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Fracture Network Analysis of Groundwater Flow
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A8H-EF 229 F #F(inflow) A& DFF 424 4 (fracture transmissivity) & 10" m?/s S 2
dRE AT Wton/AR FEHH, 10 mYS2E A | o 297} 2 651ton/YE AXH AT
& R XolFed A FASHZAN HrA o AT (working too) 2 AMEE &

125



’

AuE, 23

9o, 3P AR o A

HAAARE A4 L HrhAA) &

3%, 7124

$9 % 3t BEAR

L

AYL 9 Forward ZLHHE-E AHg-dbe Fao] Ak

Groundwater flow in fractured rock masses is controlled by combined effects of fracture networks,

state of geostatlc stresses and crossflow between fractures and rock matrix. Furthermore the scale

dependent, amsotroplc properttes of hydrauhc parameters results mamly from irregular patterns

of fracture system, which can ot be evaluated properly with the methods available at present.

The basic gxssumption of discrete fracture network model is that groundwater flows only along

discrete fractures and the flow paths in rock mass are determined by geometric patterns of intercon-
nected fractures. The characteristics of fracture distribution in space and fracture hydraulic para-
meters are represented as the probability density functions by stochastic simulation.

The discrete fracture network modelling was attempted to characterize the groundwater flow

in' the vicinity of existing large caverns located in Wonjeong-ri; Poseung-myon, Pyetirigtaekikun.

The fracture data of 1km’® area were analysed. The result indicates that the fracture sets evaluated

from an equal area projection can be grouped into 6 sets and the fracture sizes are distributed

in longnormal, The conductive fracture density of set 1 shows the highest density of 0.37.

The groundwater inflow into a carvern was calculated as 29ton/day with the fracture transmissi-

vity of 10 m’/5. When the fracture transmissivity increases in an order, the inflow amount

estimated increases dramatically as much as fold, ie 651 ton/day.

One of the great advantages of this model is a forward modelling which can provide a thinking

tool for site characterization and allow to handle the quantitative data as well as qualitative data.
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Table 2. DINZEIEE 9Pt A=R A
CLASS FRACTURE PROPERTY DATA SOURCE
;| Struchural Geology —S¢t Clossification 3! Origntafion ~Lineament 3! Fraciure Maps, Core Logs

—Conducfive Fracture lnten_s'rly

—Core Logs R Packer Tests

~Transmissivity Variability

—Location & Size —Lineament %! Fracture Maps
—Spape —Frachire Maps, Generic Information
"| Hydrologic Parometers . [ —Tronsmissivity —Steady X! Transient Packer Test Dafo
' — Dimensionalty — Transient Packer Test Data -
— Storativity —Trongient Packer Test Data, Generic

Information
—Generic Infomnation -

Trangport Parometers ~Lateral Digpersion
—Longitudinal Dispersion

—Trangport Porosity

—Tracer- Expen‘ments, Generic Information
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Table 4. A&

ZH&ES=H (pore pressure cell)

533 Alsha= Akt Ashret 0IEXY H u
(m (88.2) (895)

BC 1 =30 65 5 50

BC 2 -30 19 45 50

BC 3 =30 - 40 30-50

BC 4 -30 22 10 30-50

BC 5 -30 10 10 30

BC11 -30 - 27 10—-20

BC12 -30 - 30 50—60

PC 6 -85 65 80 -

PC 7 -85 47 45 60—-100

FC 8 -85 75 12 60—100

FC 9 —85 - 38 60—100

PC10 —85 18 - -

PC15 -85 ~ 66 10-30

PC16 -85 - 108 80-107

(XBHPE: m of water)
th, T2 F #Ygdog A 9% F2E
Astrgidsiel SRR e B8 d¥eln, T2 542 dohls Aotk A

d RES EU2 21 o/t dubi4 g 1GAE ¥ Ao §344 BE 02 vehy
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(Samlim consultants Co, 1992) ¥ F3A2
2X4 B22A8 324 (PEDCO, 1989) % |

]‘5}. ol RIXNZFH HS7MEE A5T
AEAAE, NEFAE, FH/FFNE 2
TEWRY EF2AIR Folth olE AEF
59 BFE BF A2 M A FFYEE
A B&459 (class—B &2 class—C), ¥
FUR dT2AAE £ DINRY 252
A% €39 FH4o] ¢ HNEE FHI=
g A7 Aok o2 AwtAe 239
AL Fekdle 71& ZAAEE AR
ol2Ql WAz dAFE wigoz i ¢
FA A8 FA, RA3Ach mdgo) ¥
2.3 gep e o 2R L dgol 71&3ke
vheh 21, 7 thEF Table 590 FH A
Zstt.

A=A Al

AFAEY Holetdo]2 F&HE AT 7]
2A7E 7129 Aast BddA e
&Fo mAA EsEz M@ § AES
49 BoE Hasse PEE Asch
93A7 9 mdE AP AR 7|2aDe
Aol 349 uARZY PP R 29
Rolojof BT}, o]9] 8.1-§ WEA|F]7] 93]
3250 Wekel AA cavernd oo AwdE
dAHEY ST ZAI=ANN I A AR
E 18/0E 38t

WAL o BAAQA X HBGAA LA
e oxte SR wE dh Sl
z, 9209 WATYE S0YR 242
o AdSE BRPVIN HD & Y&
e HolAA BrH(Terzaghi, 1965). ©)
BA7) YA 4o @3 diEA

o=
27
_E_.

Terzaghi® A& & 2% & 118719 A&7}

Table 5. G=AIA RE2E FE UHN=

Set 1 Set 2 Set 3 Set 4 St 5 Set 6
Orientation distibution Bootstrap Boolsfrap Bootstrap Bootsirop Bootsfrap Boolsfrap
Mean Pole Azimuth 275 1022 180.1 2680 3093 427
Mean Pole Inclination 172 188 594 185 287 146
Dispersion Parameter 50 50 50 50 254 6.0
Fracture Radius lognomnal lognormal lognamal lognormal lognormal lognomal
Mean Rodius (m) 206 156 224 166 1656 105
Stancard Deviation (m) 659 4.44 5.19 749 482 315
Frocture Transmissvily lognomal lognomnal lognormial lognomnal lognomnal lognomal
Mean (m/s) B.75E-07 b.76E-07 57507 5.75E-07 B,75E-07 5,75E-07
Standard Deviction(m?/s) 941807 941807 941607 941807 941807 941807
Minimum Transmissvity (m?/s) 1.00E-10 1.00E-10 1.00E-10 1.00E-10 100E-10 1001610
Maximum Transmissiviy (m?/s) 10 10 10 10 10 10
Storativity 1.00E-08 1.00E-08 1.00E-08 1.00E-08 1.00E-08 1.001E-08
Conducive Focture 037 027 021 024 017 026
Infengity Py, (m?/m?)
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Golder
Associates

®

*x%% OXFIL SIMULATION RESULTS s

Input File ; a_y_,fil

Fracture Metwork [Poissonl: m=
Min. Trans:n1ss:u:ti: e-gi4
(Mean, S§td Dev): 1,41e-@87 1.2e-08%
(# Frac/m, Length): @,882 4.9

Simulation FIL Data
# of Interwals 188 172
Mean . T3e-8@7 1,13e-0086
Std Dev 9.41e-8087 6.33e-006
LoglB Mea =-6,92 ~6,98
Loyl@ Std Dew @,849 9.67;
§kewness 6,14 2.9
Kurtosis . 45.5 180
4 Nonconductive 1 7]
(Smirpov, ¥ Signif): 6,189 44,2
(Chi-Sqr, % Signif): 18.1 51.4
=== Pprint File (¥/N) ?
|

— —_———
N
487

)

1.E-15 1.E-4
|
— |

e —

_

e
1.E-15

1|E-4
mem Opiginal  Ti
— Sinulated Ti
m

Fig7 Oxfilet module OIETH A AIBZEL| Transmissivity Simulation

Tad F e, €59 4, 5T
W Zdolo 23 9ste WY 4A)
EHE BR8] 939 FracMan moduled)
FracWorksZ ©]4-31%) OxFielt?} U]A17)=
SRR #AE Tk ALE P A
2bet7] S8 dad gelvEe e 2
oo AAAE 152mY/melth, o] #2 67)
% set7b ARBE FRFAEIHFELYR
olrz ASAARLHS AHME 7 setel
AdEe FELRFE AAsloo} g}

ez ok

P = (ﬂ/ )P _
Py - total area of fracture per unit vo-

_ lume of rock:
f  the number of fractures per meter
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of borehole length
f.  the number of conductive fracture
per meter in OxFilet simulation
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gholz] W&o o]23 Q! Fisher PDF(Probabi-
lity Density Function)= ®#3he 3ol A
Ayt S BAE RS 9]
o -0},

FHoelo Bxe FIAEY ¢ 59mY
do)g moluA Fe 7)Y ¥Ert 271
e, ojAe #AZold A8 FUE
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Table 6. S=XF0A2l Trace Map Sub-region

Analysis
Totdl number of races = 186
Total length of all fraces = 2,384m
Mean trace length = 1282m
Trace length sfandard deviation = 8597m
Region dimensions = 100mX 18m

Number of non-feminating infersections (X) = 926

Number of feminafiong intersections (T.) = 52
Fraciure infensity (Pz) = 1.325/m
Fracture infensly (Pzi) = 0.1033/m?
Intersaction intensity (Cz1) = (06433/m?
Termination probabiliy(P(T/1)) = 5317%
Termination percentage(T%) = 1398%

e —
Mean = 5.424E-87 * 8,142E-087

121 7

4,3504E-6 9E-6
Transmissivity

Fig1l SZTNOIALL! Frocture Tronsmissivty

X+ lognormal PDFY ®, Figl1d Z&
HEEEE Zdet o #e BAE F3d
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AA%, 7144
=53 YGBEDS F Uud EIjmz
WA §A EyESrdo] FEEvn

T % 9t

X|olrfas DR

Adtpfs BdEL2 gdodA 58 £
dSAARD L Hlgo g s FracMan?]
MeshMaker module®l|# #3847-S A4
33, MAFICE o]&3te FaiWAA S
A ske Aotk A9 2E(MeshMons-
ter, EdMesh, MAFIC) 2 T4 ¥ MAFIC® &
eI SR £3d 59
AFFENAE Y3 Galerkin #3840
o|t},

AFFEaAS 3 MAgAFoEA
fetahns FABtAoF s, ol & 3
e BAN] £4d e FAAZRUE 4%
ool gk AFA Y ME ARF2Y &
ol AHPHoR FdHS A FYEEY
At EAtelg RAHsYT FHEHEE
A3 70m leveld] HA 3w AdHFEFL
ZHE O0mF Tl A2 E Talbe 72 22
713k FAE 4 9t

AstFE T FH%8] 7108 =
47 d9lldlM= F ST et &
AsA "o, olgd 2 Bde AHAx
Ag o F= 7t Holl Aoz YAs,
FTHH o2 WElste FFUE FAHREHN
Fedldd, #AES x y, 2o GEE FFY

I e o

AYshs oo Hoz gddd.

H=Hx+Hy+H:z+H,

Table 82 KA A S WEZA L ZF Hol
g H, H, H, 2 L9 AlFelo. HAST3&
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Table 7. ZHIZE712] Geometry

Goordinaes ~ Origtritation Region size Length
(xy2) (trend, plunge) (m) (m)
Qufer Boundary .85, 50,0 325, 0 W100XH80 150
Inner Boundary 40, 30, 0 325, 0 W00 XH20 100
Toble 8. Outer ! inner Boundaryi| CHEt Boundary Condifion Coefficients
Face Hy H, H, Ho(m)
East -0216 0 10 582
West —0.001 0 1.0 410
Outer  North 0 0 10 496
Boundary South 0 0 10 4986
Top : ~0.108 0 10 296
Bottom —0.108 0 10 496
Inner Boundary(All) 0 0 10 0
Table 9. Nodal Group Data
Inflow(m®/sec)
Nodal Group - - Remarks
Trigl 1 Tral 2
1 4149602 1421603 East
2 1.689E-02 3.181E-04 West
3 8.388E-04 1822804 North
4 2216605 3831807 South
5 5.480e-02 4247603 Top & Botfom
6 —7.56376-03 —3421E-04 Cavem

A4 %7 (hydrostatic gradient) & 7V4 8
Aolil, AetEFe] AeLHe AEFTIE
AA A&Hoz ety Wi 022 A
A3t

et AAZNLE FgaLds A%
A7 Fiel2olth o]& vlgo g MAFICE
A8 g AT Table 994 2t} Nodal group
6t AstEFddl, 4P Ha F¢
F2 o 65ltom/Y el BTH(Trial 1), °l%}
22 Ade EE3nd v BEFAS
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#ol i Hg =] Wielth o]F BAs
= 7Hg 88 239 99e doAN o
Wi o} o] FAEEAA Lol H Aol
AA LR YA RS FrgFAFel & 1089
o7k vE2 2o AAF ANEEAR Y
ALY FeEALH(107E AYstel oA
A4sgch AR 2dseM 108 ZAA
A Ao 3d fAFE Won/Lo) He
A& & F AK(Trial 2).
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A4 4 ook

U7l AARE 4RA ARREF A
A498 0|24 $52 RS 2

#Edne A - sF Asedger
TR-8e] H28le Aol vl Atk (Table 3,
4). 3% AFddY £FE 10mMSL B
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Eigey
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FReEe o AR HA £ Hol ¥
3 A ﬂﬂ] FAE A B3 )l @7“’]73}.

sedguHE 2257 Y8 48T
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a3}, o] Bop wg A9 AV7IE £
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shd

HAE HRE =77 e FEolth
Az g AL H47e T
@3 1 BEg § 87 slojo} Bk AR
(information) & 34 7% (idea) 2 ¥4 4E
B §71H0 RAE FAEHAAM LA
Urtel ste Aolth A ERYL 2A
EAd) watd tekd /9 AEEE A
B3 4 glov} glug testyt pulse tests 7
Afd 2 2ol UEA K37 Wi
A4 (sustained) FHAFL2M HW/A
RN EE $HA0E FP3h= Aol ¥

A8, 59, APANEL FHAFEAE

FAE 5 dom, AEFAGAN 27
of AYAEHE FAT F e o] L
BEg ol ) HFg Eolv Aol vEZF
31tH(Doe, 1990). A FA B slug test, pulse
testt= BHojzio] HFdl= § HEFHLR
ANEEhes Aol ngAEg Aoz #gHEn
G| EeRE e 2A71eTH A7
HA GBIt wpA7tA 2 T R
3 e iAo, #7|ge] opfE] W
Aun E, EAAEY TEolv 2A)
&o| Zulzd, ZARIE o]fel| FIHAHLR
A7t 2FEHE HUlEe 28E 571
g Atk wEba FAIER #4782
ZAd) Ze Az el urtel gl
AH71eE 24 AN 27EHE A5
(performance objectives)el A ’é?ﬁgcﬂ"?
3, AAE 2 REgdte AREEE
f13te] FAP|g D] utslofol & o]
k. '
2 d1s dgo g 3o &5 Fgsio}
& FAZM e £EINEY AdrHE
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