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Monitoring Rock Physical Property Changes due to Excavations
Using Horizontal Crosshole Georadar Tomography

Yunmoon Jung, Myungsung Lee, Myungjun Song, |k Woo

ABSTRACT The changes of electromagnetic wave velocity in rock were monitored to investigate rock
behaviors due to the drill & blasting excavations through georadar tomography during the construction
of the underground rock laboratory (5 m wide, 6 m high, and 140 m long) at Mabuk-Ri, Goosung-Myun,
Yongin-Si, Kyunggi-Do. Two horizontal boreholes spaced 1.4 m apart were drilled parallel to the test
tunnel before excavating it, high-resolution crosshole georadar tomography with about 500 MHz
electromagnetic waves was performed at pre-excavation phase (May, 1996) and post-excavation phase
(August, 1996). The data were acquired with the combination of 34 sources and 44 receivers with space
of 0.3 m. Only 11 continuous receivers were selectively utilized with one fixed source. Sampling interval
was 0.4 ns and each trace has 512 samples. The first arrival of each trace was picked manually with a
picking software. The total number of rays used in inversion amounted to 34x11 and the size of pixel
was determined to be 0.3 m. As an inversion technique, SIRT(Simultaneous Iterative Reconstruction
Technique) was applied in this study. The velocity of electromagnetic waves at post-excavation phase
decreased as large as 15% in comparison with that at pre-excavation phase, which may be attributed to
the creation of micro-cracks in rock due to excavations and saturation with groundwater. Small amount
of borehole deviation made a critical effect in radar tomography. Totally different tomograms were
created after borehole deviation corrections.
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Fig. 1. Schematic diagram of georadar survey.
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Fig. 2. Topography and location map of the HICT under-
ground rock lab.

Axlol glom, 8807 14 A
& et gk, 7Rk AHHbA e
AAES TR Ao, A el TSl 2%
so] Yehde 34 F2F 713 Fvighbanded gne-
issjo] SAlsh} A o2 HelFzrt 2wy &
5 #Hok(biotite schist)2] AH4HE- Hole7) spd, S5-A
o7 A ZAE WAsE e, o] FEL 3t
(silicified)=lo] 2l o zbgedo] pho] uidse] glct.
B 2o 9] 7|ulotel|i= 93z)4t A (foliation joint)7}
Aol Ax vlad A UER PEE S Jlew
odele] Wikt AV Aoz ofzte] Wshs e
U N75W/358We] wheko] 74k §-Alls}A| vhebdct. <
uke] Fabd RRE ALsh A, el 7o) Qi
0.63~5.84 52| WZ 7L} H 3.308 vha Hab
3HD class: poor) Rt el E7¥ et 23t RMR
systemoll o] MPEFE ot Az, HF rating
value7} 488 <k 3l (354 fair) Ylol] &3l Ao
2 Hrps e

=
_EL

o
-
a2
)
‘LI"
o
&
\

=]
-

4. X285 3 2Y

WA G 1996 39 FE] T47AA P71 &
T A whgelel] X3 7Eel A FAWe &
2 AA gl 72719 Al S A4

e
&
4
2
(o

e -

B
/

Test Tunnel T

— |
Access Tunnel

Fig. 3. Horizontal boreholes drilled prarallel to the
test tunnel.

stoleh & AstdgAde] TEE £ 5m, ¥o] 6 mo]
W Fig. 29} 3oll4] & 4 Ql%e] of 100 m Zo]e]
access tunnel Zoll 40 m Zo}9] test tunnele] 2=
90% weko 2 FAs|lct. AFMist Fabo] Qe
ZEol n|xE ofgkg wasly] 9slo] test tunnel§
A7) Aol 22 Ao g B oz Ve
0.5me 1.9 m ol =)ol F el ¢4 AFTS
40 m Zo]7HA) HePstA H-Fslqdct. o] F e £
A|Z=E-5 o] &30l test tunnel T2HQ 199613 5%
7 Z2%9l 1996 8Yell Aedolvt ERIME
77} Soalgiey.

W ood ol AE-% A edelt} AuleE 2 4e] NGI
(Norwegian Geotechnical Institute)?} F%o] %o}
ANAALAE)T FFoz MUt A~rle2 HP8T53
network analyzerZ 7|Hto 2 7lE|Qic}. B 2] 9.7
ot} Al28le £4=21710] network analyzer, A] ¥l
ZEE 4 AaAAe] AL PC, 18|20 1A
Fo " E 23 U GHVER Pl Qi
B ATE flsted FolFellA 1,500 MHz9| F3br-5&
RrAAZ 4= 9l 15 em Zo]9] dipole A|FF-§ <t
U7h AAts] ol em] 100~1,100 MHze| sl ¢godo]
28852 AL At

Al 37 B gAE HelodAs F e Al
FH(EFEAANEZT FAXFFe] ezl B oo
A% PVC sto)Zell SAtIIE THAAL $414]
ZF5(borehole B) W2 FARFIGE 2747 Holy
o. 2 ubHl o @ FA1R] & (borehole A) WEE
ol FAQMeUE o 0.3 m 7HH o & 113] of
SAA A ANF WHAARA dlolck 441 =
A AN F, FAGHEUE 0.3 m Yo o] FA
7)5 FLe v o2 ube Axlelsich. 3 FAQE
o fAXlollA FARMEVE Ao g 15m, Fog
15mE o547 % 3mel Azleld $44 248

shsie}.



trace number

.80 3.8 6.8 9.8 12

time (ns)

ve. L

Fig. 4. Typical dataset acquired in georadar tomo-

w*?

25
o pre
| post
1.5 2 2.5

distance (m)

Fig. 5. T-X plot of first arrivals.

n
=1

traveitime {ns)
o
- —

7} Eglo|Anbtt 512709 AEE 04 ns 7HHe
ABARAT ATUFLHE FHA717) SAste] 30
HzE intermediate frequency 2 Al-88193c}. Fig. 4%

iz Aol 3E 228 BolFy glen o]y £AqHd)
U 8 ol AAF| I FAQFEE HSAIFIH

A 5% AEES
gather' 2} He|gc}

A% Ast BE 40 m Zol7hA) HEE e B
AR A Freld 287 Assgn. 22y
test tunnel Z8iol|A] 717}-& Ala A7} Hgkwl Ay
o7 alstel 15 m x| HellA Edu]o] Bl E3Folle
15 m TR 258 o] 7hgeliek. gt BRI
el Azt gl B RRe g4Hoq S5R3 AgE
Qlste] ZAzkel AgAle] HolAmg sfMellA Ae)st
A3 3.6m FE| 12.6 m7tA] F7kute] E xS %
Asiict.

‘GEOMATE 2l= Z2 1388 o]&3lo] 7} Edlo]A
9 25& $Eoz w3llsixlcl. GEOMATE: |
5 259] #4| 3 AE S spdol| 2aks}n Fig 5% 2
AN 229 A7} Aelgke] BANT-X plot)E £AI3E
i glch. Fig. 50ll4] B1'd 2239 259 FAIGAY
Azbsh= Bld 2RA o) 2Eo] ZAEHY )9 vl

Zalel] TAG 7oz ‘shot

Y3 A 345

90° o pre
i * m post
3 .
&~ I -
2 é 0° - )
S 4 7 "W 3
2l
-90°L .
velocity (cm/ns,
Fig. 6. Directional velocity plot.
sto 2)ed® AL A WAY F dor o]e EHYE =
3o AR} A3k S5} el 2RA vl wsto] =
o1 8 Sl olsh 22 Wi S A
e A2 Fig. 6ol 4 WAs D Qe Aot W
olgh £AIqketel FAIgkete] Aol whe ek
e ojulthe). Fig. 64 SEE A3k Wt 54
3 BAS 23 A e S o T e ol 24
Ao 2] qhto] ] 2A ShA] (isotropic) wlA Y-S 2ol

gt
5. Xtz a4

AF57t ERaes] JAE 93 HAxe 220
Ao gJHRERE FAHes T 29
(traveltime) £ % ZF(amplitude)o] AHLEIt}h. 54
gho] FA)ol] TAGI] A B AHeldds S5 ER
18 (velocity tomogram)e|eti s F=Xlz}e] #
o] ARE o]fslod AAlEe Heldd
E ¥ @(amplitude tomogram)o|etxl e}, €
o8 Ashe Aslrz bl hubaet Pzt e el
otalell 4l £HAIE7} B8 Jom gulrt 2575
AspEEE dobA|ar 2 Etke] AAE g 7t

A3 glch B Aol E F4A| HEE A4l o] &%
o] g4l & skt
£AotgubE 0.3 m ZHE e g 3407}, ZH £A19he)

U 0.3 m ZHA9) 110e] Ak} AHEEo &
34X 11702} s}tAo] edAtol] AALs ). 18l BAMH
o2 F4 A7 (series expansion method)& 4t
of| 283 7Foll= A whil g HAd(pixeDZE v



346

PRE

POST

Velocity(cm / ns)
Fig. 7. Velocity tomograms before hole deviation cor-
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