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Using a natural gradient tracer test, the characteristics of hydrodynamic dispersion according to each depth of a
fractured rock were studied, and the effective porosity and longitudinal dispersivity of the fractured rock were esti-
mated. The difference of vertical hydrodynamic dispersion was identified by concentration breakthrough curves,
linear regression analyses of bromide concentrations according to depths versus time, and hydraulic fracture char-
acteristics at two intervals of the monitoring well. Higher concentration and faster arrival time at GL- 18 m depth
(RQD 13%, average joint spacing 2 cm, TCR 100%) than at GL- 25 m depth (RQD 41%, average joint spacing
7 cm, TCR 100%) resulted from shorter distance and more fractures. Tracer was transported through the 1st fractures
until the arrival of its peak concentration and through the 2nd fractures or matrix diffusion after the arrival of its
peak concentration. The increase/decrease slopes of bromide concentration versus time were 3.46/-1.57 at GL-18 m
depth and 3.19/-0.47 at GL- 25 m depth of the monitoring well. So the faster bromide transport was confirmed at
GL- 18 m depth with more fractures. The concentration increment of bromide was fitted by a Gaussian function,
and the concentration decrement of bromide was fitted by an exponential function. Effective porosity and longitudinal
dispersivity estimated by CATTI code were 10.50% and 0.85 m, respectively.

Key words : Natural gradient tracer test, Fractured rock, Hydrodynamic dispersion, Matrix diffusion, Linear regression
analysis, Gaussian function, Exponential function, Longitudinal dispersivity
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Table 1. Design and coordinate of test wells.
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(unit: meters)

Design Well Casing Well Screen Elevation Water Coordinate
Wells depth depth ID interval level T™_X ™ Y
Injection well 60 15 0.075 15~60 4.75 3.14 18257621 205127.61
Monitoring well 65 15 0.075 15~65 5.03 2.73 182576.99 205132.28

*[D: Inner Diameter.
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Table 2. Core logging data of experimental wells for natural gradient tracer test.

Wells Core interval TCR RQD Average Joint
(GL-, m) (%) (%) Spacing (cm)
14.7~16.7 80 0 2
16.7~19.5 48 25 7
Injection 19.5~222 91 14 6
well 22.2~23.7 100 0 3
23.7~25.5 5 0 N/A
25.5~28.4 100 23 6
15.0~16.0 75 0 N/A
16.0~17.7 100 14 4
17.7~19.2 100 13 2
Monitoring 19.2~21.0 100 15 4
well 21.0~224 100 21 5
22.4~23.7 100 8 3
23.7~25.7 100 41 7
25.7~27.7 100 45 7

TCR: Total Core Ratio, RQD: Rock Quality Designation, GL-: below the ground surface, N/A: average joint spacing 0.
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Fig. 1. Cross section of test site for natural gradient tracer
test.
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Fig. 2. Change of groundwater levels in injection and monitoring wells during the natural gradient tracer test.
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Fig. 3. Breakthrough curves of EC at two depths of the monitoring well.
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Fig. 4. Breakthrough curves of Bromide at two depths of the monitoring well.
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Fig. 5. Linear regression analysis of the bromide concentration versus time for the increase interval of bromide

concentration.
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Fig. 6. Linear regression analysis of the bromide concentration versus time for the decrease interval of bromide
concentration.
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Table 3. Input parameters for CATTI code.

Injection mass

(ke) (m)

Distance between the test well

Darcian velocity Aquifer thickness
(m/sec) (m)

4.028 4.73

7.28x10°8 25
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Fig. 9. Breakthrough curve fitted with CATTI code simulation.
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