ol O gebio oo
Iran-Water Resources
Research

YA [l o) 0 ylowid e 3L Jluw
Volume 16, No.1, Spring 2020 (IR-WRR)
=\

|
.|I
|

||||
bl
bel
i

Determining the Groundwater Quality
Protection Zone by Considering the
Vulnerability of Aquifer
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Abstract

In most areas, most of the drinking water supplies from
groundwater resources, is constantly threatened by various
pollutants. In this paper, the groundwater quality protection
zone is defined using MODFLOW, WhAEMZ2000 and
DRASTIC models. In this research at the beginning, the
conceptual model of Rudan plain aquifer has been made by
MODFLOW model and the values of recharge, Hydraulic
conductivity and value of Specific yield coefficient has been
calibrated. Steady model for 1389-90 blue year and also
unsteady model for 1389-91 blue years was made as the root
mean square error for steady model was equal to 1.49 and for
unsteady model 2.32. Then, the groundwater quality protection
zone is determined by using WhAEM2000 model in both
constant radius and analytical methods. Finally, the
vulnerability level of the aquifer was identified and considered
for determining the protection zone area. Results showed that
most of the wells are located in the highly vulnerable zone with
agricultural land use. So, Because of the high risk of
groundwater pollution, extra travel time for groundwater
(about 10 years) must be considered for determination of
protection zone. Also, for less vulnerable areas and other land
use areas, a smaller protection area can be applied, since the
application of greater zone in these areas will lead to a lot of
social and economic costs. Based on previous studies, the main
challenge for using the WhAEM2000 model to determine the
protection zone of water quality for drinking wells is to
determine the precise values of aquifer specifications and the
basis for judging the travel time of pollution in the aquifer. In
this paper, using a calibrated groundwater model in GMS
software, and also determining the vulnerability of aquifer
using the DRASTIC model, attempts have been made to
determine more precisely the protection zone. Finally,
according to the stated points, three immediate protection
zones, mandatory and protective zones were determined for
drinking water wells.
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Fig. 1- Rudan plain land use and drinking water supply wells location
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Table 1- Weight of different parameters in the DRASTIC model
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Parameter Abbreviation signs Weight factor in the Drastic
model
Depth to water D 5
Recharge R 4
Aquifer media A 3
Soil media S 2
Topography T 1
Impact of the vadose Zone media I 5
Hydraulic Conductivity of aquifer C 3
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Table 2- Statistical summary of modeling results in

unsteady state steady state
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parameter Value parameter Value
RMSE 2.32 RMSE 1.50
R 0.88 R 0.996
Head
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computational values

{ Difference between =

Fig. 3- Results of calibrated model in the study area in steady state (Variation of groundwater head and
error in observation wells)
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Fig. 5- Land use of water quality protection zone for domestic water wells of Rudan plain (Accurate
Radius Method and Analytical Method for Two, Five and Ten Years)
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Table 4- Percentage of different land use in the area and allocation of wells to them

Number of Percentage of wells
Land Use Area(m”2) Area(%) wells
Poor range 53760536.72 23.29 5 33
Mod range 22224046.49 9.63 4 27
Agriculture 129379049 56.07 6 40

YAl o) 2 lond (ed 3L Jlw ¢yl 1l O aulio ol
Volume 16, No. 1, Spring 2020 (IR-WRR)
VY



Table 5- Specifications for drinking wells per well
21§72, g2 5 S Goly oy 105155 Mo yd -0 g

method Avrea of Fix radius method in each land use Area of Fix Analytical method in each land use
land use 21?1%2 rr:r?ge Agrlt;ultur urban Poor range mod range Agrlt;ultur urban
W(0) 0 0 100 0 0 0 100 0
W(1) 12.8 0 87.2 0 22.12 0 77.88 0
W(2) 0 0 100 0 0 0 100 0
W(3) 66 0 34 0 89.89 0 10.11 0
W(4) 79 0 21 0 70.03 0 29.97 0
W(5) 49 0 51 0 18.21 0 81.79 0
W(6) 84 0 16 0 92.12 0 7.88 0
W(7) 0 0 100 0 0 0 100 0
W(8) 0 0 100 0 0 0 100 0
W(9) 100 0 0 0 100 0 0 0
W(10) 0 100 0 0 0 85.68 14.32 0
W(11) 0 78 185 35 0 96.1 39 0
W(12) 0 100 0 0 0 57.65 32.07 10.28
W(13) 0 100 0 0 0 57.67 0 42.33
W(14) 0 0 100 0 0 0 100 0
W(15) 0 0 100 0 0 0 100 0
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Fig. 6- Vulnerability of groundwater quality in protection zone of domestic water wells at Rudan plain
(Accurate Radius Method and Analytical Method for Two, Five and Ten Years)
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Table 6- Percentage of drinking water wells in different vulnerability zones
@glie (6 1 dscemm] b gLo0353500 43 o pui glooly (5,05 )58 w0 yd -5 Sy

Vulnerability Range Area(m”2)  Area(m”™2) Number of wells  Percentage of wells
High 2-55 72745693.51 315 11 73
Medium 5.5-9.5 75924606.84 329 3 20
Low 9.5-13 82070520.9 355 1 7
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Table 7- Percentage of Drinking Wells in Different Vulnerabilities
©glike (g pidyum] b gLoo3ga50 ;3 o pul gbooly (50558 w0yd Y Sy

method Area of pr_otegtion zone (Constgnt radius Area of_ prqtection zone (Angl_ytical
method) in different vulnerability state method) in different vulnerability state

range high (2-5.5) Medium(5.5-9.5) Low(9.5-13) | high(2-5.5)  Medium(5.5-9.5)  Low(9.5-13)
W(0) 100 0 0 100 0 0
W(1) 100 0 0 82 18 0
W(2) 0 70 30 0 76 24
W(3) 100 0 0 100 0 0
W(4) 100 0 0 100 0 0
W(5) 100 0 0 100 0 0
W(6) 100 0 0 100 0 0
W(7) 0 42 58 0 46.5 53.5
W(8) 0 52.14 47.86 0 58.58 41.42
W(9) 100 0 0 100 0 0
W(10) 100 0 0 100 0 0
W(11) 100 0 0 100 0 0
W(12) 100 0 0 100 0 0
W(13) 100 0 0 100 0 0
W(14) 0 100 0 0 46.5 535
W(15) 100 0 0 100 0 0
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