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Analysis of the Migration Characteristics of Tracers
in a Heterogeneous Flow Field through a Natural Fracture of a Domestic Granite
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Abstract

Tracers migration experiment was performed in a natural fracture of a domestic granite.
The scale of rock fracture was 100X60xX40(cm). In order to observe the migration
characteristic, two kinds of nonsorbing tracers were used ;
as high molecular organic dyes, Eosine, and NalLS, and as anions, Bromide and Chloride.

Tracers was injected in a borehole as a band funtion and collected at the opposite borehole. A
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The particle tracking method applied -effectively

aperture width of the fracture and to simulate solute transport. The heterogeneous flow field
was modeled by a variable aperture channel model after characterizing aperture distribution by
simulating tracers transport through a heterogeneous flow field in the rock fracture. Simulated
results show that tracers do not migrate through the shortest straight line btween inlet and

variable aperture channel model with particle tracking method was used to characterize the
outlet, but migrate through the paths having lowest flow resistance. that is channeling flow.

hydraulic tests through boreholes.
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2.2 A2 ¥ (Particle tracking method)
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3 = AF 1 A& 2
A oJ(Quartz) 46.8 41.6
A+ (Plagioclase)) 24.2 26.6
-7} (K-feldspar) 124 10.6
3.2 % (Biotite) 12.8 16.6
Z}/4 24 (Hornblende) 2.2 2.0
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Element SiO2  AlO3z  FexOs FeO TiO2  MgO CaO Na»O KsO MnO

% 724 14.4 0.79 0.88 0.24 0.47 1.19 3.55 5.03 0.04
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3. Composition of the synthetic groundwater
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Final Cons.(mg.l)

574

1.63
4.5

0.226
<0.01

14
0.179

<0.05

187
<0.1
0.28

113
8.0

Initial Conc.(mg/1)

57.8

0.07
101
0.025
0.0164

<0.04

<0.1

<0.05

182
<0.16

<0.1
131
8.3
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19 2. Large Block Experimental set-up

rH =42 Validyne perssure sensor UPC 601-L3 LVAT & variable reluctance sensor

MY FAAES AATD Gl el BYsEE 543 1 AFol oW dge mol:

o 37 ¥4

N
)
o
1~
[e]
)
T
N
Ho
2
=)
o
iy
)
il
=2
=
:(n)‘é
&)
o
=8
@]
j=)
(@)
o
2
[¢)
o
(@)
o
=
=5
Q
=
<
@)
(@)
o
5
<
@)
il
I

0.03 1

003 1 ——Eosine
—=-NalLs

0.02 —©— Bromide
—— Chloride

C/Co

0 200 400 600 800 1000 1200 1400 1600

Time(min)

9 3. FAAE 9 Elution Curve



Cumulative curvel

1.20 1

C/Co

—o—Eosine
—=-NalLs
—©— Bromide
—A— Chloride

T T T T T T 1
0 200 400 600 800 1000 1200 1400 1600

Time(min)

a9 4. FAHAE2 Cumulative curve

F O Bl AFAdA vuFAAH 719 5< Eosine? NalLSE mo] o] owkhg &
S A ol2o] FHstd F3f Elution curve® ZEA|Zbo] mwhEal /49 peak’t ¥ %
Cumulative curve®] Z7|A|7to] 7]1L717} FAAE YElE Aoz Hol ddbnja U= g2ako)
Aol Qoji}x] FeS ok g}
T 2o]22¢ Bromide®} Chlorides=
of ool A= Fol&3 Adts %
2 v Al & ¥ (anion exclusion) & J
peak °o]Follk Fojsiw HEHS & F A
w7 A Ho e EFA T o] 2 A YERa, FE dEEo sl ]
< ZEATo] M A BRE &t
o

ol Al dolwtie welE

=~
i

E

Aol AREFE SliAE S Aol IR Wt 0.08mm~0.25mm Atolol]l & E ST o]
#9 &

% mechanism< 93t AAdukirdo A A& 4 (point source) - ¥ & (point withdraw)¥
o] ol s Ay AR sfMolA FdtH RS IFEE 01501] U?}E ER2 o]F&H AoVt F
29l oAt FAAES FH TELE ZEAF M AL 2 olFddS HArh wEY

o] Fbe iAo dojd 7|37t Ho| HlgRAg FA AR ﬂv‘f‘x} 7719 % Eosine¥} NaLS,
w°l<2! Bromide® Chloride= wldul 24 gt & J& 44 Zot



N

o g

1

2)

3)

4)

5

6)

7)

8)

9)

Wt e ® Bdoi sgo 71 & 4 "R A gYAte]l 5 vE a9dry 7t
#d BolA AFolse] Tz #d Bo R¥s A% A44on A4aAd. E A9 %
FAAEC] o SAol AA Fel T olF mwdel BYHL AT Tk

I |

Abelin, H., Birgersson, L., Widen, H., Agren, T., Mreno, L., and Neretnieks, 1., 1994.

Channeling experiments in crystalline fractured rocks. J. Contam. Hydrol., 15 : 129

Cliff, K., Gilling, D., Jefferies, N. and Lineham, T., 1993. An experiment study of flow and
transport in fractured slates. J. Contam. Hydrol., 13 : 73

Chung-Kyun Park, Tjalle T. Vandergraaf, Douglas J. Drew, Pil-Soo Hahn, "Analysis of the
migration of nonsorbing tracers in a natural fracture in granite using a variable aperture
channel model”, J of Contam. Hydrology, Vol.26, 1997

L. Moreno, Tsang C.F., Hale, F.V. and Neretnieks, I. "Flow and tracer transport in a
single fracture”, Water Res. 24, 2033, (1998)

AERE-R-11287, Analysis of steady-state hydraulic tests in fractured rock, 1984

R. Yamashita and H. Kimura. "Particle-tracking technique for nuclide decay chain transport
in fractured porous media”, J. of Nuclear Sci. and Tech. 27, 1041, (1990)

Chung-Kyun Park, Tjalle T. Vandergraaf, Douglas ]J. Drew, Pil-Soo Hahn, "Interpretation
of Migration of Radionuclides in a Rock Fracture using a Particle tracking method” J. of
the Korean Nuclear Society. Vol. 27, No 2, April 1995

Chung-Kyun Park, Pil-Soo Hahn, "Interpretation of Migration of Line Source Contaminant
through a Rock Fracture” Hwahak Konghak. Vol. 35, No4, August, 532, 1997

Tsang. T.W., CF. Tsang, INeretnieks, and L.Moreno, "Flow and tracer trasport in
fracture media-A variable-aperture channel model and its properties, Water Resour. Res,,
24(12), 1988



10) Rasmuson, A., "Analysis of hydrodynamic dispersion in discrete fracture network using the
method of moments”, Water Resoue. Res., 21, 1677, 1985

11) Tsang.Y.W., aand C.F.Tsang channels model of flow through fractured media, Water
Resour. Res., 23(3), 467-479, 1987

12) Tjalle T. Vandergraaf, Douglas J. Drew, Sumio Masuda, "Radionuclides migration

experiments in a natural fracture in a quarried block of granite” J. of Cont. Hydrology 21,
153-164, 19960

13) Kohler,M., Curtis, G., Kent, D., and Davis, J., Experimental investigation and modeling of

uranium transport under variable chemical conditions”, Water Res. Res. 32: 3539, 1996



	분과별 논제 및 발표자

