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Multicomponent RVSP Survey for Imaging Thin Layer Bearing Oil Sand
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Abstract: Recently, exploration and development of oil sands are thriving due to high oil price. Because oil sands
reservoir usually exists as a thin layer, multicomponent VSP, which has the advantage of the high-resolution around the
borehole, is more effective than surface seismic survey in exploring oil sand reservoir. In addition, prestack phase-screen
migration is effective for multicomponent seismic data because it is based on an one-way wave equation. In this study,
we examined the applicability of the prestack phase-screen migration for multicomponent RVSP data to image the thin
oil sand reservoir. As a preprocessing tool, we presented a method for separating P-wave and PS-wave from
multicomponent RVSP data by using incidence angle and rotation matrix. To verify it, we have applied the developed
wavefield separation method to synthetic data obtained from the velocity model including a horizontal layer and dipping
layers. Also, we compared the migrated image by using P-wave with that by using PS-wave. As a result, the PS-wave
migrated image has higher resolution and wide coverage than P-wave migrated image. Finally, we have applied the
prestack phase-screen migration to the synthetic data from the velocity model simulating oil sand reservoir in Canada.
The results show that the PS-wave migrated image describe the top and bottom boundaries of the thin oil sand reservoir
more clearly than the P-wave migrated image.
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(a) (b)

Fig. 1. (@) P-wave and PS-wave ray path for a simple one-layer
model and (b) their polarization vectors with incidence angles in a
Cartesian coordinates (X, z).
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Fig. 2. (a) Ray paths of the surface seismic survey and (b) the
RVSP survey in simple one-layer model.
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Distance (m) Table 1. Parameters used in numerical modeling of model shown
0 200 400 600 800 1000 in Fig. 3.
0 Number of shots 29 x=100m/z=10m ~ 290 m)
100 Source interval 10 m
Source wavelet Ricker wavelet (fyan = 50 Hz)
200 Ve=1600 m/s, V4=923.76 m/s Number of receivers 79 (x =120 m ~ 900 m)
300 Receiver interval 10 m
S -
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g
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Fig. 3. Velocity model used in synthetic RVSP modeling. A ZoA WAL E ate QIAbzRe] ZARgEE o] 838l 434
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Fig. 4. (2) A common shot gather in the vertical component receiver when the source was located at z = 10 m and (b) P-waves separated
from (a). (c) A common shot gather in the horizontal component receiver when the source was located at z = 10 m and (d) PS-waves separated
from (c).
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Fig. 5. (a) A common shot gather in the vertical component receiver when the source was located at z = 200 m and (b) P-waves separated
from (a). (¢) A common shot gather in the horizontal component receiver when the source was located at z = 200 m and (d) PS-waves
separated from (c).
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Fig. 6. (a) The P-wave migrated image and (b) the PS-wave
migrated image obtained by prestack phase-screen migration for the
model shown in the Figure 3.
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Table 2. Parameters used in numerical modeling of model shown
in Fig. 7(a).

Number of shots 40 x=10m/z=10 m ~ 400 m)
10 m
Ricker wavelet (f,, = 50 Hz)
94 (x =50 m ~ 980 m)

10 m

Source interval
Source wavelet
Number of receivers
Receiver interval

Distance (m)

460 506 600 700

YYVYVYVYYY

806 900 1000

Ve=1300 m/s , V,

=750.5m/s

Depth (m)

Distance (m)
L] 100 200 300

Distance (m)

400 0 100 200 300 400

Depth (m)
Depth (m)

(b)

Fig. 7. (a) Velocity model simulating oil-sand reservoir in Canada.
The rectangle box with dashed line indicates region of the migrated
image. (b) The P-wave migrated image and (c) the PS-wave
migrated image obtained by prestack phase-screen migration for the
model shown in (a).

Agt RERF 9 psfe] A, 2e] ol ojalo] sk
Shshe Pje] Qialzie) Ak ua&— JH YAkl o
Houw wbge] 4193 $4171e] F74 Aol ofd 52

7] Zog o5 X A, w}aw P} 1t} psu}

o ARG} AR ER He 73741@% 348 & 5 Ak 2
27 g wsge A, $Y Fukre 492 A e
%% o) Patel vlsle} psshe] Mol A7) W] 43 od
M=o EH VPR FPe S 2L BAY 5
99t

FALIC 2hE QUM IIX|SE DA 2D EHIEHITIEIAI}
E(}“ X-IS.

TR QVSP ERAIRE 0|88 23 9t 1xEA
9 Ago] Mg edAE Fslel] AAA HF3) Sdte,

B4 -

5

A LdA= site] Edks] o] FolA AL U= At v
YN E wiAR S & "ARS B I AR H8S 8
S tHFig. 7(a)). LIN=2] B4 Mochlnaga et al. (2006)2]
=S s, edE 29| P S 2500 m/sE, ST
9] £5= 1000 m/sE AT 2 YME Z0] Zlol&= 280

mell Y8R 2Z, FAE 10 m ~ 50 m2 FA7 HalesE A
3 stem, GAPATE Table 29 QE}.

Fig. 7(0)% (o= 22 Poket PSyprt #ejd edatd
AR E2HE Ptel PSHE 0|83 FRRA Aot} o
VSP Bl - A5 FHe Tt 943 Hsl A
5T GAtel7] Wi, dAA1 A= Fig. 7(a)°ﬂ*1
A vz vkaE EAE 400 m7HA| @] FEo|uEg ) o] BE
izt 2HE vt BE LU= A7) uﬂ—@ﬂ
Py} 7RG AFel S QUM Fof e} e 7
ARS AgstA Fdst A Z3taL shvte] Fo2 YehiA|
g}, PSu} FxEA 0 A QJME Fof AR} o] A
Hol 3 FRE] eUdME Fo| FAE A ALt
& ¢ dojA FHA AF AE FHolv wigF el o &

o 2=
IYe & % 9

4 £
U2 odMEe) F PF AN L AT AsHE
SYNE F| A P 3 YU Bl 2

A, AEH R FFEAE o]8T & e TR —.VSP 123
AP AE e atgA T g3 o)

TP 9 VSP BAAtE S F2EA AL A, AxE Ao
2 pulo} psule] Halmpo] Hasith A 9 £29 7ol
01%6}04 UAVZFS AEaL, ALt | GAES o83t 3
E35to] pulo} PSHE ERFoz Red U
o, TGRS Fote] AFET). s
UAFzEo] & A H oA ) dHel7t dojd wele 43w
7} o) RAA] &= gHAI7E Ak, &g, PSyE R RA A
7} Pt t2EA AR AdE 2 We AWA Y 94
37t 75 ERlskiTt

wRgte 2 Autt v QAT wjgAGS BAGE P4
e aigaxlz el Pyt € PSot gAst A=, 74 10 m ~ 50
m Ato]e] Bk Q AMEoA Pt GAL QUME o] A
A FEsHA FAe} kA Bkl she] Fo2 YepiARh
PSTHE o] &3t Fste] A v oY= A - s A
ARE AEsA F43 st

O

E'.
]_‘—5-’_
=

=y 4

R

AL AL

o] AT 20083% oA 7| & H LA AldEE A



-

4

ofje

LT By

3T LS o8 WY fuel S48 2 BB
71 AT e dBoz SYHUSUL. olo] PAE =

Auyt,

i
r2k

ik

719, 0149, 2005, BAEF ol BZFYEHE 0] 43 oA
SRR AR, X TFE, 8, 35-38.

$3d AR, METE, 2010, 23 S84 dwslE w12
A, ATEH Y EYgAl, 13, 315-322.

A, U, 259, AAZ, 2010, 3319 34 jaket
ZHA, IR FAI 2 T 8] A S =5, 49-51,

287

She

e

, HET, A5, 2006, 712=F ol =y o] ES 9181 VSP

AR F et FREA ) Ao ok AT BT
Al 2HlEeE)A), 43, 310-319.

Al-Anboori, A., van der Baan, M., and Kendall, J. M., 2005,

=]
(o]
Ean

=

=
=

_?4

3 U 9 VSP ©AL 241

Approximate separation of pure-mode and converted waves
in 3-C reflection seismics by t-p transform, Geophysics, 70,
81-86.

Dankbaar, J., 1985, Separation of P- and S-waves, Geophysical
Prospecting, 33, 970-986.

Greenhalgh, S. A., Mason, 1. M., Lucas, E., Pant, D., and
Eames, R. T., 1990, Controlled direction reception filtering of
P- and S-waves in 7-p space, Geophysical Journal International,
100, 221-234.

Liu, J., Zeng, X., Xia, J., and charles, S., 2009, The separation
of P-wave and S-wave from crosswell seismic data and
application, SEG Expanded Abstracts of the 79" Annual
International Meeting, 1320-1324.

Mochinaga, H., Trc, J., Onozuka, S., Kono, F., Ogawa, T.,
Takahashi, A., and Torigoe, T., 2006, Properties of Oil sands

and Bitumen in Athabasca, CSPG-CSEG-CWLS Convention,
39-44.



