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Topographic Features of Colluvial Deposit and The Origin of
Colluvia Deposit-Lishan Landslide Area as an example

Student: Chen-Kuo Tang Advisor: Dr. Jyh-Jong Liao
Department of Civil Engineering

National Chiao Tung University

Abstract

The Li-shan colluvia deposits are composed by the broken date and its
weathered soils. The ground surface exhibits concave-convex landforms
which were formed by weathering and erosion. Thus, the terrain and
geology exlpicit that landslide is easy to be triggered by rainfall or
earthquake in the area. This thesis aims to investigate the origin of
colluvial deposts and the weak layers in the deposits. Then, geological
boring, in-stu tests, geophysical _investigations, terrain analyzing were
carried carried out. In-situ tests includes discontinuity measurement by a
Borehole Televiewer (includingiAcoustic and Optical) and PS wave
velocity measurement by: aborehole suspension PS Logging system.
Geophysical investigation- includes electrical resistivity exploring and
TDR monitoring. The 5mx5m Digital“Terrain Model (DTM) was adopted
for analyzing the topographic feature.of the colluvial deposits.

To obtain high quality core samples, this study used wireline
coring method with the Neat Vis® as the drilling medium. Based on the
results of geological drilling and televiwer measurements, the materials of
the colluvial deposits were classfied according to Y u-Lin Huang(2006)
and the origin of colluvial deposits was infered.

The exised geological data and the results of the discontinuity
measurement by televiewer reveal that the Li-shan colluvial deposits may
be formed by a large-scale hillslope creep. The weak layer between the
fresh date and the colluvial deposits was caused by the rock formation
rub each other. However, the weak layers in the colluvial deposits may be
formed by weathering induced by groung water fluctuation. The inference
of the origin of colluvia deposits and the weak layers in the deposits are
agreed with Y u-Lin Huang(2006).

The results of electric resistivity and wave velocity measurement show
that the values of electric resistivity and wave velocity vary with materia
types. The values of resistivity and velocity value for shallow deposit of



yellow clay with date detritus (Y S) are lower than those of grey clay with
date detritus (GS), which indicates that the GS is denser than the YS.
We infer that the formation of YS was formed by infiltration and
sedimentation, and the GS is the product of weathering induced by
ground water.

The parameters of terrain analysis include inclination, curvature and
roughness, which can reveal the relationship between geology and terrain.
The results of terrain analysis show that the range of the values of
inclination, curvature and roughness varies with the locations of a
landslide area, such as depletion zone and accumulation zone. It means
that the accumulation zone of a landdide can be deduced from the results
of terrain analysis. Associated with the mechanism of landslide, it can be
found that the stronger of degree of roughnessis the more of frequency of
dlope failure. Finally, a set of topographic parameters was presented to
identify the characteristics of colluvial slopes.

Keywords: colluvial deposit, hillslope creep, borehole televiewer,
roughness, terrain analysis,landslide, DEM.
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BRATE A @G i TSRS ST R R F R e R
Fo B ismk TDR#E EF b6 &R TR s ey o
(3) & ff K 2 3+ A dp it 2
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(A TIFRIPANF 2P E2EET P RFET &2 4000 2
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Wood(1942)*+ Geomorphology(Sparks - 1960) % * # 1 — i3t %

BELA 4o 21 5 2 PEERP 40T
Al -Biixh 3T ELag RanfE fda 2 pd g (free

surface) -

Ja

o

B W4 b i Z4T A2 B0 X7 RS p Iy T
A58 - A g o FtE s G =GR H (congtant Slope) e
C:Z#Ffh itxaid f A dmmht Fulngg -
D:flmz $o F R 118 = R RS S8 X3 2L %r s PR = -
g H (wash dlope)z_ s -
E:d REFFPRe Rme oy + Feuf > " pdaXhita
tE )
domof 4 o -l R R A iR P B (83T o
G: e SHFFFREE T - 4o
Flpb - e TR E AR v 2 TR X p A L0
Tz ownytoom SEREHEPEFE LR RS R bldo My NI IE
B R LAKFEES BRI MARA L FRETE EF IR
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T\ 21 g 2 l”t’P" ’F’ 5}&' 14 (/& ’ 1971)
B H P S P A ERE Tk T HE R
£ ARFL ALEE e AT | AR NI LR A B
P fa (s LEL T
22w
A5 53 4 352002 VAL b 58 4 3 502002 M G o £ H
e o)
BRI | R B LR
#F ek & | 10mm/day oo ik B P % % 0.01~10mm/day - i# B %
FHE | 2 Ak - S REFREBE
HF | ER O FELEA RA Xy TR A
ERA | T B 2m o 4] T35k B 20m A4+ 0 j&_1~100ha
iz 7L m piE FATG & IREREARE Tk
t2 g
Ry F | P LR LR R G LR st S R A
® oo SHpE R
5 P Ac(1970) 4 12 AV RIn B AT e 0 4 B (kB T
AR R E A o MM H T R R 0 BSR4 MM
2 MR AR TEAMAEES L E4 PEATEESE 0 F PR
BRSEd Bk o SR AR A ThAS PRS0 [ 22 5L A H
AT AR B R AT B ARSI 2
BV EXHESXPFRFLEE R R RT S AT




o

PN

=g

iz
U
A B
%4
e
N b
% 32 28

B 2.2 & A # 3% 1 257 & B2 2 p % R P oac > 1970)

Sharpe(1969) 12 & g2k A b eh 5 B K T A F 2, N chi ds o
v A s kg (flowing) & 7 # (diding) o 7w & #p4r £ 2.2 Varnes(1978)

VYR IE B ik s HR AT A A ) 2 B R
(AR ES AR SRR N

Fard 230 At TEE A EHATE A B T S
RS- YEE. = V.

Bl TR AR AT RO R S A i A A
B AL M 2 MR L 22 ¢ didingz C: i &
FBos S RET S dowflow ¥ L A - R 4 23 2 FERS

R E T Y TR PRI
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322 pFERA

#f (Sharpe » 1969)

Earth flow hapfrd BR DR RS
Soilfluxion #p 2 » e
Repid Mud flow Soilfluxion #_% ¥ & a/ﬂg J
flow R TR SIops BT
B - BB EE R TR
. B RTEGRY B 454 arg s
Debris avalanche 156 o
(SR FEH LI 13
: ®AIREEE a‘%“f*@*fr 7 K
F|OW|ng ;ﬂéﬁg:g % {i}/p‘.iﬁd‘?» s o4 e R 2 %
Rock glacier BRI R W A ief
Slow creep ﬁ*ﬁ FOf 2 MR r]:a‘.“‘
flow Fr AR IRAREE LT
Z I He oo
AN ﬁﬁﬁ;% T 3 »ﬁ A A MR
; : B2 Tt FF 4 H 20y
PMon I it 2 2 2 okt fers > 28
EREATERBE o
A BIw s ilw 4o A
. B: &% & B2 rik
Sliding - S r %, N .
C:»ix% ﬁ‘*ﬁvm BORE AN B
D@ »5ig b fé
4. 2.3 # B > ;4(Varnes » 1978)
¥ ¥4 Typeof Material
e A aE " 1423 3
Type of movement gocz;k Engineering Soils
v i | KD R
7 FEEE BB 2B
Falls Rock Fall Debris Fall Earth Fall
R 2EMER 2RhER ERGE
Topples Rock Topple | Debris Topple| Earth Topple
i & & ol £k H A B ¥54
Slides | Rotationa Rock Slump | Debris Sump | Earth Slump
ﬁ)}fh 1 1g L £ 1 B la VM e 1 19 b fe
LRl I L) I = e




Rock Block DebrisBlock | Earth Block
_ Slide Slide Slide
Transiational ™o g g £ A F 6 FEee
Rock Slide DebrisSlide | Earth Slide
e BT RE # R g 2 oplsE
Lateral Spreads Rock Spread | Debris Spread | Earth Spread
B F L T RS &
S i Rock Flow DebrisFlow | Earth Flow
Flows (iF R EH) (2 & EH)
(Deep Creep) (Earth Creep)
ﬁ;ﬁi FEABE S 0L 2 A
2.1.3 B3R A JE 21 S R

Lk EBER SRS B SR G 53
B A7 T B G2

@i WTE 2

FHABK) T F

BE B

d Hoek &

Bray(1997)# 1 2 # 7 1 # -rie JEAUR) B 23 Kb i ¢

(@) F13 Bk 3 -
e

(b)T & B3 :
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ERL R SLaPiay
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A BN =t EF 2 R
Ao MR R E Ao ARIT 2 B R R T i BRS ER  B
FOERE AL R

A5 Varnes(1978)#% 1 2 in
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Chigira(1992) iz 45 £ 72 i+ f& e i > - EREEH (T4 2 2w < 55440

B 25> H & $g4oT At o

(1) = #k 2. 35547 # 3] (Buckling folds formed in consequent slopes) :
ERRimESH TRl B X L4 BP0 A2 B DES T
oo E B o)A A AR A .

(2)i7 = 3 2 #5 » 47 i3] (Drag folds formed in obsequent slopes) = # 12
FREEAFERAAEE - R e o R ARERFES T A &

—_ N\

S

4 HE W AT EGR SR Y o

REE 3 1 & 2 75475 7] (Bending folds formed in slopes with

seeply dipping foliation) : £ > i % » 8 & B> FH ¢t pEE X £
H

Pk A A e T A M ESR Y 0 d e kg o HERA
EER T, FA -

ne 3 v

(4)7e = #L 2 %1 & 4| (Faults formedin consequent sopes) © 32 i jt # &

A TR TR IR S g TS

o

PN
=K

#
#Lp F 2 AR RS 2 BH(2006)2 AT 5 4 o BB Y - Al
w2 45 AT AT T H R B R RS AT T e SRR
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(a) M) 30 4 & (Circular failure) (b)#¥ & &} (Planar failure)

AW ALY
.y = 1 | Al
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J 1T
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w2\ \
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T'_. WA .J |

(c)Be#ts ek i (Wedge failure) (d)# 1 & L (Toppling failure)

@23*%5&@@&“&@*&&w 1977)
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b B 06k 3T ¢ 35
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g Hamvimn )4*
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B 2.4 13 % B

TF ok P P BI(18 e p BR ¥ 3 2000)
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FOLIATION

AT TITUDE STRUCTURES

Q’V//; .

R \Nm W (%(@- \\~:~

| . Buckling folds tormed in
/ consequenl slopes
7 11: Drag tolds formed in ohsequent

slopes
ll: Bending folds formed in slopes |
e with steeply dipping foliation
' % IV: Faults formed in consequent .
o S slopes |

]

I N \\\\‘ S %

|

2.2 3B A0 47
221 ¥ A5 BEY R
FEB R ME e oz > 5 AL fER e §

oo 1395 Davis(1899)3 2/ it F 3 » o 3 LEF AT X 2 B L G o

\:4
‘1"

IS

N

B 2 I E BRI R Ao £ b TR A R A
CEBET R - RHVER VAL I HEY S HREH(SHEY R
AEER A EI)E K EL o I F P 2B AL S A AR
260 A% 3 R BB 2 AL B A% o Davig(1899)# 112 & pE
B8 2 i AT
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(D% pdes d P4 B DR L P o e &V 335
BIEP RIS RBRITRE I FA IR - AP RA
ZE TR FRTAERFL LR LI ¥ EDE LT L I
EHmrg A o MIFERER R R T ek g L AedzReanpElp o gt g

B P B ARG LR BRD B G R AR

Q& P PRI EF AR T R B TR P A
KB SR BN AR o R IRA RS B AT R AR A
GRS R R eNETR B o PR 5 Al R I FL RS PR T o A )
FERHEC BTN LATRLBR A M EY Y R i ip 2k
(S TR I

REaW gha P RaE  Ris © RRBIRTH TG o 1Y)

e G LR D TG bu-»f% y RN SRR Rl R )
I RS Bt it%}% TR SRS SN Ol
Tgeod WHRPTALRSRPEF LT T LG AP
o X B b A EBa T ER P RiTE8 ARG -

| P\I‘ o ':.._j- ’; \] j_\
T I';\_ _F / [1 -lili |
%M Y
_,/;,’l : ’f h T - .
r './’; I"‘ ’{'"‘I' ' » f- / : .-'.1 ¥
E‘ J i f ';- r -'(I. 3 - r
/ \ Py / _ I.t
.. J [ - - — -—
LIRS £EM '

B 2.6 L 2 &4 # (Davis » 1899)
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BASERE T2 i TR B2 B AR RE 2 B
L W EIA L R A U L RELL - kP2 A% 58
EVEICEIEIE & & - RUIE S-S T

P55 2 wE(2006) 4 LT B3 kP iy B2 AR By & 4y
2P BB A, e A T kA AL L -G g 4w BHAE S 16°~30°2
Faspsoppa ARt ke o B3 3095002

£

S+

BUE AP B I IT LA A R NS ED R Es T
& 7

222 528z HadRk 2 jphE
SRR S S EFGENEE ST ey SRRV TR N A EL
BE SHw R Z 0GR AN S hE R EPIH R o
,%wa%%%%%T%ﬁ:
BER (1994 fFp 17 1 p i 3 A2H2(DEM)Y » & &
TR E A AT R H BRI R R
(1) H 2t 4 £ #cid (Local Features) @ i 4 H — Bben/gid o & A H B
(Slope) ~ & = (Aspect) 2 & F (& z 8 » > w F and F @ Profile
Curvature(-K i gt Behde i F235) 10 2 AFT 7 M 2 B Hoe 2
w cd 5 Plan Curvature(-k 7 fe gt BE% B 2 o fr i ) i' 5
e/ 58) 0 k%G kE R (Local Roughness)~ & #7842 ik & (Local Relief) -
(2) % 3 B 1+ 4 #c i (Region Features) :
Az 5 ﬁ(SurfaceArea) PR GG ARG 26 )%
kT w7 3] SHR(Surface to Horizontal Ratio) s+ 2 4 e »
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SHR 5 # % 4F 3¢ & - 1 45 $%(Elghazali & Hassan > 1986)
Bz ke (Roughness) : 4 )t % B R e B MR > £ 7 0 8%
Bl 25 cug e B @ o
CAz* & (Relief) : & FLEFREDLBFF -
DEZRBMFME 4w & ~BA w28 FE2 M Bt
Pl AL P s RkeR) o
— g A BRI %2 B A5 0E 2 134 Lee & Min(2001)#-1 i % 2
S HITRIF R F H & R 430 14°~37°pF > Hbla® it £ 5 4 B
FWFFAot24@ bEABZ 2 §F2 2 EF A0 F2 0 0]) 0 A B
FhE ~ fEAVH 5 EL L B AR P
Pkom B R 4ok250

Ad RPLE
tiflee& Minz # 3 Jed Ui 2 VA s L 0 Bk TR
EAdpke o s R HH RPRpES WLk FoEE
A2y FOROREE 8 TR AT BT
McKean & Roering(2008) i #ic w5 ke 2+ 5 ek B 2 3 % > 4 &
WA AE 2P R RFEZ ARRCEX- T LR R EF DS
DRI T RRE RAEDS BN 42 HEE: BAE R
WHBRZ AR 2ZHE e B SR EY R 2w Eapddet
2ﬂwmm,w%wﬁa,?@ﬂ;%&@hwfu,%ﬂ%u@
EREMDFMES S5 fIH 2 B R INS/S)EInS,/S)
B {6 %t e d Woodcock (1977)#% 11 2 fe k& & 5p 1 2.7 » R+ i 4ot 4o
BIp 2 ek RAGE > BP LRIBIPN 52 22 JLFHT) 0 d B BRER
BeR > BEESHV L EMT 24
(D)% S>S @S> £ FHARLITY P v o AXA T HdH 2w
LGRS A

ek
%

16



(2% S@5,>S,FF > & T RARFITX IS o AA L BHHE e BT
e EH LA S B A) e

()% s @ @ > £ BARLITRE > ARRIT R B e RS TR
M g A5 o

HAr RS R4cB2.8 0 HmB AR FZ 7 2 ¢ 4t o

APFPTHRHUHNLEFESAL R RTHEE R R0 FE
A 2 FREAR > TR TLE M A A e AR E3DA T 0 1 R F
B R NGB B FE TSRS N E R A2

% 24 H &8 /ﬁ""} 4 #5 ,‘(Lee& Min » 2001)

Range Landside &d ast ocour Lmdshdt oocursed Wa

Count Ratior (%), Count Ratio (%),
a ]
Q-5 200,759 3 %7 3 .10
60 64,919 10 318 3 027
10-13 G6,067 10 g3 . 079
14-17 Ta802 11 1,769 15 1
18=-23 103,23 16 3216 b 1.72
-2 74,608 12 2826 24 209
=37 4B,785 B 1.B#9 16 L.15
3886 13,879 2 3B0 3 151
Total 647,055 100 11,735 100 L0

#. 25 W Fgr g a2 5 M % (Lee& Min > 2001)

Range  Landalide did not occar  LandsBde ocourred Ba
Caranl Ratiee (%), ol J'l-uliiil 1§35
il r
-8 o 4331 1 172 | EALL
=Xld
- AT 1] 14% 1 5,00
=¥ 4,032 1 18] 4 214
=0 7008 1 3% a 1.5
] 13,639 3 4046 4 2.2
—q Jnkin i Tak i 1,9F
=3 bR | L 1034 - L3
-3 R, w09 1 IASS 13 114
. Wi EiE 14 1581 L] 1,9
o 162,334 15 1AL L] 0,55
I B 504 % 1334 Il . B
i 4 56 10 102% L] 0,87
3 34,525 5 657 L1l 1.iH
] 22,137 3 405 4 1.0
L] ] X 23] 32 0,
& 8,373 1 121 1 0.37
7io 168 11487 2 17% 1 0.8
Tatal 647055 10600 11735 104 1L
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(@122 3Fr Bz f o3 iTh > A g EF kAT o
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ea-HFTeiddh Ho gL HFagg -
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i §E ) AR 9% B W RS
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EAIiEN R EaE
|

A8 P T il 5 M
T

o A A AL 2 5 3 In(S 7 5)

BIn(S, 18) @
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Bl 2.9 fukki BILs £ A % Bl(Mardia 1972)

S NI F ST S R = NI TF SO Ay
P A R S
(D mi=% i
B 8a)s e SR T R AM(ST M) G FRRER
s ’%'frlﬂﬂirﬁ?g

1245 % B 1 42(2001) > 4L #H3 B F 2t O

o BATA LY BRA B LS TR
AEfeT ~ BMEAAKEFIHL £ 8222 ;5 Fo & 74k
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~EBRETETE AL 1T 22 577 d Hhwe LA LR
EF R L 112 22 40R 2100 % 921 < # BRI L 8M B
TE%Kﬂ%’i§$%@ﬁ’ﬁﬁ§ﬁdi$%98ﬁiﬁ

B 2.10 # L% = % B+ 5 0 2002)

(2)# 25 1 1955F 2 WE(2006) > L=t 2 d B LA L3 % 100 2 2 2
P L% Pk 4% 2 (1983) 2 2 BT L LR R L

E
PR H R e e MR IAAARE o IR A T RS R AT

T

VERRAT LR U RT3 2,560mM 2o L s m d om LR S 25

R FA MR LE N FEEBERR LAY R TR

BEPIFER R R RP I BAAE > 40221 &7
_gmi# /ﬁ‘#"‘li

PRGN 230 20 R F = &350 YA 30 1,800m~2,100m
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B Ad 6o R o B RIS ARA LR HH(2232m) > T
% TR K (1,400mM) o 1 AT P T oA7(1993) ik pe dh B 2 e A
B AL HBE Bl dp LA LT REATF) L BB F)
i F(CR)Z B8 FRAcH 211 3w s BB 0% St4cH 3.1

Bl 211 #0154 %7 L B(B e 1A F 95 0 1993)

(B B B H AP & LR F R 2 A R R R T 0
PHIE(A986) 2 H A% BEZLERRTEF B NG2rk
B 372 kLA o kol A & 2 F o (Phyllite) ~ A E 2 (Argillite)

BRI AR E I R TR R AR R L BEL BRI A g
Folwpr FRp NE2ZEE N - Ao g1 Buae T #7(1993)
WA AR H LK B E L NIS~45E 4% 0 % k& A

15°~35° -



RENATHLAG Y 2 FE ko LB BV AR

FAAFRAED T2 AT S > BPERG HED 0 B & 2-8om 2 F) £
" E znit?’?’%o.zﬁff%wﬁ?f% FRAGAESEL B R KT G
KRB 0§ RHEHTL AR (2001) i 17 £k R B 4R 2 F
Lo el R RINER AR L SRFH BRI O G (A
4)% N36°E/32°SE > ¥ 4 = &8 & A& &2 : (1)N32°W/86°SW ;
(2)N29°E/83°SE ; (JN32°W/B6°SW » F§ o EFIL 0 & 3L i fi 2 2 %
Tk E LB RE T R dnp E s

WDF % H L FEIEFRI52C 0 " TG EEE L6 2
22C 3 M5 17 94C » Ept Fo%at 8 r Rat gz
AE B RS BT % a § 2,152mm(% B 85~91 £ 5 4L §
BlRbFAL) » 2~9 1 27 Tdha F45E190mm 2 @ 59 % 6%

7iE5lAmmy p 110 2R E 20 SaE B WL £ £ 2 20.2%

24 HLEBYFIAE A EES S

241 P HLFF LS 2

R NAHH LS R 2y RE AR P %
AR T PR LIRS R EP SRS R

B O T o

2411 HFEBH 22 AR

(DgefF = 32 3 FaF1 (TP P &5 - 0 - S1 452 o g
(core barrel)#i B o R A MR IR R B 2 B T e R R
G m B F R BT AR B - L %#3 e
(78 I TP RS AT P BB E o AR B 1 (2005) 2 = SR
WE-BBFDERE S IO R A ~ ¢ 2 IR E -
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POFFRREF A GREFF U R G RAZE AL
T 3E P-GRER TR Ak £ lwf@‘éﬁb’ T2 GEEE TR L KR R 2
GPIFRE FRBFRALD BEFAETT I TEEE LY
GEEE D 2 R Y DGRRR KA BRI IT O 5V R R e TR
dop TR R~ BEEBAAER X 0 @ 3 k2 (wash boring) ~ 4%
4% (auger drilling) ~ ¥ j (percussion) 14 % *z g ; (rotary drilling)
BwfE N (HEck 0 1990) o L AL H L R Y T L A AT T B
® 2 VR I 4T o
PO 7 A (L995) %4z 1 & 17 45 B kS & 0 ¥ doae
IR G T €Lk S ol IR UE A O 6 A
i fff;f B AR A grdeER b o L VIR JaTROR AR g A
kR A i R g T AR FEV R R B GRRR R T B
Rl b BRI TV RAEE RS o B R Bl | Ak
PTILR e AZITY HRE A R AR R ST TR AR 2 il R e
Rt o P R B -
(QP~F = 21— WP G A fE - 5 B RP w3 5 (conventional
coring method) » — B % 4% % B~ £ < = ;4 (wireline drilling system) -
BB RS ST T AR AR R T AL R R
R RE D B R P s 2 VRN R R AT 40 0 R R AT 40
RS R PI A R RRE T RN BB R EHA D A
%%ﬁ%@ﬁ&ﬁﬁﬁﬁ%wl%@ﬂ%ﬂ%ﬁﬁ%%@Zﬂo
% (L990)3% FIB e ™ 2 oo 7 5 45 P > BHEEE T2 3
T o éﬁb«‘}“ff‘f*’* kb ArgPep xR R s & FHRERIRR IR
VAR K2 R BREER R, B E R B RE PP
BE o oAr P B R BAREFIFE E 2 BT SELECEKE

/

24



PR £ v F7 4 i H K (single tube core barrel) ~ # & (double tube
corebarrel) 2 = k& # < F (Treble tube core barrel) 4§ 2.13 #175 ©
e FELRR AR B He i b e R
SRR R S N % B AR S I R PERG R
B HOR o APEE 2 R B ROV H G B RARIT > Tt s
BOEEP GG o LR CHER NG é’ﬂ%@%ﬁiﬂﬂf%ﬁ
WHRE BN E A A F AT el o wx F R

ﬁév\}i‘u;\: ’iz‘:lt\'.ﬁ?

E'D
e

Mz BEed P FLEAE B
FBAEBRD B2 RFEPEB o
Q)i FHL © GEEPF R & % Jhie -k > P n G A e RS B AR o X
PR TY e i ok ok B dp s st R R R ek
Foo - ek Y 5 R T R @k B o & (R
P RR) A D RS Gk S i ke 7
gEE by > T 2 R ERERAO RER OB ESFE M o 1R
(1993) 444 44 L & ff A& »5 (E4HEIF R4 % 40 & P~ > 4RIV /T 5
NX,ﬁ%“%*éﬁﬂ$’%ﬁﬁ%1ﬁ%fﬁ«%oﬂ&ﬂ%
25k CEERF CERIYSS A LRE BRI
LHEE kR 2 4o R 2.4
i1 A (2005)2 H b KA C R AR 2 | 2 BH(2006) 44

ko kﬁ}®a—ﬁzﬁﬁﬁmMmm%L% AB AL FEREY
FOAFRC AR OREFREEFE o d PR ESRI 2157 L3k
PR o MU TS (1997) % MBcfd A T H R 2 0 U S 20
(2006) 2 & % = j* (E 4o 2 2.6 -

AETPRT S AR R R R R H e DR
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2412 By IpEH
T TR NETS TR U TR N e STE L S N sy - 4

j"\)%,

P
A FIRS BRI de? B G 2 e BRGNP TIRE

ST EEE it p Bl e & 3600503 p B Y SR T

Fitphmo ¥ ‘iﬁ"‘$ BB cPd R oD PEIESE 3L
PR £ 5 (U.S Army Corps of Engineers » 1982) :
(1)4ka- p AR 4L (Borescope)
(2)3- n #3228 (Borehole Television)
(3)34 p BB 4p #% (Borehole Camera)
(4)3- p 3757 (Impression Packer)
(5)3t p 12 2 &k (Borehole Televiewer)
P RAEEE BT L PR R

VR B BRT A S IUN Bk @ 240k (Borehole Acoustic Televiewer)
3 3L oSk B g 32 ik (Borehole Optical Televiewer) - 3t p Bt i3 82 % R
12 E A B IR R BT T @ B U RE 360°F) o Bk IR R B
o BT OB SRR BT IV BEAT R SRR I R SR
ehe by (amplitude) 2 % v 4_p# (traveltime) o %4 2. BiE2F 3 34 p ok 1%
SAFCBEGTHR L F ARG E R A Pt B R IR it
Foij Fmmdt P oKt R e 7w T e

PP EARRRFBPEEEPIRRE AR T R BRIk
FREFERBOMEE > o B LFERIFRAMAESE S > T %“gr_l i
TR T B EEE MBI R g N A G DT AR E - H A
FRIB2ZFEaE 2 PP AR E IR e A »EHEET A R
216 F B3 P R AP B 0 Bl akor - A T g (incline plane) 2

Rl 2w Ap < a5 L A T g 22k T 5 (horizontal plane)p < >
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Hh+ £ B TEHAdp) 0 49T S e (dip azimuth) - 4
BTG gk TG 2% g RS A (strike)o 1 HEH Sz & sk
M 7 BEBRHLRD M AMATG rprfa > B bl L R
BB W33 6 8(a) 2HMEdp 1) #45
WHEEL LY mhn L > 7@ H A (q) 2 &
FE(r) 4R cdo

= b Unrolled borehole-wall

dip azimuth N E g W N
dip (1] ¥ = Aj

dopih y = dapth +p.sin{x -#)

|
phase & W /
y = Dep
L= x = osinf

-‘--\_\-\-“-‘-\_‘_H_.
i x il ,//7‘
90
W= Fms.ﬂ'
180 ; Lo

7 360 ¥
g o/ 2

270

7 = denih

B 2.16 3¢ p #4 i¢ B2k 32 (Siddans & Worthington » 2002)

FLPREFR RN AL DRI RE T BRI IF
L 3

B 0t D Ben®ifo Bt 360°:3 Bk R 0 kg B i
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PlihE 7> RBYTERZATHEMEFT 2R 5 247 B 2.17
FEABPREETAR RETHIRLI AR R AP o4 F 2]
REFABHFR? Prai BRI AENMPIg A2 TR Figs ~
i+ (Charge Coupled Device » CCD) -

AP TR ZFHERE LI PFRAIPRELTIP R R
L R & & IR - A

=
Powver supplios and
SHMMUuRICIEERE
=
Canili it
=
i)
Ratating ullrikenic
transducds
Bl 217 s p B2 B REE T & B(F 2 2006)

2413 BB I R TR
IR & ,ﬁL iF B v /PJ ﬂ;? A

ETIS

FRYEH D GRS F R
gt 2 FFRIZREARE G RE 0 £ T BRI R L E G o A
THT RRGE 2 L Rp o Tt 0T AT 4RI 2 R RE S
Moo % BRI 2 4 RlE T (et & 0 1999)

(1)#3* ;X ¥ #)i2 (Cross-hole Velocity Measurement)
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(2) 3¢ 3% (Down-hole Velocity Measurement)

(3)_F 3t 3% (Up-hole Velocity M easurement)

(4) % £ % P-S i £ ¢l (Suspension P-S logging measurement)

MRS AT s (2 RN P-SR BRI (FE AL A
RELNPSRFRZ AL EXEL- 77X B2 - RAA

A BRZEFERE A LA BEFIEL 2 4oB] 218 £ RS F AR

'&gpﬂwvﬂﬂ’gﬁéiiﬁ*%%méfﬁﬂ’ﬁ%@%

2 BET I A g B pFc(Nigbor & Imai » 1994) - 5 (TP i

jute]

NN @:w

RO R L RBORFIR 2V IZRER I NRRTTIRAE
PP F R T E DGR N ISR &V RRRIREL B K o B F

=k

PRS2 I ERIEET %*%%{ﬁrb YR PRI AR RE e FE L O €
Luﬁ@m_&w ﬂﬂmvﬁﬁﬁ
AFTY %&%é\ﬂ ﬂﬂﬂ BRI R E X TR AT

T x{xx“x"""'i\l‘“xm“*‘m SRERE

A
JE%EEE};’F

i
>

T Ta ]

s
,

1]
]

s

S
] T
' ;
b

B 2.18 & 3% P-Sit4£pliz 7 L W(2 3¢ p Ogura - 1988)
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2.4.1.4 ¥ 7 redFpHpe(Electrical Resistivity Image Profiling)
ORI G BRI RI R - 03 W gjw;gii?
PeS (o ¥R R e e R R A I RE TR 2 R
bR PRRRIBATATE D AR H 3 e BERTIE TR
2

Fi o T AR AF YRR 2B IRTEFRP

-

M=

BN RE TR (F R 0 2001) 505 R 2 2 T AREE 2 B 4 o
BED AT A MR TE B R AL A LR H B
4

B 219 2T L7331 T R FJEINFRDTF
£

+ A
=Y
o
=H

At FF o @R 2 T FAAR T S (Apparent Resistivity) » 54 & &
AR RER EL T -

FPR P (2005) B T b P2 RAFR D N5 - s - WmE =
/AL, - miFplT 4 5 R pl(Vertica sounding) £ # - 4% B

(profiling) ; = MafF It fi s & IR 3w 2 (Electrical resistivity
tomography » ERT) # %% &= Aaff s B8 v 2 FP %% > 234
i 2] & (Pseudo-depth) ; = ARl E H&K~ &L 5% 4& > 175 3D

TR NE S B L5 F #7)% (Schlumberger
Array)~i8 % £ 512 (Wenner Array) ~ B i &3+ 71 ;2 (Dipole-Dipole Array)
3 g 72 (Pole-Pole Array)4r 8] 2.20 » @ A TF ¢k x5 p| o *+ 2. >
E o JRARERIRRIP AR R Bhink A m B0 - HUuERPIAE EME
(1§ ;L > 2005)4- :

(LM 4T3 Auk % 3 125 % (2520 i (Tsourles et al. » 1999) -
Qi TER A BETHFFTER @2 agenn o
Q)EH IR K 5 A S UK > > L

o

=t
'l
=

(4)% b RIRfeib SR BEV GIM 0 24 in E R -
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B)pIRE BEHFHLEY > BAFFIFDL AR -
AFTEHEY LT BFER(ERT)A TR 72 AR
Pole-Pole % 4f /% & # & % i » 12 2 Wenner-Schlumberger 5 i8] % A&

I ¥7 Pole-Pole iEt ¥t o

Fa

-
-

A

F2.19 = s T pmsshplsmd F(x =5 2006)

Ci Pi | P2 ‘ Ca

.{—a—).q:— % @< 4 >0
(1)Wenner
C1 P1 P2 C2
0" s sec—"“ 0
(2)Wenner-Schlumberger
2 Ci P1 P2
a
o o< ne >oc— —>@
(3)Dipole-Dipole
C, () C1 P1 P2
® o< e soc—"'—>e
(4)Pole-Dipole
C,(00) C1 P1 Py(o0)
® o< @ >0 s
(5)Pole-Pole

Bl 220 £ 467 5% Rl 5] & i (4§ 224 > 2005)
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24.15 mig F &5 Rl AF(Time Domain Reflectometery, TDR)

TDR e >0+ 12 P15 - RATZH B > £ 0 7 Riplsr 2 3
ARG IR DT ERT T R e TORE R I LT
BB 2 %A TR o

TDR M R Bk 5 A#H2Z F Rz (Fk® -2003) # A~ Rz
TEMAR LR ERZ BiEB @;ﬁgj H s (Transmission Line) » #]
TEER LA B A EFR R T L- %o @221 %
TDR B2 Bl > ¢ 7 FFR "% 7 R A 2 F(Step Generator) ~ 3 53
# = (Sampler) 2 57 it B(Oscilloscope) » *% rd 4 B A& 4 T &% brid X
PSR BT EE T A BT FRTAE Y 2 &5 5
MEL e P hFRd - st s R HF e F
PR R R B (Sensor) 5 A2 B 0 @ T i B TR
BRI M ERE o

TDR & # 3¢+ 3 1 2% gl R R 7§ 5 = (¥ % > 2003) :
(D)F1* TDR F s 5L pl g & 8 < 3k &

oAyt 2 R R R S UL L R kAL
BHY 2T H APk g (Dowding et al.» 1988; Aimone-Martin et

BELET 2 TES

al. » 1999) -
(2F1* TDR 2 F & B RIEPIER 2R A2 Ao =8 > blde
BTk Tpl(Z F & Tk R ) (Dowding et al. » 1996) o
@) BRI 2 R 1T 5 B RIEZ AR o 1% F SRR R R 2
TRREETR Y NE- HHEGHILZARNFIZEF > b4 4
B2z kB2 3 i fEsg(Toppetal. » 1980 ; Linetal. - 2000) -
Ay TDR2Z $ (D)@ ket difd e 8 2420 &
TDR & ip] &k sues @%lfsfslm}%" ¢ Bae, d TDR @ B ) 2 9% fiein
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5o A FETH HEF A R (TEREFRFIGEF)S B PR R §
AL FSAR FV R S RIERERIEMEA o g AR TR
SRR G e TR PR R R R AR RS- W
FAEA) @ b ph A 2 IR > TDR F 52 3577 ¢ SER )3 4o
Bt o BoweE ﬂﬂ%‘j#ﬁ DgALhL ) A ET R T ARG AR

g A FEH L9 4 A3k 4 %A5(Dowding et al. - 1988 ; Dowding et al. >

1989 ; Su& Chen - 2000) - ] 2.22 & TDR %7 B B F 5 257 &

g] °
TDR Device
R e e e e T I L |
: // S\ l e—3
{ \ i E
:_I_I 1] | Coaxial Cabl
| _/ sampler : caxial Lable  Measurement
I Step Generator —T | Probe
| E ‘ [
| . | |
! —hr— |
: 1 .\:/ I
L= |
| Oscilloscope I
e N - S 4

221 TDR & % 7 L § (¥ 5% > 2003)
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Lt 1

B 2.22 TDR %75 & B B A5 F &40 & BI(E 32 % > 2003)

b ﬁﬁﬁ?iﬁ’mMﬁ%%#%%ﬂ—%—ﬁiﬂﬁﬁﬂn

R TS P A o B (TEM)I o 5 B B AR A
B Z A AT A Yarm

()f ERE © 57 inin e g s
QA ET 4  RENVEMTPOAHETISS T L ARG Y
TR TR B A
Q)M D 2 i L RIINFZ BT BRI T TS - B
W ig vh3RF R 2 B g
FihT H2 L& BB Tt B FRNRENE £ hE
a2 EREDDF- Bz £ > H Lt,ﬁfﬂimﬁamu;@
FoFlig brig 2 i B AL o
2.4.1.6 # i A5%3| (Digital Terrain Model)
Bloy AR A - dpd TRy AR ATk G AT

Ao Hpmd d 4 121 & P Miller & Laflamme(1958) 5 £ 4% 1 > 4
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FEE - BEELER :@,B_f%slriﬁvwi& P XY S ZZ R
B % 5 (Welch » 1990) o #cid ¥ 25 7] e F L 5 Bl i e &
BARBE S AR AR R g2 g Ui G R AEER
BoRERE VA RenfFfe s RAZfA7 P> 38 o ™ W
Lz BN (P E > 2001)

(1) 7] e gh(regular grid) © BEBA 2. —Ffd > L FLE B L e
BE BRERIB AR RE RS L R BT S - BRAE
Kﬁ;éﬁ:@éﬁi » ho ) 2.23(%)

(2)# #.p| = & 3 (triangulated irregular network) : 7= 2L 2. — f& -
Peucker % (1978)#% 11— 27 2P| & F etk A 82 H Srf] & ez
o oo 4o 223(F ) 0 R A4 R = & R RILMEGDTE
- AR GER AR BAM R 0 TR A B L B )R R
oo PR e RN BB B £ o Wi b B E - - B
A G B H AT A R AR 2 s

()& & % s (digital contour) : A MEA > BT Bk AR 0E P
MABFEN > A P RAYHEREET FN2 J - @ P PATDEATES > D
LG RE VR A SN e R TP o T Maehdic e A TR
Ar- R BAREX V) BAEER AR B R ACH
223(%) c BEF B MAPHR D LA NE NG £E 2o P PP L
ié%ﬁﬁﬁlé—%%%Vﬁ%ﬁi**—%i$ﬁ®@%’m
P - EERBIREE R RN D AARIARLE- BER
ROFFE fwm- B H e RARES a5 5 §E4 >
AR R SR - Rl I A
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Bl 2.23 dci 3 2403 hz RN (F P F 0 2001)

AT P AN A B A HA R R Z e AR
A o 2 ArcGIS i 7 A= & e pFs d 0] 4 2 A
Koo AFTT R EBEE T S5mxEm 2z X ~ Y ~ ZH%FF(“PAF@Sm;I*
-f-RBA %‘fﬁﬁ—r"*’rﬁimmw )fff? ArcGIS e dg 7 7 o 7 27

k‘ﬂuﬁﬁﬁi‘ﬁﬁﬁ4 En’@_a

242 i d g Sk
(gﬁ@ﬁ@:ﬁ;%ﬂ@@%*7"ﬁnwKT§ﬂa btk
MAMICHFBRE TSR E L AR FE o ERP (1979 # N ¥
e AR R A HBR G M BRI KRR
BRI EZEE BRI FLHECERIFEATF R
(2001) 2 & ipl Fop 4 B 4] > 4 L 45 T B1-B4 2 B5
FERE G BI(5F B 3D it wRR A RISk s B A R R
BEIARD RFEEFE o § 2 wH(2006) % F oo KB E 5 A S
R IYE S I S B
()i 3 IR A ¢ 5 L A2(2001)d Feat kK AT RE BT
PP A BN L BB S BHES G M T e
W2 HAREPIEIART EHRE P L e % FRWFEE G BH D

Ié:\\
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GEA A EAFPRS TG 2 AR LA X AR TS
Flsnf s 5 4 @ Z4ER(1999)77 3 &) Bl 2 B4 if #4813 iF A
;"ﬁ“ééﬁ: W 5 23m £ 43m o @ E R R T oG AR
i & ’ﬁ“iﬁi fi 5 3 o ARy F A7(1993)% MR B
Albk BT EE o AFRS L R T
Bo T Gmplpr- MR FIEBHBE PSRRI L EINER
A FRF TR e
(34735 & & F 1 F 2 wE(2006)42 8] BO i o4 T if i N13v 2 + & #7
B3R L TORR b s Fdg a3 T3 CH-233 Rl 4 4
Bl 2.24(4" =82 3] 5 HheoB] 2.25) 0 225 CH-23 34 2 # o 2| 4 1
13~15.5m & &k} i“ % 4o B 2.26 > FiR g S B W 3 (T
Wil g AF7p 30 CH-2840 riT £ g X1 3¢ ksl o
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oo dd 30 NLGv 4t iRa 2 2q 0w E o A % 40m T ETE G
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AR UARIT BO B2 Bl BAFERE G L R %o

F I WE(2006)2 & % o § B #7(2001)2 F Rk BAra A G R
RIS EA S o A PR SRR vERRLEFR
%FffW#%XziX&ﬂﬂ&TDREW%%ﬁwﬁiti%&Gﬁ%i
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FEIHIERHLE % HE 22 2R 28TEE > Pild
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