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The relationship between cross-hole seismic CT detection error

and borehole distance in karst area
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Abstract: The geological conditions in karst areas are complex and diverse. Cross-hole seismic wave
CT can be used to detect the development of karst for engineering construction. To investigate the char-
acteristics of detection errors and factors influencing these errors, we carried out field tests in Baiyun
District, Guangzhou, to detect multiple CT profiles using the same bridge pile with different borehole
distances, and analyzed the relationship between the error of cross-hole seismic wave CT detection and
the transmission-reception distance of boreholes. The results show that: 1) the detection error increases
almost exponentially with the increase of the borehole distance, 2) the average error increases from
0.2 m to 0. 7 m while the borehole distance increases from 10 m to 21 m, and 3) when the borehole
distance is over 20 m, the detection of CT profile may be not reliable. Under reasonable technical pa-
rameters and test schemes, the seismic wave cross-hole CT method can accurately identify geological
anomalies with a size of 1 m or more. Using currently available equipment, the appropriate CT bore-
hole distance should be 5 to 20 m for the area of medium to slightly weathered limestone.
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Fig. 1 Seismic CT testing and imaging schematic diagram
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Fig.2 Measured plan of borehole position of interval scheme

B ST LA B FL AR B s o 32, A B 4%
T H ) AL B AL CT #7812 2 bR e 5 8R4 R
B 22, DA BRI . TOUNR 55 b B A i e R L 1R
FISEAF L, T2 B L] BE X S CT 225
ERp=ALTS
1.4 HRNUFARSH

Bl A TR LT, Dok A .
PRI BE — e AR Sk e T ik 2 nd i RIREE, Hi%
WO e S A BB AR N R T 450, RS M R
Geometrics 23 7) 42 7= 1Y) Geode IR JZ M =AY, #EUR
1% [ Geotomographie 23 7] A= 7 ) IPG 1005 /5 [ Aiff
RER ST 4%, Uk £ CH-3R AU 5y R 12

AWk BN FRE TAES T

M TAES% . >1 000 Hz;

PGSR 1.0m; &S 1.0m;

SKAEMIBE . 20. 833 ps;

PEPIEAT . 400 ~ 4 000 Hz;

PfFIE R 2438

BMRE: 2~51K,
1.5 REEARSH

W12 W] B R A G BOF ST kA, N
FH N S5 A CT SO, 2688 1 mx 1 m g7y
SRR, HEATIEARTER, S L T 1 Y
1. MR R4S 2 A B, DL 100 m/s 38R (1]
FEEAT sy, WIMEBGEARE . aas A e IR o
REFUS 2 S I AURA AR, 0 2800 ik s AR i
A7 Hb I A R

HRA4E TR 00 R R 25 2, AR XA +
Al 32k © )2, HEUEE 1. 8~2. 0 ks,
FEONBRF LS T @ WIRAFIX, ikl
M 1. 5~3.5 km/s, RICHFR . BERET, 1THe
FHAY; O 5EHES, PUEK T 3.0 km/s,
R, AN AR, HEEE, -k,
Te R
1.6 FREEA

R 5 5 1 A O B TS B, L sE R
63 XF T (A7 & 64 XF #ITH , [ CT08-2 K 58 i) ,
SIS I S M 96 739, MR S AR, Al
DA 0 Bl L 1) bt J5 A ) 8 R 43 A J1 - A T A SR
Gh. RS HIEE T (SREE) MR B IE LS
o (L) s AmiEsL, k3.

1.5 20 25 30 35 40 45 55 65

Wi/ (kms™)
(S RE SRS R R AR S 5 o B s
K3 [l A ] LRI 25 2R
Fig. 3 Results of different borehole distances

on the same survey line



108 ilReazE R (HARERD) (Fh3E30)

%61 4

PIIZE CTO3 F1 CT03-2 4], 0T LA Hi X [l —
DR FH P AL BRI, 45 58 1) 2 0 A AL AR
oL, /D) B S e s g b O A 300 B ARG A, T DA
o i RS/ LT, an & 3 v SRR Sk TR &
LI 6 53 A WIS ELAR 1~2 m AT, e B fL B
o B — A AR BRI AE XS TN R ST
FRAR BRI, B LI A 38 K T e S EUG
PRSP FLER I XS T & 8 X A B A 55 A R
AR EE RA4F, R RS FIE R 5 B LRI 25 5]
W& R4

SRR, AU LSRRI CT AR 25 51 iy
KAEWIE S IE M, B a5 5 AL R W) A
AR T S A AT AT b, BRIORS B AR R AT A
—EHLEE, RUR AT T AR AR A — A R 2
iff 5%

2 RZEEIHT
2.1 IREFMIRE

Sy AT 25 S, B L Hb AR Dk CT iR 25 v]
A SR LR IR A G, e o Wi 22 1 A8 AL AL
TS Y AR VR AR . AL Y 2
Wl Tok = — L E, FHABESFLZ Ml CT
AN EAE AN R IR EZN S H, T 2 st

o vE I CT 8RR 25, EHUEN IR R A S %
B, B PR FLERI A% CT ) TH1 5 28 1 A0 B FLA IR 1] 2
A7 BT, A AT I i SR TR A e R A
SERGE RN ZE . ASCTIRZITPNARHEDTT

1) # CT 5 ¥R, HALBUR SR
BHCTHIE KREW & AR E=5 11 RE2EN4
XHE ;

2) # CT HE R, H A HFLR
JEF 5 CTHRIMMI G, PR EE S /N T 11 1Y e
25 FRZE=HA PR IE S-S 1 R 2

3) % CTHaEE S IRIa g . AR 2= 5,
T ) e, S AR 1 138 ) RS

N A Al LK RN 1 I A e - A2 ST 1R 25 SR
BENZALE BIHRZEE, BRULHIAEN, 53]
IZALBEIE 122 (ARl iR %)

E=E./N, (1)
A N=1 AL IR <2+ 1,
2.2 REZITOH

X B FLERIN 25 J 1 25 5T, HE3t 49 4]
BifLI8T A E A m, Geit 5 30 3 ARl LI 4
ARRfLRZEMER L. BT RAME P24, 4
B ECE ) T S A B LRI E R 2%

®1 WL RREST

Table 1  Error statistics of detection results
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