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laser scanner for borehole deformation to estimate stress orientation at shallow depth. Bull. Geol. Surv. Japan, vol.
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Abstract: A new sensor tool for borehole deformation measurement using a laser displacement sensor has been
developed for an estimation of crustal stress orientation at shallow depths. The new method for estimation using
this tool is based on following principles: 1) A borehole drilled in an anisotropic stress field is elliptically deformed
by creep due to viscous property of rock around a borehole. 2) The orientation of maximum horizontal compressive
stress is determined from a minor axis of an ellipse fitted to a deformed shape of borehole cross section. One of
the advantages of this method to estimate stress orientation is a remarkably lower cost than existing methods,
such as stress release and/or hydraulic fracturing methods. Radial displacements of the borehole wall during
creep deformation are measured with the laser displacement sensor rotating continuously around the borehole
axis. A total resolution of 0.7um is achieved by stacking of several thousands raw data from the laser sensor. A
field performance test confirms that the new tool can detect the creep deformation, about 10um increasing of the

borehole radius in a measurement of half a day just after drilling.

Keywords: stress orientation, laser displacement sensor, creep deformation, borehole deformation
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Fig. 1 Schematic diagram of creep deformation of a borehole
in an anisotropic stress field. Initial cross section (solid
circle) is deformed elliptically (dashed ellipse) due
to a viscous property of rock around the borehole. A
direction of a minor axis of the ellipse coincides with
the maximum horizontal compressive stress (SHmax)
orientation.
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Table 1 Parameters for the calculation of induced thermal stress
due to seasonal temperature variations at the earth

surface.
Thermal diffusivity 1.0E-6 m?/s
Seasonal temperature variation at 219 °C
earth surface ’
Coefficient of thermal expansion 1.0E-5 K
Young's modulus 10 GPa
Poisson’s ratio 0.3
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Result of distance measurement of laser displacement
sensor for the granite. Water and an acrylic plate of a
thickness of 3 mm were set between the rock and the
sensor. The distances were measured at a sampling rate
of 1 ms. The data shown here were 5000 times stacked
ones.

Fig. 2
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Fig. 3

System diagram of the new tool of the laser scanner for borehole deformation (LAS-BD). The downhole tool

is composed of a laser sensor with rotary mechanism, a digital compass for a tool direction measurement and
centralizers. The data is transferred to the control and recording unit and the PC for data store and tool control.
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Table 2 Specification of the downhole tool.

Tool length 1500 mm
Tool diameter 100 mm
Tool weight 25 kg

Applicable hole diameter 116 or 123 mm

Maximum depth 20 m
Rotation speed of sensor 1 degree / s
Total resolution 07 Um

laser displacement sensor

AR HAEEEOTE., A =X THREL 2R, g
EBICHALFY Y TV —2 3 VEITE->TOHS
B:Hip3EaE PO L — ¥ —ZfiGE 72 VL AN —
THREXN TS, C: M F¥EEE Sy T,

Fig. 4  Photographs of the developed tool. A: Downhole tool
hung from a tripod. The bottom of the tool is inserted
into a stainless steel pipe to calibrate the sensor. B:
Laser displacement sensor in the bottom of the tool. The
sensor is protected with the acrylic resin. C: A personal
computer, a controller and a recording unit.
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Fig. 5

The measured radius versus sensor rotation angles for 4 lap measurements of a stainless steel pipe with

a diameter of 116 mm for a sensor calibration in a water environment. The vertical axis is a difference
between the data at each lap and the average of four lap data. Data was obtained at two degrees interval.
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Fig. 6 Original result of a field performance test for borehole shape measurement at a depth of 11.4 m. The borehole was drilled in a
former stone quarry. The data of the first, the 50th, the 100th and the 137h lap are shown. Radial axis tick is a 0.5 mm interval. It is

noted that the tool was decentered at about 0.5 mm.
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Fig. 7

A: Time variations of the lengths of major and minor axes of an ellipse fitted to the borehole cross section at each lap. Closed

circles and open squares denote lengths of major axis and of minor axis, respectively. It is confirmed that length of a major axis
increased about ten um in half a day. Two solid curves are the exponential functions fitted to the data of a major axis length
and a minor one, respectively. The dashed curve is an extrapolation of the fitted curve for the major axis data, provided that the
measurement were started just after borehole drilling. B: Time variation of the direction of the major axis in the figure A. The

direction varies rapidly for the early 20 laps.

12 75001HD 5 5 20% FREDF — 2 LAHETE &h -
7. & ZEMD b B HUE SR TIEAELS T — 2 HBHNT
ZRML7ZGAEH 72, ZOF — 2HGORMEIZD
WL 5 BCHMETT 5. fLEEHIE QSR O 5 %
BOMIT/RYT. ZTZ Tk 1JE, 504, 1004, 137 )4
THELZZ2TF -4 522N ThERATERL TS, %
JAENZ 3 2 2 MIBROEIE 7 — 21, 24 v 7 B0
Thd. WiEL 2 FEORMEIAKL TERRTS729,

AR O PEFL O A 57~59.5mm & LTHk D, 4L
FHWHXZEHER L TWEDTIEAWZ LIRS h
e, 7z, fUUFEEEEOH LS —FHL TR
DTROLEREZZ STV, 4 DDHEISDF— &
WBZDATr—L7ZEIZIFEE S TWEZ ERbhrb.
BROIET — 2 2 615 6 N5 LW IR IS HE -
M5 Z sk, WX oK s o R &
OhifiasRko 3. 175 137 TORETRY 7=

— 345 —



WEFAMTHRE 20104 561%& 259/10%

Fihemo R, ROR#OFORBZE Zh
ZTHETHA, BIIRT. HT7XATE, Riilk i
DEXIZEBIZKHTREZ 10um HEDIXSE D &I
b3, BRTORTEMAAEL &> T ’FlZEL%
MEPIZES AL EAS. RieEHORZIZIESD
ERBBFKD—DL LT, F— 21 E5ELTHET
9, 24 9w FTET ALV ERKIN B
52 N HHEMERRREL TRONEN 72T &R
Zibohsd, BMoEXZ1E»5820HHF I
Sum FEERE LS &0, ZThLUR 137 RE T 501
WS mBMLThBZEnbhr b, HTXAIZ, K
DZEACIZ WIS T 5 BB ORI 2 LA L7,
RURAR O AL, WEI% T ISHE L Th 25648
L7z EORMOZEERE L 28D Th 5. JHil
DOEXIZOoWTE, HEBEETERT 5 &, # 14 B
THI Bum DV AR HER L & 50, EROFEE +
2um &K E L, R TRl RIS BHIE T A0,
Pl ED X 5125 mIESE U 72 JlE 2608 % o ¢ o i ae
TR A HEGENE T2 Z &2k - THID T, AHlEE
OFFETPHL 2 HEE% O OEREL 54252

ENTEREEZLS.

U O RO FAIIHE 7K BITRT LIS,
20 JEIH £ CI2H6 K2 N30°E 2 5 N20°W IZ[alis L, %
NI K= 2 LA R L Tuany, Zhig, 3=
THIH L 72 & 5 1ICHE O R E R LI OB 2 &1
koT, AERIE I & By ) — TER L Id L K
THIADOILIEWrRI G & 25 Z L &mREd 5. L
BT, $FBT7XBTHES RGNS EREIGH T
fiAHETZZ R TEEL. BN ARD %729
IEKITR TS ZEA L 2 - O 22 @ b BT b 5.

BTN 351 B I KACEHEAE IR T 0 /7 1 % e 3
372002, WHIEHEOILEE, 20 —-TEE S 518
BECEZEZ LN 14 REESE L %O fLiE &
DR ZEAL & A F O THEM O % 4 2 T 2 17 - 72.
WHIEHOET -2 LT, RYIO1»5 5 FT
D5 DR AR, FHEB®%O T -2 L L
T, Wf5D 128 225 137 JE £ TD 10 JE 55 O & F¥a1E
W FiEARD BRI, HEICBWT, E
PR 4T > TR & 7= LI W il o #0 & JE 0D i R 12
B 2MEEFEML T0E. 88X 1~5 HDK S

SHmax orientation

210
180

0
330 N 30 (N45.0°F)
300 .‘ 60
, N
“s‘ AW
N\ 0
S70W 0.1 .
AR
3 | \'
240 \ 120

150

Direction of major axis
obtained by elliptic
approximation

B8 WE 11.4miZd ) LD ZE (L. HIEBIAATE R D 1~5 RO & 56 55 Ol & HIE i 5 D 128~137 JH O Fafil
EDENSRD 2. A 200 IS HEEIEE A L 5T b KM ILEE LAY uTh 5 Z L 2EKT 5. HINE
(LR 20U TR 7= Kl 5 1f & 15289 5 J i mAACEEMEIG ) (SHmax) D517 N45.0°E TH 5

Fig. 8  The relative change of the borehole shape at 11.4 m in depth estimated from the difference between the averaged radius for the
data from the first to the fifth lap and that from the 128th to the 137th lap. Moving average for 20 degrees is applied to this data.
The thick circle indicates the radius change of zero. The orientation of major axis is obtained by the elliptic approximation. The
maximum horizontal compressive stress (SHmax) orientation can be determined as N45.0°E.
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Fig.9  The same as Fig.8 for a depth of 8.1 m. Because of
the problem of parameter setting in the measurement,
borehole radius were not estimated at a large number
of the azimuth points. Moving average for 10 degrees
is applied to this data. SHmax orientation can be
determined as N40.6°E by the elliptic approximation.
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Fig. 10~ The same as Fig.8 for the measurement one year after
the drilling at 4.5 m in depth. The relative change is
estimated from the difference between the first and
10th lap. Moving average for 10 degrees is applied to
this data. Borehole radius of the azimuth 53 — 57 and
203 — 219 degrees were not obtained because of the
existence of an open fracture. The creep deformation
of the borehole after one year the drilling is considered
to be small enough to be neglected.
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