4 U—Ij and TrefT(r B) = 2H :}js Oc 4 |r,f;2B | . %00 120\96'0(:'%/4[(3‘2)/8] 1600 1000 1zoselocit1y4[on?/5] 1600 1000 120\(/)elocit1y4[org/51 1600
’ ' ' ' ' ' - The source number isand we can rewrite the terift; g| as|r; 4 + r4,g|- Substituting this Figure 7: Semblance panels for receivers—starting at the maximum offset and movingtoltise virtual shot location. . . . .
o ycens urcien between o eoehers i chiained bemclaing e ecoded v | ) e g o ser g 9 The semiance cpproach i  obist 0 10 cstimat e hicness and velocy b
2006). In exploration seismics, this technique is ofteecedeismic interferometry (Sl). In fiéld 74 B : : - tween the virtual shot position and the source at the clibtiaet. Because of this, we would
data applications we make the following assumptions whetyayy S!. Tyirf = Tpefr(ra) — Trepi(T4) + A,Bl Success of the Semb|anC.e techmque d.epends on the oﬁweﬁm[ecewers as ShOWI_’l in Figure 7. like to investigate statics estimation using t_he VIFtUéﬂH&t_IOﬂ analysis. The p|C_)'[S IN I_:lgu_re 13
Note that the correct maximum is not visible at close offs€lss is because the stationary-phase show a shot record (left) and crosscorrelation gather frigbm a land exploration seismic ex-
o All sources lie in the far-field (i.e., the distance from tloeise to the receivers and scatterers The stationary-phase point associated with the minimuffy,gf 7 is found by setting the deriva- point overlaps in space and time with other stationary jgaimthe crosscorrelation gather. For periment. A possible stationary-phase point is visiblehmtight plot; therefore, we believe that
is large compared to the wavelength). tive equal to zero and solving for; 4 |. receivers 21 and 31, we see that the stationary-phase paraps with other energy related to we can estimate the weathering layer thickness and velalotyg this 2D line.
: : : the strong direct waveT he true model is h=50 m and velocity=1250 m/s. Because the sem- Offset (m)
e Rays take off approximately normal from the integratiorfaceS. (T (1) — Toupy(ra) + |"°A,B|) _0 o blance gives the same information for each pair of receteswe crosscorrelate, we can stack . -4qoo 2000 0 2000 4000 L, Ofsetm 10!
« The medium outside the integration surfa&is homogeneous, implying that no energy going dry A refr ref semblance panels together in order to increase the sigiradise. This is illustrated in Figure 8 432 :
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outward from the surface is scattered back into the system. d ( (2 H cos 0, sum rec. 41-101

i Fﬁ 35%3 ; -‘, il ;ii‘% : !
|’I" | | r | 2 2K 2 | r | rec. 101~ 400 m rec. 101 e <§§§; : 4.3’:553 I %
e The medium locally around a source is smooth (the high frequapproximation). dry, A v1 v2 v1 v1 v2 g / . 0.03 W s M ] | ,s;
1g ; 0.025 o 31‘23322‘# i “(
Following these assumptions, the approximate Sl integratquation 31 ifapenaar and 1 71, Al B _ 2vyH T - 0.02 1.0 2 R ’m<‘<<<e§§§(<
Fokkema (2006): e \/ il 0 & |rpal=—= — = e £ooalEs o o | ‘ >,, ‘ 2o. <<<<<<<<§§
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Figure 8. Left: crosscorrelation gather at receiver 101. We add enough noise so thatibrast/-phase point is no longer 2. o- }i 1.0

visible by eye. Middle: semblance panel for the single crosscorrelation gailget: Bemblance panel after stacking semblance Flgure 13. Left. example shot record from exploratlon Iand seismic survey. Right: exasngdscorrelation gather.
panels from receivers 41 to 101. Stacking now makes it possible to estimeatadkness and velocity.
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This is the far-field approximated version, requiring onlgmapole sources in the integral. Fig-
ure 1 illustrates this concept for a homogeneous medium avgingle scatterer following an

experiment bySnieder et al. (2008). The numerical data are modeled using the specénalesit Because we kno@,; ; s we apply a crosscorrelation dg
method Komatitsch and Vilotte, 1998). main semblance tecﬁniqu&i(\g et al., 2010) to esti- ;&g* ;2 ;1 ry Ty Ty
mate the upper layer velocity and thickness. We calq -
Sum along sources > late Ty, ¢ ¢ for various combinations of velocity() and | | v / Conclusion
thickness ff)—taking velocityv, from the slope of the . \‘;1
virtual refraction. We plot three of these curves in tl z
left plot of Figure 5. We define semblance as
i} o Figure 4: Acoustic refraction model used in the zmspac.ng (1 mspacing) 74 e Spurious head waves in applications of seismic interfetgnege often present because re-
@ f‘ i EY L‘z:sgr':‘r?cf;‘ﬁg’nql 852‘:;‘33 incrementis 2.5 and re- We acquired a 2D refraction data set at the Bo ° ‘_u‘&‘ quirements for exact recovery of the Green’s function betweeceivers cannot be met in
°E’ s N X E;’;’ ' Hydrogeophysical Research Site (BHRS)tog practice.
= i S i ’ : : termine water-table depth from the surface a+= | _ . : .
where N equals the number of sources in the crosscorrelation gaiffer numerator and de- - lociti g . - ET ar « We estimate the velocity of the faster layer from the slopthefvirtual refraction.
nominator are the output energg{*?) and the input energyi{*") defined as seismic wave velocities. The BHRSIs areseal. s
P gk P J well-field near Boise, Idaho (USA), develope & ZZ Unsaturated Sediments (4m thick) . . . .
5t4t/2 2 St1t/2 ~ to study properties of heterogeneous aquifers| O ente 6 m i ¢ \We estimate the velocity and thickness of the slower lay@utph semblance analysis of the
ont in 5 ing hydrogeological and geophysical tooBa- + n=2700ms travel time difference equatior’y; ¢ ¢) between reflected energy at the virtual shot location
E{M = ) Z figuay | and B = ) Fija i) rash et al. 1999) 10 and head-wave energy at the other receiver.
200 400 600 sum t(k)=46t—t/2 t(k)=0t—t/2 \l=1 " ' Figure 9: BHRS seismic model.

source number

e The semblance is sensitive to correctly picking the artivaé of the virtual refraction.
Figure 1. Left: model showing scatterer, sources) and receivers 4 andrp. Middle: the crosscorrelation of wavefields

where f is the crosscorrelation function between two receivers&nd a time window King

atr, andrp for each source. The crosscorrelation gather contains events relatesl ¢ccosscorrelations of the direct and etal., 2010). : _ omem o gw omem e \We need to develop a method to estimate the error in the ptéeassimates using the sem-
scattered waves. When we sum over sources, we obtain an accurates@raetion with correct direct and scattered arrivals * * i . % {1 * * s 1o 1§ffS;;ff°7“;S$;;Cf;gRgo>270 10 370 blance technique.
(right). 0.12 0 i -
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We replace the single scatterer by a scattering interfagd@dd an array of receivers. The model 015 E 4 ks ﬂ“sgk«,ﬁ‘w@@'gl!lll
Is shown in Figure 2. After crosscorrelating and summingr ®airces for each receiver, we ol 2 i il $ ‘ M Q« Acknowledaments
create the virtual shot record on the right. The virtualaefion is visible in the new shot record, £ 02 § 60 % coel MW \i o
coming from the correlation of refracted waves at each vecei 0.22 g = ) “ ‘ $
. 30 0.054 Ifllls ‘ ‘
0.26 . ikt { i 1
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Figure5: Left: crosscorrelation gather for receiver 181400 m from the virtual source (receiver 1). Right: semblance panel 4 “
for receiver 1 crosscorrelated with receiver 101. The colored lines ifethplot map to the corresponding dots in the right . . . b(?'ogtN _
roundroll FZS&%;ap ‘ et ToRe Correlation gather of R1 and R40
plot. Figure 10: Left: real shot record from BHRS active seismic refraction surveyddié: virtual shot record. Right: example
A crosscorrelation gather froidichols et al. (2010). Ref er en CeS
P The maximum semblance in Figure 5 occurs near the correatiagland thickness. This exam-
—_ g::evllllgsrf(rjalrtf > f\k/]ee QI‘?;‘”;[‘I'?‘JG S&Iﬁggg foNr éiﬁﬁﬁ%%ﬂ??ﬁﬁ :Z?nsbela?ntc?s targasney ;(r)gt]lglr? ?atle?\?vse The virtual refraction is the first arrival in the virtual shecord with estimated velocity near Barrash, W., T. Clemo, and M. D. Knoll (1999), Boise hydrogleysical research site (bhrs):
virtual recellvers degreases dif f P - the known saturated sediment velocity. Due to stacking énitkerferometric result, we see the Objectives, design, initial geostatisical resuRsoceedings of SAGEEP99, the Symposium on
refraction A ambient noise is suppressed in the virtual shot record. Basdhe crosscorrelation gather in the Application of Geophysics to Engineering and Environmental Problems, pp. 389-398.
3 oL 200 a0 om0 Figure 10, it is difficult to estimate the stationary-phasanpin the data. In this case, the manual _ _ - _ _ _
Vo>V _ ' ' ' o critical offset analysis maybe not the best choice to esérsabsurface parameters. Therefore, King, S., A. Curtis, and T. Poole (2010), Interferometridosgty analysis using physical and
| 21 : : - 0. B | _ we implement semblance analysis to estimate the paramzgatsolling the stationary-phase non-physical energy, in press, Geophysics.
Figure 2: Left: acoustic refraction n_pdel. The Iovyer medlu_m has a faster acouﬁugn\xetha_m tht_e upper me.dlum leading to - os point (Figure 12)_ The complete crosscorrelation is shomﬁigure 11 (Ieft) with the theoretical _ _ . _
head-waves for sources past the critical offset. Right: the virtual shoitkeiber refraction artifact is denoted in red. ‘ T1i ¢ drawn on the right Komatitsch, D., and J.-P. Vilotte (1998), The spectral edlatnmethod: An efficient tool to sim-
- o6 ' ulate the seismic response of 2d and 3d geological strisstBudl. Seism. Soc. Am., 88(2),
o 368-392.
rec. 71~ 280 m rec. 51~ 200 m 04
Mikesell, D., K. van Wijk, A. Calvert, and M. Haney (2009), & kirtual refraction: Useful spu-

rious energy in seismic interferometyeophysics, 74(3), A13—-A17, doi:10.1190/1.30956509.

The critical offset

Nichols, J., T. D. Mikesell, and K. van Wijk (2010), Applicam of the virtual refraction to near-
surface characterization at the boise hydrogeophysisahreh site(seophysical Prospecting,
58(1011-1022).

normalized amplitude [a.u.]

rec. 41~ 160 m rec. 31~ 120 m rec. 21~80m

The critical offset S . . . . . .
— Snieder, R., K. van Wijk, M. Haney, and R. Calvert (2008), Galation of spurious arrivals in
Green’s function extraction and the generalized opticabtbm,Phys. Rev. E, 78, 036,606,
gy = Y1 _ Tc/2 __2uH doi:10.1103/PhysReVE.78.036606.
sm(c):vz— > 2<:>:L'c— > > 1 . . . ,
\/ (xc/2)" + H v; — 0 2 O 20 O 20 r1.91] [m] 1.9 Wapenaar, K., and J. Fokkema (2006), Green’s function sepitations for seismic interferome-
Figure 11: Left: complete crosscorrelation gather at BHRS. Right: same crossdmmedgther with theoreticaly; ¢ curve try, GGOphyS| GS, 71(4)’ S133-5146, doi:10.1190/1.2213955.
is equa| to the location of a stationary-phase point in tbesrorrelation related to the travel time Figure 6: Crosscorrelation gathers for receivers—starting at the maximum afigetnoving closer to the virtual shot location. calculated from the estimated velocities and water-table depthnlgr@ed and cyan curves are those from Figure 3.

difference between the reflected wave gtand the refracted wave a (Mikesell et al., 2009). author email: dmikesell @cgiss.boisestate.edu AGU FALL MEETING 2010



