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One of the most unique ganats inGonabad Plain is the Salaseh Qanat. A ganat that has a
single mother well and is divided downstream into three branches: Mend, Deluei, and
Khaibari.Given the importance of this Qanat in supplying water to the three villages
mentioned, it is essential to conduct a study on the quality and origin of its water. In this
study, sampling and chemical analysis were conducted fromoutlet of itsthree branches in
March 2025.Also, data on the analysis of the Deluei branch from 2021 to the present
were received from the KhorasanRazavi Regional Water Company. Based on the results
of the chemical analysis of March 2025, the amount of dissolved solids in the water of
the Qanat branches varies from 1231 to 1529 mg/liter. The type and facies of the water in
the Mend and Khaibari branches are sodium sulfate, and in the Deluei branch is sodium
bicarbonate. According to the Piper diagram, the Qanat water samples are in the category
of salty water. According to the composition diagrams, the Qanat water samples have
excess sodium relative to chloride and less calcium and magnesium relative to sulfate
and bicarbonate, which is due to the dissolution of sodiumand calcium sulfate, as well as
normal cation exchange reactions between water and clay minerals in the aquifer.
Hydrogeochemical results indicate that the water quality of the ganat is good to
acceptable for drinking. The water of all three ganat branches is hard and the hardness of
the ganat water is temporary hardness caused by magnesium and calcium bicarbonates.
In terms of agricultural use, the ganat water is suitable for agriculture in lands with high
permeability. For industrial uses, the water of all three ganat branches has sedimentation
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properties.

Introduction

The world’s most amazing technical achievement for
groundwater extraction, invented by Iranians almost
3000 years ago, is the Qanat (Beaumont, 1971).
Qanat is an environmentally friendly method of
groundwater extraction in arid and semi-arid regions
with minimal rainfall, such as Iran, Egypt, and Syria.
Through the Qanat, renewable water from the aquifer
is extracted and the natural balance of the aquifer is
maintained, thus contributing to sustainable
development (MiraniMoghadam et al., 2020). The
Gonabad Salaseh Qanat is one of the most important
ganats in the Gonabad Plain. It has a main branch and
a main mother well, and is divided downstream into
three branches: Khaibari, Deluie, and Mend. The total
length of the ganat is 36 kilometers and the depth of
its mother well is 135 meters. The current water flow
of the ganat in the Khaibari, Deluie, and Mend
branches is about 10, 11, and 20 liters per second,
respectively. The chemical composition of water in
the hydrological cycle changes due to many processes
such as evaporation and transpiration, plant uptake,
oxidation and reduction reactions, surface adsorption,
cation exchange, dissolution and precipitation of
minerals, mixing with other waters, pollution from

fertilizers and pesticides, and biological reactions
(Appelo and Postma, 2005). In order to identify such
processes, it is necessary to study the chemical
composition of groundwater. Preservation and
maintenance of qanats to preserve the Karizi
civilization requires conducting studies on them. In
this study, the qualitative characteristics and chemical
composition of the Gonabad Salaseh Qanat water are
investigated to identify the dominant geochemical
reactions and the origin of the main elements of the
ganat water to identify the hydrogeochemical
processes affecting the composition of the ganat
water and the ability to use the qanat water for
various purposes.

Materials and Methods

Description of the area

The Gonabad watershed is located in the east of the
country and south of Khorasan Razavi Province. The
total area of the Gonabad watershed is 1872 km2, of
which 939 km2 are highlands and 933 km2 are plains.
The highest point of this watershed is 2770 m and its
lowest point is less than 990 m above sea level. The
east, south and west of the Gonabad plain are
surrounded by highlands. The channels that conduct
runoff include several parallel channels from the
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south to the north that start from the southern
highlands of the watershed, enter the Gonabad plain
and exit from the outlet of the watershed in the north.
The climate of the studied watershed is arid to semi-
arid. The rainy season is from December to May and
the dry season is from June to November.

Geology and hydrogeology of the study area

The oldest rock units of the area are limestones and
dolomites belonging to the Permo-Triass, which
formed the eastern heights of the Gonabad Plain. The
geological formations of the Mesozoic era are the
Shemshak Formation (Jurassic), which consists of
sandstone, black shales, and calcareous shales and
has a wide spread in the south and southeast of the
range. This formation is faulted, and therefore many
fractures have occurred in it. The Badamo Limestone
is another Mesozoic formation belonging to the Late
Jurassic that lies on the Shemshak Formation. This

formation is exposed to a small extent in the
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Fig. 1. Gological map of Gonabad Catchment

southwest of the region. The Cretaceous formations
that are exposed to a limited extent in the northeast,
east, and south of the region consist of thick-bedded
limestones. These formations are located in the
northeast and east of the plain with an angular
unconformity on Permian limestones and dolomites.

Intense volcanic activity occurred in the Paleogene
period in the area. As a result of this activity, acidic
igneous formations have been formed in the area. A
significant spread of these rocks is exposed in the
west and northwest of the Gonabad Plain. Neogene
rock units include Pliocene conglomerates and
younger sediments, including clay and marl

formations that are exposed on the southern margin of
the plain. These units form the bedrock of the plain's
alluvial aquifer. Quaternary alluvial fans have been
exposed on the plain surface, forming the Gonabad
Plain alluvial zone, and the alluvial aquifer of this
plain is

located within them.
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Fig.2. Salaseh Qanat in Gonabad Plain

To determine the concentration of the main anions
and cations in the groundwater of the three main
branches of the Gonabad Salaseh Qanat, including the
Mend, Deluie, and Khaibari branches, three water
samples were taken from the outlet branches in
March 2025. The samples were analyzed in the
laboratory of the Khorasan Razavi Regional Water
Company. Also, the analysis data of the Deluie
branch samples from 2021 to the present were
received from the Regional Water Company. Before
using the chemical data obtained from the analysis of
water samples, it is necessary to check the accuracy
of the laboratory analysis results. For this purpose,
the error of the laboratory data was calculated using
the Reaction Error relationship (concentrations in
milliequivalents per liter).

Results and Discussion
Hydrogeochemical characteristics
The Stiff diagram of water samples from the Qanat

three branches was prepared using AgqQa software for
samples from March 2025. As can be seen in the
diagrams, the dominant cation in all samples is
sodium, and there is no significant difference in the
anion values of the samples. To determine the
hydrogeochemical type and facies of the water
samples, the Piper diagram (Piper, 1953) is used.
According to this diagram, the water of all three ganat
streams is in the brackish water type.

Chemical evolution and origin of groundwater

Combination or bivariate diagrams between dissolved
elements are used in hydrogeochemical studies to
identify geochemical processes affecting the
composition of groundwater and determine the origin
of its dissolved elements. By identifying the chemical
composition of groundwater and determining the
possible origin of its chemical components, based on
the relationships between ions and combination
diagrams, it is possible to comment more accurately
on the water flow environment. Based on the sodium
versus chloride diagram, water samples from the
ganat have a higher sodium content than chloride,
which is likely due to the dissolution of sodium
sulfate (mirabilite) or the normal cation exchange of
calcium in the water with sodium in clay minerals.
According to the graph of Ca?*+Mg?* vs. HCOs +
SO4*, the samples have higher sulfate and
bicarbonate contents than calcium and magnesium.

The low amount of Ca?* and Mg?* in the samples,
accompanied by a high amount of Na*, indicates the
intensity of the ion exchange reaction. The
dissolution of gypsum increases the concentration of
calcium and sulfate ions in water. As a result, the
solubility of calcite in water will decrease under the
influence of gypsum dissolution and the effect of the
common ion Ca?*, causing more calcite to precipitate.
The dissolution of gypsum under the influence of
H2COs3 or alkaline waters causes calcite to precipitate.
As the amount of sodium in the waters of the region
increases, the amounts of calcium and magnesium
decrease and the amounts of sulfate and bicarbonate
increase. There is a linear relationship between these
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two parameters with a slope of -0.7, which indicates
that the occurrence of cation exchange reactions in
the waters of the Qanat catchment basin has a major
role in controlling its chemical composition.

The quality of ganat water for drinking
To investigate the potability of the groundwater of the

studied ganat, the semi-logarithmic Schoeller diagram
(Schoeller, 1956) was used. Based on the Schuller
diagram of the Gonabad Salaseh Qanat water
samples, the water quality of the ganat branches is
good to acceptable for drinking. The water in all
three qganat branches is hard. The hardness of the
Deluie ganat is the lowest and the Khaibari ganat is
the highest. The hardness of the ganat water is
temporary and disappears when the water is boiled.

Water quality of ganat for agricultural use
The electrical conductivity of water indicates the risk

of salinity and the sodium absorption ratio (SAR)
indicates the risk of sodium, which are two important
criteria in classifying water for irrigation use. High
concentrations of salts in water cause soil salinity,
and high levels of sodium cause alkaline soil with a
lack of calcium in the soil, ultimately leading to soil
impermeability and reduced yields. To classify the
water of the Salaseh ganat for agricultural use, the
Wilcox diagram (Wilcox, 1955) and Chemistry
software were used, which are based on the electrical
conductivity (EC) and sodium absorption ratio
(SAR).

The Wilcox diagram shows that all samples are in the
C3S2 class. These waters, which are slightly saline to
saline, are in the good to moderate category in terms
of agriculture. Therefore, the groundwater of this
ganat is suitable for agriculture with the necessary

measures such as moderate soil leaching and the
establishment of drainage networks.

Water quality for industrial purposes
The Langelier and Reisner saturation indices are used

to classify water consumption in industry. Water with
a negative Langelier coefficient is corrosive. A
Langelier coefficient of zero is balanced water, and a
Langelier coefficient greater than zero is sedimentary
water. If the Reisner index is less than 6, it is scale-
forming water, and if it is more than 7.5, it is
corrosive water. The water of Qanat has
sedimentation properties.

Conclusion
By examining the hydrogeochemical characteristics

of the Gonabad Salaseh Qanat, it was determined that
the water type of the Qanat is sulfate, carbonate, and
chlorite, and the water facies of all three Qanat
branches is sodium. The lowest electrical
conductivity of the water was measured in the Deluie
branch and the highest electrical conductivity was
measured in the Khaibari branch. Weathering of
silicates such as sodium and magnesium plagioclases,
dissolution of carbonates, dissolution of evaporites,
and normal cation exchange are the dominant
hydrochemical processes in the groundwater of the
Salaseh Qanat. In terms of drinking water, the water
quality is good to acceptable. In terms of hardness,
the water of the ganat is hard. The hardness of the
ganat water is temporary hardness caused by
magnesium and calcium bicarbonates, which
precipitate when the water boils, and the water of the
ganat becomes soft. In terms of agricultural use, the
ganat water is suitable for agriculture in lands with
high permeability. For industrial use, the ganat water
has sedimentation properties.
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Table 1.Results of hydrochemical analysis of water from SalasehQanat of Gonabad

sampling EC DS Ca® Mg*? Na* K* HCO3: co3> cr so,2 | Reaction
) Symbol Date PH Error
point (uS/cm) (mgll) (meq/1) (meg/l) (megq/l) (meq/1) (megq/l) (meq/l) (meq/1) (meq/1) %)
Mend M 1404/01/25 1298 844 7.89 2.3 1.7 9.2 0.05 4 0 42 43 291
Deluee D 1404/01/25 1231 800 8.03 1.9 15 8.8 0.06 4.2 0 41 3.6 149
Khaibari Kh 1404/01/25 1529 994 8.02 25 26 10.7 0.05 4.7 0 4.8 5.2 3.76
Deluee D1 1403/03/01 1203 782 7.68 17 19 8.8 0.045 4.2 0 4.2 33 3.09
Deluee D2 1402/12/14 1185 770 7.66 14 19 8.8 0.035 36 0 39 3.8 3.56
Deluee D3 1402/03/09 1200 780 8.25 17 2.1 8.6 0.04 36 0 4.2 3.8 3.49
Deluee D4 1401/09/02 1165 733.95 7.95 19 17 8.3 0.05 4 0 3.8 34 3.24
Deluee D5 1401/08/22 1180 743.4 7.3 1.6 19 8.7 0.04 4.6 0 39 3 3.12
Deluee D6 1400/11/19 1157 728.91 7.77 2.1 1.7 8.16 0.03 3.7 0 412 3.38 341
Deluee D7 1400/08/12 1175 740.25 8.09 1.8 1.7 8.5 0.04 3.6 0 4 3.74 2.99
Deluee D8 1400/06/16 1139 717.57 7.6 2.1 14 8 0.03 41 0 4 3 19
Deluee D9 1400/03/10 1184 745.92 7.71 18 21 8.34 0.05 4.2 0 34 3.82 3.67
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Table 2. Saturation indices of various minerals in ganat water samples
M D KH D1 D2 D3 D4 D5 D6 D7 D8 D9
Anhydrite | -1.81 | -1.94 | -1.74 | -2.03 | -2.05 | -1.98 | -1.96 | -2.09 | -1.92 | -1.95 | -1.96 | -1.95
Aragonite | 0.21 0.3 0.41 | -0.09 | -0.26 | 0.39 0.21 | -044 | 0.04 | 0.27 | -0.08 | -0.04
Calcite 035 | 044 | 056 | 0.06 | -0.12 | 0.53 0.35 -0.3 0.18 | 041 0.07 0.1
Dolomite 0.7 0.9 1.25 | 0.29 0.02 1.29 0.77 -0.4 0.4 0.92 0.09 0.4
Gypsum | -159 | -1.72 | -152 | -1.81 | -1.83 | -1.76 | -1.74 | -1.87 | -1.7 | -1.73 | -1.74 | -1.73
Halite -6.11 | -6.13 | -599 | -6.12 | -6.15 | -6.13 | -6.19 | -6.16 | -6.16 | -6.16 | -6.16 | -6.24
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Table 3. Drinking water standards in Iran (Institute of Standards and Industrial Research of Iran)
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Table 4. World Health Organization drinking water quality standards (WHO, 2008)

Desirable limit 'V'.ax!m””? . T
Parameter permissible limit Health implications
(BL)
(PL)
pH 7-8.5 9.2 Taste
EC (us/cm) 500 1400 Gastro-intestinal irritation
TH (mg/l) 100 500 Scale formation
Na* (mg/l) 200 Scale formation
Ca?* (mg/l) 75 200 Scale formation
Mg?* (mg/l) 50 150 Encrustations in water supply structure
Cl- (mg/l) 200 600 Salty taste
S04* (mg/l) 200 400 Laxative effect
NOs (mg/l) 45 Methaemoglobinemia
F (mg/l) 15 Fluorosis
Zn (mg/l) 5 Cause astringent taste uses an opalescence in water
Cu (mg/l) 1 Discoloration and corrosion of pips, fitting and utensils
Fe (mg/l) 0.3 Permutes bacterial growth
Mn (mg/l) 01 Adverse affect on domestic uses and water supply
structure
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Table 5.Water hardness of SalasehQanat of Gonabad
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Table 6. Water quality of Salaseh Qanat for agricultural use
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Table 7. Water quality of Salaseh Qanat for industrial use
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