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Detection of Permeable Fractures in Granitic Rock by Hydrophone VSP

- Case Study for Granitic Rock, Gifu Prefecture, Japan- (part 2)

ABSTRACT

The mu!ti-oﬁ.set hydrophone VSP experiment was carried.out at Shomasama site
in order to estimate the capability of this metﬁod to detect and ch:aracterize penﬁeable
fractures. |

From the VSP experiment using weight drop as seismic source, 19 tube wave
generations are detected from 20m to 559m depth. We confirm that VSP experiment
using weight drop is effective for_ detecting permeable fractures as Well as one using.
dynamite explosion.

We calculate fracture dip, strike and permeability at 15 depths from VSP data using
dynamite explosion as source. Most of the calculated permeability are of the order .of .
100md. By using BTV image, fractufes are d.etected at all depths where tube wavés
are generated. Fractﬁre dip and strike estimated by tube wave analysis are consistent
with the results of BTV image at some depths. However, there are some cases that dip
and strike by tube wave anah)sis are different from those by BTV image. The reason
why thié discrepancy between tube wave analysis énd BTV image has occurréd is nét
clear at the present time.

Permeability estimated by tube wave analysis will be discussed in' part 3 report..
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F£3-—1 h{FD7#>VSP?ﬁﬂéhé?l—jﬂ%ﬁwtﬁ*ﬁéﬁﬁﬁTéﬁﬁmﬂ

year _Lithology offset  source depth frequency permeability  well data
Kitunezaki 1971 ~ — zero  — 50m 1KHz — — |
Huang {2 1984 igneous/ Zero dynamite 1100m  200Hz — - TV log, core
| metamorphic (150q)
Beydounftt1985 metamorphic — weight drop 150m  150Hz 0.1~0.5d -~
Hardinftt 1987 metamorphic 4 offset dynamite  225m  100Hz 5~70d BHTV, sonic log,
pump test, caliper
AOf 1990  welded tuff zero  dynamite 660m 200Hz 5md~1.2d BHTV,sonic log
{60~150q) caliper, electric log
Toksozfth 1992 metamorphic 3 offset dynamite 980m 100Hz 0.1~10d BHTV
o - 3offset dynamite = 500m 200Hz  2.0~5.0d BHTV
(200g)
Lifit 1994 granite 5offset weightdrop 260m  100Hz 9~55d BHTV, sonic log
pump test
AROfM 1995  granite 3offset electric 110m 400Hz 20~210md BTV, BHTV,caliper
detonator hydrofracturing




.- Recorder

Source O
W;W N | Lz

4 —
LY
by
1Y
*
L)
9
1

L
)
3
L)
LY
hY
b}
A}
L
LY
1
L}
Y
1
by
LY
1Y

\ P wave

LY
LY

A
LY
kY

Hydrophone

[[3-2-1 BAEBRICEVWTPEDISFa—TEIBETIAH=ILA



Beydoun et al. (1985) 7 /b

P# Ccos(wi)
-
/
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Lo| B

Li et al. (1994) EF I

P cos(wt)
///////Jk//////j S

Lo| HRHE P ¢ cos(wt- wloVp)
///////////////q

//////////////,a
)

BZEL = Lo-{cos(wt

WREIEL = Lo- ¢ w Losin (wt)/Vp'

(Vp' : BB & 1548 5 PHORAD)

[-3-3-1 Beydoun etal.(1985)® PEDAKIC & 2 BREOE(LEDNS iHE
Li ot al.(1994) 0 P D ASHC & 2 WRHHIBOE(LEDES 2 75 DL,
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4. AN-1BFLICH 5 BHRAR

4-1 FBHEOMERE

KO, - HEBS L URREHEEREL LT, T2 THE=REHERSS
s (BFIEH, 1992) . FSSRMRERE, ERTRELTEAGTH TG TS, £OLK
CEEEEY, o ERRETEETEo THHT 5.

(1) HAE 2

TR 1, R~ S ROTEHENE AT 5 (F4-1-1) . LWIERE LFIERB R
TERE BT S E DRS¢, PR~ MMESHERE - EREEREHE - PHRAESR
ZETERE - RER Eh LMY, ROMEATET 5. |

(2) HERtE |

:@ﬂﬁ®%%%M,¢%ﬁ®%ﬁ@ﬁ£lUﬁ%ﬁ~§%ﬁ@ﬁﬁ%ﬁ#%&h.%ﬁ%ﬁué
BICFRLE b TR AR, PRRE, £HREBIRSShD (K4-1-2).

(a) i RV I

BSRETEOEAIE, & LTAINFSEY EEREREYIC L o TR S THB D, 71tk 4
ﬁﬁ(ﬂ%ﬁ.mWWEtamkﬁmE&E)ﬁ%ﬁ%Kwﬁ?%.—ﬁuﬁ,TﬁﬁEﬁﬁﬁﬂ(.
BESTIELL FEIE o Twa, TIERBERBIE, TLa—-AHWE EREWmBEREE et
w2y, AROEEE Y SUER~KRE, RS, BHEABIRKETRDELEEL TS, &
HREBIBREMNWES, YV a2 ERET S,

(b) MBI

WAL, THOBMBEBROIEHE L EAEAOMBRERLTEY, HEBRSILITEE L LR
VA A B o R Th D . M~ KA SR AFREREGE L, THICHEEPRERL
BOWE (Ex1~3m) %1~ 2BRATWS, ZOBMEIIERE - Fv— b - s - RE - K
WEC, EHREAEIHNEREZ2VWLRTVI-AHTHE.

4-2 AN-IBILICET 27 —-5HE
4-2-1 RIEHR
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AN-TBTLE SIRILE L, 54 4 b ORAREIC & 5 BIRL EERTIC L 5 BIRO 2 EOR
Wk T Lok Ty b A K7 5 DVSPEREATo . MR AV 5K TH D,
FOH L IARRH LML, BEETRRIEBILEMARCEBERO 2 AFCRE L. &R
BELTIGEDN A FOT7 & Y ZANIGILICA R TRE L. 7 — 2 ERIZAN-15IL b S o B
NRTIT- 7, BREFTHERAOH EHEFORE L FEIEI 6O M) - EF I ERIllNE T THE
Lichr —7mic X D ER L, IEBRETIELALT-413, 7-2A7—-YaviliRl, 74—
N P TTiey 2 i £ 47 » 7.

4-2-2 EiR

4-2-2-1 REHER

FHAL

e Ilid, W4-2-1123 ¢, SH-1A, SH-2A, SH-3, SH4, SHSO S HEHWA, I b,
SH-1A, SH-2A, SH-5® 3 LI/ L7z, SH3ILRFERE FEO LT 71y b4 PO
7+ YVSPEBROBHILE LT SN bDTH D, BEILOETE F4-2-110R 7.

I EONUEERET F#422L F42212m Y. WER Py bRV b /5= AL
£ 5. F4221SH- 1AL SH2AD 2 ILOPEERENR IR TRV, FREFIRSH-1&SH25 6 Em
HEA ISR S TV B,

e LT, BREE (REM (500m) 8FEREE) RUYA+ <4+ (BiBAMS 1 += 1
F) EHWA, A, BEEERCWE, IERMEEY 1 23 v 2 A F— % —MODEL-1340, 1305 % UV 4kt
VLT 0 3 FR 454 I SE I 8RGB-100 2 B L 7.

IR L IEOREITANTAL, AR r— YOI THERLL EHKETTAT4
YTy PCRBEILER LR, BHLE BADTALFRE, ATAEVOEETfVY—0—-T%
VTV, BEBRE 74V — 128> THIRIC— b L2 b 02 R LA, EHEEXTRE 0%
R 7o IiER L (B423)  FEOREERHERTALDIITAY—II7 - TRUA
V- BEMITHERLL. BRBRLEREEORENCE SOy beERLL. TV 0T
SARECEEH LAV L LBE L. ‘

SEBE ORI LA 4 L H 5 © BRERRETHES \CBBILI, BRRE, XEFLHRL, B
WP ERIE R AP X o TERBI ISR, mAEiERL, TROBE XTI L.
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4-2-2-2 EFETER

THEE TROBEE LT, 7Yy 7 AW () 84— b w—WAHM00E (28) AL
fo. TORBEBIFRMCHETEIRMEA TS, JOREERELHAVT, 400kgDEIEEE S
I SHWEROHBICHHE TS ERT|LA, SFHICE P 22 NFT TS, #ED

TR & s, BEFSHECHDIAERNIH LA REMAEPIER, DHZEMLA (B
| -4-2-4) .

HHETE T AEWIE, SH-IARMILAY & H50mEEt /2 E B & SHARMIL Y O SHAILOEF I Eh £
nNlEF 8B LL, FRFROMELTWD1, WD4L T 5. FERAE ¥R4222RT. 43,
WD-1% SH-1ATLOEREICFRE T 5 2 L 28 L7248, SH-IATLORMBIZ R TH ) BFEOWMAH T &

/2%, SH-1ATLOWE { OB ERE L.

4-2-3 F— 4783

N4 N7+ »

T—7 7Yy IHENS FE T+ rP27-12C ({425 2FEHRLL. FriarA- -1k
D, NAFR 7+ YBHOBOF Y arETo L7 SEOMNETIEINS FO 7+ - W
im& L, 10D T LA Tirors, BEHHEIIGLE Lz, N4 F 74 Y I3EEAMERIE & LT/,
ZFOBICIEREDF v 78T o7:0, BTRIEDERBEAERLNEho/. NAFORTaF 0y

ArFELCREHOLOER, ¥—7ILEIZI000mTHS ([H4-2-6) .

M b FERT
BMESOBEHERD M) ¥ —BARTEO O, IR (v—77ad s ydEL2)
2EHEL, BREKEEE VTS THIBEL, y— 7V TCAN-1SILEHAOBAINEE CE%E L.

7 — & Y%

N F8 T+ ¥ P H0EFIL0Y0 GEOSPACEFLEIDAS-1 (H4-2-7) DANF v ¥ FMIABLL.

DAS-1% M) H—HboREILL, REBEOHESE, RREXRENTEZCIREOHRE L, &
B ERIE TSP ERIT & o TERMH LRI, AXEERRL, 34, EBSETEROSS
i, BIEFERIEBOFETHEMIZL o TRRLL., BRERVESEETOEFEMNIATA—ESEL
CAHBTAN-1SILG OISR £ T3 Ih N1z, 7 — ¥ IR & R423107RT.
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7 4 — N FIZB 5 F NS

ISk Ui 57— S L EE, 74— KO T— 7 A5 — Y a v ITERL, F—yDFry s LT 4—
KIS BT B FIRMEN 215 7. FIRGEBFONEL T — ¥ ORELERORT, 7V 7o b
TH5.

®-4-2-812 7 — ¥ REOBMBE L RT. EMAEM & £ 42477

4-2-4 T —2BUSRER .

ERAFEIA 4B LY 11H20H T TOTAMIIChbI Y, ANISILICBWTNNA FO 74 XVSP7F —
yENELE. —oab, NAMAXYVNATEEC, EEETRERICLAVSPT— Y ZHELL.
FA2SIRTE DN FO 7+ ViREEL, WDIREOHE200m~559.0mTH ), WDARERED
BE20.0m~509.0mTh 5. F—SIREETHRBEHEVIRT A S v 70, RIREEIES 2L
LiAniEinL, sE2 0308 F T L, R4y 7 AFEEICBITE Ty —BHERT TR Z
F— S MBOFERI GRE LI, |

HA7EA»S11H208 £C, BEBFIZLBVSPF— 5 ERELL. RA2OEFTLIINAF
Q7+ »IERELE, SH-1A, SH-2A, SH-3, SH4TLEE NFHE400.0m~609.0mTH N, SH-5ILERD
BAS0.0~609.0mTHE. ¥4+ %4 &L, SH-1A, SH-2A, SH-3, SH4{LTiis50g (SH-2A L
SH-4FL D FHRIERES70.0~ 599.0mTi2100g) & L, SH-5ILTIE100g& Lz, WTFhOBEL Ay v ¥
1 MOATHS, SH1A, SH2A, SH4, SHSILIKOWTHRHI TA—OEETCEET S I &N
TA7. SH-39LIE, HEOBRBPCREILANDY A T4 FOFALTEE L & - /2720, EEZ1L5m

THLTRET- .

4-3 T — S48 - AR

4-3-1 REERT %

AN-1ETLOREA00m~609mDF 2 — TR FEREL ROIZ L2 EREME L, F—FRHA - §
WddTot:. 8, Tl 6 EEOVSPREL S, ANIFILO40MINED RERRICBITSF 27
WORERELTTIIRDTNAS.

F— s LT, MBELAYa vy FVERFEREIRICESRS - AELEEToL. BELALYa
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vwﬁﬁ%ﬁ?.it,HA&@[ﬂ«mu&w%ﬂ%ﬁu;%%ﬁmm~mwﬁﬂmm~@%@
VSPRESRZ ZTNENRT. ChOORIEE ML —AZ LIZEREHEBELL TV A -0, Hed el
RIBABAF STV, T4, 7405 —RAEFT > TR, H4-38~FH4-3-1112, SH-I,
SHAGSLERIZ L ZHEICOVT, REFMLZILA L VSPRtERE =Y.

FRENDOVSPRFT, DHPEDILEETIV L ODPOF o — TN HERTE S, VSPREHIS
Fa—TUDRERELRODL BIUX, A74 T YT AV 5 & BT EFER 10 THETOF 2 —
TR I HUANT b DL HFHD. TORMBOH % F4-3-128 R43-3IRT. Shbo
B3, SHAIAGILBERE, S AT 47> 745k, TREN, FTHEFF 2~ 7HETY K
VR E LHEAT T A - THER D RV R TH B, SEOVSHERETI, WP EAL0F 2
TEDEENFHFETH L0, AFAT 74 VTRBET- 083 TEOVSPRGE, & FhENK
WiF 2 — THOFEREIGEN G o fe,

FEMTEUT IS & AVSPRCEAH b RO IRAE400~ 609mX [ D F- = — T D IS IREH [0 4-3-141 R 1.
TRTOA 7y FVSPRLEN 6, EHETHLVWETHETOF 2 — TIEOSEEHITFEDR & NI IER
&, B4-3-141 EMF D REITRY KD 4 RETH 5.

467~469m, 478m, 492m, 549m.

8, 467m~469mDIEREIL Z OFEERMEES, O F o — T RE LT BTN H 5700,
RS TEREME L TROTW S,

T, —BOF Ty FVSPRMRTOATF 2 — TEOFESHEDSINIIBENSHD, hoOEKE
i, 431412 RHOATRTROINEETH 5.

411m, 422m, 430m, 436m, 441m, 452m, 482m, 486m, 503m, 531m, 552m.

—HOF Ty PR TOARENHRENSF 2 — T HIX, TRCOF Ty NEETRENTE
BENDTF 2 —7PICHAT, IRIFESNSOVEVIFHERT., Fa—TEOBEI—HOF 7
FEEFTOAMER ENZFEAL LT, BTOZEPE L 5N3, Beydounetal. (1985) (24 BF2—
THIEEDETMIZLAUE, ANPHELARADERFTMOLTHEHNN 158 2dE, Fa—7
EHBETHLANF IS RD, #oT, 547y MIBIZODWTAHP I L BETOE
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L, DEPEORIENAE < 25, RESHALF 2 —TEAREL TOITEMAHE & &1
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4-3-2 EEETEERET %
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FIEE T REREEWBEIIERTIANT IRV LHFHOPLDTFEEN, T4, IOZL
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F-4-2-1 RWFLOET
HH SH-1A SH-2A SH-3 SH-4 SH-5
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= v T AR m) 20.15 20.00 76.30 - 60.00
r— i ¥ AR (mm) 86.10 86.10 60.50 - 86.10
=3 v ZHE(mm) 77.70 7770 49,50 - 7770
F-4-2-2  BRMILNBRE
SEWIL 4 XERm) | YERm) | bEZ#Em) |7~ 78 Sm)| ARREm) | 288km)
AN-1 512.657 482.150 0.000 0.150 0.000 0.000
SH-1 380.528 531.046 -8.950 1.150 140.886 141.170
SH-2 723.493 460.675 17.110 0.710 211.927 212.616
SH-3 614.956 583.250 -1.120 0.840 143.827 143.832
SH-4 823.483 506.809 7.360 0.000 311.803 311.889
SH-5 "012.228 470.336 11.430 0.910 399,746 399.909
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®-4-2-5 EFETERICSL 3WUESERE

=B M7 3RBE(m) | WD-1 (X&Z v 7EH) | WD-4 (X & v 7E%)
118148 20.0~28.0 5 5
30.0~39.0 3 5
40.0~49.0 3 5
50.0~59.0 3 5
60.0~69.0 3 5
70.0~79.0 3 3
80.0~89.0 3 3.
90.0~99.0 3 3
100.0~109.0 3 3
110.0~119.0 3 3
120.0~129.0 3 3
130.0~139.0 3 3
140.0~149.0 3 3
150.0~159.0 3 5
160.0~169.0 3 5
170.0~179.0 5 8
180.0~189.0 8 8
190.0~199.0 8 8
200.0~209.0 8 8 .
210.0~219.0 8 8
220.0~229.0 8 8
230.0~239.0 8 8
240.0~249.0 8 8
250.0~259.0 8 8
260.0~269.0 8 8
270.0~279.0 10 10
280.0~289.0 10 10
118158 290.0~299.0 8 10
300.0~309.0 8 10
310.0~8319.0 8 10
320.0~329.0 10 15
330.0~339.0 10 15
340.0~349.0 10 15
11816H 350.0~359.0 10 15
. 360.0~369.0 10 15
370.0~379.0 10 15
380.0~389.0 15 15
390.0~399.0 15 15
400.0~409.0 15 15
410.0~419.0 15 15
420.0~429.0 15 15
430.0~439.0 15 15
440.0~449.0 15 15
450.0~459.0 15 15
460.0~469.0 15 15
470.0~479.0 15 15
480.0~489.0 15 15
490.0~499.0 15 15
500.0~509.0 15 15




RK-4-2-5 EIFETERICL TS

=HH M O732ZREE(m) | WD-1 (X2 v ZEH) | WD-4 (X% v 7EH)
510.0~519.0 20 -
11B17H 520.0~529.0 30 —
530.0~539.0 30 —
540.0~549.0 30 ~
550.0~559.0 30 —
&5t 563 474




R-4-2-6 RBEREBEICIDUERE

BWHGE | M R (m) SH-1A T SH-2A SH-3 SH-4 SH-5
11817H 400.0~409.0 18m, 50g £82.5m, 50¢g 55m, 50g
410.0~419.0 18m, 509 62.5m, 50g 55m, 100g
420,0~429.0 18m, 50g 62.5m, 50g 55m, 100g |
430.0~439.0 18m, 50g 62.5m, 50g 55m, 100g
440.0~449.0 18m, 50g 62.5m, 50g 55m, 100g |
11H18H 450.0~459.0 18m, 50g 61m, 50g 55m, 100g
460.0~469.0 18m, 50g 6im, 50g 55m, 100g
470.0~479.0 18m, 50g 61m, 50g 55m, 100g
480.0~489.0 18m, 50g 61m, 50g 55m, 100g |
490.0~499.0 18m, 50g 61m, 50g 55m, 100g
500.0~509.0 18m, 50g 61m, 50g 55m, 100g |
510.0~518.0 18m, 50g 61m, 50g 25m, 100g |
520.0~5298.0 18m, 50g 61m, 50g 55m, 100g
530.0~539.0 18m, 50g 61m, 50g 55m, 100g
540.0~549.0 18m, 50g 61m, 50g 55m, 100g
550.0~559.0 18m, 50g 61m, 50g 55m, 100g |
560.0~569.0 18m, 50g 61m, 50g 55m, 100g
570.0~579.0 18m, 50g 61m, 50g 55m, 100g
580.0~589.0 18m, 50g 61m, 50g 55m, 100g |
580.0~598.0 18m, 50g 61m, 50g 55m, 100g
600.0~609.0 18m, 50g 61m, 50g 55m, 100g |
11H19H 100.0~109.0 55m, 100g |
110.0~119.0 55m, 100g |
120.0~129.0 55m, 100g
130.0~138.0 5bm, 100g
140.0~149.0 55m, 100g
150.0~159.0 55m, 100g |
160.0~169.0 55m, 100g
170.0~179.0 55m, 100g
180.0~189.0 55m, 100g
190.0~199.0 55m, 100g
200.0~209.0 55m, 100g |
400.0~409.0 18m, 50g 93m, 50g
410.0~419.0 18m, 50g 93m, 50g
390.0~399.0 55m, 100g
420.0~429.0 18m, 50g 93m, 50g
430.0~439.0 18m, 50g 93m, 50g
380.0~389.0 55m, 100g
440.0~449.0 18m, 50g 93m, 50g
370.0~379.0 55m, 100g |
11820H 360.0~369.0 55m, 100g
450.0~459.0 18m, 50g 93m, 50g
350.0~359.0 55m, 100g
460.0~469.0 18m, 50g 93m, 50g
340.0~3438.0 55m, 100g
470.0~479.0 18m, 50g 93m, 50g
330.0~339.0 55m, 100g
480.0~489.0 18m, 50g 93m, 50g
320.0~329.0 : 55m, 100g
490.0~499.0 18m, 50g 93m, 50g
310.0~319.0

56m, 100g




x-4-2-6 REBECKLIHERE

EFen | Mr 04 R (m) SH-1A SH-2A SH-3 SH-4 SH-5
500.0~509.0 18m, 50g 93m, 50g
300.0~309.0 55m, 100g
510.0~519.0 18m, 509 93m, 50g
600.0~609.0 18m, 50g 93m, 50g
590.0~599.0 18m, 100g 93m, 100g
580.0~589.0 18m, 100g _ 93m, 100g
570.0~579.0 18m, 100g 93m, 100g
560.0~569.0 18m, 50g 93m, 50g
550.0~550.0 18m, 50g 93m, 50g
540.0~549.0 18m, 50g 93m, 50g
530.0~539.0 18m, 50g 93m, 50g
520.0~529.0 18m, 50g 93m, 50g
290.0~299.0 55m, 100g |
280.0~289.0 55m, 100g
270.0~279.0 55m, 100g
260.0~269.0 55m, 100g
250.0~259.0 55m, 100g
240.0~249.0 55m, 100g
230.0~239.0 55m, 100g_|
220.0~229.0 55m, 100g
210.0~219.0 55m, 100g
90.0~99.0 55m, 100g_|
80.0~89.0 55m, 100g
70.0~79.0 55m, 100g
60.0~69.0 55m, 100g
50.0~50.0




Depth Depth of tube wave
(m) generation (m)
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+-4-3-1 EIFEETRRICLIEGOAERRUCRIBROX 2 v 7 E

M O7+ZRE(m) || WD-1 GRIZERF) | WD-1 (A0EEs%) || wD-4 (RISERE) | WD-4 (40EBR%)
20~29 5 2 5 5
30~39 3 2 5 3
40~49 3 1 5 4
50~59 3 1 5 5
60~69 3 2 5 3
70~79 3 2 3 2
80~89 3 2 3 2
90~99 3 i 3 3
100~109 3 1 3 3
110~119 3 2 3 3
120~129 3 1 3 1
130~139 3 2 3 3
140~149 3 2 3 3
150~159 3 3 5 5
160~169 3 1 5 3
170~179 5 4 8 8
180~189 8 4 8 8
190~199 8 6 8 6
200~209 8 6 8 8
210~219 8 7 8 8
220~229 8 4 8 6
230~239 8 6 8 8
240~249 8 6 8 7
250 ~259 8 7 8 6
260~269 8 4 8 8
270~279 10 9 10 7
280~289 10 9 10 8
290~299 8 7 10 10
300~309 8 7 10 7
310~319 8 7 10 9
320~-329 10 9 15 11
330~339 10 10 15 13
340~349 10 9 15 11
350~359 10 10 15 13
360~369 10 9 15 8
370~379 10 8 15 10
380~389 15 14 15 13
390~399 15 15 15 12
400~409 15 15 15 11
410~419 15 13 15 13
420~429 15 15 15 12
430~439 15 14 15 12
440~449 15 15 15 14
450~459 15 6 15 13




+=-4-3-1 EFEEFTERICSITHOAERRUNEIFOX 2 v 7B

MO ZREE(m) | WD-1 (RIERF) | WD-1 (L388%) || WD-4 (RUTERF) | WD-4 (JLIBRS)
460~469 15 15 15 i3
470~479 15 15 15 12
480~489 15 15 15 9
480~499 15 14 15 9
500~509 15 15 15 11
510~519 20 20 — -
520~529 30 10 — —
530~539 30 29 — —
540~549 30 30 — -
550~559 30 30 — —




EFETREDREEDSRD RMRBEDOLEN 5K/

Fa—TIRBERE Fa—THRERE
Depth Depth of tube wave Depth Depth of tube wave
(m) generation (m) (m) generation  (m)

0 1 0
50 50
100 100 |-
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250} 250}
300+ 3004
350 - 350 |-

400 400
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1. 39 Fractures
2. 52 Fractures N33W 24 200~1500 *
3. 61 - Fractures N52E 3 50~500 *
4, - 79 Fractures N3aw 3 200~800
5. 103 Fracture Zone N50W 33 10~60
6. 121 Fractures N71W 56 -5~60 *
7. 123 Fractures N54W 4 20~200 *
8. 130 Fractures
9. 150 Fractures
10. 155 Fractures
11. 164 Fractures N27W 60 200~1500
12, 168 Fractures
13. 171 Fractures
14, 175 Fractures
15. 200 Fractures
186. 209 Fractures
17. 219~224
219 Single Fracture N{1E 89 10~200 *
224 Fracture Zone NiE 82 300~1500
18. 254 Fractures
19. 264~270 '
264 Fractures N16E 88 100~400
270 Fractures N13wW 59 50~1000 *
20. 280 Fractures
21. 297 Single Fracture N17W 65 100~2000 *
22. 305 Fractures NS 78 100~1500 *
23. -313 Single Fracture
24. 357 Fractures
25. 411 Fractures
26. 422 Fractures
27. 430 Fractures
28. 436 Single Fracture
29, 441 Single Fracture
30. 452 Fractures
31. 467~469
487 Fracture Zone N12E 87 50~500
32, 478 Fracture Zone N37W 22 30~200 *
33, 482 Fractures
34. 486 Fractures
35. 492 Fractures N2E 83 200~1200
36. 503 Fracture Zone
37. 531 Fractures
38. 549 Fractures N83E 24 10~50 *
39. 552 Fractures




297m

® Fracture from BTV image
E Result of tube wave analysis
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B Result of tube wave analysis
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® Fractures from BTV image
W Resuit of tube wave analysis
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