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Evaluation of Hydraulic Permeability along Fracture Intersection
Keiichi TETSU" 0 Atsushi SAWADAL [ Masahiro UCHIDA

~ Waste Isolation Research Division, Waste Management and Fuel Cycle Research Center, Tokai Works
" Inspection Development Company Ltd.
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O Nuclide migration analysis in natural barriers is being performed to evaluate the safety assessment for the geological
disposal system of high level radioactive waste. Fluid velocity and fracture surface area from which nuclides can dif-
fuse into the matrix are important parameters for radionuclide migration evaluation in fractures. Since a fracture inter-
section may have large flow velocity and small fracture surface area, retardation effects in natural barrier might be
reduced. The purpose of this study is to understand the fluid velocity and fracture surface area along fracture intersec-
tions.

O In this study, permeability tests in fracture intersection were conducted using granite with a natural Y- type fracture
intersection. The test results showed that the transmissivity along the fracture intersection was greater than that of the
other parts of the fracture in the rock block, and indicated the possibility that fracture intersection act as an important
pathway for the movement of groundwater and solute.

O As a future study, geometrical structure along the fracture intersection will be investigated and fluid velocity in the
fracture intersection and fracture surface area will be evaluated incorporating the results obtained from this study.
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High Level Radioactive Waste, Geological Disposal System, Natural Barrier, Fracture Surface Area, Fracture Intersec-
tion, Natural Fracture, Granite, Nuclide Migration Analysis, Permeability Test, Transmissivity

ooooo oobooo ooooo
pooooooooooo 0ooooooooooD poooboooooOooo
gooooooooooo oooooo 0
0ooooooooooo 0ooooooooooo 0ooooo0ooooooo
ooa gooooooooooo

000000000NeMoOImm



OoOooOo

omooog
gooboooboobobooboooboboobooon
goobooobooboboobooobooboobooon
goobooobooboboobooboobgooboon
goobooobooboboboobooboobooon
gooboooboobobooboobobgoobooon
goobooboobobobooboboobooon
O00ooooooooo*®ooooooood
goooooboboobooooogoooobobobo
gooboooboobobooboooobooboon
goobooboobobooboooboobooboon
ooooDooboobOoooboooboobooon
oooooobooboooboooboobooon
ooooooboboooboooboboooo
oooooobobooobooobobooon
ooobooobooboboobooobobooon
ooobooobobobooboooboboooon
gooooobobooobooobobooon
ooooooboboboobooobobooon
gooboooboboboobooobooboooon
goooooo
goobooobobobooboooboobgooon
goobooobobobooboooboboooon
gooboooboobobooboooboobooon
gooboooboobobooboooboobooon
goobooobooboboobooobobgoooon
goobooobooboboobooboboobooon
goobooobooboboobooboboobooon
gooboooboobobobooboboobooon
gooboooboobobooboobobgoobooon
gooboooboobobooboobobgoobooon
gbbobogoobooooboboboooobo
goboboobooboboboobooboobooon

EERR

F v )l

gooooobooooooog

gbobobooboobobooooboobgoo
gbooboboobooboboooooboooboo
gboobobooboobobooooboboon
gboobobooboboboooobooboon
gbobooobooooo
gboobobooboobobooooboobon
000000000000 oo000ooo0o
gbooboboobooboboboooobobon
gboboboobooboboooooboobon
gbobobooomuoooooobobgoobon
gbobgoboooooooboboooooo

BATIRbL= WQL 000

y
0000 0yr/m
OO00D000000OdmOd
OO00D000000O0omO
Q0000000000000 mMYyrO

gboboboooboboboooooboboo
gbooboboooboboboooooboobgoo
oboboboooboboboooooboobgoo
gboboboooomoooboobobooon
gboboboooboobobooooobooboo
obobooboooboobobooooobooboo
gbobobooobooboboooobobgoo
goooooboboboboooooogoooooo
gbobobooboboboooobooboo
gogo
gbooboboobooboboooobobgoo
gbobobooboobobooooobooboon
gbooboboobooboboboooobooboon
gboboboobooboboooobobon
gbobobooboobobooooobooboon
gboboboobooboboooooobgon
gbobobooboobobobooooboobgoon
oo

goboogon

gmooobobogoboobooooo

goboooooobooobbooobbooon
goboooooobooobbooobbooon
gobooooboobooobbooobbooon
0000000000000 oooooo
gobooooboobooobbooobboanbn

000000000NeMoOImm



000000o0dmx JO@mx O00000mO 0O
goooooobOobobo0obd@dmx OOMm
x JO0MmOOO0OO0OO0OO0O00O0O0bOO0o0bOOon
gooboooommbboobOoOoOOooooomo
OobDOo0obDOoobDoobooDoOoOoOomadbd
Ob0000madbdOOOoOoOoOoDOoOoDOn
gooboobooboboboobooboobooon
gboboboobooboboboooobobomao
gboboooobobobobooobobbmad
OpOODOCOOO0OO0DOOCODOOOOODOooO

3
(a) BEREM

(b) BRERX

B BRIER

D
(c) BHEE

ooooocooo

gboboboobooboboooobooboo
gboboboooboobobobooobooboo
gboboboooboobobobooobooboo
UboMdchboboobmcobobnoobOon
gbobobooboobobooooboboon
gbobobooboobobooooboboon
gboobobooboobobobooobooobgon
UMcoobobgoboonog
gbooboboobobomobobobom™mo
gbooboboobooboboooooboobgoon
gbobobooboobobobooooboobon
gbobobooboboboboooxgobgo
gboobmobobobdoemd@ogooon
obooboooboooboobobooooooon
obooboooboooboobobooooooon
oboobobooboooboobOoboooooon
00®M0O00M000000000000Mm
obooboboobooobooboboooooon
obooboboobooobooboboooooon
gboboboooboboboooooboboo
obobobooobobobooooobooboo
obobobooobobobooooobooboo
obobobooobobobooooobooboo
gbooboogonoca4m
oboboobooobooboboooobooboo
obobobOoobooboboooooboboo
goooooobobobooooogogooooboo
gboboboobooboboooobooboon
goooobboOembOOD0DOOOOOODOO
000000000000 oo0ooooon
gboboboobooboboooooboboon
gboboboobooboboooooboboon
gbobobooboobobooooobooboon
gooboogooooo
gbobobooboobobooooobobon
0000000000 oo00oooooooo®™™
gboobomooobooooobooboobomo
00000@MLl®00000000000000
gbooboboobooboboboooobobon
gbobobooboobobooboooobobgon
obooboooboooboobobooooooon
gbobooooooboboboooom™moon
gbooboooboooboboboooooon
gooog
Ooo0oobooobobOobooooobDmwt O

00000000 0NeMOoOImm




OoOooOo

1EIKAR

EREH —
% E ; ‘l il
11 —*—”//:

11
[ 111

R— b
CEBEKE & UKERBIEDR)

(a) LEsKARERAT (FARB

12 [2a]
A 1723
1622
24[23]2[21]20]19] el
181716 15[ 14| 13] b .
|19
1T
|
WY
8 N
\ |
@ [
! \
19]13
2014 N I
' % e —— [19]20] 21]22] 23] 24]
23] c
- AR

goboooobooooboooooo

gooboooboobobooboobobgoobooon
O0™Mo00ooomwD 000000000
gooboobooboboobooboobooboon
gooboobooboboobooboobooboon
goobooooboobobooboobooboboon
oooooooooooooooonDobmomm
000 00Mx M*000x= MT kg/mIs0 0 000
000000000000 =M= *00mx -
Okg/00sO000000D00O0DOOO

omooboboonog
goobooobobooobbooobooon
gobobooobbooobobooobooon
gogbobooobbooobbooobobooon

D R=R7ACTE "R
(EAEIZERY 5hiz
FElEE L &S

(b) EZKARERAT (FKE2
oooooooooooo

obobobooobobobooooobooboo
O00p O-OmMd OO0 mm OO0 mmddO
gbobooboooboboboooooboboo
gbobooboooboboboooooboboo
obobooboooboboboooooboboo
gboboboooboboboooooboboo
gooooobobbo00deO-OmmioononO
oobobooboo@mooooobmobooboo
obooboboooboobobooooobooboo
obobobooobooboboooooboboo
gbobobooobooboboooooboboo
gbobobooboobobooooobooboo
gbooboboooboboboooooboobgoo
gboboboobooboboooobooboon
gbooboboobobooboommoooogo

EE &A=
KR | —
(BRI T ) L

A—ii—7n— AR B

</ A—5 KEEAE)

|

</ A—% OREEERIE)

EOKEE
Tl A
HKIE

F—i—7n0o—

S (PEE) E

BFRAEL L
FRUNY H—
(2% RE)

T S e
I

whAER

—T—
'

o = |
GER. Bk#E
EECHEESDES)

cooooooooooon

000000000NeMoOImm



goooboommidoboOoooooobOooon
goobooobobooboomMmmdbgooon
goobooobooboboobooobobooon
goobooobooboboobooboobgooboon
goobooobooboboboobooboobooon
goooobobooooooooooooboboo
goobooboobobobooboobgooboon
goobooooobobobooon
gooboobooboboobooboobooboon
OO00oOooooooOooanhOOOooooong
gooboobooboboboooobooboon
oooooooboobooooTOoboOooOon
oooooobooboooboooboobooon
00000000 T.O00O0OOoo0%0
oooooobobooobooobobooon
oooT.0000000000O0DbDO0o0b00Oo0On
o0oooooobhDOODOOOmMOODOODO

Tk QK
L

T, 000000000000000mY/s0O

T 0000000mY/s0
p.O0OOO0O0000kg/ndsO

p 000000kg/nDsTQO00OmMY/sO
AhOOODODOmOLOOOOOOOOOOmMO
w OOO0Ooo0ooodmO

w =

124 Q 124
b:#T e :
o.g i Ah pg Hoo

b 0000000 mID
p 000000 kg/mD
g 0000000m/s0

00000000000u0000000000
0D00000YVe SO00000O000O0000O
0000000000000000000000
0000000p Op OOMD kg/m 00000
0000000wWmOODO0000O0000000
000000000mOOO0OO0000O00000O
0000000000000000

gooboooboooon

gmpoooboog
gbobobooboboboooobooboo
gbooboboobooboboooobooboon
gboobobomooooooboon

gmoooboood
goobooboboboooooboobo
gbobobooboobobooooobobon
O00QUmY/s0 0000000000000 OA
AmOOOOO0000000C0CCO00000Q/ZA
hODOooDoooDooooomoooooooo
goooooooooobboooT.,ooooo
goooooooboooobbooobbogon
gobooooooboooobbooobboooo
o000 T.00000000bpODODOODOOOO
O000D0D0DO00OO0O0ObODODODOOODOODO
o000 oOm@M@bOOoOooo0oDOoOwmdooono
gooooboooodombobobobOoboboOon
goboooobooooobbooobboann
ubobooodgooooobboooboboanon
ubobooodgooooobboooboboanon
oboboboooboobobooooboboo

oooboooobooooboooooon

ooooooao
oo |(ooboo (ooobo |joobooboooa %DDDmDmDD
00 TW m¥sO
(3] A130 18 | C190 24 Omx Omox °®
[RaN| C190024 | A13[118 Omx Omdx 11°
oo Al190024 | C1900 24 Omx Omdx 11°
oa C190 24 | A1900 24 Omx Omdx m°®
A130 18 " 3
oo C190 24 A190] 24 Omx [ OMx 11
A13[1 18 4 3
(3] A190] 24 C190 24 Ox 1 Ox 11
B12
[RaN| B;gg ;3 B15001 17 Omx Omdx 11°
B190 21
B12
(3N B150 17 g;gg ;3 Omx Omdx 11°®
B190 21
oad D190 24 | B19(1 24 Omx Omdx 1°®
O m B190 24 | D191 24 Omx Omox m°
B12
O m Bigg ;i B1500 17 Omx Omdx 11°
B190 24
B12
(RN} B1500 17 Bigg ;2 Omx Omdx 11°
B190 24

0o0oooodwhOd@mOm@OOOO0OO0OO0O00 LO0mE mOd
oooo

000000000NeMoOImm



OoOooOo

’—» 10X 104 (2/s) i — ¢ 1.0~2.0x104(12/s) — : 2.0x 10 (m2/s) ui‘

L] @mer

r—2x1-8
1.6x10™(m"/s)

B
r—Z1-1
/0. 7x10™ (m'/s)

r—21-3 " 4
2.9%10" (m*/s) 1.6x10*(m'/s)

r—21-10

TR 1.6x10°(n'/s)

/2.9%10" (m"/s)

r—2Z1-4 —2Z1-9
3.2x10* (m/s) 1.5x 10" (m’/s)

B r—21-12

1.6x 10" (m’/s)

r—21-6
3.2x 10" (m"/s)

r—Z1-5 r—2x1-11
3.4x10" (m'/s) 1.7%10*(m'/s)
D D

oooooooooooooo@mooon)

0000000mxM™Mm¥/s000000 000
x [T m/s0Mx [T mY/s00 000000
Omx MTmY/s0 000000
goobooobooboboobooobobgoobooon
O0ecmO0OmOO0OOO0D0OOO0O0DODOO0OO
O000o000om™™ oM™ m/s0 000000
000000000000 o0oo00omond
0000000000 000000m™ ™
M m¥/s000000000000000000
goobooboobobobooboobobooon
gooboobooboboobooboobooboon
gbooboooooboobogoon
goobooooboboobooboobooboon
ooooDoobooboooboooboobooon
ooooDoobooboooboooboobooon
OACOODOODOODODODO-DOB ODOO
ooboboACOODODODODODOD-
O oobobooooooooobooboog
ooobooooobobobooooo
gooooobACOOODDOOOOOoDODO
0-ood oo bO0O0OOoooooboOoOoonDo-
g ool bbOOo0ooobooboogoooon

ooooooACOOODDOOOOODOO-
0 0o DbDO0O0OD0O0OOOOOOOOO-Oms
[MOoo0OoACOODDODDODODODODOOOoOoOooOno
dodooooooooooooooooooo
goooooad
doooooooooooooooon
doddodooooooooooooooooo
doddodooooooooooooooooon
doddodooooooooooooooooon
doddoooooooooooooooooon
dddddoooooo-gooo-moooooon
ogoooobdoooooo-oo0o-tbooooaa
gooooboooooodd
odooboooobouooooooboooog
O0Q@mY/sO0000000A RmMOOO00O0
000oo0o0doooQ/Ahd0oooooonono
000o0oo0Q/AhdDOodnooooooooono
goooT,Oodbodouoooobooooad
gdooboooobouoooooobooooad
000000000 oT.O0000oobOoOooO
odoooOoo0o0doooooobphoooooO
JofddoodooOm@OO0OOoooooooon
doddoooowmooooooooooon
O0MMMmOOO000mMoo0Dmoooooooad
doddoooooooooooooooooon
doddodoooooooooooooooooo
ddddoooooooooooooooooo
dodddoooooooooooooooooo
dodddoooooooooooooooooo
dddddooooooooooooooooo
ddddodooooooooooooooooo
dodddodooooooooooooooooo
O00000000000000000mxm™
Om?*/s00 000 00 Omx M m?/sCo0mx [17°
OmY/sO00000000xMTm/s 00000
dodddodooooooooooooooooon
goooooooooooooo- 0odo-mon
O00-M0O00M™”Mm™mY/s00 00000
Ooooooooboouooooooooooad
O-0obo-tdooooooooooooooa
gooooooobodoooooobooood
goooooobouoooooobooooad
OOo@mOooooooooooooooooaa
gooooooood
gdooboooobouoooooobooooad

000000000NeMoOImm



gobobogobooboooooo

0O000 |000o0oo oood
ggo Eg Eg gooonD |00ooooo oood
OmO | 00 TWms0 bl mO
0o D24 B19 Omx ® | Omox 0
00 B19 D24 Omx J* | Omox 0
0o D23 B20 Omx[® | Omox 0
0oad B20 D23 om Omx * | Omox
0oa D22 B21 Omx ° | Omox
0o B21 D22 Omx ° | Omox 0
00 D19 B24 Omx J® | Omox 0
0ood B24 D19 Omx* | Omox 0
0oog D13 B12 Omx1* | Omox 0°
0m B12 D13 HiH Omx M* | Omox
Om C22 A21 Omx ° | Omox
0O m A21 Cc22 Omx * | Omox 0
O m c24 Al19 Hi Omx ® | Omox 0
0 Al19 Cc24 Omx1° | Omox 0°
0m Cc22 Al15 Omx M* | Omox
0O m A15 C22 Omx 0° | Omox
O m Cc24 Al3 — Omx M® | Omox 0
O m Al3 c24 Omx* | Omox 0
RN c21 B19 Omx® | Omox 0°
0oad B19 c21 Omx ° | Omox
0o B21 Al19 Omx 0° | Omox
00 Al19 B21 — Omx M® | Omox 0
0o A22 B24 Omx 11 Omx 11
0o B24 A22 OmxM® | Omox 0
0oad D22 A18 Omx ° | Omox
0o A18 D22 Omx ° | Omox
00 Al6 B12 Omx ® | Omox 0
0 m B12 Al6 Hi Omx * | Omox 0
0O m B16 Cc24 Omx* | Omox 0°
0 C24 B16 Omx * | Omox
Om B22 Cc24 Omx * | Omox
O m Cc24 B22 Omx M® | Omox 0
0 m D24 Cc22 Omd Omx * | Omox 0
0O m Cc22 D24 Omx* | Omox 0°
0 D22 A24 Omx 0* | Omox

gooooooowODmOmbooooo

gooboobooboboboooboobooboon
gooboobooboboboooboobooboon
goobooobooboboboooboobooboon

goobooooobobobobooooooobo

gogoboooobooobobooobooon
oooo-tbo-mos 0o b-000 mos mo

goboboomogobooobobooooboobogoo

goobooobobooobbooobooon
gogboboobogoboboboob-o0g oo
gboboooobobooobobobboooon
gobobooobbooobobooobooon
gogbooooooo

— :0.5x10%(m2/s) K — : 0.5~1.5x10°m2/s) — : 1.5x10°%(m?/s) LA L

g []: EAEL
r—2Z2-18
0.4x10° (m'/s)

r—22-11
0.4x10°@'/5) 4_z9-13
1.9%10° (m'/s)

r—2R2-14
2.1x10%(w'/s)

C

Azl A0S br—22-12 r—22-16
2.0x10°(m'/s) D04X10J(m‘/s) 2.1%10°(/s) D 0.4x10°(n'/s)

B B
fr—22-9
0.2x10%(n'/s) 7—3A2-3
1.0% 10°(/s)

r—22-1
1.1x10" ('/s)

r—22-10 —22-
0.2%10°G1/) oy gi:mz /e)
r—22-2
1.1x10°(/s)

C

7
0.7x10°(’/s) 5 —22-5 0.6x10°(m'/s) 7—R2-6
0.9x 107 (m'/s) 0.9x10° (m"/s)

D D
() WET 5t ILR

— 234 r—23-3
2.0x10°(m/s) r—2R3-11 1.6x 107 ('/s) r—23-12

0.5 107 ('/s) 0.6 10°(n'/s)
r—23-13 r—23-14
2.0x10°(n"/s) 2.3x10°(n"/s)

C A C

fr—23-11 r—A31
Jsxiorare D KT e YN 0.2x10°i/s) D

B

r—2Z3-9

0.2X10°(0/8) p—smr
|2.8x 10°(/s)

x10” ('/s)

T—2R35 4r—23-15 r—23-6 r—23-16
0.8x10°(n’/s) D os8xi0°a/s) 0.7%10° (n/s) Do 8x10° (m/s)

(b) BRIEMRUVBRREZHLRA—REBER

gobooooooooobooooboooooood

gooooon
gbooboboobooboboboooboobon
gboobmobobodbMembOoobooogO
gboboboobooboboooobobgoon
gboobobooboobobooooobobgoon
goooooobobbooooogooobobo
gboobobooboobobooboooobooboon
gbobgobooooobooboboooooo
gbobobooboobobobooooboobgon
ooobooboooooobOoAO-cooogoo
oo0oo0o0oOoc24 B2200 000 0O-MO0O0 M
Al19 B21OO DO 0O 0O O-003 O MA1S Cc24000 O
00-003 O MA2: c2200 00 0 0O- M3 MM
oboboboooboboboooooboboo
oooboooooobbooooboobogo
czr B OO O0ODOO-00 Dmobooooo
ooooboooooobobooooogoobo
gboboboooboboboooooboboo

000000000NeMoOImm




OoOooOo

goboboooboobooboboooooobo
goobooboobmobobobooooobo
goobooobooboboobooobooboobooon
gooboooooooon
goobooobooboboboobooboobooon
gooboooboobobooboobobgoobooon
gbobooboobmoboboboooobo
gooboobooboboobooobooboboon
goooooo
goobooobooboboboooboobooboon
goobooboobobooboooboobooboon
ooooDoobooboooboooboobooon
oooooobooboooboooboobooon
oooboooboboooboooboboooon
oooooobobooobooobobooon
ooobooobobooobooobobooon
ooobooobobobooboooboboooon
oooooooobobonog

good
gooooooooooood booooooaooao

doodooooopDooooDooo—0o0o0n
000000000000 —000000"0JINC
TN1400 99 020,V510 V95,1 19991

dooodooooooooooooooooooooon
doooooooooDooo0o0—00moooo
—O00000000000OJINC TN1400 2002 003,

020020 .

0O O Timo Vieno, Henrik Nordmer* Safety assessment of
spent fuel disposal in Hastholmen, Kivetty, Olkiluoto
and Romuvaara TILA-99”, POSIVA 99-07,] 199901

000000000 000000000000 LAB-
ROCKOO OO ODOODOOOOODO"OJNC TN8410
2001-015,1 200101

Joo00d0000o0oo0oOoooOd* oooooooogo
0 — NETBLOCKO O 0O O —"0 JNC TN8430 2001-
003, 20010

0oo0doo0ooooDOoooooDo s oobooogoo
00000000 O0DOoooOo"o0D0doooooo
MO0 0000 p.310 46, ISSN 0913 41821 19951

0ooodooooOo* ooooooooooboooogoo
00000 — NETBLOCKO O O O —"0OJNC
TNB8430 200% 006, 200101

JooodooooOo* ooooooooooooogoo
000000— NETBLOCKO OO O —"0OJNC
TN8430 2003 004,] 20030

000000000NeMoOImm



