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Extended abstract

Introduction

Water resources are among the fundamental factors for the survival and
sustainable development of human societies, holding significant importance.
With the increase in global population and the decline in precipitation, water
resources have become more limited, especially in arid and semi-arid
regions such as Iran. In Iran, water extraction primarily relies on
groundwater resources, which are accessed through ganats and deep wells.
Qanats are ancient and sustainable systems for extracting water from deep
underground, transferring water from elevated areas to lower regions
without the need for energy. However, with the expansion of deep well
usage, groundwater levels have declined, and strategic water reserves are
being depleted.

Groundwater resources are replenished by rainfall and surface water, and
due to their subterranean location, they are less exposed to environmental
pollution. Nevertheless, the reduction in quantity and the increase in natural
and human-made pollutants threaten the quality of these resources.
Chemical, microbial, and organic pollutants can render water unsuitable for
drinking, industrial, and agricultural purposes. Therefore, protecting the
quality of groundwater resources through the establishment of quality
protection zones and preventing contamination is essential.
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Qanats are among the oldest methods of water extraction in Iran, consisting of
several vertical shafts and an underground channel that transports water from
aquifers to the surface. Qanats are divided into two types: mountainous and plain.
Mountainous qanats typically have shorter lengths, shallower depths, and
significant seasonal variations in water flow, while plain qanats are longer and
deeper. The hydraulics of ganats depend on the groundwater hydraulic regime, and
water moves naturally under the influence of gravity.

Materials and Methods

To protect the quality of groundwater resources, two main approaches exist:
qualitative vulnerability and the establishment of quality protection zones.
Qualitative vulnerability assesses the likelihood of pollutants reaching groundwater
resources, while quality protection zones define areas to prevent contamination.
Methods for determining quality protection zones include fixed arbitrary radius,
calculated fixed radius, variable radius, numerical modeling, and analytical
techniques. Each of these methods has its own advantages and disadvantages, and
the choice of method depends on regional conditions and the type of pollution.

For determining the quality protection zones of groundwater resources, various
empirical relationships such as those of Zischard, Comfort, Schultz, Kosakin, and
Kozeny have been proposed. These relationships are calculated based on
parameters such as hydraulic conductivity, aquifer thickness, soil porosity, and the
duration of pumping. Each of these relationships has different levels of simplicity
and accuracy, and their selection depends on available data and regional
conditions.

Result and Discussion

In this study, considering the characteristics of the relationships and the parameters
that are generally easier to obtain or calculate for each ganat, three relationships—
Zischard, Comfort, and a simple volumetric method—were used, taking into
account three transit times considered for different types of pollution. The Zischard
and Comfort relationships provide relatively similar results, while the volumetric
relationship, even with a transit time of 50 days, yields significantly larger values.
It should be noted that in the Comfort and volumetric relationships, the thickness
of the aquifer layer is considered as the sum of the length of the qanat gallery in the
wetland for water supply.

After calculating and selecting a protection radius for the first water-producing
well (mother well), two approaches can be taken to delineate the quality protection
zone for the rest of the qanat. First, a fixed protection zone can be considered for
the dryland, and a diagonal line can be drawn from the calculated protection radius
of the mother well to define the quality protection zone for the wetland. If the
lengths of the wetland and dryland of the ganat are not considered, or if the quality
protection zone in the dryland is not subject to specific considerations, it can be
directly connected from the mother well to the qanat outlet.

Given the calculated values from the examined methods, if immediate calculations
for the rapid protection of a water source are not feasible, a fixed value, such as
500 meters for the protection radius of the mother well, and a value between 10 to
50 meters for the protection zone of the dryland can be proposed. These values can
later be adjusted based on detailed calculations and the specific conditions of the
qanat.

Due to the technical and geological differences of each qanat, it is recommended
that the relationships and methods for determining quality protection zones be
reviewed and adapted by experts and researchers. For mountainous qanats or
ganats with specific conditions, all hydraulic and geological factors should be
considered. Additionally, it is suggested that other methods for determining quality
protection zones be reviewed and improved to enhance their accuracy and

efficiency.

Conclusion
This research demonstrates that determining the quality protection zones of ganats
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requires a detailed examination of the hydraulic and geological characteristics of
the region, and the use of empirical relationships can aid in better protection of
groundwater resources. Given the importance of ganats in water supply, it is
essential to scientifically and accurately determine their quality protection zones to
prevent contamination and degradation of water quality. This requires
collaboration between government institutions, researchers, and local communities
to ensure the sustainable management of groundwater resources.
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Table 1. Soil Effective Porosity Factor

(3o y0) Jls S gy NO
/. Porosity Soil Type .
50-60 o 9 s 1
40-50 el 2
35-40 Logio anbe 3
35-45 S yd dwle 4
20-30 () 03 y i 5
10-30 oy i g dwle boglse 6
25-45 S Slgw, 7
<) 1Sy g St S 8
3-10 e g Bl oy )3T K 9
2-5 Sga5 B o slacdlsl 10
10-50 e zd g 5 SlaassT slesjlas 11
30 B¢ 12
5-30 Sswdnle 13
10-20 gl g adgl s L aslo S Sow 14
SHgyap Calan b 5398 cu po Y Jgux
Table 2. Coefficient of Permeability or Basin Hydraulic Conductivity
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Fig 3. a Longitude Profile, b Qanat and the Protection Zone Plan Considering Wetland (water production

zone) and Dryland (water transport zone), and its Consistent protection zone, ¢ Qanat and the Protection
Zone Plan Considering Wetland and Dryland, and its Declined protection zone up to Qanat Outlet.
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