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Abstract

In Taiwan, the abandoned tunnels, particularly adits or shafts of coal mines,
may cause the ground deformation or even the ground subsidence hazards around
neighboring residences and their surroundings. Such objects were not well known after
mining activity had finished, nor the spatial relationship in subsurface. So the main
purpose of this project is to establish the model of ground subsidence hazard, as
well as to evaluate and define the potential risk area. First, the work mainly
integrates the GIS 3D spatial analysis and mathematic model-multiple subsidence
trough. The geo-spatial data of subsurface adits, entries and stopes , even the
thickness of overburden can be calculated and characterized by using the powerful
GIS 3-D spatial analysis funétion. The result is the prediction of subsidence and

grid data with subsidence values. Secondly, in situ investigation of outcrop and core
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drilling could provide us advance information about CMRR and important data of hazard
inventory as well as the location where the hazard occurred. Those field data concide
with the model of multiple subsidence troughs. And the calculation of CMRR in these
hazardous locations also set into the weak rock grading. The conclusion is the GIS-3D
model and prediction of multiple subsidence trough, integrated with CMRR give us a
more useful information on defining the potential area of ground subsidence hazard
(according the data collected from this work): the high potential area is the grid
value of subsidence larger than 0.5 meter and of CMRR smaller than 45: the other area
within the stope are low potential. In the other way of D-inSAR, the result also shows
well comparison with subsidence model in the detected subsidence study area, Tonyung
clay mine area in Chung-Ho City of Taipei County,

Besides, we also make a brief manual for abandoned underground mine inventory
and risk assessment. The Fedral Highway Administration of Dept. of Transportation,
U.S. has been built up the methodology in field investigation and the risk evaluation
in 1999. We select the more meaningful factors should be used in Taiwan cases study.
Factors are separated into four groups: (1) surface deformation features, (2)
geometric factor of mining include mine opening, overburden thickness of coal mine
area, thickness of coal bed, the thickness ratio of overburden to coal bed, (3)
geological effects, (4)groundwater effects. This manual should be modified during
the last two year through the experts’ discussion.

There is so limit report or study on the ground subsidence in Taiwan. This 3-year
project is the pioneer of such work. The result can give us a better understanding
in the mechanism of subsidence occurred, alsoan advanced interpretation of subsidence
how they proceeded. And such the risk assessment of subsidence hazards in those
abandoned mine areas could provide important information for the government’ s

policies, especially in the land-use aspect.
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st E 45 % CMRR RGBT REMESFEL2F R BB L7248 - #
fbig - #47 GIS ZR o472 % EBH 547 MR -

B8 #iTBTREE/BAEAFIBERAE
CMRR £ &3] A 8 A ¥ dh i B 38 & (UCS), F i 4% & F & (DSR), vA B 7K o 38 24 &
(Moisture sensitivity) ¥ =3 - 4N LS B A Y B TR —— 9233 A o Edbin
BT 24 Point Load B4X, ; i &% & 4 #(DSR) =T 24 RQD 5 FS(H MR & 4 tbis $1) 444 5 DSR,
A8 & Bcko FE 9 o MK AR MR S 0N AT E PR3 A CMRR 69 247 45 3¢ ¢ Bp & H3R
BREFERD, REART 4R 2 3t sk Ll t, R4 B BERAZAH 1 )0, &
KRB RE, REBHABUR - RELHRBIRRE - R BRI R s R H
o F LA A M8 BP & moisture sensitivity * & E4o FE 10 A77 - & 4 CMRR $22 H( L/ & 2%
B4 s A X R 77 E 11 0 b 5] & (Discriminant Equation) £ B R KM A Pras 2
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P B XA

MERRe BT 7REME -

+ 2500
DSR = 5.64 In (FS) 5.8 1 1250 z
13
{s00 &
L
- +250 o
100 — = E
- T412s5
g i 3
g 7] 150 £
- 125 &
DSR = 10.5 In (RQD) - 11.6 o
20 f T T T T I
20 25 30 35 40 45 50

Discontinuity Spacing Rating (DSR)

# 9 CMRR = DSR(Discontinuity Spacing Rating) 7 i& &% do % #& $it RQD, FS(Fracture Spacing)
8 Mz #] %) 2> X B (Molinda & Mark, 2005)
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C Mark G.M. Molinda / International Joumal of Coal Geology 64 (2005) 85103

IMMERSION TEST
Mine Date:
Unit No.: Tester:

Sample Description {Lithology, bedding, etc.):

Immersion Breakability
Observation Rating
Appearance of Water
Clear=0 No Change 0
Misty = -1 Small Change-2
Cloudy =-3 Large Change -6
Talus Formation Breakability Index —
None = 0
Minor = -1
Mayor = -3
Cracking of Sample
None =0
Minor/Random = -1

Total Immersion Index

Procedure for Immersion Test

Select sample(s) - ~ hand sized.

Test for hand breakability.

Rinse specimen (to remove surface dirt, dust, etc.).
Immerse in water for 1 hour.

Observe and rate water appearance. talus formation, and cracking of sample.
Sumﬂaﬁngfor.'mnwmonlndex

CENDOBWN =

The final Immersion Testhde:uahgrsaterofﬂ'm Breakability Index or the Immersion
Index.

B 10 CMRR = 7k 3 2 J& 45 $8) & %42 (immersion test used to creating the moisture
sensitivity, Molinda & Mark, 2005)

g mAlways Stable
. A Sometimes Stable
- © Never Stable
801 . = NW‘Iys Stable (wdla)
701 " . . M " A Sometimes Stable (Australia)
| ] - '
E 60 = EE . i
. ‘ . . --------------
3 3 PO E S < ‘
. !-‘ -------- ! i -“ L] a o a
4071 - b Ty . o
L] . ® k s
30‘ °
201 Discriminant Equation: CMRR = 40.9 + I _— —_
107
0 . ¥
0 100 200 = - - )

Depth of Cover (m)
B 11 CMRR s b § £ #8 /7 & = #] %] &k $t(Molinda & Mark, 1999)
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BRERE2ZIHTREERSFFEA/DARREE il ECI Y

(3) BA%H D-InSAR R &)

BT 2 ERHRA AAARRE KA T NZEY - BaRNIRERILETE
225 FH%1% (D-InSAR) #FTAREZ ARV E (THREATRER) 2HZRHIR
% - 4w Amelung et al. (1999) A D-InSAR #sg#srd 4 Aoty 1992 4 A £ 1997 & 12
AR TR EER » bR TrEZ EB A AT R E BB BT 2KRAAENR wE 12 A7
ToB—AREAM(FHIRORK N0 2oLt HHTRE - ABTREER (USGS, 2003)
A1 24 D-InSAR H o7 #4784 MR TRER » N EHMHMILRE TROREAR S » 58T R
FALETIG T KA E) ~ Bk - BT RKES - BRI REMT D-InSAR sE@ A ® &4EF R
R EoTFHFBRFELREARARTRERARERGFE TR (B 13) - A4 L
b & 15 ¥ 0 D-InSAR BB IAEAT R Ao &Y M7 4% 0 sb— ERER WA M B iR
MESEREAGY (B 14) mARNEF Y@ Al T 921 MERebAME ER
(3% ik > 2006 5 345 A > 2006) ~ 3T ARBHbiE 2B FRER (B 15) Gk &a ¥ »2004 :
WA 20060 &b 0 2008) FAAK c RAZKHIEERS -

BB Ao SURK 24 D-InSAR R AT4t ¥ TP i@ TIOMREAR S » £EN
TFEILEFAR - B AT EHINAATAZIIWN T ERANILESFEIR TR 2
B3 D-InSAR 2 sk 2K -
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BEHEZCHBTREERNFEU/DARREE FE LA

/

{Eglington

One color cycle represents
about 4 inches of subsidence

b
-'eja,ufgx_%m
.7 [

F
| NEVADA

Map

HH AR Amelung et al., 1999

@ 12 A D-InSAR 3 i s 4T 5 307 4 ho 7 368 T [ 2 B R

'1\“\(} M

) .‘:‘.‘3

L i '6:‘%5'_;‘{? TR & F KA F [
Wi A L T ko AN L N A ool
i 2R T 3 2

23R T R

_ B A3 b3 F K3l
[GECSUE S 2R TR0 1993
R TR 1993% FE1995F 1 Frask
19984 4] F 358 mm 180mm

- m |

woRH AR ¢ USGS, 2003

B 13 24 D-InSAR oy i 477845 s 3 B T Fs 2 B2 R)
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BEREZ B TREEERREU/DAEREE P B XAAS

Silver Creek
Fault

Line of equal long-term
land subsidence (1934-67)
(interval, in mm, is variable)

New fautt strand

January 1987-August 1997

[§

New Fault Strand or
Geologic Sructurs

|N“F|'UISt'?“ 1 W
(1]

15§ 2 0 5 W 15 W X 2
DISTANCE. IN KILOMETERS

oM R R - USGS, 2003

B 14 24 D-InSAR H#55 R % £ LM e B & &

1993/11 £1995/6

1997/2 £.1999/7

(M) 5 5 B o ¥ B e 2
. a | -

2000/1 £.2003/2

AHRR:RTEE 2004

B 15 A D-InSAR #.7] ¥ 38 T ¥ @ &) F faA8 3
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PHEXLAS

(4) w3 D-inSAR 547 F ik R A4
AN EY E0FHVAREEAER CNES 23 B4 2 DIAPASON » & £ H
MathWorks 2> 3) ##45 &) MATLAB % {B 4k 88 - 3 :%4F —#3fk (two-pass method) #4T&
I > fxf& 4§ D-InSAR A7l & 2 sbk B F 8L GPS FH /TR ENH » ERTFrAMER2 R
RBATAEH LY - —HIREETERHKSAR UREH  RTRTENTFH > ATBEAS
RAMBEAROHEOEE  THOERGF —ERRAAZHAZTRLTH » LUNR bR
BEAEASGARLEN AL E5TFHEG GRF4= 2008) -
ATREFTHHBRTFRRGGF AL (BpE — b @254t £ 7 ) 65 1] 69 48 B 1 &
%) HERIKRSAR IR ERRT 7 &R € B54 -
1. HmKRSAR B&eyFEMIEEE AR K (perpendicular baseline » BL) 27 100
NRARE -
2. hBmICBESE—B -
3. ARRKA—FK-

EfmEREHrHEELRLRK (perpendicular baseline* BL) FEihk » — 4%
RREFERRROOPN 100 2R BFZE > RRBRES TFHLRPEMA SR ERORE
T RAERRTREAMCRBAR YR EN T BLAREYEHFL FRTARHE -
ARG AEAH AV UM S ERTEHME D HRAAGAMRTEEE » AL
EEUNHHALERBERVERROBERLY - BAETABENBB/Y X > 3B
PER e RATR B ABZRANFITORGR > RGP AHHRE — DR HTEY TN
B R SAR 9 R RIETho » AMBEFORPE T QAR A EFAZHEY Ao EAHHHE
il 2 ik 4a 3B & - 4o A 1% (master image) @9#hid A > EHFRE PO PR EEEE
HEIRE > R HR P COHMMRIGR] > Sl ERETAH AR HRRME - M)
®A% (slave image) b RAMAHMENEMAEALAL SOV RO BE Y KRB BT 2
PEM BIEMERAGGME  BPAME BT R E R EAR « ULRERR T ) 8464
B85 RRERF UG KRATHM 4o B 16 AT -
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BREHEZ B TREERIFGEU/DRRBEE P B AL A%

N EEMETEVEREFNAS > Bt Lifpnsaisd At EEks
VY RBE P IERFREGRBRETEAF

i

B= %%k
PME Bi= KFHA&K
BE B FEAK
o - B BL=FRMEELEM
o - RiGHEHA Bi = FEMIEAKFIREK

AR WA (2006)
B 16 &k & 78 5 $eh & 47 Ml 14

F MG MERBERE AN EU PR ETONRIE  RARABR S HUT 11
T8 B1TRE I8 9 RBAFHRATRERE> THRERKIF I NALE :
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i P

meng / . senus ¢ BB mEE
88 I S| BE [/ M ;

L | mpeR & | 2R
fﬁll'ﬁ Eﬂlﬁs

/ EHRENE / EHRENE /
(SLC image) (SLC image)

B 17 A3t % D-InSAR = $ha ik & 22 2 B (AR AT R R &) o
(B—HERRRERFHLE  FEFOETRERREMAHTL)
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P B XL K%

¢ [FRFRES

l

& \ERTYRE DEM /

l I

[T 7 o[

I I

€| FsmEs «——7/ SRR //

£ | ERESTIRE
———— +
ES2 EHZ / /  EHR
// BAtE // // 2ATHE sERES //
‘ l
L | FoEmz | -
I
DAY
2ATHE
:
€| R
;
4| xnes
MATLAB
;
BIRAEE
&:hulﬁﬁﬁ!%l
i
4 \wenzneie
MATLAB

l

/man

B 18 A3+ & + D-InSAR —#hsh ik RIEALE(Z0 THREMEFHRS) -
(B—FERARERFHLHE  FEFHE TREAREAMAGHTR)

22



BEAEZ B TRETERIIE1/DAERLE PRAAS

EUF £k ERS-2 3t 438 1999/11/13 2 1999/12/18 w5 1 64 %1% Be ¥ B 9] » 3% bm s, 00 L 52
Z A -

I FHHRR

MR FOREAEVSR BB BHIBE  »HKREEH (ravdata)in F#HR
HR - EFHEROZAEY  ERBRORLEH T HRRSGORETR (B 19) 0 st
WMEWMEBPTHABRKECRAFGEERIE -

11644 bytes _

i

I

|

|

|

)

:

26000 ~ € >
28000 412 (11644-412)1 2
row ik 1 =5616 (S WEED

Y

B 19 FEBRSHRE T HEH
2. #EBHMMBEE :

B E  BIBRMIR G R o T 4T E 32K (Doppler effect) 5 + 3 B AM F #t
i# (precise orbit) %# -

3. MIRIR:

AR F P EBRLEETHESL ERIMIH (single-look complex, SLC) ¥R %
548 # (multi-look complex, MLC) #1% o sbodBp o7& 5| AR T 5 #iibin e #1% - {24k
BB N R AFFRERE M ERNTBALLEE (B 20) -
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B TR EFENFEU/ORRBEE P H XA

1250 fk

500 1000 1500 2000

20 Mg EZRAEFRELAE AL ZNCHHR

4, XBHXRELARATHIRE:

#ECAIBEARREIEFBREAMVBAETHNESEARERE S
(co-registration)  £4 R E & B 69 58 € H ¢ ¥ 6y Z R (spatial ) & &% (spectral)
MEREHRZER MG - BALESREZGHERPRMOBREIBRENRE - HER
MRESH a HEFHEHOERRAIBRMAE | b 3t B M HE R bR e K AT
BRicHARBEM A BESVBRBUREILFPRLR FEANVRBARITTIRE
MmiFE M F FHEG i THB RN bbbk 2R 2 805 A ey Tk
raf £ -

. A A AR AR

EHM P AR EAR A SEMA (digital elevation model, DEM) ##4 -
3t & A A AR 4 ] 1% o

. WRESTHRE

R A EA S THEGATHD R DBANEEREETES  LBITHE =
RFFRE - HrdHASEERZ 2RME % 0 MFBIBREA B M EHIEN & E
LT EREYS (B2 RAEEE (B22) - R E£5FHEE (B 23) - tadpiL it
B 23 T4 » RIEFHEHZFEAAMRIL RFSEACEMP e (AREA-7
o oHERREKFERLE)  THRBREMMEL  mbd BT IH (FEEMMm
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BEREZHBTHREATESHIEU/DARRLEE PR XIERSE

Wib) AR EMAEESTHE - FBTFTEEASAE ~ 3 MBS B Pl sn £ % 3%
Wit B £ R ERTERDAOEAMEMERT IS8 EL  LARFARIT SR
PAERRIEE M TP AT Y EAEHE -

{gt 250 iE

7T 200

400 i

600

800

1000

1200

1400

1600 0

200 400 600 GO0 1000 1200 1400 1600

B 21 #SRMUHEZEHENEFYQEMCEERESG

{?; 250%
7T 200 1%
4
400 =0
600
150
800
1000 4100

1200

1400

1600

200 400 6OOD 800D 1000 1200 1400 1600
%7t

B 22 FBrRiT e g 2 M4 B FH3EH & E AL E MR E
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BEHEZWBTRETERFEA/DARRES il B %X

1% 250 &
7T i
#4200 &
400 =00
600
- 4150
800
1000 100
12
50
1400
1600
0
5NN mnnn 150N B
%

B 23 SRR RAEY G EREE S FHER

. FHMAodk :

#ESTFHRMBEETH R o B 24 FF -

200

T
L

150

100

o0

500 1000 1500

B 24 gkt FHE
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T EUEY

8. mMMmER:

LI BB ER ZARE > AR R SRR AL RS 27 2 - KR
fll £ Al — BB AR FAA R St E BBy B2 L AmAl—H
BER P OHESEO EEERAT R % D RK(Q2r )6 P wAE SRR (phase
unwrapping) & 24 e94a B R & R 4o B 25 AR o

RARMGE EREHMIHR > CRTHRKODEAMN > o RA M0 - R A
REFHBEFTHARHAL  RISANOERSE T > sBp AT A RRZ AT E A HITH
Hih ik Z $y1E

.
7T
# 200

400
600
600
1000
1200

1400

1600
200 400 600 800 1000 1200 1400 1600
1% T #

B 25 MAmBRZER
9. BRRR :
RARE A B RERARSGHER > ERRBRBHHER -
10. i B EEREF QOHEMF

ERATEETHRRZAMER » T i MMAT R E AT HE 0 FRAIEH G 1L
¥ A RBL 627 CARBATEVRMET - AN Hlameisd > RFEME2.8 »
o (CkREkke—F) a2 —@0r -7 HBH Bk Y M ELE— @A (2.8
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BEEZ R TRETERFA/DARRLE P B A%

Ay B RIESET—EAYEMMETE - A AR TR E —EEHRE
—BA R FEEAEHATAM - BIE EAAVRARRKK  TAHERS—
¥oodo L keykRs 24 Ny Bl Eiam g ieey > T 8@ 12 an (LksRERS
—¥) A EA—Er ~7 HEH  E2KpTF:

N o 2
IS e
2m 2 (AR 1)

APAr RAGEREFQOEHE » ARATEAK  LREER ML 694817
BAE -
seoh 0 AR B PIE—SF AR (reference point) » EXAEHEA (0 48
e AR RERNZ ARG E - AR EFPRUAFARVRUAR P RILT A
ErrdbEMey GPS s B (il 26 A& 2 A7) A 54 KRR ERKE B R
AT o mEE G SR AR S4RE
T HEFRAYREEERS -
Z ~ W15 404k A R GPS A #1bm) -

LA ESHEF P B A A LR R A GS13 35 S sk A B4 KRR

B 26 ¥R EAEAILEM GPS B3k 5% B
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il 2 i BHRREU/DRRREE PRAXIAS
&2 PRUEREALEM GPS B3 TR A
YF&a|XF@|ZF&
Y ERE | P X ERE
¥4 REB|RESREE| AHGRM | £HoEH
(TWD67) (TWD67)

(mm) | (mm) | (mm)
GS01 2764083. 758 300470. 8776 0.1 0.1 0.2 | 2005.1489 | 2008. 7770
GS08 2788641. 39 299706. 6802 0.1 0.1 0.3 | 2005.6216 | 2008. 7770
GS09 | 2789246. 923 314864. 1047 0.1 0.1 0.3 | 2005.6216 |2008. 7770
GS10 | 2782249. 688 295702. 9868 0.1 0.1 0.3 | 2005.6790 | 2008. 7770
GS11 2780868. 814 299460. 7482 0.1 0.1 0.3 | 2005.6216 | 2008. 7770
GS12 | 2771910.133 287788. 658 0.1 0.1 0.3 | 2005.6790 | 2008. 7770
GSI3 | 2768273. 865 294811. 5962 0.1 0.1 0.3 | 2005.6216 | 2008. 7770
GS19 | 2774157.675 317750. 979 0.2 | 0.2 0.4 | 2006.5260 | 2008. 7770
GS20 | 2748865. 793 344172. 6616 0.2 0.2 0.5 [ 2006.5888 | 2008. 7770

1L GRETOEVERAFTERHE ©

D-InSAR PR32l e &R A FTEMREF @M TR S EEILME  fAEACE TR
RREAAENE  ALTHREF OBV ERETROEEALHE > AAINR T2
WA RBITIEBR S - R EAIA GPS &%k - A GPS ek ey KT F efuss THA
AR e RATHIME > Bp T B EE SAESILE GHAR > 2006) - GPS ~ FEMIEH g @
& M F AR E RATH thdo 8 27 AoF o B GPS K P mEHV=(a, b, 0) 2
BEHFBELINK—AR @ BRI LBABCPS KB EARBETERGEF A (@,

b, ¢ ) EHE2ZARXT:
a' cos sing 0 acos@ + bsing
b’'| = |=sing coscp 0 [] —asm(p+bcoscp
c 0 AX2)
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_PE LA

WA GPS K FRBrERVETERE I Lib@EASHE (h) RYEZFTERE
FaWRRE > THREETIBTRAGENEAr

Ar = (acose + bsing) sin@ + h cos@ (K 3)

APOABMHREARE > ARMEMNEORRARGRA » H— RN HEEE
B ey A o

HEETHRAFHNOEVIREZTFRIBRY T #MTAEETOARSOELE > Bt
WUV ERAAEA G THEARNKES

h = Ar secO- (a cos¢ + bsing) tan® (2R 4)

LA ENVISAT %1% At - RO A 23.2 K o8 % 8.8 & M a & b (AR LAIGHA
B AT 2 9 18 GPS i&3fess F# » 2R3 K 9 Es M PRI MM H X Fd (afh) &
Y (bif) 9L ¥4 AUZRNBZHAARF L CREHEES a RDAERAL
R4 RFLEHEFAUNVE -

R AR (2006)
B 27 GPS-~ FHMIEHF@RILFREERBLERMAMMATEE
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B XA

=~ EBTER

(=) XRAERBTHOARGERALE

EMERFE T BERMKA M AN RGBSR P I T AEMRBRH B A E
BRRF AR ERARARLEERBRREN > FAXAMERBRLTHS - BATH MW
T HRZ BT T ~ Bl R IET $RIE 55 43 88 % 02-95 4 & M AE 5%
MERHEHAEZRE TR AMGICT 20 TR AR > MBI 30T 3 o SiE Al
R oy P 2 o5 B T 45 8] 4 [B) AR 2 37 3% AROR o i 4K BB BF B AT BATAR B AT
AT A > B PERAMAR T TREZAAM TS E 2 T/F - sRenf
RHER T ZIBTHREFERAREEE - AMXRAERCTRORRE S EHM

AHHAEE LT -

1= SCRR TR U5

& 3 W SRR SRR AL R I L P &

AL R RIR/ A H AR B Fa] [ S0 o PR 4K T & B R
E 31
ST MH- T BRI AP G BE/ T
1975 (B8 B, £ 88t
E(A2t¥E»2Z—) EE
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BEREZCBTRETERFSU/RRBEE i B S
VEWERE(ELE > (BB PRMEEAER/K 2000
—) R
& E B, & &K, 4%
cMEREmE =58 @A PRWEEEN/K
2000 |, $R0E AR FR %), B R e
fE Rk A B M T K E IR i e
i, B 8 @ R A A AR
$ofE =R EH
3L O il R KA BF 2 R GIS
SHMEANBREAETHE |@FISLHRMHH 2002 )
B, &1, s E KA T
FILBAETER(ZE >
; 48R b e H 3 E A
WEBBWER(ZE 7
; 48 A P o e B E A HR % GIS BB
VMEHANER(ZEsX
) 48 A P b B E AT
3L O 338 BP 4% 48 95 % ] GIS
EMAEMILERBRERE |CEISSRBEL/MAEL, £ 2003-200
B R, B, ok E A AT,
(g3 F% 6
AR A%
# 8 #a
ok & o, PR R, KRR AR
B3k A b |, 3T M3 @ E, %R
ok @ b 18 T 4% 18] (a e FE S
T Hfy (AR, 3O HUiE RARIE B, B E
B ]

-3 TR RGEEM KM AR EGIS B#E)
REFHEBHEHE®R (B 27) » AFHERAERE ZRMEIF% 4 B~ BI10~C9 =
EieElm e 2R TABCZHER OB EREF R4 B 28 ARE 29 (FEE) - &
Ao PR MR KRB AWM LETHZI O TR —RBR ERETR
W2 BRI B - b X TREREX A FERBESEZIRE -
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B AL A%
x4 FEMARERDIEZ ST HE R
o & B 78 4% 5% R o Mo ¥hi MhBiE | MO | MR E

B9-15 10 12 5 30 2 25
B9-10 8 8 6 25 0 19
B9-18 25 37 37 39 12 2

B9-19 1 4 8 30 3 22
C9-16 #7345 & 4 4 21 53 0 32
B10-2 4:4% 1 1 1 5 0 4

B10-2 % 7T. #H3k 8 14 10 30 6 20
B9-16-17 43 % 4 4 12 45 0 33
B9-17 17 29 13 38 12 25
CO-9( ¥ Li+#7 35) 19 19 26 152 0 126
B10-15(F#0) 6 19 8 50 13 42
B9-14(# L) 6 10 15 68 4 53
B9-20 (4 P3 371) 31 31 37 137 0 100
B10-10(¥ &) 9 38 29 186 29 157
B10-10(k %) 12 23 13 49 11 36
B10-13(3t %) 5 15 6 16 10 10
B10-5( ¥ %) 10 30 24 95 20 71

B10-5(a /) 10 16 10 32 6 22
B10-5(# 3 ) 8 10 15 81 2 66
B10-5({&i%) 43 66 102 190 23 88
BI-20( & 4 ) 49 61 52 142 12 90
B10-19( A %8) 17 40 5 73 23 41

B10-4 35 69 45 139 34 94
B10-8 11 12 25 60 1 35
B10-20 10 38 52 126 28 74
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= 2500
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& sot I )
L -1 450 g
T 125 8
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201 , T ; : :
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Discontinuity Spacing Rating (DSR)
B 1 CMRR = DSR(Discontinuity Spacing Rating) R 4 & % & ®
RQD, FS(Fracture Spacing)#a B = #| %] 2> X B (digest from
Molinda&Mark, 2005)
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IMMERSION TEST
Mine: Date:
Unit No.: Tester:

Sample Description (Lithology, bedding, etc.):

Immersion Breakability

Observation Rating Observation Rating

Appearance of Water
Clear=0 No Change 0
Misty = -1 Small Change-2
Cloudy = -3 Large Change -6

Talus Formation Breakability Index

None = 0
Minor = -1
Major =-3

Cracking of Sample
None =0

Minor/Random = -1
Major/Preferred Orientation =3
Specimen Breakdown =-9

Total Immersion Index

Procedure for Inmersion Test

Select sample(s) - ~ hand sized.

Test for hand breakability.

Rinse specimen {to remove surface dirt, dust, etc.).

Immerse in water for 1 hour.

Observe and rate water appearance, talus formation, and cracking of sample.

Sum Rating for Immersion index.

Retest for hand breakability.

Determine Breakability Index.

The final Immersion Test Index is the greater of the Breakability Index or the Immersion
Index.

B 2 CMRR x kA 3f % B 45 300 € A2 (immersion test used to creating the
moisture sensitivity, digest from Molinda&Mark, 2005)

WRNOC AW

100y mAlways Stable
a0 A Sometimes Stable
- © Never Stable
80 . B Always Stable (Australia)
a . .
70 . . . . A Sometimes Stable (Australia)
a B .
601 . . e, L
& . 4w B I S
5 5o P TR LA TTTTa® a
. _ﬂ_ gemmm T ! - .& - Fy ° a8
407 =~ A ° P
o © ° 8
307 °
20 L . .
Discriminant Equation: CMRR = 40.9 + (Depth in metres / 30.5)
107
0
0 100 200 300 400 500 600

Depth of Cover (m)

B 3CMRREALBELHWEE = % & (digested from Molinda&Mark, 1999)
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