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In rock masses where self-healing is not expected, a highly permeable zone called an excavation damaged zone (EDZ) possibly
forms along shafts and tunnels during a facility construction in deep underground. Therefore, understanding nuclide transport
characteristics in the EDZ of disposal and access tunnels is an essential issue in the safety assessment of geological disposal of high-
level radioactive waste. Tracer tests are effective in evaluating the transport of nuclides in rock masses, but the transport properties of
EDZ in sedimentary rock, to our best knowledge, have not been investigated by in situ tracer tests. The authors conducted cross-hole
tracer tests on EDZ fractures at the Horonobe Underground Research Laboratory (URL). The tracer tests used two boreholes (H4-1
and P) drilled from one horizontal tunnel to the EDZ that formed above the crown of another tunnel running parallel to the former
tunnel at the depth of 350 m in Horonobe URL. The tracer (uranine) injected into the borehole of H4-1 was observed not only in the
pumped borehole of P but also in other observation points, whereas we could properly obtain the breakthrough curve under the quasi-
steady state injection in the pumped borehole. Based on the breakthrough curve, we performed one-dimensional advection-dispersion
analyses, assuming flow path length as a linear distance of 4.2 m between the injection and pumping sections. The results showed the
cross-sectional area of flow path and the mean velocity to be 5.2X 107 m? and 2.3 X 10* m/min, respectively, and the longitudinal
dispersivity was estimated to be 0.12 m to the flow path length of 4.2 m. Assuming the flow path to be tortuous in the EDZ fracture
network further reduces the estimated cross-sectional area. The longitudinal dispersivity normalized to the assumed flow path length
was 3% and consistent with the empirical relationship between flow path length and longitudinal dispersivity for natural fractures and
rock matrices in the literature. The series of tracer tests and analyses applied in this study demonstrated that the effects of dispersion
can be expected also within EDZ fractures, similar to the level in natural fractures and rock matrices.

Keywords: Geological disposal, Siliceous mudstone, Excavation damaged zone, Cross-hole tracer test, Longitudinal
dispersiviy
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350 m Niche No.3

350 m Niche No.4

Niche filled with backfilling materials =
(mixture of bentonite: 40% E
and excavated rock: 60%)

Buffer materials
(mixture of bentonite: 70%
and silica sand: 30%

m— Pressure monitoring
x section and section N <=

sl
number &

im N

Test pit

Fig.1 Layout of boreholes H4-1, P and D4-1 at 350 m
Niches No.3 and No.4.
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(c) Distance from the 350 m Niche No.3 wall (m)
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Fig.2  Fracture location (a), hydraulic conductivity (b),
and pore pressure in November 2021 (c) on each
monitoring section of H4-1. The diagram of (b)
shows mean hydraulic conductivity and the
range of maximum and minimum values based
on Yoshino et al. [11], Samata and Ishii [13] and
the preliminary hydraulic tests in this study.
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(c) Distance from the 350 m Niche No.3 wall (m)
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Fig.3 Fracture location (a), pore pressure in November

2021 (b), and hydraulic conductivity derived
from the preliminary hydraulic test in this study

(c) on each monitoring section of borehole P.
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b L= — BRI & 2 HERS T O 4R HIHE SRR N OB it 4y B GRTA

7 KOS iREER B OAREIE, H4-1 FLOLA DS 10.5
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(a) ﬁﬁgiﬁ flow a}ZSticgn flow (Fig.Z(a), Fig’3(a)) )
0.6 0.18 Fig.2(b), (¢)¥ L ' Fig.3(b), )IZHE=4 U > JX[HDF
05 /‘ oo KRR L IBUKIE 2779, Fig2b)i, S EFl[11]3 X O
T . F 5 %« GBI THRE SN TVEEE=4 Y v VK OBEA
g 04 HA-liSection 2| rsecton il E REOB R~ R/MEOTEH & FAEE R LTS (He-1 AL
£ 034 AL F012 £ DK 2 IFAMFFEOFRIFHAI L 0 FHI L 72K R DA
8 021 /——-—*- om0 8 bEEND). Fig3OIIAFROERHAIC LV FHIS
S POt | e T PALOKM 1B LUK 2 OFAREE R LT 5. Ha-
] - 1 ALOXH 1, K/ 2, :J;scto“ P ILOXR 2 OFEKEEIT
20621/12/; - 2621}12/1 4021/12;)26 107~10° mis DREFEAIC , MOXREOBARZL S~
0:00 12:00 000 THEIZE (Fig.2(b), F1g 3(b)) H4-1 fLB X P fLOM
b swe semer BUKIERE, P ILORH 3 35 LU 4 2B, #5202 MPa
b) injection flow injection flow KiFiTHY, 205 H EDZ DFINVEPEET 2 LTS
018 ] % Ha-1 ALK 1, KR 2, 3L 0P ALOXH 2 DRIBA
0.16 -} HA-1:Section 2 JEI3#%42 0.1 MPa T % (Fig.2(c), Fig.3(c)) .
~ 014 ] FHATTHAIZIB T HA-1 FLO X[ 2 20 B EFTEEA (200
Soidj ’ mL/min) %475 72455, He-1 ALK 1 35 K0P FLoIK
% 010 4 .‘:|4-1:Section 1 P:Section 2 fi] 2 CHARRZ2 K RIS B A3 sl S 4L, TEKBRARAREED & 1EK &
8o0sd | | TREE CORE EF R HA-1 FLOXR 2 T 045MPa, H4-
ol 1 fLOXR 17T 0.03MPa, % LT P fLOKXR 2 T 0.02MPa
0‘04 1 ?Eﬁfﬁn of degassing process Thol- (Figd(a) . [FEC, P ALOXMH 2 (ZEHREEK
2021/11/06 2021/11/26 2021/11/27 (1,000 mL/min) %175 72558, H4-‘1\ FLOXH 1 J’o%UlZ
8:00 16:00 0:00 1 2 THABRZR KBRS E DIHERE S 4L, TEAKBAAAER D & K&
Date THEE TOKE EREIL P ALOXH 2 T 0.05 MPa, Ha-1 4L
Fig4 Hydraulic pressure responses (a) at section 2 of DX 13 LK 2T E $120.04 MPa T - 7= (Fig.4(b)) .
borehole P and section 1 of borehole H4-1 during a TR DKEISE NS, He-1 FLOKE 1, K2, BLO
preliminary constant rate injection with 200 mL/min P FLO KR 2 12 13K B 2212 BV D8RS LA - 7= EDZ OEl
into section 2 of H4-1, and (b) at sections 1 and 2 of NWENGET D LA X 3. Ha-1 FLOXE 1 CTlE, fLBE
borehole H4-1 during a preliminary constant rate BB TENERNRD SNAh-T-bDD, A TEET
injection with 1,000 mL/min into section 2 of ITENE AR BN TH Y, FLBEELBIZ THIBT X 20
borehole P. The blue solid line denotes pressure in the I 5 R B B SRR CAAET B - e NEL HiLD.
injection section.
Tank 1 Water sampling and
(containing concentration Niche wall
tracer) T analysis Flow cell for Rock mass
|| u fluorescence
analysis EDZ ﬁ'aotu7
@L, ‘ ‘ ‘ [ [ [N r . [ |
Tank 2 ‘ A A O A S A H4-1
(only water) e = PaJker / Sectnon 2
Water quality sensor
(pH, EC, ORP, etc)
Pressure
sensor F%—D i /
o ‘ Y 3 (Y (1O L
T kaJkaJ'kJ|P
Tank 3 U Sampling collector L Section 2
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Schematic diagram of tracer test equipment.
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(a) Cross—sectional view of A-A’ (b) Vertical view of 350m tunnel 4
| 7m E
am : H4'1O rA ° /s

Concrete
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injection pipe
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Concrete floor
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Simulated carbon
steel overpack

Silica sand
Water injection
pipe

Fig.6

1m

L

Schematic diagram of water injection method into the section of backfilling and test pit in 350 m tunnel 4. The

diagram of (a) shows a cross-sectional view of A-A' in (b). The diagram of (b) shows a vertical view of 350 m tunnel

No.4. Blue solid lines and blue-filled circles mean the screen pipes around which are wrapped a non-woven fabrics, and

blue dashed lines mean the non-screen pipes. Injection water from the pump can flow out from only the screen pipes.
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H4-1 fL& P FLICRRE L7-BUKEE =41 7 iEE %
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WZAEWIZERE LA > - REIN B BN GFETET D HA-1 Lo
KR 2 & PALOXR 2 2584 L L, HKXM%E H4-1
LoOXM 2, BkKMZ PO 2 & Lz, bL—H—
WITHOERELE LTabN sy T=v 2 A0, hL—
—OFEANF 2 EEOFETHEML, ~AVAFEAIZL DM
hL—H—R B A 4 BEMEL7Z%IZ, EFEAILLIL
M hL——RBRAFEMmL7-. 50T L——
BRI TP IE H4-1 LXK 2 ~D 3K (20mL/min) & P 4L
DX 2 507K (150 mL/min) & LTIV, 2L
AEANOEFFEASOY O FEZRFLENOLEIED L &
R s LTz, 2SIV AIEANTHWZKIZIEE LV 2 %%
SEARIRAIE DO T KT, EFEANTHOZKIZ LA
EARHI W IZH T K & BTl 2 /b 2200 TE K
(WIERTN O EE AR — Y > 7 HL HEEE L 7= i Tk [16])

350m Niche
No. 3
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H4-1
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Concrete plug
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Trench T No. 4
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Fig.7

concrete plug

Four monitoring locations for tracer concentration.

Thote (FARE TIT- 2B THAKEMER).
FNVAEANRED b L— Y — O AR & EARE X ZNE
20 R LTV 500mg/L T, EEIEAREOZNGITH 14
AR L ON500 mg/l ThHo7-. L b L—0—RBrig,
350 m FRERGUE 4 OHE LEE L OFERIL (Test pit) ~,
ARERYE AL TS S T RALE O T K & kRIS EAK L,
b L—H—REBRXWEEZD D EDZ % /KICEFN L7 IREE I (R
o7z (Fig.6) . AFTIL, EHIEARE & AL 278 AR
i U7z JRL & H K DIEBET A DR K E hotolod,
EHEARZIS T DL b L—H —H B R0 22 T 4%
2z LET D,

b L —Y—DREOBMM S L Fig7 IZRT. 227
— b7 T 74MA (Fig.7) OBERIZITHkG L TR R S
, FSIEMRE (Trench) &AL CTHEAKE > N (Drain pit :
Fig.7 O M) 2Kk EN 5. 27 V— s 7F 7Nl (Fig.7)
DACMEER & D72 h3 5 D4-1 FLOFLAfTT (Fig.7 © M2)
W HAEE L CBARBIERE S NS, 2L OBKITANER Lz
350 m FRERGLIE 4 OHEE UEF JOBERIL (Test pit) ~7E
AKUTZHTFARBINI TV D EB 2 6ND. LIz T,
b L—t—3 B OB EERNE H4-1 FLOXE 2 BLOP
LK 2 TITH & & big, Eiiodkke vy M (Fig.7 &
M1) & D4-1 FLOFLAFHT (Fig.7 ® M2) THHIFKEE
WL, WESHEER L. S —F—DRES
Hridofes e iEst (A o - F2500) # A L7z,

3.2 hrL—Y—HEBHER

Fig.8 I H4-1 LB L O P HLOKXH 21THBIF D FL—H—
BEORIEE(LE RS, L —Y—DFEAZBB LT,
8,000 43 ~8,500 43 (6 HFEME) ZIZPILOXM 2 THEZR
Me—Y—REDO EFRMEHRE I, RBREE» 5
20,000 43 (K914 H) BIC P L—H—DFEAZEIEL TV D
N, TOHLPIOKE 2D b L—Y—BEIT ER Lk
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Fig.8 Tracer concentrations during the constant

injection test at section 2 of boreholes H4-1 and P.
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Fig.9 Hydraulic pressures at sections 1 and 2 of
borehole H4-1 and section 2 of borehole P during
the cross-hole tracer tests.

72. 25000 7y (]9 17 B) %URRIL, X6 2& 8380615
HOD, ) 4mg/L FBRE THRBEDOZENRD HILD.

Fig.9 |2 N L — 3 — B iF OB X M o0 /K B HIHE 5 %
AT FRNG, He-1 LOXH 1 B L OP ALOXH 2 134
N—EOHBEAKILETH 722 & PR TE B7, He-1 Lo
X 2 1%, EHEAEZICHBAKESMET L (Fig9). =
DOMBKED—FERK FORKE & LT, BTk
FREMENREB Z NS, Tbh, 7SV AEARHIAW-H
TARPTICE TN DLHEST A0S, H4-1 FLOXHE 2 O FIIC i
B LT D Z LIk o T Ha-1 FLOXKR] 2 3o @E KA
ETFL, 7V AEARHZ BBUKE D EE A\ R © E 5
L7z, Z0t%, EHEARHIBNT, 7OV AEARFICHW
TN T K & R TIRA L TV DN 2 DD 7
WIHEMAAKZHEH L2 LIk Y, HA-1 FLOXR 2 o JED
R L QWi A 0 —EB23 Ha-1 LXK 2 DJEA
DHMLUIREN, TOMKE, Ha-1 FLO X 2 T 0E KM
M ([B148) L, RIBAKES R T Lz alaerEAs
Ezbhb.

H4-1 fLOXRM 2 O BIBRKE @ 5 A E% O—K 72
KT, MEBEHICHIIN L7ZAS, SfRAUICKIEA —E 2R RE
72D E TR TE 2D o7 (Fig9). EFEACLD b
L ——RBR AT BT, ERETOEKA S BKIC L
>7C, TORIEBEOMBKEMEE—EIC/R>TNDHZ

LEHERTHNENRH S, L7 - T Fig9 I &5 Hé-
1 JLOXE 2 DREIBRATEIL Z D42 E HITH - S 20,
LU, RUFRIZLL T OBRIC L Y, He-1 fLIEFEOEMED
BB EIXEFREISE L TS RE L. Thbb,
2 BT L 51T, HA-1 fLdH D WL P LD X 2 THEEK
L72B%1Z, H4-1 FLoXRE 1, XHE 2, BEL O P FLOXH 2
AR K ER B DR CE 5 2 & b (Figd), #XH D
ENRIKEZICERE L TVWELEEZBND. 2D b,
H4-1 JLOKR 2 OFEAKOEE T HA-1 FLOX 1 & P FLOKX
i 2 ORBRAKENEIFHIGE LTS (Figd(a). —J5, P
FLOXE 2 1T VEAK LIZBR D Ha-1 FLO X 1 DK ERRZ T,
H4-1 FLOXM 2 L, £ 1 BEEN TV 2 (Fig.d(b)) .
L7zh3 =T, PALOKH 2 THKEIT> TV HERIC H4-1 fL
DX 1 DAKEIEHIREEIZE L TV DAL, H4-1 LD
X1 L0 BAKREGENE H4-1 FLO K 2 EEDKE
HREBBICEFRBICEL CVWD Z LM HEREND. LR
5T, ANLE b L—3 —R B TIIH T Ak 5 8 L 720 A&
DL+ 3ICHBRTE T, ZNIT XY He-1 JLOXE 2 D
MBAKIENZE L)y > - alREMEZ B 2 7. £ LT, H4-1
LOXE 1 & PELOXM 2 OFBAKENEE L T\ =2 &
D, WEEEHN A DEENT HA-1 FLOXE 2 OIS fRER)
THY, ZhzEkE, BkLs L OBKILEFEOSEOM
K EIREFRRBICEL W E R 72, AFETIZC N
5OMRICEESE, R M L—P—FBITEFEAICLD b
L—— 3B BN BAE L TNz EAE LTz,
TEREABAATE 35,000 43 (FJ24 H) FTIC P FLOXH
2, Ml, BIUOM2 THIRENZ b L—F—DEIL, £H#
P CHA S D R (mL/min) &k L—T—REE (mg/L)
DORBFEALIZEESL L, FREN 09X 10*mg, 3.6 X 10* mg,
BLU1.0X10* mg EHRESIND. 2 6OEINETES
EACE->TEASNZ FL—V—DfRE (2.0X10° mg)
D 5%, 18%, BLNS%IZENENHEYT D (BFF 28%).
EFETEABIAE 35,000 S>DFFAETIC P LOXM 2,
M1, BLOM2 TR S N2> 72F% 0 D 72%D k L—4
—ZOWTIHLLFOZ ERBXHNS. 350 m RBRYLE 4
DaryV— 77 7NHOEE LUERELOSBEIZIE,
EDZ DS OFINEMIF E A EHER S NN ENB[1T],
HEASN b L—H—73 EDZ OIMUIDEEICEITT 5]
MRV EEZEZ NS, ZOZ EIIUTOFRNL X
Fansd. bbb, br—9—EBRIMEF O 350 m Bk
YU 4 OMERE L L ORRERFL (Test pit) ~ XK &
IXE1F20 336 mL/min 38 KX T8 232 mL/min C, H4-1 fLDOX
M 2 ~OWHJEKEIL 20 mL/min TH-o72. THITH L,
a7 )= I 75MAOPAKE >y b (M1) IZHiALDHT
KD FEEE 396 mL/min, = LC P ALOXM 2 725 DI
Ik &1L 150 mL/min TH Y, =227 UV — N7 Z TRMAI~
OREKREE, PILBIOar 2 V) — N7Z 7 4MAlTER
SNAHTFAREIIMR L TWE. ZhbDZ &k
TEHEABR#AT 35,000 7 ORFAIZEBWNT, IEASZ L
—H—DFEY DRI 2%ITa 7 ) — 7T IRIOETEN
W LTV Z & 2R+ 5.

BAKIXEThH 5 PILDOXR 2 D42 5T, M1 LU M2
TH b=V —RENRENTZECONTE, 227 U—h
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Fig.10 Hydro-geometrical setting assumed for the advection-dispersion simulation.

77 TR IO D4-1 FLOBFLDIEKMER & HIZ+H4r Tl
< (BAYV FRMEVZRANTWATED), WTROEFTH K
ROEEIZ Lo TRWKIESEEMR -T2 Z L2 ERED
FERLLTEZLND. BAEEEZREL L, P LOXMH 2
DOKEZE EHIEKLTEHZETPHADKM 2 DEINE% £
F5ZeE, RRBOREIC L DM 2 2B SIS K
HThHoTe.

4  SDEEOBITEE

4.1 BFFE

AR MEL O EDZ Ogid#iia 1 m LN TH S5 Z &
IATHFIREIZ L VR TER Y [14,15], JLEDOEF MO
EHENSOKOFAUIRE END. Lo T, HEAKM
WCHEAENZ b L—H—IF EDZ NOBLED M JE J5 18 O
AU & HUE OYEHI T 17 O YA &R A 72 ZIRoti 7 ity
WL TBITTD2ZEmMEXOND. 32 BTN/ L 9
W2, FEBICEASNEZ PL—TF—X P LOKXME 2 (FL—
P —DENE : 5%) DH7RHT, ML (b L——D[EILE :
18%) THIEIN EN TS, Ml TN S b L—F—D
FINED P ALOXME 2 L HE_TREWT &1, H4-1 FLOK
12 75 P FLOXH 2 ~IEHTHE OHEH J7 10 D FRALAS Bk L
TNWLDIZKR L, He-1 Lo 2 b a7 U — 757
SMUOBEE~IL, FTEOIRAIT SN, HLEOME 7
DN S HEITHEAEL TV D ATRENE 2 RIBT 5.

AR TlE, P ALTHIENIZ FL—Y—DHIZEBTD
Z e L BfRMiCiE, P ALTEIN S B L—Y—0
AKX BEKXBE T 100%DEINERTBIT Lz &1k
ETHZELITRY, TOBATRENDWNE —IRITOFIL
LLTHD ZEE Lz, MHTTIX HA-1 FLOX 2 225 P
DX 2 DO BIGR & — R IT OB - &
LTHERYED, HADY 2 2 b —X—TH 5 GoldSim[18] %
FA=.

—RIEOBRDHITERIU T O L I ICEHEIND.

dc Fc dc
Doz —vo (1)

TIT, W, o b U—Y—IRE, Do )T (Lo
) OOERE, v EFGETH D, O, o
BRI, LT X dickHENS.

Dy =a;-v 2)
ZIT, aEfEm (Fihodm) sEETH L.
—RITEDE— 2N EAE LT5E, BT o Wik i
W) Z@ETHHE (Q) BUTOLIICEBEENS.

Q=v-4 3)

E7c, Wk L OBATRERS 2 BALRF RIS T 2 IR OB,
PR E L TRATRE SRS,

v="> (4)

te
TIT, b TTHBTETHS. ROBLUR@LY,
BATREE OB (1) ZAATRASNS.

Q=74 5)

AR TIIBATRIE O BRRE (L) % H4-1 FLOXH 2 & P

LOXRM 2 OB (42m) S{UE Lz, BITREZ T
nafE (Q) EAftE 20mL/min) @955, FL—1%
—[EN= (Fig.10 ® R) (2t U723 & (Fig.10 ® Q) D&
DEND ERE L. 20k L—Y—[EILKL, Fig8 O
25,000 43 (K17 H) LA HD b L—Y—BIGRE
DLEFERED L —H—EUL— & (AR H 72 0 DEIY
&) ZhL—V—FEAL— b (BARHHZY OEAR)
THRLZETEES EE L. BRI, FLr—Y%—mE
NV — R~ & R L—P—BEIRE (3.9mg/L) & Ekiis (150
mL/min) OfE L, PL—h—FAL— & L —H—iE
APREE (502 mg/L) & iEKVEE (20 mL/min) OFF & LT,
b L—H—[EIEE 6%E L=, L7z3-> 7T, 1.2mL/min ®
Vi —E OWERE OB TR I D RE Lz, BT
TR 2 A A PRI DOV T, F/K D 150 mL/min 234
NaEAELEZLNS. LvL, HAKKBO He-1 FLO X
2 ~DOFEAFEEIL 20 mL/min T&H Y, 150 mL/min (2T
B onichipnz &, PAOXE 2 O b L—H—[EITER
(6%) PMENZ ERFIFET D20, KT LB TRENIC
HEAXEDNG 150 mL/min QRN FILD &\ 5 3R E I3
DT E T U7z, AMRHT CTIIEs ma iR (o) B
L OBATRIEDOWIERT (4) ZRHNT A—F L L, H/h
FIRZL DT 4 T 4 VT EATY, BLME & fETE & O
DREZEENI/NE T2 BT A—ZEEEH LT,

4.2 fBITER

Fig.11 |2, BATREOWIHER (1) LHETmOoBE (a)
ERMNFGA—Z L LTI 4T 4 ZIZRV RO
o b—va VR (R oFaoihiihiy) 2R3, £,
ARFRNTIZIUT D MEST 53 HUR DIEE 2 372018, Z Offt
HrmwE (o) OHEEEZ 05 b L2 e L
HBOVIalb—va URERBRAKICRT (RPoS#s L
< VEMER OB HAR) . SRR K O OOR fiAR & R,
T L OB B AR TEN B OIGE HI RO ST B AN 0 7 SR EE
WEETHETOEERSHFHRTE TS (Fig1l). &
TR OWIAEM (4) 1%, 52X103m2 LHEESh, BITR
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Fig.11 Measurement (red line) and simulation (blue
line) results. The dotted and broken lines show
the simulation cases when the ar of the blue line
was changed into 0.5 az or 2 ai, respectively. The
black line, overlapping with the blue line, shows
the simulation case when the L of the blue line

was changed into 2 L.

Table 1 Flow length L (m) and flow rate Q (L/min)
inputted for advection-dispersion analysis,
cross-sectional area 4 (m?) and longitudinal
dispersivity ar (m) estimated by the simulation
result, and effective time t, (min) and mean
velocity v (m/min) obtained from Eqs. (4) and

5).
Parameter Symbol Value
Flow path I 42 8.4
length (m)
Flow rate
1.2

(mL/min) ¢

ional
Cross sictlona y 52X10%  2.6Xx1073
area (m?)
L.on gm.ld.mal a 0.12 0.24
dispersivity (m)
Effective time t, 18261
(min)
Mean velocity v 23X10%  4.6X10%

(m/min)

BEOFEFGE (v) 1ER@)BLOKG)L Y 2.3X10* m/min
LR E N (Table 1) . F 72, #EE ST M0 #BE (a)
1£0.12m (Table1) THY, KE LI-BITRER 42m D
3%IZF Y T Dt MRS b,

HEE ST BATREBE OWIEFE (5.2X10° m?) DZRHPEIC
ODWTIELLFOZ ENRE X D, REHTO L 5 IZHKX
22 B EK X ~OBATREIE & — IR ITTORIK & L TIRET
256, BITREOWEEIX D2 &b He-1 LoKH 2
(AKX oWmEsE (0.13m) LY b/hEneEIbh
4. LIENoT, KT L o THEE SN -BATRIB O
mRE (52X10°m?) XN EFE LRV, —F, EhH%
B E VAR O K REITEIN B 25 X DFK
FREUZ AR THEIZ/N SV (Fig2(b), Fig3(b)). L7z -
T, EDZ OEZAIBITREITHNETHLEEZ LN,
UL, HEINIZBITREOW EE (52X10°m?) (XH

a, =1L
104 L a, =0.1L
P

108 T Ja=001L
E 09 i
_‘i" 10 o ° -~ = ° ,‘6’ oo
% ,”oo < o, o,
g 107 8, op g g7
S S B,@FC % 9% o
> o .
o -
E P Sy .
5 100 7 ol 0o
=] . o o
] 5 g
H - oS8 o
TVl 3¢ LI
o o
=] g © @ This study

.
2 -
10 S o Gelhar et al. (1992)
jo-8 ke . . . ‘ |
107" 100 10! 102 10? 10 100
L: Scale (m)

Fig.12 Longitudinal dispersivity vs scale of observation
based on Gelhar, L. et al. (1992) [9].

NWHOWEREE LTI REWABEERSH D, ZOFKRDO—
OORFEMEE LT, BATREEOJERME (tortuosity ; —
DOATIEREZ 2 OEARIERECER L2 E) ORENREZ X LN
4. bbb, AMEHTTIE HA-1 LOKR 2 & P ALOKM 2
DEMEEEE 4.2m) ZBATHEHE (L) SKE LA, EDZ D
FNEHRR Y U= 2B L, i HAOBATREOR
MR 1 L0 REWATREEE B 2 5 &, EEOBATHREL
42m XV L EWAREMERHH. 1 L0 b REWVEIRE L L
T, 2&5CE LTSS (BATHREL 245 ; L=84m), il
RO I 2 b— g UHER (Fig11 ©REopqE i)
IEEEZ 1 & Lshaorn et Eb by (Figll OF
BOWEHEIRE L TR D). LavL, BITREOBIHEREL 2.6
X103 m2Z 95 (Tablel). L7=23-> C, BATRREDNH
L CWDATREM A B BT 5 &, REOBATIREE O W ki
ITEDITNSWAREMERE 2 . BATHEREZ 2% L
7o, WA M HEOHEEMEIT 024 m [T 50

(Table 1), BATHRBEC K BHEH MO BEOEIGIL 3% L
BB,

HeEE SN BATRIBER & T MR OBIfE %, Gelhar
f[91AN R L7z, FFAME A & — b L HEF AR O RIGR D 7 5
7 EzFay FLESOE Fig12 (ORT. AREICEBWTHE
& L7z EDZ OHEH BRI A 77— (RET 2817
BRIEE) D100 57D 1 2>5 10 3D 1 OEPFXOMIC 7 |
v N &%, Gelhar,L.et al [9)iZRKIARDE L B O FVE
ERHBRELE ML BT X EEE LI LD TH
%28, EDZ OEFVE TH RFRE ORHES MG EMREL TS
ZENLSEORBRICE VIR TE 5.

5 #EER

ARFGETUE, HERE T IZFEE LT EDZ OFINLE & %21
FACE S L——3 A =i L, —RIBRSEET LD
it FAZ & - T EDZ Hliv B NOMES A1y B0 2 57l L 7. AR
MR TH LN TOEY ThH.

e EDZ ofafiic=ar s V— NTF I 7 ERWAEE, #
DIEAKVEITIIRANR S 5 Z & &, WET AN T
RERBEDHA, Gkt %E B TR OKEE T
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FHZENREETHD 2 Lb, ZNSDFEETIIE
KEREIO b L—Y—EIEE EF5Z ER#E L, B
KX OHSIZ S b L—P =BT 52 &M
MRENT. LL, 20L& THLT T 7HIC
M LK 21TV, EDZ O A% - 7= LT, BEAF
DM b L —H—RRPIEAEATHZ LKLY,
EDZ FliL B Ot R 23l T & 5 2 & 03 R
T&T-.

o EHINHETMAEE (@=0.12m) (ZXRAROEIN
HOBBREET N DHE SN TOHEEFRETH
v, HEREE T D EDZ 1BV T b, 21l 2 7 —/v 3 100
D 1~10 53D 1 ITHY T 55 HENRIIE Ul RE
IKTAMFFCE D LR TE T,

ABECIE, b L= —EEE MR SR AL O HR
WIS, BB EFME L=, A L—P—RBRo X
INTHEAKILLS D~ b L —H—2BAIT LB S HICE
W, EREROME TOMRERE B L, BITRHE
FEHMET A ENEET L EEZLND. £72, EDZICE
DR DIRIE SR AT 5 i, 4%, s b
L —— % U7z R s BRSO fE T 2 A 00 St & B2 C
brEtEZLND.

HEE

JFALE N —P—iRBROERIE LTI T KA
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