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Abstract: Principles, data acquisition, data processing of four frequently used borehole
seismic methods, i.e., downhole seismic, vertical seismic profiling(VSP), crosshole
seismic, and seismic tomography, are reviewed briefly. Field data examples are
presented and their application to civil engineering area was also discussed.
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Fig 1. Schematics of common borehole seismic investigations
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Table 1. Comparison of borehole seismic methods
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Table 2. Comparison of sources and receivers for borehole seismic survey

AN

5 iy a4+ H] 31
-ggo] AR, olFE F
Dynamite g} oFrt 5} -Sy Ao B

“ZAAE oY Wzt wa

—0]%/& o] i;(] 0} O,
Weight Drop |FA% 3% 93} ST EE

AR -Su dAe] dAE
ul A 9 Sledge -Pzt & S3} B &0
(& -
o g R FHol g |-AGA W F(]BH £
ammer ZAAE ae
_- q = 1} O
g ot Vibroseis AR AF O]%A_" =7 &8
k4] 9) -2ta A g £
A7 & -9 8o] £31, 2AMHY W&
(or small = Hda -9 Aol 2 ISy "8
explosives) ~ZAEE =¥
- i -Z A 2 3k
RETY Mechanical AAA =2 Pu-r{ A . ‘
w9 Hammer -F$ £ clamping #3 8
=2
. . -7+3 % clamping ¥ &
Vibroseis 71AA8 A F A 23
Air G G=F71(t2) |-9¥e] £X (W EAD)
T o] & —olEA B
A RE gt N
Mechanical | o el 4 P 2 S¥}, 3B =3
amping arm or
Clamping Lpfg TN ma gEA AR @
Geophone cal SPHng = E AR =
1\]—7}‘-%'— ‘]%‘o -o‘J—,Bo'xl.“-?o
217) I7IFE Wy F7HZ o]l |-FAIHY FXYS(ringing )
T —EAY 2

Ty 2
Hydrophone FH g A A% 49

SEE Lsaen goiet v

- 180 -




Mechanical Hammer

ok
7
i

A F=F air gun

&4} air gun

Weight Drop J 5

-
Hydrophone

Clamping Geophone

(clamping arm type)
Clamping Geophone

(air pump type)

vt sl s

of
T
o
%
ot

>
>
ol
=

3-C A 9.Z Aol Al F

Fig 2. Various sources and receivers for borehole seismic
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Table 3. Seismic velocities of soil, rock and common materials

Pa £% Sy &% 9%
WAEE * T 3
(m/sec) (m/sec) (g/cm”)
AANE 250™700 80160 1.371.7
8 & AR E (1500-X3tE 9] | 607200 1.62.0
AL A4) 250~350 1.872.1
0.3570.50
AN E 100072000 1607250 14718
FH= A E (1500-EZ 3FE 9] | 2007350 1.772.1
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=] 5950 3240 0.289 7.86
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Table 5. P-wave velocities and description of rocks based on weathering and

fracture developments

T ] P& % (m/s)
21248k 7]9ker F 5000 o]
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Table 6. Rock description by velocity index and C:
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08 -10| <025 5 90 - 100 |(de,F4del AY ¢glx, 384 g&
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Table 7. Laboratory and field test methods for static and dynamic elastic moduli
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Table 8 Formulae for static and dynamic elastic moduli
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Fig 3. Relationship between static and dynamic elastic moduli
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Table 9. Static and dynamic Young's modulus of some rocks

A3 As

TEAAT

o} = Ed/Es
43 Es(kgf/cmz) Ed(kgf/cmz)
= 36700743900 320300 79
Hdg-Ade 5% 4200~5300 66700 12716
A}ek 5000~16500 1300007160000 8710
93000™174000 9717
P2 A 3000710000
I s 1090007204000 10720
830078550 49200 5876
o|g-Atgtel & 13000™17500 61300 35747
12400719900 71400 36758
gk ¢ 11000 - -
3 =< 19900 560000 28
AP ES 18000 434000 24
100000™~160000 430000 27743
280t 100000 445000 45
° 3000035000 415000 12714
180000240000 305000 1.3717
—_— 150000250000 385000 15725
90000 445000 5
18400 - -
ARG H =9
IR 2t 12900 B B
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4. 33 &4 g A (Downhole Seismic Survey)
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Fig 4. (A)Depth-time and (B)interval velocity plot of
downhole P and S waves
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Fig 5. Downhole field data
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Fig 6. Traveltime(depth-time) plot

Fig 7. Interval velocity and elastic constants

Table 10. Summary of downhole seismic survey results

HeEFZH Vp Vs oA+ | 9B ([A¥NEHLSE|[HE8UE
e Vp/Vs | Z8}&H|
(m) (Knv'sec) | (K sec) (Kgficm2) | (Kgffcm2) | (Kgf/fcm2) | (g/cmd)
SHE| 0014 02 0.1 2000 0333 180 400 400 1.5
E3E| 1445 0.5 0.25 2000} 0333 1125 3000 3000 1.8
31| 4585 1.0 0.5 2000 0333 6365 16973 16973 2.546
et 1 85195 28 1.45 1.931 0.317 53950 142080 129241 2.566
a¢ 19530 38 20 1.900( 0.308 106000 274770 239050 2.625
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5. ¥4 @A gl (Vertical Seismic Profiling; VSP)
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Fig 8. Typical VSP field layout (left) and idealized recorded
data set obtained (right)
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Fig 9. Example of field VSP data (left), and comparison of VSP and
surface reflection seismic data (right)
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6. A1FF 7 £X=F(Crosshole Seismic Survey)
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Fig 10. Example of onset time picking
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Fig 11. Result of crosshole seismic survey
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7. @43 EX 139 (Seismic Tomography)
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Fig 12. Ray path diagrams of crosshole seismic survey
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Fig 13. Principle of traveltime inversion
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Fig 15. P~wave velocity distribution from crossshole tomography
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