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Studying Different Methods for Wellhead
Protection Area Delineation Using
WhAEM2000 Analytic Model in Drinking
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Abstract

In most parts of Iran a considerable part of the drinking water
is supplied by wells and groundwater resources. Water
resources which are used to supply urban drinking water are
always exposed to different pollutants. Accordingly the
groundwater protection is one of the major concerns for
decision-makers in supplying and distribution of drinking
water. Precise calculation of wellhead protection areas is very
important in this regard; since deciding on smaller area raises
the risk of contamination of the well and considering larger
areas causes capital losses. In this study, different methods
were applied using WhAEMZ2000 to determine the wellhead
protection area for Damaneh-Daran aquifer in Isfahan
province. The results indicated that protection area with
analytic element method is more conservative than calculated
fixed radius method. Thus this method can be used to
determine three zones of emergency, essential, and supportive
protection with travel times of 2, 5, and 10 years, respectively.
Accordingly, essential protection area for drinking wells in this
region was varying from 15 hectares for well number 2 in
Damaneh to 25 hectares for wells number 1 and 2 in Daran in
the direction of groundwater flow.
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Table 1- Drinking well’s characteristics in the study area
ailaio )5 39590 & pw S0l Oladudin Y Jou>
Flow in summer Flow in Fall Hydraulic
well UTM X UtMY (m?3/ day) (m?3/ day) Gradient
1 Damane 452224 3653401 954 1248 0.00125
2 Damane 451844 3653086 730 954 0.00125
1 Daran 445383 3650086 1010 1321 0.0016
2 Daran 445375 3650077 1460 1909 0.0016
3 Daran 444845 3650091 1123 1468 0.0016
4 Daran 443652 3649038 1123 1468 0.0016
5 Daran 447572 3650930 1516 1982 0.0009
6 Daran 447730 3651061 1965 2570 0.0009
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Fig. 2- DRASTIC vulnerability index for aquifer in the study area (Zamani, 2016)
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Table 2- The area of protection zone in recharge and volumetric method (ha)
(HUS8) oms g 41385 (g 45 GBS o> Conluno Y Joo>

well Recharge Volumetric Method Volumetric Method Volumetric Method
Method (Time of Travel 2 yr) (Time of Travel 5 yr) (Time of Travel 10 yr)
1 Daran 290.63 2.85 7.13 14.25
2 Daran 419.80 4.12 10.29 20.59
3 Daran 405.69 3.17 7.92 15.84
4 Daran 405.69 3.17 7.92 15.84
5 Daran 547.69 6.51 16.27 32.53
6 Daran 709.96 8.43 21.09 42.17
1 Damane 344.84 2.21 5.53 11.07
2 Damane 263.70 1.69 4.23 8.46

Table 3- Wellhead protection area characteristics in Simplified Variable Shapes (SVS) method (m)
(50) 05 03k yuito JIS (B 3 ol (G o> Sliasuio ¥ Jpin

well Flow (m®/day) X Y| r«(2 years) ry(5years)  ry(10 years) Protection Area (ha)
1 Daran 1010.88 20.53 64.47 275 623 1188 11.58
2 Daran 1460.16 29.66 93.12 291 645 1215 15.84
3 Daran 1123.20 22.81 71.63 280 629 1195 14.13
4 Daran 1123.20 22.81 71.63 280 629 1195 13.44
5 Daran 1516.32 83.32 261.61 236 468 820 29.74
6 Daran 1965.60 108  339.13 256 496 858 37.24
1 Damane 954.72 36.52 114.68 158 325 586 9.61
2 Damane 730.08 27.93 87.70 148 311 568 7.16

VFAS yliams; oF 8 Lo o juw Sl ¢yl !l OF qilio coliding
Volume 13, No. 4, Winter 2018 (IR-WRR)

¥



Al oo adg> (gA0aSLD 4 L pae o

22 g 0l duwlore (blas glap > yins duwlds (gly asldl jo
oled (¥ ) Cawl o &8l L & Jasl o slyp gy ke
b o Ly Lo gy Lawgs o3 03 (30595 Conluns wan

Db )18 gyl aile

3939 S GleMbl &S Jyso o cush oledl ol o wulys 4o
WHhAEM2000 Jus b s, 5l ekl b g o ctisly 4zils
i opl 4 0ged 3yglp g wlio jl cbilis gl Cunlio by
> 69 > Olye 4 e a4 Lo Ve 50 Jlasl loj oS
8 Gage 3 e dpb &S Jai 3 Ble> > g sk
5 5 Olozal b ol as diols 1 Shoy (23 yulai (g3905t0 LML)
o duwlome Cull glad (g 5l (g5 oo 2L L] )y adhate S
olos ly (Blix myp 2plp ly Gliebl cops Jlosl L

Sges odlitwl L8 cdls 3 ods S5 sle g b L]

oWl 09y b lsebl oo Jlost b (b9 (nl (slacluns dulio
b s Colue boyd 4 358 (o) cnl wadoe Ll (Jebos
s> Ol b9y 53 o5 Cutly i Bl (Jg e (o3 Sk
D9y il 2 Sl 3 9de 00 b2 Cu s S5
QP& P 0 o5 e D9 o0 yglate oly Sl b gled
cbles cly ) Uhgy rpEdd 5 o cblis «ly 1) b,

85 sy gl

Table 4- Statistic summery of modeling
Silwd o @l (g kol aod —F Jgoa

Parameter Value
Observations 12
Maximum Difference 55
Minimum Difference -4.1
Average Difference 0
Median Difference -15
Mean Absolute Difference 3.3
Root-Mean-Square Difference 35
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Table 5- Points used for modeling and the results
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Name UTM X UTM Y Observed head Modeled head Difference
1 450457 3653545 2274.46 2277.14 2.68
2 448284 3651511 2278.45 2274.67 -3.77
3 445888 3647554 2274.23 2271.44 -2.78
4 437014 3650051 2263.27 2267.64 4.37
5 451.64 3657877 2286.58 2282.51 -4.06
6 440856 3648743 2265.76 2269.13 3.37
7 433615 3650109 2269.06 2267.58 -1.48
8 436881 3647417 2269.20 2267.71 5.51
9 455318 3657356 2281.22 2284.93 3.71
10 455998 3654614 2284.92 2283.44 -1.48
11 459493 3655055 2285.85 2283.05 -2.79
12 459589 3652147 2286.68 2278.89 -3.78
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Fig. 3- Protection area of Daran’s drinking wells with analytic method
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Table 6- Area resulted from the analytic method for 2, 5 and 10 years travel times (ha)
(UsR) Al Y+ o Y JESI loj dw 1y o (Wig, s Luno -F Jgua

well Travel time
2 years 5 years 10 years
Daran land 2 12.02 25.02 33.74
Daran 3 9.99 17.93 23.39
Daran 4 9.96 16.36 21.58
Daran 5 and 6 19.58 39.55 53.21
Damane 1 10.45 22.23 22.76
Damane 2 9.46 15.28 20.34
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Fig. 4- Different methods of estimating protection area for wells number 5 and 6 in Daran
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Fig. 5- Protection area of Daran wells number 5 and
6 by decreasing flow
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Fig 6- Protection area of Daran wells number 5 and
6 by increasing flow
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Fig. 7- Protection area of Daran wells number 5 and
6 by increasing effective porosity
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Fig. 8- Protection area of Daran wells number 5 and
6 by decreasing effective porosity
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Fig. 9- Protection area of Daran wells number 5 and
6 by increasing aquifer recharge
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Fig. 10- Protection area of Daran wells number 5
and 6 by decreasing aquifer recharge
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