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Evaluation of Stream Depletion from Groundwater Pumping in
Deep Aquifer Using An Analytical Model

ABSTRACT

The objective of this study was to evaluate the stream depletion from groundwater pumping in deep aquifer using the Ward and Lough's
analytical solution (2011) which considers a two-layer leaky aquifer system. The calculated results for each pumping from the 110 wells
beside streams showed a wide range of non-dimensional stream depletion, that is the streamflow depletion rate divided by the
groundwater pumping rate, from lower than 0.1 to more than 0.9 on average for 5 years depending on the specific properties of well
location. From the comparison with Hunt's solution (1999) of a single layer aquifer, the Ward and Lough's solution showed about 50%
lower than the Hunt's solution due to the difference of hydraulic properties between the first and second layers as well as the lagged effect
of vertical leakance. It was also found that the groundwater pumping has a minor effect on the stream depletion if the stream depletion
factor (SDF) of the 1st layer is higher than about 1,000 or the SDF of the 2nd layer is higher than about 100, or the vertical leakance
is smaller than 10° s, Furthermore, in the present study, the variations of the stream depletion were assessed according to the
magnitude of unmeasured hydraulic properties such as transmissivity and storage coefficient of the 1st layer, vertical hydraulic
conductivity of the 2nd layer, the streambed hydraulic conductance.
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Fig. 1. Definition Sketch for Ward and Lough (2011) Solution
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Table 1. Hydraulic Properties for Well 6 and Well 54

1./, 7,/5, K'/B’
Well No. ! '{ ! 2{ 2 A /
(m) (m'/d) | (m'/d) (m/s) (1/s)
6 53.0 197.7 334.5 170.0 29 %107
54 125.0 17.5 62.6 89.9 4.7 % 10°
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Table 2. Variations of Dimensionless Stream Depletions for 5-Year Pumping according to Hydraulic Properties of Aquifers and Streambed

Hydraulic Properties Ko = 01K R = R Average
T,=0.1T» T=T» Ti=10T, Ti=0.1T» Ti=T» T,=10T>»
S;=0.05 0.28 0.48 0.67 0.42 0.62 0.81 0.55
Kr/M=1x10" | §,=0.10 0.22 0.41 0.62 0.35 0.56 0.77 0.49 0.49
S1=0.20 0.18 0.35 0.56 0.28 0.48 0.71 0.43
S;=0.05 0.28 0.47 0.67 0.42 0.62 0.81 0.55
Kr/M=1x10" | §,=0.10 0.22 041 0.62 0.35 0.55 0.76 0.49 0.48
S$1=0.20 0.18 0.34 0.56 0.28 0.47 0.70 0.42
S;=0.05 0.26 0.44 0.57 0.40 0.57 0.69 0.49
Kr/M=1x107 | §,=0.10 0.21 0.37 0.51 0.33 0.50 0.62 0.42 0.42
S$1=0.20 0.16 0.30 0.43 0.25 0.41 0.54 0.35
0.22 0.40 0.58 0.34 0.53 0.71
Average 0.46
0.40 0.53
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