J. Soil Groundwater Environ. Vol. 25(4), p. 35~47, 2020

< Research Paper >

EDIIAIE oA

|'0

ol
'L

t& el
A A 919
k1574

23}

ol mE <

I__Fll_x-l 1,2
9 ATHAATEY: ASFATAIE
s/l dstst sk B AslsA 08}

https://doi.org/10.7857/JSGE.2020.25.4.035
ISSN 1598-6438 (Print), ISSN 2287-8831 (Online)

AL AL [ =]
= ¥ | d+ HE =4
SUE TR

G RAAA o1

Comparisons of Different Step-drawdown Test Analysis Methods;
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ABSTRACT

Step-drawdown test is one of the widely-used aquifer test methods to evaluate aquifer and well losses. Various approaches
have been suggested to estimate well losses using the step-drawdown test data but the uncertainties associated with data
interpretation and analysis still exist. In this study, we applied three different step-drawdown test analysis methods -Jacob
(1947), Labadie and Helweg (1975), Gupta (1989)- to the step-drawdown test data in Seobu-myeon, Hongseong-gun,
South Korea and estimated aquifer and well losses. Comparisons of different step-drawdown test analysis methods
revealed that the estimated well losses showed different values depending on the applied methods and these variations are
likely to be related to the limitation of the assumptions for each analysis method. Based on the detailed analysis of time-
drawdown data, we performed step-drawdown test analysis after removing outlier data during the initial stage of step
drawdown test. The results showed that the application of the revised time-drawdown data could substantially decrease the
error of the analysis as well as the variations in the estimated well losses from different analysis methods.
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Fig. 1. Location of the study area and the observation/pumping wells.
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Fig. 2. Geological section of observation wells.
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Table 1. Specification of the pumping wells used for step-drawdown test in the study site

Well Development year Well diameter Submersible pump depth ~ Well depth Water i;ltake plan
1D (mm) (m) (m) (m/day)
D7 2012 200 100 175 90
D8 2012 350 60 103 151
D9 - 150 45 50 60
D10 2016 150 80 100 120
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Table 2. Time-drawdown data and calculated drawdown from the step drawdown tests

D7 A.t As Drawdown Pumping rate Specific drawdown
(min) (m) (m) (m®/day) (day/m?)
Step 1 60 4.84 4.84 19.8 0.24
Step 2 60 2.37 7.21 37.1 0.19
Step 3 60 5.71 13.63 65.1 0.21
Step 4 60 10.77 25.28 89.1 0.28
Step 5 60 6.08 34.50 99 0.35
D8 At As Drawdown Pumping rate Specific drawdown
(min) (m) (m) (m?/day) (day/m?)
Step 1 60 2.96 2.96 76.5 0.039
Step 2 60 1.28 4.24 104.7 0.040
Step 3 60 1.1 5.34 126.2 0.042
Step 4 60 1.66 7.00 1594 0.044
Step 5 60 2.78 9.78 209.5 0.047
D9 At As Drawdown Pumping rate Specific drawdown
(min) (m) (m) (m®/day) (day/m?)
Step 1 60 3.55 3.55 9.2 0.39
Step 2 60 2.19 5.74 14.3 0.40
Step 3 60 2.20 8.39 19.9 0.42
Step 4 60 9.07 10.38 25.1 0.41
Step 5 60 11.52 13.08 314 0.42
D10 A.t As Drawdown Pumping rate Specific drawdown
(min) (m) (m) (m®/day) (day/m?)
Step 1 60 1.08 1.08 20.3 0.053
Step 2 60 0.98 2.06 49.9 0.041
Step 3 60 1.10 3.32 80.2 0.041
Step 4 60 1.11 4.72 1104 0.043
Step 5 60 1.43 6.58 141.1 0.047
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Table 3. Estimated values of B, C and P and NRMSE (Normalized Root Mean Square Error)
Well ID Method " d;’/mz) " dayp/cm3p_,) P NRMSE
Jacob 1.7x10™" 1.3x107° 2.0 0.15
D7 Labadie-Helweg 2.0x10™ 1.0x107"2 6.6 0.03
Gupta 2.3x107"(aver.) 7.8x107" 6.6 0.12
Jacob 3.4x1072 6.0x1073 2.0 0.006
D8 Labadie-Helweg 2.9x1072 7.1x10°* 1.6 0.003
Gupta 4.4x107(aver.) 2.5x1074 5.8 0.06
Jacob 3.8x107" 1.3x107° 2.0 0.02
D9 Labadie-Helweg 2.1x10™ 1.4x10™" 1.1 0.01
Gupta 5.4x107'(aver.) -4.9x107% 13 0.03
Jacob 4.8x1072 -4.0x107%" 2 0.09
D10 Labadie-Helweg 42x1072 9.5x107"° 8.3 0.03
Gupta 1.5x10"!(aver.) -7.0x10°% 1.1 0.1

*Invalid values
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Table 4. Estimated values from modified step-drawdown test analysis for D7, D10 wells

C
Well ID Method (day/®) (dag?/m™) P NRMSE
D7 Jacob 8.6x1072 24x1073 2.0 0.09
. Labadie-Helweg 1.9x10™ L.ox10™" 6.1 0.002
(modified) .
Gupta 2.0x107" 2.5x107 5.1 0.02
IO Jacob 3.8x107? 6.0x107° 2 0.02
. Labadie-Helweg 4.1x1072 1.6x107" 59 0.0007
(modified) 2
Gupta 3.9x107 2.3x107" 3.8 0.01
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