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Extended abstract

Introduction

The Qanat is composed of a series of vertical wells that are linked by a
gently sloping gallery, and groundwater is extracted through it utilizing
gravitational force. The Qanat tunnel is divided into two sections: the water-
bearing zone and the water-carrying zone. In the water-bearing zone, the
Qanat tunnel penetrates the saturated layer of the aquifer, where
groundwater is drained. Currently, there are 26 extensive and deep qanats
located in the Gonabad Plain, from which approximately 19 million cubic
meters of groundwater are extracted annually. Among the most notable
qanats in the Gonabad Plain is the Salaseh Qanat, which features a mother
well and has one water-bearing zone that is divided into three branches
downstream. This qanat has historically provided water to three significant
villages in Gonabad City. The route of the ganat within the plain is not
clearly defined, the depths of its mother wells remain unknown, and the
lengths of its water-bearing zones have not been established. Additionally,
the boundaries of its watershed have yet to be determined. Identifying these
factors is essential for the protection and maintenance of the qanat, as well
as for planning measures to prevent its deterioration. The objective of this
research is to investigate the structure of the Salaseh Qanat and to identify
the boundaries of its catchment area.
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Materials and Methods

To achieve this objective, the paths of the qanat's branches in the plain were identified and mapped
using satellite images and field surveys. Additionally, the depths of the mother wells for the main
and subsidiary branches of the qanat were estimated by analyzing topographic maps of the region,
measuring the slope of the qanat tunnel, and utilizing water level data from observation wells in the
plain. The lengths of the water-bearing zones of the qanats were calculated by comparing the
groundwater depth in the plain with the depth of the qanat tunnels. The starting point of the water-
bearing zones was determined where the depths of the groundwater and the tunnel intersect,
continuing to the endpoint of the tunnel. Ultimately, the boundaries of the qanat's catchment area
were defined by considering the length of the qanat's water-bearing zone, the water-bearing zones of
adjacent qanats, the hydrogeology and hydrology upstream of the qanat, and other hydrological
parameters. The boundary of the ganat catchment begins at the edge of the qanat watershed and
extends to the sides and upstream, following the groundwater dividing line in relation to the water-
bearing zones of neighboring ganats and the surface watershed basin.

Results and Discussion

The Salaseh Qanat comprises three main branches and one secondary branch, with a total length of
36 kilometers and 514 wells, as shown in Figure 1. The elevations of the outlet and the top of the
mother well of the Salaseh Qanat are measured to be 1070 and 1218 meters above sea level,
respectively. Based on the length of approximately 13 kilometers between the outlet and the mother
well, along with the slope of the qanat tunnel (0.001), the elevation of the mother well floor is
estimated to be about 13 meters higher than that of the outlet, resulting in an estimated elevation of
about 1083 meters. The difference between the top and bottom elevations of the mother well
corresponds to the depth of the qanat's mother well. The depths of the mother wells for the main and
subsidiary branches of the qanat are estimated to be approximately 135 and 116 meters,
respectively. The groundwater level at the main branch’s mother well is estimated to be at 131
meters, while the subsidiary branch’s mother well is estimated to be at about 119 meters, indicating
that the subsidiary branch has remained dry for several years. The intersection point of the ganat
tunnel with the groundwater level, which marks the beginning of the water-bearing zone, was
determined using a groundwater depth map of the plain and the depth of the ganat tunnel along its
path. The length of the ganat’s water-bearing zone is estimated to be about 550 meters. The
catchment area of the qanat is estimated to cover approximately 43 square kilometers, as depicted in
Figure 1. The total water flow of the qanat is projected to be 41 liters per second in 2025, resulting
in an annual discharge volume of 1,292,976 cubic meters. The average annual rainfall in the qanat
catchment is approximately 150 mm, with the amount of infiltration from rainfall and aquifer
recharge estimated to be around 20 percent. Accordingly, the annual recharge volume in the qanat
catchment is calculated to be 1,290,000 cubic meters. The annual recharge and discharge volumes
of the qanat are in alignment, indicating a high level of accuracy in the established boundaries of the
ganat catchment.
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Conclusion

The length of the water-bearing zone of the qanat was estimated to be approximately 550
meters of its total length. It is anticipated that the drop in groundwater levels in the plain will
result in a reduction of the ganat's water-bearing zone and its water yield in the future. To
address this issue, it is recommended that the tunnel of the qanat be excavated upward from the
mother well to increase the water-bearing zone. Additionally, the control of groundwater
extraction by wells in the plain should be enforced, periodic monitoring of the groundwater
level in the plain should be conducted using modern technologies, artificial recharge and flood
spreading projects should be implemented upstream of the qanat's mother well, and the
tradition of qanat diggers, along with periodic dredging of the qanat, should be revived.
Furthermore, any development in the basin that would lead to increased exploitation of water
resources or operations that could diminish rainfall infiltration in the basin, such as mining
activities, should be prohibited to ensure the preservation and maintenance of this ganat.
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Fig 1. Schematic of the longitudinal cross-section of the Qanat system (Todd and Mays, 2005).
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Fig 7. The Catchment Area of Salaseh Qanat.
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