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Abstract: Cross-well seismic records were collected in the test field within the premise of
Tsukuba Research Center, AIST. In general, characteristics of cross-well records are as fol-
lows; (1) cross-well records have higher resolution than surface seismic survey records because
the source and receiver layout of cross-well survey is closer to targets, (2) the survey is
free from a low velocity layer near surface that attenuates high frequency waves, and (3)
the survey is free from surface waves. Two types of receiver (3-component geophones and
borehole shuttles) were used for data acquisition. The records acquired with 3-component
geophones show a high signal to noise ratio because of its hard coupling with ground. Dif-
fraction stacking with velocity analysis was applied to cross-well seismic records acquired
with 3-component geophones. The result indicates that cross-well reflector imaging can
produce higher resolution subsurface imaging than surface seismic reflection methods. In addi-
tion, one dimensional numerical experiments illustrated that it is necessary to take care

when interpretating the stacked record by use of high frequency observed data.
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Fig. 1 Location of wells and burried 3-component
geophones in the horizontal plane (upper) and in the verti-
cal plane with geological section (below).
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Table 1 Specifications of data acquisition in case of 3-com-
ponent geophones.

Source OWS (OYQ)

3.125 m - 38.75 m (WELL1)
3.125m - 37.5 m (WELL2)
5.0 m - 38.75 m (WELL3)

Shot interval 0.625 m
Number of stacks

Shot depth

4 times, normaly

3-component geophone

Receiver (OYO GEOSPACE HS-J-K)
14Hz and 40Hz
5,10,15,20 m (14Hz, 10 m distant from WELLO)
Receiver depth 5,10,20 m (14Hz, 20 m distant from WELLO)

5,10,15,20,25,30,35,40 m
(40Hz, 10 m distant from WELLQ)

0.125 msec

Sampling rate

HoR B TIERE FAEOMLEE (K7h—Viyv ).
Table 2 Specifications of data acquisition in case of borehole
shuttle.

Source OWS (QYQ)
Shot depth 4 m-39m(WELL2)
Shot interval 1.0m

Number of stacks 2 times, normaly

Receiver borehole shuttle(OYO)
Receiver depth 6,7,8,10,15,20,25,30,35,40 m (WELL1)
Sampling rate 0.2 msec
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Fig. 2 A sample of common receiver gather obtained with
3-component geophones (source well is WELL2, receiver well
is WELL1 and the depth of receiver is 5m). Arrows indi-
cate tubewaves. X-component of 3-component geophones is
directional to WELLO. The directivity of Y-component is
perpendicular to X-component in horizontal plane. Z-com-
ponent is directional to surface.
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Fig. 3 A sample of common receiver gather obtained with
borehole shuttle (source well is WELL2, receiver well is
WELLL and the depth of receiver is 5m).
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Fig. 4 Amplitude spectrum of a record acquired with 3-com-
ponent geophones.
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Fig. 5 Flowchart of data processing for cross-well seismic
reflection survey.

THhb., ZZTiE, Fa—T9z—T7%2—FIIHERTA
TATY 74NV E@EEAL, Fa—T7vz2—-THBEE
7o 7.

SEOMBEIZH V2T — & 3% 3 RS ZIRES
(40Hz) THUE SNz 3K D 9 b X M5 (WELLOD
FHOHEHPERL 2L SICRARE L FOKTES) T
BB, H6HICHE 2 KR LIZEESR S %IRE: (40Hz)
THEBRINAZIHSTDD b XMATOREBIH LT, £
TAT T4V EFTCO—EOFMNEAEH L -H%0OR
3%, RUAFATYy 74N %28HA Lo -85 R
T, ATAT VT A4NTICEY, Fa—Tz—7h03
ITHREENTNE I E%hh 5.

NS ORILE AT - 72508k ot L CHELESEIC &
5 EE RN (Matsushima et al, 1997a) #4T-o72. £
TRUZAT AT v 74V ERAMBREAT AT 7140
Y B R DORERIRT T 2 BEBT ANV O—Fl% Zh 2
WRY. BEBHT SR LIL, BELELSERRS,
NMO (Normal Move Out) #ilE, EAX#EVEL, #EE
OIRESTHZFRLZD DT, TONAUPLESHE
DEVEELRRET D, ATFT4 T 74V 2BERALE
>0 T2ELER X T B BB FRNT 7S R VIZ BV T1300m /s i
WHICE—=ZHMBR SN, XF1 774V 2@EAL
SERTI T 2 BT SRV L LT, ZO¥— 27|
BFa—7 2T EBDTHLI L bhbB. X
FAT VT 4VE T @A USRI B S ERAT R
WIZEDSWTHELEARHAER L (ESK). /2
WEEA (1994) 12X B sz mRr» ST K
EHEREOKRFZEINIRT. WELLET -0
12, EEAEERESH0.05-0.15 (sec) DEFTE FNFND

BREPOIRELZ L THRMBMORr — V2R Z/2b 0
ZEIOKIRT. JHEREEICLVESN-EAWED
TR S DBEEDEFNL ) BEFEREICR>TWE S

— 656 —



BREOBERILE BWIcHHHSHERRREEER (BE 130)

e
s

30.0 '

00 250 500 750
fime (msec)

g E
< =
5 .5
S SR
o) wﬁW‘p‘. = 5
A A R
G g 3
= ; ; : AR g
0.0 25.0 50.0 75.0 100.0 1250
fime (msec)
B XFATYTANIIZEBFa—T 2—TOMZE.

(@) AFATY 74N HEAE, O) AFA T 74V EEE. KR Fa—T Yz — 75T
Fig. 6 Remove of tubewaves by application of median filter. (a) after application of median filter, (b)
before application of median filter. Arrows indicate tubewaves.
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Fig. 7 A result of velocity analysis panel at the center of
interwell before application of median filter (a), and after
application of median filter (b). Arrows indicate peak series
formed by tubewaves.
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Fig. 9 A result of stacked section obtained by surface seis-
mic reflection method(Yamaguchi et al, 1994).
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Fig. 10 Comparison of stacked record between (a) surface
seismic survey and (b) cross-well seismic survey.
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Fig. 11 (a) Reflection coefficient series. (b) A synthetic seis-
mogram derived from convolution with 30Hz rick
er wavelet. (¢) A synthetic seismogram derived from con-
volution with 300Hz ricker wavelet.
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Fig. 12 (a) Random reflection coefficient series.

(b) A synthetic seismogram derived from convolution with

30Hz ricker wavelet. (c) A synthetic seismogram derived from convolution with 300Hz ricker wavelet.
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Fig. 13 Comparison of the resolution of observed data be-
tween (a) cross-well seismic survey and (b) reverse VSP
seismic survey.
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