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1-Introduction

Qanats are an essential method for the exploitation of groundwater in arid and semi-arid regions. There are 26
ganats in the Gonabad Plain, from which 19.5 million cubic meters of groundwater are annually extracted,
whose discharge rates vary from 10 to 120 lit/s. According to archaeological investigations, some of the ganats
in Gonabad plain date back to 2700 years ago. However, few hydrogeological studies have been conducted on
ganats. Isotope analyses can be employed to create a conceptual hydrogeological model. Isotope composition of
groundwater gives essential information about groundwater recharge origin, recharge time, water-rock
interactions, and the mixture of different groundwater bodies (Zabala et al., 2015; Vallejos et al., 2015; Ben
Musa et al., 2014; Hamed et al., 2014; Hamed and Dhabhri., 2013; Pu et al., 2013; Kandu et al., 2012; Wu et al.,
2009; Kohfahl et al., 2008). Environmentally stable isotopes, especially ¥O and ?H values, act as highly
valuable tracers of regional-scale hydrogeological processes (Paternoster et al., 2008; Clark and Fritz, 1997;
Herczeg et al., 1997; Liotta et al., 2013; Mazor, 1991; Kendall and McDonnell, 1998). Isotopic composition
changes along groundwater flow paths show the origin and occurrence of different geochemical and mixing
processes. By taking into account the amount and isotopic content of rainfalls during a year, the probable
processes controlling groundwater recharge can be determined (Gat, 1996; Gat and Airey, 2006; Ladouche et
al., 2009; Dindan et al., 2003; Tsujimura et al., 2007; Ako Ako et al., 2012).

This study uses isotopic characteristics to determine the groundwater's annual recharge and recharge origin of
the significant ganats of Gonabad Plain (Table 1).

Table 1. The characteristics of the major ganats of Gonabad Plain.

Qanat Mother well depth Length Discharge (l/s)
(meter) (kilometer)

Qasabeh 340 33 118
Rahn 260 28 14
Bahabad 170 12.5 25
Kheshuie 170 14 36
Baidokht 145 18 27
Dizagh 144 10 56

2-Methodology

The discharge of the selected ganats was measured from October 2016 to December 2017. The most amount of
discharge took place in August, and the lowest amount took place in November. Twelve groundwater samples
were taken from them on two different periods (November 2016; the dry period) and August 2017 (the wet
period) to study the isotopic composition of the groundwater of these ganats (**0 and 2H). Rainwater samples
were collected from four rain gauge stations (Fig. 1) at different altitudes (ranging from 1100 to 2400 m a.s.l)
from January to May 2017 to determine the isotopic content of precipitations in Gonabad Catchment.

3- Results and discussion
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In the study area, six major ganats, namely, Qasabeh, Baidokht, Rahn, Kheshuie, Dizagh, and Bahabad, are
supplying water for potable and irrigation uses during the past centuries (Fig. 1). The annual recharge amount
and water origin is the main dilemma. At first, the general isotopic composition of these Qanats and
precipitation is discussed. Later the origin of the water and the recharge amount of Qanats related to the
precipitation of the water year 2016-2017 was determined.
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Fig.1.Geological map of Gonabad Basin and the path of major ganats.

3-1- Isotope geochemistry and water origin

The monthly stable isotopic ratios of the precipitation at the four locations ranged from -9.15 %o to -3.22%o for
d*®0 and from -50.63%o to -11.08%o for dD during the observation period showing spatial variations with lower
values in the mountains and higher values in the plain.

There were apparent differences in hydrogen and oxygen isotope values between the groundwater samples of
the ganats in the dry and wet periods. Generally, wet period samples were depleted in d180 and dD (ranging
from -6.37 %o t0 -4.91%o for d*®0O and from -49.87%o to -46.22%o for dD), compared to dry period groundwater
samples (ranging from -8.35 %o to -7.47%o for d*®0 and from -51.26%o to -46.02%o for dD). The stable isotopic
compositions of the groundwater and precipitation show that the groundwater of these ganats mainly originates
from precipitation that falls in the Gonabad Basin. Isotopic compositions of the groundwater of the ganats in the
wet period demonstrate weak evaporation influence. The annual recharge of ganats occurs through the
infiltration of precipitation into fractures in the sandstone carbonate rocks of the catchment area and infiltration
of surface water into coarse grain alluvial cones, Gonabad Plain borders.

3-2- Recharge elevation

The groundwater recharge of the ganats in the study area originates from basins located at high altitudes from
2000 to 2400 m (Fig. 2). In the Gonabad Catchment, the highest elevations in the west and south of the
catchment area are 2600 m and 2770 m. Because weak evaporation occurs during precipitation infiltration, the
elevation of the recharge basin estimated through the isotopic content of the groundwater of ganats is lower than
the actual recharge basin's elevation. The actual recharge of ganats in the Gonabad Catchment originates from a

basin located at altitudes from 2000 to 2770 m.
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Fig. 2. 180 plotted versus altitude in Gonabad Catchment.

3-3- Estimation annual recharge amount of ganats

For estimation recharge amount of ganats during water year 2016-2017, equation (1) was used.

Quwdw = Qudd + Qpdp (Eq.1)

Where Q is a discharge component, and the d is an isotopic content component, and subscripts represent
discharge of ganats in wet period (w), discharge of ganats in the dry period (d) and amount of recharge of ganats
through precipitation infiltration during 2016-2017 water year (p). d*®O content of the groundwater of ganats
and precipitation used as isotopic content. The weighted mean of O content of precipitation in rain gage
stations in Gonabad Catchment (elevation more than 1900 m a.s.l) was calculated about -7.99 and used in the
equation as isotopic content of precipitation. The discharge of ganats measured during the 2016-2017 water
year. The discharge of ganats was lowest in November 2016 and highest in August 2017, used in the equation
as dry and wet. By replacing the isotopic content of the groundwater of ganats in wet and dry periods in
equation (1), the amount of recharge of ganats related to the precipitation in the 2016-2017 water year (Qp) was
obtained and presented in Table 2.

Table 2. The annual recharge amount of ganats by 2016-2017 water year precipitation.

Qanat Qanat 80 Qanat 80 content Annual recharge Recharge
discharge in ~ contentin discharge in wet amount through percent
dry period dry period in wet period (%o) precipitation of
(L/S) (%o) period 2016-2017water
(L/S) year

Qasabeh 114.7 -4.91 127 -1.47 48 38
Dizagh 54.5 -5.95 60 -7.96 19 32
Kheshuie 35.5 -6.15 38.5 -8.35 13 34
Rahn 14.3 -5.65 14.8 -7.73 4 28
Baidokht 245 -5.89 30 -7.9 12 39
Bahabad 24 -6.37 27.6 -8.04 9 31

The most recharge occurred in Qasabeh ganat and the least in Rahn ganat. Badami limestone with dissolution
permeability and Shemshak sandstone with fractured permeability located in Qasabeh ganat catchment caused
this ganat to have the most amount of discharge. Also, Kalat and Khanik's temporal rivers, which have an
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essential effect on ganat recharge, extended along two ganat's branches. The lowest amount of annual recharge
occurred in Rahn ganat. Volcanic rocks with low permeability expanded in the Rahn ganat catchment, and
therefore because of low precipitation infiltration, annual ganat recharge is low

4-Conclusions

Environmental isotope methods were used to explore the amount and origin of recharge of the groundwater of
ganats in Gonabad Plain. Water samples were collected from 6 significant ganats and rainfalls in the study area
to determine isotopic characteristics. Comparing isotopic content of the groundwater of ganats in wet period
with isotopic content of precipitation revealed that the recharge of the ganats' aquifer originates from the
infiltration of recent precipitation. Also, the recharge is through the infiltration of catchment precipitation (2000
to 2700 m a.s.l altitudes) into fractures in the limestone and sedimentary rocks at the south of the basin and
infiltration of surface water, which resulted from altitudes precipitation in the coarse grain alluvial cones and
river beds at the southern border of the plain in the cold and humid season (December to May). The amount of
recharge through 2016-2017 water year precipitation in selected ganats was estimated at 4 to 48 liter/s. The
permeability of catchment formations has an essential effect on ganat recharge. In the 2016-2017 water year,
approximately 30 percent of the discharge of ganats resulted from precipitation in the same year.
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Table 1. The characteristics of the major ganats of Gonabad Plain.

Discharge | Mother well depth
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118 340
14 260
25 170
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125 Bahabad
14 Khashuie
18 Baidokht
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