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Abstract : Since groundwater flow paths have one of the major roles to transport the radioactive nuclides from the

radioactive waste repository to the biosphere, the discrete fracture network model is used for the rock block scale flow
instead of the porous continuum model. This study aims to construct a three dimensional discrete frachure network to
interpret the groundwater flow system in the study site. The modeling work includes the determination of the
probabilistic distribution function from the fracture geometric and hydraulic parameters, three dimensional fracture
modeling and model calibration. The results of the constant pressure tests performed in a fixed interval length at
boreholes indicate that the flow dimension around boreholes shows mainly radial to spherical flow pattern. The fracture
transmissivity value calculated by Cubic law is 6.12X 107 m’/sec with lognormal distribution. The conductive fracture
intensity estimated by FracMan code is 1.73. Based on this intensity, the total number of conductive fractures are
obtained as 3,080 in the rock block of 100 mX 100 mXx100 m.
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Figure 1. Procedures of the discrete fracture network modeling.
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Figure 2. Geologic map of the study site and borehole layout.
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Table 1. Generalized qualitative classification criteria for the frac-
ture system

Distribution Characteristics
AA o] YR 8HE rock blockd] AAG &S Gt 8
B 724 (major regional structures)

Classification

Order 1

Order 2 A&FEF uwnittE FJY + U&= F2 9dy
(major

Order 3 A335S Este T8 BIAA (major fractures)
2 ZAEI (local fracture zones)

Order 4 373 &lel Bxso} sl A 5o dIAA

(fracture system)
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Figure 3. Classification of the fracture system in a fractured rock
mass around underground cavern.

A42 99 A2e Aadn.

2A1guel AE, sl B AFIokl e BAAE 5
A3+ (Priest & Hudson, 1981)2 A -&3}o] H3}¥FAd (orientation),
7¥A (spacing), E(aperture), F2]Zo|(trace length), F2 H el
(termination), %4 & (infilings) 9] 1448 £&35T}. 0|5
QA FolA WA, 714 € 9EE Sl #g AAE AlFR
A 2 2S3FAE R AHERE 9ERE RSN, O 98
e =& o9 QAtE 7|& AFAR(EFAAHA
T4, 1989; 1994; vt A, 1996)Z o]&3lo] EFHES &3}
Q. AFZARE AR AT FH B 52, 2, 3, 4,
5)ol4 ST Figure 2 F2).

chEQIXte|
A FZAL9} 570
719 Z 837719
> aTHER Yyl Holx

o 2807
g 24
go

L

37 Y gz FE e F dExe) Aek
(preferred orientation)& 164/600) 3L, Set 2 & 3¢] A= X

H o} A3l A kzre] AolE o AAHeZ B uf ztzh
044,/66 2 283/08°.2 & 4 3lt}(Table 2; Figure 4).
gz AAR|(true spacing)ye 9| ATHE A A (apparent
spacing)el] thdte] Z+ vz s S99 Alo|zhg
ol-g3te] HAScHPrest & Hudson, 1976; 1981). A7+A X
= AR E (lognormal distribution)E VEWG, B34

Table 2. Results of the fracture orientation analysis from surface,
drift and borehole data(837 points).

Set Range salfn(glc(()“f/o) Ol’rylzt;cgggn
1 130-200,/40-90 421 164,/60
(310-020,/50-90) (50.30)
2 030-130,/50-90 220 044 /66
(210-300,/50-90) (26.28)
3 200-330,/00-30 196 238/08
(23.42)
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Figure 4. Stereographic plots of the poles of fractures measured
from the boreholes(Low hemisphere).
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g3} AE 9 FANE GBS 1P olgur)
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5o Uigte Z GG X HZ censoring ¥ truncation 235 HA
(Rouleau & Gale, 1985)&}tt. 2+ 2 EXE set 3(3.19
m)>set 1(2.97 m)>set 2(2.16 m)e] goith.
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T Aot e AAEAE sk ANARME HE R o
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o, THe FAFE= 7] A SE& At 7A9Y
THER ozhe] Aol o, AAHoR B fEEE 57
2l REEAGS FHIE o]E$-7, set 10] B4 systematic
Sfthn 249

NZFzole] BEFATL thiro] FaHols, A% 20m

0L
e

B

]

ofy
i

o

,.\
N

J

Mo

oo Mz
t

X o

|



700 - - - - 1
600 f-- --- P
: —_ 0 ...............................................

= 500 Foo---- R CIRETEEI T R B Y E
g 400 F-o e e i E
e o . IEZ
= 00 o : : o
S R o T g
o0 Feeoeaens L RSN T TEET SRR RPN I |

. . ‘ , .

05 1 15 2 25 3 35 4 45
LOG T (SEC) LOG T (SEC)

0.5

0.8 brovmtmanias o o L
B 0.8 [
= ‘ ‘
B 02 [ KS, 5.4845E-08 m/sec
Zorp e

2.1 S Kmoye 9.6091E-10 m/sec

0 005 01 015 02 025 03 03 04
1/SQRT T (SEC)

(a) Linear flow

10 1

= ol
2 Lé o b oo
= =
g 8 -05 F------- ’.,0 & ..... .
= 8 . 0* -

_10 IIIAL‘l||||_‘LL‘L|.IAAAI;_L‘LAAIJ_1_LAII_I_I_LIIALII _1 u_LJllJ_LJiAI!IlIIII‘IIllllllll]ll]illll

0.5 1 1.5 2 2.5 3 3.5 4 4.5 0.5 1 1.5 2 25 3 3.5 4 4.5
LOG T (SEC) LOG T {SEC)

0.5 ‘ *Radial flow

0.4 K 6.702E-09 m/sec
=
2 03 Ss 2.31E-05 1/m
w
I.__ -
2 02 Spherical flow

o T ety K 2.22E-07 misec

0
. . -~ - iy Ss 1.124E-06 1/m
HSQRTT (SE€) Kmoye 8.168E-09 m/sec

(b) Radial to spherical flow

Figure 5. Analyses of the flow dimension and hydraulic conductivity.
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Figure 6. Variations of the fracture transmissivity, frequency and aperture in the borehole B-3.
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(a) Steady state flow

Figure 7. Relationship between aperture volume and transmissivity.

Q/A=¢3pg/12Dy dhvill (1)

ol 714, Q=flow rate
A=area
e=aperture thickness
p=fluid density
g=acceleration of gravity
D=fracture spacing
p=fluid viscosity
dh/dl=pressure gradient

$H, 7 708 BAESRASY FTAY vz ¥4
G752 oo} ko] 3 o Brh(Nelson, 1985).

(2)

A7, Tr=Kb=(Ky + ... + Kg) b
=(e,* cos 0, /12Dy + ..... + ¢.° cos 0,,/12D,) b
Ko=2¥9% nd FEAEE(e,’ cos 0,/12D, &
e’ pg/l2p)
o, = FFZAL 3} GEYH Alo|zt

9 4g olgsted o) 34-36mPAoz AYFANBE
2y =&3 d9ES$#AH4E FracMan(Version 2.306;
Golder Assoc., 1994)8] OxFilet XA} A& 3l dgule
7t e E QERFHFAFE IS, ol U ) ddx
o) ol AHURLT TREG 7t BAZA2 FEHAT. 3
F GEEs#EA5E lognormal® ¥ Y 9 6.12x 107 m’/sec
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(b) Transient flow

Table 3. Fracture transmissivity in each fracture set

Set 1 Set 2 Set 3 Total

efl(m) Tfl ef2(m) T2 ef3(m) T  efim) Tf

(%) (%) (%) (%)

2323 3.34x 0951 1.36x 0982 141x 4256 6.12X
(54.6) 107 (22.3) 107 (231) 10° (100) 107
o]t}(Table 3).

cldofm EE

B AFo ALyl 3= FracMan© 24 o] TZ 7R S =z
StER-Eel4 =99 MAFIC(Version pl.4; Golder Assoc.,

1994)% 717 =2 83 F Hol Utk

g de] ®Algdde 2AAY A3t 100 mX 100 mx
100 m 7-5.9] AuHE3S it e 2 Order 1~Order 48] gt
% Order 44| S F3he 549 GAAAE o= st

gGgAAY 7Ietety E2EEA AR FRIEAUAE FA
o] Wog =23t FracMand A= 3314 gy
S 3l BEAGITS BALS| 2o 5938 FracWorks
moduleg ©] &3t OxFilet RAMAT S} HABA 7= HAL
St AMEAT. oo gz oiF FAUILE(P
32002 AFTU SFATENEE)E By T8 £ qed)
(Geier et al., 1990), th5- 2]& o] &3lo] Aite dgx F
AadU s Table 49 2t}

Py = (/D Py, (3)



AAF - HRF - idy - B9 - HFE
Table 4. Conductive fracture intensity Table 6. Statistics from the simulated borehole sampling.
Estimated P32c¢ No. of Simulated Pz, No. of fracture  Simulated TfSD

Ser Strength (m*/m®) Remarks fracture (m’/m®) “ intersections (m’/s)

1 0.503 0.8719 3,080 1.72 83 6.23x107+5.1x10*

2 0.263 0.4555

3 0234 0.4059

Total 1.000 1.7333 ‘
Table 5. Input data for three dimensional discrete fracture net-
work modeling

Parameter Set 1 Set 2 Set 3 "\ RS
Orientation Fisher Fisher Fisher Bt W
Pole Azimuth 344 224 58 * ‘g—‘ s
Pole Inclination 30 24 82 z- . - poles
Dispersion 12.28 17.88 261 B Tj@%ﬁ?ﬁ o ¢ E CaE
Fracture Radius LogNormal LogNormal LogNormal :
Mean Radius _(H.l) 297 2.16 3.19 Figure 9. Pole plot from the simulated three dimensional dis-
Standard Deviation (m) 382 1.39 128 crete fracture network model.
Fracture Transmissivity LogNormal LogNormal LogNormal
Mean(x 107 m’/s) 3.34 1.36 0.141 .
Standard Deviation 2.69 11 1.14 M) 2&7)9 (sampling)e F3to] L BARAES} A=A}
(x10* m?/s) Asts) wmale B4 Ao B} mele) Sl A
Conductdve Fracture 0.7819 0.4555 0.4059 o 20l 100 m A|ZEToA Qo] 223 A EARE Py,

Intensity (Ps,, m’/ ms)

8 ¢ 38 3% I

20
iy
* %‘ i’
s
z—

Hoxrks
?2405915

&3%96

vergits: Iz

9 gggg‘grates

Figure 8. Simulated three dimensional discrete fracture network
model.

& 714} Py, :total area of fracture per unit volume of rock
f:the number of fractures per meter of borehole
length
f. : the number of conductive fracture per meter in
OxFilet simulation

2Agd dHEE dIAA e £X
& Table 59 711, o]&
100 mx 100 m X 100 m 1§
3,080/ 12 FAHAT

=43 52
o]-g-3te] &
oA AAE
(Figure 8).
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9] gro] 1.72, ANFE3 uAEE EFAddde] 8 837,
cross-fracture 5~ A S 6.23x 107 m* /s o]t}(Table 6).
T3 2d dAe ado] e o] B2 Figure 99 2l
wEd, TE2EH GSAARDS A AZZAL Aol 2435

= dujrde] & F &S AT
z o

gl AdERE A a7 FeAAYEYR
4 FE37] Yol dEREEA 9 A, dde 25
A 74, DENR oA 8 FEe DAREFIAST T Fed
A 2E, 3 dEduRdd, a2la FAY 2HE o83
29 wAS FAIET

(1) @Ee $FA, 77], & T4 7188 BEEAIAE
FEgUETTE B4 Mttt

(2) FAFAAA A% FE52E2 T2 PAME WA
T EAL B

(3) dEFEF AT dEEFH] AunAAE tha BAEHA
9t A Z Cubic lawE TEFEA 7= Ao s Bt} Cubic

law2 A FAHE HHHA dEFFFASTE lognormal FE Y
w] 6.12% 107 m*/so]t}.

(4) FRADEUE (P, e 17301, gauwde] 72 100
mx 100 mx100 m Wil A AdE FHdude] F = 3,080
7jojtt.

Age o AU LFEHE 9B ASUE dg
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