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0.02
0.08
0.03
0.12
031
0.16
0.35
0.32
0.04
0.06
0.35
0.13
0.03
0.09
0.13
0.26
0.14
031

2oy
Wik

007
0.11

0.08
0.02
007
048
0.11
0.13
0.17
0.05
0.16
0.12
0.04
01
01
021
0.04

U 5l Bos o plsul ¢ g f ad O mlie (a5 b ))-F Jsaer

meq/l Qﬁﬂ&\% meq/l & s cdle Elalida
il g 80 55 Ee
wEes Heo3 Cl Sod ¢ Ca Mg Na K gmfcm  utmx - utmy
4432 37 03 0.31 445 33 1 0.1 0.05 1311 283619 4087644
15.526 9.5 3.1 22 155 3 35 412 4.88 1444 239176 4073770
37.863 108 147 11.9% 3.4 10.6 9.6 16.9 0.74 3800 239788 4079718
29.893 6.7 11.6 4 298 9 8.8 11.28 0.74 2740 246483 4086582

295.108 31 240 52 293.28 29 % 174 028 27500 246579 4093429
18.881 11 37 4.16 18.82 29 9.8 595 0.17 1833 250600 4082466
9.284 6.5 L1 1.41 9.2 33 4.4 1.46 0.06 901 257401 4080379
9.753 6.9 1 1.24 9.69 45 3.6 1.56 0.03 936 259700 4083379
14.593 9 28 2.49 14.58 52 6.4 292 0.06 1413 267034 4080876
44.511 8.5 35 3244 4.5 13.5 282 7.8 0.06 4200 271453 4087175
17.604 15 38 5.8 17.48 78 6.6 3 0.08 1593 273451 4085781
1493 6.5 33 4.8 14.97 58 6.2 292 0.05 1477 274595 4083144
12.468 7 18 3.60 12.46 53 47 2.4 0.06 1130 277331 4085415
12.934 72 19 3.41 12.% 58 4.6 252 0.04 1232 2812012 40863%
15.07 8.7 25 3.16 15.03 48 6.5 3.68 0.05 1387 283582 4086245
14.485 9.5 1.6 3.12 14.41 42 6.8 2.6 0.81 1380 285530 4090504
132712 78 13 4.08 13.31 49 6.1 228 0.03 1270 285752 4088199
15.114 8.5 1.6 4.8 15.02 83 56 1.08 0.04 1382 286309 40849%

W e Bos o5 Olssul ¢ g3 ade> Ol mlie (&S 56Tl AV-F oo

meq/llag )_4:\ A megll- g Sl Slaia

Lag 58S pen Ec

had Heo3 Cl So4 Ca Mg Na K umfom  Wmx umy

7.2 51 0.7 092 7.03 48 1.7 0.41 0.2 1320 283619 4087644
18.32 104 29 3.95 18.28 55 4.1 3 5.68 1801 239176 4073770
311 9.8 104 1581 3.1 10.6 9.6 15.1 18 3600 239788 4079718
06.67 9.4 205 3660 66.57 188 26 212 406 6490 246433 4086582
32245 35 248 0.2 32.35 28 82 212 0.35 31500 246579 4093429
14 52 09 1.25 142 12 35 2.66 0.06 82 250600 4082460
9.3 6.5 0.8 1.46 9.26 34 4.4 14 0.06 918 257401 4080379
9.4 7 0.7 1.04 9.43 44 3.6 14 0.03 89 259700 4083379
14.86 8.8 3 281 149 5 6.8 kA 0.06 1432 267034 4080876
9.08 36 17 3.66 9.05 28 42 2 0.05 1410 271453 4087175
18.62 82 42 582 18.64 8.1 6.9 3.5 0.08 1795 273451 4085781
15.41 51 32 433 15.36 5.6 6.6 32 0.04 1455 274595 4083144
12.45 7 1.6 374 12.48 41 5.8 25 0.06 1152 277331 4085415
12.41 7.6 L6 279 2.4 45 5.6 28 0.04 1194 281202 40863%
14.65 85 24 333 14.68 52 6.3 2 0.06 3% 283582 4086245
14.47 92 1.4 3.54 144 32 6 3 22 1350 285530 4090504
14.12 81 13 416 14.06 48 6.5 272 0.04 1367 285752 408819
13.79 8 L5 426 13.78 59 6.6 1.4 0.04 1309 286309 40849%
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0.04
0.36
0.24
0.52

0.6
029
041
031
0.17

03
0.15
0.02
0.61

02
0.19
0.26
0.02
045
0.02

04
0.02
0.01
0.07

a2

[FYI%

0.14
0.32
0.15
0.07
0.14
0.43
0.06
0.46
0.04
0.27
0.06
0.19
0.07
0.1
0.25

0.06
0.24
0.31
0.28
0.45

02
0.25

P 5l Geos Olgtul ¢ guo ) asg> Ol mlie (25 3L m s AY-F Jgor

meg/l\ sl cille
bl e a
14.983 5.1 89
7.635 54 1.2
6.863 5.1 1.2
6.779 57 0.6
6.832 55 0.5
7493 6 0.5
1.774 0.4 0.6
8.785 53 1.2
22.362 13 14.6
7.093 55 09
8315 6.2 1.2
7.993 59 1.1
7.501 5.1 0.8
10.24 6.9 13
8322 54 1
9,093 53 14
8453 6.2 13
8.395 6.2 1.2
8.834 6.3 14
8.801 59 11
8.093 60 1.1
8.612 59 1.5
8401 6.2 13

Sod

0.83
0.83
041
0.25
0.7
0.83
0.58
2.04
041
0.54
0.71
0.83
129
124
187
228
0.83
0.79
0.95
1.83
0.83
0.12
0.83

1497
7.69
6.83
6.85
6.75
745
171
8.73
24
7.05
829
799
741
10.2
829
9.14
845
832
8.83
8.82
8.09
8.61
839

46
29
32
37
36
38
32
38
35
33
3

37
35
39
25
31
35
32
32
31
33
27
33

meq/l b 5ilS able
Mg Na
43 6.04
33 146
2.2 1.4
2.5 0.62
25 0.62
2.8 0.82
37 0.78
3.6 1.3
3.4 155
27 1.02
32 206
2.7 1.56
3.1 0.78
5 1.26
43 146
39 2.1
34 1.52
3.6 146
39 1.68
23 338
32 1.56
3.5 232
3.5 1.56

K

0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.04
0.03
0.03
0.03
0.03
0.04
0.03
0.04
0.03
0.06
0.05
0.04
0.03
0.09
0.03

Cladida

Ec

gm/cm  UmX
1502 243558
728 280470
633 245740
657 253811
044 262350
081 257422
704 261634
812 280261
2220 240013
652 268567
771 251226
760 244968
686 283206
961 262200
759 276354
852 271039
718 249327
760 252042
880 258112
821 271972
764 250863
793 254398
767 255337

utmy

4073050
4074325
4074928
4075635
4077250
4078860
40811
4080625
4081268
4081749
4082810
4083236
4084165
4085100
4085519
4085706
4085735
4086352
4088972
4089974
4092631
4093034
4093625

W Yl Bras sl t guod ade O mlie (a5 56T @l VY Jour

Bosd e Heo3
13.97 51
795 51
6.69 52
6.87 57
7.05 56
7.01 56
781 64
8.61 52
2.7 74
729 54
8 57
7.99 62
7.4 52
10.08 67
8.05 51
9.39 52
8.03 6
823 6
9.63 6.7
8.8 6
n 6.1
9.85 72
8.06 6

meq/ILa u}.u| able

Cl

83
1
08
0.6
05
04
05
L1
3.6
12
L1
|
08
13
09
14
L1
12
2
11
11
2.1
12

Sot

042
1.33
046
027
0.73
0.71
0.58
216
1.66
0.56
0.77
0.73
L1
1.25
1.87
219
0.79
0.81
0.75
1.66
042
0.54
0.75

slS g

14.01
7.9
6.67
6.88
7.03
707
182
8.69
2.7
733
799
796
741
10.1
8.01
9.39
8.02
8.19
9.69
8.75
179
9.89
8.02

Ca

44
33
33
38
38
38
32
39
26
34
4
3.6
4.1
53
3
26
31
34
29
33
34
28
31

meq/lla o5l S Cble
Mg Na
47 488
31 1.46
2.1 1.24
25 0.55
26 0.6
24 0.84
39 0.68
33 1.46
2.8 17.25
29 1
26 1.36
3 1.33
26 0.68
36 1.16
33 1.68
42 2.54
31 178
35 1.26
39 2.8
23 3.02
2.8 1.56
32 376
32 1.68

P

K

0.03
0.04
0.03
0.03
0.03
0.03
0.04
0.03
0.05
0.03
0.03
0.03
0.03
0.04
0.03
0.05
0.04
0.03
0.09
0.13
0.03
0.13
0.04

Ec

pm/cm

1397
72
607
643
649
652
710
802
2200
667
750
47
672
983
44
864
740
750
928
811
47
925
750

Claaite

utmx

243558
280470
245740
253811
262350
257422
261634
280261
240013
268567
251226
244968
283206
262200
276354
271039
249327
252042
258112
271972
250863
254398
255337

utmy

4073050
4074325
4074928
4075635
4077250
4078860
4079811
4080625
4081268
4081749
4082810
4083236
4084165
4085100
4085519
4085706
4085735
4086352
4088972
4089974
4092631
4093034
4093625
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Abstract:

Qaresoo Plain with an approximate area of 1600 km® and with coordinates of 54 00 to
54" 54 castern longitude and 36 36 to 36 59 north latitude is part of the Gorgan Basin.
It is located in the western part of Golestan province and south-east of the Caspian Sea.
The exiting groundwater in this area is of vital important. From the hydrogeological
point of view, it consists of both confined and unconfined aquifers. The saline water of
Caspian Sea and salt plain exist in west and north of the plain. The main purpose of this
study is to study the hydrogeological and hydrochemical characteristics of the both
aquifers. In order to study the hydrogeological characteristics, the data of water level
variation in 16 piezometer wells in the unconfined and 41 in confined aquifers of the
plain is used. The general groundwater direction in both aquifers is from east and south
to east and north-east of the plain. According to unit hydrograph of 15 years, a 1.6 m
and 5.77 m reduction in the groundwater level was observed in confined and unconfined
aquifer, respectively. According to the water balance equilibrium equation for confined
and unconfined aquifers in Qaresoo Basin, in 2009-2010, the volume of reservoir’s
changes for the confined and unconfined aquifers is -2.66 and -1.28 Mm’, respectively.
Based on the hydrochemistry analysis 0f 41 water samples from operating wells and sea
water, the groundwater quality is affected by the aquifer water withdrawal and intrusion
of saline water, especially in west and north of the plain. The electrical conductivity is
increasing along the direction of flow from the recharge point to the discharge point in
both aquifers, which is changed from 400 to 2200 uS/cm and 700 to 2780 uS/cm in the
confined and unconfined aquifers, respectively. The enhancement in salinity of these
aquifers is mainly due to salt water intrusion from Caspian Sea and salty plain in north

of the area.

Keywords: Qaresoo plain, Hydogeology, saline water intrusion, electrical conductivity
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