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Fracture Characteristics in Japanese Rock

Yuji Ljiri ', Atsushi Sawada’, Kuniaki Akahori”

Abstract

It is crucial for the performance assessment of geosphere to evaluate the characteristics of fractures
that can be dominant radionuclide migration pathways from a repository to biosphere. This report
summarizes the characteristics of fractures obtained from broad literature surveys and the fields
surveys at the Kamaishi mine in northemn Japan and at outcrops and galleries throughout the country.
The characteristics of fractures described in this report are fracture orientation, fracture shape,
fracture frequency, fracture distribution in space, transmissivity of fracture, fracture aperture, fracture
fillings, alteration halo along fracture, flow-wetted surface area in fracture, and the correlation among
these characteristics. Since granitic rock is considered the archetype fractured media, a large amount
of fracture data is available in literature. In addition, granitic rock has been treated as a potential host
rock in many overseas programs, and has JNC performed a number of field observations and
experiments in granodiorite at the Kamaishi mine. Therefore, the characteristics of fractures in
granitic rock are qualitatively and quantitatively clarified to some extent in this report, while the

characteristics of fractures in another rock types are not clarified.

System Analysis Group, Waste Isolation Research Division, Tokai Works
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4.3.3 A0

FPITiE A (1991) (&, NW HE® 35m X[ (435~470m) 2B WTH b+ L — 2 FE430cm L
OB ENRE LIAF YV IAVEILIB M —ARHAEZERL, M43.7I1CRT LI %
FP—2AE rDBESMERRIRT L) ZEOEBMESHATELTWVS,

P (r) = 02exp(-0.2r) (4.8.1)

ZAMILNOKD- OB TEMEINBRERAXICIVBONAL N —AEDRES A X 4.3.8
WKRY . 2CT, KD-QOWECTEMMIN-BERAETCEI P L —ARP 0.5m L EOBREZTR L
LTBY, I-lEES Y 3m THHI L, FL—AED0.5m~3m OFFANDOAICEE
TAH5L, FL—REORBAMITIZIZREFESHICK) ZEF¥DR B,

N
[®]

p—h
nh O

-

M@y/L (1/m)

o
itn

o
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2 3

c (m)

M 4.3.7 ¥FV—-AEOHEESA (FOE2», 1991)
(el IAFEAE, AEliXE P L —RE)
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4.4 FEE
4.4.1 BEOTH

—HRIC, BEEREIZ, WEBMZT TR, WEFE (K7 RV TVEE, Axx>54
B E) | WEOHRETIBEOKS SOHR (BOPEKOFEL L) | MIRER FIC ko
TRESRRDD, ERMLZFEIIHE LV, B441 IR TEROTHE (hH. 1979 ; T
1992 ) FHILIED, 1993 ; ATIEA, 1993) ICE DB LR RREEIC L S &, B2URE
EBHZTTRBUEBRPRALYA F o085 52 Litbhb, T/, BHH TR
WiREEL (ARIEEE) O58EY 7 (BS 30m. 1820.5m) NTORIBEE T, BEYFRE
i 0.25~0.6 &/m (BAHEE 2~4m) LHEXITWE (FHEILIEAS, 1993) Do L, Ei
5 ELEDKE P ANPLHITLERLF—) VIR TORREET 5 X/m DT, 70
IBHOAROEEIIN 1 F/m LHESR TS (THiEd, 1992) , B8y > 7 ATOBE
BEYA =) Y Z7HANTORREE L ) bASVEEI, BB VN TCORBEETIIEEO
BEMIRDL L) A RERBEDAZFEL L TWELRDEE: LD,

ATEP (1993) Ol RE LEREELRE - AIKEP S22 BLBETORTIC LB L. &
AR, 9.8 F/m (FE 240m) 25 4.1 F/m (IEFF 940m) =, 20 ) HLEAOAZE 1.42 &
fm (BREE 150m) A5 0.07 &/m (B 940m) ICIREL & L ST AEASE A TnS, —
7is # (1984) (3, TERPIEE R OBBEEHEE 600m £ THE N BLL 2V (K 4.4.1)
&y NREERRETEE T0m TR LTVLH (R4.4.2) 75, BIEEOSHERIE
ERPHEERIZE > TRELERLZILEEBLTYS,

77 (1984) 13, W CTRAIEE, EMIC L ARSI Lo T2 RARDSRELS Y, B
BOBBFHELTH 2 L CAREFICRITMNELZ I E2RLTWA, BT (1992) 2
HAFIED (1994) 13, AREVE TOBBETORTL I LIC L » CEEMENE 2 ) BAM
DEVCBEREER TSI ERERL TS, 201 2ANEEORYERIZE LTI, B2
@%%E%M%W%&zﬁﬁéﬁﬁﬁ(mmﬂ@%mﬁﬁﬁa%i%hé(%ﬁﬁ#,m%)o

BEXY, BREEIABCHMIZL > TELZ 000, F— Y Y FIL2Hm E80 L v AL
PHE R ETHE SN BRER IR AT Boit/m BE T, 20 L EOAROEREE 20
O 1RET, ERERTIIH 1 S BELEIOND, AREFEINRLETIATBORE S
ELREPL, M- ZXEIEm U EOAKERBROEEIX 1 Fm U TEE2bN5, BRI
BEOEEERFEICE L Tt BEOF— ¥ 554 7% { SRl 2 5B MiE L v,



JNC TNB400 99-091

F441 ANEEE

=15%0y B BE (F/m) BET H
0.25~0.5 HEAMEEEL | FHLIZA(1993)
pidatrsb e (BT8R : 1.0) ' THIE4(1992)
maEE 0.8~1.2 FrEAR M AN | HEH0A979)
3.0~4.0 HEAR b RN
FE 4.1~9.8 gL 5E AT 1E4(1993)
(B3 . 0.07~1.42)
BePRE 0.1~0.5 HOHEE N 2V | LEH(1979)
e ERIKE 0.5~0.8 mEF AN
ZWWEERIKE 2.0 BAH YAV
WA BIK S 0.8 BAH b BV
YV ME 0.5~0.8 HE b AN
Fr—h 4.0~5.0 BHEFM N AL
RRE 2~3. 5~6 KEE AN
5 ) FiNRAE : -
i T T T
& .
L .
Mot ‘ 3
sk . = \
2l \ . ',.‘ : r
RGP )
&0

2441 RSB 2REEELEREORG (EH. 1984)

Bl 4.4.2

PGB ENREICB T2 ANTELEFEOMFR (., 1984)
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41.4.2 BWH - SILYE

B - SURERTICIVBON I RXTBLIU 2 ATEBREES T 443 15577, TOHP
bbb LI, BEEETIE1~64/m (2~8m/m?) |, ERETIZ 1R/ m UTHL 5 4/m &
EET (1UT~Tm/m?) SALTEY, ALEBETIERICLIVIELDEDH B0, ALK
BEDERN 2P Ly, BEEHNLEmE LT, SRESLEFESOHBBRIFEL LS 2
SHERZRL, MEEEOPTHIEMERIREREC2&5H 5 L ODMOBREIL<TH
MBI EREFRVOOPFETAI b, BRISEEL BB THLLELOND, T2, ¥

ESAHERAE ORI, RN EEIVN S (REFREEREBFRONS,
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4.4.3 BREIL

BEHL 550m LoV OWES X TR— ) Y VILIC B 2 BREE O~ EEE 44.2 IR,
BHBERE—) VI BT ABEFERHEEL-AHOKREIEIFELRL D, AREEIZL L
TFTRT L) RERERLNS,

@ NW-NEHETIE, BRICIVES Sm LLEoREENE L L TR0, SRR/
&L, BAREEIBEDIERICI RV,

© KD-90LETI, BEICIVELE 50em B EOBREENFEL LTWAE/Y, NW:NE H#
D LABEEEPRVELL RoTWE 00, BOARIIFEF ISR,

@ KHITIE, R7HF—NTV CEHEENR-ETOREENRL L TWELOBRENE .,
B LRBERR-OBOGR S FEIZERTE (ZoTwa,

A= FITHREZEENHOABROEHEOFEHME 1.3 F/m (&, NW - NE JEEDRK S 8m LA
LFOBREEE10~14F/m £ HIFET-HT D,

REIED (1995) 13, £AHIL 250m LIV OHE 400m REIZBWT, Bl 444 10RT L)
ICRZOBENLTBEHE L) BE—AE (4 7A) | RESGHEEERE 4 E—Aaf (¥
A7B) ., B (F47C) 030054 BB FELTREHAEZERL TV, 20
HER, REBEERME) 714 7B oBRITERELERELEH ., £4483II77T L )12 250m
AVHE 440m K THE L2357 F0BHD ) b7 4 7B OBREOEEIIN 0.33 K /m TH 5
ZENHFEINTWS (KFiFH, 1995 ; Amano et al,, 1998),

O (1991) i3, NE - NW AN COBRBE» SHEICE &, FEERNRET 1.3
F/m, BEERBGET L1 X/m. SCABANNVY 1.2 Bm, SRFEHT L1Em LioT
WHIERL, BEICL o TAZEEINERFICEL2E8HERBDLALEVWIEEZRL TV S,
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F 442 FREI550m LAV BT BEUEE -

BLES &5 2 BAK /oA
(m) | &R HEEG/m)| &%) |8EG/m)

NWHLE 710 898 1.3 - -
o V' —A+B+C 472 562 1.2 52 0.1
V—A 88 100 1.1 16 0.2
v —2B 124 168 1.4 13 0.1
= C 260 294 1.1 23 0.1

NEHLIE 854 861 1.0 - -
KD-905TiE | K& 50 526 10.5 21 0.4
BRI 50 277 5.5 7 0.1
e 50 271 5.4 3 0.1
KH¥L £KHTL (4-25) 1170 6720 5.7 1467 1.3
4,5,6,7,8,9 300 1994 6.6 500 1.7
10,11,13,14,16,17 180 909 5.1 228 1.3
12,15,18 90 524 5.8 115 1.3
19,20,21,22,23,24,2 600 3293 5.5 624 1.0

1) NWHERBHICI VRS 3m L EOAEB I IR EXTETIBELZHREL, 705 bigk
RS ML M L7z, KD-90 HEIZERIZLI D EE 50em DL EORHE Y, KH FLIZRTH—IL
TVTESRESIh 2ToaRings L, F05 bHOBE2MB L.

#2) KH fLid, Edo)EiceR—) 77, KD-90 FiEsiAm. KD-90 SEsE s AE. SEH5mE.
HiSEOFE—Y v FILTOHEERT,

H—%thA

H—#hA

~20cm

21 7B

W T
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e et
RN g T N
Do e s -'-'N'l_' ..

S

= LEA
;/ f £
- P - s 4
P . .
oL -+ 1
Y A . Q
N 7

~1m

24 7C

K444 BEYAT (REFIZH, 1995)

#F 443 250m LWVHEIZBITAAZEE (Amano et al., 1998)

¥ 47 A+B ¥ 47 A 54 7B ¥47C
ZHEE - FREEERL | FEEEDY | ABEHEDD
T R SHE 357 234 123 5
(64.6%) (34.0%) (1.4%)
AHEE (m) 1.09 . 1.96 3.04 -
BEHE (F/m) 0.91 0.51 0.33 —
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4.5 Z2ESH
4.5.1 BEDIER

Priest and Hudson (1976) % Hudson and Priest (1979) i, HE to@HEMEILIT ¥ ¥ A

¢, ~EXENOBIEEIIRT VY A/ T EREHBLTWAD, /. HH (1965) KK
(1979) i1, EREEOFESHRBIC BT 2 SR L -ARAPVWRRH L TRT V5t H#
BALTwh,

—%, REMERWREADICIERRE ) O LRI, ANABRIC LD & U REBHRED
KELBEBDICIIIEE RS - RELAABFREET LI EPHONTHD (FlzE, A
(34>, 1979 ; ARFF, 1981 ; Tchalenko, 1970) o /B2 (1981) RFHE=LHEME LIEHE
HIRCTOREREI & 1. BB OKE 28 0B MBELNErERY 2HA D 5
ZEERLTWA, BPiEd (1994) OBRERERICLS L, B LEAMg, BRCHLTHLE
Uk S hEfsdh oI Libib, |

KEF - /NE (1998) iE, 14 OB TE Yy 2 RAA I U F 4 Y FEIZE) 2 REFENTEHRE
BEDT T2 INVRTEERD, 757 FVRITHE 1.5~1.99 ILHAT 52 Ldb, BREROSHIE
—HFTRELKRZ VDL VEEPHLZ L ERL TS,

4.5.2 ARG

FARFILTIR, K1) Y FIHOBESN L VBROEMSHEF—HRTRZL, 7775 v#
BT LR ENTYS (Uchida et al, 1998) o ¥ 72, KD-90 HLELM Tid, BWEHOK -
) ¥ P OKBEERNERE L £y 7 - RKEOBHBAENEER?S. B 451 107X
BRI R EENAT LW 10m HEOBKROER (28— FA X)) PLEKS
NTWAEIZ AR INTWS (Sawada et al, 1999 ; #ZIREH A 7 VEZEERE, 1999b) .
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West <- (m) -> East
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4.6 BXRERE
4.6.1 BAEOICHE

FNECIIEKRARICL VAELZSTERTRAOBEKGEEIEIES AL DOD, FLroBED
BRBRBOTHEWE L 72FHR 70, BEDEAB I URIBRBRTHE Sh-RROK
—BROEKEREBICHE L THRRS,

ZHEP (1994) OEREORRAREMNRIC L ABKRRERICL L, ANE~OEER
75 IMpa BEOHETRRBOBEKERIUL 108~10™Tm2s + — ¥ — 29 HF LTV 5, ¥1 - 2
B (1980) RRABREECEREIT (¢bemX10cm) TEKRBRTERL., AEOEAE
RIS 1010~107 m¥s A — F—IZFH LT 5, Twano (1995) OFHB T EHMEEERL T
WMURABEESUERMPIFEE I T (¢ 5emXbem) 2 AV BARBERICLS L, H#HE05
~20Mpa TOHEH - R BABOBHEOFEKEFREIT 101~10"m¥Ys F— F—IZHH LTV 5,

ATz —FT O M) (FERE) Tidk, EAB LURME CRBEOBREREIWE &
hTwd (X 4.6.1 28) . Hakami (1989) ORRABHEDOL 7Y H (# 02mX0.1m) % Hw
PBEKRABERIZ LS &, AROFBREBREIL 106~10%m?s F— ¥ — L |E XN TV 5, Gale
et al. (1990) ¥, E¥V'F 4 FHOBAE (H 0.3mX0.2m) 23 L THA 8Mpa DEEIGT %
B L CERZRERT EH L. AROEKERIUL 108~100m¥s # —F— L KD LN TV B,
Makurat et al. (1990) iX, 2 7 (E# 0.15m X 0.2m) # BW/-ZFSEARERIZ L D 1010~ 108m?%/s
A—F—, 7Ty 7EE (ImX1mX2m) FHVAEMCEEKRRICL D 100~10%ms +—
F—btRKDTWwB, $7z, Abelinet al. (1982) @ X F ) SFIICBITAZEME b L —JREREE
RICEB L, BROBKEREI 10mYs BEL > TS, THHEDERB L UENMEBEBEKSR
BIZL VB ONZEKERHO) b Hakami (1989) DHIEEFKEVORFROBE T % <
ZDOVIV AWz EZ LR, A MY AHILOBEOBEKEREIL 1019~108m%/s F —
F—ilGMLTnwaEeEILNSE,

PLEL Y BEEOXRICR O N2 E—AROBRERROREMEIZ 1010~105m¥s 3 — 5 —{2
775 L. SKB (1992) THUho TV 2 AHEOEKERKOHE 1010~108m?/s L —H L 24 %
HEICHD LEXOND, 720, ChODMHEIIE 10ecm~# m DAF —VCOUEETH 2,

IE-3
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103 AN [ ) O S S
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4.6.2 #&nagil
1) B—BaBOBKBRE

A% KD-90 EELOF—-1) 7L (KH-7, KH-8) WITEBLZ ML —9EEBROL 3
2 b= a YEBTER (FLEES 5.1m) 2X5 L, BRBEOBKEREIE 1.07X10"m?s &
K& BTV 5 (Uchida et al., 1994) o F 72, £ AL KD-90 ILELH 0 A — 1) > 771 (KH20,
KH-21, KH-24, KH-25) ATEREL-RERBOGERICL S &, GRAEDOEKEREIL 108
~10"m¥s A —F— RO OLNTWE (FEREY A 7 VEaZEERE. 1999b, p.1-90) .

@) BREOBRERYMLH

I L7 &) CBEREOBKERESRREENE 2 Wz, EaHILoR—1) ¥ 71 (KE-3,
KE-6, KE-7, KH-2, KH-3, KH-55 6 fL48 KfH) TERLA=zF 7L v —ABENLT A >
BKRBROBRPOUTO 200 FEILE Y AROBKBRBENAOEEZ RS D, EEICH:
2 Tl BERBERICE VRD O NABREHE BT R~ TVEHE,I S KD S W HORREOEK
B oBEOBRBRESA L BEMIEHET S HEL, BRREOSHF%EF Yy ) 7 L—Ya >
5L VAROEBERERBDA L EET 5 OxFilet 2 B iz,

(a) HHEHEE

BARAGNLOFR—Y YL TERE LK Fw/izﬁmﬁ%#%t+7+—»rsz;bﬁ
BEINTREXKABRREOROBROERKP L BROERKERESHEHET 5, H 46.2 2R
T BRREEBOGROREITIIHEEIRO LRV &6, HOAREOEKEIZ—
BETR2GHEFEII PP b, 22T, BROBKERESF*ERBREAIICE IR
BOBRROBKERHIIFLVWEREL TUTORICE Y RD,
ﬁE%MT%mL#ﬁkﬁﬁ@#%t%ﬁ%[ﬁmoﬁmaaw$ﬁ#6HLﬁ%iﬁﬁ@
BROEREFREIIFLVWEREL TUTORICL WV ERERESH 2RO,

T, =—— (4.6.1)

SIS T K Li nild, RNTREERKH i ORBEOBRERY [(m¥s]  BREEH [mss] |
REE [m] . AOBHEOEKE (F] TH5, ?%Bﬂtﬁ?kg{fﬁ#{ﬁ}?ﬁﬂi B 4.6.3. 27T LS
SR BIEEAIIFE, T ONBEHEIL-8.99, MEEFEIE 1.07 T, BEFHEEOTY
B FERE, PRExIIRRNIZLY, 2R2ZN 218X 108 m¥s, 4.61X107 m¥s, 1.02
X109m¥s ERDOLN S,

p=exp(cA +1/2(cC))

o = mfexp(cl) -1 | (4.6.2)

x, =exp(cA)
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ZZ T, ¢=In10=2.303 TH s, ZFRBXEANOBHOEKEREZ—FELERELTBYEXH
DTS EPFHLLINTVE 72D, FONALEKRERBSAREROSHLY LIFL2 XX
NECRoTwBEEERLNS, JBRONTBRERESAIE. BBEOXML VB O - —a%
DFEXEAFEDHATHEE 1010~106m2/s F —F—%2EEL TV,

100 ¢
= o
X 10k °
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1.E-11 1.E-10 1.E-09 1.E-08 1.E-07 1.E-06 1.E-05
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X 4.6.2 HAREL BOREOEREDBIFR
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TA9T AL DRI ERS A (EHR)
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(b) OxFilet &

Osnes et al. (1988) T & 1 $2P8 & 7> OxFilet # (Osnes eXtraction from Fixed-Interval-
Length Effective Transmissivities) 1&, FALE THlE SN2 ERBEO S L BEDBKE
REGA L RRFETHET H2FETH B, OxFilet H=TIE, HITRKIZEBHEHAD AT ERLE
P DERMEITER L. HFEKRBRXEADOBRERBIRT VoS AICHE D) LIRET S, 5. &
ROBRERPONIBERSA L QREEOWIMELZREL. EVFI vy Ial—Y a3 viC
S ERBRX IR LA SR TERMOBRBEERD B, RIT, RDLN-KHBXED
ERBRE D5 AG DIEALE TOEMNME LSS & 5 12.Simulated Annealing FH:12 L YV BEDFE K
SFRE A L RAFEOREMERET 5,

OxFilet B:12 & 0 3R b Nz BKERBOA IR, K 4.6.4 1R T L) CRBEEIKESVIZL
BKERESAANEWHICY 7 b L, BEEE L ERBRESAOHEEIT L 1 E—DEsTE
SRV o0, WHEEETH SN (RFRH) Z2HLIHHLTWEZLEbd b,

0.6 |
L ; ; ; Frequency = 0.5frac/m
05 r . . . \
Simple Analysis ' Frequency = 0.7frac/m

iy :
z 04 r - i |
8 N Frequency = 0.9frac/m
£ 03 ainingyn 1P |
‘% | Frequency =2 8frac/m Frequency = 1.2frac/m
3 R shad
B o2 1\
Q-‘ = ] D "

0.1

0 1
-14 -13 -12 -11 -10 -9 -8 -7 -6 -5 -4
Transmissivity (m2/s)

5 4.6.4 Oxfilet {12 & V)R & Wiz EBKERED A
(M FtEHEEEIC I VRO LN EKBRESMERT)
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4.7 EHOWE
4.7.1 BEE DI

—fIZ, BROFORE. SBMENEOWRE, KEREOE. DEBTRLOE D Y, SFEER
FoTRLRDZEFMONTVS (FIAIE, Abelin et al,, 1985 ; Tsang, 1992) o MR
JEid, BREEMOMNHIESR LY Y EAREE (Hakami, 1995) % &2 & W Bz HE L 7=
AR T, KRERORIEKEROER L VAR TR EEE L 2=RN2 E2 BV THEL
R R T, WREBITHDER M L — B CHIE S A - BENOETES bHEE L2 BIE T,
CDEFBTIHEL AT EFHIGA TS,

BMEFFEOEICE LT, - £ (1978) X, RILESB & bR Higiz v TR
OiEZlEL, H4.7.110507 5 ) LAREOROSHFERD TV 5, FHiZs (1984) i3,
BERBEOROS TOHUEICESVTH 472 ISRT X 2ARRNREOEES 2D, i
ERGHLRDIEERLT VS, M5 (1984) &, 473 125R¢ X5 RBHEMAOELIEED
BfRzllE L., TemiiREy 1 MicB W Cid 50m BUETHOEIRIZIZ—% (BIOE 0.3~0.4%)
EBI L, HREYA MIBWTIL 60m MUETIHIZIZEAES 0.5mm B FizhoTwa &
o, HRMEECOBRAIPER L Lo TWAZLEZBBL TS, HHlEs (1990) LAFIZ
7 (1990) FERLAEREFOE—BR~OBHNT A ¥ MEARBRERICL 2L, 82H
AOFEDIRIZ, R—U Y I 0FEARETIIFEY 1.14mm (0~35mm) . FLF 55
DIEABREETIEFY 0.54mm (0~2mm) ERKD SN TW5S, Bianchi and Snow (1968) i,
B 4.7.4 (2787 &) ZRAOREEEOBHEE RS, REL EOICHORSEIT A L 2HEL
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Ak &) . BALICK DR ERLD D (T VERIEY. Btgk, KBLSR L) 20D
D, EEGYWRHTEWEED BEFRLSO I ENDRo TS, T, HF XBEHTE R
Fak, BALFEGYRERTASGHOBERRELEDL VI b o TS (G
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HWEOWNFELER>TWAEDIIFL, F=1) ¥ TIHORT F— V7 L ETIIEDNS 2 TEHEY
bUMESNTHB Y  FEEWELZ ImmBEEZ -2 1M 10em T THHLT0E I bR b,
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