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ABSTRACT

Step-drawdown test has been generally conducted to evaluate productivity or efficiency of both aquifer and well. In
general step-drawdown test, pumping with a low constant discharge rate is conducted in the first stage until the drawdown
within the well stabilizes. And then the groundwater is pumped with a higher rate in the next step until the drawdown
stabilizes once more. This process is repeated at least three times (steps), with the equal duration. In this paper, we tried to
review some critical problems related to the step-drawdown test, which were revealed in the process of field practices and
analyses. The problems, referred in this paper, are mainly associated with the incorrect conceptual approach for analysis
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and incomplete data collection in the field test.
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Fig. 1. Some conceptual approaches for analyzing the step-drawdown test data.
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Table 1. Step-drawdown test data for Songsan well

) . Step 1 2 3 4 5
Time (min) =90 Q=100 Q=135 Q=160 Q=210
from beginning 1342y m¥%day m’day m’/day m*/day

of each step -
Drawdown in meters

1 0.873 . 3222 5139 7.593 11.119
2 1429 3.682 5590 7.804 12.097
3 1.803 3.989 5849 8.024 12.806
4 2052 4190 6.088 8.360 13.342
5 2215 4334 6347 8.724 13.773
-6 2340 4459 6.568  9.031 14.051
7 2426 4545 6.740 9280 14.357
8 2493  4.622 6884 9471 14712
9 2.560 4.679 7.009 9.606 15.028
10 2608 4727 7.095 9749 15296
12 2685 4804 7239 9912 15717
14 2752 4861 7.334 10.056 16.024
16 2.800 4900 7402 10.142 16.301
18 2.838 4938 7459 10209 16.531
20 2.877 4976 7.507 10.257 16.732
25 2954 5044 7574 10343 17.134
30 3.021  5.092 NA 10401 17412
35 3.069 NA NA 10439 17.651
40 3.117 NA NA NA 17.843
45 3.164 NA NA NA 18.044
50 NA NA NA NA 18187
55 NA NA NA NA 18312
®NA= not available
25
_{ (a) Songsan
20 Q=210 m¥%day
E 4
g 15
2 0
g | Q,=135 m¥day /* Q=160 m¥day
5 -
] Q,=100 m¥day
Q=90 m¥day
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§ 204 Q,=90 m¥/day,
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0 e T ——
0 60 120 180 240 300 360 420

Elapsed time (min)

Fig. 2. Plot of step-drawdown test data for illustrating some
relevant problems.
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Table 2. Step-drawdown test data for Yupo well

Time (min) Step 1 2 3 4 5
from begin- €=50  ©=70 Q=90 Q=110 Q=130
ning ofcach M/day  m'day mday mday m’/day

step Drawdown in meters

1 1.527 9.724 14444 20.062 28235
2 2.986 10.760  15.000 20340 28.512
3 4206 11413 15690 21375 29.527
4 4.734 11.844 16.199 22.170  30.494
5 5.079 12.151 16534 22755 31.653
6 5.348 12362 16.803 23.205 32.601
7 5.626 12506 17.004 23.608 33.443
8 5.818 12612 17.167 24.001 34.132
9 5.905 12,708 17.263 24499 34716
10 6.039 12976 17368 24959 35.443
12 6.241 13.322 17570 25.639 36.630
14 6.394 13.523  17.809 26.118 37453
16 6.673 13.628 17944 26472 38.056
18 6.874 13.715 18250 26.884 38477
20 7.248 13.772 18490 27.191 38.812
25 7.699 13.897 18778 27.660 39.328
30 8.093 13983 18912 27909 39.634
35 8.275 14.060 18.988 28.091 39.845
40 8.458 14.127 19.065 28206 40.007
45 8.650 14.185 19.151 28254 40.141
50 8.774 14261 19334 NA 40.247
55 9.005 14309  19.870 NA 40.313
60 9.129 14386 20.014 NA 40.428
70 9.254 NA NA NA 40.687
80 9.350 NA NA NA 40.859
90 9.446 NA NA NA 41.021
100 NA*® NA NA NA 41.107
120 NA NA NA NA 41.270

*NA= not available
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3.174, 1.946, 2.454, 2.865 m 1)1l FETFL 9.484,
4950, 5.618, 8.192 @ 13.112 me|t}. $-E&& AN
g B C2 AL 931 Bierschenk(1963)9] WS
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Table 3. Specific drawdowns determined with raw data set
(conceptual model in Fig. 1(b))

Songsan  As, Sw (0] $,/O At
well (m) (m)  (m%day) (day/m’) (min)
Step 1 3174  3.174 90 0.0353 47
Step 2 1946  5.120 100 0.0512 34
Step 3 2454 7574 135 0.0561 26

Step 4 2865 10439 160 0.0652 35
Step 5 7988  18.427 210 0.0877 59

Yupo As,, Sy Q s/0 At
well (m) (m) (m*/day) (day/m?)  (min)

Step 1 9.484 9.484 50 0.1897 95
Step 2 4950 14.434 70 0.2062 65
Step 3 5618 20.052 90 0.2228 65
Step 4 8.192  28.244 110 0.2568 47
Step 5 13.112 41356 130 0.3181 132
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Fig. 3. Specific drawdowns determined with raw data set in
Fig. 1(b).



GA GG A AlzHdE 0] s dse] iRl G 63

Table 4. Specific drawdowns determined with correct data set
(conceptual model in Fig. 1(c))

Songsan.  As,, Sy (0] 5./Q At
well (m) (m) (m*/day) . (daym?)  (min)
Step ¥ 2.973 2.973 90 0.0330 26
Step 2 1.616 4.589 100 0.0459 26
Step 3 2.199 6.788 135 0.0503 26
Step 4 2.540 9.328 160 0.0583 26
Step 5 6.517  15.845 210 0.0755 26
Yupo As,, S (0] $,/Q At
well (m) (m) (m*day) (daym?®  (min)
Step 1 8.707 8.707 50 0.1741 47
Step 2 4423  13.130 70 0.1876 47
Step 3 4.130 17.260 90 0.1918 47
Step 4 8174 25434 110 0.2312 47
Step 5 11.749  37.183 130 0.2860 47
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Fig. 4. Specific drawdowns determined with corrected data set in
Fig. 1(c).

Table 5. Analysis results of the step-drawdown tests

Incorrect approach Correct appraoch

Parameters
Songsan well Yupo well Songsan well Yupo well

0.008679  0.09381
(163.29%) (! 6.23%)

0.0003159 © 0.001337
(118.35%) (! 13.01%)

B (day/m® 0.005315  0.100039

C (day¥m® 0.0003869 0.001537

23.39 43.81
: (% 1324 4197
B C4) (176.66%) (1 4.38%)
Af (min) 2659 47-132 2% 47

aEW (well efficiency) was defined by BO/BQ + CQ?) at 0 =90
m’/day in this study after Kruseman and de Ridder (1991) but it
strlctly means the ratio of laminar to total head losses

JL‘
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