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Abstract

Preparation of the conceptual model of groundwater flow, as
an essential step in groundwater flow modeling, is one of the
primary measures in properly managing groundwater
resources, especially in arid areas where most consumption is
directed to groundwater resources. Preparation of groundwater
balance as an essential component of the conceptual model of
groundwater flow is associated with problems such as lack and
heterogeneity of information due to lack of proper spatial-
temporal monitoring network. In the present study, we tried to
provide methods for estimating the groundwater balance
equation's components as accurately as possible by using
auxiliary data, mathematical-statistical tools, and new
capabilities of GIS, such as a geostatistical analyst. These
methods were implemented in the Mahvelat aquifer, one of
Iran's critical aquifers, for 2001-2012 (12 Years). The balance
equation's mean error was calculated to be 26.9% of the total
components of the balanced input using the proposed methods
of the present study. Then, due to the significant amount of
error in the available information, by considering the
correction coefficients for the balance equation's components
on an annual scale, the absolute value of the errors was
minimized using the Taguchi method. The output of these
calculations was the optimal values of the corrective
coefficients. The result showed that the error was reduced by
97%; from 227 to 115 million cubic meters.
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Fig. 5- Study area, inflow boundaries and groundwater level
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Fig. 6- Hydraulic conductivity changes in the study area
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Table 2- The values of groundwater balance components in the study area (in millions of cubic meters)
(o o (yoalyo) (el 239500 45 My gloadlhe yyolie Y Jgaia

Groundwater Groundwater Annual
Water Groundwater Groundwater

year rechargg dge to _recharge due to inflow withdrawal groundwater

precipitation irrigation return flow storage changes
1380 73 17.4 39.9 174.8 -137.7
1381 9.9 18.9 415 189.1 -122.6
1382 9.1 19.6 429 1955 -133.2
1383 9.4 19.3 44.4 192.7 -153
1384 5.0 18.8 45.6 188.1 -129.6
1385 8.9 16.5 47.3 165 -131.8
1386 3.1 16.8 48.6 168.2 -105
1387 7.4 14.8 49.7 148.4 -81.6
1388 8.4 14.5 52.1 145.1 -83.3
1389 5.0 11.3 51.7 112.7 -85.4
1390 9.3 9.7 51.9 96.8 -50.1
1391 75 9.8 51.7 97.9 -43
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Table 3- The error of the groundwater balance equation (in million cubic meters)
(o o (ygulin) ot j o (W dslae glbd —F Joua

Water year Absolute error of groundwater balance equation
1380 275
1381 3.8
1382 9.3
1383 334
1384 10.9
1385 39.5
1386 5.3
1387 5.1
1388 13.2
1389 40.7
1390 24.2
1391 14.1
Sum of absolute errors 227.0
Average of absolute errors 18.9
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Table 4- Design of Experiments based on Taguchi method
BT gy b bl ol -F Jous

No. X1 X2 X3 X4 X5 Error
1 0.50 0.50 0.50 0.70 0.490 273.87
2 0.50 0.75 0.75 0.85 0.745 119.97
3 0.50 1.00 1.00 1.00 1.000 184.13
4 0.50 1.25 1.25 1.15 1.255 409.78
5 0.50 1.50 1.50 1.30 1510 637.66
6 0.75 0.50 0.75 1.00 1.255 289.34
7 0.75 0.75 1.00 1.15 1.510 517.22
8 0.75 1.00 1.25 1.30 0.490 856.67
9 0.75 1.25 1.50 0.70 0.745 776.93
10 0.75 1.50 0.50 0.85 1.000 295.69
11 1.00 0.50 1.00 1.30 0.745 749.23
12 1.00 0.75 1.25 0.70 1.000 884.38
13 1.00 1.00 1.50 0.85 1.255 1112.26
14 1.00 1.25 0.50 1.00 1510 631.02
15 1.00 1.50 0.75 1.15 0.490 742.88
16 1.25 0.50 1.25 0.85 1510 1219.70
17 1.25 0.75 1.50 1.00 0.490 280.79
18 1.25 1.00 0.50 1.15 0.745 635.44
19 1.25 1.25 0.75 1.30 1.000 407.56

20 1.25 1.50 1.00 0.70 1.255 1226.05

21 1.50 0.50 1.50 1.15 1.000 212.86

22 1.50 0.75 0.50 1.30 1.255 305.79

23 1.50 1.00 0.75 0.70 1.510 1333.50

24 1.50 1.25 1.00 0.85 0.490 157.40

25 1.50 1.50 1.25 1.00 0.745 192.75
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Table 5- Signal to Noise Ratio for the factors in the first Taguchi design
Jol 295U Liwlo;l g5l 5ug5 4 JUSw Comnd -0 Jou>

Level X1 X2 X3 Xa X5
1 -48.8 -52.75 -51.99 -57.95 -51.55
2 -53.88 -50.69 -52.59 -51.52 -51.73
3 -58.15 -56.69 -52.56 -49.04 -50.48
4 -56.15 -52.44 -55.45 -53.31 -54.78
5 -49.68 -54.08 -54.07 -54.83 -58.12
Delta 9.36 6 3.47 8.01 7.63
Rank 1 4 5 2 3
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Fig. 8- Signal to noise ratio graph in the first Taguchi design
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Table 6- New Factor/Levels arrangement of Taguchi method for the second round
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Level-Factor X1 X2 X3 X4 X5
1 0.5 0.5 0.5 0.7 0.49
2 0.75 0.75 0.5625 0.775 0.6175
3 1 1 0.625 0.85 0.745
4 1.25 1.25 0.6875 0.925 0.8725
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Fig. 9- Signal to noise ratio graph in the second Taguchi design
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Table 7- Improved Confidents using Taguchi Analsis
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X1 X2 X3 X4 X5 Error

0.5 1.25 0.75 0.925 0.8725  115.1608
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