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MEQ/L e 3 eale) AYAY 5 VFAY DYVY o lo b oado o adly bl ol alie oloondssis ed s yally yolio -¥-F Jgum

Na* Mg** ca* EC (uS/cm) o dre otad
1392 1382 1372 1392 1382 1372 1392 1382 1372 1392 1382 1372
10.8 16.8 11 6.5 2.4 4.4 4.6 2.6 4.8 2280 2120 2140 Gyl 1
15.8 14.9 12.8 3.8 3 4.9 5.1 7 4 2620 2470 2260 aligd 2
6.2 9.9 8.2 3.8 1.6 1.4 4.7 4.4 3.4 1547 1579 1460 oLl el 3
7.8 9 8 3.7 3 3 2.3 2.4 2.9 1445 1420 1370 ol e 4
12.5 12.9 9.4 2.8 2.4 2.4 3.3 3.6 2.8 1945 1826 1710 ol > 5
9.8 8.7 9.8 3.6 2.4 1.2 2.6 6 4.4 1620 1610 1634 ol dillaze 6
8.7 10 10.5 4.2 4.5 2.8 2.6 2.3 2.7 1681 1652 1550 oLl 3L, 7
10.9 10.2 11 5.4 4.2 5.9 2.6 4.8 3 1824 1880 1710 LT 8
10.9 14.3 13.8 3.7 4.4 6.8 2.7 4.4 5.6 1678 2100 2520 oLl puie 9
10 14.9 12.4 4.9 2.8 1.3 4.5 3.2 6.8 1997 1918 2100 obsls oy 10
29.8 20.2 21.4 11.8 6 4 6.8 11 4.8 5060 3600 3100 obde 11
11.6 10.6 15.5 4.9 6.4 3.9 2.6 3.6 3.2 2010 2090 2100 oLl s 12
7.9 11.3 11.2 4.8 2 4.2 2.6 7.6 4.2 1677 2010 1995 oLl ol 13
10.7 10.3 11 5.3 2.4 3.3 3.6 6.4 5.3 2070 1749 1870 oLl 3L 14
15.2 135 17.3 4.1 8.5 5.1 8.2 54 7 2640 2720 3080 Ol SeS 15
11.6 12 104 6.4 3.5 2.9 5.6 7.6 5.1 2340 2150 1710 o pl o2l 16
13 9.2 9.2 6 3.6 5.2 4.7 10 4.4 2340 2070 1865 oS )9 17
11.4 10 13.5 4 4 3.2 2.1 4.9 3.2 1895 1898 1870 Lae 18
13 11.1 12.8 5.5 6.8 3.8 4.3 5.3 3.9 2270 2290 2060 N IRVE 19
15.8 11 14.1 11.4 10.1 6.7 119 15 7.1 3600 3420 2830 okl 20
19.5 17.1 20.5 7.8 14 7.5 3.9 8.1 6.3 2790 3360 3710 ol dillase 21
25 17 9.9 11.3 6 2 5.2 15.1 6.1 3920 3800 1899 olele 22
13 5.5 10 10.3 104 7.2 6.9 6.4 3.2 2820 2240 2000 oyl 23
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Y-F Jgaz aalsl
Na* Mg** Ca* EC (uS/cm) o Joo ogfes
1392 1382 1372 1392 1382 1372 1392 1382 1372 1392 1382 1372
26.1 18 23 16.6 7.2 8.4 17.2 19.3 9.6 4850 4610 4105 sl 24
4.2 5.9 5 9.9 8.8 15 8 14.4 12 2200 2400 3000 oLl sl 25
15 13.6 9.2 18.4 10 9.1 26.6 15 11.9 5230 3630 2930 RIS 26
69.5 45 21.7 64.3 16.1 29 26 68 18.2 12260 11280 4670 Oty o] 27
69.1 52.5 32 15.7 10 9 8 12 11 8650 7120 6370 oLl s 28
2.2 2 0.5 0.4 0.3 0.9 0.4 0.4 0.9 300 245 310 ol aso 29
12.6 10.4 10.2 4.1 4.8 3.8 4.5 4.4 2.7 2240 2050 1730 Olg el 30
8 8.6 7.5 2.7 2.6 2.8 2.7 3 3.6 1460 1476 1250 LT ol ol 31
9.1 13.6 13.2 4.7 3.8 4.4 5 4.6 3 2440 2220 2180 Olg el os! 32
13 0.8 0.4 1.8 1.9 1.5 2 1.7 2 500 522 475 ol & 33
115 10.3 11 2.8 4.2 3.4 4.1 4.6 3.9 2050 1835 1800 obl o2, 34
13.2 14.1 11.2 9.9 9.2 9.5 7.1 11.5 9.5 3500 3270 2400 & 35
7.8 6.7 10.5 3.8 8.8 3.1 6.8 7.2 8 1990 2220 2070 3 36
21.6 21 15.5 13.5 9.9 4.5 6 15 3.8 3950 4590 2200 LT el 37
14.9 21.3 20 7.1 4.8 14 6 8.3 10.1 2870 2620 3480 Ol elg ool 38
17.6 4.9 10 11.2 15 6.5 10.5 13 6 3875 3270 2590 oLl e 39
12.3 15.7 15.8 5.5 4.4 2.2 5.2 5 5.6 2600 2570 2490 Ay p 40
13.5 14.4 13.5 4.1 4.2 4.5 4.1 4.9 4.1 2185 2250 2360 LT 41
115 14 14 3.8 3.3 4.3 5.1 7.6 3.5 2525 2435 2450 ol ol 42
13 10.8 10.3 4.2 8 6 7.1 6 7.8 2540 2400 1960 oLl e 43
15.2 13.6 12.5 7.92 5.85 5.47 6.18 8.67 5.61 2844 2674 2311 wivh»
21.6 44.79 10.16 23.06 o381 o 5o
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Y-F Jguz aalol
pH S0,” CI HCO; o dre oyte
1392 1382 1372 1392 1382 1372 1392 1382 1372 1392 1382 1372
7.4 8 8.2 4.13 43 3.1 13.6 15.9 15.5 2.9 1.3 2.2 el 1
7.8 8.4 8.2 7.9 8.4 4.7 14.7 15 14 2.3 1.2 2.9 aigd 2
7.8 8 8.5 1.9 2.8 3 10.1 10.1 8.1 2.8 4 2.5 ST el 3
7.4 8 8.5 3.6 2.2 2.9 7.6 10 7.5 4 2.6 2.2 bl i 4
7.7 8.2 8.3 3.3 2.6 0.6 12.5 15 12.7 2.3 1.5 2.8 oLl 5
7.3 8.2 8.1 3.6 6.4 2.3 9.3 8.9 9.5 3.2 1.4 2.3 Sbl dllae 6
7.5 8.4 7.9 4.2 6.2 2.4 9.3 8.5 8.9 3.1 1.6 3.3 sL 3L 7
7.1 8.3 8 3.7 4.9 4.2 9.4 10.5 10.1 4.6 3.4 3.8 ST e 8
7.3 8.5 7.7 5 7.9 11.5 9.3 12.9 13.5 3.2 1.8 2.5 AP 9
7.4 8.2 8 3.4 43 0.5 12.4 13 17.5 5.7 2.9 4.4 Sbels o ye 10
7.3 8.4 7.7 14 11.9 20.4 36.9 26.5 9.5 2.5 1.9 2.4 olle 11
7.4 8.6 7.8 4.2 3.8 4.5 12.9 14.9 14.1 3 2.2 3.1 SR 12
7.5 8.4 7.9 5.5 6.5 7.2 9.2 12.5 9.5 2.5 2 2.3 ST ol 13
7.3 8.2 7.9 3 3 3.7 12.8 12 12 3.1 3.2 4.7 sL 3L 14
7.7 8.2 7.8 5.3 6.2 7.5 19.5 19.5 17 2 2.2 2.4 O esS 15
7.6 7.7 7.9 11.2 2.4 5.5 8.9 15 8.5 3.1 6.5 5.1 ool 5]l 16
7.4 8.1 7.6 3.4 2.7 7.5 13.7 15.1 6.5 6 4.4 4.7 obS)s 17
7.4 8.3 8.4 2.9 1.3 4.6 11.4 13 11.7 4.9 4 4.4 Lo 18
7.5 8.1 7.8 3.2 2.4 43 15.5 18 12.9 5 4.4 4.6 ST sae 19
7.3 7.9 8.1 19.1 13.8 12.8 16.8 21.2 12.2 4.2 4.8 3.4 okl 20
7.4 8.3 8 7.9 11.6 10.5 15.8 18.7 16 5.1 5.1 4.7 sbl dllae 21
7.4 8 8.2 13.2 9.1 7.8 25.2 27.5 9.1 5.5 5.5 2.8 Sloles 22
7.1 8.6 8.5 7.4 2.6 3.05 12 13 11.2 7.7 6 43 Ol s 23
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Y-F Jgaz aalsl
pH SO,” o} HCO; b e oyte
1392 1382 1372 1392 1382 1372 1392 1382 1372 1392 1382 1372 )
6.6 7 7.8 25.7 16.2 14.9 17.5 18.9 19.9 15.9 14 6 alb 24
7.5 7.5 8 12.2 11.6 12.5 5.9 8.9 11 3.8 9 5.5 ST plel 25
6.6 7.4 7.9 23 12.7 14.2 25.3 20 15 13.2 5.5 2.7 LT cn ) 26
7.3 8 7.6 72.9 35.9 29.7 79.5 85.1 42.5 6 4.1 3.9 Ot o] 27
7.7 8.2 8 14.2 10.5 8.2 75.6 60 37.5 4.2 2.7 4.8 SLT s 28
8.2 8.6 7.9 1 1 1.2 0.4 0.2 0.3 1.6 1.3 0.9 ST iy 29
8 7.9 8 4.7 35 3.5 13 13.5 11.5 2.2 2.8 2.3 Ol el 30
7.8 8.1 8.6 3 3.7 3.5 8.8 8 6.5 2.7 3.1 3.3 ST sl 31
7.7 8.1 8 5.5 8.5 7.2 12.8 10.9 10.5 3 3 2.6 Ol el oSy 32
7.7 8.1 8 1.2 1.2 0.8 1.3 1.3 0.6 2.6 2.3 2.3 oy ol 33
7.9 8 8.3 5.5 31 4.1 11.3 10 11.1 2.8 4.2 5 sl o2, 34
7.1 7.9 8 13.8 14.3 13.2 10.5 11.7 10 4.2 6.2 5.2 & 35
7.3 7.6 8.1 4 3.7 6.2 12.5 12.5 10.5 4.2 6 4 Iy 36
7.2 7.9 8.1 13.09 8.1 5.1 24.5 32.5 17 6.9 5.1 2.8 ST el 37
7.2 7.9 8.1 8.5 11.2 8.6 14 13.5 24.5 4.7 6.5 7.8 Ol yely o3l 38
8 7.5 8 11.3 11.8 6 17 13.8 11.3 7 8 5 ST ja> 39
7.7 8 8.1 7.5 9.2 10 13.2 14 12 2.7 2.3 4.1 Ay 3 40
7.7 8.2 8.4 5 3.9 5 15 14.5 15.3 3.6 2.9 4.1 ST e 41
7.7 7.8 7.7 3.5 3.7 3.3 15.5 16 15.2 3.5 5.4 3.8 slyT olKazsls 42
8 8.5 7.9 7.5 7.1 6 12.5 17.5 14.1 2.4 1.5 1.9 ST e 43
7.49 8.07 8.03 8.93 7.17 6.92 16.4 17 13.1 4.32 3.95 3.62 KU W
-6.72 29 25.2 19.3 w380 o yo
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Abstract:

Damghan plain with an area of approximately 1373 km? is located along the Tehran-
Mashad highway, between Goosheh village in the west and Qaderabad village in the
east of Damghan city. Analysis of 20 years (1994-2014) water level data measured in 37
piezometers, selected from a total number of 64 piezometers on the basis of
completeness of data sets- showed that the water table during this period has been
steadily declining. This has led to a drop of 10.7 meters in the groundwater level from
1100.41 in 1994 to 1089.71 meters above sea level in 2014, and reduction of 734.5
million cubic meters in aquifer storage. The largest decline in the groundwater levels
has occurred in northeastern corner of the plain, up to 30.28 meters and also in the
central and southwestern corner of the plain. Water level drop is mainly caused by over
exploitation of aquifer and to a lesser extent due to decreasing rainfall quantity in recent
years. The minimum amount of drop (1.79 meters) occurred in the alluvial fan in north
of the plain, at the inlet of the Cheshmeh Ali river to the Damghan plain, and also in the
north-west and in discharge area in the south-east of the plain. Analysis of groundwater
chemistry data in 43 selected water sampling points with the most complete data and the
best distribution —from a total of 85 selected water sampling points in this plain- showed
that during the years 1994 to 2014, the amount of electrical conductivity and total main
ions of the aquifer has increased by 23.6 and 25 percent, respectively, while the pH of
water has fallen by 7.6 percent. More than 50 percent increase in the EC has occurred in
the wells which are located in the southern fringes and east of the plain (the outlet of
Damghan Plain) due to saltwater intrusion from Chah Jam Kavir into the aquifer. Areas
with a slight increase or even decrease in electrical conductivity are mainly located in
the western half of the plain. However, due to the large area of the Damghan Plain,
geological variety of the surrounding mountains and a number of local factors which
control the water quality, it is not easy to determine the cause of spatial and temporal
variations in the EC and other hydrochemical parameters of the aquifer. In terms of the
amount and percentage changes in the hydrochemical parameters, Damghan Plain
aquifer can be divided into two parts, the northern part and the southern part; the
southern part is located in the outlet of the aquifer and adjacent to the Kavir.
Comparison between groundwater quality in two parts indicates higher ion
concentration and electrical conductivity values for southern part of the aquifer
revealing intensification of the salt water intrusion and water quality degradation over
time. This study also showed that the electrical conductivity of the aquifer has a
significant inverse relationship with the quantity of rainfall and the elevation of the
water table in the plain.

Keywords: Damghan, groundwater level, groundwater chemistry, salt water intrusion.
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