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New Seismic Prediction Method While Non-Core Drilling Ahead of Tunnel Face

Yoshihiro Miyake Koichi Okuzawa

Abstract

The tunnel seismic while drilling (TSWD) is a method for predicting geological characteristics from
seismic velocity ahead of a tunnel face using non-core drilling. Previous TSWD systems include a significant
amount of noise derived from rod joints because a pilot sensor is placed on the machine body. In new TSWD
systems, the pilot sensor is placed near the drilling head. In this study, we conduct a field demonstration test
for verification, and a cross-correlation analysis is performed successfully. Changes in the P-wave velocity
indicate a relatively good agreement with the drilling logging data and geology of the tunnel surfaces.
Furthermore, we compare this seismic velocity with another measuring method and extend the measuring
length to evaluate its effectiveness.
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Process of Travel Time Calculation using Cross-Correlation
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Stacking Processing Image

11‘}‘ ’ﬂ

\1|
l| |

IR [#] (ms)

15
20

1 'h
d'qi

Wh, T, BIFALBHARERR ITEE A 8 L TR ) THI
L7 DITHTBOREN /NS 72D, SINEAMEL 722
STLESREZENREEEZ BND, 32 mEUETIX
BN ZBIRICHERT D22 &N TEZ, ZHUZLY, Fig
10" T & 51T, RS2 mE Tri2.6km/s, ZILLAREIT
ZEE) L->21.6 km/s F TR T § 2 BRMERGH B S HEE S 4L
72

43 E=

R AT LOFIWEEMFTT 2729012, TSWDRER &
KENV <2 AOTZHIFRERE R, 3 X OUIPRHE R %
b U 7= (Fig. 11),

KEN~ 2 AT HIALERE L, SOMHEAN B D FEIEfE
GEKE X BATHIALE 72 0 OFTBE) % v CHll L 2 51
i 2FETHY, R FRBINMEDS & MLk & HEE
T 52 ENAEETH DY), Fig. 11(b)&E 7.5 &, HRE33mE
TIZCIU ~D I OMILAZZAIZHAL, RE33m~51 m
TIED I ARGEFY O#RFF 22 LA BN 5 L HewE Sz,

URPEEE T, BEm B ICHl - TOPFHE A A& 2T,
ENE D EITHILIERX R X O REEZRET D,
GRPEME A, Hul2S BAFCHIVEFHE AL & < 72 5,
Fig. 11(c)& .5 &, HRAETRE33 mEARE THRIXTAIZARY Vi
e, ERXEOZAETHILAELS 2o TWNDH I LR
ol

Fig. 112 1.5 &, TR LD —2
LaWinbd 2, BlxiE, 34 mHSics T, TSWD
FEFIE3.0km/s & HRERI) RAF 725 R Cd D08, HIlFL)E &
Y FEA ST < 225 TN D, 72, 45 m#R IS BN T
TSWDHfE R & GPIFEAM A 000 - L A3 B < 7 2 st CHALEL
LTWBA, HIFLKEOHR FIIZEL T AN,

TSWD#ER L UPRBIEFLEOZERIL, o xuiciin
2 Ui & RAEREOHIFLE T OAL B 2 EWICER T 5
AREMENE 2 B, £72, TSWDHER & HIFLRE R R
DFEFIZ, 557 LTV D HVEIZRPTHY R B O 2036 2

ACAELD ETFREND, ZOBEA, TSWDH ROPH

(a) PREETR L (m)
10 20 30 40 50

2 2R .;m,‘r
E\; 1 \Q;'i. 'ﬁr\ 'L:;"‘\
# 15 ) %U@ﬁ#ﬁ?ﬁﬂ))j; ”’# ey
f IO SR e
20 \’)u KRR IR V)h‘“)n .
(b) T
20 '
o R
15 R EEHTRR
£ 10
e
® s
0 :
0 20 40
PRI B (m)

Fig. 10 FHAFABAREIE & A= we AR
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WP, B 7R NP DRI & 72 % 2 LT, ARt
FIC@EWVME L 72 %, —J5C, HIFLIERS R IH LS O
IR BRI B A 52T D728, T ORFEDEN R
AR RICERPECDHRTHD EEZBND,

5. F&H

FULEY hOBETFIZNf vy b EsE LT,
Bz R TSWDIEE S AT LA &BF L, bRl TG
ICCEFEEREIT o7z, BONTHERELLTIIRT,

- BIPRIASI mEAHEAEL, PO — 2 & BRICHR
TE D BN a G52 LB TEL,

- TSWD#EHR, UIPBIEiisk, B L OHIILRBEREE
BLZEZA, WTFNOT—# L3S mUABE Tl
HLAELS R R TH o T,

A1, B U RAVBIND BRI TR CTHUAS L 7z ki
BT L OB X DR, BXOBEEREZERE L2
BADOEMEDKEE R & 2D TV, FEETREL, 8%
DKEN < EEFEIZIS0 mE TOEE L BRI TET
b5, F7z, TSWDORGESERFI Z L, MLFHEEs X
UHE QRS & OBMREZFEBL L T < 2 & ¢, AL
OFHEEEDOM LA HEE LD,

HiEE

ABFFEL, AR A, RSt AT

PRAE & RGO SERIFZERASE & L CTHEM L7 b DT,
SRRBAN L FEH T IREORFRKIZIE, HERIER
2V FE Lz, TR LTBILER L LT ET,



1))

2)

3)

4)

RMALEATRTTETTH No.84 7 o =3 7 HIFLRF DR 7= Ze MR ER A Tk 2 O T2 b o ROV EIRI RIS R A

(@) .
_ 3 3.0 31
z 3 26 |
&2 25
= 1.8
= 2 J
= 1.6
X 15 —
B
XA B
0 10 20 30 40 50 s | i
PRAS TR (m) B-a 65~
(b) 25 Cl-a 55~170
= o 23 Cll-a_| 45~60
é 51 CII-b 35~50
B DI-a | 20~40
=19
= DI-b | ~30
217
i 7 DII ~25
) 10 20 30 40 50 ETl ~15
o EII ~10
(c) PRAS TR (m)
HuL —
o BT Ho 11145 g | TRl
= 45 =1 TEIEE |
g 4 e S pro = e =3 CII
2 42~45 | CI
& 3'2 - 1 =il -I]._ ____________________ DI ¥
7 25~42 Cl
57?: 1% . _--A--..l_]. ................... DII 125~25 | DI
1 R = B 0.8~125| DI
‘i\f 0.5i,_7 i W20 Vi W AR G m | 0~08 <Dl
x 08 ‘
H 0 10 20 30 40 50
PR (m)

Fig. 11

TSWD - GPRBIEORER - HIFLBE
(a: PXFEIHPEBOEEE, b YRR, ¢

TRV — R E)

Results of TSWD, Tunnel Face Observation and Non-core Drilling Data
(a: Interval Velocity, b: Rock Mass Classification of Tunnel Surface, c: Drilling Energy Index)

SEH

M BNER, ih#e, &7 BRRLEER—Y
7 OHILIEEN 2 BIR & 3 2 BRI a1 Ak R AR
DBR%E & GEE, TARFEIROUEFL (MR VL)
Vol. 75, No. 1, pp.26-39, 2019.3

R, s, MRS, SEIERE - BT
AT P& D 7 aTHIL N R AR T
Hedlr, bV LFamsCEH 184, pp. 1-10, 2008.11
LHER, R, KA KESNV~EZRAND
TomAR— Y U7 KL AU R OB, b
FLEHF, Vol. 46, No. 10, pp. 49-58, 2015.10
FRi s+, TR BINHSPIEIZ X D b o 31y
PRI, F2SEaE HFIcET B v R Y
7 NFEIEFROCE, pp. 271-275, 1993.2

5)

6)

7)

8)

9)

> VBT~ OB RGN B 2 - ERGE
JE b FVRRBAR A~ OBRAT) — b oG 5
1T 9 MR BRE -, Mr L EHET, 485, 47,
pp. 69-80, 2017.4

FHEE: FHREMREE SWD, WEIEEE, 504, 35,
pp. 252-259, 1997.6

Poletto, F. and Miranda, F.: Seismic While Drilling;
Fundamentals of Drill-Bit Seismic for Exploration,
Handbook
Exploration, Vol. 35, Elsevier,

Exploration: ~ Seismic
p. 520, 2004.7
Petronio, L. and Poletto, F.: Seismic-while-drilling by

of Geophysical

using tunnel boring machine noise, Geophysics, Vol. 67,
No. 6, pp. 1798-1809, 2002.11

W ENEES, A, SR, R - 2 LIRS
ZT b R AVORHRITT AR OB, bR

TR EE, Vol 22, pp. 157-161, 2012.11



