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Groundwater Flow Analysis at Kamaishi Mine (H7)
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Hajime Yamamoto*, Keiji Uemura**

Takuya Yamamoto**

Abstract

This research aims (1) to study the applicability of the existing modelling approach and the -
numerical method for the prediction of the groundwater flow in fractured rocks and (2) to grasp
the geohydrogical environment around the Kamaishi in-situ test area. To meet these goals, a
series of seepage flow analysis are planed to be conducted using different models such as a
continuum model and a discontinuum model.

In H6, as a first step of the study, a seepage flow analysis was conducted using continuum
models of homogeneous conductivity. In this year, H7, the Equivalent Heterogeneous
Continuum (E.H.C.) model was newly introduced, and the numerical inversion method was
also used to improve the model. In the E.H.C. model , the discrete fracture network is
constructed by using statistical and/or deteriministic method. The hydraulic conductivities of
F.E.M. elements are determined by calculating the permeability tensor of a fracture network
contained in each element. The hydraulic aperture of fracture is deterimined by matching the
simulated hydraulic conductivity distribution to the in-situ data.

As result, it was shown that by taking the in-situ hydrogeologic information into account,
the numerical results are well corresponding to the observed data. and that E.-H.C. model is
useful to express the heterogeneous hydraulic characteristics such as non-uniform flow/pressure

profile.
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L. Tihbb, B, KEZEHICRT, EEICRYEPOREREMETHE LW
5. ZDRY, BETERYEERCTERELZR LGBDETVLFEBLT
BEBATEENV OPRIBENT WS (Long et al, 1982; Dershowitz et al., 1989) . %
DICER b DP, BRI Y P T =7 EFNVERENLEbDTHE. ZDETIVT
1F, ®-3221FF &9, BBRAORNERE EROLYY LEOELFOFR (M
WE 734 AmE) CEFMEL, B4 0B IRTIICKELH VDL, #HTK
DREBEBEEBR L TnAL EEZ L, BITFIEL LTI, —RICEREREZHY,
A neFEzFHERE L CHRILT 5. %Twwﬁﬁhzﬁaéﬂwﬁﬂiﬁﬁﬁ
M (5m, fE, BS, BOE) F/30kBEEE (BRkER, FFERELLY) 13,
R—1) Vv FRBECOBERRB IR - V7% B\ nioEKEER L Eh H R
B E - ITRERE (BHAVIE, HMEOHER) IC525. BREAY FT—TETW
ik, BERNOTERPOTNGE LM TAOTENERATELENEFELELLNT
By, BENERBEREOFME~DOBHES SR 5MN5 (Uchida et al, 1990; P A,
1994) . L& L, BBRHOEBE%Y —2O—DOHHILT 2 LENH S/, IV E2—7
@%ﬁ#ﬁ%%k%&bt Ef% ERBEICEBEIERIN TN S, BICLREE
S b LI-BEBN T A0, ZEITRNEBROBDPE V-0, HEENFRE
k., £Z°T, ibﬁ%m&%vwmiﬁkbf SR EERARE T IV &) Hr
Pl BT MACFEEERAE LA I, BRIEEEY, ZRNICIYEREKEER
T EMERKICE SR LFETH S, |

KEBTIE, 7, BEREERETEFVOSEIZOWTH/%, S EEGRSE
EFINDORBEFEIZONTIRRS,
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32 BREBEBITETVOSE
BER LR LBEEROODEFVE LT, BERAVLRTVRELD
iE, $]321E8MB32UIRT &9, TEREE TV EEFREFEETVICREIS NS,

#-3.2.1 BIlEERTNRE LI ETIVOSE

BT TV EHZRET TNV
(Continuum model) (Equivalent porous media model)
—EEBEEFY
(Double porosity model)
BT TV BHEAY FTI—TETW
(Discrete model) (Fracture network model)

ST 7V TR, BEEERE 2N SM KRR (BRRE, FER
$) BHETLEELEBRETENT 5. HEEREF OB TRBNOBITICIE, FEk
L RS TAROERICHVONTE LTV Y - EERFOR T XEITEN
¥ 4 % B (Porous medium flow theory) % #/H 3 5. Longfti(1982)id, HBDBES v
P — 7 EFNVERGBEERICLD,
BIOBDPEVIGERPKRELBREITMY
LERETIE, ERMICRE TEMa ERFRE
PHEETHEERLI. £/, 0da(1986) LR
i, WEHBITENK S REEIIO W
| T, B O %A EKFREE RD B
FREELT, 7997 TV INERVEF
EERIBL TS, |
TEZERAETIVIE, EROEERLE
Ba FNFNERETHRLL, WEDHN
| LoV TOERFER (Frvy—fl) B
| UTZ B OEER (BEREEEHOH
| FAOBE) KBTARELT, ThbE
3 BEERFENR LY, BEESBEADHTIK
' BENEE . REFVE, BHICTEE IR
1= BB EIRN O T KED % T
2EFHPE L TERSNIETNVNTD X-3.2.1 BZEaERoET NV
b, ¥R OkEE) 1, BEE BRI

TEFEE TV Efee TN

-15-




DWTHIAIZERT 5.

D EDEEAEF VIS LT, BFEIy FT—2 EFME, BRNICEFET 5EHR
LiBBsmldoiy NT—2hEx, ZOHERNLKDAENEENTE. &
BOEEEHIE, BRMLEOBREEDEVICEY, BEEERSLE, —BIC, 4
DEIIARE I SARTEN L, BREOFEMICIT, =R (BREY 2HOFT
?Wf%Fwth%%m\%@%K%ﬁﬁmxﬁmﬁwzﬁum%Té)%ﬁ%?
5.

FROEEFID) L, FEGEEFV (BFEIy PT—FETN) F, K-U¥
JEECEENA, LB NIRASHERICHET AR (BREE, TR, RS,
BIE B LTINS OEEM, M) FZOEFET NIRRT SH
T, BEAEFVCESTERTYS, L L, EEH R TRORNERENT 5%
L1k, HaenBREETSTEFTIMMET SDEREH TR,

ZoC, 4, BEATE TV OEENE L FERET TV ORKEON AL ED, LT
ﬁt&%fwm$&,F%ﬁ$%§@%%%wa%%%¢é.$$ﬁm,Hszu:
19, EENEEAREZICESLLET, Be0EE0BEKRT VYV ERE
SAINT A— I HBERETSHILICL Y, BRAORERS DT L AEFED A
A ERTLEFVTH A,
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EMABEERMBETT IV

NEREET IV

EiRATET IV
(R —. EF%)

[-3.22 SHAHEEGREET TV ORE
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33 EFMEFE

M-33.1% b &2, EFMEOBEETRT. MTIE, HENLDII, 2RTHTRY
25, 3RTEMECOVTHRMTHS, BRADNEZAVOBEKRT VI VB LUK
B, RERLBRE A DEOFRETHE LTEET 5.

m g c3
K.=K"+ AASE (6. —nn;
v v 12vAVzk: w1 (0 = i) 3.1

1 .
S= ——{(AV—-AW)S"‘ + Y AV; Sc}
AV P (32)

- K, . ‘ = ~ . o AVIEXAVE
sz, RN ERoEKEET vV, S BEZOFERE, p . AVH
DBILDEMIE, K BEROBKT VN, Ku AVROBEKDEKRT VW,
S" MO IR, S AVROBHEKDEFERK, AV AVRILED S8R
KOEFE, Thb. 4, 3KTEBHHT HE4 DRHEFOEEAT 5 FATFR
TEF LT B E, FHBEAT VY VIVEB LY REEREE, RADLHIKRSN
2. 7275, AVEOBEDEEFAVICHRTERTELZBNEY, Thbb,

M-33.1 EFMEOBE 332 BEDEHRNT PV

-18-




AV AV <<1 b RsE4 5.

(] g .3
K.=K "+ AAE (6, —nn,
g 12vAv§ ANC ) (5.3

1
S=8"+—)> AASt S;
szk: k kS k (3.4)

Sz, M AVHEICEDZEEKOMERE, % 79 F v A-—DOF VI, v B
kDEHN Y P VOFREY (K-33288) TH5.

HREZEIIBVWTIE, LRDOAVEREZROEF LA LT E, AffAT 70—F
k0, BEEICELLERTFVINBIUVKREERB AR T HAHE 2ERMSE L
TEBREETNTHIENTES.

KEFMEEEIE, TRDOL D BRETDHB. OFBE 2 EKED A FATH) 7%
FNAEBETEL, OEROEREZREICL 2EREBZERT 7O 7 52HNEZ
EHTEL, QFMBOH HAH) PREOHEEBBRTH LD, [REHT IKE
WICET 5. QEEROBKREDHHEERTEL. OERSEIVBRRBER T OM
BlEASsN R, $77, —HT, KDL ) LREbH L. OQEZADBRIL L
BAITIE, BEEOBKEE, 2ROBKT VI NTERTHDIE, RELZERTIE
L v, QFHLOFEZHVTVWE D, His0BEOTEREMEY EHEICERT
LI EWTER N,

-19-




34 ETFTIVERDO 70—
SMAKEEGETTNVICE B, BBRABTAERORNER-341IRT. B0
W, KELBESHOER, AREZBITOLDD A v ¥ 2 DIER, BEFRO
3DODAT Yy Thohb. T, BREATERZT L LIC, BROM 2 HERRNICEE
EHD, TOHEC, EHHERPARELEBRERNOBHRIBOLN TS DI
TlE, REHWICEZTH L, BEOBKE (F/21F, IhhrLBONEKEER
LBEACIE) OEFEICE, BARBERESEICTS. X, BTEBLARERTHE
AL 5. BEERICYoTIE, FYil, BTERRASEOEEY ORI ER
LEEERETH. RIT, 33THRRLFREILETE, BEZDBEKT VINVEAET S,
ZDEHITLTHELNLEFTNVIC, BREG 52, BEOBREBITI—FIZLD
BEBR TR . UL, o 7u0—-Ths, £7—F 2 HVIETVERDF
HMIicoWTIE, FEETHRNRS,

BE G TR BRI R
| |
l

TRETALEE (htass, 292502 9)

BIEDFE

3 RICEFZERK

BERBOFENKT VVIVORE | FMLHE

S EE R T TV

Y
BB

F-3.4.1 SHAHEEGEETVOERT O -




4 FENTHEEB L UEREGORE

4.1 FRATEBOBRE

AT, KDIOMEEFLE L, ZOREEOYE, Wi, R, STl (E-

4.1.1) #ECEBT, BEBMAES L2 ECERETS (F-4.1.1) o
BATEBROBECH =0 T, HEP LU S NZKG1TLICB 1T 2 BIB/KEN &
BIZHESNT, FORFERE L TFEREBRET 5,

#-4.1.1 BATEBACEENAEE

b & . NWHE, KD-88, KD-89, KD-90

T 7 AGE, AN THE
ST, BREEEE . KR-89, KB-89A, KB-39B
AL . KH-1~21,23,25

gMBEV—> | A (GHEKET) . B

4.1.1 FIHER

KD-90GTEA LD HH250mBEN7-KG-1FLiZ, V=7 A ¥ MEITIZL hRD SNz
BV —YBAIKELTWS (H-4.1.188, gihH YV — YA, BIZDWTI34.2T
#Bil) o F-4.1.2£3-4.1.2177R8 L72KG-1FLIC BT 5 BIBR/KE T 212 & 5 £ 550m
VRVIIBIT A EBKEIR, KD-9OTLEREIRT (1990411 H23H) 24E# (19924
11828H) (Z#10kgffem’ T, B-4.131IR T L) ICZDHLH T VBB R LN,
72, KD-90STEE I DOFHELIS BT 2 BBRKERHIERICE 5 &, KD-90KED S
30mE BN T O BBRKEIZ R K T b3.0kgflem™ 2 & T, KG-17L & KD-905E D TH
7.0kgflem*DEBAEDET AR LN 5, |

L7zh¥o T, BITHEEIL. FBKEFRZOETLTn5S LB AKD-905E % &
D EBRKEDSHE—HR AP SFHI SN TV AKG-17L% ZF DA FER L+ 5 F-4.1.11C
RY &% 1 WA0mDIEFFMEE & T 5,
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KHQQ?L KH-197L

4

Tt

i

FEXT

KG-14L

Q. 100m

(EE550mb )

A~ 25 (m)
1000
KG-17%L
[665m L~ IVIAE] ~—_ 2 900
725m UL XIVIR
Laaie D - oo
600
|550m LAV i 500
400
[250m um’;utﬁ.iﬁ! 300
200
100
0
-100

? 200m

412 KG-13LI2 BT 5 BBRKEETHER
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EE (m)

- &
-100 \\
-200
300 I SSOmMZK
) I N
-400 \
N

-500
i —o— 19982/11/28

-600 -
[ —a— 1992/12/23 “\

-700 —5— 1995/1/23 \
_800 T N | i J S S S ) i J S A | ottt ¥ R S N [ B S L1
0 10 20 30 40 50 60 70
BIBAE (keffem?)

B-4.1.3 KG-1FLI2 BT 5 BEKEZEZL

#.4.1.2 KG-1FLICBIT 5 BBAKESHIESE (1992411528H)

SN BIES JKEE v SEEME
(m) (m) (kgffcm®) (kgf/em®)
555.14 658.74 10.36
559.60 667.70 10.81 10.55
562.73 667.63 10.49




4.12 LE#B - THHER

-4.1.20KG-17LI2 BT 5 BBAES G RICB VT, 5Som b RVHBEL ZOLT
DL~V OTE (630m L~ IVHE, 250m L VEE) KB A RBUKEE KL T
FEERE TEHERICOVWTRET %,

550m L~ VHE FEF0680m LR VHTEDEKEIE, FOTICH HEE640mICH
FakEEIZIZAL T, ZOEOBBKENENIEZSH VRO LV, LIA>T,
EEERIE S OBWEMICRET AL L L. REOBERGEMHEOBE L Y 550m b Vs
B 2 Q15RO BT 310.0kgf/cm’ T % 72 ®550m b NV 55 100m b5 12 L ER5E
RAEBETHIEE LT

550m L~V T ER0250m b~ VBRI 81T A EKEEE, 550m LA [l o
BLTETLTSEY, 250m L ~VHEIC & ) ELS LT HBUKED FETICIET LT
WhHEEZLND, LIzhTo T, TEHERIL, 250m L NVHEEEE R WNE, T
febt . 550m b b &E250m LV D HI400m L NVICERET A & EET A,

Li55o T, FERERIZ50m L ~VBL#E A b EF100mOAE (BER6s0m) . TH
EFIE550m LAVED b T H150m O E (EE400m) ICHRE L7

PLFn k. AT, M-4.1.4100RT & 9 ICKD-90YUE & (& L 72400m X
400m X 250mDEIF L e B,

400m

h 4

---------------------------------------------

550m b <X

250m

[0-4.1.4  fRATHEIS S

4.




42 BIREEOY =7

BN BB A OB EEENRED S B, )27 AV MER L N ORZ
B|ED LBESNSENE Y — ¥ LKDIOSEMO R - ¥ 77l (KH-197L) TH
SN BEBKERICER L, BIrESO Y —=V 727272,

1) Engv—v
EAESEEEAICIE, H42.1RT LI, #BFED) =T AV P EZHEL AN
VOWBERNOEBRESEERP OB ENSE 2O0DENE V-V ALEBEH 5, EINE
V— Y AlL, KD-9OYLEICENICAIE L, IZITHEAAIMICH 5, EEH V' — Y Bid,
KD-90H BRI A E L, N70° EFMICH 5, |

Q) BREEKER

KD-90E D BB D R — 1 v FILAKE T EEEITE Y 2~5kg/em?EE) . Th
ZxF LT, KD-903E A A & EAL 5 ENHIFL S M AKH-19fL DB L D BERkE L T
TTOKREDZELE 423107 F o TOHEY EESOMMED 5 EKE L IKEL
L2 LT WA DDSh S (#20.0kgflcm?) o Bi%E L CEEBEOFICHIFLS L7z
KH-20~25fLIc BV TH B VEBKEFGH SN TB Y . TEFAISERT 5 & EE
KEFHDFIATRENT VS, ZOBHBKET ENWILEN TEZEDEKIHE LN
LREEFESV -V (H-42288) 13, HA42.1IRLE) =T A Y MERWTRHRON
“EINE Y — v ADKEB L IZE—HT 5, |

PLEDRBEMEESEER L, AETTIE, H-4.110 89512, @rEEz g
Hv—v (A, B) &—ED2 00WHEDRE B =V IZHIT TR o F72,
b R A DBREICL o T, SIE V-V AL BRBKEFIHIE TSI L0 b,
B — VAR TCEVWKEEE 252 L & LT,
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422 BEREBKEFOEEME
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Flow Rate, [ /min

20 40 60 80 100
Depth, m

V ¢
KH-19

§-4.2.3 KH-198IFLER D EBR/KE £ BAKE (O5T)

28-

15

—
(&)

10)

/63 ‘einssald

wo

4




43 BRFEMHOBE

BATEIRONTER ETKRKET— 4 BB ON TV EDIE, KG-1ILDATHY, 55
Ombl V5610 0mERITKEAEZETAHITHKRKENLEGTMERL TS, —7,
KD-9050E L8 0 & BIRK ER Tld, #20kg/em? DEWIKEDSEH XN TWnE, €2
T, BREMFLLTIE, 55 0mbAMIIBVT, SEBKEFICHIETAEELD
haENE V' — v OIMABEFR T20kgflem?, Z DMDEFR TiZ10kef/cm?DKEZF T 5
BKESHi x5 2720 $7z, PLEBREIEIAKRESER E L7z (H-4.3.1) ,

[— 0] ERMBER . 10kgfem® (550m L V)
[gnEH Vv —>] @EARER . 20kegfem® (550m L)L)
& 1 Okgf/em?
650m L~V 650m L~V ¥
550m b Xy lOkgf/sz 550m b b “‘\‘k 20kgf/cm2

400m L~ b 400m b~V

— 25kgf/cm? « 35kgflom?

(a) —REER by ENhBV—
K-4.3.1 EARMBEFEAXH
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5 gnEYV—rEFTVOVER

SE Y — Y EFIVCIE, BERAEINE v — VA, BE—BIRICHT. 2HED
= VLB AEKEE S AT~ AL DWTRERBITZ:T ) o
5.1 BERFEFHEOEZE .

S EH Y — Y EFNVOERICHIzo Tid, BAE TERS KB (BILEK
StEN . FLELE/AKEER. JUEHESKRER, XU F UL —T a YEER, 1000mABEKHER,
JFTRER) DR LD, BAREE BRBEFECONTIM Lo 5B, BEFRO
BABROBERELEIIOVTE, +HEF— 7B oh Tk v, $EIEERE
LwZ &lZLl7,

550m L WV BT A KERBIDEKFBEEIZ. KD-905iE & KD-9050:E & D /KFAL
f%%ﬁénf:uﬂ:ﬁa‘m@%t%%%%i DEFET %0 : '
(1) BILBEKHER '  KH-2, KH-3, KH-5. KE-3, KE-6, KE-7

(2) FLAEKHER . KH-4, KH-5, KH-6, KH-7
(3) HWEHEEKEE | KD-90IE
(4) ~N rFv-varillBi : KD-90%E

DL, BILBKBEBRICL VB ONIERBEO—EZE-5.1.1I1TRT,

F£-5.1.1 FERBERETHE (BENV Y ¥ HE)

8L Mgy | BARRE

(cm/s)
KE-3 6 1.49X107
KE-6 5 4.60%X 10"
KE-7 5 4.12X10*
KH-2 6 2.98X10°
KH-3 8 5.06 X107
KH-5 15 7.74 X107
FH)E (KE-6,7) 10 4.35%X10"
18 (KE-3,KH-2,3,5) 35 . 6.67% 10"
| FEE (£1L) 45 3.64 X107
-30-




[EKRE]

9, BABRRICELTE, BILEKREBROBEREI10% msT — 5 — 5 H10°cm/sF
— ¥ — DEEICHAT L. &6 L3 ETEE £ KD-90F B ICHIFL & N 7zKH-5FLDF
BEIZE BI107empsd — T —1Ch B S (F-5.1.1) . AFEEE L TE5.0X10
TemfsHIEL L Bbs,

[&F1)

BB OWTIL, BILBARBOKERES HBZEOTHMAAICHIIL SN2
(KE-6, 7) DBEKBEDOITETHH4.35%X10%m/s & . BHEOFRFHICHD £ /2id
BT 5 HEICHITLE Nz 4 7L (KH-2. 3. 5. KE-3) DBEKBHOMNEFY (6.67X
10"cm/s, 358) &£ 01 F— T /NS, T, BABLURMEMAREITE DICE
20 ST BT DBEAAREL (5.0X107cms) AV, BAEEHAOERBEICIIREE
HHEICERE Lz AR 0EKREE (5.0X10%m/s) A5,
BAEMOIEHARICE LTI, V=T A Y B I UBEENRD O RO LNIZEED
EEHE. FLEBARKBIZE VRO ONABKBEEORREMF AP L BIIBLL
N65" E70° ~90° FEIZHBHDT, BT YV VOBERS L HEEHARE ZOH
HOKFES & UHBEFEICE Y, BT COWMEERTAAMIILLILE LT,

(A3 B ]
SEFVBRRBRERE, £ T—RBAKICEET 5 R—Y) Y 7IRTREL
bOTHY, BEERRAMTOEAKRIETFIITORLTOE . BREFHOE
KR BT 1 F—F—BWELTH I LI LT,

52 . EnEH YV — Y EFVOER
gINE YV — VEFMEBRICB W BKREEE-5.1.21T7R7

#.5.12 ENEYV—rEFMEBICA V- ERER (RKREEHH  N65" EIO )

ghEgy— & — &R
R EE T AE KGR 5.0X106 5.0%107
Fp [ 2l 5 [ K AR 5.0X106 5.0%107
/N E B AERK R 5.0X107 5.0X 108

-31-




PO RSNDR PEHEER S s i ane

6 ZfiAHEEREE TV OMER

6.1 ETFIVIERFIE

E@um%fwwﬁ&7u—%ﬁt\%?Wﬁﬁmmwk%%?—y%ﬁﬁlu:
ﬁToifBTV%E%%#%\ﬁm%%@&%ﬁﬁb\%%%ﬁ%mﬁkﬁﬁbf

BAOFESA (BETE, HH., SMEMBEOESE) 2Rko, BARBERLOK
Bs k0. KEBEOEERE L. %2 TR NIRRT 2 H v T, FIRAETR

E%%K%%%%ELEO%K\ﬁ~U>ﬁ%£iWﬁﬁtﬁ%#%%ﬁuomf\
E&E?ﬁ%ﬂté&@ﬁﬁ-ﬁﬂ'%D@%&%ﬁ%m%i%(:yf495;
7)Y FELEW, TOEHICLTRESELBESA AT, EREDEKRT

VIVERD, EMAHEERMEE TV EERLIZ

EEEEET— 5 |
NWiLiE

L sy

T aznstomsmyss

.
BKF UV IVDEE
BEEREET IV

B-6.1.1 Sl EEGET TV OIERT T —

#-6.1.1 EMAHEEGREETIVOERICAVIEE

75

EEm] 7 T e ALIRIE B JoF4va=—s7

[EXEE L, |[KH-4,5,6,7,8,9 50| N19W JKF FET DT
KH-10,11,13,14,16,17 30| N7IEACE (A, BOiE, 8 |mossofs |O (K4-5Ios)
KH-12]15,18 30| $RE | X UBEDEE

_ KH-19 100{ NI7E/CE |7, BOiE. L& O (KH20fLD#)
KH-20,21,23,25 80%| NS KF !

HE [NWHLE 75700] NAOWRE | A, Baie, fE " O (330m~708m)

%%ﬁ@i@%%) 150| N1OWIKT FL-ZE | BBREESHOEE
* KH-209, 7 #100m
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62 BRIMETINV

SEWER L7z 3B OBESHEF NV EM-6211IRT, H—EFNVIE, £FHTE
BOTBEENED LR WE L, BREEICHVIMEDH/ T XA -7 2L&TOFEET
F—IC L2 EFNTHE, —F, PY—FFIVTIE, BREFHF L F0HE (—
) TOBBELSHIHEEDECE XL, BEEPH CORBRBEE & TR 2 EM
RGP EFNTH D, S50, H—FEFNVEREY—FFVIZH LT, F—1D vy 1R
HECERESN - BRE Y RERWIIMAZEFTVLIER L (Vv Fava= v
7)o AB—EFVTIHBRBEEFHEINBTRLLIBHEOMNIA—IZEFR D
D5, FORBIEL T, BHEF— 5 2RURMEIC & o TREREPTF LIEICOE
L, WEDOERZWHE - FHMEL 72,

W—EFF I

BHAHEEEERT BEY-VBEHRBOBEHE R—ULTH - REED

BhHoEN DEIEEDE N E TR AL r  EHER AN /-
BIEFEROICRE
BRSHRISTA—2E BATE CBOBST
& TOEEBTE— DEWNMCDWTRES

M-6.2.1 e L 7z 3FEEOBESMET IV
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63 BEMETEDHRE

BRSHEDEF VLT, FTEMET -5 CESV TREDEMEN LT, H
8. BEROFHGABLUIRTREFELREL R, EVTANDEICLIVE
AT LT, SEIL. BRIV THHEERLREL. hERLEDORERE
BF— y It Y TIRD, ZOBSEEHERTH L EbIC, Y, FHE EOMETHH /S
5 R —H DT FOFMEEE-63.1RT i, RELDHBABILLER L
F— 7 B F-63.1URT o

B 1S & BEO A IOV TR B OS2 RE L/, RET N ERMNT
A= H ETEHEDRE e B TEE., BEEIMOREGTEERD F L —ARIKE
SWTHI . AERE-Y) Y FIOF— 7 LPELR T EVSEIEEL, 20
AT IR OFHEONE L FYEEDOLAIBRERETHZ L & LT,

KH4-187L : | KD-904iE

- é wm/ENF—4  BOBT-% | bL—ZEF—% ||
. | FL—ZESTH

T@%Dﬁhl fh%(Emeb

I
FHRIOE

7
7

.

)
|
b2
P
R

®-63.1 BELOHESHA D TIE

#-63.1 Mo MM EERT—%

‘ FERF—5
ﬁﬁ. SR K1) YT DH K= v +3E
FifL A Fisherd3 i KH-47L~KH-187LBTV7 — ¥ |KH-4fL~KH-18LBTVF — ¥
B 1@ 5340 EniEsH  |KH-4IL~KH-18ILBTVF — ¥ |KH-4fL~KH-18fLBTVF — %
EESA B OERESF  |B-EROLFIMEL VRE |KDOEER L —AH
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6.3.1 HoAR

KH-4~187LOFLE AL, KH-4~9 (NISW/AFHIH) . KH-10,11, 13,14, 16,171
(NTIEAER )  KH-12,15,18FL BRE M) D3 7V — T bbb, &7
V- FEAB SN S % H-63210R T, COEPS, K= Y TILOFMICL
DT, FRSHRLE o TELNTWE I LS b, — IS, K= ¥ 7ILADT
WAANIETLE L OFEADORE VRTINS CBRESNLYT YT VT D
BHEEINTVLEOT, ZORY EZRRTHELA (EFOM,. 1992) -

E(m)=E,(mn)/n, n,=le-n|

6.1)
ST, el A= VY IILOBN AN FV, n. BREEOBEMERENZ IV, Eyn)
CE—) v FILATEE SN AR HFSGA . Em) [ HIERDOIH TH S,
[1-4.1.190% 3 D05 H 123 LT LROMIEZ TV, Tho &R L TEOF MG
Al LR A H-633@ITFT. CONME AR IRy Y v (BlE) I
D 3onEHty MISEL, XREXD 714 v ¥~k y PMEILETEDTHHA
8T A—F FRE L (H-63.30) o

f(0) = exp(Kxcos9)

K
4msinh (6.2)

I, 0 EHHNSLDAE., . HENT AT ThHI, BohizELy FOF
WHRL & DT A —F % FEK-6321T7RT

#-632 HEGH/INT A—F

Set 1 Set 2 Set 3
Plunge (" ) 142.2 232.2 0.1
Dip (" ) 23.6 14.9 65
K 6.4 7.7 28

BREOERAY T VDT % plungeldiphs & ) 5

plunge : dtHM% 0 & LEEE D £1IE, dip : KF% 0
B5EIST A —F x . 9EC )=1/xX180.0/r '
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(c)KH-12, 15, 18FL

(a)KH-4~9%L, (b) KH-10, 11, 13,
14, 16, 174L

M-632 BEDFMHFA (KHA~18FL, V7 3 v P T LB Z

(b) FisherDMH~DHTED

(@ FHIE - ERBODHM

[-633 BEOHFNLSFDOFIE L SHEHOLTITD
(T V7 3y b TFEEFRE)

6.32 BOBSA & —RITEE

(1) BOBOSAEE
BB DS AT BRI 1L, ROBESHEIEEL 2. BOERS A OWEREE Rk

OIFWRATEZLNS,
' f(t) = A-exp(-A-t) (6.3)

T, AMF L /RO TH A, ZOXPLGP5 L HI2, BoEEssmiiEst
B9 7 ECEMER), BEOBESFHMEL 2B, T, BBEERPHIZRNT

Fzbhb,
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F(t) = exp(—At) (6.4)

W, BUESOIRERETAE t L EOROeRE L L TR TaHEE
BOEELD L. FRBARTESND,
p,(t) = p,(0)exp(—At) (6.5)

(2) —RTHEEOHE
— R Ep,®)iE, FHHHE %ﬁ‘% BHOBMOBEEILRNICTL D RDOLN S,

N(t) 1
py(t) = L2
i=1 I (6'6)

o, N@ @ B EoBOaz, L FHlEoR S, ol FHIRO B RAZ |
»t%“EWEﬁ&%N?bwwWﬁ@%%o
DBIEHITIREEOBEEICE VI A TRENFEL, EDOAEpO)ZE
%ﬁz&bz)_a FTERV, 22T, FREAOEZzZEL, £l EoROIEEHET
(6.5) iﬁb:gﬂi&bé ZEIZED, AMep(0)E KDz,

. Measured
Neg. Exp. Fit

=0.47exp(-1/3.12 1) t>3mm)
VA

.

\ ;
10

0 ¢ 5 10 15 20 25

3amm Aperture t (mm)

M-63.4 BEFOE:—KTHEOHMR (KH-4~181L)

Cumulative Fracture Density p 1(t) (1/m)
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(3) HHINT A— ¥ DYTE

FH—ETWV)

#—F 7N Tl KD-90VEREBICHE T AKH-4~18fLD 7 — 7 I & ) &FEE A
ERXHDLIE L LI, KH-4~18ILOFH D 0% H-6341TRF o ADEESA LA
%57 THEHEE RSP, AOEO/NSVHEECTOBREBEENOSHESA O, Nt
o DEOEESFTELPTIERELY, TFMLOBE,L, £TOROBEE
ERT Lo, SERER  HEBHOSTEETSH Y, WICHIEEIL VA
EABEMBRTEFVICHIVHELEVLIDLEZLNS, 22T, FAOE~
OmmOEE AR E L2714 v T4 YT &) & p0)=047 m", FHFAIE=3.12

mm %?’%‘%o

(FRHE—FFI)

NWHEBICIE - 7-BORE DS H 2 H-635107R T KREZAOBRITENE YV —~
A, BRELHHLTVDZ EHFSHD, 22T, HllcoBBEENE /—>
L —EEITT . KAk Dp)ERDIFEREH-6361C78F, EIMEY—-YA, B (
Zone-A. B& ER) Tik, —#E (Zone-CEFKin) [TH~TEHFHOMET6 ~ 714,
BOBUBETH 2BAEL LoTwh, LPL, Y T VENFTITEL, BERE
DETHBEER—Y VIO F— 7 HFALLAHE) TEFHEB TR, £IT, F—VY
VI F—7 S LokEE LT, ghE YV —YMICAET 5KH-20,21, 23L& —f
HOKH-4~18FL.Dp, ()% H-6.3.71RTo LA L, W& ZIE3mmE, LOEH CHRRD S
FieFELTBY, BELEZRVWES RV, 2F ), ghE V- VAR TIERER
OEFSWERICH S b0D, EEHZTFHAEE LV, SEIIBEEIC, Sl V-
VW@Q@;$E%DE%\aéu—&%@z%atf%itﬁ\éﬁ%@?%%ﬁ

Fractured Zone B Zone C . lFractured Zone A\

Nl .
et

Aperture(mm)
o

300 350 400 450 500 550 600 650 700
Distance (m)

€-63.5 NWHHEICH-o-BAOaROs A SrERSA L )300~710m)
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Cumulative Fracture Density p 1(11m)

Cumulative Fracture Density p 1(t) (1/m)

10"

25

E e  Zone A: Mean Aperture=8.8mm
. s Zone B : Mean Aperture=7.7mm
1% o Zone C: Mean Aperture=1.3mm § |
J;.».th
1075w u !\ [ 4
R BT
:Dq ] ‘%1~.“ _
1073 E { * Z\/ e Eu
] i FracturediZone R
] o\g g o
i \
1 0.’%
0 5 10 15 20
Aperture t (mm)
[-63.6 @ZEAMIEE—RTHENER (NWHIE)
10'

o KH4-18 |
o KH20,21,23
10°
. 1)=0.30exp(-1/4.54 t) i (1>3mm)
10
102 \ e 2
¢ ~ -
10 |
10 15 20
3amm Aperture t (mm)
M-63.7 BZEEOIEE —RITEE DB
(KH4~ 181, & KH-20~23FLD [ 8)
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633 EED
BAERNSOHEEIE., BE, BEPHEETH CORED V- ARILEIY
THIH, R=) v THAOF—F LPRBON TV EVEEEELT, kD22
DHFEIT L YEHEL 720

(1) HEEEO L —ART— ¥ 2 AV/EHE

@ K=V r7IAOROET — 7 © AV /-FFHib

(EHBEOEE T b L —ARDBERZIRE)

(1) FL—RAEF—F % -EH

(FEHTF—%)

KD-9031 18 DK # KﬂbiU@M®3O®WEkOwT%6ﬂfwé%“
V—=AF— &%ﬁ%tt(lam)Obnki F350cmbl EOBZEIZDOWTHE
4D+ —AE, FA, BEOE, TEEY, BEGAEKRE EOEBIZOWTE
MizEES L ShTWVD, 4EIF, FV—AE, A, BREIBROT—-7 %
vz,

(P L—AESDO5MREK)

MU —AESHOWERBERKE LT, Ekr O BERS M L BORED
HD2LOWRESNT VS, WEERSATIEFH LGB EEL2TNERS
BODIZR LT, BOBESHIIEHOAEETETREL, WEFERNICES
MThHb, 2 CHEBEDEEGHZH 5,

(P V—AESHDRY EoHhfEE)
MU= ZESHIICEBE L TRULTO L) BOMDREVPELEZ EFAMLATY
5o '

‘*\rNXN@QS“‘\ R AN 08

ZETARNER AN LN R M e e f

’ ‘ ! Jj 3 \’ b ! 'l"\ ‘z‘ Y 5 £~L X 7 i
"l / g | 4 / , .15; | S 3 - S [ ] /
i } i J 3 2l !
i / !
) 3 ; 3

. ! 7 N ) - / 4 4 -

I . i £ 1. / E

* ] 3 B R ¢ 5\, -~

TS SIENGE TR R \ AN Wi

[4-6.3.8 KD-9 Oy EEEHmOBZE L —AK
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(a) size bias | K& ZBILIEH VY 7Y VT ENBHERFELAH I EILLBRY
(b) censoring bias | BHSEHAER L 20K E L BROEREZFHAT EhnZ e
ICEBRY

() truncation bias : /N S HBEFERPLEPNSE Z EIZEZRY

KD-9OWED F— 7 2BV T b, BHEEOL 8 13+4 Tk, LRORI AL
ETWwaEELbNL, EROEINI B, (@), G)IIT2VTIE, FL—AuwAE
ROIEER % v TSR CHIET 2 DS H1 2 (FKulatilakeffi(1984)1C & ) B S
NTBEY, @©QI2PVTH, FL—XESOSHABERETAILICIVHET S
ZENHETH S,

KD-90VEOF M, FAIBEE, HRBEEICBITA ML —AREDGH % b TILR
HEEE L, M-639LF-6331TRT o MYDHEZTLEVEEDOFHFL—A
E131.78m, EHERZEIZ1.05mTH %,

190
¢ e  KD0 ceiling
a o KD90 west wall
0.8 A KD90 east wall
z
5 :
3 0.6
@ Neg.Exp.Distribution
4 P(>l)=exp[A (-0.5))
5 : A=1/(1.78-0.5)
2 044 :
o
o
024

— &3
0¢12345678

Fracture Trace Length (m)
0.5m

M-639 FL—2ESA (KD-9 0IiEREMH)

#-633 KD-OOYEREMEIZBITS b L —ARDMETE

<\<\\\\ P 2B BAE | BB | Bk | 78 F L AR
(m) (m) (m) (m)

KD903E K 491 5.420 0.500 1.071 1.797
KD9OYTE FaEE 258 4.840 0.500 1.068 1.776
KD90HTiE BB 277 4.840 0.500 1.021 1.764
) 342 5.033 0.500 1.053 1.779
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et e e 2 B e A Bt it e b 0 A o P

HD(@) . G)DRY ZFWET 57O, Kulatilake&WuDFHEZHWTFHY L —2A
EARDT. Kulatilake&WuD HFETIE, BREREFHEZIATOREUD SEDF
WL —ABRHETAIFETH), dfizRELL), H4DFV-—AEEZH
WBLENLEL, FH VAR ERRTHELON S,

wh(l+my/m—m,/m)
(wB+hA)(l my/m-+m,/m)

A= Ellcosf]=1/ NZlcos 6}
_ i=1

¥
B=E[sing]=1/N ) [sin6,
sin6f1=1/N fino] 67

SIz. mO L DERTELV VAN, m2 WimE bEETEL
L—AD%¥, N:&rV—A%, 0i.iFBO M — R LBEEEORELDTML
BT, w, h K42, FrTIVITI4 v DL, HOORE, Thb,
KDO9 0HEIcBWTIE, 4D L —ADWBIRFLUT O L 51058 - Ll
ShTwa,
X o b= ADWmDPFHEGHBANNETS D
R: b —ADMHEHPREHBATHRTHHD
D: b —ADHEPFAEHBEATHDO F V-2 Y O5NEHD
B FL—ADWIFFAEHBEATHD F LA OESPNTE LD
ST, W E LB TELV NV — A Fclass 0, FWHVBRAITEA LV —A%
class 1. Tish & HENATTEEZ: P L — A #class 2L KT (KR¥EAl, 1991) o XU\ﬂ IZ&
CHEABETELNT, R, D. BEZELDTYLERTS L,
class 2 . XX
class 1 . XY
class 0 1 YY
Y b, SHDEHITLT, KDY 0OHERNICBIT S ZclassD b L — A ERD,
(6.7) XHOLFH PV —AERZET LHERTE6341TRT,
BEBRICENREDONEFEH L —ARIE, BEEICL > TEFILS DD,

#.63.4 Kulatilake@WuD FEICE WV ROL-FHF L -RE

\ FL— AR classO class 1 class2 | ¥ U— AR
(m)
KD90YiE Rk 491 26 122 378 0.922
KD903H FgEE 258 42 96 133 1.172
KD90ILE HEE 277 40 62 175 1.759
SEHy 342 36 93 229 1.284
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Bl ~1TmBEE 2 ). RICEMREICL Y kDZFEH L -AE (1.78m) &

KEGEITEY,
T, PL—AEXDED

Ko, Bid L72)D{R Y (truncation bias) Z#HiEZ TV
TH (BS0~conHFICBITAEY) HEETHLLDIC, PV—ARESH

DEDORBASH~DEEEEHRETT 5.
FL—AEOSHPEORESHIHE) LRET AL, B3 IUEOHEBEICST
BEH L — AR 3 oL —XERe L ROBRICHS (REME, 199
(4.8)

A

D o
Bire = Hogs =1

OB ERAG, Pk LTERTEYICLAFH L -AR=178mE A\

DFHIEIT1.78-0.50=1.28m & HE S 1B, BORBN i DRBHEEEEPD

2. XKRNTHz2bNM5,
mn:xaﬂﬁuyﬁﬂ 45)

A=l pwe T 2, FIHOE-63.9DHFIH LT, £E0.5mP EOFHT

Tz, A= s
EBOREAH S TEOIEREFAHRIRT, SOREY, FRO N —ARS
Fitd. ES05mU EOHBETROEHOIMICLYELEENL I LD TH 5,

( ERSA DBRE)
RS DREE MR TRENLBEDRESHIHE) DD ERET

%o
fr (r) =Ar exp[—lr(r - f)]
1
(4.10)

Zic, ) EROTH, T RAEETH S,
%“%M%f%rwmbt%é\ﬁ EDEHE P L—AESD— 1 FEFHDH
7% (Oda, 1983) -

(1) ==t
2(1") @.11)

FBITKRDEH I
N —AESDIRTHTH D, KDOYLERERO L —-—AKID

o, ()
F—% (1>0.5m) #» (M psezs2 L0785 Ameiy, Thi ERIAAT
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e e AT it LT kel e Pt e ettt S et S A i nl L el L i i ik MMl S e Bkt 38T SN, S bt AL m b W b

e D=20mtBoNG, 727 L, BoRESHIcB TR i RET 57
. BHICERDONEV, FXTL05SmD L —ARDERNEILOEEL
720

(f)=2.0m. $=0.5m% F\CBESH % 54£E L, KD-9OWEER ICHNS P L —
AEGHEYVI2ab— L, EREEBELAERER-63.10127F, SOMEY,
EED - AESOSHOBRENER SRS,

1
L ]
~ e Ceiling
,' KD9O0-drift o East-side wall
1% A West-side wall
= 4 e Ceiling
'; ) Simulated | - - — - - East-side wall
= West-side wall
L
5}
L0
[=]
€ 0.5
2
k!
E
3
(5]
0
0 2 4 6 8 10

Fracture Trace Length, | (m)

[-63.10 b L —AES
EME VI 2L — Y a YDOEE, KD-90YE)
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@) K1) v 7RO 2 A 7zEFH i

Fe) ¥ A THBEOEN ) KOV THOEREES Z LAELVOT, 2
CHTEHENEE TYER (F/E LV —2E) OBEEEREL. KD-90SEELD
Koy v 7H, (KH-A~187L) POSEREIIES > PHEEEFMT 5. |
BEOBEMIEL b L—AEOBRICOVTI, Hib3987). EBMA9HDENRE
B (WFRLTERESD) 55 b, REWLPICBW TS, HOMA9IDIENW, NEHE
Iz BWTTEHER - PWHOELEE L., WEOL (FHROB/ PHER) LL
T54X 105 BTVD, FEXBOEEEZ T Db D EM-63.11IITR T, T/,
KD-90YEF# - i TH ML —AELHOECHEBEZRHPICHFETRT . O
5. FL—AELEOEOMEIRTEC 1~ 24— FRETIELDVTEY, FITKD-
QOPED 7 — & T E ALHBEBR S TWWY, 20L& Il, AOE,rCEEL
S5 - Lk LAY, SERTHEREYFHEORO 3 0 0 0FICHE L7

1 0 : 1 i
- H A
(1) : Kikuchi et al.(1987)
(2) : Shirahata et al.(1 5_394)
1 01 LSRRI (I0) 8 LS Sl i ik (oo SOOI
€
5
g 1 0 ............................
8
o
£
2 1
@ 10
a
I ’
g / /2N N IERTERERPR Shirahata et al.(1994)
102 : — - — - - Noguchi et al.(1991) }...
’ e o  KD90-ceiling
/ s s  KD90-gast side wall
- — = = (m)=3.0 {mm)
10? - ;
10° 10? 10" 10° 10' 10°

Aperture (mm)

M-63.11 BZ ML —AEELFOREOHEE
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634 3RTRZEEE
(1) BEOEEE
BIAE MR TETMEL 54, BEBPLD 3 KTBEEE, (EAENICE
NBBAEPLEADTFHEL) AR TEROSNS (Oda, 1983) o |

4 1

P ;Pl@ (6.12)

I, gl —RITRREE, <> BEROEED 2FEFHTH A, FiZ, BEOE
BOMBPEDEESHOGEIE, ERPOEED 2 FFHIE, 1 TP EHNTX
XTRDOLN B,

(r?)=2(r)’ (6.13)

) TREAOBOREIC L 5 5EB8REDIEH

Bl L7z & 91T, SEARYEEGREEFVIC X BETTIE. s 08EOBKE -
EHEREEZDOEMEKT VI N DEEH L LTEHENL 120, HL0BEYL
AY Y afbTRBLENEL, P )EL DRBE T BITICHAARL - L ST EETH 5,
L2 LS BIDIRBBTICB W TR, ETDEREEET S L., BATEBA DO BZLE)s
H100A~%1000ABEERD., SlEKT ¥ VIVOSTEN, SFEEE - BEO
HTH#EE 25, 22T, HELZEKEFBVEZZL b HEHAS HEOKEZ
A ZEITE ), BERBREEZIERET 5,

(6.12) FKiZ (6.5) REMATH L, BREEFE L TEHOBEOEGEE KD O

g ..
£ 108
= ()
2 2,
E ..."-C"@ "
g 10° S
X oy
E & A
=] @q-, Iy
5] 2 )
= % N2
Ty =70
3 (//'@ -,
s 1 ot 0,;3 :
g St
o &)
3
g 10
=
z
1 04— ——— e .
0 5 10 15 2¢C

Cut-off Aperture (mm)

B-6.3.11 TREOEE ZESRBOER
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b LT, FEEBEITBITESAER (400mX400mX250m) ZFELL I EICLD,
FEGBHM L THREOECBERYES, FOBELYM-63.111C78T, 4EIE, FERE
DREEEOBRFICED, BAEZH* 1 0 0FERBEEL L, TERADE® 3mmi
BE L7

635 BEFIEDITLD
DEDPSHRE L-BEDKEE X THE-63.50R T T/, W—ETNVDINTA—F
= HAWTEE LI-BRS A O—5 % H-6.3.121277 T,

#-635 BREOKEITDA/INT A—F

) NG—F TNV
A TPy

S EAT B T8 (mm) 3.1 ' 2 4
/b4 B O i (mm) 3

$iéj[‘a‘_{%(m)- BTVF — 7 {£H 94 6 12

HiE T — ¥ A 2 2 4

—RICBREE(/m) 1.80X10" 1.26 X 10" 2.52X10"

BTVF— {64 1.31 X10? 1.30X10? 1.38 X103

ERTRBBE(Vm) HETF— Y EH 3.66X10% 2.57 X10? 1.14X10?

* FHERICOV T, BTV — ¥ EAREFEYROED b RE LB, ET — 7 ERARKIENR
HERIV—-AESHPOHRELRE, 284K L1

SO

“8:

B,
A

(]
(Y

R
g

o ;Q
I AR

s

A ! 0 * > 4
:l 3 : .:. -?‘.}‘ s \:.:;‘ %Q ((. } ‘\ "“
NSRRI
58 ’ By %&Q..h:_k,vz-.. A X
o N7 O £ i

(-6.3.12 584 L7-BHEIH D—1Fl
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6.4 KEZEHROBORE
SATEA BAONE GRURORE L 9) LREMICENZAOE OKEROEN
LET) B—RRICEL S, MEOERICOVTE, kRO FIBEFEERE L1,
=0ty (6.14)

FEHIES « KD BIDIT, FBINRELZBENT A -5 (BH—FFNV) zH
TEKRKRBOY I 2V —Y a VEfFv», ZREKH-SILOEKAERFER L B L7,

T3, H-64.1RT & 9 —A65SmD L AFHEBEHICB W TEREEFEA L, FilrH
AR F IV EVER L o RICHIFERICBTEKE=0% 5 2, BATEEFL
DEKSERREZHE L 725mE & ) EJIKE=1TEK LB LN REED, HE
KB AER L OB+ BEBEDOEBMHELZELZTL 0 04 —AfFWiEK
BEDSF KD, EBEOEKSEE (KH-5FL, IFTEEB & CEENV T+ Y HER)
ICE B E B L /R H-64210R7 T, 72720, Y ab—¥a vy OEKERE
105 L Th b, 2% 0, BEAARNOZRUPH Y Lo L THIE, o= (109
=102 5 &, EDEKBESHVIZEEFRTE LI ENFTH S,

SLEBIRSY 1 P=0

EMA Yo

65m X 85m X65mai

M-64.1 BASKEY I 2L —3 3 vy OBFELE
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1 0.4 "
1 0" 5<I">_f‘59..4m a x
tg 573,006 PHe
g _.;ﬂ*
an - @
2 10 ¥ i“ﬂ
k) *
B X
z 10 i)
= #
'{‘:.} k3
. 3
T 10 :
S - KH-5 (Lu)
1o ] KH-5 WFT)| |
E = Simulated
o 1

01 .11 5102805076860 @®5 99 99.99
%

T64n BARBROY I 2l —3 3 VERLENLORE

65 AVF4va=ry
%E%£—077%k§%¢6%%uowfm\%ﬂ%ﬁ(&ﬁ-ﬁm~%uﬁ)
ﬁ%%nfwé%%ﬁééo:y?4va:y7&w\%%%u%&th%%ﬁuﬁ
Lf‘Lﬁ@%ﬂ%ﬁ%%ﬁ%‘uﬁ&ﬁﬁiﬁf%é(Eéino
?Mttfd\ﬁ$%K%ELt%%®5%‘ﬁ%@ﬁ—UVVﬂ&&%?é%ﬁ
%5??AK&%&L\ﬁ—u77%-%%&&%#6%%%@&%&%-ﬁ@-%
DE%%E?%i5K%§%%@?6Otﬁb‘%ﬁ¢®ﬁ§m~§uu&i6f‘
ARk hikET 5 ([-652) o
%@u\K&ﬁhKHﬂMkNwﬁﬁWfﬁééﬂt%DQMmuiwaﬁé:y
F4yamvy L (H653) o

. B )
e - F *
te % £ *
- . B '

N i ..::!:::::. “‘

. & *

B .
.
*e £ K
‘e B33 0
& ‘s 3
& ., &
& . /
IR avF4vaz v TBROBE
.
HEREICRELLCAR

() HEEETN b TAVFAvaZVIE

M-651 BRESHFOIVTALa=rT

49-




BREA-Y P IADRSE

KH-20¥J

S24 T KH-5A

$-6.5.3 :(1‘/71"4: a v ZICENELNIE
J7A7. ;
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6.6 A EERARE T IVOIER

661 27T v 7TV INICE RO LEKETE
SRS G BT T ML, BKT VY NEBEERIIRDL D, BONDEKT
YU NERHEIC B 2T ERDFHN LEMZER T H12O, 7T v7 7T
VUM )BT Y VIV ERKICTL Y kT (Oda, 1983) o

Kjj = MPwud; — Py)
Z 2T,

Py = (mp. / H)ta* (1 )Ny

Ny = J.QninjE(n)

THY. v BEOEEBEQ/m). b AKEEOEm). r BROEZEm), %8
PE DB Y b vnOxiK T 555 E@) | nOBEEBERK. Q' €1F
fy(=am), dy 1 2RV A—DFNY | L BEDEFEIHET HREE12)TH 5,
H—FF N OBEFEEEHCTERT VY VEEE L HERER671LH-67.1
R, BABLUCTEESHOSIIE, BROEHT ALY P IOTHHELSHY ., &
INERIIZ038E o tn, 1B, FHBKGRIKLIE4.8X10%cm/sec TH 5o

#6661 7TvITFVINIEYRDIEKT VN
KK, FEAH FEER

K, 1 275° 63°

K, 0.94 36° 13°

Ks 0.38 131° 22°

FHddet0 HED £ E, EEHIATFL0 BEZ & LAAE

N ty b1 D
BUEHHE

bS5y Ty I NI L BEKRT YV IVOEEFA
_5]_
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6.62 FF VOSSR

SRR L 7B KR A E TNV DT — A—E % F-6621I58 T, BEFNVIZONWT
BN BEZEDFEERBEE (= (K114+K22+K33) /3) D5FH%H-67.3 (
CASE21~CASE24) &£ [H-6.6.4 (CASE31~CASE34) 127”7, HHDEWIZ, FHE
WEEDEN (£493m&20m) THY, BHEEEINSVWEBEFESEL &5/
» (42888) . BEOGHOFH, BRBEDINT Y F /8 { H—12iEw, K-
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