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Abstract

Introduction

Meymeh River which is located in the southern region of the llam Province, Iran, originates from good quality karst aquifer
of the Kabir Koh anticline but its water quality decreases during the flow path of the river. The main geological formation at
the flow path of the river is Gachsaran formation which partly composed of gypsum and sometimes salty (Halite) rocks. The
aim of this study is to determine the contribution of Sioul and Ghadah tributaries in the salinity levels of the Meymeh river
water and determining the critical points and also providing remedial solutions for this problem.

Materials and Methods

In order to determine the locations of quality changes along the Meymeh River, several field visits were arranged and finally
35 sampling stations were determined along the river flow path. Monthly sampling and field measurements were schedualed
in the selected stations for measuring the discharge, EC and Temperature for the 2016-2017hyrologic year. After transferring
the water samples to the laboratory, their chemical properties including major cations and anions were measured in the
central laboratory of llam University.

Results and Discussion

Meymeh River has several tributaries and its discharge increases gradually. One of its main tributaries is the Sarkadeh River
wich collect mainly the water of sulfur spring and Sioul River. The results showed that the Meymeh River quality gradually
decreased along its path after originating from the karst formations and entering the Gachsaran formation, (EC at the source
and the final station was measured as 500 and 12500 ps/cm, respectively). The results of mass balance showed that 28%
Sulfur Springs, 21% Sioul river and 25% gradual changes by Gachsaran formation are effective in the salinity of the Meymeh
River. In other words, about 50% of the Meymeh River’s salinity is due to the impact of the Sarkadeh River.

Conclusion

In order to modify the water quality of the Meymeh River, it is necessary to reduce the impact of tributaries which has the
highest undesirable effects on the Meymeh River watre quality. Since the Sarkadeh River has the highest impact on the
quality of the Meymeh River, the main action was to enhance the water quality of this branch. For this purpose, by
constructing channels along the salinity zones of Sioul river, as well as creation of a water transmission pipe line for
transfering the water of sulfur springs to the downstream of the Meymeh dam, can reduced more than 50% of the river water
salinity and enhance the EC of the Meymeh River from 12500 (current situation) to 5700 pis/cm (doing above activities).
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Figure 1- The location of the study area
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Figure 2- Schematic of the volumetric balance equation
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Table 1- Specifications of sampling stations

Code Station X Y Code Station X Y
1 Eastern spring 679172 3678669 19 Varazan River 692252 3649372
2 Western Spring 678245 3679501 20 before Varazan 691231 3648078
3 Seasonal spring 677104 3679599 21 After Varazan 691243 3647811
4 Source of Gourab 684358 3675118 22 Chamasiyab 706486 3661352
5 Gourab River 681254 3671787 23 Gandab 711664 3659673
6 After Gourab 680978 3671474 24 after of bridge 709595 3654919
7 Before Gourab 680886 3671796 25 old bridge 708125 3652628
8 Haftkadeh Hydrometer 681035 3670336 26 before of sulfur spring 700058 3643601
9 Imamzadeh Fakhreddin 679045 3664923 28 After of sulfur spring 699821 3643683
10 Gypsum spring in raodside 678829 3663823 29 before of Sioul 697845 3641626
11 Haftkadeh village 677687 3660154 29 Sulfur spring 699959 3643601
12 Takhtan 691886 3669952 30 Sioul River 697942 3641447
13 After Kharvazan 682465 3651879 31 after sioul 697693 3641467
14 Before Shar-e-Amir 681564 3652782 32 before meymeh 696590 3640207
15 Shar-e-Amir 681601 3652197 33 Before sarkadeh 696343 3640348
16 After Shar-e-Amir 682190 3651970 34 After sarkadeh 696488 3639921
17 Kharvazan River 682069 3652570 35 Dehloran Bridge 702045 3624751

18 Kan-e-Shaloo 700593 3663852
dilaie )3 39290 (owliudime) SN L (udgr g (a0 -T oo
Table 2- Coverage area of geological formations in the region
Sioul Ghadah Total of basin
Formations
Area % Area % Area %

Gachsaran(Mg) 97.12 64.76 88.29 31.78 804.55 45.38

Aghajari (MPLa) - - 1.03 0.37 42.12 2.38

Asmari (OLMa) 18.37 12.24 29.24 3.50 123.59 6.97

Kalhor (OLMa.k) 8.59 5.72 9.36 3.37 43 243

Pabdeh (Pgp) 24.06 16.04 63.58 22.89 257.3 1451

Sarvak (Ksa) - - 31.45 11.32 205.91 11.62

Surgah (Ksu) - - 1.21 0.44 6.72 0.38

Ham(Ki) - - 9.22 3.32 38.54 217

Gurpi (Kgu) - - 34.64 12.47 79.12 4.46

E. Hasan (Kg.e) - - 14.33 5.16 45.05 2.54

Symareh (Kg.s) - - - - 5.03 0.28

Quaternary (Q) 1.84 1.23 14.97 5.39 121.83 6.87

o olio job Jsb 55 yuiw SAR 5 +Mg2 K+ Na+ Gy g gl -y
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Table 3- Descriptive statistics of the physico-chemical parameters of water samples in Meymeh River

Variable Q *** TDS EC** pH HCO;~ cL” S0, ca®” Mg> Na* K" SAR TH
Mean 0.803 5383.1 7800.6 7.7 3.2 57.1 18.6 23.4 6.2 48.8 0.3 29.5 1475.9
g Max 2.7 56860.7 84866.7 7.9 6 762 85.7 705 333 745.8 4 336.3 4856.7
2 Min 0.005 255 399.3 75 2.3 05 0.3 3 0.6 0.4 0 0.3 200
¢ SD 0.818 10392.6 15462.8 0.1 0.8 142.4 155 15.2 7.4 137.1 0.7 81.6 1029.4
CV% 101.8 193.1 198.2 1.4 24.1 249.4 83.2 64.8 119.3 280.9 236.5 276.7 69.7
Mean 1/279 4234.7 6340.8 77 36 38.4 21.3 23 6.1 34 0.3 8.6 1438.2
= Max 9.44 36180 54000 7.9 6.7 377.3 160.3 64.9 30.1 448.6 1.2 93.7 4550
E Min 0.005 267.3 418.3 75 26 05 05 3 05 05 0 0.3 191.7
= SD 1.663 6688.1 9975.5 0.1 038 77.3 26.1 13.4 7.2 82.5 0.2 19.3 1007.3
CV% 130 157.9 157.3 1.4 21.4 201.2 122.5 58.3 118.9 2428 78.0 226 70
Mean 0.635 4759.5 7066.6 75 36 422 25.3 254 5.1 405 03 8.1 1525.6
o Max 3.21 41986.7 59666.7 7.9 6.9 378.1 246.1 74.6 165 5355 08 113.1 4556.7
= Min 0.012 267 4177 7.2 2.7 0.4 0.4 3.2 0.3 0.4 0.0 0.3 200
N SD 0.691 7548.3 10849.2 0.2 038 78.6 39.3 15.2 49 96.2 0.2 198 984
CV% 108.7 158.6 1535 2.3 21.1 186.1 155.2 59.8 95.5 237.3 62.0 2433 64.5
Mean 0.173 7166.4 10647.8 7.7 34 106.7 28.1 33.1 78 97.4 0.3 235 2009.9
EE? Max 0.64 75352.7 112466.7 7.9 6.3 1543 56.4 99 30.2 1471 15 103 6458.3
= Min 0.002 264.7 414.3 7.1 2.3 0.3 05 4.2 14 05 0 39 283.3
a SD 0.157 13161.9 19693.3 0.2 0.9 269.7 136 195 73 255.9 0.3 26.3 1287.6
CV% 90.5 183.7 185 2.1 27.9 252.6 48.5 59 93.7 262.8 75.8 112.1 64.1

*mg/L **us/cm #xmIfs
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Figure 3- Temporal variation of water quality of Meymeh River at the location of the Sarkadeh station before the confluence with
the Meymeh in 2016-2017 year



AV

mba,,yiuﬁaﬁsw&): Cﬁ,dgﬁmﬁwﬂgbf‘w

@ gl 4 o yiagile  (uiesjorSue Orr JI¥O: dgis oS
s Gy, Jail Joo o g 4l il cund b Cuow

Wy Jlal Jore )3 o ol p uionjorSee FV- 0
ABgy 5 28 (53,555 dadz ol 395 51 )3 doge Wiy, 4y 05 s
Ol s 058 yus ailB3g, (S S colin aYlo bawgio Jlde Jouw
P Jie Glsis )ty gl p (uiesjySee Ve ]
oKy 9 doxo uﬁ)’t )| J..B of)m oKt 5 EC ob 9 R
ooy (pionjorSen VWA= e g ¥V v Jlao i & Jom
Mo cago 539, 4 0.5 o 439, Ul (50, e 9 {35 5]
2 orenjorSen Were Sl Gl & doge B89y (S 5SUl cobin
o Jgad & ol S5 4 oY (D JS) dus0 ol
S oss 58y I 4 9 (2 QR L (Db ol 2 5 Jlo
CoiS ) alogy Gl g abie S el cul e 4l
ol 13,053 (6 re

2 u] dlhdd?o.’ wb; 9 L?]“\"‘ Lgh"’w"))f 4 d>gf L ‘wlyb
9470 Orined 9 (oSl colia (6pSolal g (b slaoliy
alidgy oS A5 asuie Ol cladiges aKile)l s o
sl doge B339y b o3 U cuaS il Lol Jole 008
doier g Jo @l Cundg (p)p 4 SSE 4 olol (o
S dubb)J (o.—\f)») 43[5.)9) dlﬁvblw)w) ‘_g.))f;

AR
I > Jsbre o J5 Sy (S 550 Solan 452 & 425
S el Sl o Sl bl ol Sl g 0
—ojlul gla ol oSt s 4 (Kod Byl ) el ailsag,
s o i SeS) Eglin s wr 5,
bl pecnlply e85 15 Dbl 0y5e alhsg Sl
13,5 Lasuie odal Josdr slagpSojlul 5 (Sliue cldlas
Gtile 51l e 5l e 368 e Job jd ailag, &S
—dy e Sl 4 0 3y LS 4y S yS i)
Sgde i Gl )l ol CebS gl Wil oy
S Sygbods WS (o 3o j 05 pu a3LS g 0513 9290 (i
5 VoYY Dot LIS oK) o (S5l colin Yl bawgie
oSl oo 5> phleas Wil 5l jges 5l jne b
5,50 ¥ Ve &y jlade oyl dage BB2g) & 005 jw (I LB
S5 )3 &8 Hebplen (F JS) dyoeo yresiiles (e
ol G 4 dodizpo S Ol (15 598 g, 295 oo dla>Me
W sl oo )0 a5 g ysbody 03,5 Ian i8] oy 4 Cawd
An ] oy 0 095 ol 4 g 3Ly 5 (63555 deudx L
) dage 81535, b (35 L3 oSial b Jgpo b 3O ]
S0 Olipe ool (5 SMde 4 (gl Yl 390> cdluwe
- Sad gy g ddlaie )3 3L 5 ol S 4 29d 00 o5
ol (S slaadS & jgums a9y s ;0 Ol Jole sla
B a0 38 dewe B2g) Jobo 0 O eSS ol
doviz por )3 dage W29y (S S Colin (e 4S5k 4 085

35000

30000

25000

20000

15000

EC (ps/cm)

10000
5000

0 T T T

Gandab  Ghadahin Ghadah old after sulfur after befor meymeh
bridge bridge spring seyoul meymeh after
sarkadeh

station

IVAD-F Jlw 1> dono &ilddg, Job 40 EC GlK0 Ol puts —F UG

Figure 4- Spatial variations of the total hardness parameter along the Meymeh River in 2016-2017 year



A G YA Ol 3 Fe) Jlo F oylowi ¥ 2,90 /S 4 o Sy o g Silwdae 4 pld [, Sod o o005 M
30000
—— October
L . o  —®— November
S T TR EIg £l S 8
b= 5 = E'N S =] .= =@ December
- ‘s ol = <is ol g 2
52000 = © 2 b3 S E S —e—January
2 S | 2 S | S —e—February
O 3 | S & | ] S
w 15000 o I G) | o) —&— March
) ) \ ;_"/— : April
w0000 | Yy = ey
! ! \ June
I I V—————g
5000 F | /i—/ July
<O — —0 —o— August
0 ey : —— . : September
0 20 40 60 80 100 120
Distance of upstream (Km)

IFAD-AF Jlw ;5 Cowd ol Coows 4 CawdWU I dowo i3y, O

CudsS (2 y O pds -0 S

Figure 5- Spatial variations in the electrical conductivity of Meymeh River at the confluence of several tributaries in 2016-2017 year
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Table 4- Results of electrical conductivity measurements before and after the salinity zones of the Sioul branch

Station UTM El EC (p.s/cm)
X Y (m) Oct 2016 Dec 2016 Jul 2017
Sioul before of salinity zone N.1 705347 3638162 662 4030 4520 7140
Sioul after of salinity zone N.1 705220 3638330 652 34700 43800 58900
Sioul before of salinity zone N.2 702759 3638238 605 45900 43650 84200
Sioul after of salinity zone N.2 702616 3638476 601 122100 101700 187800
Sioul after of dehbaneh 701492 3639659 577 127600 113543 183700
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Table 5- Results of laboratory analysis of samples of sulfur spring station and two stations before and after it (average of 12 months)

Station Q(m°fs) EC(u.s/cm)
Ghadah before of sulfur spring 0.187 4562
sulfur spring 0.279 21590
Ghadah after of sulfur spring 0.435 15971
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Table 6- Results of laboratory analysis of Sioul branch samples

Station Q(m°ls) EC(u.s/cm)
Ghadah before of sulfur spring 0.187 4562
Sioul before of salinity zone N.1 0.054 4000
Sioul before of ghadah 0.06 77750
Sarkadeh before of Maymeh 0.522 23177
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Table 7- Results of laboratory analysis of samples before and after the confluence of Sarkadeh River with Meymeh River

Station Q(m®/s) EC(mic.s/cm)
Maymeh before of sarkadeh 1.233 5996
Maymeh after of sarkadeh 1.746 11029
Maymeh at the dam site 1.746 12500
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Table 8- Contribution of each of the pollution sources in the river quality reduction

No. Position Contribution (%)
1 salt spring at the downstream of the Varazan 12
2 Sulfur spring 28
3 Sioul River 21
4 Salt springs inside at the dam reservoir 10
5 Gradual change by Gachsaran Formation 25
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Table 9- Flood discharge values in different return periods by L-MOMENT method (m%/s)

Tr (year) 2 5 10 20 50 100 500 1000
Salinity zone N.1 10.7 20.8 29 394 55.9 714 106.9 150.8
Salinity zone N.2 12 23.3 32.7 44.3 62.9 80.3 119.5 169.5
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Figure 7- Schematic of structures constructed at the site of salinity zones: (a) salinity zone No.1, (b) salinity zone No.2
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