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Abstract— Experiment on contaminant transport in a natural rock fracture was carried out. The scale of rock fracture
was 91.5X 86.5X 49(cm). Mean of the aperture was 0.6 mm. Uranine and cesium were used as nonsorbing and sorbing
tracer, respectively. Tracer was injected along the fracture line on one fracture side as a step function and collected at the
opposite side. Volumetric flow rate was 20 ml/h and linear velocity was 3.71 cm/h. Channeling flow appeared dominantly
due to heterogeneous aperture distribution. Channeling flow was the main source of hydraulic dispersion. Breakthrough
curves were analyzed with an analytical solution. Sorption onto the fracture surface was the most important retarding
mechanism in the contaminant migration. Simulated results did not respond sensitively to diffusion into the rock matrix at

the flow rate of 20 ml/h.
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Fig. 1] A2Qg 713 APLA o o]5 AY Hu)H2E e}

7|4 K= ERA7)E 2ulAlS, K i SA7|12 2o Table 1. Mineralogical composition of the granite
o} =, Component Quartz Corundum Zircon Orthoclase Albite Anorthite
% 285 1.6 0.03 28.3 3232 461
K. = 9 _ A EHHY HF et [g/cmZ =cm] Component Magnetite Apatite Calcite Biotite Sphene
A T4 F& g/cm? % 0.84 009 02 294 0.5
Table 2. Chemical composition of the granite
Element Sio, ALO, Fe,0, FeO TiO, MgO CaO Na,O KO MnO
% 724 144 0.79 0.88 0.24 047 1.19 3.55 5.03 0.04
Table 3. Composition of the synthetic groundwater
Species Na' K Ca™ Mg™ Fe Si Al F~
mg/l 57.4 1.63 74.5 0.226 <0.01 14 0.179 <0.05
Species cr NO,” S0, pH Alkar(as CaCO;)
mg/l 187 <0.1 0.28 8.0 113
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Fig. 1. Schematic view of the experimental setup.
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Table 4. Distribution coefficients of cesium with time
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Fig. 2. Breakthrough curves of uranine for five sampling locations.
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Fig. 3. Differentiated elution curves of uranine for five sampling lo-
cations.
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Table 5. Estimated values of the parameters

Migration Retention time Retention time Aperture Retardation
path of uranine(hr)  of cesium(hr) (mm) factor
A 23 62 0.58 273

B 18.8 67.5 0.475 36

C 225 74 0.57 33

D 25.9 62 0.655 24

E 33 85 0.835 2.6
AVERAGE 22.3 73 0.623 3.27
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Fig. 4. Comparison of the uranine breakthrough curves between the
experimental and the calculated.
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A :concentration of the species in the fracture [g/cm’]

A’ : concentration of the species at time equals zero [g/cm’]
a, :longitudinal dispersivity [cm]

B : concentration of the species in the rock matrix [g/cm’]
2b  : thickness of the fracture [cm]

D, : effective diffusivity [cm’/sec]

D, : pore diffusivity [cm’/sec]

D, :molecular diffusion of contaminant in water [cm’/sec]
D, :hydrodynamic dispersion coefficient [cm”/sec]

J : diffusive rate of contaminant at surface of fracture [g/cm’sec]
K, :surface distribution coefficient in the fracture [cm]

K, :distribution coefficient in the rock matrix [cm®/g]

R :retardation factor in the fracture

u : average groundwater velocity in the fracture [cm/sec]
U(t) : unit function

agzjola 22Xt
A :first order rate constant for decay [1/sec]

p, :tock density [g/cm’]
[ : rock porosity
T : tortuosity of the fracture
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