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1-Introduction

Natural water is a solution that contains exposure to atmospheric and soil gases, mixing with other waters and
reactions to the biosphere and lithosphere. Based on this subject, many researchers focused on: determining the
origin of groundwater salinity which can affect the geochemical impacts of Asmari's Formation oil reservoirs in
water resources Karst Masjed Soleyman (Mirzaei et al., 2015), evaluation of salinity and arsenic in Sahand dam
Basin (Nadiri et al., 2015), hydro-geochemical characteristics of Tabriz Aquifer using hydrochemical models
and statistical methods (Barzegar et al., 2016), evaluation of groundwater salinity in the plain Malekan coastal
aquifer (Azizi et al., 2017) and determining the origin of water salinity in the spring of Garoo and anticlinal
Asmari Formation using hydrochemical parameters (Chitsazan et al., 2016). Bouzourra et al. (2014) used
Hounslow's plot to determine the salinity origin of a coastal aquifer in northeastern Tunisia. Zayed et al. (2017)
investigated the origin of groundwater with Sulin's graph in a region in the west of the Nile River Delta (Egypt).

2- Geographical location and geology of Seymareh dam site

The dam is constructed on the Seymareh River at llam Province (SW of Iran). The dam site is located 40 km
northwest of Dareh Shahr and 95 km southeast of Ilam, and its geographical coordinates are located at 47° 12'
7" East and latitude 33° 17' 32" North (Fig. 1).

The rock masses of the dam and power plant and all structures associated with the Seymareh Dam belong to the
Asmari Formation. Three units of this Formation can be identified as follows:

Upper Asmari: This unit is outcropped in the upper parts of the Ravandi anticline.

Middle Asmari; In general, the central Asmari unit is about 220 meters thick.

Lower Asmari: This unit has a slight outcrop downstream of the diversion tunnel outlet and near the Ravandi
anticline. Above the Asmari Formation, the Gachsaran Formation (Miocene-Pliocene) is exposed. The recent or
guaternary sediments are course-grained, fine-grained lake sediments, and old alluvial sediments (Fig. 2)
(MQEC2, 1990).
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Fig. 1. Geographical location of Seymareh Dam in llam (a) and Seymareh River basin area (b).
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3- Materials and Methods

In order to analyze the chemical changes of groundwater and river water in the area of Seymareh Dam, the
results of chemical analysis of 13 springs and 19 observation wells (Fig. 2) were used before and after the dam
(2017). In this study four hydro-geochemical methods have been used.

Due to the fact that in the results of the chemical analyzes studied, the concentration of Br <0.01 was reported,
so the Cl and Na elements and the Schoeller Index Basic Exchange (IBE) were used to detect oil brine (IBE=
(CI-Na)/CI). Concentration units in this regard are in mole. The amount of brine oil is IBE > 0.129 (Hounslow,
1995). The weight ratio of Na/Cl is used to distinguish brine formation from oil brines (Leonard and Ward,
1962). The weight ratio of Na/Cl in brine formation more than 0.6 and less than 0.6 is brine oil. Sulin (1946)
introduced a diagram to determine the genesis of water and the distinction between atmospheric water and water
trapped during deposition between layers. This diagram consists of two equal squares and each square is divided
into two triangles (Fig. 3a). The square on the top right represents marine water genesis (MgCl, and CaCly) with
rNa/rCI<1. Left square represents the genesis of atmospheric water and the rNa/rCI>1 is (Salman et al., 2013).
Based on the major compounds in water, Hounslow (1995) presented a diagram of the distinction between salt
marshes (Fig. 3b).
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Fig. 2. Geological map and location of sampling points in the area of Seymareh Dam.
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Fig. 3. (a) Sulin graph and (b) Hounslow diagram.

4- Results discussion

There are differences between pre-and post- impounding correlation, which are stronger after impounding, and
it also appears that determining the correlation of parameters is another case, and that is the source of these
waters that are not fed from a reservoir. The results of calculating the Schoeller Index Base Exchange (IBE) for
exemplars studied showed that before the impounding of the dam (Fig 4a), groundwater in three wells (red), one
on the right-wing of the dam and two wells in the left bank of the dam, has been contaminated to oil brines.
Based on calculations, the contaminated areas have been far more and 19 in the oil-brine after the impounding

of the dam. This number of 13 springs and six wells show pollution to oil brine (Fig 4b).
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Fig. 4. weight ratio Na/Cl to ClI in observation wells and springs before (a) and after (b) impounding dam.

Out of a total of 32 sampling points from observed springs and wells in 2017, 17 points based on the IBE
Schoeller method show the influence of salts in oil. In order to determine the source of groundwater in
Seymareh Dam, Sulin graph was drawn before and after impounding for selected points (Fig. 5). In 2010 out of
13 springs, one spring is located in the area of triangle 3 of the graph, representing the unconfined basin and the
waters of meteoric origin, and the rest of the springs are in triangle number 2 of the graph. After impounding
(2017), all springs in the Sulin graph were placed in triangle number 1, indicating a wholly enclosed deep
geological basin and an indicator of the old marine waters trapped during sedimentation.
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Fig. 5. Sulin's graph of observation wells and springs before and after impounding dam.

Observing wells before dewatering in the Sulin graph observed four wells in triangle number 1, 8 wells in
triangle number 2 and 7 wells in triangle number 3. After impounding, three wells are placed in triangle number
1 and 4 wells are placed in triangle number 2 and 12 wells are placed in triangle number 3. The Wilcox diagram
is used to evaluate the quality of river water for irrigation. In the Seymareh River, downstream of the dam, there
are four samplings and flow meter stations. The results of the chemical analysis of the last station (No. 4) were
used. This station is shown in Figure 2 called RIVER 4. During the study period, the river water of sulfate to
chloride has changed due to salt sources downstream. Since 2014, the quality of river water based on Wilcox
classification is not suitable for irrigation, and due to the presence of salt springs downstream, this trend seems
to continue. In order to understand that the water quality of Seymareh River, when placed in the C4-S4
category, the EC and SAR charts were mapped against the time of salinity (2014) to be predicted using

regression diagrams (Fig. 6).
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Fig. 6. EC and SAR diagrams from 2011 to 2017 in Seymareh River.

5-Conclusion

In this study, one of the problems is the increase in oil dispersion and its constructions after impounding. Four
computational and graphical methods based on the results of the chemical analysis of 19 wells and 13 springs
were used before and after the dam impounding to detect oil-brine in Seymareh dam. The results show that in
2010, before the impounding of the dam, three wells have demonstrated a view of aquifer contamination to oil
brine. Over time in 2017 and with the expansion of oil brine downstream, 12 springs are also contaminated with
oil brine. According to the temporal base exchange map, the points of the bumps or peaks of the contour lines
match the observation wells in the left-wing of the dam. The hydraulic connection between the oil and principal
aquifer is established through these wells, and due to the groundwater movement from above hand downward,
oil brine has been expanded downstream. According to the same type of water, areas with CaCl, water type
correspond to the ridges or peaks of the IsolBE map contour lines.

For this reason, until 2017, the aquifer area contaminated with oil-brine downstream of the dam was 1.8 Km?2,
The water flow path from the dam reservoir to downstream is visible in the water type map. Analyses results
show that since 2014 river water quality is not suitable for irrigation based on Wilcox classification, and due to
the presence of salt springs downstream, the process continues. Based on the EC and SAR graphs vs temporal
river salinity (2014) and the regression formula, the graphs are predicted to be in 2022 of the river water quality
category to C4-S4. Based on the interpretation of the results, the scope of the study is influenced by oil
formations of the Seymareh dam area, and the Gachsaran Formation in the region also increases the saltwater
resources, including sulfate. In order to monitor the spread of oil brine and the contaminated area downstream of
the dam, it is suggested that the map of oil brines spread in the coming years. It is also necessary to evaluate
isotopically and tracing in springs and observation wells to determine the catchment area of springs and
compare groundwater age.
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Fig. 2. Geological map and location of sampling points of observation wells and springs in the area of Seymareh.
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Table 1. Characteristic of the environment and water type based on the coefficients and diagrams of Sulin.

Characteristic of the environment Water Type Coefficient Ratio Sulin triangle
IA>1; water from marine origin in confined, and very deep basin, and CaCly |AL=[CI-(Na+K)]/Mg>1 1
from the family (Ca-Chloride). Closed reduction type, completely (Na+K)/Cl<1

closed deep geological environment, a sign for good oil and gas,
alternative groundwater and surface completely isolated without water
A<1; water from marine origin in semi-confined basin.Its family Mg- | MgCl, |A2=[CI-(Na+K)]/Mg<1 2
Chloride, Redox type, marine environment, the oil and ground is not
connected, good sealing conditions, exist in oil and gas field inside in
most cases

B>1; represents meteoric origin(continental) and its family from Na,SO, [B1=[(Na+K)-Cl]/SO4<1] 3
Na+K-bicarbonate, Surface water, continental environment, not (Na+K)/CI>1
conducive to the accumulation of oil and gas preservation, poor closed
environment reflection

B<1; represents a meteoric origin and its family from Na+K- Sulphate.| NaHCO; [B2=[(Na+K)-CI]/SO4>1 4
Reduction oxidation, mostly wet freshwater lacustrine sedimentary
facies, good sign of oil gas, pH > 8, alkaline water
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Fig. 3. (a) Sulin graph and Hounslow (1995) diagram (b).
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Fig. 4. The relationship between anions and cations of water resource data before (a) and after (b) impounding of
the dam.
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Fig. 5. Chart weight ratio Na/Cl to chloride in observation wells and springs before (a) and after (b) impounding.
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Table 2. Calculation of Schoeller Index Base Exchange and Na/Cl weight ratio before and after impounding.

Before impounding (2010) After impounding(2017)
Sample | Water IBE Na/Cl Sample | Water IBE Na/Cl
Type Type
ROW02 | Na-Cl | -0.090 | BrineF. | 0705 | BrineF. | rowo2 | Ca-SO4 | 022 0.79
ROWO04 | Ca-OH | -0.524 0.985 ROWO04 |Ca-HCO3| 0.036 0.61
ROWO05 | Na-Cl | -0.129 | BrineF. | 0733 | BrineF. | Rowo05 |Ca-HCO3| -0.541 0.986
ROW08 |Ca-HCO3| -0.544 1.006 ROWO0g | Ca-SO4 | 0651 1.078
ROWO09 |Ca-HCO3| -0.270 0.832 ROWO09 |Ca-HCO3| 0.035 0.605
ROW10 |Ca-HCO3| 0.002 0.667 ROW10 | Ca-SO4 | _0.403 0.874
ROW11 |ca-HCO3| 0588 | Brine Qil | 0.282 | Brine Oil | Row11 Ca-Cl 0.627 Brine Oil | g.246 | Brine Qil
§ LOW1 | Na-SO4 | -1.476 1.604 Low1 Na-Cl | 9276 | BrineF. | g.g27 | BrineF.
§ LOW2 | Ca-SO4 | 0.99 | BrineGil | 0.517 | BrineOil | |owz | Ca-SO4 | 0111 0.717
§ LOW3 | Ca-SO4 | -0.238 0.806 Lows | CaSO4 | 023 0.804
g LOW4 Ca-Cl 0.208 | BrineQil | 0.515 | Brine il | | ow4 Ca-Cl 0.07 Brine F. 0.605 | BrineF.
LOWS Na-Cl | -0.201 | BrineF. | 0778 | BrineF. | |ows | Ca-SO4 | -0.193 0.771
LOW? Ca-Cl | -0.102 | BrineF. | 0.714 | BrineF. LOW?7 Ca-Cl 0.347 Brine Oil | o422 | Brine Qil
LOW8 Na-Cl | -0.072 | BrineF. | 069 | BrineF. | | ows | Ca-SO4 | -0.044 0.666
LOWI10 | NaCl | -0.107 | BrineF. | 1.361 | BrineF. | | ow10 | Ca-SO4 | -0.438 0.922
LOW15 | NaCl | -0.191 | BrineF. | 0.775 | BrineF. | L owi15 | Na-Cl | 035 | BrineQil | g5gp | Brine Qil
LOW16 Na-ClI -0.173 | BrineF. | 0.761 | BrineF. LOW16 Na-ClI 0.164 Brine Oil | 9545 | Brine Oil
LOW18 Na-ClI -1.730 Brine F. 1.770 | BrineF. LOW18 Na-ClI 0.119 Brine Oil | 9589 | Brine Oil
LOW19 | NaCl | -1.884 1.870 LOW19 | Na-Cl 022 | BrineQil | 9503 | Brine Oil
SPR5 | Ca-SO4 | 0.052 0.624 SPR5 Ca-Cl | 0238 | BrineQil | o492 | BrineOQil
SPR6 | Ca-SO4 | 0.041 0.616 SPR6 Na-Cl | 0.93 | BrineOil | g52p | BrineOil
SPR8 | Ca-SO4 | 0.063 0.605 SPR8 Na-Cl | 0.247 | BrineOil | g4g9 | Brine Oil
SPR10 | Ca-SO4 | 0.052 0.609 SPR10 Na-Cl | 0201 | BrineOil | o519 | BrineOil
SPR11 | Ca-SO4 | -0.074 0.897 SPR11 Na-Cl | 0153 | BrineQil | 9549 | BrineOQil
§ SPR13 Na-Cl | -0.029 | BrineF. | 0.608 | BrineF. SPR13 Na-Cl 0.103 Brine F. 0.581 | Brine Qil
.Ug)_ SPR-New2 | Na-Cl 0.059 | BrineF. | 0.613 | BrineF. | spR-New2 | Na-Cl 0.206 Brine Oil | 9513 | Brine Qil
SP30 Na-Cl 0.039 | BrineF. | 0.623 | BrineF. SP30 Na-Cl 0.202 Brine Oil | 9517 | Brine Qil
Sp22 Na-Cl 0.028 | BrineF. | 0.628 | BrineF. SpP22 Na-Cl 0.213 Brine Oil | 9512 | Brine Qil
SP19 Na-Cl 0.045 | BrineF. | 0.621 | BrineF. SP19 Na-Cl 0.199 Brine Oil | 52 | BrineQil
SP17b Na-Cl | 0.038 | BrineF. | 0623 | BrineF. | sp17h Na-Cl | 0.143 | BrineQil | 9556 | BrineOil
S24 Na-Cl 0.028 BrineF. | 0.629 | BrineF. S24 Na-Cl 0.177 Brine Oil | 9532 | Brine Qil
523 Na-Cl 0.037 | BrineF. | 0.627 | BrineF. S23 Na-Cl 0.175 Brine Oil | 9534 | Brine Qil

O-¥



Y o)Lo..i': AN 0,99 AfF. - ).ul;

N/

MJM 6bﬁ)l§ ‘5M}L~MJ u...o) ;'sfld/ffy:a?b

slaal,ed oogame 10 deix ¥ (DASE) 6l 5l e el
L o slaal,gl LYusl sims lis sale g 05 o0 J1)3 o
ol 5l el aisle glaad,sl b g e Lide b alac]
S g s sbalyed oogaste j o> £ olaw (@AJSE) (6,5
o DS o0 418 Wil g gi slaayl el LMl soguste (o ol
Yoy i slaal,gd oogame ;0 ol B oolaw (DA JSE) 55T
0,8 o0 ) sale g g sloal el XS cogase o ol
3Gl pdiges aladi YY ggazme 5l Al SO iy oS 4eSles
VWi, o 5l o) 18 Jlo jo slovalive slool> ¢ laacis
mo Ol |y (5 slaalysd S9i Jsd IBE (39, ol 5y abais
e sloal sl 4 akais VY ol jo lesul Gad sagll azas
@ (F Jgu2) gdioe bl o )00 B9y Sl amlis )b
S a5 i slaalsd (35S 5l e S sl
ool e 4l o (Ve JSK0) g lyyoed Al 0 yons dus )0 (e
5 00d a3 VYAP Jlo 50 (V) US) (ISOIBE) Jgi 4l Jols

el 098 5 Jiiie s a4l ALE (g9, o ALE 9O B s

B L B I AR SO RS I 5

e lS 4> cains olis a5 WS 15 ) oled cilie
pin ;0 a5 a8 ol lacl Soble 5 owlid (re) Gaos
(shed b coad oLy laol) wleoldl sl a4 (6,108 g,
losalin slacly (g SIS (ow)p b adlbioo (S5 slaal 9l
slaalsdh Soblea) ) oojlad cdio jo ol § g SOl 5 S 5o
5 (byo Lo b ola] Fobled) ¥oojlads clis j3 ol A (5
- A (Gsr e b bl SoLla) ¥ojled el o olx Y
sboales Foble) ) ojled Edia 1 ole ¥ es Sl 5 o S
5 (lyo Lice b glac] Fobles) ¥ oo lad el )5 ol F o( s
- oo o8 (e Lie b ol Soble) ¥ o less Eldia o ol VY
o iz glalice b laalyod oo pled sl (D 5 @Y JS2) 05,5
slaol> 5 baci> (1430) Hounslow Jlsges o e o
(D gar IS cul oad a6 n1KT 5l o g 8 (slovalin
A 6ol 3 8 sl diged BlES (gl 0 o5 logad Bullas
9 XS 0 )8 (b lawl el eogame [0 dsda ¥ (@AJSE)
e Lo b ool b 5 il laal,ad oaims (las il

a
H o2 After O
g Before @
|
g2 4
E=| LT 1. .
E 6 ' LT ] S ad ¥
a2 -
£ M
w . 0
i 8 as s
= .
=-1I}'

Sample ITy

s =
h =

=
=

=
&

]

=

Cypsum Saturation Index

[
e

b After 0O
Before @
’-'__: . e®atteefotuae

s S5 Ol 5l am g b oy 590 03905 sl aiges ,0 (1) W yaul 5 (8) cdle SIS gLl il — £ JSCs
Fig. 6. Halite (a) and anhydride (b) mineral saturation index in samples of the studied area before (a) and after
(b) impounding of the dam.
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Table 3. The result of the calculation of ionic ratios in the samples indicating the infiltration of oil brine after
impounding of the dam.
Stone |Ca/Mg| result Cal/ result Na&Cl| result | HCO3/SumAnion<0.8, result Na/(Na+Cl) | Sample
origin HCO3+S04 Sulfate low TDS>500 No;
Lime | 4.012 | Infiltration 11 lonic Reverse | Na<Cl | Sea 0.06 lonic Reverse 0.45 S24
stone Brine Softening, water, Softening,
Seawater, Brine Brine Seawater
Lime | 3.271 | Infiltration 11 lonic Reverse | Na<Cl | Sea 0.06 lonic Reverse 0.46 SPR11
stone Brine Softening, water, Softening,
Seawater, Brine Brine Seawater
Lime | 3.626 | Infiltration 11 lonic Reverse | Na<Cl | Sea 0.06 lonic Reverse 0.44 SPR-
stone Brine Softening, water, Softening, NEW?2
Seawater, Brine Brine Seawater
Lime | 3.189 | Infiltration 11 lonic Reverse | Na<Cl | Sea 0.09 lonic Reverse 0.43 SPR5
stone Brine Softening, water, Softening,
Seawater, Brine Brine Seawater
Lime | 3.135 | Infiltration 11 lonic Reverse | Na<Cl | Sea 0.08 lonic Reverse 0.45 SPR6
stone Brine Softening, water, Softening,
Seawater, Brine Brine Seawater
Lime | 3.113 | Infiltration 11 lonic Reverse | Na<Cl | Sea 0.08 lonic Reverse 0.43 SPR8
stone Brine Softening, water, Softening,
Seawater, Brine Brine Seawater
Lime | 3.218 | Infiltration 1.1 lonic Reverse | Na<Cl | Sea 0.07 lonic Reverse 0.44 SPR10
stone Brine Softening, water, Softening,
Seawater, Brine Brine Seawater
Lime 3.67 | Infiltration 11 lonic Reverse | Na<Cl | Sea 0.05 lonic Reverse 0.44 SP30
stone Brine Softening, water, Softening,
Seawater, Brine Brine Seawater
Lime | 3.727 | Infiltration 11 lonic Reverse | Na<Cl | Sea 0.05 lonic Reverse 0.44 sSp22
stone Brine Softening, water, Softening,
Seawater, Brine Brine Seawater
Lime | 3.951 | Infiltration 1.1 lonic Reverse | Na<Cl | Sea 0.05 lonic Reverse 0.44 SP19
stone Brine Softening, water, Softening,
Seawater, Brine Brine Seawater
Lime | 3.987 | Infiltration 13 lonic Reverse | Na<Cl | Sea 0.05 lonic Reverse 0.46 SP17B
stone Brine Softening, water, Softening,
Seawater, Brine Brine Seawater
Lime | 4.121 | Infiltration 1.2 lonic Reverse | Na<Cl| Sea 0.05 lonic Reverse 0.45 S23
stone Brine Softening, water, Softening,
Seawater, Brine Brine Seawater
Lime | 3.313 | Infiltration 1.2 lonic Reverse | Na<Cl | Sea 0.14 lonic Reverse 0.39 LOW?7
stone Brine Softening, water, Softening,
Seawater, Brine Brine Seawater
Lime | 3.176 |Feeding the 0.9 lonic Reverse | Na<Cl | Sea 0.07 lonic Reverse 0.46 LOW15
stone aquifer from Softening, water, Softening,
Limestone, Seawater, Brine Brine Seawater
dolomit
Lime | 3.378 | Infiltration 11 lonic Reverse | Na<Cl | Sea 0.08 lonic Reverse 0.46 LOW16
stone Brine Softening, water, Softening,
Seawater, Brine Brine Seawater
Dolomite| 2.94 | Infiltration 11 lonic Reverse | Na<Cl | Sea 0.08 lonic Reverse 0.44 LOW19
Brine Softening, water, Softening,
Seawater, Brine Brine Seawater
Dolomite| 2.00 | Infiltration 1.0 lonic Reverse | Na<Cl | Sea 0.30 50<TDS<500 0.27 ROW11
Brine Softening, water, Analysis Error
Seawater, Brine Brine
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Fig. 8. Hounslow (1995) chart for observation wells and springs before (a) and after (b) impounding of the dam.
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Table 4. Summary of the four methods studied to determine the origin of the brines of Seymareh Dam after

impounding (2017).

Origin of Brine Origin of Brine Origin of Brine |Origin Brine| Water Sample
With Hounslow's plot With Sulin's graph With Weight ratio| With IBE type No:
Na/Cl
Mixing of oil and Formation Brines |Confined basin, old sea water or fossil water Oil Brines Oil Brines | Na-ClI S24
Mixing of oil and Formation Brines |Confined basin, old sea water or fossil water Oil Brines Oil Brines | Na-Cl SPR11
Mixing of oil and Formation Brines |Confined basin, old sea water or fossil water Oil Brines Oil Brines | Na-Cl | SPR-NEW2
Mixing of oil and Formation Brines |Confined basin, old sea water or fossil water Oil Brines Oil Brines | Na-Cl SPR5
Mixing of oil and Formation Brines |Confined basin, old sea water or fossil water Oil Brines Oil Brines | Na-Cl SPR6
Mixing of oil and Formation Brines |Confined basin, old sea water or fossil water Oil Brines Oil Brines | Na-Cl SPR8
Mixing of oil and Formation Brines |Confined basin, old sea water or fossil water Oil Brines Oil Brines | Na-Cl SPR10
Mixing of oil and Formation Brines |Confined basin, old sea water or fossil water Oil Brines Oil Brines | Na-Cl SP30
Mixing of oil and Formation Brines |[Confined basin, old sea water or fossil water Oil Brines Oil Brines | Na-Cl SP22
Mixing of oil and Formation Brines |Confined basin, old sea water or fossil water Oil Brines Oil Brines | Na-Cl SP19
Oil Brines Confined basin, old sea water or fossil water Oil Brines Oil Brines | Na-Cl SP17B
Oil Brines Confined basin, old sea water or fossil water Oil Brines Oil Brines | Na-Cl S23
Mixing of oil and Formation Brines |[Confined basin, old sea water or fossil water Oil Brines Oil Brines | Ca-ClI LOW?7
Evaporites, brines formation Semi-confined basin, new marine water Qil Brines QOil Brines | Na-Cl LOW15
Oil Brines Confined basin, old sea water or fossil water Oil Brines Oil Brines | Na-Cl LOW16
Mixing of oil and Formation Brines |Confined basin, old sea water or fossil water Oil Brines Oil Brines | Na-Cl LOW19
Mixing of oil and Formation Brines| Semi-confined basin, new marine water Qil Brines Qil Brines | Ca-ClI ROW11
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Fig. 9. Map of the groundwater level and the equivalent of Index Base Exchange Seymareh Dam and its
surroundings (development of oil brines).
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Fig. 10. Map of the water type in the Seymareh Dam (1396).

AR



Y o)Lo..i} AN 0,92 AfF. - ).ul)

N/

Wb yiey 635 (ol (pee) "'”‘L;-‘If"*’;-’gj“

olgel b i sloal e Sy raun bl a5 aisSilen 10 (S,
LOWN- s LOW7 ROWI11 (loanlis ol> 4w b 5 Lol
58,5 o0 anl g 00,5 blaswl ISOIBE asss Lulul a5 4

035yl wlesd Gy 3 0 perms AilB0g, &S ]
Sezgdazg by 0pF oo )8 eolitiul 950 (55,5l B )las
Jlo 51 ailBag, lel ol coaS s Gl jo j3d sloasis
o e g ol O jo e 3 18 Sbsyl 8,90 VYA JI VYA
S leile (50,5 O3 b gt Sl Jls,95 5 cols Caenl
o S sy gl )l 5l o 5 S0 5 1) sy S
Vb scwnd o S Hul o cely g a8 1 5 sl i
i o S sla)lae o yiege (MoOghimi, 2006) 552
0 Ol 0 d5se mad e 5 (555 (65,slaS L ) ol sus
S Ol cals aSh w5 Sge lolS iy p ks 4 g0 ol Ly il
Sjlose amie 1) S gpdidsi p ol U5 okl Sl
5 EC') sl colan Jlas L (5,95 [(Alizadeh, 2015)
alayl)) 95 0 sdzmins (SARM) o o o Jlae b gy
il oo MEG/ s o lacyoslS polio abal, ol o (Y

Na

J(CatMg)/2
O CaiS s sl (1220) WIICOX loges 5l jskate freod
2 N K8 cal oads oolazul Lg},,ﬂ Bras gz 4oy,

SAR = (¥ akal))

&0 9 S paiges olliun! ez s Cewd ol )0 w0 e ailso,
IS oz o a8l gy i
adiges) 9gd 0 0030 ¥ JSS (55, » boliws] ol K g colaxul
A 0ol8g 0 g Ay S gladon o a5 conl oal Sl pla e )
o 555 5 (RIVEF-1) oSl iy (ol 5 s e 5
oyorms W05, Lz Gliwly )0 oS A ad 5 o)l 8w
S5 5 WA Bl 50 pens s (5,501 @ 4z g b asloass LIS
Ol Sln opee Wy, 5l gl paises Al VO Sley o3l
15 el 48,8 plomil WSILy Sfoged oS b ol S Slaskin
ol 00l &3] 0 o 504, s2S Dlasiin O Jgaz o VY S
o] dad ;0 Ol o Wy, wgd oo 0030 B Jgax 50 aS wiiles
CIS1 5l 5 w55 b oo (b5 i 6l a0 Syl o Lo
o (ol S5 g pley cddS b Jg cenl s ,0 C2S2 1
oy bl & az g b sl 00,5 28 1> (CAS3) o 4
s )2 05250 O oo (6l 5l ey Logasie 5 (SigiSS o ouilis
Sl 0lo (nj g (el Ol ColST g ueS 0 | (Sl

10- Electical Conductivity
11- Sodium Absorption Ratio(SAR)

b9

YY ol s 9290 SleMbl 5l 5gnlyyoee addl ey sl
Gl Jols )l o 4l puw 5 6l 9 VWP Jlo jo slovalics ol
YY 5 slovalie ol YY 05240 (ol s 5l (1SO IBE) Joi
S Al iy b sl o0t ool VYRS Lo 4o dedr
2,5 ol Ol ) 225 )lee
Ol S a5 005 590 gl 90 5o 0 ] an Slesyy ol )
S0 g w elosn e Of I is S e oS s
b i ol <8, Wy, (gl pwadl Jlais Jb e Y
@ ) gl 50 R S 5 o gl o S @ oy
@ B Tl dg) LleS ol IS e i Ao, oo
Al oo 4z )3 AB-Ae Ll ol g i jls
S9zge SloheS o gl ;o i)y il o b o T
Gl Fan b S ol LS o iS85 wlig, s 1, O]
o e 4z MO B P Sl il ol g ais )8 - (B0 g,
i~ b Jlad &g, gyl "1 b nS s, zliz o ably
565 WS nl 4 0)55 0 b (emi s 2l S8 g, 5 a8
L alsog, G & S bawgs O pad (5S84 4z L -F
sbasiz jub leee s b o phlep bl waw
55 S i dw S om0 xSl e 1) o
(Ravash, 2019)
(8,555 bghs a3 L Sl bl ASOIBE acs Lulul -0
LOWN-4 4 LOW7 ROW11 loaaliv slacl> , sulats
Olsl 5 G glaalsd o (Sgyes bLSI adly o ol o
S Jo 4 i by cand aah 5 laol () e 5 sl
@ i gle il (s b S 4 Cawd YU 5l e O
WAl S Cawd b Conw
e Cewd b jo S slealyel 4 ]| le.égfl Coluw -F
b dpsles g 05205k VA AYAF Lo b JSOIBE asis ol

s 9 085 o 3 VTS Jlo 33 050 s O o o 4t
ST ol s (1 JS.8) el o, Jiie s sy 6 53, 5
Sl VY35 JLo 5o o5 o] o b (e loand il
@ o 3l ol w8 (ol s Gl Wbl e SelS
(S5, o) edgamma) 0,5 samlive alsi (59) » |y Cawd Gl Coomw
el Byre S Lleel o] s eyl BT o 45 pl Ko 455
)9 Spd Dyp0 & widlige (hend Sla) oosd 2o
o e anlie Ul o wb 4l I 45 WsSilen bl o SaulS
L el bl L aston Sl 6,515 O as ()b 5 bl
3,5 099ame) Aiimd ubaie ISOIBE acs g)9u8 Lghs als



Y o)Lo..i} AN 0,92 AfF. - ).ul)

N/

Wb yiey 635 (ol (pee) "'”‘L;-‘If"*’;-’gj“

syl b wl ey 4z o a5 il gy 5 oS

Dgd > (los 5 (o poe

J}.Ia )é 45505) Cawd &J’“jb Coww 4}505) g_)] wib.s 9) u;‘
)ogiijagpstgsom)s.xg(mﬁJuVGE)QLA)‘

S Wlg el (oo g opb s)slaS) Glise sla iy

oS8 sanaib sls » o pom ailsog; Of CoiS -0 Jgax
Table 5. The water quality of Seymareh River is based on Wilcox classification(R; River).

Date Location |Water Type| Wilcox(R-1) | Quality | [ ocation |Water Type| Wilcox(R-2)| Quality
1390/02/04 | RIVER1 | Mg-SO4 C1-s1 V-Good | piveR2 | Nacl C2-51 Good
1391/10/17 | RIVER1 | Mg-SO4 C2-51 Good | piVER 2 - - -
1392/12/21 | RIVER1 | Mg-HCO3 C3-51 Suitable | oyver2 | Mg-HCO3 | c3-s1 Suitable
1393/12/11 | RIVER1 | Mg-SO4 C3-S1 Suitable | pyver2 | Nacl C4-S2 Unsuitable
1394/08/30 | RIVER1 | Mg-SO4 C3-S1 Suitable | piveER2 | Na-cl C4-S2 Unsuitable
1395/12/18 | RIVER1 | Mg-SO4 C3-S1 Suitable | pi\veR2 | NaCl C4-S2 Unsuitable
1396/07/23 | RIVER1 | Mg-SO4 C3-51 Suitable | oveR2 | Na-cl C4-S2 Unsuitable

Date Location | Water Type |Wilcox(R-3)| Quality Location Water Type |Wilcox(R-4)[ Quality
1390/02/04 | RIVER3 | Ca-SO4 c2-s1 Good RIVER 4 Na-SO4 cas1 Good
1391/10/17 | RIVER3 | Mg-so4 | ca-s1 | SU@° | pivers Mg-S04 casy | Suitable
1392/12/21 | RIVER3 Mg-Cl cas1 | Suble | pivER4 Ca-HCO3 c2s1 Good
1393/12/11 | RIVER3 Na-Cl casz | Unsuitdle | piveR4 Na-Cl cagp |Ynsuitable
1394/08/30 | RIVERS Na-Cl c4s2 | Unsuitable | RIVER 4 Na-Cl c4s2 | Unsuitable
1395/12/18 RIVER 3 Na-Cl C4S3 Unsuitable RIVER 4 Na-Cl C4S3 Unsuitable
1396/07/23 RIVER 3 Na-Cl C4S2 Unsuitable RIVER 4 Na-Cl C4S2 Unsuitable
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Fig. 11. Wilcox diagram of four hydrometric stations of Seymareh River from May 2011 to October 2017.
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Fig. 12. EC and SAR diagrams in relation to time from May 2011 to September 2017 in four stations of

Seymareh River.
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