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ABSTRACT

Repeated tracer tests are often conducted to improve the accuracy of parameter estimation or are sometimes inevitably
performed due to mechanical issues or human errors occurred during initial tracer tests. However, residual concentrations
from preceding tracer tests can interfere with the injection concentrations of subsequent tests, potentially compromising
accuracy of parameter estimation in those later tests. Additionally, repeated injections and interruptions can create transient
flow conditions, which have not been adequately considered to date. In this study, a new analytical solution was developed
to generate a type curve for repeated tracer tests under transient flow conditions. The solution was validated through
numerical simulations. By using the proposed analytical solution, the residual concentration from preceding tracer tests
can be effectively accounted for, enabling more accurate parameter estimation for subsequent tracer tests under transient

flow conditions.
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Fig. 1. The first injection period, rest period, and the second
injection period in a transient divergent radial flow during repeated
tracer tests. The first and second injection rates were 5.0 m*/day
and 8.5 m*/day, respectively. The end times of the first injection,
rest, and the second injection phases were 0.2, 0.6, and 1.0 days,
respectively.
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Fig. 2. Comparison of spatial head distributions obtained from
the proposed analytical solution, and the analytical solution based on
superposition (Kinzelbach, 1986) during the first injection period

(“Ist inj”), rest period (“res”), and the second injection period
(“2nd inj”).
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injection period, the rest period, and the second injection period.
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Table 1. Parameter estimation errors in repeated tracer tests
varying with S

%Error” with correction osError™t without
0

Cases using background .

P cogncentrftion correction
Case 1 1.57 16.79 51.02
Case 2 3.14 7.01 33.11
Case 3 314 32.99 11.00
Case 4 314 34.99 7.97

9%Error refers to the error between the actual longitudinal dis-
persivity and the estimated longitudinal dispersivity used to best fit
the corrected observed BTC using the existing analytical solition.
The observed BTC is corrected by subtracting the background
residual concentration. It is calculated as (actual longitudinal dis-
persivity — estimated longitudinal dispersivity)/actual longitudinal
dispersivity *100.

1% Error refers to the error between the actual and estimated lon-
gitudinal dispersivity used to best fit the observed BTC, without
correction. Refer to the equation in'.
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Fig. 5. Curve matching technique. Observed breakthrough curve (BTC) obtained using the proposed semi-analytical solution when f=1.57. The
groundwater flow exhibits strong transient flow. The actual longitudinal dispersivity is set to 1 m. Using the existing analytical solution (Chen,
1987) assuming steady-state flow and a single tracer test, type curves for various ¢ values are generated. When (a) the background residual
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Fig. 6. Observed BTC is obtained using the proposed semi-analytical solution when = 3.14. The groundwater flow exhibits transient
flow. Using the existing analytical solution (Chen, 1987), type curves for various ¢; values are generated. When (a) the background
residual concentration is included in observed BTC, the estimated ¢; = 0.67 m, with an estimation error of 33.11%, and when (b) the
background residual concentration is removed and corrected, the estimated ¢; = 1.07 m with an estimation error of 7.01%.
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Fig. 7. Observed BTC is obtained using the proposed semi-analytical solution when f=31.4. The groundwater flow is close to steady-
state flow. Using the existing analytical solution (Chen, 1987), type curves for various ¢, values are generated. When (a) the background

residual concentration is included in observed BTC, the estimated o =

0.89 m, with an estimation error of 11.0%, and when (b) the

background residual concentration is removed and corrected, the estimated o; = 1.33 m with an estimation error of 32.99%.
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