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Fracture detection has always been very atiractive to the log, because it is importani in many of our
prospecting activities, e.g. in understanding the underground rock formation and also the fluid flow as a
high permeability path. This paper demonstrates the use of high resolution borehole acoustic scanner for the
detection of fractures. The tool, known as Televiewer, is the first acoustic borehole imaging system to use a
focussed beam. The acoustic beams generated by a single transducer are sent toward the borehole wall,
scanning the wall in a tight helix as the tool moves along the borehole. The amplitudes and travel times of
the reflected signals are then measured, which produces the corresponding images. The highly resolved am-
plitude image.allows 10 recognize various size of fractures and in addition to derive the rock strength from
the image. Meanwhile, the travel time image itself can be directly converted to a precise caliper image, pro-
viding detailed information of deviations of the borshole shape. It also allows correction of and explanations
for amplitude variations. Field measurements were carried out at the Cheongyang study sites in Korea to il-
lustrate the efficiency of the televiewer log.

277



21z, Schepers, R.

M E

dhybe] ¥AE dely Tee 2445 S 98 F
£ F27 "o {78 AR AR
ol % vlA Fegts A3 o € AolH
Afu A2 WE7A] AAls $4 AFENEe RN
TR uBE E A fEEgAnE 87
shar itk AR e uE 25 g gy
AAY, W%, AN B 3R] AFPk B
g ez & dRFHeE AT 4y &
#H 7 Q—Systeme]} RMR(Rock Mass Rating) &
Aol Hae) st AR(d : FFF, A4l 14, AR
£ ol 9&Fan qick qAR el FEEQ 4
A(d 87 E)L He 2Rz A5 FHSA
wWaty] wie] P r2E(d @ iy, |) A
2Alel A Heldeidele s agEs AHeloh
A2 T =ENAM dEHn e AR
E AR 2y § g dadee AE: AR
Ho2 fE3s XIFE(d  P= FL& AEH)
The] AW E A AT AZED olgd = ik
Ad, AE, E28E FREY Fa4d, ZA(d
@&, 439 8 9 FA, BE 234 dFE
B 2oy JA] fFEAdME de ¥Xe &3
g 71l os HA HE 4 gl Aelth ogE
H7E e ou ARy gas Fed 3
AR 7Hso] oJe]a}e “borehole acoustic scanner
(Televiewer)"ge o|2o® el Ade] Ax
HPov FH@Azagt sejr 29 Bl ubg
Ag 5o vAA Rk AAolth '

A a7t #-E FAFEAFE AU
DMT —Institute of Deposits, Surveying and Ap-
plied Geophysicsell4] olu] g Wa]io] A)2w
FACSIMILE(Focussed ACoustic System to IMage
the Inside of borehoLEs and pipes) & =LA Hg3l
of PAs-44L g 49 FACSIMILE—40¢
¥ duch &, Fo4 oF 14MHze) 28 =&
# W (beam)o] Al&F F7 50mme]A 400mm7}t
A AFAAZ 2FdE] AFRF T FAHH
CagyE SREE vhabge] A% 7 RAE e
AT Al 2] osl] 2MEch 0 does 4 2
(&3 2 SGFAAW 289 F o FALE
22 vjolrbA ¢hae] Al A, M S
22X 55 AZEEA mAkeks Aotk olE Ui

278

JgsEds Hdel Rase meizdl st
Bz ol €YY ETE oz Y
9 275 2S4S NEHT Uk

=2

[

2eda

HATH (LA NE 28307 A EAARe
FAoz QAPA(Fig. 1 B2) 2o BE vl
o A (AF) = 2 ZARS] walAS Rl ol
2R

P Vz““.Ol V1=Iz‘“11
o Vite Vo L+

R

V,, Vo1 2 djde) Biges (P3)
o A b -
I, Lt QaF 2 2duidel gujgia

RE @utr ez itz dadste] Fabs, el
54 wel das Hu galde] gAlzrg
g A(L 6" uwh)elEs 4 (1)o] LATALEA
diwiglt) Fig. 19] olgiRp-g =& Wlo] Zof4
ohtel] Ao 2 JAbsle A2 Boan ivh W
oF o2 §l Qo] utz de]Ye] YARE wAlEE
A2 =FA7)e AF(AYS EHUE A WA F
FEA2 Yugdid o8] Aulzyez 5] u|<ks
A BAFHD 97| Arlzz)d dd 252 Fd
Brd 2ol 2Hsel AgE s Aol Fig. 2= ¥
Fo] 284 &5 do| WAlEle S AldE e
2 BoFT vk F, 2FT YY) AFT B4
E4o A AFE dAAMNT TFeR AFFTHE
gste] =2AMstE W (beam) S WA wApsTh
olgigt AL shube] FAHY Hrle ofdf &
Hrr|2 $9th HQ AFF a27)(F% < 96mm)e]
A g dde]l 2% 68 A, ¥ FHdse T
oF ¥l-g 288atd WAMETHA 7 ®lo] ¥halEE A7
AL oF 0.58msolT A& galg Z gl Al
ol2] Ag: ¢ 1.05mm(96mm x I[I/288)7} T}
ghek, o F@A) LYol FHow 4mm HF T}
==

fuiy

4mm X 63 /sec X 603 /min x 60& /hour
2=86m/hour

BA A oF 86m AFFAAe] e HFel 7t



TE s

P,V

P2,V:

_ sz: = p\Vl
AT

acoustic source
water

|- rock

Fig. 1. Principle of borehole acoustic scanner
(Televiewer). _
When an acoustic beam of ultrasonic
transducer strikes the interface normal-
ly, ihe reflected acoustic energy chang-
es from specularly reflected to back
scatted(due to the fracture) energy.
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. Fig. 2. Principle of borehole acoustic scanner
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(Televiewer).

An acoustic source(piezoelectric trans-
ducer) fires an ultrasonic beam at the
borehole wall as the tool is pulled up
the hole. The pulses reflected from the
borehole wall are recorded, and from
these an unwrapped image of the wall
of the hole is constructed with the
borehole azimuth on the horizontal axis
and the depth on the vertical axis.
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Fig. 3. Principle of borehole acoustic scanner
(Televiewer). -
Perspective view of a single planar
fracture intersecting a round borehole

and the resulting schematic fracture
signature,

%, @ #ele] mA( . Decentralization)-& $]%
inclinometer 71%, ® A15&3 A4 (2L @24
)9l 9x& ¢l depth counter 7%, ® 47)
71 & delss T8 Ao © A48 WA =
Wt /5o g¥Y = Yok 296, FACSIME
LE—409] &AM A4 0] @&ste AA2 7les
FdA FHde Be5e RFs giE AL 1Y
Hardware % Software ZHe|A] chgut 2 o4
AL BTz 317) "Eelch

0 HAMAX7} Fig, 494 JeEld 8} Transducer
—lense—mirror system© 2 JFAEo] gl7]
o F-o] ¢ 2FAE AT Aeist oldh,
29 wel 0.3mm Z7)e] daElx dad = 3
= Zn vk, ol#iF Al2H
MES HE77)(logger) ] &4 HEE J4
3 A (274 40mm) ZE FAL AFF
d= 362 &+ 2AE sk
ZQ A& g 7+ Hardwarelz M2 %
#xlo] ¢l7l W&o (modular design of hard-
ware) AlZglel =g Uz g HI7|Y

ok s

-3
A

280

(4 : sonic log) ¢ke] & o] Bolatct
¢ &x W g g iAo =t
o2& 47| FACSIMILE—-40¢] 2)3 =g =%
o] 7% WA 7| E3E aokstn ¢k

7

7

swinger wall

—/—

7

Fig. 4. Principle of a focussed acoustic system
using a single piezoelectric transduc-er
and a concave mirror,
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Fig. 6. Televiewer image log measured at the study site Cheongyang, Korea.
Diverse type of fractures, faults and layer boundary can be clearly

observed. Left : amplitude image, Middle : traveltime image, Right : arrow
plot for the tectonic elements
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Fig. 5. (continued)
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Fig. 5. (continued)
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Fig. 7. Rose diagram(dip direction) and polar
projection(dip) for the tectonic elemen-
ts derived from the borehole range .
from 12.6m to 21.5m.
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Fig. 6. Rose diagram(dip direction) and polar
projection(dip) for the tectonic elemen-
ts derived from the whole borehole
(range from 5.7m to 97m).
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Fig. 8. Study of rock stress field.

(a) llustration of the stress concentra-
tion around a vertical borehole in an
elastic body subject to the most com-
pressive and least compressive far field
stresses SH and Sh respectively (b) Ex-
ample of borehole cross section show-
ing breakouts.
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Fig. 9. Borehole cross sections of six depth in-
tervals derived from the traveltime
1||<'nage at the study site Cheongyang,

orea.
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