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Preface  

Water, culture, human beings and civilizations are deeply interwoven. Historic hydraulic structures 

and human being have always been under one another’s influence as they played a key role in human 

survival since thousands of years ago. Hence, studying these traditional systems will no doubt lead us 

to a sustainable solution for the operation and management of our natural resources. One of these 

systems is the qanat. 

The Persian qanat has a special niche in the cultural, social, economic, political and physical 

landscapes of the country. Without these kinds of traditional irrigation system, thousands of villages 

and towns would not have been theme at all. Although life in has changed over the centuries, qanats 

have maintained their importance and significance at the heart of community well-being and survival 

of many communities.  

Many of the Iranian qanats bear some characteristics, which allow us to call them feat of engineering, 

considering the intricate techniques used in their construction.  

Qanat is a unique technological creation where, architecture, technology and science are manifested in 

association and combination with nature. This manifestation is even more prominent considering that, 

over the course of ages, it has been associated with significant cultural indicators and social aspects 

such as settlement patterns and landscape, symbolism, public participation, Sustainability and 

literature (tangible and intangible heritage). In this regard, qanat has specific qualities, where it differs 

from other historical hydraulic systems in the world. 

Qanat reflects the interaction of man and nature, taken to a level of near-perfection. The nominated 

qanats illustrate the trends of qanat development in a variety of region, environment, cultural, 

political, and social aspects at least since the Achaemenids reign. They also respond to the challenges 

of the extreme climatic and geographic conditions in the rather dry and harsh nature of the country.  

Qanats and their contexts have evolved paving the way for an outstanding manifestation of human 

creativity in perfect harmony with nature, being also wonderfully tinted by local features. Such 

perfectly designed combination is the fruit of wise and intelligent application of various fields of 

knowledge including the social and biological sciences. Qanat has thus resulted in an enjoyable and 

harmonious representation of various engineering and water-management techniques, and 

environmental sciences.  

The vital role of qanat has also been reflected in different aspects of Iranian approaches to life, 

including the creative design of household objects, residential, public and administrative buildings 

and facilities in cities and villages. Diverse cultural and natural aspects have been combined so as to 

demonstrate significant reflections of Iranian traditions, cultures, and belief systems. The overall 

layout of qanat, the employment of specific techniques, and the design of water supplies have also 

resulted in the development of a sustainable technology and an intelligent use of natural resources. 
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Opening   

Iran is covered by rugged mountain ranges and deserts. Over the most of the central part of 

the Iran plateau, in the Dasht-e Kavīr and Dasht-e Lūt or Kavir-e Lut (Lut Desert), annual 

precipitation averages less than 100 mm, making these among the most arid parts of the 

world.  

The Iranian plateau is a large area of inland drainage in central Iran bounded to the north by 

the Alborz mountains, to the west and south by the Zagros mountains, and to the east by a 

series of ranges referred to as the Eastern Iranian Highlands. The plateau is about 1,000 km in 

length from northwest to southeast and about 600 km in width. With the exception of a small 

area in the southeast it is at least 500 m above sea level, while along the margins in the north 

and west it attains heights in excess of 3,000 m.  

The general topography of the plateau is varied, but it is characterized throughout by upland 

blocks of solid rock, surrounded by large alluvial fans and alluvial plains. In the lowest parts 

of the plateau salt deserts (kavir) are a common feature. Groundwater is a particularly 

important aspect of the hydrological cycle on the Iranian plateau. The groundwater resources 

of the Iranian plateau have been developed almost exclusively by old outstanding engineering 

constructions known as qanats (Beaumont, 1982).
 
 

 
Ghasem Ābād Qanat, Bam 

 

At a glance qanat is a horizontal tunnel which drains out groundwater, but digging this tunnel 

requires a variety of sciences and technologies. A qanat is a gently sloping subterranean 

canal, which taps a water-bearing zone at a higher elevation than the cultivated lands. If we 

accept that the main function of technology is to enhance the human ability to better adapt to 

environmental conditions, these craters arc ranked among the technologies which could make 

a big difference to the course of history.  



g{x cxÜá|tÇ g{x cxÜá|tÇ g{x cxÜá|tÇ g{x cxÜá|tÇ dtÇtàdtÇtàdtÇtàdtÇtà                                                                                                                                                                                                                                                                                                          

3 

Executive Summary 

 

Qanats have played a vital role in underground water extraction since ancient times. Qanats 

run across the desert like the body's veins, bringing Life and prosperity to the people who 

used to live off the water flowing down them. This technology is the focal point of the 

genesis of civilization in some parts of the world. This indigenous technology used to bring 

water efficiently from tens of kilometers away to the thirsty lands. In many of Iranian qanats 

which were constructed hundreds of years ago, no technical errors took place, and even their 

present structure bears witness to this fact.  

This source of knowledge behind the system of qanat can be ranked among the wonders of 

human civilizations. Traditional qanat know-how encompasses a wide variety of indigenous 

knowledge from geometry to botany.  

There are many wonders revolving around the qanat from both technical and cultural points 

of view. The Persian qanats excavated in lran, whose galleries total a length of some 400000 

kilometers, maybe seems extremely unbelievable and represents a masterpiece of human 

creative genius. 

 
Qanat of Gowhar-riz, Jupār Kerman 

 

Dispersion of primary settlements on alluvial fans of the inner plateau, kavir and desert 

margins of Iran has an intimate relationship with the pattern of its qanat system distribution. 

These preindustrial constructions that not only have been important in the evolution of 

Iranian culture and civilization but have constituted an important Iranian contribution to the 

development of water management systems in other parts of the world 
(Spooner, 1982).  
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Qanat passes through geological formations and faces different conditions and obstacles, so 

the qanat masters' efforts to solve these problems led to the accumulation of knowledge in 

terms of qanat construction over time, which has been handed down from generation to 

generation. It spread over the plateau and further under the Achaemenids, suddenly opening 

up vast new areas to agriculture and settlement. 

The Persian Qanat exhibits an important interchange of human values and having been the 

principal reference for the development of qanat design in Iran and other arid and semiarid 

regions around the world. The Persian Qanat, spread into Oman in southeast Arabia towards 

the end of the Accamenid period (Wilkinson, 1977), later into Central and South Asia, North 

Africa and Spain, and eventually to the New World. This process resulted not only in the 

physical development of qanats, but also in the accumulation of knowledge and the buildup 

of a distinct civilization, qanat or kariz civilization, which is rooted in the technical 

characteristics of the qanat. In general, qanats are examples of how deeply culture, 

environment and technology are interwoven. They cut through history, and bring not only 

water to quench the thirst of lands, but also this priceless message: 

 

Earth is our kind mother as long as we are grateful sons. 

 
Agricultural demand area, Qanat of the Moon, Ardestān  

 

Another aspect of traditional water management addresses the actions the local farmers take 

in order to regulate water division, irrigation related subjects and preservation of water 

resources. They traditionally established some complex systems in order to divide water 

among the farmers or the shareholders of a water resource. Rotation pattern of irrigation 

water, Water division units, ownership system and water management of qanats and the 

sensitivity of protection bound of the qanat are unique topics which takes up the subject of 

irrigation rights based on landownership or time shares within a certain period of rotation.  
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From this point of view, the Persian qanat bears exceptional and unique testimony to the 

cultural traditions that have evolved in Iran and world during its evolution. The manifestation 

of The Persian Qanat has been evident in the various cultural and social aspects of the 

society, such as the settlement, management system and also intangible heritage.  

Karaji's book written about one thousand years ago clearly shows how these people's 

exploration in the possible methods of qanat construction could lead to a better insight into 

some natural sciences such as geology, hydrogeology, hydraulics and civil engineering. The 

essay "Alghani" that was compiled by some clergymen and lawyers in 799 AD is a proof of 

the great value the rulers and scholars used to place on the legal aspects of qanat, and these 

efforts contributed to the establishment of other social legislation. In fact, legislation on water 

distribution and qanat related affairs could set up a social order through influencing the 

legislative processes at other social levels. Therefore the system of qanat is something beyond 

a simple technique to extract groundwater, but it underlies many social and economic 

structures in these arid and semi-arid areas, promoting cultural and social life in the course of 

history. 

 
Akbar Ābād Qanat, Bam 

 

Qanat in Iran enjoys extended structures and sometimes its length reaches tens of kilometers. 

The deepest and the longest qanats of the world much probably exist in Iran. Qanat passes 

through geological formations and faces different conditions and obstacles, so the qanat 

masters' efforts to solve these problems led to the accumulation of knowledge in terms of 

qanat construction over time, which has been handed down from generation to generation.  

In a traditional context, the technique of qanat and agricultural systems are in a perfect 

harmony. Qanat is a sustainable technique to tap groundwater without inflicting any damage 

on the aquifer. The Persian Qanat is an outstanding example of a type of technological 

ensemble and landscape which illustrates significant stages in human history.   
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Various technical issues regarding to various environment in qanat construction as one of its

outstanding values is considerable, ingenious techniques from Identification of aquifer up to 

specifying the route and exit point of qanat

various method of leveling and different parts of qanats as 

such as devil kani, qomesh all are some of th

qanat construction.    

 

Qomesh technique, The Persian Qanat 

 

The Persian Qanat is directly and tangibly associated with events and living traditions, ideas, 

believes and literary works. The Persian 

production and life, and its magnificence is also manifest in Persian culture, art and literature. 

We can find many mentions of qanat in a thousand three hundred years of Persian poetry.

These characteristics and complications show the degree of ingenuity and creativity used in 

qanat construction during the interaction of human and nature. The vital impact of such a 

well-worked technology and architectural system on the advancement and evolution of 

civilization is undeniable. For this reason this amazing structure is considered as one of the 

outstanding creations of mankind. Among qanats of Iran, some can truly be regarded as a 

masterpiece of human creative genius.

Qanat spread on to the Iranian plateau and throughout

have been particularly encouraged and facilitated at least from the Achaemenids 

fourth centuries B.C.; see Polybius 10.28)

length, depth, and discharge of qanats as well as in the difficulty of digging in different soils 

and substrata, typically qanats are over 1 km long, and the “mother well” where the 

underground channel begins is over 10 m deep in Iran. 
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Various technical issues regarding to various environment in qanat construction as one of its

outstanding values is considerable, ingenious techniques from Identification of aquifer up to 

pecifying the route and exit point of qanat both underground and on the surface and also 

various method of leveling and different parts of qanats as bookan behind specific techniques 

all are some of the remarkable and extraordinary 

anat is directly and tangibly associated with events and living traditions, ideas, 

believes and literary works. The Persian Qanat has always played an important role in 

production and life, and its magnificence is also manifest in Persian culture, art and literature. 

We can find many mentions of qanat in a thousand three hundred years of Persian poetry.

plications show the degree of ingenuity and creativity used in 

qanat construction during the interaction of human and nature. The vital impact of such a 

worked technology and architectural system on the advancement and evolution of 

eniable. For this reason this amazing structure is considered as one of the 

outstanding creations of mankind. Among qanats of Iran, some can truly be regarded as a 

masterpiece of human creative genius.  

Qanat spread on to the Iranian plateau and throughout most of Iran. This process appears to 

have been particularly encouraged and facilitated at least from the Achaemenids 

fourth centuries B.C.; see Polybius 10.28)
 
(Spooner, 1982). Although there is great variation in the 

ge of qanats as well as in the difficulty of digging in different soils 

and substrata, typically qanats are over 1 km long, and the “mother well” where the 

underground channel begins is over 10 m deep in Iran.  

Executive Summary

Various technical issues regarding to various environment in qanat construction as one of its  

outstanding values is considerable, ingenious techniques from Identification of aquifer up to 

both underground and on the surface and also 

behind specific techniques 

e remarkable and extraordinary techniques in 

 

anat is directly and tangibly associated with events and living traditions, ideas, 

has always played an important role in 

production and life, and its magnificence is also manifest in Persian culture, art and literature. 

We can find many mentions of qanat in a thousand three hundred years of Persian poetry. 

plications show the degree of ingenuity and creativity used in 

qanat construction during the interaction of human and nature. The vital impact of such a 

worked technology and architectural system on the advancement and evolution of 
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. Although there is great variation in the 

ge of qanats as well as in the difficulty of digging in different soils 
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All these approaches were considered to choose the nominated qanats to highlight and 

introduce the outstanding universal values of this amazing traditional subterranean 

engineering in the serial nomination of the Persian Qanat. This serial nomination consists of  

eleven qanats that are located in different parts of Iran plateau, especially in central and 

eastern part. 

These eleven nominated qanats are the best representative of the most prominent features of 

the Persian qanats, from approach of their history and technology all together represent the 

evolution of qanat technology and its utilization systems in the context of climate, culture and 

geographical diversity in Iran.  

 

 
Agricultural demand area, Ghāsem Ābād & Akbar Ābād Qanats, Bam  

 

Central cities of Iran like Yazd, Kerman, Markazi and Esfahan beside the glorious eastern 

provinces such as Khorāsān-e Razavi and Khorāsān-e Jonubi boast valuable qanats which not 

only enjoy authenticity and antiquity but also have special engineering and technical 

characteristics. All of these qanats can represent outstanding universal values of Persian qanat 

from a historical and innovational point of view. 

Some qanats serve as a prototype of various species for other qanats. They have noticeable 

characteristics such as: a long history and a sophisticated technology as well as the unique 

creativity and knowledge used in each of them.   

The deepest mother well is reported to be about 300 m in Qasabeh Qanat in Gonābād. 

Various genius techniques as qomesh, devil kani and other fantastic techniques beside 

complex structures as bookan and mard khāneh in addition of its historical advanced 

traditional management and water distribution system are just some tangible and intangible 

values of this glorious structure.  
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Qasabeh Qanat with the deepest mother well 
 

Qanat of Baladeh as wonderful phenomena has its special role in 

Baladeh is a complex technology of water transfer with its simple Persian qanat

The intellectual process in water transferring such as 

maqsam is completely different from other qanats in Iran. Obviously this complex system is 

managing with intelligence system from the ancient time due 

traditional management system caused the unique landscape in its arid region. 2283 hectares 

are its related green area. Its 15 branches and the system of 

different in its category. That is why this system called the ensemble 

the measures in the field of water transport in the complex fields of human actions is the 

traditional planting trees on both sides of 

Qanat of Baladeh ensemble  

 

The functional role of these trees due to hot and dry climate of the region, reducing direct 

sunlight and reduce wind speed 

evapotranspiration. Besides the traditional agricultural system knows the water timber trees 

and agricultural  tools.  Until a few decades ago, the path from the beginning of the mass of 

water divided into two streams 

mass planting trees on either side, about19

Qasabeh and Baladeh Qanats are representative from the eastern parts of the plateau, where 

annual water surpluses do not occur and so streams only flow here for so short

following heavy rainfall. In addition, the combination of two mentioned qanats in a same 

geographic area has created an exceptional cultural landscape in the world.
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Baladeh as wonderful phenomena has its special role in The Persian Q

Baladeh is a complex technology of water transfer with its simple Persian qanat

The intellectual process in water transferring such as tiregari, canals and bakhsh

is completely different from other qanats in Iran. Obviously this complex system is 

managing with intelligence system from the ancient time due to its reach history. This 

traditional management system caused the unique landscape in its arid region. 2283 hectares 

are its related green area. Its 15 branches and the system of Shāhjoy has made this system 

different in its category. That is why this system called the ensemble Qanat of 

the measures in the field of water transport in the complex fields of human actions is the 

traditional planting trees on both sides of Shahjoy in order to shading the canal.  

  

The functional role of these trees due to hot and dry climate of the region, reducing direct 

sunlight and reduce wind speed (due to the windy area), and finally decreased by 

. Besides the traditional agricultural system knows the water timber trees 

tools.  Until a few decades ago, the path from the beginning of the mass of 

water divided into two streams (first Bakhshāb water) to the paradise city (Toon

mass planting trees on either side, about19-kilometer route.  

anats are representative from the eastern parts of the plateau, where 

annual water surpluses do not occur and so streams only flow here for so short

following heavy rainfall. In addition, the combination of two mentioned qanats in a same 

geographic area has created an exceptional cultural landscape in the world. 
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Qanat history. 

Baladeh is a complex technology of water transfer with its simple Persian qanat structure. 

bakhshāb and its 

is completely different from other qanats in Iran. Obviously this complex system is 

to its reach history. This 

traditional management system caused the unique landscape in its arid region. 2283 hectares 

made this system 

anat of Baladeh. Of 

the measures in the field of water transport in the complex fields of human actions is the 

 

 

The functional role of these trees due to hot and dry climate of the region, reducing direct 

and finally decreased by 

. Besides the traditional agricultural system knows the water timber trees 

tools.  Until a few decades ago, the path from the beginning of the mass of 

Toon) to Shahjoy 

anats are representative from the eastern parts of the plateau, where 

annual water surpluses do not occur and so streams only flow here for so short periods 

following heavy rainfall. In addition, the combination of two mentioned qanats in a same 
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 Qanat of Baladeh ensemble  

 

Qanats of Zārch and Hassan Ābād

dry climate because it is located upon the so

qanat, is Zārch in Yazd with a gallery length of 80 km, mother well depth of 90 meters and 

more than a thousand shafts. Ha

because of its fault resource in limited area. This qanat is the base of creation of Persian 

garden in Mehriz region. 

Qanat of Zārch, Yazd 
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Ābād-e Moshir are in Yazd and Mehriz cities in central Iran with 

dry climate because it is located upon the so-called dry belt of the earth. The longest recorded 

with a gallery length of 80 km, mother well depth of 90 meters and 

Hassan Ābād-e Moshir Qanat is famous for its high discharge 

because of its fault resource in limited area. This qanat is the base of creation of Persian 
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are in Yazd and Mehriz cities in central Iran with 

called dry belt of the earth. The longest recorded 

with a gallery length of 80 km, mother well depth of 90 meters and 

anat is famous for its high discharge 

because of its fault resource in limited area. This qanat is the base of creation of Persian 
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Ebrāhim Ābād Qanat is another representative from the central plateau of Iran. This area has 

also dry climate and is a kind of semi

and other shafts in Ebrāhim Āb

Persian Qanat. The conical form of the wells is unique in this qanat. The traditional advanced 

method of digging the wells is another aspect of genius in this qanat. 

Other three qanats that are exceptional samples of 

desert area in Esfahan with Zayande

Two extraordinary Qanat of Vazv

underground dam and unique landscape. One of the disadvantages attributed to the system of 

qanat is that this system constantly drains groundwater even when no water is needed, for 

example in winter when cultivation is at a standstill. However, this underground dam 

provides a convincing illustration that we can prevent unwanted discharge just by 

constructing an underground dam across the tunnel. This method recently has inspired some 

Iranian engineers to install a kind of tap in the tunnels of some qanats in order to stem the 

water flow if necessary.  

 

Mozd Ābād Qanat, Meyme, Esfahan 

 

The terrain on which Ardestān is situated ends in desert and mountains from opposite sides. It 

is believed the city has been founded 

century. The Qanat of the Moon in Ardest

this city. This qanat enjoys two galleries running parallel but not at the same level 
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is another representative from the central plateau of Iran. This area has 

also dry climate and is a kind of semi-arid region. The form and construction of mother well 

Ābād Qanat in Arāk is another aspect of technology in the 

rsian Qanat. The conical form of the wells is unique in this qanat. The traditional advanced 

method of digging the wells is another aspect of genius in this qanat.  

Other three qanats that are exceptional samples of The Persian Qanat are located in semi

sert area in Esfahan with Zayande-rud River going through it.  

anat of Vazvān and Mozd Ābād Qanat, both are unique in that it has an 

underground dam and unique landscape. One of the disadvantages attributed to the system of 

this system constantly drains groundwater even when no water is needed, for 

example in winter when cultivation is at a standstill. However, this underground dam 

provides a convincing illustration that we can prevent unwanted discharge just by 

an underground dam across the tunnel. This method recently has inspired some 

Iranian engineers to install a kind of tap in the tunnels of some qanats in order to stem the 

ān is situated ends in desert and mountains from opposite sides. It 

is believed the city has been founded in Sassanid period and was strongly fortified in the 10

century. The Qanat of the Moon in Ardestān with a double gallery is the other represent from 

this city. This qanat enjoys two galleries running parallel but not at the same level 
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rsian Qanat. The conical form of the wells is unique in this qanat. The traditional advanced 

anat are located in semi-

, both are unique in that it has an 

underground dam and unique landscape. One of the disadvantages attributed to the system of 

this system constantly drains groundwater even when no water is needed, for 

example in winter when cultivation is at a standstill. However, this underground dam 

provides a convincing illustration that we can prevent unwanted discharge just by 

an underground dam across the tunnel. This method recently has inspired some 

Iranian engineers to install a kind of tap in the tunnels of some qanats in order to stem the 

 

n is situated ends in desert and mountains from opposite sides. It 

period and was strongly fortified in the 10th 

with a double gallery is the other represent from 

this city. This qanat enjoys two galleries running parallel but not at the same level - hence it 
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is called a two-stage qanat. The water flow in each gallery is independent of the other 

gallery's water. The upper gallery is about 3 meters higher than the lower one, but because of 

the geological structure, its water does not leak into the lower gallery. The qanat's mother 

well is a twin well.  

 

 
Agricultural demand area, Qanat of the Moon, Ardestān, Esfahan 

 

Qanat of Gowhar-riz (Gauhariz), Jupār in Kerman with a considerable discharge of 240 liters 

per second is another representative of The Persian Qanat. This qanat is unique in having six 

active branches, which is attributable to the fact that a hard impermeable layer intercepts the 

main channel so that it cannot be extended forward. After the water of qanat reaches the 

surface, it is directed to some dividing outlets named maqsam At this spot the water is 

divided into six parts, each of which goes to a particular area. The irrigated area of this qanat 

is more than 1000 hectares belonging to 500 shareholders.  

The number of qanats and their total discharge in Bam is unique in Iran. Ghāsem Ābād and 

Akbar Ābād are two young qanats of bam which are extraordinary in discharge because of 

the roots of qanat in Baravāt and Bam fault. 

Bam as a symbol of men’s victory over a hostile environment can also be considered as 

unique in his own case. The complex management of underground irrigation system in Bam 

leading to an unbelievable agricultural land use network in harmony with its built area.     

The diversity of innovations, historical evolution of the eleven nominated qanats are together 

representing outstanding universal values of The Persian Qanat. 
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In conclusion, engineering masterpieces and traditional expertise, cultural values, traditional 

water management system, contribution of qanat to sustainable development and other 

outstanding values of The Persian Qanat have called qanat the most important technological 

development in the history of irrigation in Iran. These values have lead to the whole 

conservation and maintenance of The Persian Qanats through its traditional management 

system and public participation. 

 

 
Ebrāhim Ābād Qanat 
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State Party  

Islamic Republic of Iran 

 

 

 
Iran (ICHHTO archive) 
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State, Province or Region 

Nomination dossier includes nominated sites from 6 provinces as follows:

Khorāsān-e Razavi, Khorāsān-e Jonubi

Location of the provinces (ICHHTO archive)
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Nomination dossier includes nominated sites from 6 provinces as follows: 

e Jonubi, Yazad, Markazi, Esfahan, Kerman  

(ICHHTO archive) 

Executive Summary
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Name of Property 

The Persian Qanat 

  
Qasabeh Qanat (left); Qanat of Baladeh (right) 

 

    
Qanat of Zārch (left); Hassan Ābād-e Moshir Qanat 

 

 
Ebrāhim Ābād Qanat 
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Qanat of Vazvān (left); Mozd Ābād Qanat (right) 

 

  
Qanat of the Moon (left); Qanat of Gowhar-riz (right) 

 

 
Qanat of Bam – Ghāsem Ābād Qanat & Akbar Ābād Qanat 
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Geographical coordinates to the nearest second 

Nominated Persian qanats: 

 

No Site Name Geographical Coordinates Map Ref. 

1 Qasabeh Gonābād 
E: 34° 20′ 38″/ 34° 05′ 46″ 

N: 58° 27′ 31″/ 58° 43′ 
A1-A8 

2 Qanat of Baladeh 
E: 34° 5′/ 34° 15′ 

N: 58° 19′/ 58° 31′ 
B1-B6 

3 Qanat of Zārch 
E: 54° 13′ 50″/ 54° 36′ 4″ 

N: 31° 59′ 31″/ 31° 44′ 21″ 
C1-C4 

4 Hasan Ābād-e Moshir Qanat 
E: 40° 29′ 07″/ 31° 53′ 05″ 

N: 54° 21′ 30″ 
D1-D4 

5 Ebrāhim Ābād Qanat 
E: 34° 05′ 39″/ 34° 18′ 06″ 

N: 50° 01′ 31″/50° 18′ 43″ 
E1-E7 

6 Qanat of Vazvān 
E: 51° 11′ 

N: 33° 25′ 
F1-F4 

7 Mozd Ābād Qanat 
E: 51° 9′ 24″ 

N: 33° 28′/ 33° 10′ 
G1-G7 

8 Qanat of the Moon 
E:52° 22′ 49″/52° 22′ 02″ 

N:33° 22′ 53″/ 33° 22′ 11″ 
H1-H4 

9 Qanat of Gowhar- riz (Jupār) 
E: 29° 56′/ 30° 04′ 

N: 57° 04′ / 57° 09′ 
I1-I4 

10 Ghāsem Ābād Qanat 
E:58° 21′ 41″/ 58° 25′ 11″ 

N:29° 05′ 32″/ 29° 05′ 02″ 
JK1-JK4 

11 Akbar Ābād Qanat 
E:58° 21′ 46″/ 58° 25′ 11″ 

N:29° 05′ 29″/ 29° 03′ 02″ 
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Textual description of the boundaries of the nominated property 

Description of Core Zone   

 

Qasabeh Qanat; The core zone of Qasabeh Qanat is considered to be close to the exit point of 

qanat. It then moves southwards parallel to the course of qanat until C4 (X: 655855,Y:3797926) 

where qanat divaricates to two branches. Afterwards it moves southwestward to reach to C6 

(X:654509,Y:3794914) where the qanat divides to three lateral branches. The core zone follows 

its path until C9 (X:651203,Y:3788999  ) where is the closest point to the mother well of 

Qasabeh’s main branch. It then turns westward towards Doolāb-e no mother well and gets to 

the closest point of C12 (X:645768,Y:3789027). After that it turns north eastward along qanat’s 

course and reaches C14 (X:651540,Y:3794902) where it gets close to the second lateral branch 

of Doolāb-e no mother well. It then reaches the closest point to the first Doolāb-e no mother 

well at C17 (X: 652058,Y:3796833). Afterwards it follows its path north-eastward to join the 

starting point at C26 (X: 655682,Y:3801524).  

Qanat of Baladeh; The core zone considered to have a parallel path along qanat’s course. The 

starting point of which, merges with the main mazhar of qanat. It then get close to Sharifi 

mother well at  C2 (X: 622826, Y:3776942), to Golābi mother well at C4 (X: 624496, 

Y:3778845), to Fereydooni mother well at  C6 (X: 625876, Y:3779509  ) , to Kariz-e Navi mother 

well at C8 (X: 629453, Y:3781243  ) and to Cheshme Mahi mother well at C9 (X: 630540, 

Y:3781638). It then turns around and gets close to Shoghāl mother well at C12 (X: 632842, 

Y:3779481  ) . On the same path it continues westward until C16 (X: 628509, Y:3778772  ) and 

then southward in a way to surrounds all mother wells and qanat course. At 

C24(X:632217,Y:3773748  ) it considers another turn and move towards northwest to reach 

Mazhar-e qanat again at C34(X:621613, Y:3775927  ) and joins its starting point.  

Qanat of Zārch, The starting point of core zone is considered to be ca. 1km far from the point 

where the two branches of Shour and Ebrāhim khavidaki merged, close to the starting point 

of buffer zone with 500 m distance from the sides of qanat. The core zone moves parallel to 

the course of qanat towards south-east and get close to sour mother well at C5 (X:273056, 

Y:3517195  ) . It then forms a loop to surrounds the setting of the mother well at C9 (X: 270343, 

Y:3514174  )  it goes north-west ward towards the mother well of Ebrāhim khavidaki branch. It 

goes up to C12 (X: 262361, Y:3524806  ) and turns southward again and gets to the closest point 

to Ebrāhim khavidaki mother well at C14 (X: 263033, Y:3524806  ) . After another loop it moves 

north-westward again to joint C1 (X:260027,Y:3527554  )  again. For the distance from C1 to 

exit point of  qanat, the core zone shrinkes to a 15 m distance from the sides of Qanat’s 

course due to the emerging city in between. At P3 (X:254764,Y:3529841  )  the core zone 

obsculate qanat-e Hassan Ābād and continues its path until it reaches the merging point of P1 

(X: 251213, Y:3529841  ) , divaricates to two branches and merges again at P2 (X: 251176, 

Y:3533213  ) and follows it path to mazhar-e qanat. The same pattern is considered for Shirin 

branch. 
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Hassan Ābād-e Moshir Qanat, The core zone of Hassan Ābād is considered to be started from 

C1 (X: 257855, Y:3521677  ) where it gets close to the buffer line at B47 (X: 255779, Y:3520771  ) . 

It moves towards south at a 500 m distance from qanat’s course and close to the junction with 

Shirin branch of Qanat of Zārch. It follows its path parallel to the qanat’s course until C7 (X: 

258889, Y:3499049  ) close to the divaricated point of qanat, turns and move northwards again 

towards the starting point at C12 (X: 257791, Y:3520467  ) where it joins again with C20 of the 

core zone. From C26 to the mother wells of qanat the core zone shrinks to a 15 m distance 

from the sides of qanat and again broadened to surrounds the setting of mother wells at C13 

(X:254897, Y:3499820  ) - C17 (X:254255, Y:349964  ) for Mehriz mother well, at C18 (X: 627223, 

Y:3693186  ) - C21 (X: 211801, Y:3492448) for its mother well, at C22 (X: 252423, Y:3491813  ) -

C24 (X: 252427, Y:3491425  ) for mother well and at C25 (X: 253420, Y:3491202  ) -C27 (X: 

252789, Y:3491069) for the mother well. The distance between C20 and mazhar-e qanat’e 

Hassan Ābād follows the 15 m distance pattern from the sides of qanat. It worth mentioning 

that qanat-e Hassan Ābād and Qanat of Zārch have an intersection at P3 (X: 254764, 

Y:3529841).  

Ebrāhim Ābād Qanat, The core zone has considered parallel to the course of qanat, it has its 

starting point at mazhar-e qanat within the city limits. In this section, the core zone is 

considered to be 15 m far from the course of qanat from each side. It then extends towards 

mother wells out of the city where it reaches to C1 (X: 412901, Y:378563  )  point from which 

the core zone broadens to a 500 m distance from each side. C1 has been chose on the west 

extreme of Arāk road close to Ebrāhim Ābād. Afterwards it moves eastward towards C2 (X: 

413337, Y:3785679  ) at the junction with Qom- Arāk road. The core zone then follows its 

boundaries parallel to qanat’s course until C7 (X: 414761, Y:3785568  ) which is the closes point 

to the mother well of third branch. Passing C8 (X: 414748, Y:3786108) to C13 (X: 420161, 

Y:3785744), the core zone reaches to the closest point to other mother well. At this point the 

core zone turns around and continues its path westward towards C16 (X: 422150, Y:3786190) 

which has a 500 m distance to mother well. The core zone continues along the path at C17 (X: 

422661, Y:3785918  ) to C22 (X: 420393, Y:3783790  ) from which it reaches again to the city 

boundaries, shrink to 15 m distance core zone from each side and join “C0” at mazhar-e 

qanat again.  

Qanat of Vazvān, The core zone for Qanat of Vazvān is considered to be parallel to the course 

of qanat with a 15 m distance from each side.  

Mozd Ābād Qanat, The core zone has its starting point C1 (X: 513782, Y: 3702956   ) at mazhar-

e qanat within an almost 2000 m distance from Meyme town limits. Afterwards it moves to 

C2 (X: 512239, Y: 3705408  ) parallel to the qanat course and then starts a loop around its three 

mother wells with a distance of almost 2000 m from C3 (X: 508444, Y: 3708829  )  to  C9 (X: 

512813, Y: 3705997  ) . At C10 (X: 513193, Y: 3704966  ) it follows its path parallel to the course 

of qanat again and joins the starting point at C11 (X: 5142020, Y: 3703563  ) . 
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Qanat of the Moon, The core zone of qanat keeps a parallel path from the mother well, point 

p1 (X: 627223, Y: 3693186  )  with a 15 m distance form each side of qanat’s course up to point 

p2 (X: 628289, Y:3694412  ) at its exit point.   

Qanat of Gowhar-riz, The starting point of core zone in Jupār Qanat is considered to be close 

to mazhar-e qanat at C1 (X: 510950, Y: 3323616  ) . It then moves down the plain parallel to the 

course of qanat until C4 (X: 510891, Y: 3323138  ) . Afterwards it moves eastward at C4 to be 

broader and surrounds all the mother wells of the qanat.  

At C7 (X: 511523, Y: 3322607  ) it gets to the closes point to Hussein Yosefi mother well. It 

considers starting a loop at the same point. C8 (X: 510954, Y: 3322352  )  is the closest point to 

Haj Mohammad nosh mother well, it then continues in a straight line until it reaches C9(X: 

509831, Y: 3322678  ) which is the starting point of another turn. At C10 (X: 509521, Y: 3323077 

)the core zone gets close to Darvazeh (Chāh Gāvgard) mother well. After that the core zone 

comes to its ending point at C15(X: 510855, Y: 3323583  ) which joins its starting point with a 

distance.  

Ghasem Ābād  and Akbar Ābād Qanat, The core zone of Ghāsem Ābād and Akbar Ābād 

Qanats are considered to follow a horizontal line parallel to the course of qanat with a 15 m 

distance which starts from p1(X: 633329, Y: 32183526  ) in Ghāsem Ābād Qanat, aligns with the 

core zone of Bam and its cultural landscape World Heritage Site at the distance between P2 

(X: 634776, Y: 3218749  ) and all but P5(X: 635978, Y: 3218676  )  while the same alignment 

happens in case of Akbar Ābād Qanat at the distance between all but P11 (X: 635985, Y: 

3218562  ) and P15(X: 634930, Y: 3218652  ) . At “P8” the core zones of both qanats get close to 

reach the integrated mazhar of both qanats.  
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Description of Buffer Zone 

 

Qasabeh Qanat, The buffer zone of qanat is considered to be 25805 ha. It begins from B1 

(X:656314,Y:3800884) the closest point to qanat mazhar. It then moves downward to B2 

(X:656379,Y:3800487  ) and again upward to B3(X:657498,Y:3800865). Afterwards it starts a 

south-westward path almost parallel to the course of qanat until B8 (X:653868,Y:3789920). It 

considers a southward move from B8 to B12 (X:652207, Y: 3779123). At B12 it starts a turn 

towards west in an almost semi-circular line on the peak of mounts where it passes Golleh 

mount at B26 (X: 640061,Y:3787723). It then moves northwards towards Kaj Ābād at B28 (X: 

641264,Y:3790732), Chahar tigh at B30 (X:644121,Y:3792387  ) and Tak Godaru at B33(X:65225, 

Y:3800877  ) from this point the line continued towards the south and reaches to point B34 (X: 

652613,Y:3800137  ) which the buffer zone line starts a north-eastward path towards mazhar 

parallel to the qanat’s course. The buffer zone reach to its end at B37 (X:655619,Y:3801670  )  

where it joins its starting point again.    

Qanat of Baladeh, The buffer zone of qanat is considered to be 19321 ha and has its starting 

point B1 (X: 621266, Y:3776538  ) close to the starting point of its core zone  C1 (X: 627223, 

Y:3693186) coinciding with a road towards Ferdows, it then keeps a northward move to B12 

(X: 631469, Y:3790766  ) on the peak of mounts and then turn to south until B25 (X: 635444, 

Y:3777416  ) . Afterwards, it keeps its path to south with a tendency to east from  B26(X: 

637077, Y:3775949  ) to B29. It turn to west at B29 (X: 640889, Y:3773713  ) with a huge descend 

at B32(X: 633689, Y:3767803   ) close to Bar valley it then keep a north-west move to get close 

to mazhar-e qanat at B38 (X: 623327, Y:3773755  ) and join the starting point, some distance 

away.  

Qanat of Zārch and Hassan Ābād-e Moshir Qanat, The buffer zone of qanat is considered to 

be 125162 ha and starts at B1 (X: 260525, Y: 3527428  ) close to the divaricated point of Shour 

and Ebrāhim khavidaki branches. It then moves eastwards to the peak of north-eastern 

mounts until B6 (X: 279777,Y:3536889  ) , with a drop at B2 (X: 263444, Y:3526330  ) . 

Afterwards it follows it path southward until B10 (X: 286780, Y: 3519000  )  and with a crinkle 

at  B11-B12  it reaches to B13 (X: 283660,Y:3507728  ) . While moving towards west it gets to 

the closest point of Shour branch mother well at B14 (X: 278786, Y: 3508645  )  . It then moves 

southwestward towards the mother wells of Hassan Ābād Qanat until B22 (X: 253013, 

Y:3489920  ) which is the closest point to the three mother wells of Hassan Ābād Qanat. 

Afterwards it starts a north-westward move again and reaches B26 (X: 241143, Y: 3508639  )  

where the path moves towards east and gets close to  mother well with a drop at B29 (X: 

254202, Y:3500337  ) . Moving close to qanat’s course towards north, it reaches to B35 (X: 

257391, Y:3509407  ) . Then it follows a westward path parallel to the formation of mounts until 

B41 (X: 242109, Y:3517045  ) . It then continues eastward again, passes the Qanat of Zārch at a 

point close to B47 (X: 255779, Y:3520771  ) , intersects Hassan Ābād Qanat at a distance further 

and moves north-eastward and join the starting point at B1. The buffer zone extends along the 
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path of both qanats with a 50 m distance from sides of qanats and parallel to its course in the 

places which was not surrounded by its main loop until it reaches their mazhar.  

Ebrāhim Ābād, The buffer zone of qanat is considered to be 23655 ha and has its starting 

point B1 (X: 412834, Y:3785939  ) close to C1of its core zone. It then continues eastward to B4 

(X: 419965, Y:3787492  )  point where the boundary broadens and extends to north and intersect 

Qom- Arak road for the first time close to B5 (X: 419832, Y:3789588  ) . The buffer zone gets 

close to Gash-suz hill at B5 and B6 (X: 420012, Y:3790579  ) . It then follows it path towards 

north- east on the peak of the hills and mounts to B10 (X: 425973, Y:3793618  )  which the 

buffer zone boundary intersect Qom road for the second time. After that the path moves 

towards south- east and get close to Takht-e Ghader mountain at B15 (X: 432013, Y:3789747  ) , 

to Sang-e chakhmāghi mountain at B19(X: 433678, Y:3785557  ) , to Tadarok mountain at B20 

(X: 434841, Y:3782308  ) , to mill mountain at B22 (X: 438641, Y:3779328  )  and to Takht-e bab 

rezvoon at B24 (X: 437058, Y:3775045  ) . It then starts its turn towards the city again at B26 (X: 

436950, Y:3773256  ) , keep moving on the peak of the mounts eastward close to Godar-e 

zaman valley at B28(X: 434109, Y:3773911  ) , to Haftad Qallè mountain at B29(X: 432409, 

Y:3773949  ) , to Dal khoone mountain at B32 (X: 428493, Y:3776931  ) , to Damagh roona 

mountain at B37 (X: 419364, Y:3782304  )  until it reaches the city at B40 (X: 412805, 

Y:3784581) . It gets close to mazhar-e qanat at and reach the first point . 

Mozd Ābād Qanat and Qanat of Vazvān, Vazvān and Mozd Ābād Qanats are benefitting from 

the same buffer zone. It is considered to be 29631 ha and has its starting point B1 (X: 501690, 

Y:3710888  ) close to Chahar koohin mountain. It then continues eastward on the peak of the 

mounts to Dar dahan mountain at B2 (X: 507505, Y:3714058  ) point and Shoorchah valley at 

B3(X: 510240, Y:3716684  ) and moves along its path to Kamad sefid mountain at B6 (X: 

517994, Y:3719103  ) . It then moves downward and reach B7 (X: 518560, Y: 3716897  ) and B8 

(X: 519498, Y:3715725  ) points. Afterwards keep its initial eastward path until B12(X: 528693, 

Y:3713706  ) point. It then starts a south-westward path towards mazhar-e Qanat of Vazvān, 

the closest point of which is B18 (X: 517931, Y:3699730  ) . After that it turns and moves 

upward at B21 (X: 510517, Y:3697229  ) , keeps it path on the peak of mountains and joins the 

starting point at B27 (X: 501889, Y:3709506  ) .  

Qanat of the Moon, The buffer zone of qanat is considered to be 3047 ha and has its starting 

point B1(X: 627494, Y:3693594  )  at mazhar-e qanat, it keeps a 50 m distance from the side of 

qanat until B3(X: 630263, Y:3691977  ) . It then forms a loop from B3 to B13 (X: 621455, 

Y:3691883  )  following the topographic line of the area and surrounds qanat’s catchment. From 

B13 to B22 (X: 626278, Y:3693812  )  which joins the ending point to its starting point, it regains 

its initial path with a 50 m distance from the sides of qanat.  

Qanat of Gowhar-riz, The buffer zone of qanat is considered to be 2980 ha and starts close to 

mazhar-e qanat at “B1”. It then moves eastward until “B6” and then moves southward and 

form a loop. It has started an upward path from “B17”; however the buffer zone passes B10 

(X: 515080, Y:3319996  ) -B19 (X: 507543, Y: 3320937  )  on the peaks of the mounts. From B19- 
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B13(X: 511871, Y: 3318696  ) the buffer zone considers a northeast turn to join with the first 

point at mazhar-e qanat.  

Ghasem Ābād  and Akbar Ābād Qanat, The buffer zone of qanat is considered to be 80 ha. It 

starts from B1 (X: 633268, Y:3218386  )  close to the mother well of Ghāsem Ābād qanat. It then 

follows the same path as the core zone parallel to the course of qanat with a distance of 50 m 

from the side of Ghāsem Ābād Qanat. It embraces a part of Bam and its cultural landscape 

World Heritage Site core zone, as it mentioned in the core zone description, all but B2 (X: 

634634, Y: 3218800  ) and B4 (X: 636278, Y:3218698  ) .It them moves eastward towards 

integrated mazhar of both qanats and reaches it at B7 (X: 638056, Y: 3218049  ) , turns 

westwards again to surround both qanats with 50 m distance from the side of Akbar Ābād 

qanat. It again aligns Bam and its cultural landscape World Heritage Site at all but B9 (X: 

636043, Y:3218518  )  to B11 (X: 634940, Y:3218600  ) , turns around Akbar Ābād mother well at 

B12 (X: 633363, Y: 3218120  ) and join B1close to Ghāsem Ābād’s mother well again.   
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Area of nominated property and proposed buffer zone  

 

 

 

No 
Name of the 

nominated 

Qanat 

Province/ City 
Geographical 

coordinates 

Area 

Core zone 

(ha) 

Area 

Buffer zone 

(ha) 

Total 

(ha) 

1 Qasabeh Qanat 
Khorāsān-e 

Razavi/ Gonābād 
E: 34° 20′ 38″/ 34° 05′ 46″ 

N: 58° 27′ 31″/58° 43′ 
4492 25805 30297 

2 Qanat of Baladeh 
Khorāsān-e 

Jonubi/Ferdows 
E: 34° 5′/ 34° 15′ 

N: 58° 19′/58° 31′ 
2757 19321 22078 

3 Qanat of Zārch Yazd 
E: 54° 13′ 50″/ 54° 36′ 4″ 

N: 31° 59′ 31″/ 31° 44′ 21″ 
3984 125162 129146 

4 Hasan Ābād-e  

Moshir Qanat 
Yazd 

E: 40° 29′ 07″/31° 53′ 05″ 

N: 54° 21′ 30″ 
2759 121662 124421 

5 Ebrāhim  Ābād 

Qanat 
Markazi/Arāk 

E: 34° 05′ 39″/ 34° 18′ 06″ 

N: 50° 01′ 31″/50° 18′ 43″ 
1238 23655 24893 

6 Qanat of Vazvān Esfahan 
E: 51° 11′ 

N: 33° 25′ 
5 29631 29636 

7 Mozd Ābād Qanat Esfahan/Meyme 
E: 51° 9′ 24″ 

N: 33° 28′/ 33° 10′ 
3636 29631 33267 

8 Qanat of the Moon 
Esfahan/Ardestā

n 
E: 52° 22′ 49″/52° 22′ 02″ 

N: 33° 22′ 53″/ 33° 22′ 11″ 
5 3047 3052 

9 Qanat of Gowhar- 

riz 
Kerman/Jupār 

E: 29° 56′/ 30° 04′ 

N: 57° 04′ / 57° 09′ 
151 2980 3131 

10 Ghāsem  Ābād Kerman/Bam 
E: 58° 21′ 41″/ 58° 25′ 11″ 

N: 29° 05′ 32″/ 29° 05′ 02″ 
15 80 110 

11 Akbar  Ābād Kerman/Bam 
E: 58° 21′ 46″/ 58° 25′ 11″ 

N: 29° 05′ 29″/29° 03′ 02″ 
15 80 110 
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Maps and plans, showing the boundaries of the nominated property and buffer 

zone 
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Map 1. Qasabeh Qanat Buffer Zone 
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Map 2. Qasabeh Qanat Core Zone 
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Map 3. Qasabeh Qanat Agricultural Demand Area 
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Map 4. Qanat of Baladeh Buffer Zone 
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Map 5. Qanat of Baladeh Core Zone 
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Map 6. Qanat of Baladeh Agricultural Demand Area 
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Map 7. Qanat of Zārch Buffer Zone 
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Map 8. Qanat of Zārch Core Zone 
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Map 9. Qanat of Zārch Agricultural Demand Area 
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Map 10. Hassan Ābād-e Moshir Qanat Buffer Zone 
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Map 11. Hassan Ābād-e Moshir Qanat Core Zone 
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Map 12. Hassan Ābād-e Moshir Qanat Agricultural Demand Area 
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Map 13. Ebrāhim Ābād Qanat Buffer Zone 
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Map 14. Ebrāhim Ābād Qanat Core Zone 
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Map 15. Ebrāhim Ābād Qanat Agricultural Demand Area 
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Map 16. Qanat of Vazvān & Mozd Ābād Qanat Buffer Zone 
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Map 17. Qanat of Vazvān Core Zone 

 



g{x cxÜá|tÇ g{x cxÜá|tÇ g{x cxÜá|tÇ g{x cxÜá|tÇ dtÇtàdtÇtàdtÇtàdtÇtà                                                                                                                                                                                                                                                                                                          

 

Executive Summary 

 

 

Map 18. Qanat of Vazvān Agricultural Demand Area 
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Map 19. Mozd Ābād Qanat Core Zone 
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Map 20. Mozd Ābād Qanat Agricultural Demand Area 
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Map 21. Qanat of the Moon Buffer Zone 
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Map 22. Qanat of the Moon Core Zone 
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Map 23. Qanat of the Moon Agricultural Demand Area 
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Map 24. Qanat of Gowhar-riz Buffer Zone 
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Map 25. Qanat of Gowhar-riz Core Zone 
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Map 26. Qanat of Gowhar-riz Agricultural Demand Area 
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Map 27. Qanats of Bam (Ghāsem Ābād & Akbar Ābād) Buffer Zone 
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Map 28. Qanats of Bam (Ghāsem Ābād & Akbar Ābād) Core Zone 
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Map 29. Qanats of Bam (Ghāsem Ābād & Akbar Ābād) Agricultural Demand Area 
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Criteria under which inscription is proposed (and justification for inscription

under these criteria) 

Criterion (i): Represent a masterpiece of human creative genius;

The constantly evolving creative design and building of qanat in the very heart of the arid 

lands of Iran is a unique representation of human genius

technology are manifested in association and combination with nature which is hidden 

underground. The Persian Qanat 

villages. In the arid and semi arid regions of Iran

 

Qanat of Mozd Ābād, Meyme; photo by: S.H. Rashedi, 2014

The phenomenon has resulted in the creation of a kind of desert architectural style and 

landscape including: qanat structures, water mills, urban and rural homes as well as 

exceptionally beautiful desert gardens. Qanat as a handmade masterpiece remains fascinating 

and exquisite despite the passage of thousands of years and is actually considered as a hidden 

but living heritage buried under the ground.
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Criteria under which inscription is proposed (and justification for inscription

Criterion (i): Represent a masterpiece of human creative genius; 

The constantly evolving creative design and building of qanat in the very heart of the arid 

lands of Iran is a unique representation of human genius, where science, architecture and 

technology are manifested in association and combination with nature which is hidden 

The Persian Qanat is the cornerstone of the prosperity of the desert towns and 

villages. In the arid and semi arid regions of Iran.  

d, Meyme; photo by: S.H. Rashedi, 2014 

The phenomenon has resulted in the creation of a kind of desert architectural style and 

landscape including: qanat structures, water mills, urban and rural homes as well as 

gardens. Qanat as a handmade masterpiece remains fascinating 

and exquisite despite the passage of thousands of years and is actually considered as a hidden 

but living heritage buried under the ground. 
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Criteria under which inscription is proposed (and justification for inscription 

 

The constantly evolving creative design and building of qanat in the very heart of the arid 

chitecture and 

technology are manifested in association and combination with nature which is hidden 

is the cornerstone of the prosperity of the desert towns and 

 

 

The phenomenon has resulted in the creation of a kind of desert architectural style and 

landscape including: qanat structures, water mills, urban and rural homes as well as 

gardens. Qanat as a handmade masterpiece remains fascinating 

and exquisite despite the passage of thousands of years and is actually considered as a hidden 
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Gardens in Bam; photo by: S.H. Rashedi, 2014

 

Criterion (ii): Exhibit an important interchange of human values, over a span of time or 

within a cultural area of the world, on developments in architecture or technology, 

monumental arts, town-planning or landscape design;

The Persian Qanat is an outstanding universal example of a traditional irrigation system 

which developed in ancient Persia

eventually along the Silk road as far east as China

west including Morocco and Spain 

motherland and of immense socio

 

Underground dyke in Qamat of the Moon; source: ICQHS
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Gardens in Bam; photo by: S.H. Rashedi, 2014 

ion (ii): Exhibit an important interchange of human values, over a span of time or 

within a cultural area of the world, on developments in architecture or technology, 

planning or landscape design; 

is an outstanding universal example of a traditional irrigation system 

developed in ancient Persia some 2500 years ago and then spread to Afghanistan

eventually along the Silk road as far east as China, as well as by Arabic cultures to the far 

and Spain (Kobori, 1964). This irrigation system survives intact in 

motherland and of immense socio-economic significance in contemporary life. 

   
Underground dyke in Qamat of the Moon; source: ICQHS 
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ion (ii): Exhibit an important interchange of human values, over a span of time or 

within a cultural area of the world, on developments in architecture or technology, 

is an outstanding universal example of a traditional irrigation system 

and then spread to Afghanistan and 

, as well as by Arabic cultures to the far 

This irrigation system survives intact in 
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 Āb anbār as a dependent structure of qanat ; photo by: S.H. Rashedi, 2014 

 

Criterion (iii): To bear a unique or at least exceptional testimony to a cultural tradition or 

to a civilization that is living or which has disappeared; 

The vital role of qanat in the formation of various civilizations is so expansive that the basis 

of civilization in the desert plateau of Iran has been called qanat or Kariz civilization.  

Dispersion of primary settlements on alluvial fans of the inner plateau, desert margins and 

Kavirs of Iran has an intimate relation with the distribution pattern of qanat system. This is a 

great achievement which not only has created its own exclusive civilization but also has 

generated a distinct cultural tradition.A qanat system has a profound influence on the lives of 

the water users. It allows those living in a desert environment adjacent to a mountain 

watershed to create a large oasis in an otherwise stark environment. 

During its several thousand years of existence, qanat as a specific irrigation system has 

always played a pivotal role in creating and expanding agriculture and irrigation in the 

Iranian plateau as well as in other arid, semi-arid and generally dry regions of the world. This 

role has had an amazing effect on settling and flourishing of human communities. 

Additionally, in many semi-arid areas or in regions with low precipitation, it has led to 

population dynamism and business boom to the extent that flourishing of qanat has caused 

rejuvenation but its death has led to demise of communities formed in its vicinity.   
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The sustained smart know-how and craftsmanship of The Persian Qanat as well as its 

traditional management has been transferred and developed f

not only as a significant tangible and intangible heritage but also as a cultural tradition. It 

should be pointed out that throughout history; qanat management has enjoyed high levels of 

intelligence, insight, maturity, social

its essence until today.       

The old city of Ferdows in crosses of Baladeh Qanat; photo by: S.H. Rashedi, 2014

 

Criterion (iv): Be an outstanding example of a type of building, architectural or 

technological ensemble or landscape which illustrates (a) significant stage(s) in human 

history; 

Qanat is an outstanding example of technological ensemble and landscape, which illustrates 

significant stages in history of human occupation in arid and semi a

especially in motherland or large desert area of central plateau of Iran. The Persian Qanat is a 

feat of technology left from our ancestors, a feat which is hidden underground, but its 

technical importance is apparent. Qanat enjoys e

reaches tens of kilometers. 

It is one of the most complicated traditional technologies, which require knowledge on nature 

ranging from groundwater to management. This source of knowledge behind the system of 

qanat can be ranked among the wonders of human civilizations

science and technology that used to be practiced in order to overcome the technical obstacles 

in qanat construction.  
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how and craftsmanship of The Persian Qanat as well as its 

traditional management has been transferred and developed from one generation to another 

not only as a significant tangible and intangible heritage but also as a cultural tradition. It 

should be pointed out that throughout history; qanat management has enjoyed high levels of 

intelligence, insight, maturity, social cooperation and interaction. Moreover, it has preserved 

The old city of Ferdows in crosses of Baladeh Qanat; photo by: S.H. Rashedi, 2014 

Criterion (iv): Be an outstanding example of a type of building, architectural or 

technological ensemble or landscape which illustrates (a) significant stage(s) in human 

Qanat is an outstanding example of technological ensemble and landscape, which illustrates 

significant stages in history of human occupation in arid and semi arid area in the world, 

especially in motherland or large desert area of central plateau of Iran. The Persian Qanat is a 

feat of technology left from our ancestors, a feat which is hidden underground, but its 

technical importance is apparent. Qanat enjoys extended structures and sometimes its length 

It is one of the most complicated traditional technologies, which require knowledge on nature 

ranging from groundwater to management. This source of knowledge behind the system of 

t can be ranked among the wonders of human civilizations. Qanat carries a tradition of 

science and technology that used to be practiced in order to overcome the technical obstacles 
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how and craftsmanship of The Persian Qanat as well as its 

rom one generation to another 

not only as a significant tangible and intangible heritage but also as a cultural tradition. It 

should be pointed out that throughout history; qanat management has enjoyed high levels of 

cooperation and interaction. Moreover, it has preserved 

 

Criterion (iv): Be an outstanding example of a type of building, architectural or 

technological ensemble or landscape which illustrates (a) significant stage(s) in human 

Qanat is an outstanding example of technological ensemble and landscape, which illustrates 

rid area in the world, 

especially in motherland or large desert area of central plateau of Iran. The Persian Qanat is a 

feat of technology left from our ancestors, a feat which is hidden underground, but its 

xtended structures and sometimes its length 

It is one of the most complicated traditional technologies, which require knowledge on nature 

ranging from groundwater to management. This source of knowledge behind the system of 

Qanat carries a tradition of 

science and technology that used to be practiced in order to overcome the technical obstacles 
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Thus qanat is not only an irrigational means, but it should be seen as a technical and cultural 

legacy. The overall layout of qanat, the employment of specific techniques, and the design of 

water supplies have also resulted in the development of a sustainable techno

intelligent use of natural resources.

both from a technical and from an aesthetical point of view

qanat construction technique. 

Technological ensemble of Qasabeh Qanat; source: ICQHS  
 

eleven proposed qanats  represent 

historical periods are in accordance with geological morphs and structures in various contexts 

showing the developing process of this complicated technology of mankind

 

                        Qasabeh Qanat gallery; source: ICQH
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is not only an irrigational means, but it should be seen as a technical and cultural 

The overall layout of qanat, the employment of specific techniques, and the design of 

water supplies have also resulted in the development of a sustainable techno

intelligent use of natural resources. "The outcome of these activities is often quite significant 

both from a technical and from an aesthetical point of view". Henry Goblot declared

f Qasabeh Qanat; source: ICQHS   

represent multiple manifestations of qanat technology in different 

historical periods are in accordance with geological morphs and structures in various contexts 

showing the developing process of this complicated technology of mankind. 

Qasabeh Qanat gallery; source: ICQHS 
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is not only an irrigational means, but it should be seen as a technical and cultural 

The overall layout of qanat, the employment of specific techniques, and the design of 

water supplies have also resulted in the development of a sustainable technology and an 

The outcome of these activities is often quite significant 

declared about 

 

technology in different 

historical periods are in accordance with geological morphs and structures in various contexts 
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Criterion (v): be an outstanding example of a traditional human settlement, land

sea-use which is representative of a culture (or cultures), or human interaction with the 

environment especially when it has become vulnerable under the impact of 

change; 

The Persian Qanat as an irrigation system has produced an exceptional example of land

as a traditional culture which widespread application over central Asia and all arid and semi

arid regions of the world. It is taken as an outsta

technology and development. A qanat just drains the aquifer by the force of gravity, so its 

discharge always stays in balance with the recharge of aquifer

Qanat properly enhanced the high level of human’s adap

so that survival became possible in the face of the harsh condition of the Iranian desert. 

Although environment is under the impact of irreversible change

warming and climate change besides low

seasons in recent decays, qanat can be regarded as an appropriate response of human 

communities to the climate change and can be considered as an 

interaction with the environment

Human interaction with the environment through the qanat system; photo by: S.H. Rashedi, 2014

 

The eleven selected qanats as The Persian Qanat shows continuity and conservation of water 

supply and long-term sustainability of agriculture and settlement

water table.     
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be an outstanding example of a traditional human settlement, land

use which is representative of a culture (or cultures), or human interaction with the 

environment especially when it has become vulnerable under the impact of 

The Persian Qanat as an irrigation system has produced an exceptional example of land

as a traditional culture which widespread application over central Asia and all arid and semi

It is taken as an outstanding example of what is called sustainable 

technology and development. A qanat just drains the aquifer by the force of gravity, so its 

discharge always stays in balance with the recharge of aquifer.   

Qanat properly enhanced the high level of human’s adaptation to the environmental change, 

so that survival became possible in the face of the harsh condition of the Iranian desert. 

under the impact of irreversible change and threats such as 

warming and climate change besides lowering of the water table that has lead to the dry 

, qanat can be regarded as an appropriate response of human 

communities to the climate change and can be considered as an exact illustration of human

interaction with the environment.  

Human interaction with the environment through the qanat system; photo by: S.H. Rashedi, 2014 

The eleven selected qanats as The Persian Qanat shows continuity and conservation of water 

term sustainability of agriculture and settlement without endangering the 
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The Persian Qanat as an irrigation system has produced an exceptional example of land-use 

as a traditional culture which widespread application over central Asia and all arid and semi-

nding example of what is called sustainable 

technology and development. A qanat just drains the aquifer by the force of gravity, so its 

tation to the environmental change, 
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The eleven selected qanats as The Persian Qanat shows continuity and conservation of water 

without endangering the 
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Criterion (vi): be directly or tangibly associated with events or living traditions, with ideas, or 

with beliefs, with artistic and literary works of outstanding universal significance. (The 

Committee considers that this criterion should preferably be used in conjunction with other 

criteria);  

The “tangible and intangible heritage” of qanat in this perspective incorporates the “cultural 

landscape composed of the desert environment, ingenious water use, management and 

distribution system, agricultural land use, gardens, and built and urbanized environment”.
1
  

Qanat is directly associated with cultural developments of outstanding universal significance, 

including events and living traditions, ideas and beliefs, literary works, etc. 

The traditional system of qanat water distribution in the Iranian Plateau and the 

comprehensive management of such creative system have gradually merged with social 

relationships and cultures of communities to an extent that it is reflected in many of their 

beliefs. These intermingled but simple systems are coordinated with the nature of qanat. 

Institutionalized within the public management system of qanat are social relationships based 

on: interaction, conciliation, equality, philanthropy, cooperation, contentment and optimal 

utilization of natural resources. 

Only a few remaining management systems have retained their original basis several 

thousand years after emergence. One of these strong and rich management systems which are 

based on the participation of people and users is the water distribution and management 

system of qanat. 

All the eleven selected qanats serve as the best specimen for living qanats of Iran and 

demonstrate the values and significance of Persian Qanat. Each of them has merged with 

local myths and epics which are deeply rooted and have shaped many of indigenous beliefs. 

An example is the story of “the gem and the fish “which has originated from Zoroastrian 

teachings and ancient religions of Iran. Among prominent examples of intangible values and 

beliefs related to The Persian Qanat mention can be made of attributing the qanat to a 

personality who is expected to rise in order to establish peace in the world as well as naming 

of qanats on such occasion. 

Various rituals related to qanat like: rain prayers as well as qanat wedding ceremonies are 

other manifestations of the blending of qanat with local convictions which are so deeply-

rooted in hearts of local people that despite the passage of time continue vigorously. 

Consequently, it is not surprising that these beliefs are still transferred to new generations. 

Furthermore, the importance of qanats and their key role in the life of human communities 

being reflected in poems, literary works and lyrics has paved the way for them. 

                                                      
1
 Declaration and Recommendations of the International Workshop on the Recovery of  Bam’s Cultural 

Heritage (17-20 April 2004), see Appendix 1, section 2. 1. 
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Proposed Statement of Outstanding Universal Value 

a) Brief Synthesis 

The nomination of The Persian Qanat consists of a serial nomination of eleven distinct 

properties selected on the basis of those most representative of the different types. A qanat 

refers to a system of water management using sophisticated underground canals to bring 

water from distant mountains to arid regions. There is a strong likelihood that the qanat 

system was first created in ancient Persia in the first millennium BC. It has been and 

continues to be an essential technology for sustainable agricultural and urban life in such 

areas. The system has since also been diffused to as far east as China, and the neighbouring 

countries in  the Middle East, North Africa as well as some other regions.  

The selected qanat systems in the provinces of Khorāsān, Yazd, Markazi, Esfahan, and 

Kerman represent the different aspects of technology as well as geographical, cultural, social 

and economic innovations. They also represent the historical evolution over time. Each qanat 

system has a strict system of rules and regulations regarding the maintenance, management 

and distribution of the water resource. Consequently, the qanat system becomes the main 

factor for the traditional economic system of the community and development. The 

construction and maintenance of a qanat requires a sophisticated knowledge of the geology of 

the area concerned. The longest qanats extend over 60 km. Along its entire length, a qanat 

requires a series inspection wells at regular intervals, which become a distinctive feature in 

the landscape. Such inspection wells can reach great depths. In Iran, the qanat has played a 

vital role in society. The qanat is a cornerstone of the prosperity of the desert towns and 

villages. Agricultural and industrial activities have always revolved around qanat systems. 

 

 
Agricultural land in desert of Bam; photo by: S.H. Rashedi, 2014 
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At present, it is estimated that there are over 37000 active qanats in Iran, with a total 

discharge of nearly seven million cubic metres of water per year. This considerable amount 

of water is supplied by qanats without any

behind the system of qanat can be ranked among the wonders of human civilizations. 

Comparison can be made to water management systems in other regions, including the 

Roman aqueducts. Cooperation is inheren

of social life. Also interdisciplinary nature of qanat demands cooperation from different fields 

of science varying from mathematics to botany.

The principal qualities of the nominated property that just

Heritage List include: a masterpiece of human genius, an exchange of influences, a testimony 

to cultural traditions, typology of building structure, interaction with hostile environment, as 

well as being associated with liv

outstanding universal significance. 

 

Role of qanat in urban design; photo by: S.H. Rashedi, 2014

b) Justification for Criteria  

Criterion (i): Represent a masterpiece of human creative genius;

The constantly evolving creative design and building of qanats in the very heart of the arid 

lands of Iran is a unique representation of human genius

technology are manifested in association and combination with nature whi

underground. The construction and upkeep of the qanat systems is a continuous process based 

on human creativity and innovation over time. 

fascinating and exquisite despite the passage of thousands of yea

heritage buried under the ground.
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At present, it is estimated that there are over 37000 active qanats in Iran, with a total 

discharge of nearly seven million cubic metres of water per year. This considerable amount 

of water is supplied by qanats without any fuel or electric energy. The sources of knowledge 

behind the system of qanat can be ranked among the wonders of human civilizations. 

Comparison can be made to water management systems in other regions, including the 

Cooperation is inherent in qanat system and can spread to the other realms 

of social life. Also interdisciplinary nature of qanat demands cooperation from different fields 

of science varying from mathematics to botany. 

The principal qualities of the nominated property that justify its inscription in the World 

Heritage List include: a masterpiece of human genius, an exchange of influences, a testimony 

to cultural traditions, typology of building structure, interaction with hostile environment, as 

well as being associated with living traditions, legends, and artistic and literary works of 

outstanding universal significance.  

Role of qanat in urban design; photo by: S.H. Rashedi, 2014 

Criterion (i): Represent a masterpiece of human creative genius; 

The constantly evolving creative design and building of qanats in the very heart of the arid 

lands of Iran is a unique representation of human genius, where science, architecture and 

technology are manifested in association and combination with nature whi

underground. The construction and upkeep of the qanat systems is a continuous process based 

on human creativity and innovation over time. Qanat as a handmade masterpiece remains 

fascinating and exquisite despite the passage of thousands of years, a hidden but living 

heritage buried under the ground. 

Executive Summary

At present, it is estimated that there are over 37000 active qanats in Iran, with a total 

discharge of nearly seven million cubic metres of water per year. This considerable amount 

The sources of knowledge 

behind the system of qanat can be ranked among the wonders of human civilizations. 

Comparison can be made to water management systems in other regions, including the 

t in qanat system and can spread to the other realms 

of social life. Also interdisciplinary nature of qanat demands cooperation from different fields 

ify its inscription in the World 

Heritage List include: a masterpiece of human genius, an exchange of influences, a testimony 

to cultural traditions, typology of building structure, interaction with hostile environment, as 

ing traditions, legends, and artistic and literary works of 

 

  

The constantly evolving creative design and building of qanats in the very heart of the arid 

, where science, architecture and 

technology are manifested in association and combination with nature which is hidden 

underground. The construction and upkeep of the qanat systems is a continuous process based 

Qanat as a handmade masterpiece remains 

rs, a hidden but living 
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Criterion (ii): Exhibit an important interchange of human values, over a span of time or 

within a cultural area of the world, on developments in architecture or technology, 

monumental arts, town-planning or landscape design; 

The Persian Qanat is an outstanding example of a traditional water management system 

associated with irrigation and water supply that developed in ancient Persia spreading to the 

East as far as China along the Silk Roads, to the West and North Africa, and later to America 

by the Arabs and the Spaniards. The traditional construction and maintenance technologies 

have continued evolving based on the interchange of values and knowhow for thousands of 

years. 

Criterion (iii): To bear a unique or at least exceptional testimony to a cultural tradition or 

to a civilization that is living or which has disappeared; 

The qanat systems bear an exceptional and fundamental testimony to cultural traditions and 

civilizations in desert areas and arid climate regions. Being based on a continuous process of 

maintenance and upkeep, the systems of qanats form a historical stratigraphy of past 

achievements and technical solutions. The vital role of qanat in the formation of various 

civilizations is so expansive that the basis of civilization in the desert plateau of Iran has been 

called Qanat (or Kariz) Civilization. Dispersion of primary settlements on alluvial fans of the 

inner plateau, desert margins and kavirs (deserts) of Iran has an intimate relation with the 

distribution pattern of qanat system. This is a great achievement which not only has created 

its own exclusive civilization but also has generated a distinct cultural tradition. 

Criterion (iv): Be an outstanding example of a type of building, architectural or 

technological ensemble or landscape which illustrates (a) significant stage(s) in human 

history; 

The Persian Qanat is an outstanding example of a technological ensemble illustrating 

significant stages in the history of human occupation of arid and semi arid regions in the 

world. It is the cornerstone of the prosperity of the desert towns and villages. In arid and semi 

arid regions, it has resulted in the creation of a desert style of architecture and landscape 

involving not only the qanats themselves, but also associated structures, such as water 

reservoirs, water mills, irrigation systems, outstanding desert gardens, as well as urban and 

rural desert architecture.    

Criterion (v): be an outstanding example of a traditional human settlement, land-use, or 

sea-use which is representative of a culture (or cultures), or human interaction with the 

environment especially when it has become vulnerable under the impact of irreversible 

change; 

The Persian Qanat system is an outstanding example of human interaction with the 

environment, providing for an environmentally and culturally sustainable land use in arid or  
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semi-arid regions of the world. A Qanat drains the aquifer by the force of gravity, so its 

discharge always stays in balance with the recharge of aquifer. The qanat incorporates the 

cultural landscape composed of the desert environment, ingenious water use, management 

and distribution system, agricultural land use, gardens, as well as built and urbanised 

environment. Qanat systems have however become vulnerable under the impact of increasing 

urbanisation and transformation of technologies in rural areas. Qanats can still provide 

lessons on how to cope with water scarcity, in a perfect harmony with nature in Iran. Also 

qanat can bestow on the society a priceless legacy; sense of cooperation, social convergence 

and reconciliation which paves the way for sustainable development. 

Criterion (vi): be directly or tangibly associated with events or living traditions, with ideas, or 

with beliefs, with artistic and literary works of outstanding universal significance.  

The Persian Qanat is directly and tangibly associated living traditions and cultural 

expressions of outstanding universal significance. All the selected qanats serve as outstanding 

examples of living qanat traditions in Iran. These qanats have also merged with local myths 

and epics which are deeply rooted and have shaped indigenous beliefs. Traditional system of 

qanat water distribution in Iranian Plateau and the comprehensive management of such 

creative system have merged with social relationships and cultures of communities to an 

extent that it is reflected in many of their beliefs. These intermingled but simple systems are 

coordinated with the nature of qanat. Institutionalized within the public management system 

of qanat are social relationships based on: interaction, conciliation, equality, philanthropy, 

cooperation, contentment and optimal utilization of natural resources. 

c) Statement of Integrity and Authenticity 

The serial nomination of The Persian Qanat contains all the elements that together form the 

qanat system in each of the selected properties. These include not only the qanats themselves 

but also other relevant structures associated with their functioning. The buffer zones cover the 

water catchment area in each case. The selected qanats are in good functional order and are 

not threatened.  

The selected qanats are authentic representations of the evolution of qanat construction over 

time. They are also associated with currently living traditions that involve traditional 

maintenance and management of water distribution.  

d) Protection and management  

The selected qanats, the associated buffer zones and irrigation areas are protected by national 

legislation as well as being integrated in local master plans and covered by relevant planning 

regulations.  
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Name and contact information of official local institution /agency 

Preparer 

Mohammad Hassan Talebian. PhD 
Deputy of Conservation, Revitalization and Inscription of Iranian Cultural Heritage, Handicrafts 

and Tourism Organization (ICHHTO) 

Headquarter of ICHHTO, Azadi St., Tehran, Iran, 
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E-mail: mh.talebian@gmail.com 
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Fax: (+98) 21 – 61063740 

Mobile: (+98) 9124688380 
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Other Local Institutions 
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1 

Identification of the Property 

Chapter 1 : Identification of the Property 
 

 

1.a. Country (and State Party if different) 

        Islamic Republic of Iran 

 

 

Map  1-1. Iran (ICHHTO archive) 
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1.b. State, Province, or Region

         Nomination dossier includes nominated sites from 6 provinces as follows:

         Khorāsān-e Razavi, Khorāsān-

Map  1-1. Location of the province

                                                                                                                                                                                                                                                                                                        

2 

Identification of the  

State, Province, or Region 

nominated sites from 6 provinces as follows: 

-e Jonubi, Esfahan, Yazad, Markazi, Kerman  

Location of the provinces (ICHHTO archive) 

Identification of the Property
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1.c. Name of Property 

The Persian Qanat 

Map 

Map 
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Map  1-2. Situation of Qasabeh Qanat 

Map  1-3. Situation of Qanat of Baladeh 

Identification of the Property
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Map  1-4. Situation

Map 
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Situation of Qanat of Zārch & Hassan Ābād-e Moshir Qanat 

Map  1-5. Situation of Ebrāhim Ābād Qanat 

Identification of the Property
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Map  1-6. Situation of Mozd

Map  1-7. Situation
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Mozd Ābād Qanat & Qanat of Vazvān & Qanat of the Moon 

. Situation of Qanat of Bam (Ghāsem Ābād & Akbar Ābād )

Identification of the Property
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1.d. Geographical coordinates to the 

No Site Name

1 Qasabeh Gon

2 Qanat of Baladeh

3 Qanat of Zā

4 Hasan Ābād-e Moshir Qanat

5 Ebrāhim Ābād Qanat

6 Qanat of Vazv

7 Mozd Ābād Qanat

8 Qanat of the 

9 Qanat of Gowhar-

10 Ghāsem Ābād Qanat

11 Akbar Ābād Qanat

Photo. Ebrāhim Ābād Qanat, S. H. Rashedi, 2015
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oordinates to the nearest second 

Site Name Geographical Coordinates Map Ref

Gonābād 
E: 34° 20′ 38″/ 34° 05′ 46″ 

N: 58° 27′ 31″/ 58° 43′ 
A1-

Baladeh 
E: 34° 5′/ 34° 15′ 

N: 58° 19′/ 58° 31′ 
B1-

ārch 
E: 54° 13′ 50″/ 54° 36′ 4″ 

N: 31° 59′ 31″/ 31° 44′ 21″ 
C1-

e Moshir Qanat 
E: 40° 29′ 07″/ 31° 53′ 05″ 

N: 54° 21′ 30″ 
D1-

d Qanat 
E: 34° 05′ 39″/ 34° 18′ 06″ 

N: 50° 01′ 31″/50° 18′ 43″ 
E1-

Vazvān 
E: 51° 11′ 

N: 33° 25′ 
F1-

d Qanat 
E: 51° 9′ 24″ 

N: 33° 28′/ 33° 10′ 
G1-

Qanat of the Moon 
E:52° 22′ 49″/52° 22′ 02″ 

N:33° 22′ 53″/ 33° 22′ 11″ 
H1-

- riz (Jupār) 
E: 29° 56′/ 30° 04′ 

N: 57° 04′ / 57° 09′ 
I1-

d Qanat 
E:58° 21′ 41″/ 58° 25′ 11″ 

N:29° 05′ 32″/ 29° 05′ 02″ 
JK1-

d Qanat 
E:58° 21′ 46″/ 58° 25′ 11″ 

N:29° 05′ 29″/ 29° 03′ 02″ 

d Qanat, S. H. Rashedi, 2015
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Map Ref. 

-A8 

-B6 

-C4 

-D4 

-E7 

-F4 

-G7 

-H4 

-I4 

-JK4 
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Nominated Qanats 

 

  

Photo  1-1. Qasabeh Qanat (left); Qanat of Baladeh (right)    

   

Photo  1-2. Qanat of Zārch (left); Hassan Ābād-e Moshir Qanat (right)  

 

Photo  1-3. Ebrāhim Ābād Qanat 
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Photo  1-4

Photo  1-5. Qanat of the Moon (left);Qanat of Gohar
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4. Qanat of Vazvān (left); Mozd Ābād Qanat 

 

. Qanat of the Moon (left);Qanat of Gohar-riz (right) 

Photo  1-6. Qnats of Bam 

 

Identification of the Property
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1.e.  Maps and plans, showing the boundaries of the nominated property and buffer zone ( See Maps in Map Vol.) 
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1.f. Area of nominated property and proposed buffer zone  

 

 

 

 

Photo. Ebrāhim Ābād Qanat, S. H. Rashedi, 2015

No. 

Name of the 

nominated 

Qanat 

Province/ City Geographical coordinates 

Area 

Core zone 

(ha) 

Area 

Buffer zone 

(ha) 

Total 

(ha) 

1 Qasabeh Qanat 
Khorāsān-e 

Razavi/ Gonābād 
E: 34° 20′ 38″/ 34° 05′ 46″ 

N: 58° 27′ 31″/58° 43′ 
4492 25805 30297 

2 Qanat of Baladeh  
Khorāsān-e 

Jonubi/Ferdows 
E: 34° 5′/ 34° 15′ 

N: 58° 19′/58° 31′ 
2757 19321 22078 

3 Qanat of Zārch Yazd 
E: 54° 13′ 50″/ 54° 36′ 4″ 

N: 31° 59′ 31″/ 31° 44′ 21″ 
3984 125162 129146 

4 
Hasan Ābād-e  

Moshir Qanat 
Yazd 

E: 40° 29′ 07″/31° 53′ 05″ 

N: 54° 21′ 30″ 
2759 121662 124421 

5 
Ebrāhim  Ābād 

Qanat 
Markazi/Arāk 

E: 34° 05′ 39″/ 34° 18′ 06″ 

N: 50° 01′ 31″/50° 18′ 43″ 
1238 23655 24893 

6 Qanat of Vazvān  Esfahan 
E: 51° 11′  

N: 33° 25′ 
5 29631 29636 

7 Mozd Ābād Qanat   Esfahan/Meyme 
E: 51° 9′ 24″ 

N: 33° 28′/ 33° 10′ 
3636 29631 33267 

8 Qanat of the Moon  
Esfahan/Ardestā

n 
E: 52° 22′ 49″/52° 22′ 02″ 

N: 33° 22′ 53″/ 33° 22′ 11″ 
5 3047 3052 

9 
Qanat of Gowhar- 

riz  
Kerman/Jupār 

E: 29° 56′/ 30° 04′  

N: 57° 04′ / 57° 09′  
151 2980 3131 

10 Ghāsem  Ābād Kerman/Bam 
E: 58° 21′ 41″/ 58° 25′ 11″ 

N: 29° 05′ 32″/ 29° 05′ 02″ 
15 80 110 

11 Akbar  Ābād Kerman/Bam 
E: 58° 21′ 46″/ 58° 25′ 11″ 

N: 29° 05′ 29″/29° 03′ 02″ 
15 80 110 
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Map  1-8. Qasabeh Qanat Buffer Zone 
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Map  1-9. Qasabeh Qanat Core Zone 
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Map  1-10. Qasabeh Qanat Agricultural Demand Area 
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Map  1-11. Qanat of Baladeh Buffer Zone 
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Map  1-12. Qanat of Baladeh Core Zone 
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Map  1-13. Qanat of Baladeh Agricultural Demand Area 
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Map  1-14. Qanat of Zārch Buffer Zone 
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Map  1-15. Qanat of Zārch Core Zone 
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Map  1-16. Qanat of Zārch Agricultural Demand Area 



g{x cxÜá|tÇ g{x cxÜá|tÇ g{x cxÜá|tÇ g{x cxÜá|tÇ dtÇtàdtÇtàdtÇtàdtÇtà                                                                                                                                                                                                                                                                                                          

 

Identification of the Property 

 

 

Map  1-17. Hassan Ābād-e Moshir Qanat Buffer Zone 

 



g{x cxÜá|tÇ g{x cxÜá|tÇ g{x cxÜá|tÇ g{x cxÜá|tÇ dtÇtàdtÇtàdtÇtàdtÇtà                                                                                                                                                                                                                                                                                                          

 

Identification of the Property 

 

 

Map  1-18. Hassan Ābād-e Moshir Qanat Core Zone 
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Map  1-19. Hassan Ābād-e Moshir Qanat Agricultural Demand Area 
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Map  1-20. Ebrāhim Ābād Qanat Buffer Zone 
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Map  1-21. Ebrāhim Ābād Qanat Core Zone 
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Map  1-22. Ebrāhim Ābād Qanat Agricultural Demand Area
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Map  1-23. Qanat of Vazvān & Mozd Ābād Qanat Buffer Zone 
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Map  1-24. Qanat of Vazvān Core Zone 
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Map  1-25. Qanat of Vazvān Agricultural Demand Area 

 



g{x cxÜá|tÇ g{x cxÜá|tÇ g{x cxÜá|tÇ g{x cxÜá|tÇ dtÇtàdtÇtàdtÇtàdtÇtà                                                                                                                                                                                                                                                                                                          

 

Identification of the Property 

 

 

Map  1-26. Mozd Ābād Qanat Core Zone 
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Map  1-27. Mozd Ābād Qanat Agricultural Demand Area 
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Map  1-28. Qanat of the Moon Buffer Zone 
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Map  1-29. Qanat of the Moon Core Zone 
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Map  1-30. Qanat of the Moon Agricultural Demand Area 
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Map  1-31. Qanat of Gowhar-riz Buffer Zone 
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Map  1-32. Qanat of Gowhar-riz Core Zone 
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Map  1-33. Qanat of Gowhar-riz Agricultural Demand Area 
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Map  1-34. Qanats of Bm (Ghāsem Ābād & Akbar Ābād) Buffer Zone 
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Map  1-35. Qanats of Bm (Ghāsem Ābād & Akbar Ābād) Core Zone 
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Map  1-36. Qanats of Bm (Ghāsem Ābād & Akbar Ābād) Agricultural Demand Area 
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Description 

 

2. Description 

2.a. Description of Property  

 

Introduction 

“A traveler flying over Iran can see plainly that the country has an arid climate. The Iranian 

plateau is largely deserted. Most of Iran (excepting areas in the northwestern provinces and along 

the southern shores of the Caspian Sea) receives only 6 to 10 inches of rainfall a year. Other 

regions of the world with so little rainfall (for example the dry heart of Australia) are barren of 

attempts at agriculture. Yet Iran is a farming country that not only grows its own food but 

also manages to produce crops for export, such as cotton, dried fruits, oil seeds and so on. It 

has achieved this remarkable accomplishment by developing ingenious system for tapping 

underground water. The system, called qanat (from a Semitic word meaning “to dig”) was 

invented in Iran thousands of years ago, and it is so simple and effective that it was adopted 

in many other arid regions of the Middle East and around the Mediterranean” (Wulff, 2004:15).  

The origin of the word qanat is still controversial. Some believe that it has a Persian origin 

and changed into the present pronunciation. According to this theory the word qanat derives 

from the Persian word Kene, which means digging. However, some believe that this word is 

originally Arabic, from which the English word canal has derived. Throughout the world 

there are over 27 names for this traditional technique. For example, the names used in 

southwest Asia are: Quanat, Can ant, Connought, Kanat, Khanate, Khad, Kanayet, Ghannat, 

Karez, Kariz, Kahriz, Kahrez, Karaz, Kakoriz, and Falaj. 

In addition, one may come across the following names for qanat in northern Africa: Foggara, 

Faghare, Mayon, Iffeli, Negoula, Khettara, Khottara, Rhettara, and Foggaras. 

All these names refer to a horizontal tunnel, which drains groundwater, usually in alluvial 

fans. The mechanism of this structure is the same around the globe; a horizontal tunnel with a 

gentle slope that partly cuts through the aquifer. Water in saturated layers seeps into the 

tunnel, accumulates and flows down the tunnel. It is very typical for deserts to have a 

landscape of many craters in a row. The craters, which can be easily seen from air, are 

actually the mouths of a Qanat's shaft wells running across a desert. These wells are vital for 

Qanats as they act as means of ventilation as well as a way through which debris and 

excavated materials can be hauled onto the surface (ICQHS).
1
 In Iran there are Qanats with 

lengths over 10 km, sometimes cutting through a very hard formation. 

                                                      
1
 International Centre on Qanats and Historical Hydraulic Structures  
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It is amazing how a qanat 70 km long can be constructed by a human being. This is why in 

some rural areas; locals attribute the creation and construction of 

powers or creatures such as genies. But the fact is that these long 

normal people hundreds of years ago, and extended by their offspring during periods of 

drought as far as the aquifer would allow in order to keep the 

qanat became longer and longer through years where the pic

father to son. This process resulted not only in the physical development of 

the accumulation of knowledge and the buildup of a distinct civilization

which is rooted in the technical chara

In general, qanats are examples of how deeply culture, environment and technology are 

interwoven. They cut through history, and bring not only water to quench the thirst of lands, 

but also this priceless message: Earth is our kind 

 

Definition  

Qanat is a gently sloping subterranean canal, which taps a water

elevation than cultivated lands. In 2014 there have existed some 37000 active qanats running 

all over Iran, discharging about 7 billion m

vertical shafts in sloping ground, interconnected at the bottom by a tunnel with a gradient 

flatter than that of the ground. The first shaft 

to a level below the groundwater table. Shafts are sunk at intervals of 20 to 200 m in a line 

between the groundwater recharge zone and the irrigated land. From the air, a qanat system 

looks like a line of anthills leading from the foothills

irrigated settlement. 

Photo  2-1. Lines of qanat shafts in the desert (Iran); source: 
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It is amazing how a qanat 70 km long can be constructed by a human being. This is why in 

some rural areas; locals attribute the creation and construction of qanats to

powers or creatures such as genies. But the fact is that these long qanats were invented by 

normal people hundreds of years ago, and extended by their offspring during periods of 

drought as far as the aquifer would allow in order to keep the qanat discharge steady. Thus, a 

anat became longer and longer through years where the pick axe was handed down from 

father to son. This process resulted not only in the physical development of qanats, but also in 

the accumulation of knowledge and the buildup of a distinct civilization- qanat civilization, 

which is rooted in the technical characteristics of the qanat. 

anats are examples of how deeply culture, environment and technology are 

interwoven. They cut through history, and bring not only water to quench the thirst of lands, 

but also this priceless message: Earth is our kind mother as long as we are grateful sons.

Qanat is a gently sloping subterranean canal, which taps a water-bearing zone at a higher 

elevation than cultivated lands. In 2014 there have existed some 37000 active qanats running 

arging about 7 billion m
3
 groundwater a year. A qanat consist of a series of 

vertical shafts in sloping ground, interconnected at the bottom by a tunnel with a gradient 

flatter than that of the ground. The first shaft (mother well) is sunk, usually into an

to a level below the groundwater table. Shafts are sunk at intervals of 20 to 200 m in a line 

between the groundwater recharge zone and the irrigated land. From the air, a qanat system 

looks like a line of anthills leading from the foothills across the desert to the greenery of an 

 

Lines of qanat shafts in the desert (Iran); source: ICQHS 

Description 

It is amazing how a qanat 70 km long can be constructed by a human being. This is why in 

to supernatural 

ere invented by 

normal people hundreds of years ago, and extended by their offspring during periods of 

anat discharge steady. Thus, a 

k axe was handed down from 

anats, but also in 

anat civilization, 

anats are examples of how deeply culture, environment and technology are 

interwoven. They cut through history, and bring not only water to quench the thirst of lands, 

mother as long as we are grateful sons. 

bearing zone at a higher 

elevation than cultivated lands. In 2014 there have existed some 37000 active qanats running 

groundwater a year. A qanat consist of a series of 

vertical shafts in sloping ground, interconnected at the bottom by a tunnel with a gradient 

is sunk, usually into an alluvial fan, 

to a level below the groundwater table. Shafts are sunk at intervals of 20 to 200 m in a line 

between the groundwater recharge zone and the irrigated land. From the air, a qanat system 

across the desert to the greenery of an 
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Qanat engages a variety of knowledge and its studying entails an interdisciplinary approach. 

In a traditional realm, qanats are embraced by a socio-economic system that guarantees their 

sustainability. The facets of this socio-economic system operate closely together and make it 

possible for the qanats to remain into future.
 
 

 

Technical overview    

A qanat is constructed by tunneling into a cliff, scarp or base of a mountainous area, 

following a water-bearing formation (Karaji, 1987). 

On the Iranian plateau, an important heartland of qanat- watered settlement, this change in 

water technology is draining aquifers, altering the distribution of towns and villages, and 

transforming the life worlds of Iranian villagers (English Ward, 1966:187). 

Qanat is a sustainable technique to tap groundwater without inflicting any damage on the 

aquifer. Qanat system carries some advantages as follows: 

Qanat system works only with the force of gravity and does not consume any kind of fuel 

unlike pumped wells. Qanat system just drains out the overflow of groundwater and does not 

throw the aquifer inflow-outflow off balance. For qanat does not use up the groundwater and 

empty the porous layers of water, no soil compression would come about and accordingly no 

subsidence on the surface. Given that qanat does not suck up the groundwater, the water 

extraction by means of qanat does not make the saline water creep into the fresh water 

reserves. The qanat system does not manipulate the structure of soil, so it does not diminish 

the soil capacity to hold groundwater (ICQHS). 

 

Photo  2-2. General view of qanat structure on the earth; photo by: S.H. Rashedi, 2014 
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Digging a qanat depends on the climatic, hydro geological and topographical condition of the 

region. Qanats are dug at areas with temporary surface water resources, a land slope of up to 

0.5 in 1000 and permanent underground waters. The length of a qanat which also affects its 

water outputs different in various natural conditions. These circumstances depend on the land 

gradient and the depth of the mother well. On the other hand, a lower level of underground 

water means a deeper mother well. The most important factor specifying qanat length is land 

gradient. Here the former factor has an inverse proportion to the latter. 

Now before bringing up the subject of qanat and its characteristics, its components are 

introduced in simple terms 
2
: briefly, qanat structure is consisted of a canal or gallery, haranj 

or exit point, water wells and the mother well standing in a mild slope (Ziary, 2001). Farmlands 

and pastures irrigated by qanat water are somehow part of it. The parts of the qanat are 

described as follows:   

Gallery: The qanat gallery or tunnel (Photo 2-3) is called in Persian rāhrow or kooreh, which is 

an almost horizontal tunnel dug to get access to groundwater reserves, and to transfer this 

water to the earth's surface. The dimensions of the tunnel are such that the workers can easily 

go through and work in it: between 90 and 150 cm high and its width is less than half the 

height.  

    

Photo  2-3. Qanat gallery; source: ICQHS 

 

Taking into account the topography and position of the water table, the tunnel gradient is 

calculated so that the water flowing in the tunnel would have an adequate speed dot to leave 

too much sediment and, on the other hand, would not be so rapid that it washes away the 

tunnel and causes erosion. The optimum gradient is taken to be between 2/1000 and 5/1000.  

                                                      
2 City-architecture - Hamshahri online 
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The length of the tunnel depends on a variety of factors such as the topography, aquifer 

behavior, qanat discharge, where the water is to be used, etc. A qanat may be a few hundred 

meters to about 100 km long. The greater the extent of qanar in the water -bearing zone, the 

more water infiltrates into the tunnel. This is why a qanat may have several side branches in 

the water -bearing zone to increase the discharge.  

Exit point of the qanat: Where the tunnel and the ground surface eventually intersect is the exit 

point of the qanat which is called the mazhar or harang meaning where water appears.  

 

Photo  2-4.  Exit point of Ghāsem Ābād; source: ICQHS 

 

Shaft wells: There are some vertical shafts sunk along the tunnel to connect the surface to the 

horizontal gallery. The main application of these wells is to haul the debris and excavated 

materials from the tunnel on to the surface. They also provide access and help ventilate the 

tunnel and provide more oxygen for the workers. These wells play an important role in 

repairing the qanat, by making it possible to send down the needed facilities and tools and 

remove the debris. The shaft wells cut short the time needed for qanat construction or repair, 

and reduce the relevant expenses. A shaft well is between 80 and 100 cm in diameter and the 

distance between the wells vary from 20 to 200 m. In fact the deeper the shaft wells, the 

further they are from each other. The distance between the shallow wells (up to 40 m) is two 

times as their depth but in terms of deeper wells the distance is equal to their depth. If a shaft 

well is sunk in a soft crumbling soil, to prevent any collapse the well would be shored up 

with brick or stone linings or concrete or ceramic rings.  
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Photo  2-5.  Course of shaft wells; photo by: S.H. Rashedi, 2014 

 

Mother well: The furthest shaft well from the exit point, sunk upstream is called the "mother 

well". The mother well is usually the deepest well, in which a large inflow of water shows the 

qanat is in a satisfactory state. If the water table goes down so much that it is located below 

the bottom of mother well, no water can seep into the gallery, and if this situation persists, the 

qanat will inevitably dry up. If a qanat is extended so far that another well is needed, the new 

well would now be the mother well and the former one would be a normal shaft well. In a 

nutshell, the last well is always called the mother well. The depth of the mother well varies 

from qanat to qanat, and the deepest one in Iran has been recorded in the qanat of Gonābād at 

300 m.  

 

Photo  2-6. Mother well; source: ICQHS 
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Irrigated land: The farm is a cultivated area which is less elevated than the exit point of the 

qanat, irrigated by the water coming out of the qanat. The extent of the cultivated area 

depends on several factors such as the qanat discharge, soil quality, soil permeability, local 

climatic conditions, etc. If the water flowing from the qanar is insufficient, the water is stored 

in a pool to increase the volume and head of water so that it can deliver to the land at a higher 

flow rate and thus irrigate the farms. The irrigation cycle differs from area to area but is 

usually between 12 and 15 days. It should be noted that an irrigation cycle is a water 

management order according to which the shareholders take turns irrigating their farms. For 

example, if the irrigation cycle is 12 days, every farmer bas the right to take his share just 

once every 12 days. The mechanism and morphology of qanats vary from region to region 

with geographical and geological conditions. In the following topic we examine the types of 

qanats we have come across so far.  

 

 

Figure  2-1. Schematic plan of the qanat structure; source: Peter Beaumont, 1974 
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Figure  2-2. Graphical expression of qanat technical configuration; source: Peter Beaumont, 1974 

 

2.a.1. Qanat digging 

It looks an easy task but is practically difficult because it requires precise computation of 

subterranean water gradient so that after travelling long distances, the water can flow on the 

ground at a predetermined spot. Various technical issues and complete explanations are seen 

in the book: Qanat: A Technique for Acquisition of Water written by Henry Gobolot who has 

pointed out that qanat is an underground corridor connected to the surface by wells as its 

subsidiary elements. Briefly, qanat construction includes the following stages: 

To construct a qanat, firstly, an area, usually near a mountain slope, is chosen in order to dig 

the first well. The qanat practitioners who called moqanni continue to dig the first shaft well 

until they come across the catchment seeping into the bottom of the well. Then they stop 

digging the well, because of the rising water level and start digging a long tunnel crossing the 

bottoms of the wells, from the surface usually near the area to be cultivated, to the last and 

deepest well. The tunnel is roughly horizontal, with a gentle slop to allow the water to drain 

out. 

  

2.a.1.1. Identification of aquifer  

The critical, initial step in qanat construction is identification of an appropriate water source. 

moqanni have a rich resource of knowledge passed from generation to generation. When they 

want to locate water-bearing zone in a desert in order to construct a qanat, they focus on some 

indications leading to the best spot. The search begins at the point where the alluvial fan 

meets the mountains or foothills; water is more abundant in the mountains because of 

orographic lifting and excavation in the alluvial fan is relatively easy.  



    g{x cxÜá|tÇ g{x cxÜá|tÇ g{x cxÜá|tÇ g{x cxÜá|tÇ dtÇtàdtÇtàdtÇtàdtÇtà                                                                                                                                                                                                                                                                                                                      

48 

 

Description 

 

The moqanni follow the track of the main water courses coming from the mountains or 

foothills to identify evidence of subsurface water such as deep-rooted vegetation or seasonal 

seeps. According to them, there are many signs - for example the type of plants and soil or a 

river bed - that indicate the presence of groundwater. Broad alluvial valleys with thick 

sedimentary Layers and underlying solid bedrock are the best sites for qanats. They analyze 

the soil as this affects the quality of the groundwater, and then sink a trial well in the middle 

of the valley where the two alluvial slopes meet. 

 

 

2.a.1.2. Digging wells drilled  

After identification of an appropriate water source a trial well is then dug to determine the 

location of the water table and determine whether a sufficient flow is available to justify 

construction. If these prerequisites are met, then the route is laid out aboveground (Kheir Abadi, 

1991).  

As the names of these wells indicate, these wells demonstrate whether estimation of the 

digger was right or wrong. After sinking a trial well, then moqanni wait until the groundwater 

has seeped into it, and monitor the seepage rate to make sure that the permeability of the 

surrounding layers is adequate to support a qanat. If it is, they start to dig the next well, at a 

lower elevation and the horizontal runnel between the wells. If the permeability is not: 

adequate they abandon that well and sink another one elsewhere.    

 

2.a.1.3. Specifying the route and exit point of qanat both underground and on the surface 

Following the digging of the test well and calculating a proper slope, the qanat direction is 

specified. For specification of the qanat direction, firstly the exit point or the beginning of the 

gallery must be known.  

The moqanni have some methods to determine the length of a qanat and locate its exit point. 

First they calculate the difference between the levels of water in two wells, and then they 

work out with a leveling tool much higher the point where the trial well has been dug is than 

the point where the gallery is to exit. This is how they know the exact location of the exit of 

the qanat. In the following the leveling method and tool has been described. Although the 

nearest distance is the direct route between the mother-well and exit point, in some cases due 

to natural and legal reasons (land ownership) another route must inevitably be chosen which 

should be nearer to the main route as much as possible. 

Before specifying the exact spot where the qanat gallery (exit point) begins, the well digger 

marks those areas where it might stand considering the level of water table in the mother well 

and the rate of land gradient i.e. those spots equal in height with the level of the water table. 

Therefore, the digger selects the best spot possible for the exit point in accordance with 

climatic conditions and soil fertility. This demands leveling which is one of the most 
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complicated and significant methods of computation in qanat construction. Survival of qanats 

in Iran after thousands of years is the result of such precise engineering calculations in 

ancient times. Studies show that the calculation was done by two methods in the past: 

 

a. The first method of leveling 

In which initially a weight was tied to the end of a rope and dropped into the test well, then 

when it hit the floor, the rope was drawn until it was vertically straightened. Afterwards, the 

part of the rope that stood just above the mother well in line with the land surface was tied in 

a knot. Then another rope was moistened and drawn tight and one end of it was put on the 

ground at the surface of the leveling. Its other end was drawn as much as possible aligned 

with the direction of qanat construction. Afterwards, a drop of water was spilled on the rope 

trying to make it completely horizontal. In fact, the drop of water is directed towards the 

lower side due to gravity law. In this way the free end of the rope was pulled up and down 

frequently until the drop of water became static. 

 

Figure  2-3. Leveling tools; source: ICQHS 

 

After leveling the rope, its distance from the ground was measured equaling the height 

difference between the ground level at that point and the mother well. Then the distance was 

transferred to the first rope and this was continued until the addition of height differences 

equaled the length of the first rope. Later the height difference caused by the slope of qanat 

galley was calculated which led to the discovery of a point with a height difference with the 

mother well equaling the following sum via leveling and this spot was marked as the exit 

point of qanat. 
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(Gallery gradient of qanat) multiplied by (the longitudinal interval between exit point and mother 

well) + the length of the first rope 

∆m ×D+Η= h 

In which: 

∆h = the height difference between the mother well and the exit point 

m = gradient of qanat gallery 

D = the longitudinal interval between exit point and mother well 

H = length of the first rope or depth of the mother well 

 

b. The second method of leveling 

Here like the former method initially the depth of the mother-well is calculated but another 

method is used to find the exit point and leveling. 

In this method a lozenge made from four sticks with equal lengths was used for balancing. 

Based on one of the arithmetic theorems it is proved that the diameters of the lozenge stand at 

right angles to each other. 

 

 

Figure  2-4. Leveling tools; source: ICQHS 

 

Formerly this principle was used for balancing in which after making a lozenge with four 

wood sticks having equal lengths, a ring was attached to each lozenge angle. Afterwards a 

plumb line was tied to one of the rings and the lozenge was hung down the mother well by 

the opposite ring. Here, one of the lozenge diameters stood parallel to the direction of the 

plumb-line and the other diameter became parallel to the horizontal direction and 

perpendicular on the other diameter. Then one lozenge diameter became parallel to the 

plumb-line direction and the other became parallel to the horizon direction and vertical to the 
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other diameter. Afterwards, a smooth and straight stick which had the same function as 

modern cameras was passed through the other diameter of the lozenge. Direction shown by 

the stick was aligned with the balance line resulting into the calculation of height difference 

among various points. In this way, the exit point of qanat was indicated. 

 

2.a.1.4. Digging the gallery and shafts well of qanat  

After digging the test well, specifying the mother well, appearance of water at the bottom of 

the well, determining the exit point i.e. the beginning of the gallery, the real difficult and 

significant stage of qanat construction starts which is building the gallery from the exit point 

towards the mother well. Overall, it is necessary to wait for a few days until water level of the 

well stabilizes because this level is one of the important data for continuance of operation. 

Considering water depth and amount in test well, the well digger evaluates the qanat and if 

more excavation is economically justified, qanat construction in its true sense begins.  

 

Photo  2-7. View of shaft wells; source: La terra die qanat: Iran, Medio Orient, Medite rraneo 

 

Initially the gallery is unroofed but when a level difference of 2 m is reached, it transforms 

into a tunnel. When tunnel excavation begins, problems arise because the more lengthy the 

tunnel, harder the navigation as well as less ventilation for the digger. Additionally, a longer 

route must be traveled in order to bring out the gallery rubble. 

In order to resolve or decrease these problems, wells called shafts are dug throughout the 

qanat direction. Therefore, not only fresh air can penetrate the gallery but also emptying the 

rubble made by gallery excavation becomes easier. 
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Moreover, digging these wells (shafts) makes navigation less difficult for diggers due to 

shortening of distances. For finding their way around, diggers used to excavate two 

underground wells on qanat direction at 20-150 m intervals. Length of these intervals is 

varied and depends on: the depth of digging, soil hardness and obstacles like hills or rivers on  

qanat direction. Depth of wells was specified considering the distance between the ground 

surface at the points and the level of water table in the mother well. After the linkage line of 

adjacent wells was aligned with the gallery direction of qanat, each two consecutive shafts 

were roped in line with the direction of the underground gallery.
3
 

But when the gallery direction does not conform to the direct line between two consecutive 

shafts or when the digger cannot find his location underground because of successive turns, 

initially an open polygonal is made on gallery direction later to be reproduced above the 

ground by measuring the length of its sides and the degree of its angles. This way the digger’s 

location under the ground is made clear. Moreover, for measuring the gradient, the digger 

used a set-square hung from the ceiling by a plumb-line with one horizontal side. 

Investigations show that usually qanat gradient is not equal along its length. So that the slope 

is varied in khoshke kār (the water production section) and in tare kār (water transport section) of 

qanat as described below: 

Khoshke kār: That part of the tunnel which simply conveys the collected water to the surface 

is called the khoshke kār or water transport section. In this part of the qanat some water is lost 

through percolation, so the more impermeable this part is, the less water percolates back to 

the aquifer. There are some methods to waterproof this section, one of which is to line the 

tunnel with concrete or ceramic hoops called kaval, It is worth noting that another application 

of such hoops is to shore up the tunnels to prevent any possible cave in. 

Tare kār: That part of the qanat tunnel which cuts through the aquifer and collects the 

groundwater seepage is called tare kār or water production section. This part is below the 

water table and is fed by the aquifer. The discharge of the qanat completely depends on the 

extent, permeability and the depth of this part in comparison to water table. The length of the 

tare kār is not fixed but correlates with the fluctuations in water table. 

Actually, tare kār is the water supplying part of qanat. Therefore, length of the gallery and 

the thickness of the watered layer in this part play a vital role in its output. At the last part of 

this area is the mother well of qanat. Usually in order to speed up the water flow in qanat 

sufficiently and to prevent water penetration into khoshke kār the slope is made steeper in this 

part. Thus gradient at tare kār begins at zero but in khoshke kār begins at 0.5 in thousand. 

Steeper slope results in the corrosion of qanat floor and gentler slope leads to more 

sedimentation. Among other interesting points about qanat is that the slope of its gallery floor 

                                                      
3 A question that may come to mind is how they dig the tunnel so straight and true that it intersects the vertical 

shafts at their bottom. To do so, the workers use a plumb line made of a wooden stick with two stones on 

ropes tied to each end. They place the stick over the mouth of the well, so at the bottom the stones would be 

orientated towards the right direction. The person in the tunnel holds a light behind one of the stones so that 

there is only one shadow on the opposite wall, and this points the workers in the right direction.  
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must be more than the terrain gradient and less than the gradient of static water level. 

Otherwise, qanat excavation is out of the question. 

Hadd-e tarān va khoshkān: The border between the water production and transport sections is 

called Hadd-e tarān va khoshkān or transition zone. Following the complete construction of 

qanat gallery or canal, water flows through it and goes out from the exit point in order to be 

used for irrigation purposes. Rubble excavated from qanat wells and galleries is usually 

accumulated around well mouths creating protrusions which look like craters of a small 

volcano.  

 

Figure  2-5. Hadd-e trān va khoshkān; source: ICQHS 

 

In most cases the distance between the shallow wells (up to 40 m) is two times as their depth, 

but in terms of deeper wells the distance is equal to their depth, for example if a well is 100 m 

deep it is 100 m away from the next well. The maximum distance between the wells can be 

twice their depth. If the wells are far apart, they have to dig the twin wells in order to 

ventilate the tunnel. Twin wells facilitate circulation of fresh air in the tunnel, and consist of 

two wells just 5 or 6 m apart, which are called jofte bādoo wells in Yazd, Iran. They are  

connected by some short tunnels that help the air to circulate better. Each well is at least 78 

cm in diameter to allow room for the well digger. He will use a short-handled pick for this 

work and will climb up and down the well using niches dug into the side, forming a kind of 

ladder, known as a pa rāf 
4
.  

During construction of the wells, if a water-saturated layer of soil lies above a tunnel, it is 

obvious that the workers cannot dig a well through it, because the water would seep into the 

well and the buildup of water easily hinders digging. In this case, to get the shafts to the

                                                      
4
 Pa rāf is called Zineh in khorāsān. 
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 tunnel, the workers resort to a very amazing but dangerous method called devil kani, which 

involves digging the well from the tunnel to be surface so that water pours into the tunnel and 

drains out. This means that work can continue, and in fact devil kani is a technical feat in 

qanat construction.  

 

Figure  2-6. Devil kani; source: ICQHS 

 

Apart from this procedure, the workers may face many other dangers such as poisonous 

gases. If the gas is not so much, they hold a piece of canvas on to their mouth and nose. 

Otherwise, they dig a twin well, or use a kind of bellows made of leather by means of which 

they can send the fresh air down the well. There is a hose linked to the bellows that conveys 

the air to the bottom of the well. Another option is to drop sand, vinegar or lime into the well. 

When sand is dumped into the well, it pushes up the air at the bottom of the well and fresh air 

replaces the air coming up. Another danger to the workers is collapse of the shafts or gallery. 

To prevent the shafts from collapsing, they line the shaft from the bottom to the top with 

stone, brick and ceramic hoops, though nowadays they also use cement and install metal rings 

inside and along the shaft in order to line it. They also drive around metal mould into the 

well, and then fill the space between the mould and the well with reinforced concrete and iron 

rods. In case the gallery roof is weak and even caves in, they install concrete scaffolding rings 

to support the tunnel or, if the risk of collapse is not too great, they line the sides and ceiling 

of the tunnel with pieces of rock. In addition, there are more details about what facilities they 

have to insure the welfare and safety of workers. For example, there is a tiny chamber built 

into the side of the shaft about 2 m below the surface where the qanat practitioners can rest or 

change their clothes. There is a similar space at the bottom of deep shafts to provide shelter 

from debris falling from the bucket as it is being pulled up. In this regard they also hold a 

round wooden plate above their heads like an umbrella to protect themselves.  
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One of the disadvantages the critics attribute to the qanat is that this system continuously 

drains groundwater, even when there is no need [or water as is sometimes the case in winter]. 

However, the qanat practitioners traditionally know how to prevent winter water from being 

wasted. Where the qanat cuts through hard soil, it is very easy to build an underground dam. 

This is a brick wall built across the tunnel where the water production section ends and the 

water transport section begins. There are four or five outlets sealed with bricks and when the 

farmers need water them just pull the bricks out. 

In addition, to prevent damaging the aquifer, the qanat masters designate an area surrounding 

the qanat of between 1 and 3 km diameter/radius, depending on the local conditions, as 

protected. The above-mentioned characteristics and complications show the degree of 

ingenuity and creativity used in qanat construction during the interaction of human and 

nature. The vital impact of such a well-worked architectural system on the advancement and 

evolution of civilization is undeniable. For this reason, this amazing structure is considered as 

one of the outstanding creations of mankind. Among qanats of Iran, some can truly be 

regarded as manmade masterpieces. For instance, during the construction of one of them 

about 56 thousand tons of rubble was brought out by workers and well diggers from the 

mother well, vertical link wells as well as from the horizontal canal throughout the qanat. 

 

Photo  2-8. Constructed qanats in central desert of Iran; Photo by: S.H. Rashedi, 2014 
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Moqanniān 

Traditionally qanats are built, protect, repair and restore by a group of skilled laborers, 

moqanni, with hand labor. The profession historically paid well and was typically handed 

down from father to son (Kheir Abadi, 1991). In addition, a qanat is an extended system which is 

subject to a variety of detrimental factors, from crumbling soils to water pollution, so a qanat 

system has to be repaired and cleaned once in a while. The most important factor in the 

repairing and cleaning of qanats is manpower. 

  

Photo  2-9. Moqannies, traditional skilled laborers; source: ICQHS 

 

A qanat construction team is between three and six people, depending on the length of the 

qanat and the depth of the wells. There are four distinct categories of qanat practitioner: the 

karshenās, mobāsher 
56

 who decides where the new branches shall be dug and supervises the 

entire project; the ostād kār, kolang dār or master worker, who is in charge of digging; the 

gelband who collects the debris, and the charkh kesh who operates the pulley to haul the 

bucket up the well. If the well shafts are far apart, another person, the gel kesh is also added 

                                                      
5  Usually the individual selected as the overseer of one or several qanats is well-informed about: repairing and 

dredging of qanats, management and financial affairs of well-diggers, windlasses, cost estimation, evaluation 

of good performance, accuracy and speed of action, choosing and directing best ways of digging, repairing, 

etc…; in fact he can be considered as the operating manager of a qanat. Some of these persons have recently 

been appointed as qualified experts at the judicial courts and have been approved by the Department of Justice 

and have been given licenses. Courts of law invite them for their expert opinions and appoint them to resolve 

litigations regarding qanats, disagreements among landlords and well or qanat owners, labor disputes between 

well-diggers and employers or financial disputes.  For this reason they are also called qanat experts today with 

the most skilled ones found in Yazd, Sabzewār and Gonābād cities. 
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to the team to drag the bucket of debris along the tunnel to the nearest shaft and to tie the 

bucket to the pulley rope.  

 

2.a.2. Qanat dependant structures 

Qanat related structures are ranked among the most interesting architectural structures, and 

most of them are relics of the past and considered historical heritage of Iran now. The most 

important qanat related structures are: āb anbār (water reservoirs), pāyābs, water mills, pools 

and bookans. 

 

a. Āb Anbār 

Āb anbār is an underground structure, constructed in the past to store freshwater for domestic 

uses. The water reservoir was fed from a near shallow qanat. All of the water reservoirs had a 

storage tank whose dimensions could be different depending on the amount of qanat 

discharge and the demand for water. Most of the storage tanks were made of sārooj
7
. The 

different parts of a water reservoir were: storage tank, the roof of the storage tank, wind 

tower, stairway and ornamental portal. A water reservoir does not have to have all of above 

mentioned parts. 

 

Photo  2-10. Āb anbār in Qanat of Baladeeh; Photo by: S.H. Rashedi, 2014 

 

                                                      
7 Sārooj is a combination of lime, clay, and chipped straws, for cementing the bricks or stones together. 
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Water reservoirs were filled in the wet seasons with the water of a shallow qanat nearby and 

in the dry seasons could provide people with the cool and fresh water. 

 

Map  2-1. Section of Āb anbār; source: ICQHS 

 

b. Pāyāb 

Pāyāb is a sloping gallery, connecting the ground surface to the qanat's gallery. This gallery 

has some stairs to make it possible for people to reach the ground water flowing in qanat. The 

deeper the qanat the longer the pāyāb gallery. 

The slope of pāyāb gallery was calculated in the way that the end of gallery meets the bottom 

of the shaft. The light was provided by the mentioned shaft. Dimensions of a pāyāb were 

reserved in such way that two persons could go through stairs side by side easily and their 

heads would not touch its ceiling. The pāyāb's direction was designed perpendicular to the 

direction of qanat's gallery in order to preventing the probable collapse of gallery caused by 

landslide. 

 

Photo  2-11. Pāyāb in Qanat of Zārch; source: ICQHS 
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There was a pool at the bottom of the pāyāb. This round or polyhedron pool had some holes 

through which qanat's water entered or exited. Some platforms were constructed in the walls 

of the pāyāb for people to sit down. There were more platforms in a public pāyāb than a 

private one. In the private pāyābs, there were some shelves to put some foodstuffs. In 

addition, there was a rope hanging from the ceiling above the pool, connected to a basket at 

the end to put some foods and meets in it to be kept fresh. 

 

c. Water mills 

Water mill is a structure constructed in order to grind grain. Its main parts are water house, 

two millstones, rotor blades and an axis which connects rotor blades and upper millstone 

vertically. The operation of watermill is based on the potential energy of water due to the 

height of water house. The deeper water house, the more the water's energy was generated. 

Sometimes the depth of a water house reached to 10 m in order to increase the water pressure. 

 

Photo  2-12. Water mill; source: ICQHS 

 

When qanat's water reaches to the water house, it pours down the well and hit the blades. The 

water pressures which changes to velocity, make the blades rotate, imparting energy to the 

rotor and to the upper millstone. The lower millstone is motionless. Therefore the friction 

between the upper and lower millstones changes the wheat to flour. Sometimes, several water 

mills might be operated by the water of only one qanat. 
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d. Pool 

If the flow rate or discharge of the qanat is sufficient, there is no need to store water in the 

pool and water is transferred to the lands directly. However, if the discharge is not sufficient, 

it's necessary to build a pool near the appearance of qanat in order to store qanat's water in. 

Then the water in the pool is transferred to the farmers' lands every 6 or 12 hours with a 

higher flow rate. If there is no pool built near these qanats, there will be no possibility for 

people to use qanat's water for irrigating their lands. The reason is that qanat's little flow rate 

does not have volume and it cannot be transferred to the lands efficiently and completely 

because of a high loss along its way to the lands. 

 

e. Bookans 

In the absence of vehicles and means of transportation in the past, qanat practitioners and 

workers had to stay away from their houses, near the qanats under construction. Therefore, 

they had to make temporary houses for themselves in those places. Those temporary houses 

were named bookan. Bookan was an area, constructed near the qanat. Its roof was at the same 

level as that of ground surface, and workers could enter that through some stairs. The 

thickness of bookan's roof was about 2 m and the workers built it together under the ground. 

Nowadays, bookan like pāyābs have lost their functions, and today there is no active bookan 

left. But in the past, existence of bookan was essential, especially in the long qanats; and 

without it, the work could not be continued. Almost every 3 km along the gallery, a new 

bookan was built; and if the gallery was dug in a hard area, the moqannis had to stay in one 

bookan for a long time. 

The length of a plain qanat may reach 30 km and more, so there might be a long distance 

between workers' house and their work place. It was impossible for the workers to travel this 

distance and back, every day, so, construction of the bookan was essential for qanat workers. 

Moreover, the one bookan was used as a small forge for sharpening picks. The workers, who 

rested in the one bookan, prepared food for other workers who were digging the qanat and 

also to sharpen the picks for them. The forge in the bookan was connected to the outside 

through a chimney. The workers lit the forge and sharpened the picks on it by pounding on 

them with a sledge hammer. This process was named kolang keshi. The method of building a 

bookan was as follows: first the workers dug a slanted gallery in the ground, and at the end of 

that gallery they built an underground room in a conical shape. They were cautious about 

probable cave in and so were very careful in constructing a bookan.  

In order to prevent collapse, they used to leave a column of earth intact in the middle of the 

room. They placed the dirt taken out around the entrance hole to prevent rain from coming in. 

Another hole was dug to let the smoke of cooking out. Sometimes this hole played the role of 

a chimney and sometimes an air vent, because air for breathing was also provided by this 

hole. The size of the bookan depended on the number of the people who were to stay there, 

the more the people, the bigger the bookan.  
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Collapse is likely, due to tile instability of the earth after leaving the bookan, unless it has 

been dug in a hard ground. Depending on the number of moqannis, several niches were dug 

into the walls, 0.5 m above the floor, forming small chambers or sleeping platforms. After 

digging the main parts of the bookan, they also gouge out some smaller ruches in the wall of 

living room, so that the moqannis could put their personal stuff in them; there was also a 

special place for putting the oil lamps and torches, and another for putting the instruments 

used for digging. A place separated from the living room was used designed for cooking. 

Almost every 3 km along the gallery, a new bookan was built; but if the gallery was dug in a 

hard area, the moqannis could stay in one bookan for a long time.  

 

Figure  2-7. Plan of bookan; source: Safi nejad, 2000 

 

 

2.a.3.  Qanat digging equipments 

For beginning the construction of a qanat, equipment must be assembled. The equipment is 

straight forward: containers (usually leather bags), ropes, pulley reels to raise the container to 

the surface at the shaft head, pickaxe and shovels for excavation, lights (oil or carbide lamp), 

compass and plumb line to construct the qanat. Now a day the qanat practitioners use an 

electric fan, and windlass to haul the debris from the tunnel.  

There are different types of pickaxe depending on the use: to dig at the end of the tunnel they 

use a pick weighing 2-3 kg with a handle 50-60 cm long; for dredging the tunnel, they use a 

pick weighing up to 6 kg with a handle up to a meter long. The type of pickaxe also depends 

on the soil: for hard soils they use one which has a short, thick point, rather like the beak of a 

sparrow, and they use a pick with a long thin point in soft soils. The handles are about 40-50 

cm long if they are to be used for sinking a shaft and 50-60 cm if they are to be used for 
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digging a tunnel and 90-100 cm if they are to be used for removing obstructions from the 

bottom of a tunnel.  

     

Photo  2-13. Qanat digging equipments; source: ICQHS 

 

The leveling tools are two wooden poles 1.5 m long with a square base and a hole in the 

middle with a plumb line in it. The steeper the gradient, the shorter the distance between the 

two poles.  

In general the diameter of the pulley is around 1 m, but that depends on the depth of the shaft. 

The deeper the shaft, the greater the diameter of the pulley. They reinforce the legs of the 

pulley by digging holes on both sides of the mouth of shaft, putting the legs into the holes and 

filling them up with stone and earth. They use cotton, palm fiber, steel wire and plastic for the 

rope - obviously the deeper the shaft, the thicker the rope and the stronger the material that it 

is made of. They use steel wire for the electric pulleys. In the past they used a kind of bucket 

of tanned skin of sheep, but this has now been substituted with a rubber bucket.  

In the past, the only way to light the tunnel was to use a lamp like a small bowl full of 

vegetable oil in which there was a wick. Now they use a carbide lamp or DC electricity.  

Although the construction methods and tools are simple, the construction of a qanat requires 

a detailed understanding of subterranean geology and a degree of engineering sophistication. 

The gradient of the qanat must be carefully controlled - too shallow a gradient yields no flow-

too steep a gradient will result in excessive erosion, collapsing the qanat. In addition, 

misreading the soil conditions leads to collapses which at best require extensive rework and, 

at worst, can be fatal for the crew (Smith, 1953). 

 

2.a.4. Qanat classification  

Qanats can be classified according to the following four criteria: length and depth of qanat, 

topography, geographical situation, type of catchment, qanat discharge, and source of qanat 

flow.  
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2.a.4.1. Classification according to length and depth of qanat  

This criterion is the most common one to classify qanats, and in fact correlates with 

the region's topography. According to this criterion all the qanats can be classified 

into two categories; short and long. The short qanats usually run along steep valleys 

or down the mountains, foot and their galleries intersect the surface after a short 

distance, while long qanats run across the plains, so their galleries have to go further 

to reach the surface. Long qanats have deeper mother well.  

 

2.a.4.2. Classification according to topography  

Taking into account the contour lines on a topographic map, qanats can be classified into the 

three groups of mountainous semi-mountainous and plain qanats, each of which has special 

traits.  

Mountainous qanats: One of the general characteristics of such qanats is having a shallow 

mother well and consequently shallow shaft wells, because in these locations the 

impermeable layer is not so deep, thus the water -bearing zone is not far from the surface. 

The shallowness of the shaft wells and the steep slope of the ground surface lead to the 

gallery of such qanats being relatively short. The mountainous qanats are called havābin by 

the Iranian qanat practitioners, which means "looking up at the sky" implying that their 

discharge fully correlates with the amount of rainfall: their discharge is high during a wet 

year and vice versa, though we may find some mountainous qanats with a more constant 

discharge because they draw on more extensive groundwater reserves in faults or fissured 

rock.  

Semi-mountainous qanats: These have a mother well that is sunk in a mountainous area, but 

have an exit point in a plain. These qanats are longer and enjoy deeper mother wells than the 

last type, so their discharge is higher and more reliable.  

Plain qanats: These qanats are longer and have deeper mother wells than the last types. Given 

that in the plain area the impermeable layer is deeper and the surface slope is gentler, the 

groundwater reserve is present at a lower depth. Therefore, to get access to the aquifer, the 

qanat workers have to dig the tunnel far deeper, leading to a longer qanat. These qanats have 

a higher and more reliable discharge in comparison to the previous types.  

 

2.a.4.3. Classification according to geographical situation  

This type of classification reflects the location of qanats in comparison to each other, and 

closely correlates with the topography. Based on the geographical situation, there are three 

types of qanats, as follows:  
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Successive qanats: This type of qanat is usually seen in mountainous areas and along steep 

valleys, and the layout is such that an upper qanat can replenish a lower one. In other words, 

the mother well of all but the highest qanat is sunk in the land irrigated by an upslope qanat, 

tapping the percolation of irrigation water. If this type of qanat is present in arid regions, the 

lower qanats will discharge less and less water, because the lower qanats just drain out the 

water escaping from the upper qanats. By contrast in semi-arid and humid regions the 

downstream qanats not only tap the groundwater but also collect the percolation of water 

coming from the upper qanats.  

Parallel qanats: This type of qanat is usually found along the foot of mountains, stretching out 

from a mountainous area to a plain nearby. These qanats may run along an eroded; valley 

whose bed is filled up with alluvial materials. They are fed by the rainfall seeping into the 

surrounding mountains. Hence their discharge increases along the now path to end of the 

valley.  

Converging qanats: These qanats are seen in plains encircled by the mountains. These 

concentric qanats follow the direction of groundwater flow that is from the surroundings to 

the center.  

 

2.a.4.4. Classification according to qanat discharge  

Another criterion by which qanats can be classified is their discharge. Qanats may enjoy 

constant or variable discharge, depending on the type, and extent of the aquifer. We can also 

classify qanats according to whether they are fed by a confined, semi-confined or free 

aquifer.  

 

2.a.4.5. Classification according to the source of qanat flow  

This criterion to classify qanats may seem strange, because it is taken for granted that the 

flow of every qanat originates from groundwater reserves directly. However, the reality is 

that in some regions, the water exiting point of the qanat may not be the groundwater seepage 

into that qanat's gallery, but at least some of it may come from a nearby spring or river. 

Therefore, this criterion examines whether the water is the direct result of the groundwater 

infiltrating into the qanat tunnel or is coming from other sources like rivers. Thus, we can 

have four types of qanats as follows:  

Normal qanat: A "normal" or "simple" qanat drains groundwater which directly enters the 

qanat production section.  

Qanat - spring: When water from a spring enters a qanat and adds to its water, we can call 

such a qanat-spring. A good example is the qanat of Ahrestān running in Taft near Yazd, 

which receives the water of the spring of Tamer and delivers all water at a point downstream.  
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It is worth noting that there are also some qanats which directly hit a fault and drain water 

from the fault zone. Such qanats can also be categorized as a "qanat-spring".  

Qanat - river: This qanat resembles the last type, except that a qanat-river receives a surface 

stream (whether permanent or temporary). In most cases it is impossible to transfer river water 

to the desired lands by gravity flow through open trenches, because the river bed is lower 

than the cultivable land on either side. Therefore digging a subterranean conduit is helpful to 

sort out the topographical problem. The structure of this conduit resembles that of a typical 

qanat, although its water bas nothing to do with an aquifer. There are many qanats of this 

kind in the Province of Khuzestān in Iran, which are locally called qomesh.  

Qanat - well: This type of qanat is a combination of the technique of pumped well and qanat. 

When the catchment drawdown is so much that the horizontal extension of the tunnel does 

not improve the .flow, or the geology is unstable for an extension, the only option may be to 

deepen the mother well to get access to the water-bearing zone. In this case, the deepened 

mother well is equipped with a pump to deliver the water up to the gallery. 

 

Chart  2-1. Classification of qanats building and repairing of qanats, tools and methods
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2.a.5.  Tangible and intangible heritage of qanat  

Qanat construction as a cultural tradition has led to the formation of human settlements and 

creation of unique landscapes during the last three thousand years. The structure which is the 

masterpiece of human creative ingenuity at interaction with environment is considered as a 

tangible human heritage due to its remarkable technology and architecture. Additionally, 

because of its cultural role in communities it also includes various aspects of the intangible 

heritage as an exceptional witness of living civilization and culture. As an important 

historical structure, qanat has been acknowledged as an intangible human heritage due to its 

direct link with live traditions, beliefs, and artistic-literal monuments in different areas. 

Addressing these issues is out of the scope of this report, so they are only discussed briefly as 

follows: 

 

2.a.5.1. Impact of qanats on landscape and settlement patterns  

Dispersion of primary settlements on alluvial fans of the inner plateau, Kavir and desert 

margins of Iran has an intimate relationship with the pattern of its qanat system distribution. 

Regulations about traditional irrigation networks have been effective in the historical process 

of rural body development, change of functions as well as their conception. During the 

emergence of human settlement and its evolution stages, lands were transformed to gardens 

and homes and water networks were turned into passageway systems which led to 

urbanization (Ziary, 2001). 

A typical town or city in Iran and elsewhere where the qanat is used has more than one qanat. 

Fields and gardens are located both over the qanats a short distance before they emerge from 

the ground and after the surface outlet. Water from the qanats defines both the social regions 

in the city and the layout of the city.  

The water is freshest, cleanest, and coolest in the upper reaches and more prosperous people 

live at the outlet or immediately upstream of the outlet. When the qanat is still below grade, 

the water is drawn to the surface via water wells or animal driven Persian wells. Private 

subterranean reservoirs could supply houses and buildings for domestic use and garden 

irrigation as well. Further, air flow from the qanat is used to cool an underground summer 

room found in many older houses and buildings  

Downstream of the outlet, the water runs through surface canals called ju which run downhill, 

with lateral branches to carry water to the neighborhood, gardens and fields. The streets 

normally parallel the jubs and their lateral branches. As a result, the cities and towns are 

oriented consistent with the gradient of the land; this is a practical response to efficient water 

distribution over varying terrain. The lower reaches of the canals are less desirable for both 

residences and agriculture. The water grows progressively more polluted as it passes 

downstream. In dry years the lower reaches are the most likely to see substantial reductions in 

flow (Kheir Abadi, 1991).  
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Within the inner plains of Iran, the topography and traditional water supplying system ensued 

from qanats shaped the cultural basis for initial formation of Iranian settlements. In addition, 

it has played a key role in their dispersion and expansion. Clearly, in traditional cities of Iran, 

a significant relationship exists between passageway network, its orientation as well as the 

orientation of homes with water networks made from qanats and terrain gradient. Throughout 

history among factors effective on the development of settlements and sustainable traditional 

cities of Iran are: topography, water and cultivable hinterland, production surplus, commerce, 

roads, religious elements as well as political and security considerations (Ziary, 2001). 

Vujica M Yevjevich thinks that the condition of each civilization can be measured and 

defined by the place and share of its water infrastructures within its total infrastructures. Each 

civilization can be considered as an aggregate of various infrastructures (political, cultural, 

economic, communication, administrative, etc). Water constitutes a major share of the 

infrastructure having a great effect on the process of their growth and evolution. Water 

resources technology has generated an effective phenomenon in ancient civilizations of 

Babylon, Egypt, Hittite, Greece, Rome, China, Mesopotamia and Iran. So due to the 

development of irrigation techniques, settlements and later well-organized governments were 

formed along great rivers and plain floodways (Yevjevich, 1977).  

In fact, during various phases of human civilization from cave-dwelling until now the impact 

of water is so strong that without it no industrial revolution would ever take place. 

Harold Carter believes that water has led to initial formation of settlements and afterwards 

rapid population growth, centralization, monument construction and social stratification 

paved the way for further development (Rangwala, 1998:8).  

Rangwala is of the opinion that formation and initial development of settlements depends on 

topography and water as well as educational, sanitary, political and religious functions (Carter, 

1977:19). 

In Iran, water has always had a major role in location selection and distribution of settlements 

and in human activities. Rivers in various parts of the country have resulted in the emergence 

and expansion of cities such as: Esfahan, Dezful, Shushtar, Ahwāz, Ābādān, Rasht, Sāri and 

Gorgān.  

Here the role of qanats is also quite clear. Alluvial fans of inner plains of Iran have created 

the best farmlands ever in their lower slopes. The majority of Iranian settlements are located 

within huge frustums opposite mountainous areas.  In these regions big cities such as Tehran, 

Yazd, Kerman, Qazvin, Shirāz, Sāveh, Taft, Meybod and Kāzerun have been built. Most of 

them have an annual precipitation less than the minimum required and in most of them no 

major river flows. Thus, qanats have made water supplying of these settlements possible. 

They have collected underground waters from foothills and alluvial fans directing them into 

farmlands and settlements via tunnels on a gentle slope. Settlements distribution on alluvial 

fans in desert margins of Iran has an intimate relationship with the distribution pattern of 
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qanat system. Paul Ward English has confirmed the existence of this phenomenon in Kerman 

(Ward English, 1995: 60). 

Qanat has played the most prominent role in location selection and formation of the primary 

nucleus of Yazd city (kesseh)(Mirhoseini, 1993:10). Until fifty years ago, waters originated from 

these qanats were instrumental in initial formation of present Yazd neighborhoods: Dowlat 

Ābād, Yaqubi, Mohammad Ābād, Ahmad Ābād, Mahmud Ābād, Ghāsem Ābād, Kheir Ābād, 

Hussein Ābād, Tarevakhani and Rahmat Ābād. At the time being, 2817 qanats exist in Yazd 

province and are actually the leading factors for establishing 354 settlements.  

The main point is to adopt a traditional urban planning inclined to sunlight, rivers and qanats. 

In an urban scale, the route of water canals usually designates its main access networks. In 

traditional towns of Iran, water was also used as a coolant in the shape of small streams 

flowing in alley and street canals lined with trees. This also gave a singular visual attraction 

to towns and cities. Many alleys were built on qanat water networks with each home having a 

stairway going down towards water. Alleys linked to water inevitably followed the shape of 

water canals and curves with the same height. Arrangement of alleys took its shape from the  

access system to each home of the neighborhood in an irregular manner. Michael Bonine has 

pointed out that topography and water canals are indicators of the fabric of Iranian cities. In 

this regard, main passageways accompanied with the system of canals used in agriculture 

irrigation create a special checkered design. Orientation of the network was dictated by the 

need for spatial layout of rectangular gardens and lands on terrain gradient. Before the 

distribution of homes within these areas, most of the streets and dead ends were located 

within farms. Even shapes and dimensions of new homes and suburban houses were subject 

to the system existing in farms and passageways. 

In fact, when the town was built on a relatively smooth surface with a regular slope, main 

streets were designed in a checkered or radial pattern. In a checkered map streets mainly 

followed the pattern of water canals (Kheir Abadi, 2001:33).
  

As an example, the town of Sabzewār located south of western-eastern extending Binālood 

mountains has a gentle north to south slope. Its major water canals are extensions of a few 

main qanats which bring drinking water from mountainside into the town. The old main 

streets of the town follow the direction of streams flowing alongside them. Streams make up 

the water canals of smaller alleys and dead ends. It is possible that these branches of 

irrigation canals were designed in primary agrarian settlements in order to arrange plots of 

farmlands alongside the canals so that geometrically they become readier for plowing and 

cultivating in a geodesy system. Comparing the map of other Iranian towns such as Yazd, 

Meybod and Kāzerun with Sabzewār indicates the formation of crossing passageways and 

alleys along the main branches of water following terrain gradient. 

The role of qanats in the formation and initial development of an exemplar town Meybod 

town located in Yazd province is consisted of nineteen neighborhoods which were 

independent rural districts until recently. However, gradually villages named Meybod, 
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Khāneqāh, Bideh, Kuchek, Kuch-e Bāgh, Beshnifān followed by several other small villages 

joined together and formed Meybod town.  

Relevant studies show that during their initial formation in many traditional towns of Iran, 

streets and alleys predominantly follow major water currents and vertical branches of them 

and the water currents follow the land slope. An important point regarding the development 

of neighborhoods and towns in Iran is the change in the pattern of land use in accordance 

with population growth. This means that when the pattern was transformed from agricultural 

to residential and commercial the need for services increased resulting in the construction of 

another qanat and more public buildings. Later, a governmental base was established and a 

defensive wall was built all around the settlement for security reasons. Gradually, the 

settlement became larger and larger. As a matter of fact, location selection and initial 

formation of Iranian settlements based on qanats was still ongoing until modern techniques of 

exploiting underground waters appeared.  

 

2.a.5.2. Culture and Qanat 

Actually, the qanat concept originates from Iranian culture (Ziary, 2001). Circumstances of 

qanat construction depend not only on the climatic, hydrogeological and topographical 

conditions but also on the existence of a deep water table at the foot of the alluvial fan. 

Moreover, those circumstances are in accordance with the hot and dry climate of Iran which 

has given rise to a culture of diligence in exploiting the harsh nature. Iranians have developed 

a special culture for taming the harsh nature of the central plateau by making friends with its 

manifestations. This has often led to the creation of extraordinary elements such as qanats 

which in their turn have resulted in another creation in the form of The Persian Garden.  

The technique has been born and developed in Iran and has gone to other lands from here. As 

already mentioned, a documented history of qanats in Iran has been recorded in inscriptions 

of Sargon the second (722-705 BC), king of Assyria. Considering such precedence as well as 

the historical role of qanat, the issue of water and irrigation in arid lands of Iran and the 

dependence of its people to water, it can be concluded that there is an intimate relationship 

between culture and qanat. The relation is so close that one of the multiple meanings of the 

word culture in Farsi (farhang) is water qanat (kāriz-e āb). Also the word dahān farhang (or 

qanat mouth) was a place where from a qanat, water flew above ground (Noor āqāee, 2006).  

 

2.a.5.3. Qanat in local beliefs 

Because water is the main concern of inhabitants of desert areas, qanat as one of the 

manifestations of water production has always had a sacred place in the heart of desert people 

so has been ingrained with the folklore of various regions of Iran. As a result, qanat plays a 

big role in indigenous ceremonies, rituals and beliefs. Occasionally there exist common local 

beliefs shared in several areas but at times, a culture exclusively belongs to only one region.  
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Among them are: belief in the gender of qanats, praying for rain and many other indigenous 

beliefs and traditions which require a broad discussion. Believing in the gender of qanats is 

prevalent in most of Iran. According to it, qanats are either male or female so when their 

water decreases, qanat wedding ceremony is held ritually. Sometimes, the wedding is 

accompanied by a real human marriage which was performed beside a qanat and during the 

ceremony a ceramic jar full of qanat water was put on the wedding spread. The bride of qanat 

was often a widow who could not marry again and was dependent on villagers for her daily 

expenses but the groom of qanat was a tall youth who received presents from villagers and 

once in a while washed his body in qanat water together with the bride. Mention has been 

made of such rituals in literary and folkloric works of some regions located in Yazd, Laar, 

Shahr-e Kord, Esfahan and Arāk (Noor āqāee, 2006).  

 

2.a.5.4. Qanat and Literary work 

Qanat has such an outstanding role in the lifestyle of Iranians that it hugely influences the 

creation of poems and literature at areas where this technologic structure exists. In most of 

literary works and poems of these regions, qanat has been implied and has always been one 

of the significant subjects serving as a source of inspiration for local poems as well as Persian 

myths and anecdotes. Even some stories attribute the origination of qanats to Hooshang  

Pishdādi. This has appropriately been reflected in Shahnameh of Ferdowsi. There is abundant 

evidence attesting the existence of an advanced technology for water transfer from 

underground tables to the surface during the Achaemenid rule. As a matter of fact, qanat 

acted as a basis for founding and expanding of the Achaemenid Empire and served as its 

technical, economical and population infrastructure. Goblot goes as far as to say that qanats 

also had an influence on the form of the political regime and writes this:” there is no doubt 

that wherever the existence of water is vital, an effective supervision on it is required via an 

organization with a strong and centralized authority for implementing a “water policy.” 

 

2.a.5.4. Qanat and Sustainability 

In a traditional context, the technique of qanat and agricultural systems are in a perfect 

harmony. In fact, traditional irrigation has an inherent mechanism to adapt water use to the 

environmental conditions. This mechanism works through technical factors as well as water 

management. For example, in case of a drought, the users of a qanat have two choices to cope 

with this situation technically: either to extend the gallery of the qanat by digging it back 

through the aquifer; or to adjust the area of farm to the available water. The farm is divided 

into two areas, one for trees and the other for vegetables. The ratio between the areas of 

orchards and farms is such that the maximum amount of available water would be able to 

meet the irrigational need of the total area. They adjust the area of the cultivated lands and the 

cropping pattern to the existing discharge rather than place pressure on groundwater sources 

in order to go through a drought. 
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Moreover, qanat-related water management is very flexible in relation to environmental 

conditions. It should be noted that a qanat may belong to hundreds of farmers who take turns 

getting their water to irrigate their lands within a particular irrigational cycle or rotation. This 

water division system can match up with all likely changes in the volume of water during a 

year, while satisfying the farmers' irrigational needs. For example, if the volume of water 

decreases due to a drought, every farmer receives twice his normal share but only once every 

two rotations, so that the water can reach every corner of his farm (ICQHS).  

 

2.a.6. Contribution of qanat systems to the existing agricultural system 

In the course of history, almost all the agricultural societies in the central plateau of Iran lived 

off the groundwater resources obtained from qanats. Although the advent of modern pumped 

wells leading to over-exploitation of groundwater has taken a heavy toll on the qanats in this 

region, in some areas this technique has retained its vital role. At present, throughout the 

country 37,000 active qanats are running, with a total discharge of 7000 million m
3
 a year 

making up 11% of the overall withdrawal from our groundwater resources. This considerable 

volume of water from the qanats goes to the agricultural sector. The diagram below shows the 

portion of qanat output in the country.  

The region of Bam is a good example of how efficiently qanats contribute to agricultural 

production systems. This agricultural area is completely dependent on groundwater which is 

extracted by qanats and pumped wells. The qanats drain out 457.179 million m
3
 water a year, 

whereas the discharge of the pumped wells has been estimated to be 420 million m
3
. This 

water can satisfy all the irrigational demand in the area in order to yield over 401,108 tons of 

agricultural products every year (ICQHS). 

 

Chart  2-2. Portion of qanat output in Iran 

 

The range of qanat impacts and considerations is so huge that it requires the writing of 

lengthy books so mentioning them one by one is beyond the scope of present report. Aspects 

related to public management as well as monitoring, conservation and maintenance of qanats 

which enjoy the most complicated and sophisticated traditional know-how as well as social 
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and group relationships are considered as valuable aspects of qanats which will be discussed 

in chapters 4,5 and 6.  

 

2.a.7. Geographical distribution of qanats (transfer of knowledge, technology and 

experience to other countries) 

The arid and semi-arid regions of the world, whose rainfall shortage does not allow any 

permanent surface streams, but enjoying rich groundwater resources, have had a good 

potential to house the system of qanat. Therefore, the system of qanat could be introduced 

and spread rapidly across such regions. 

 

Map  2-2. Geographical distribution of qanats; source: Henry Goblot, 1992 

 

Iwao Kobori believes that the qanat system, in all probability, developed in ancient Persia 

some 2500 years ago and then spread to Afghanistan and eventually along the Silk Road as 

far east as China, as well as by Arabic cultures to the far west including Morocco and Spain 

(Kobori, 1964).  
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Map  2-3. Geographical distribution of qanat; source: JICA with slight modification 

 

According to Goblot, qanats originated in the northwest of present Iran, dating back to 600-

800 B.C. In 525 BC qanats were introduced to the southern coast of The Persian Gulf and 

then in 500 BC to Egypt, in 750 AD to Spain, in 850 AD to Southern Algeria, in 1520 AD to 

Mexico & Los Angeles, in 1540 AD to Pica in Chile and in 1780 AD to Turfan (NW Chins). 

In addition, some scholars go far back in antiquity regarding the qanats of Syria. They have 

maintained that the Hailan-Aleppo qanat, a 12 km long subterranean channel which 

functioned until the early part of this century is coeval with the Ararnaeans and their fortress 

al Aleppo (13
th
 century B.C.) However, this is highly unlikely as the best evidence 

(archaeological and written accounts) suggests that qanat irrigation was first invented in the 

Armenian-Persian region about 600-800 B.C. (Lightfoot Dale, 1997).  

Jordanians today refer to qanats as "Roman canals", or qanal Romani (kaneh Romani in 

northern Jordan). Most scholars believe that Jordan's qanats were built by the Romans and 

used by the Byzantines from the l
st
 century B.C. to the 7

th
 century A.D. (Lightfoot Dale, 1996).  

The origin and geographical diffusion of qanats have caught the attention of many scholars, 

and there is some valuable research on this issue. For example, Haupt a German researcher 

has studied a qanat system in the area of Lake Van in Turkey (Haupt Lehmann, 1925) and then 

Weisgerber conducted research on the history of qanats in Oman (Weisgerber Gerd, 2003). 

Chauveau has studied qanats in the oasis of Kharagha' in Egypt from archeological point of 

view (Chauveau, 2001). Moreover, Salvini has done some research on the historic hydraulic 

structures in Urartu (Salvini Mirjo, 2001). Also, there are some scientific reports on the qanats of 

Oman and [ran, written by Boucharlat, the French archeologist (Boucharlat, 2001). Another 

scholar, Briant, has scrutinized the text of Polibius on the qanats of Iran (Briant, 2001).
8
  

The system of the qanat spreads out between the latitudes 15° and 45° N, and this technique 

can be found even in such rainy regions as Germany. According to some studies, many of the 

countries between the above mentioned latitudes enjoyed the system of qanat and some of 

them still profit from this technique: for example, one can mention such Asian countries as 

                                                      
8 An Iranian historian named Zohreh Cheraghi has provided a valuable anthology on the research conducted on  

qanat history and its geographical diffusion up to the present in her PhD thesis (Cheraghi, 2010). 
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Japan, China, Afghanistan, Pakistan (Baluchistān), Iraq [Kurdistan], Oman, Saudi Arabia, 

Iran, Syria and Azerbaijan (Nakhchivan).  

In addition, most of the North African countries like Egypt, Libya, Tunisia, Algeria, and 

Morocco enjoyed the benefit of qanats some of which are still active. In the Canary Islands a 

considerable number of qanats has been reported. In Europe including Spain, Greece, 

Germany and Sicily there existed qanats some of which were used as a subterranean canal 

just to convey water from a surface source to the desired place.  

In the new world, the qanat has not played a vital role in supplying water, but some running 

qanats have been seen in Mexico (Parras), Peru (Nasca), Chile (Pica), Hawaii (Honolulu), USA 

(California and Los Angeles).  

Clearly, qanats not only exist all over Iran but also have spread to other lands although the 

nearer we get to the central areas of Iran, they show more complicated technology as well as 

more magnificence and grandeur. Within this area, qanats are unique regarding: their 

craftsmanship and technology, the number, length, depth and dispersion of the mother-well, 

their water output, the number and expanse of farmlands dependent on them (Noor āqāee, 2006).  

Goblot has allocated tens of pages of his book to study the export of qanat technique from 

Iran to the east or west and to far-off countries. As a scholar, he has concluded that based on 

years of studying and traveling to various countries as well as using hundreds of resources, 

the main origin of qanat is the general area of present west Azerbaijan province of Iran and 

modern Armenia. In fact, it was used as a technique for reaching underground water needed 

by lead mines of the area. The technique was invented within the Iranian cultural sphere in 

the first millennium BC and rapidly spread to other parts of the country and abroad.  

Approximately in the years 800 BC, the technique of underground water exploitation was 

used by miners in northwest parts of Iran neighboring modern Turkey. Gradually, farmers 

found out its benefits and it spread throughout the Iranian Plateau and afterwards to other 

parts of the world (Papoli Yazdi, 2001).  

At present qanat is seen in 34 countries but Iran with its forty thousand working qanats has 

several times more qanats than the aggregate of all other countries. The most significant 

qanats exist in desert provinces of Khorāsān, Yazd, Kerman, Markazi and Fars.  
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2.a.8.  Qanats of Iran  

In Iran, the qanat has played a vital role. In fact, Iranians have traveled the longest distances 

and have dug the deepest wells in order to find water using qanat technology.  

 

Photo  2-14. Transferring water by qanat system; source: ICQHS 

  

The longest qanat is that of Zārch with a length about 80 km, and the deepest is the qanat of 

Gonābād, at about 300 m deep. According to the latest report (2007-2008) by the Iranian water 

resources management organization, there are 36,888 active qanats running in Iran, with a 

total discharge of 6,991 million m
3
 per year, making up 11% of the overall groundwater 

withdrawal. This considerable amount of water is supplied by qanats without any fuel or 

electric energy. These qanats are the only survivors of tens of thousands of qanats that once 

overran the Iranian plateau (ICQHS).  

In order to understand the importance of qanat constructions in Iran, Javad Safi nejad has 

conducted investigations leading to amazing results. According to his calculations included in 

an article called:”Wonders of Iranian Qanats’, the average length of each qanat is 6 km with  

an aggregate depth of about 4360 m for its vertical shafts. Assuming the existence of only 

thirty thousand qanats in Iran which is less than normal estimations, the total length of 

excavations conducted for Iranian qanats equals: 30000 multiplied by (4.36+6) =3,108,001 

km which is 82% of the distance between earth and moon or 7.77 times the length of the 

equator. The significance of these numbers lies in the fact that qanats were dug using 

elementary tools because no modern technology existed at the time (Qayoor, 1992).   
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Photo  2-15. Qanat courses in central plateau of Iran 

 

2.a.8.1.  Distribution of Qanats in Iran 

The following figures depict the distribution of qanats annual discharge as well as 

distribution of their total numbers across the country. As shown in these figures, the eastern 

and central regions of Iran hold the most qanats due to low precipitation and lack of 

permanent surface streams, whereas a small number of qanats can be found in the northern 

and western parts which receive more rainfall and enjoy some permanent rivers. Respectively 

the provinces Khorāsān-e Razavi, Khorāsān-e Jonubi, Esfahan and Yazd accommodate the 

most qanats, but from the viewpoint of water discharge the provinces Esfahan, Khorāsān-e 

Razavi, Fars and Kermān are ranked first to forth. Among these qanats there are some 

prominent qanats which would be taken up in the next parts (ICQHS).  

Many of the Iranian qanats bear some characteristics which allow us to call them feat of 

engineering, considering the intricate techniques used in their construction. Here we tried to 

single out some qanats which are renowned for some particular reasons. For example, 

extremely deep wells in some qanats make them outstanding and a two story tunnel in 

another qanat calls our attention. Though each qanat has some characteristics which make 

them deserve to be included in this part (ICQHS).  
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Qanats of Iran enjoy great variety in accordance with climatic and cultural conditions, 

technology as well as their age. Here we attempt to introduce the sustainable water supply 

system and technology based on the process of historical development and geographical 

variation; a system which enjoys universal outstanding values. 

   

Map  2-4. Discharge of qanats in each province (units needed) ; source: ICQHS 

 

Some qanats serve as a model (or prototype of various species) for other qanats. They have 

noticeable characteristics such as: a long age and a sophisticated technology as well as the 

unique creativity and knowledge used in each of them. As an example, mention can be made 

of the innovative methods and know-how deployed in constructing the longest qanat of the 

world called Zārch or the well-watered qanat of Yazd called Hassan Ābād-e Moshir; also the 

ingenuity seen for exploiting water resources in regions like Bam where qanat water comes 

from geological fissures. Such a creative knowledge and procedure can be considered an 

outstanding universal value beside the process of the historical development of qanat as a 

great architecture. An interesting point is that Bam qanats which are considered as part of the 

universal cultural landscape of the town are still alive and running even after the horrible 

earthquake of a few years ago. Yet another outstanding property of qanats (including those in 

Bam) is the continuance of their function and creativity from the Achaemenid Era until today. 

For example, the ancient and original technology used in Qasabeh Qanat of Gonābād in 

Khorāsān-e Razavi province can still be seen in the construction of other qanats in the region 

attesting an integrated historical continuum. The manner of relation between Qasabeh and 

Qanat of Baladeh has given birth to a prototype for qanats of Khorāsān region within the 

framework of a special cultural landscape.  
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Photo  2-16.  Landscape role of qanats in construction of  landscape; source: ICQHS 

 

All qanats mentioned in the dossier are the best representatives and indicators of the most 

outstanding characteristics of Iranian qanats.  

In qanats of Esfahan, the technology and creativity is manifested in techniques such as 

underground dams or qanat construction at multiple levels such as Qanat of the Moon which 

has been built in two floors and acts as a model for this type of double-story qanats. The most 

sophisticated qanats of Esfahan as the best representatives of the central region of Iranian 

Plateau are those enjoying the underground dam technology. Vazvān and Mozd Ābād Qanats 

are showpieces of design and technology in the above-mentioned area of Iran (Esfahan) 

serving as a raw model for construction of other qanats in the landscape of the central Iranian 

Plateau. On the whole, qanats of Esfahan are among the strangest ones in Iran. Yet another 

example of qanats in the central part of Iranian Plateau is the well-watered qanat of Arāk 

called Ebrāhim Ābād. Each one of these qanats: play a role in creating agricultural landscape 

and The Persian Garden, enjoy a technological structure, establish direct interaction with 

nature and environment and finally introduce countless tangible and intangible values to the 

world. 

Although determining a date for qanats is a hard task but their age can be estimated based on 

the history of human settlements in regions with such superb technology. As a matter of fact, 

qanats were created even before human settlements. During the introduction of these qanats, 

the chronology of them has been based on historical documents about human settlements. 

Also it has been tried to describe outstanding universal values of The Persian Qanat in 

accordance with historical development process as well as pattern variety.  
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In northern, southern, eastern and western parts of Iran especially in the desert area of its 

central plateau extraordinary examples of the system are seen. Central cities of Iran like 

Yazd, Kermān and Esfahan boast valuable qanats which not only enjoy authenticity and 

antiquity but also have special engineering and technical characteristics. All of these qanats 

can represent outstanding universal values of The Persian Qanat from a historical and 

innovational point of view. 

 

 

Photo  2-17. The old city of Ferdows and its development based on qanat system; photo by: S.H. Rashedi, 2014 

 

 

Next, we are going to review a description of most significant qanats mentioned in the dossier 

as examples of The Persian Qanat. 
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2.a.9.  The Nominated Persian Qanat 

2.a.9.1. Qasabeh Qanat, Gonābād, Khorāsān-e Razavi 

 

2.a.9.1.1.  Location 

The Qasabeh Qanat with a total length of 22 km lies in the geographical area of Gonābād city 

in Khorāsān-e Razavi province within geographical coordinates of 58˚, 27′ to 58˚, 43′ East 

and 34˚, 05′ to 34˚, 20′ North. It leads in the east to Keybar mountain and Torbat-e Heydariye 

city, in the north, to Torbat-e Heydariye and Kāshmar cities, in the west and south west, to 

Ferdows and in the south to Ghāen city. It is 270 km away from the capital city of Mashhad 

and an asphalt road connects it to the cities of Mashhad, Torbat-e Heydariye and Gonābād.  

 

Photo  2-18. Location of Qasabeh Qanat and its course   

 

2.a.9.1.2. Catchment 

From the point of topographic features, Siyah Kuh mountains are in the western parts of this 

region whereas low lands are found in its north and northeast direction. The catchment of 

Qasabeh Qanat covers an area of ca. 317.67 km
2
, which is a part of Iran’s Central Desert 

basin. The maximum height from sea level in the western part of the aquifer is 2785 m and 

the minimum height of ca. 1104 m from the sea level is located on the north side. Siyah Kuh 

mountains are the main water source for Qasabeh Qanat. With an average temperature of 

127˚c and an average of 240 mm for a 30 year period due to the geographical situation and 

distant water resources, this region can be known as a semi-arid zone. However, the western 

parts of this area receive a higher rainfall compared to the north and northeastern parts.  
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This region benefits from no superficial runoffs or permanent rivers, so it can be perceived 

that the underground water has played a vital role in the formation and subsistence of human 

settlements in the plain areas. This claim is supported by existing statistical data. According 

to the statistics the water exploitation of Gonābād underground resources has had a rate of 

48.98 million m
3 

for the water year of 2008-2009.  

 

Photo  2-19. General view of abroad city of Gonābād; source: ICQHS  

 

The underground water resources of this area consist of 271 wells with an annual discharge 

of 11.93 million m
3
, 304 qanats with the annual discharge of 33.70 million m

3
 and 77 springs 

with the annual discharge of 3.4 million m
3
. These statistics clearly show the vital role of 

underground waters and especially qanats in this region.  

Qanats of this region has been used for variety of purposes as were common from ancient 

times, ranging from drinking water, sanitation, household, irrigation of farms to energy 

production for watermills. There is a total sum of 685 ha of farms and gardens in this area 

which are all irrigating by Qasabeh Qanat, of which a 450 ha appertain to farms and 235 ha to 

gardens. 

 

2.a.9.1.3. Qasabeh Qanat 

This qanat is one of the most important and historic qanats in Iran Plateau which has had a 

vital role in the development of a qanat base civilization in the region and in the whole world. 

Certain features have made this qanat of the outstanding water structures in Iran. Its antiquity, 

construction method, management system and structural techniques are some of these 

features. One of these unique features is its digging technique. Based on study of existing 

records and interview with the elder locals, at least 75 m of the mother well of  Doolāb 

branch’s depth and other tarān  wells have been dug by means of sar kuli (devil kani) method, 
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in which digging starts from the bottom and follows upward. This method is a difficult task, 

requiring precise navigational calculation in demanding working conditions that has been 

thoroughly done by our ancestors.  

 

Map  2-5. Qasabeh Qanat course; source: ICQHS 

 

Thus, Qasabeh Qanat enjoys two advantages, first it is the deepest qanat in Iran and second it 

is the only qanat with the highest rate of devil kani in it.  

 

Figure  2-8. Devil kani in Qasabeh Qanat; source: ICQHS 
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Considering the long history of this qanat, it is noteworthy to mention that it has experienced 

the lowest fluctuation in its water discharge. Based on the fact that the main water recharging 

source of mother well of this qanat is 300 m deep, therefore fluctuations in yearly rainfall or 

the occurrence of natural disasters such as drought have had no significant effect on the water 

discharge. The flow rate of this qanat which is about 140 liters/second has remained stable for 

a long period.  

 

Figure  2-9. Method of mother well digging; source: ICQHS 

 

One of the main factors poses a threat to the qanats is digging deep or semi deep wells in 

their buffer zone which leads to a reduction in their water discharge and eventually develops 

the possibility of their desiccation. Fortunately, due to the high appreciation of the structures 

by the locals, there is no deep well dug within the buffer zone of its mother well. On one 

hand, the existence of no deep well in the area and on the other hand, prohibition of digging 

deep wells in this plain has contributed to the survival of Qasabeh Qanat and its unchanged 

water discharge. Also the presence of no leakage spots is of significant importance which is 

an indication of precise calculations and high knowledge in location choice and in 

construction works. Hydrological and geological studies conducted on the course of this 

qanat show that the qualities of the qanat bedding substances do not allow water leakage, and 

help efficiently to the preservation of water flow. Although the elder locals believe that the 

existence of conglomerates in certain sections of the qanat’s gallery may affect its water 

discharge, nonetheless, there is no water leakage due to geological structure of qanat and thus 

water stores in its galleries.  
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2.a.9.1.4. Main branches of qanat and well shafts 

Qasabeh Qanat has two main branches (called Qasabeh and Doolāb-e no) and six sub- branches 

(called Su), forming a total of eight branches. Some believe that the two main branches were 

two separate qanats in the past and have joined later. One reason cited for this claim concerns 

the fact that the gallery of Doolāb-e no branch is about one meter higher than the gallery of 

Qasabeh at the intersecting point, but, all the well shafts are 25 m deep at the intersection and 

also, no separate exit point has been identified for the other branch up to now, therefore, both 

branches are called upon the same name “Qasabeh”.  

Qasabeh branch which is considered the main and primary branch of this qanat is about 13.16 

km long. There are 222 wells dug on the course of this qanat including its mother well with 

200 m depth. This branch has two sub - branches, the first has 30 well shafts and the second 

has 25 well shafts. 

At a 720 m distance, the qanat divides into two tunnels, but then joins in its historic exit 

point. The qanat has dug in crumbling soil up to a distance of ca. 987 m where the roof and 

some parts of the gallery eventually collapsed and created a large extraordinary space, the 

height of the gallery is more than 7 m in some areas. At 1842 m distance from well No. 90, 

Doolāb-e no branch separates from Qasabeh branch with a 45 degree the SW while Qasabeh 

branch extends southwards.  

 

Photo  2-20. A view of qanat’s branches; source: ICHQS 
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The main branch of Doolāb-e no

14 and 5 well shafts respectively. The length of 

point is ca. 29.5 km, considering the length of 

33125 meters. The number of well shafts i

been destroyed over time and 

indicates the antiquity of this qanat

have another main branch called 

been contribute to water supplying of

2.a.9.1.5. Mother well  

Mother well of this qanat is one of its 

Doolāb branch (geographical coordinates 646664 and 3789420)

Qasabeh branch (geographical coordinates 650385 and 378924).

on the northern foothills of Siyah Kuh 

studies show that Qasabeh mother well is 217 m deep and 

than 300 m deep. Presently the closest well shaft to Qasabeh mother well 

with a depth of 186 m.  

Henri Goblot declares: “when qanat practitioners

water level at 100 m depth, they did not stop, they built a 

there and started digging a new well from a spot close to the former, so 

manage to remove the debris from the first 

by the second well as well, they started 

approximately vertically reached water at the depth of 300 m

Photo  2-21. Qasabeh mother well (
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e no has 153 well shafts, and three sub-branches each having 5, 

14 and 5 well shafts respectively. The length of this qanat from its mother well up to its 

considering the length of sub - branches connected to it increases to 

33125 meters. The number of well shafts identified for this qanat is 465, some of which have 

been destroyed over time and of them only a slight trace has been left, an issue which

of this qanat. In addition to these two main branches, this qanat used to 

another main branch called Doolāb-e Kohne (old) consisting of 11 well shafts which 

supplying of this qanat.  

one of its main features. It has two mother wells one at the 

(geographical coordinates 646664 and 3789420) and the other at the 

coordinates 650385 and 378924). These mother wells are 

n the northern foothills of Siyah Kuh mountain at 13 and 16.5 km SW of Gonā

studies show that Qasabeh mother well is 217 m deep and Doolāb-e no mother well is more 

p. Presently the closest well shaft to Qasabeh mother well is 

qanat practitioners started digging a well and could

at 100 m depth, they did not stop, they built a hut at that depth, moved

there and started digging a new well from a spot close to the former, so that 

from the first well. In addition, since they failed to reach water 

, they started a third one. Consequently, a series of three wells dug 

approximately vertically reached water at the depth of 300 m”.  

 

mother well (left); Doolāb mother well (right) ; source: ICQHS

Description 

branches each having 5, 

mother well up to its exit 

connected to it increases to 

, some of which have 

left, an issue which 

In addition to these two main branches, this qanat used to 

consisting of 11 well shafts which had 

 

. It has two mother wells one at the end of 

and the other at the end of 

These mother wells are located 

ountain at 13 and 16.5 km SW of Gonābād city. The 

mother well is more 

 well No. 166 

could not reach 

moved their tools 

that they could 

. In addition, since they failed to reach water 

a series of three wells dug 

 

source: ICQHS  
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2.a.9.1.6. Mazhar (qanat exit point)  

Mazhar-e Qasabeh Qanat is located at an 1100 height and is in the SE of Gonābād city in the 

South of Qasabeh district. This mazhar has been relocated several times in the past. The 

water of Qasabeh Qanat is still drinkable in the Qasabeh and Noghāb district’s farms in the 

east of Gonābād city (Papoli Yazdi, 2010: 59). The geographical coordination of mazhar is 34˚, 

20′ North and 58˚, 41′ East. A rectangular shaped pool of 3.3×5.3 m has been built at mazhar-

e qanat to handle a better distribution of water. The water irrigates the farms and gardens of 

Gonābād, Qasabeh and Noghāb district via the canals joined to this pool.  

   

Photo  2-22. Mazhar and pool of Qasabeh Qanat; source: ICQHS  

 

2.a.9.1.7. Mard Khāneh 

Of the other structural features of Qasabeh Qanat is mard khāneh. The term refers to a small 

room built as a temporary residence for qanat masters to rest for a while. Like the other 

qanats, qanat masters of Qasabeh were not able to commute from their work place to their 

homes every day due to the long distances, so they had a small room built to live and rest 

there, these small abodes are locally called mard khāneh. In Yazd the term bookan is used for 

this structure 

.  

Figure  2-10. Schematic section of mard khāneh; source: ICQHS 
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These rooms were high enough for an average man to stand there. To build mard khāneh, a 

one meter deep pit is dug in the ground, then is covered by tree logs, branches and leaves and 

finally is coated with clay and straw. These small structures were residential places for qanat 

masters during nights and harsh winters. Cooking and repairing of work tools such as pick-

axe, etc. were also carried out in these rooms. In fact, mard khāneh was a room for 

negotiations and planning about qanat’s schedules as well as a resting place for qanat 

practitioners.  

 

Figure  2-11. A view of mard khāneh; source: ICQHS 

 

2.a.9.1.8. Temporary resting huts 

Temporary resting huts are often constructed inside very deep well shafts (more than 200 m) 

are of other important which spaces of this qanat. Since climbing the well shafts would takes 

a lot of energy and time, qanat practitioners used to build a small hut often of 3×4 m inside 

the well shaft for a short breaks during the day. In the case of deep wells, these huts were dug 

before reaching the first water table to store food and clothes thus qanat masters could find a 

temporary place to rest there while they were working in the demanding conditions of tarān.  

 

Figure  2-12. Temporary resting huts; source: ICQHS 
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There are some of these huts in the khoshkān of Qasabeh Qanat close to the first water table. 

What has been of prime importance concerning the construction of these huts inside the well 

shafts was the skill and expertise in the identification of suitable locations, especially for the 

installation of the second windlass. 

 

2.a.9.1.9. Rakht kan (Cloakroom) 

It refers to a space built at a 2 m depth inside tarān wells so that qanat masters could change 

their clothes. These structures at Qasabeh Qanat are in the shape of a large semi-circular arch 

dug in the well shaft in an appropriate size so that kolang dār and lāsheh kesh could easily 

change their work wears.  

 

Figure  2-13. Rakht kan; source: ICQHS 

 

In addition to well shafts and main gallery and other structures mentioned before, 

architectural elements and structures are secondary features constructed for the utilization of 

this qanat which are also of this qanat’s qualities. Following is a brief description of these 

architectural elements and structures: 

 

2.a.9.1.10.   Pāyāb (water access corridor) 

Since the mazhar-e qanat is out of urban context, in the south of the city, therefore, it does 

not have any pāyāb. Since the structure of the geological formations especially of the end 

section of qanat (a kilometer far from mazhar) is consisted of Kaloot crumble lands vulnerable 

to collapse, some of the well shafts in this section have become like pāyābs. Some of the 

most significant of these transformed well shafts are Bagh-e Hadād, Qāl-e Shoghāl-e Kohne 

and Qāl-e Shoghāl-e no. Bagh-e Hadād pāyāb has been called upon its proximity to a garden 

with the same name. This pāyāb is 6 m deep and a brick stairway leads to the floor of the 

gallery.  
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A part of the brick covering of qanat has been removed in this section to gain access to the 

water.  

       

Photo  2-23. Qasabeh pāyāb; source: ICQHS  

 

The Qāl-e Shoghāl-e Kohne pāyāb has also been built at an old well shaft, which has been 

extended by erosion due to the water existence and transformed to a pāyāb. Its entrance is 4 

m wide and is located on the old course of qanat.  

   

Photo  2-24. Qāl-e Shoghāl- no pāyāb; source: ICQHS  
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Qāl-e Shoghāle- no pāyāb is also a collapsed well shaft, however the southern wall of which 

is still intact. The traces of zineh (also known as pa rāf, footholds) are still visible on the walls. 

A high kamvar (dyke) has been built in front of pāyāb to ward off the flood into the well 

shaft. The opening is on its northern side and a brick stairway (with 14 steps) leads to the qanat 

gallery.     

  

Photo  2-25. Dyke of Qāl-e Shoghāle – no   

 

2.a.9.1.11.  Āb anbār (water reservoir) 

Āb anbār is another type of structure associated with qanats. These water reservoirs which 

are called howz anbār in local dialect, were built in the past as a storage tank for potable 

water. Some of these structures can be seen in residential areas and in the NE side of mazhar-

e qanat. This quarter is known as “Qasabeh Shahr” or “Eastern District”.    

 

Photo  2-26. View of an āb anbār 
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2.a.9.1.12.  Āsiyāb (Watermill) 

Āsiyāb operates by qanat water and is of other structures related to this qanat. Most of these 

structures had been built on the course of Qasabeh Qanat, some of which include: Āsiyāb-e 

Bālā, Āsiyāb-e Miyun, Āsiyāb-e Pāeen, Āsiyāb-e Miyānrāh Ghozhd-DizĀbād and Āsiyāb-e 

Miyānrāh Barghiun-Kohne howz, Āsiyāb-e Miyānrāh Ghozhd-Diz Ābād and Āsiyāb-e 

Miyānrāh Barghiun-Kohne howz became non-operational at least a hundred year ago, but the 

other three were fully functional until 1966, presently few traces are left from these 

Watermills. 

  

2.a.9.1.13.  Water distribution management 

An important case in the qanat management concerns its water distribution methods. In which 

the share of each shareholder is equal to the time that water flows in specific canals to the 

farms. This share used to determine by time units which in Qasabeh Qanat called fenjān
9
. In 

this system the required time for fenjān to be full is measured and employed as a base for 

water distribution time. Presently one fenjān is equal to 8 minutes and 24 seconds.  

Each share of Qasabeh Qanat water lasts for 24 hours. Since it takes 8 minutes 24 seconds for 

each fenjān to fill, theoretically a share amounts to 171.42 fenjān. Currently each 24 hours is 

considered to be equal to 171 fenjān and thus the same calculation applies as a basis for 

property sale or land tenure.  

In the local jargon, each share is divided into daily and nightly distributions, each one called 

“one tāqe”. Daily tāqe starts from daybreak up to sunset when Nightly tāqe respectively 

begins and lasts up to the next daybreak. All over the year, only during equinox days, daily 

and nightly tāqe are equal (each amounts to 85.7 fenjān). This measurement unit varies in the 

other days of the year, to prevent any disorder in water distribution system.  

Obviously, distribution of these amounts of water shares among a large number of 

shareholders within a 24 h cycle is a demanding job, which requires its own experts. Qasabeh 

Qanat cycle is one of the unique cases in Central and Southern Parts of Khorāsān-e Jonubi 

province, due to its exceptional 24 days cycle while the other qanat’s water distribution does 

not exceed 18 days in this area.  

                                                      
9 This ancient system (clepsydra) consists of two bowls made of copper one of which is so small that could 

freely float on the surface of water called fenjān inside a larger one called tās with a water capacity of 20 

Liters. The floating bowl has a tiny hole at its bottom through which water can enter the bowl and gradually 

fill it up. After being filled which may take a certain time, the small bowl sinks in the water and bumps into 

the bottom of the large bowl. As soon as the bump would be heard, a unit of time would be over, so the time 

between the two bumps equals a certain unit of time. 
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2.a.9.1.14.  Mirāb water distribution system of Qasabeh Qanat  

As it mentioned above, a well-organized system is mandatory to avoid disputes and provide a 

systematic, fair water distribution among shareholders. The traditional system of water 

distribution which is still functional can be described as follows:  

In the past, when the number of shareholders was limited, they themselves were in charge of 

water distribution. In this method, the person who had the highest number of shares did 

control the distribution procedure among others. As the number of shareholders increased, the 

shareholder with the highest number of shares was put in charge of that tāqe and was called 

sāheb-e tāqe.  

 

Photo  2-27.  Distribution of qanat water to the fields 

 

This term nowadays refers to water distributor, a person who is well acquainted with 

shareholders and their shares and controls the distribution procedure; he also needs to be 

literate, know arithmetic and even know the canals and aqueducts of the farms and gardens 

but is not necessarily a shareholder anymore.  

The person in charge of water distribution may be elected from the shareholders or from non-

member nominees. The selection procedure is as follows: 

All the shareholders convene in a particular place (often Masjed-e Jāmé of Gonābād city) and 

agree to invite one or two people for this job. If the nominee accepts the offer, he will be 

officially introduced to all shareholders as the person in charge of water distribution. The 

people elected are all in charge of distributing the 24 shares together.  
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At this stage, each shareholder selects his water distributor and hand over his shares to him. 

The selected distributors note down the names of the shareholders associated with them and 

formally undertake the job.  

A distributor who has the highest number of shares under his control enjoys a higher social 

rank and is addressed as mother well in local jargon. Sometimes other distributors collect the 

shares under their control from mother well.  

After this stage, it is time to determine the order of water distribution to clarify the 

configuration of tasks regarding time, in which specifies the priority of distributors to start 

their job. To do so, casting lots is used which is locally referred as bije. This procedure 

performs at the beginning of every fall which is the starting point of agricultural year. For this 

purpose, the names of distributors are written on separate scraps of papers and a child picks 

them randomly one by one. The first person selected starts his work at sunset and respectively 

the others.  

The second distributor starts his work as the work of the first comes to an end and as his last 

shareholder receives his water share, the third distributor starts his work. This process 

reverses in the second cycle. That is the last person who received water share becomes the 

first one, this change of cycles lasts for a whole year up to the beginning of the next fall. This 

way, every shareholder experience both daily and nightly irrigations and the tough nightly 

irrigations do not impose to a specific group of shareholders, thus a fair systematic 

distribution performs for all.  

The most important duty of the water distributors is to establish exact irrigation durations for 

each shareholder based on the local and registered documents which are previously approved 

by local clergyman and public shareholder’s community. The shareholders, thus, follow the 

same duration specified for them. In the past, when there were no clocks, the distributor used 

water clocks to measure time. He used to assign a person to check the water clock and 

manage the water flow during specified time units (locally called kayyāl). Kayyāl used to assist 

the water distributor. To keep track of time units, this person used to add a tiny stone to the 

previously counted stones for every time the water clock submerges in water.  

Another duty of the water distributors is to keep track of shares in a way to minimize water 

loss during water transfer by starting the irrigation from the upper and more elevated farm 

towards lower farms and then from the down farm on the left to the upper on the right so that 

it would pass the course of the canal only one time which will divide among all shareholders. 

Moreover, the water distributor needs to know the capacity of the canals, and the amount of 

water flow in their course a task which is dependent on his familiarity with soil materials, 

canal walls, its width and length.  

This person also keeps a ledger in which he has written each shareholder’s name and amount 

of his share, in case a person wishes to sell, rent or endow his share or new owners are added 

due to the death of a former shareholder, he needs to be informed and does the necessary 

updates in the ledger.  
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2.a.9.1.15.  Qanat discharge 

According to the available statistics, the discharge of the qanat has been 105.9 lit/sec in July-

August 1995 and it had dropped to 99.5 lit/sec in July- August 1998. In September 1998, it 

has increased to 135 lit/sec. The qanat discharge was reported to be 150 lit/sec in 2011. The 

water of Gonābād Qanat was and is still used to irrigate lands and farms of Qasabeh and 

Noghāb that are situated in the east of Gonābād.  

  

Photo  2-28.  Discharge  

 

People from Qasabeh use the water of this qanat for agricultural purposes, and the system is 

peasant owned, its irrigational cycle is 24 days. An area of 685 hectares is irrigated by this 

qanat and 2000 shareholders are entitled to it. The quality of its water improves from north to 

south. The water of Gonābād Qanat contains the following minerals: 

 

HCOa 

meq/lit 

COs 

meq/lit 

CI 

meq/lit 

Ca. Ma 

meq/lit 

Na 

meq/lit 
SAR 

TDS 

mg/lit 

EC 

ds/m 
PH 

6 - 14 - 17 - 1040 1.6 7.8 
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2.a.9.2. Qanat of Baladeh, Ferdows, Khorāsān-e Jonubi  

2.a.9.2.1. Location 

The city of Ferdows is situated in the northwest of Khorāsān-e Jonubi province. It is 

surrounded in the north and northeast by the cities of Bardaskan and Gonābād, in the east and 

SE by the city of Sareyan, and in the south and west by the cities of Boshroye and Tabas.  

Qanat of Baladeh can be regarded as the most important qanat of the region which originates 

from the northern mountains of Ferdows. It has been the main supplier of agricultural and 

even potable water of the region since ancient times. This qanat has a discharge of 250 to 300 

liters/second in dry years, whereas its discharge increases up to 1300 liter/second during wet 

years. The average is however, 800 liters/second.  

This qanat irrigates more than 2081 hectares of farms and gardens, of which 554 ha appertain 

to farms and 1527 ha to gardens. This qanat is the main supplier of water for the Bāghestān-e 

Bālā, Bāghestān-e Pāeen and Eslāmiye villages and also parts of Ferdows city. 

 

Photo  2-29. Location of Qanat of Baladeh and its course   

 

2.a.9.2.2. Catchment 

The catchment of Qanat of Baladeh area is about 123 km
2
 and is located NW of Khorāsān-e 

Jonubi province, with geographical coordinates of 58˚ 19′ to 58˚ 31′ North and 34˚ 5′ to 34˚ 

15′ East (some 215 km NW of Birjand). Considering the geographical situation of Qanat of 

Baladeh, its catchment is the same as Qanat of Baladeh’s catchment, and the only difference 

is the direction of water flow and its course. 
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Alike Qasabeh Qanat, the main water resource of this qanat is also Siyah Kuh mountains, the 

catchment is situated on the western foothill of these mountains. The mountain stretches in a 

NW-SE direction lies in the northern extremes of Khorāsān-e Jonubi province and is regarded 

as the natural borderline between Razavi and Khorāsān-e Jonubi provinces; the highest 

altitude of which is 2815 m above sea level. 

The area has a semi-arid climate; the average precipitation has been reported as 216 mm for a 

30 year period and the average temperature is 17.1˚ c while the maximum and minimum 

temperature ranges from 40.6 to -7.6 c respectively.  

 

Photo  2-30. Semi- arid landscape of Baladeh; photo by: S.H. Rashedi, 2014  

  

According to the statistics in 2009, there are 204 wells, 31 springs and 351 qanats within 

Ferdows study zone which have an annual discharge of total 82.2 million m
3
, 59.6, 8.6 and 

14.6 million m
3
 respectively. Twenty branches of qanats in this area have a water discharge 

ranging from 0.1 to maximum 12 liters/second and a total annual sum of 1.17 million m
3
. 15 

other branches which are mostly of the central parts of aquifer with a total discharge of 147 

liter/second have joined and formed Baladeh stream.  

Regarding the same statistics considering Baladeh catchment, there are 18 springs within this 

zone with a 3.1 liter/second discharge, the annual discharge of which amount to the total sum 

of 0.1 million m
3
. 

  

2.a.9.2.3. Qanat of Baladeh  

The qanat of the Ferdows (Toon) is considered one of the most important water resources in 

Khorāsān-e Jonubi province. Numerous references have been made to this city and its qanats 

in historical documents which is an indication of their antiquity. 
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Qanat of Baladeh is a cultural, technological, historic phenomenon which is located in a 

semi-arid and arid region. Intelligent creativity along with local and traditional knowledge 

has made this qanat capable of supplying the maximum amount of water without causing any 

damage to soil and water resources of the region.  

Two streams carry the water of this qanat downward. These are hand-made earthen canals 

and have been in-use from ancient times. To prevent the waste of water along the streams, 

they used to muddy the sand-bedding parts.  

 

Photo  2-31. Baladeh canals and the landscape of the surrounded area in winter; photo by: S.H. Rashedi, 2014   

 

This qanat enjoys respective advantages in terms of water management and sustainable 

maintenance for socio-cultural functions. With a logical and scientific vision over the scarce 

water resources of the region, the qanats which were located 16 km far from the farms have 

directed downwards, so that not only the efficiency of irrigation methods have been enhanced 

but also the economic value of water has been increased only by creating two relatively rich 

water canals. The mechanism of water transfer from several kilometers far by means of tire 

gari (muddying) not only increases water impermeability but also increases the speed of water 

flow, this mechanism is of other innovation deployed for a better water management in the  

past. The systematic and precise water distribution and management from past up to present 

time has added its sustainable efficiency as well. Beside the technical advantages in the 

traditional qanat management system, presence of a vast number of lands endowed to variety 

of functions such as public service over time has turned this qanat to a socio-cultural 

phenomenon in Ferdows, Eslāmiye and Bāghestān regions. 

The water of this qanat is divided to 7200 fenjān (shares), a total 60 percent of which (about 

4400 shares) is endowed. The branches of Qanat of Baladeh join at Bāghestān village, and 

create a single stream. This village is located 15 km to the east of Ferdows and is 1300 m 
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above sea level. It is also located at the crossroad of Ferdows - Bajestān and Ferdows - 

Gonābād which is the only transit road to Mashhad. The unique geographical location of this 

village on one hand and the north-south passage of Qanat of Baladeh through it on the other 

hand, have given a spectacular natural scenery to this village and has made it as an important 

recreational tourist destinations in Ferdows and Khorāsān-e Jonubi province.  

 

Photo  2-32.  View of Bāghestān-e Bālā; source: ICQHS  

 

2.a.9.2.4. Main Branches and Shafts  

Qanat of Baladeh consists of 15 branches, and carries a total length of 19 km. This qanat is 

made of 440 well shafts. The main 15 branches are: Shogāl, Ghandab (Cheshme mahi), Navi, 

Shesh tu, Kāriz -e no, Hamvari (Haji Abdollah), Kāriz -e Divāne, Kāriz Golabi (Golavi), Majra, 

Kāriz-e Garm, Bure, Gavbili, Asbi, Zane and Sharifi. Eleven of which are considered as main 

branches and the rest are sub-branches. The water discharge of these qanats varies from 0.5 to 

45 liters/second.  

 

2.a.9.2.5. Mother well 

The mother wells are located on the western foothills of Siyah Kuh mountain, 32-33 km to 

the NE of Bāghestān-e Bālā. The distance between the farthest mazhar (Shesh tu) and āb 

bakhsh, which is located in the northern side of Bāghestān-e Bālā, is almost 30 km. In 

addition to the mother wells, well shafts and gallery in the 15 branches of this qanat, there are 

some supplementary structures constructed during the digging and maintenance works of 

these qanat, such as mard khāneh and zine which have similar configuration as the structures 

concerning Qasabeh Qanat. These elements are regarded an inseparable parts of this qanat.  
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2.a.9.2.6. Āb bakhshān (Water Distribution System

On the way Qanat of Baladeh there are some sections built on the course of the stream to 

precisely divide the water (maghsam

located on the NE side of Bāghest

into two equal parts.  

Photo  2-34
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Photo  2-33. Mother well; source: ICQHS  

   

Water Distribution System) 

there are some sections built on the course of the stream to 

maghsam). One of the most important called sar takht

ghestān village which divides the entire water supply of Baladeh 

 

34. Āb bakhshān-e sar takht; source: ICQHS 

Description 

 

  

there are some sections built on the course of the stream to 

sar takht and is 

illage which divides the entire water supply of Baladeh 
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2.a.9.2.7. Āb anbār 

The existing historic āb anbār of Ferdows city are of the other structures related to Baladeh 

water system, these water structures have been constructed for the purpose of storing 

haghābe of Baladeh stream, some of which have been restored in recent years. Seyedi 

(reconstructed), Ghalleh, Kushk Bazar, Ostad Abdollah (reconstructed), Sardasht, Talar etc. are 

of these existing water storages.  

What left from Haji-e Bibi āb anbār is a just slate which dates back to 10.05.1882. These 

water storages used to fill with the 450 fenjān of Hayyaz city water share and were 

constructed during the reign of Safi Shah, of Safavid Dynasty in 1663.   

 

2.a.9.2.8. Āsiyāb 

Up to 80 years ago, there used to be 12 watermills on the course of this qanat, but presently 

the only operational watermill in this area is Haji Khan Mill. The watermills of Baladeh from 

the upper to lower areas are respectively as follows: Khoshkān-e Bālā, Khoshkān-e Pāeen, 

Haji Khan, Sarkar, Mirza, Mollā, Borjdar, Haji, Darughe, Mollā Hussein, Seydak and Ghazi 

respectively.  

    

Photo  2-35. Watermill; source: ICQHS  

 

2.a.9.2.9. Water distribution management system   

The management and ownership of water follows a very clear system in which the shares for 

different ownerships such as waqf and private ownership as well as the share for each city 

and town are Cleary specified in two distinct periods namely zeyn and volgār. Previously 

moalef was in charge of the management Qanat of Baladeh and for a long period of time 
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which is almost 1000 years; qanat was managed with the same traditional method and 

currently is managing on an arranged integrated bases. To determine the water share of and 

Bāghestān-e Bālā, Bāghestān-e Pāeen, Eslāmiye and Ferdows cities, a casting lot system has 

applied. Water share system of Baladeh is like that of Qasabeh Qanat and its division system 

is based on a mechanism known as fenjān. In this system, the time required for filling of 

fenjān is measured and then used as a base for water distribution. Presently, it takes about 

three minutes, each 24 hours consists of 450 fenjān and each tāqe consisted of 225 fenjān. 

Qanat of Baladeh supplies 7200 cups which is distributed by two streams for an 8 days cycle, 

for each 24 hours water share is equal to 480 cups.  

 

Photo  2-36. A sample of fenjān used in Qanat of Baladeh; source: ICQHS 

 

The irrigation configuration Qanat of Baladeh is based on a two season division, shatā 

(winter- zeyn) and seyfi (spring- volgār). As was mentioned above, zeyn begins from the 25
th

 of 

September and continues up to the beginning of June while the water circle lasts for 8 days. 

Water distribution is based on each shareholder’s share which is determined during a special 

ceremony by moalef each year. 
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Photo  2-37. Water distribution in gardens; source: ICQHS 

 

Volgār starts from the early June and lasts for 96 days. Because of the extreme heat and 

urgent need for the irrigation of gardens, the entire water Qanat of Baladeh is being used for 

this purpose and the distribution cycle transforms to a 14 days cycle. The reason behind this 

change of cycle can be attributed to higher demands for water in summer time and the 

agreement of shareholders since 1966. During volgār period the water is just allocated to the 

irrigation of gardens. A team of respected local elders determined the water share for each 

garden in 1968, therefore water shares belong to the garden and not to its owner. In other 

words, if the shareholders of Qanat of Baladeh have had no garden, they could not receive 

any share during volgār period.  

 

Photo  2-38. Water distribution; source: ICQHS 
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In case a garden undergoes functional change, its water share will transfer to Baladeh Water 

Company, which distributes it based on the rules to the other shareholders by charging a fee. 

There are 1800 gardens in Bāghestān-e Bālā, Bāghestān-e Pāeen, and Eslāmiye which 

benefits from Baladeh water on the basis of 14 day water cycle (an average of 8 irrigations for 

each garden). 

 

2.a.9.2.10.  Mirāb water distribution system of Qanat of Baladeh  

To prevent issues in the water distribution system of Baladeh, there is a water distribution 

system which is mostly like that of Qasabeh and only differs in minor aspects. The old and 

traditional water distribution system consists of the following parts:  

 Moalef: A person who is selected from the prominent individuals and is regarded as the 

manager Qanat of Baladeh Mirābi Organization. He is selected by the shareholders and 

farmers and is in charge of raising funds, paying wages of the organization’s staff, 

maintenance works like lāyroobi and controlling financial jobs.    

Accountant: Baladeh Water Organization holds an accountant which is nominated by the 

moalef and approved by the shareholders. The accountant has a very difficult task because 

monitoring and keeping an exact record of 7200 water shares and their exact allocation to 

each shareholder is a complex and time-consuming process.   

Kayyāl: This person is in charge of water distribution during volgār period. There are four 

kayyāls at Qanat of Baladeh, each stream is controlled by two. These individuals are part-

time workers mostly from June up to the end of volgār period (25
th
 of September) and then 

they are replaced by sālārs. 

Juybān: Three persons are in charge of maintaining and repairing water canals that are known 

as juybān. Moalef of Baladeh hires kayyāls and juybāns for the entire days of volgār period.  

Tire gar: Due to long distance between water resources and its mazhar-e qanat (about 30 km), 

and in order to decrease water permeability and evaporation, water flow is muddied on 

purpose. Tire gar refers to a person whose job is to muddy the water and who is locally 

known as gelok gar. This action is performed at a location some 10 km north to Bāghestān 

which is called kolokhi. Three persons serve as tire gar for Qanat of Baladeh. This is a cheap, 

traditional and unique method which has a long history in the region. 
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Photo  2-39. Muddy procedure in Qanat of Baladeh; source: ICQHS 

 

Sālār: Refers to a person whose job is water distribution during zeyn. Three sālārs are hired 

for this purpose, one of them is superior and control the other two called barsālār. They are 

in charge of transporting water to farms. Moalef enjoys the highest rank and has the highest 

managerial position. He runs controls all the jobs related to maintenance, cleaning, financing 

and staffs.  
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2.a.9.3.  Qanat of Zārch, Yazd 

2.a.9.3.1.  Location 

Zārch is a 22 km
2
 town located 12 km NW of Yazd in the proximity of Yazd-Meybod 

highway. Its geographical coordinates are 31˚ 56′ North and 54˚ 20′ East. The town is 

surrounded by Rastagh on the north, Abrand on the south, Mahmud Ābād on the east and 

Askdaz on the NW. The average altitude from sea level is about 1185 m.  

Zārch is located in an arid area with low precipitation, high temperature and high 

evaporation. Vegetation coverage is poor and there is no permanent river or superficial 

runoffs. Zārch has developed along the course Qanat of Zārch in an east-west direction, 

however, this extension has not been completely linear and in some parts, it has had a north-

south extension within four main districts.  

Zārch is a part of Yazd-Ardakān great plain and its agricultural soil is a transformed type 

from Paleozoic period. The soils type is of sedimentary type which has been laid upon each 

other in alluvial beds during millenniums. Underground waters are the only water resources 

which used to provide by qanats. Recently wells are also assisting this purpose. The 

underground waters of this region are salty because of being adjacent to Salt Desert, but as 

we move south, water salinity decreases.  

 

Map  2-6. Location of Qanat of Zārch and its course   
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2.a.9.3.2. Catchment 

Qanat of Zārch and its catchment are located within Siyah Kuh catchment, which is one of 

the largest and most significant aquifers of Central Plateau of Iran and it is regarded as one of 

the biggest main sub-aquifers of Yazd-Ardakān great plain. This sub- catchment covers an 

area equal to 11573 km
2
 and holds the biggest water storage of Yazd province. It is 

surrounded by Siyah Kuh desert and Qallé Oghda in the north, Kharānegh mountains in the 

east, Kafe Bohadoran in SE and Shir Kuh mountains in west and SW. The average altitude of 

Ardakān-Yazd plain from sea level is 1566 m and its average annual rainfall amounts to 

116.7 mm. The supply of this plain is provided by the upper areas of Siyah Kuh desert. The 

plain benefits from no permanent rivers, but several seasonal runoffs originating from the 

northern foothills of Siyah Kuh enter it.  

This plain is made of two vast alluvial flats named Taft and Mehriz. Taft alluvial flat consists 

of two parts, new and old. The older alluvial deposits of Taft are formed along the Taft valley 

towards Mohammad Ābād, whereas the newer alluvial extends from Taft towards Khalil 

Ābād and ultimately charkhāb.  

 

Figure  2-14. Schematic plan of Qanat of Zārch with its branches 

 

Due to the elevated bed rocks, Mehriz alluvial flat has a low thickness, and it contains a lot of 

sandstone deposits. These deposits have been transferred from numerous valleys of Shir Kuh 

and have been extended up to Yazd.  
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Chatchment of Ardakān-Yazd plain with a NW-SE direction has been located between the 

heights of Shir Kuh and Kharaegh. The main aquifer which stretches from SE of Fahraj 

village up to Askdoz town is about 55 km long while its width varies from 8 to 15 km. It 

extends at Askdoz towards NW, the cities of Meybod and Ardakān and finally to the borders 

of Siyah Kuh desert where the aquifer gradually loses its water quality and transmissibility 

coefficient of water table.  

Yazd-Ardakān plain has a mild gradient from south towards north while underground water 

flows in a SW to NW direction. Water table level in some parts of southern areas is at 100 m 

depth whereas in the northern parts, the depth decreases to less than 10 m.  

The successful water exploitation from qanats has led to the development of a large qanat 

network in this region which supply the required water for drinking and irrigation purposes.  

 

Map  2-7. Geographical location; source: ICQHS 

 

2.a.9.3.3. Qanat of Zārch  

There are several important qanats at Zārch region, the most important of which is Zārch. It is 

extended on a vast area of Yazd from Fahraj to the town of Zārch. This qanat has three main 

branches namely Shirin, Shur and Ebrāhim Khavidaki. The total length of this qanat 

(considering operational and non-operational branches) is about 80 km. The depth of its mother 

well is about 85 m and has a discharge of about 25 liter/second.  

In ancient times, its water was used for drinking, sanitation and irrigation purposes, but 

nowadays it is only used for irrigating of few farms in Zārch. This qanat used to irrigate about 

300 ha of farms and gardens of Zārch in the past.  
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2.a.9.3.4. Main Branches, well shafts and galleries  

It has three branches named: Shur, Shirin and Ebrāhim Khavidaki, the first of which is 

operational now. It worth mentioning that, the water production section of Shur branch is 

about 4 km long. 

 

Photo  2-40. General view of Qanat of Zārch ; source: ICQHS 

 

As the sub- branches join the main branch Qanat of Zārch, it passes through Yazd and finally 

ends up in Zārch. The supplying resources of aquifers are located in the upper parts of Fahraj 

and Khavidak which are mostly situated in the vicinity of Mehriz. It has a gradient of about 

0.5 percent. The distance between well shafts in the newer pishkār is 170 m whereas the 

distance between them in the old pishkār is 80 m and decreases to 50 m in khoshkān. The 

well shafts have a diameter about 75-80 cm, the height of the gallery is 1.8 m and its width is 

60 cm. In addition to circular well shafts, there are some square-shaped shafts of 60×100 cm 

size. It is claimed that digging these wells dates back to pre-Islamic Era.  

 

2.a.9.3.5. Mother well  

The mother well of Shur branch is located at 3 km distance from Fahraj village in SE of Yazd 

with the depth of 90 m. The mother well of Shirin branch is 50 m deep, the mother well of 

Ahmad Ābād-e Moshir is 55-60 m deep and the mother well of Ebrāhim Khavidaki which is 

located in the vicinity of Khavidak village has a depth of 50 m.  
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The catchments of Shir Kuh heights such as Tang Chenār, Abbas Ābād dyke in Mehriz, Ganj 

Kuh, Rubazi, Menshad and Fakhr Ābād are among the most significant catchment of this 

region. The area enjoys significant annual precipitation which develops seasonal rivers during 

wet years. 

 

Photo  2-41. Mother well; source: ICQHS 

 

The construction of dykes such as Abbas Ābād, Menshad and Fakhr Ābād in Ebrāhim Ābād 

plain is an indication of its great water potential. As the result, most of the mother wells of 

significant qanats in Yazd-Ardakān Plain are located in this area and the underground waters 

are transported via qanats to the center of Yazd-Ardakān plain as well as the city of Yazd. 

The mazhar-e qanat emerges at Zārch town.  

 

2.a.9.3.6. Qanat dependant structure 

There are numerous water structures and relevant facilities constructed along the course of 

this qanat, most of which are still intact, some have been restored and few need repair. Some 

of these facilities are described below:  

 

2.a.9.3.7. Chāh Khāneh  

In the past, a specific well was dug in the houses of affluent residents or in the proximity of 

public hammams situated near the course of a qanat. The diameter of these wells was larger 

than normal well shafts (about 1-3 m). They were often built in a roofed space and consisted of 

a well shaft, a small storage tank, windlass and dalve (bucket). There were varieties of chāh 

khāneh: big and small hammams and chāh khāneh for residential places that were built over 
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the qanat tunnel (gallery) and their openings were on the second floor of houses close to the 

roof.  

   

Photo  2-42. Chāh khāneh of Water Museum in Yazd (Chehel gaz well and windlass on its opening) (left) 

Water storage tank of a Chāh khāneh filled with Qanat of Zārch waters (right) ; source: ICQHS 

 

2.a.9.3.8. Pāyāb  

Pāyāb in local dialect refers to a sloped corridor-like passageway which is dug underground 

to connect qanat tunnel to the earth surface. These corridors provide access to qanat water. 

Some of these structures constructed for Zārch are: Masjed-e Jāmé, Shah Kamal al-Din, Abul 

Ghāsem, and Suleymān.  

 

Photo  2-43. Pāyāb; source: ICQHS
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2.a.9.3.9. Golkar Pāyāb 

It is the first pāyāb which is located on the course of qanat from its mother well. Because of 

its long depth and lack of any materials in its construction, this pāyāb has become a tourist 

attraction nowadays. 

  

Photo  2-44. Golkar pāyāb; source: ICQHS  

 

2.a.9.3.10.  Masjed-e Jāmé pāyāb  

The opening of this pāyāb is near the northern entrance of Masjed-e Jāmé close to one of the 

mosque’s platform. This pāyāb was constructed prior to the mosque and has had a restoration 

project after the construction of mosque. It is built on a symmetric octagonal plan.  

 

Photo  2-45. Masjed-e Jāmé pāyāb; source: ICQHS
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2.a.9.3.11.  Āsiyāb 

There are several āsiyāb along the course Qanat of Zārch, one of which is āsiyāb-e Vazir. It 

is located in a large square called āsiyāb-e Lord. The entrance of the mill is at the side of this 

square. From the entrance to the mill, there are different sections devoted for unloading, 

stable, Tarpaz etc. 

 

Photo  2-46. Āsiyāb; source: ICQHS 

 

There used to be a castle at this site around 700 years ago which is claimed to be of Āl-e 

Mozaffar Dynasty. The castle had had four gates called Mehriz, Qallé Kohne (Fahādān), Shahi 

and Kushk-e no. The residents of this castle had to travel a large distance to grind their grains 

which was a difficult and dangerous task.  

Therefore, the authorities of that time summoned qanat experts from all around to build a mill 

at the castle site. After consultation and finding the appropriate gradient at the site, the qanat 

designers proposed construction of a new tunnel lower than the existing gallery some 6-7 m 

below the tunnel and by creating a suitable gradient, they managed to direct the water 

towards the mill.  

 

2.a.9.3.12.  Āb Anbār 

The city of Yazd did not have piped water network until 1961, so that people had to provide 

their potable water from āb anbār. Most of these water storage structures were being filled by 

qanat waters. The āb anbārs built on the course Qanat of Zārch were of two types: the waster 

water of the first group is returning to Qanat of Zārch gallery (most qanats of Yazd were of this 

type). Some of which are: Hassan Baghaypur, Shabāz (Shahed baz), Darvāze Mehriz, Masjed-e 

Jāmé, Shah Abulghāsem, Sayyid Golesorkh and Janat Ābād. The second type of water 

storages are those directly supplied by Qanat of Zārch t, which started at Mazhar-e qanat and 
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extended up to Sarcheshme and Tudeh districts. Nosrat Ābād (Howz-e banu), Mohale olyā, 

Shir and Khalghollah are some of these āb anbārs.  

 

Photo  2-47. Āb anbār 

 

2.a.9.3.13.  Water distribution management  

The Qanat of Zārch has a perfect system of water sharing measurement and ownership. The 

irrigation cycle of this qanat is once every 15 days, in other words, each farmer can use his 

water every 15 days. These cycles amount to 24 rounds per year. Each round is 140joréand 

each joré is broken down to 6 Dongs or shares. Therefore, the 15 day's cycle of water consists 

of 12,600 shares or 2,100 joré.  

 

Photo  2-48. Agricultural dependent area; photo by: S.H. Rashedi, 2014 
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To measure irrigation time at Qanat of Zārch, the old method of tub and bowl (water clock) 

has been used. The bowl takes about 10 minutes and 17 seconds to sink in the tub, this time 

interval is called a joré. There are some lines inside the tub which show smaller units 

dividing the entire space into 6 sections each of which is equal to one share. Each joré was 

equal to six shares.  

The Qanat of Zārch is managed by the qanat council, benefiting from a custodian to deal with 

its affairs. In addition, some other people, including the supervisor, manager
 
and water 

distributor with defined duties are involved in the matter. Furthermore, a representative was 

traditionally appointed to investigate issues. The qanat is owned by the farmers. Research on 

records kept in the register office of Zārch identified 1037 stakeholders, holding 11,656 

shares out of 12,600 the ownership of the other 944 shares remains uncertain, probably 

because of unregistered shareholders. 

It is worth mentioning that the main stakeholders and farmers of the qanat include some 

wealthy citizens of Yazd, as well as some residents of Sarcheshme and Tudeh in Zārch, who 

rent out their water shares to farmers. Sometimes the irrigated lands exceed the water shares 

and farmers are forced to rent more water under the supervision of qanat manager- even 

though his main duty is to handle the water distribution related affairs, he is quite 

knowledgeable about the shareholders, farmers and water rights. 

 

Photo  2-49. Water clock used in Qanat of Zārch; source: ICQHS  
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2.a.9.4. Hassan Ābād-e Moshir Qanat, Yazd  

2.a.9.4.1. Location 

The city of Mehriz with an area about 6717 km
2
 is situated in the SW part of Yazd province. 

This city which enjoys a long history consists of a central district and five rural districts. The 

central district is made of numerous neighborhoods and villages, one of which is Dehno  

village. Hassan Ābād-e Moshir Qanat is situated in this area and is considered one of the 

oldest and lush qanats of the region, the water right of which belongs to the people of Yazd 

and Mehriz. This qanat originates from the vicinity of Gharbalbiz mountains and after 

passing through Mehriz city extends up to the Dehno village and the villages of Maryam 

Ābād and Hassan Ābād.  

 

Photo  2-50. Location of Hassan Ābād-e Moshir Qanat and its course   

 

2.a.9.4.2. Catchment  

Hassan Ābād-e Moshir originates from Ebrāhim Ābād valley near Mehriz town and travels 

45 km to Yazd. According to a measurement made in 2011, its discharge amounts to 187 

liters/second. The water of this qanat is collected at three spots; the town of Mehriz, the 

village of Dehno and the city of Yazd (district of Hassan- Dehno Ābād). Water distribution 

cycle varies in these places as it is 6 days in Mehriz, 8 days in Dehno and 15 days in Yazd, 

Hassan Ābād. This water is divided into 6240 shares in Dehno and 15700 shares in Hassan 

Ābād. 
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The catchment of the qanat is alluvial and is supplied by Karsti limestone formations of Taft. 

The path of qanat from the mother well is partially alluviums of cu, Qsd, Qs, Qc, Qal, Qt3, 

Qt2 and Qt1.While the rest from the mazhar to the Sādāti division spot in Mehriz crosses 

from various gardens and āsiyāb. Therefore, the owners of these gardens own no share of 

qanat water, nevertheless; they have planted trees along the water canals.  

 

Photo  2-51. Qanat Geographical setting and its catchment area ; source: ICQHS 

 

The aquifer of qanat is located at the heights of Shir Kuh mountain and Gharbalbiz spring and 

calcareous formations mainly supply the water tables and underground resources within this 

area. The mother wells of the main and sub- branches of this qanat are dug at Shir Kuh and 

Gharbalbiz foothills. Water discharge of qanat depends on the annual precipitations at Shir 

Kuh mountain. Floods in winter and waters from melting snow plus seasonal rains in spring 

and Gharbalbiz spring are of the resources recharging this qanat. The water discharge of this 

qanat in spring and wet years rises to 200 liters/second, but it drops to 110 liters/second in 

summer and fall.  

 

2.a.9.4.3. Hassan Ābād-e Moshir Qanat 

This qanat is considered an important one in the region such that its water irrigates 200 ha of 

farms and gardens in Dehno and Hassan Ābād. Climatic, hydrological and geological 

conditions of the region due to the absence of salinity factors in underground water as well as 

suitable sedimentary conditions consisting of discontinuous sediments and sequential alluvial 

fans stretching from the mother well up to mazhar-e qanat in addition to suitable physical 

characteristics of the layers in terms of coarse gradation, permeability, enough water 

discharge, hydrologic gradient and rather high topography are some of the factors which have 
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created a high water transfer potential making this qanat capable of providing considerable 

water discharge. On the other hand, the presence of soft and discontinuous sediments 

generates porous environments and an unconfined aquifer which play a vital role in providing 

supplies for qanat at tarān and guarantees its water supplying qualities. The extension of 

carbonated formations within the mother wells area along with hydrodynamic attributes, 

tectonic conditions and suitable morphology have increased water discharge potential of this 

qanat and created a sustainable water supply.  

 

Photo  2-52. Qanat course near the mountains; source: ICQHS 

 

2.a.9.4.4. Main branches of qanat, well shafts, mother wells and its mazhar 

The main branch of this qanat from its mazhar up to the mother well is 40 km long and 

consists of 1330 well shafts with varying depth of minimum 1/03 m to maximum 17/8 m. The 

ultimate discharge of qanat has been recorded 142 to 244 liters/second in different years and 

seasons. The mother well is located in Madvār (Mehriz). The water table of the which is at the 

depth of 20 m. There is an earthen dam to feed the plain of Mehriz through artificial recharge, 

this dam has an impact on the output of the qanat as well. 

Hassan Ābād Qanat has five main branches called Pishkār-e Asli, Pishkār-e Kuhi, Shagh 

Qanat, Kuh Sorkhi and Shāh Neshini. Presently only four of these branches contribute in 

qanat water discharge; the highest contribution belongs to Shagh branch. This branch which 

is the main branch of qanat originates from Ebrāhim Ābād plain and is supplied by the 

adjacent fault. It benefits from no drainage system but since it lies on a course of river and 

there is a well-graded alluvium river bed, therefore the construction of the gallery has 

continued. Well shafts of 50 to 100 m depth have been dug along this gallery and an artificial 

dyke has been constructed at the end of this river to recharge qanat. During rainfall, the water 

accumulated behind the earthen dyke enters the gallery and thus arise qanat’s final efficiency.  
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The main branch which is 4 km long and discharges an average of 180 liter/second is also 

known as Shāh Neshini branch. Its mother well is 20 m deep (geographical coordination:  

Y=3491616, X= 252447) and is located in Madvār while its mazhar is located in Abbas Ābād, 

Mehriz, Kuh Sorkhi branch is 1.2 km long and has an average discharge of 9 liter/second. 

It then joins the main branch at 1 km distance. Its mother well (geographical coordination:  

Y=3492360, X=252872) is in Madvār and is located in the northern side of the main mother 

well. Madvār branch which is 1.3 km long, joins the main branch at 1 km distance and is 

located in the southern side of main mother well (geographical coordination: Y=3491006, 

X=253389). Mohammad Ābād branch has a 3 km length and starts at Baghdād Ābād-e 

Mehriz, passing 10 km joins qanat gallery (geographical coordination: Y=3498320, X=255035). 

The branches of qanat after joining and forming a single branch continue up to Madvār -

Gharbāl road.  

The total number 1330 well shafts at an average interval of 40 m lie on the course of this 

qanat. The qanat enjoys a haranj with 1000 m, tarān with 1000 m and khoshkān with 49000 

m length. The first water access is a pākaneh situated along Madvār -Gharbal road called 

Abbās Ābād pākaneh. Several hundred meters downward, the first mazhar-e qanat emerges; a 

pool has been constructed near mazhar-e qanat for public use. 

 

Photo  2-53. Abbās Ābād pākaneh; source: ICQHS 

 

This qanat passes through several āsiyāb and Persian gardens on its course. The most 

significant of which are: Pahlavanpur Persian Garden, and the Āsiyāb-e Abbās Ābād, 

Dosangi, Anjirak, Mirza Nasrollah and Mullāshah.  
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Photo  2-54. A view of Tabasian garden (left); Mirza Nasrollah āsiyāb (right); source: ICQHS 

 

One fifth of water extracted of qanat set aside at water division spot, called Sādāti, and is 

devoted to the Sādāts of Mehriz. The remaining water after its passage through houses and 

gardens such as Tabasi, Akrami and several others finally enters a water canal which flows to 

Yazd. Water runs on surface throughout Mehriz city and as a result, it has created a green belt 

around Mehriz and has a great impact on the quality of its climate.  

  

Photo  2-55. Sādāi water division spot (in Mehriz); source: ICQHS 
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There is a water division spot (known as tāqār) at 2 km distance from Dehno where water is 

divided into two halves, a half of which is directed to Dehno and the other half is directed to 

Hassan Ābād-e Moshir. After some 12 km, water emerges in its mazhar at Hassan Ābād alley 

and from there it continues its course towards farms. In the past when water was stored in āb 

anbār for public use, Hassan Ābād Qanat was the main supplier of water for the water 

storages built on qanat’s course, some of these water storages in Yazd were: Hassan Ābād, 

Maryam Ābād, Yaghubi, Gonbad-e Sabz, Sarsang, Fahadān and Kushk-e no. Nowadays, 

qanats are exclusively used for agricultural purposes. Presently, qanat ends up in Hassan 

Ābād farms. 

 

Photo  2-56. Gonbad-e Sabz āb anbār; source: ICQHS  

 

As qanat continues its path out of Mehriz, passes Yazd- Kerman road and joins Dolat Ābād 

qanat. Finally mazhar-e qanat approaches Dehno where it is divided into two equal halves; a 

half is separated from mazhar and is then redirected towards Hassan Ābād. Agricultural 

office of Yazd is in charge of qanat management, the qanat shareholders themselves choose 

their representative in the organization.  

 

2.a.9.4.5. Water distribution management  

Water distribution of Hassan Ābād also follows the managerial pattern used in Zārch and 

other qanats of Yazd which is based on time and traditional method of water clock. In Hassan 

Ābād Qanat, a sabu, as a measurement unit is equal to 11 minutes. The person in charge of 

water distribution (locally known as sartāq) used to sit on a place known as āb band and use a 

tasht va tās to measure the water share of each shareholder. At the start of each turn, sartāq 

would throw a handful of straw in the flow, the shareholder has to follow the straw to his 

garden/farm and direct the water to his farm’s water canals. Sartāq would wait until the end 
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of his water share time and redo the procedure for the next shareholder. Imagine a 

shareholder has 5 shares, thus the water flows in his farm until the bowl submerges five 

times.  

Water distribution among farm owners and farmers in the villages of Dehno, Maryam Ābād 

and Hassan Ābād (in Yazd) is controlled by sartāqs. These individuals play a significant role 

in water distribution because of the large number of shareholders. Nowadays, with 

improvement of technology and modern timing devices, and knowing shares of each 

shareholder, sartāqs can control the process much easier.  

 

Photo  2-57. Distribution of qanat waters; source: ICQHS 

 

Previously water cycle was 8 days in Mehriz and 15 days in Hassan Ābād, but now it has 

changed to 7.5 days. The total water share of Hassan Ābād is 1950 joré which lasts about 5.5 

minutes. Water distribution is controlled by a single sartāq for 24 hours, and then he hands 

over his work to the next sartāq. Qanat is a public property and one fifth of it belongs to 

Sādāt of Mehriz. This water share is separated in special containers and delivered to them. 

The remaining water is divided among 200 shareholders and 400 users. In the past, 8joréof 

this water was directed to Maryam Ābād āb anbār. 
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2.a.9.5. Ebrāhim Ābād Qanat, Arāk, Markazi  

2.a.9.5.1. Location 

This qanat lies 35 km, NE of Arāk city in a village called Ebrāhim Ābād. Arāk is the capital 

city of Markazi province and according to the 2011 census, it has a population of about 

526.182. Arāk has a cold and semi-arid climate similar to the climate of Iran’s central plateau 

(cold winters and dry-hot summers). This city is situated among the foothills of Zagros mountain 

range and its adjacent mountains, Meyghān swamp and Farahān plain have affected its 

climate giving it special features. The average of annual precipitation is about 300 mm.  

Ebrāhim Ābād town is of environs of central district of Arāk, and it is located some 13 km on 

the eastern side of Moghān desert. Thus being situated on the borders of desert, and despite 

its semi-arid climate, Ebrāhim Ābād Qanat has a function identical to qanats of the Iran’s 

central desert. It lies between the mountainous zone of Haftad Qallé and Moghān desert. 

 

Photo  2-58. Location of Ebrāhim Ābād Qanat and its course   

 

2.a.9.5.2. Catchment  

The catchment of this qanat is situated 34° 05′ 39″ to 34° 18′ 06″ East and 50° 01′ 31″ to 50° 

18′ 43″ North covering a zone in which the rainfall matches qanat’s water direction. Long-

term precipitation fluctuations affect qanat’s water discharge. 

The catchment of Ebrāhim Ābād Qanat has an area of 253.08 km
2
. Ebrāhim Ābād farms are 

situated in the southern parts of qanat. A part of Ebrāhim Ābād plain, Ghash sooz hill and 

Godār mill mountain can be seen in the northern border. The eastern border of catchment 

leads to Hezārdare hill and Takhte Ghāder, Takht Rafi, Tadarok, Gholdouz and Kāsab 

mountains. The southern border of catchment is surrounded by mountains of Novaranje, 

Haftad Qallé, Ghodar Bourandar, Sharif, Khal sefid and parts of Ebrāhim Ābād plain.  
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Photo  2-59. Ebrāhim Ābād catchment landscape; source: ICQHS   

 

2.a.9.5.3. Ebrāhim Ābād Qanat  

The salty lands of Mighān and the nearby desert are not suitable for dry farming, so the 

settlers of this region in Meshk Ābād and Ebrāhim Ābād plain had to find a way to transfer 

fresh water from upper lands by means of qanats. There are at least 15 operational and non-

operational qanats in this region. Qanats in Ebrāhim Ābād is not a mere water supply but also 

a means of survival for its people and their agricultural activities. 

Ebrāhim Ābād and similar qanats of this region have had a significant historic role in the 

formation and establishment of human settlements in the area. The presence of permanent 

water supply has changed the local economy based on nomadic life to sedentary settlement, a 

change of lifestyle which brought about the development and growth of the communities 

because Ebrāhim Ābād Qanat has a role as a permanent water resource in Moshk Ābād 

region and thus as an effective factor for improving dynamic socio- economic community of 

Ebrāhim Ābād.  

The existing qanats of this region such as Cheshme Khorzān, Khalil Ābād, Ahmad Ābād, 

Shur Ābād and Ali Ābād have given a new life to the farms and created solidarity among the 

residents. There is no doubt that without the presence of these qanats (especially Ebrāhim Ābād 

as the largest and most important one), there would have been no trace of human settlement here. 

Farhān and its surroundings, including Moshk Ābād, have benefited the most from this qanat 

in the absence of any other permanent water resource. The entire region which lies within the 

catchment of Mighān swamp, apart from some seasonal rivers, does not have any permanent 

river and is totally dependent on qanats.  

Like other qanats constructed throughout Iran, Ebrāhim Ābād Qanat has played a vital role in 

the economic survival of this region. This qanat along with some others (like Ahmad Ābād, 

Khalil Ābād, Akbar Ābād, Ali Ābād and Khorzān spring) have actively supplied the water 

required by the communities since ancient times. Each of these qanats can be regarded as a 

vital element behind the socio-economic progress of these communities. Out of the above 

mentioned qanats, Ebrāhim Ābād has played the most important role. It has been considered 

the main water supplier for the irrigation needs of this town (at least from Qajar Era). 
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 The five main farms in the north and NW of it called Talkhiye, Saghālee, Ali Ābād, 

Kalballāee and Nowruz. The fact that its discharge amount is high enough to fulfill the needs 

of local farms and prevent the construction of deep wells (as had happened in Moshk Ābād) 

clearly indicates the importance of this qanat. Despite the wide usage of deep and semi-deep 

wells in the neighboring towns, the traditional irrigation system has remained the same. Local 

people rely on agriculture and cattle raising business for their livelihood. The grasslands of 

Haftad Qallé mountains and existing water resources at the region have contributed to the 

development of cattle raising activities whereas the constant water supply from its qanats has 

led to flourishing agricultural activities.  

 

Photo  2-60. Agricultural demanded area; source: ICQHS 

 

Every year due to irrigation water of qanat, corps such as wheat and barley are cultivated 

which along cattle raising on lush grasslands have guaranteed a population stability and 

cultural integrity in Ebrāhim Ābād town, thus forms a residential area based on urban settling 

and sustainable use of resources besides high respect for nature. Since the livelihood of 

communities is dependent on agriculture, the qanat as a water resource has been a significant 

factor for their survival (especially in the past). As a result, the values of Ebrāhim Ābād Qanat 

are significant not only in terms of economic considerations but also in terms of historic 

perspectives. 

Ebrāhim Ābād Qanat is the longest among the other qanats in Arāk province. This hand-made 

underground structure is considerable in terms of its long history, water discharge rate and 

anthropology. In recognition of its unique role in life and income of the region, local 

communities have developed certain ceremonies and rituals, one of which is “Ruhang 

Andakhtan”. This ceremony is performed every spring during lāyroobi procedure. This qanat 

and its digging, maintenance and management traditions constitute a part of anthropological 

heritage of Ebrāhim Ābād town. Words, phrases, idioms, quotations and proverbs closely 

related to this qanat have become a part of the communities’ social character, a tradition 

which has been inherited from earlier generations to the present.  
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Usage of local jargons and certain non-verbal behaviors associated with digging, maintenance 

and management of this qanat has helped locals to know the methods necessary for qanat’s 

survival. Names, construction methods and the founder of qanat’s various well shafts and 

other dependent structures have been incorporated into legends to help the locals remember 

them. According to a legend, this qanat has been dug by a champion called Ebrāhim with the 

assistance of his sister. The mother well of this qanat is located at a place called Qallé Qadir 

or Posht-e Qabrestān. The locals have given names to various well shafts e.g. Sad mani, 

Mollā Marām, Virāb-e Qom, Haj Esmāeil, etc. 

Sad mani well shaft is the 40
th

 shaft after the mother well. There are two tales about the name 

of this well shaft. According to the first tale, a man asked for a fee of “Sad Man’ wheat (about 

300 kg) to enter the well shaft and clean it, while according to the second tale, the 

shareholders had to pay 300 kg wheat to qanat practitioners for lāyroobi of each of the 40 

well shafts. These wells are locally known as Sar-e za. Another well shaft called Mollā 

Marām named upon a shepherd who dug a well on the course of qanat’s gallery to feed his 

cattle. Similar stories can be found for other well shafts. Virāb-e Qom refers to a well near 

old Arāk-Qom road which has been a water access for the pilgrims going to the holy city of 

Qom or returning from it.  

The names of qanat’s branches also remind local people of real or fictional tales. The end 

point of main branch which lies in the vicinity of the mother well is known as Posht-e 

Qabrestān. According to a legend, during Mongol invasion, people of this region resisted 

against invaders and were killed entirely. Due to the large number of corpses a huge 

graveyard formed in this spot. That is why it is called “behind the graveyard” in local dialect. 

A seasonal river which also passes through this spot is called by the same name. 

Rānāb branch also takes its name from a nearby mountain. Qushe is the name of another 

branch which has borrowed its name from a similar hill. This sub-branch has extended up to 

the hill. Certain features of this qanat have made it completely different from other qanats of 

the region. For example the solid underground layers which forced qanat masters constantly 

change their direction and resulted in construction of a convoluted gallery, a structure which 

requires high expertise and skill.  

Lack of Oxygen in the gallery and breathing difficulties of moqannis makes digging of jofte 

bādoo well shafts necessary to allow the circulation of air in the gallery. Unstable roof and 

walls of gallery within some intervals in shoolāti lands sometimes led to collapse of gallery 

and endanger qanat practitioners. For the stabilization of gallery, qanat masters used to use 

clay and sārooj, a technique which is locally known as  sang band. For strengthening roofs 

and walls an additional stone wall and stone vault (named Ghoch band) used to construct. 

Overall, this qanat is an end product of experiences gained by several generations. So it can 

be regarded as one of the well-developed qanats of the region. Locals used their experiences 

gained from construction of several qanats in the region and applied them in the construction 

of this qanat. In the other hand, they learn their construction mistakes and avoid the repetition 

of them in terms of leveling, access to sufficient water resources, etc.  
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As a permanent water resource, Ebrāhim Ābād Qanat has been considered as a temporary 

residence for pilgrimage caravans. Because of this historic role, a caravanserai was built close 

to the town during Safavid Dynasty. There are still traces left from remains of Virāb-e Qom 

water access and Abbāsi caravanserai where they used to stay for a while. Historical 

documents show that Ebrāhim Ābād town has been relocated several times from 5-6
th

 (SAH) 

century to Qajar Era. Since Qajar Era due to the exposure of the area to flood, the town 

moved eastwards, closer to mazhar-e qanat and farther from Emāmzādeh. In Pahlavi Era and 

recent years, town has mostly expanded eastward towards the mazhar-e qanat. Although no 

exact date can be specified for the first usage of its water, it is certain that since Qajar Era up 

to now it has played a vital role in socio-economic life of town.  

Since Qajar Era, when Ebrāhim Ābād expanded towards mazhar-e qanat, its constant water 

supply has not only satisfied the water needs of locals but also has boosted the construction of 

numerous charity buildings near its canals. Water supply has caused prosperity in agriculture 

and consequently has led to economic growth and better health and sanitary conditions 

through the construction of new hammam rooms and well storage of water in new āb anbārs. 

Dynamic economy caused by existence of water has motivated locals to preserve their 

heritage and stay in town, it has also encourages residents of nearby towns for a higher 

growth rate.   

 

Photo  2-61. Agricultural demanded area; source: ICQHS 
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2.a.9.5.4. Well shafts and qanat’s passage route  

Ebrāhim Ābād Qanat consists of one main branch and two sub-branches called “Rānāb” and 

“Qushe”. The main branch has 311 well shafts and Qushe and Rānāb have 22 and 15 well 

shafts respectively. This qanat has 8 small branches as well. It is 11 km long and presently 

irrigates 100 ha of farms and gardens. The products of which are grains (wheat and barley), 

grape, almond, etc. The grasslands are situated in the midway of qanat’s course. By passing 

the farms, it continues to Ebrāhim Ābād residential area. Qanat passes through residential 

area in its first 900 m and 3800 m of its length passes through farms 8020 m of the entire 

qanat and its sub-branches lies on the upper farms and grasslands. Parts of this qanat are 

along the path of seasonal waterways, for the protection of its water against runoff waters; the 

openings of well shafts have been blocked. the shaft wells form have a special features in this 

qanat. It is an outstanding features in its structure. the wells have been dug in a Conical form with a 

complex method.  

  

Photo  2-62. Model of structure of shaft in Ebrāhim Ābād Qanat; source: ICQHS 

 

2.a.9.5.5. Mother well and galleries  

The mother well of Ebrāhim Ābād Qanat is situated at a 10 km distance on the eastern side of 

Ebrāhim Ābād town. Its gallery extends in an east-west direction and finally ends up in town. 

The gallery with its sub branches is 11 km long. Based on the share divisions made, discharge 

of sub-basins no E2 to E9 which all end up in Ebrāhim Ābād gallery.  

Based on the land surveys done, the qanat’s gradient and the distance between the last well 

and the mother well, it is estimated that mother well is 53 m deep. Comparing plan of the 

gallery and hypsometric drawings reveals that this qanat lies at 1600-1800 m above sea level. 

It is obvious that this level decreases, as it gets closer to mazhar-e qanat’s. The gradient plan 

of the study zone shows that the main section of qanat is situated in an area with a slope rate 

of 0/0001 to 0/0003 %. 
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2.a.9.5.6. Mazhar-e Qanat  

Ebrāhim Ābād Qanat can be regarded as a plain qanat. Its water emerges in the center of 

Ebrāhim Ābād town, from where it extends eastwards to its mother well. Mazhar-e qanat is 

near a primary school in the town.  

 

Photo  2-63. Mazhar; source: ICQHS 

 

2.a.9.5.7. Water discharge  

This qanat has been dug in clay and sand alluvial, conglomerate (a mixture of sand, stone and 

cement) and rock formations. Its water discharge varies from 40-70 liter/second and its EC 

fluctuates between 1200-1300 mm. Based on the calculations, the galley’s gradient and 

underground waters, the length of tarān in main branch, Rānāb and Qushe branches are 2900, 

700 and 250 m respectively. The water flow at the main branch and two sub branches of 

Rānāb and Qushe are 39, 3 and 1.5 liter/second respectively. 

  

Photo  2-64. Qanat water in gallery; source: ICQHS 
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2.a.9.5.8. The dependent structures of the qanat 

There is no spring or important river or any other form of water resources within 

geographical boundaries of Ebrāhim Ābād Qanat. Thus the pattern of population dispersion is 

a function of water availability. The only residential place within the catchment of this region 

is Ebrāhim Ābād town where its qanat has played a key role in its prosperity. This town is the 

most important financial and residential area for this whole region. 

Presently, qanat’s water is exclusively used for irrigation purposes, while in the past its water 

used to be consumed for drinking and sanitary purposes as well. The structures developed 

around this qanat are as follows: mosques, houses, water house, hammam and āb anbār.  

 

2.a.9.5.9. Ebrāhim Ābād public hammam 

The public hammam of Ebrāhim Ābād along with several houses, three stores and a historic 

āb anbār has created a small unique context of Ebrāhim Ābād town. This hammam consists 

of two separate sections for men and women. In the construction of this hammam stone, lime 

(in the foundation), brick and gypsum have been used. Being located in the upper part of town, 

it is called Mahal-e bālā hammam (upper Quarter bath). Based on the architectural style, the 

edifice dates back to Qajar Era.  

 

Photo  2-65. View of the old hammam; source: ICQHS 

 

2.a.9.5.10. Haj Reza Qoli āb anbār 

This historic āb anbār is situated close to hammam. Its two bādgir are situated at its two sides 

playing a key role in the regulation of temperature and air circulation, thus coolness of water. 

Based on an inscription on the top of its entrance, this āb anbār dates back to 125 years ago. 
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Photo  2-66. Āb anbār; source: ICQHS 

 

 

2.a.9.5.11.  Water distribution system  

Like other places, water distribution follows a traditional system of water clock. The mirāb 

was in charge of water distribution. He is indeed responsible for just distribution of water 

among shareholders. The time required for bowl to sink (water clock) is called suje or shoayr. 

The person who announces each shareholder’s turn is called rāvi or sar tāq. Later with the 

improvement of technology, the same shares applied by the usage of clocks.  

 

Photo  2-67. Water distribution; source: ICQHS 
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2.a.9.5.12.  Traditional water distribution system  

This qanat has many minor shareholders. Since past, the residents or their representative were 

in charge of water distribution. To safeguard the qanat against possible risks, all shareholders 

voluntarily participate in lāyroobi, maintenance and preservation of qanat. Distribution 

system used in this qanat follow an old-established tradition, which is regarded as of 

outstanding feature of this qanat. Water shares vary in summer and winter and are determined 

on water needs of different crops. For example, water share for winter cultivation in autumn 

rotates every 12 days whereas water cycle for spring cultivation is repeated every 6 days and 

for the irrigation of orchards it is repeated every 3 days.  

It needs to be mentioned that the actual share of the shareholders does not change in this 

method because in autumn and winter when it is cold and there in little need for irrigation, 

share cycle is repeated every 12 days but during spring and summer when the needs for water 

increases, it is reduced to every 6 day intervals to meet the demands. For instance if a person 

share is 4 hours every 12 days in winter, his share is divided to 2 shares of 2-hours duration 

but it is given at 6 days intervals. In this way, all shareholders get an even distribution. Since 

orchards should be irrigated frequently in summer time, a shareholder can receive his water 

share in smaller quantities several times. Table 2-1 displays the water division of Ebrāhim 

Ābād Qanat.  

Components  Rotation cycle  Share  Day Tāq Shaeer Hour  

rotation cycle 

 

1 

6 12 24 96 12 × 24 

share 1 2 4 16 2 × 24 

day  1 2 8 24 

tāq   1 4 12 

shaeer    1 3 

hour      1 

Table  2-1. Water division components 

 

Shaeer is equal to 50 m × 200 m = 10000 m2 

Half a shaeer is equal to 50 m × 100 m = 5000 m2 

A quarter of shaeer is equal to 50 m × 50 m = 2500 m2  

Total farm area of the town is about 96 ha  

 

Since the residents have been the owners of qanat’s total shares, they have observed an 

extreme care for just and exact distribution of water over the years.  
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In calculations, the total farm areas are considered to be consisted of 96 shaeers. In local 

jargon, each shaeer is equal to one jou and each tāq is equal to one tasvij. Components of 

water distribution cycles at Ebrāhim Ābād are as follows:  

Duration of total water cycle (6 dang) = 96 shaeer = 12 days  

Dang or share = 2 days = 4 tasvij = 16 shaeer = 48 hours  

One shaeer land = 1 ha = 3 hours  

  

2.a.9.6. Qanat of Vazvān, Esfahan  

2.a.9.6.1. Location 

Vazvān (Romanized as Vazvān and Wazwān) is a city in Meyme district, Shāhin Shahr and 

Meyme county, Esfahan province. The town of Vazvān is some 85 km south of Esfahan 

where some considerable qanats are running. Vazvān is located at 51° 11' East and 33° 25′ North 

and has an altitude of 1970 m above the sea level. Vazvān has four districts, a large Masjed-e Jāmé, 

and a historic cemetery. 

 

Photo  2-68. Location of Qanat of Vazvān and its course 

 

Qanat of Vazvān has been the source of development and prosperity of the city and an 

assurance for its existence and civilization continuity. There have been a lot of debates over 

the appellation of Vazvān. Dr. Honarfar believes that the name of Vazvān is comprised of 

two Pahlavi words, that is "vaz" meaning power and "van" which means an area for 

cumulating. From combination of these two words it can be inferred that Vazvān has been an 

area in which army and potent forces got together (Moiniyan, 2007: 342). 
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Dehkhoda dictionary, concerning Vazvān and its etymology, mentions:" Vazvān means the 

place in which wind blows, a borough from central rural district of Meyme county located 3 

km away from the city in cold climate foothills and is a home to 3000 population. The 

handicrafts of the city are chādor shab and woven canvas. 

 

2.a.9.6.2. Qanat of Vazvān  

Special regional and climatic conditions have created distinct features within qanats.  

Moqanni applying complex traditional knowledge has been used of geological and 

geographical qualities of qanats to enjoy the most of this sustainable method of irrigation 

system. In some areas, this knowledge and creativity has resulted in construction of qanats 

with underground dykes. This innovation based on the identification of moqanni has been 

undergone in several regions in Iran which demonstrates technological and technical 

creativity in qanats. Construction of underground dykes to store water in pluviose seasons, 

when water consumption was less, is obviously an indication of the constructors' ingenuity. 

The dykes were used to reserve water and later to be used when needed during high 

consumption seasons. The dykes were normally blocked in late November and early 

December to be opened in early spring days. These dykes can be mentioned as one of the 

most significant features of this qanat making it distinct from other such structures in Iran. 

Easy access to dykes, which is possible through underground corridors, is its other distinctive 

feature. One of the disadvantages that critics always attribute to the system of qanat is that 

this system constantly drains groundwater even when no water is needed, for example, in 

winter when cultivation is at a standstill. 

 

Figure  2-15. Location of dykes’ in gallery of qanat, 2000; source: ICQHS 
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However, the construction of underground dykes is not always a solution to cope with this 

problem because qanat masters knew constructing underground dykes and accumulation of 

water in them could result in the collapse of walls and roof of the qanat gallery. However, if 

the gallery had benefited from a rock bed and qanat masters (moqanni) were certain that 

blocking the dykes’ outlets, when there was no need of water, and the storage of water in 

tarān would have no harm for the whole structure of qanat, it could be applied as a solution. 

Thus, this innovative technique was not applied widely in eastern areas of Iran due to the type 

of qanats’ beddings. 

The residents of central plateau, alike residents of other regions in Iran, considering their dry 

climate in which they live in, have not surrendered to the harsh surrounding environment. 

They, however, improve their environment by using some primitive tools and applying their 

creativity and innovation to overcome the dry and fierce nature of their region. Qanat of 

Vazvān is a representation of its planers’ thorough knowledge of ground condition and their 

familiarity with construction of such structures; therefore, in the distance between dyke and 

the mother well (Tarān area), qanat gallery is not following a normal form of the qanat gallery. 

This is not only done to manage water flow, but also to store water. In each part of dry 

climatic areas where this traditional irrigation system is used, a special method applied in its 

structure and traditional management, one of which is the underground dykes. Qanat of 

Vazvān is the most prominent examples of this type of qanats and will be further presented.  

The Qanat of Vazvān lays 2 km away from north of Vazvān. The qanat is about 1800 m long 

and has an 18 m deep mother well. In 1989 the discharge of the qanat was measured to be 50  

liters/second and its annual discharge was estimated to be 1,577,000 m
2
 (Safi nejad, 2000: 43). 

Like every other qanat, the extracted materials have left around the mouth of well, making a 

row of anthill-like traces showing the direction of qanat. These small hills in the water 

transport section are built of a very fine soil which implies that the tunnel and the wells in this 

part are prone to collapse. As it has mentioned Qanat of Vazvān is unique due to its 

underground dyke. This underground dyke provides a convincing solution to prevent 

unwanted discharge across the tunnel. This method recently has inspired Iranian engineers to 

develop an updated technology based on the traditional system to install a device in the 

tunnel of some qanats in order to deplete water flow if necessary. 

The dyke has been constructed on the border area between the water production section and 

the water transport section, which is in fact a masonry wall built across the tunnel. This wall 

has some holes or outlets on it. When it is needed to temporarily halt the qanat flow, 

especially in winter, some pottery or ceramic jars are filled into the holes of the tunnel wall. 

Thus water accumulates behind the dyke and remains in the water-bearing zone, which can 

better supply qanat when it is again returning to its course. In spring when the farms need to 

be irrigated, they enter qanat through khoshkān until they reach the dyke. Then they smash 

the upper pottery to let the water out.  
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If the lower holes are opened first, the dyke may give way under the abrupt water force, and 

the person in charge would be drowned. That is why they open the outlets from top to bottom 

respectively. After they open the first outlet, they wait until the water level goes down to the 

second and so on. Thus it takes them one month or more to open all the outlets. 750 

shareholders are entitled to this qanat, benefiting from two types irrigation cycle: a 7 day and 

a 14 day cycle. This method of irrigation and also blocking the outlets has had a favorable 

effect on underground reservoirs. The length and depth of this qanat is also of its other 

exceptional and valuable feature. 

 

2.a.9.6.3. Mother well 

Local people believe Qanat of Vazvān was composed of two branches and the area where 

they merged has been somewhere close to the present mother well near Kuh-e Sefid-e 

Jushaqān. The first branch is believed to be somewhere around 14 km far from the present 

mother well and the second branch approximately 1.5 km away from the first one. Currently, 

they have been transformed and the last well, which is believed to be the mother well with an 

approximate depth of 20 m, lies in a piece of land in Shari'ati street, Meyme (Safi nejad, 

2000:43). The qanat’s well shafts display the course of qanat in a north- south direction which 

passes through the city of Meyme and nearby gardens and then reaches Vazvān farms in the 

north.  

 

Photo  2-69. Mother well; source: ICQHS 

 

2.a.9.6.4. Well shafts 

This qanat has 64 well shafts dug in a straight line. The wells are dug with an almost 27 m 

distance from each other, in the water transport section and 20 to 21 m in the water 

production section. The depths of well shafts are 3 to 4 m by the mazhar, this depth amounts 
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to 10 to 13 m close to the dyke and reaches to 20 m close to mother well while the diameters 

of the wells are approximately 50 to 60 cm (Safi nejad, 2000:43). 

As the soil of the area in the course of qanat is crumbling, in order to avoid any destruction or 

collapse on its course, the qanat practitioners used to restrict the area surrounding the well 

shafts by cairns. To achieve this purpose, pieces of stone in different shapes were placed 

around the well from bottom to top and to the ground surface. Until 10 to 15 years ago this 

method was used to strengthen the well shafts, however, in recent years a method using kaval 

for strengthening the well shafts has been substituted.  

  

Photo  2-70. Kaval strengthening method (left); Well shafts strengthened by cairns (right); source: ICQHS 

 

    

Photo   2-71. Semi-circular Kaval (left); Newly strengthened well shaft by cairns (around 20 years ago) (right) ; 

source: ICQHS  

 

Due to the location of main well shafts in the southern part the of the city, close to the public 

gravel road of Meyme, the opening of well shafts are constructed a little above the ground 

level and are covered to avoid any obstruction in the gallery. This way trashes, rainwater or 

flood won't enter the well shafts. 
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2.a.9.6.5. Gallery  

The gallery of Qanat of Vazvān is approximately 1800 m long. The internal dimension of the 

tunnel ranges from place to place and is filled with pores and cracks due to the mountainous 

structure of the area. When the outlets are closed, water piles up in small holes of the tunnel 

thus when it lets out produces a stronger flow. Gallery of this qanat previously has had a 

rectangular cross section and was made with a dimension that a man could pass through with 

his head bent down, however, because of its crumbling soil a gradual collapse of walls and 

roof happened thus its original form has changed. According to one of the qanat council 

members, the tunnel continues even after the last well. In recent years, two lids have been put 

in khoshkān section to avoid any obstruction in gallery, as the result of wall or roof collapse. 

This will also make it easier to have access to different sections of qanat from the upper level. 

In past, a protective roof was made using large boulders, but currently it is done using 

semicircular cement kaval.  

   

Photo  2-72. Qanat gallery in khoshkān towards its mazhar ; source: ICQHS 

 

On the beginning of tarān after dyke, in order to avoid damage to roof of the gallery, there 

have been some walls constructed with stone that transform the course to a reservoir for 

water storage. Under these walls there is an outlet with 50×50 cm dimension to transfer water 

to the other water storages when the first one is full.   

500 to 600 m to tarān of the gallery, from the dyke towards the mother well, the width of the 

gallery decreases while the height of the roof rises, to the extent that in some places it reaches 

over 10 m, nevertheless the average of nine m can be considered as the roof height. The 

width of this section does not exceed 50 cm thus it is not easy to pass through easily (Safi 

nejad, 2000: 89). In recent years, there has been a roof constructed in the middle of the gallery to 

prevent obstructions and blocking the water flow due to sudden collapse of masonry inside 
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the tunnel. On the roof where the well shafts struck the tunnel, some outlets have been put to 

let the easy access to the tunnel and further observations. 

   

Photo  2-73. Qanat gallery in khoshkān; source: ICQHS  

 

In the distance between dyke and mazhar which is khoshkān of the gallery, the width of 

tunnel is considered to be around 75 cm (Se chārak in local dialect). The height of the roof in 

this section is about 1.5 m. It, then, decreases as we approach to mazhar. This section has 

been covered by kaval in recent years. 

   

Photo  2-74. The first wall of reservoir in tarān; source: ICQHS  
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2.a.9.6.6. Mazhar 

Mazhar is a place where the water from qanat appears. Mazhar-e Qanat of Vazvān is located 

in the northern lands of Vazvān. The height of its gallery in mazhar section reaches 80 

centimeters and in recent years has been covered by kaval.  

 

 

Photo  2-75. Mazhar-e Qanat of Vazvān; source: ICQHS  

 

2.a.9.6.7. Dyke of qanat 

600 meters to mother well, an underground dyke is constructed known as band -e qanat 

among the local people (Safi nejad, 2000: 46). As previously mentioned, this dyke is one of the 

features of Qanat of Vazvān. This is a unique innovation and results in the storage of 

underground waters in winter. This dyke has been constructed in the middle of qanat where 

the galley starts to produce water. The dyke is made up of masonry, its height reaches 6 m 

and its width equals that of the gallery. This dyke has five outlets, four of which have the 

dimension of 20×20 cm and the last one is big enough to let a person pass through. In the 

middle of December, the lower outlet is blocked by chaff and is then covered by soil. The 

openings of the higher outlets are covered by brick and lime/gypsum mortar. Water level 

gradually increases and in case it exceeds higher than the fifth outlet, it overflows from the 

dyke.  
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Figure  2-16. Location of Vazvān dykes; source: ICQHS 

 

In this qanat flowing water is collected beyond an underground dyke for the period of 

November to April every year. This dyke is consisted of a thick wall made in a well that is 

600 m far from the mother well. Diameter of this well is three m larger than other wells. This 

well is located on the intersection of tarān and khoskān sections of qanat.  

 

 

Figure  2-17. Location of Vazvān dyke; source: ICQHS 

 

The height of the dyke is as much as the well’s depth; its width is as long as the well’s 

diameter and its thickness is one meter. Seven outlets with 30 cm diameter are located every 

1 m started from the ceiling of tunnel upward. The qanat tunnel passes through the lower end 

of dyke. The seventh outlet is 7 m above the tunnel crown. In the beginning of spring, when 

irrigation starts, the first to the fifth outlets are broken one after the other every 10 days. The 

last outlet which is called takht (flat) is broken nearly at the beginning of summer and that is 

the time when, summer and winter crops need to be irrigated. 
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Figure  2-18. Structure of underground dyke built in Qanat of Vazvān; source: ICQHS 

 

As the dyke blocks, winter water stores, and residents are able to cultivate more crops. This 

dyke is located in the last section of the tarān of the gallery. The above mentioned dyke has 

been built 10 m down the surface on the gallery. Different comprising sections of the dyke 

are: access corridors, structures of the dyke and water storage reservoirs. 

Corridors: Access corridors, the first corridor, the second corridor, the third corridor, entrance 

to corridor to the back side of the dyke, corridors leading to the front side of the dyke, the 

front chamber, a space at the back.  

Access corridors: In order to go deep down to the location of the dyke, several convoluted 

corridors without any opening should be passed. These corridors are tight, dark, convoluted 

and narrow and have a low ceiling, so one should bend to pass through. The body of the 

corridors is made up of stone or is dug in hard ground (Safi nejad: 2000: 45). 

  

Map  2-8. Access corridors to Qanat of Vazvān dyke; source: ICQHS 
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Corridor entrance: At the beginning of the first corridor, there is a 110 cm wide and 150 cm 

high metal door. The entrance has been constructed using brick and its roof has been restored 

in recent years.  

 

Map  2-9. Entrance to Qanat of Vazvān dyke; source: ICQHS 

 

 

Photo  2-76. The transom of Qanat of Vazvān dyke; source: ICQHS 

 

The first corridor: In the surface of the ground a small portico can be observed, which the 

entrance to the first corridor is. The walls of this corridor are made up of brick and stone and 

have been restored in recent years (Safi nejad, 2000: 50). The first corridor is 8.5 m long and 110 

cm wide with a south- north direction. The walls of the corridor are made up of stone and are 

arched shape, covered with brick. The height of the corridor in the first step is approximately 

170 cm and in the end gets around 257 cm. The end of corridor is about 282 cm below the 

surface of the ground which can be accessible by six steps in different sizes. 
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Map  2-10. The first corridor; source: ICQHS 

 

  

Map  2-11. The space connecting the first and second corridors; source: ICQHS  

 

The space in the end of the first corridor: In order to enter the second corridor, you should 

pass through a small space that is located in the end of the first. The dimensions of this space 

are 80×60 cm. The bed of the second corridor is about two meters lower than the first and this 

difference is spanned by four steps which begin inside the space.  
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Map  2-12. Cross section of the cavity connecting the first and second corridors

 

The second corridor: The second corridor includes two parts. The first 

along the first corridor is located northward

cm high. The second part is rotated

of this section is approximately 75

corridor is about 4 m and has a steep bed and in the end 

starting point. The walls of the corridor are

boulders. The cairns do not have a smooth surface and have been built to avoid any collapse 

in the body. The height of the corridor a

to about 220 cm in the middle while the height at the end is almost 2
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Cross section of the cavity connecting the first and second corridors; source: ICQHS

The second corridor includes two parts. The first part which is almost 

is located northward and is 65 cm wide, 170 cm long and around 140

rotated 90' to the right and has an east-west direction. 

of this section is approximately 75 cm and in the end narrows to 50 cm. The length of the 

and has a steep bed and in the end it is around 1 m lower than the 

The walls of the corridor are covered by cairns and the roof by large flat 

boulders. The cairns do not have a smooth surface and have been built to avoid any collapse 

in the body. The height of the corridor at the starting point is around 150 cm; it then

while the height at the end is almost 2 m. 

 

2-13. Second corridor plan; source: ICQHS  
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covered by cairns and the roof by large flat 
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Map  2-14. Cross sections of the second corridor; source: ICQHS 

 

The third corridor: This corridor has also a north south direction. It is about 60 cm wide and 

260 cm long. The floor is flat and is around 620 cm below ground surface. The height of the 

corridor in the middle and where it connects the second one is around 250 cm and in both 

sides measured about 150 cm. The walls of the corridor are made of stone and the roof is also 

covered by boulders. 

  

Map  2-15. Third corridor plan; source: ICQHS 
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Map  2-16. D-D cross section of the third corridor; source: ICQHS 

 

 

Map  2-17. C-C cross section of the third corridor; source: ICQHS 

 

Access corridor leading to the back of the dyke: This corridor makes it possible to have 

access to the back of the dyke. It is about 60×65 cm wide and 4 m long. The end of the 

corridor is about 30 cm lower than its starting point and this difference has been filled by a 

step made in the middle of the corridor. The end of the corridor is totally 650 cm lower than 

ground level and is parallel to the upper section of the dyke. In order to have access to the 

lower part and reservoir, a metal ladder which is 370 cm high is used. When the outlets are 

blocked, it is not possible to have access to the area in the back of dyke because it is 

surrounded by water. And of back, tarān and northern wall of the dyke is considered. 

Considering the flow of the gallery, these parts can also be called the area behind the dyke. 

When the takht outlet is open, the area in the back is accessible. 
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Map  2-18. Cross section of access corridor to the back of dyke; source: ICQHS 

    

Photo  2-77.  Access cavity leading to the back of dyke; source: ICQHS 

 

The corridor leading to the front side of dyke: This corridor makes it possible to have access to 

the front side from the third corridor. It is around 75 cm wide and 3 m long. Moving to lower 

parts of dyke is made possible through 12 steps. The end of the corridor which leads to the 

front is around 375 cm lower than its starting point. Digging the corridor has been made 

possible through going to harder areas and in the construction of the body and roof no other 

material has been used. 

As mentioned above, this corridor has been made by digging the ground and hence its roof is 

made of soil and as the bed moves downward, roof gets terraced. The height of the corridor in 

the first step is 150 cm, in the fourth about 2 m, in the eighth near 275 cm and in the tenth is 

250 cm. In the front, the height is 217 cm. 
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Photo  2-78. Access corridor 

Map  2-19. Cross section of the corridor leading to the 
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ccess corridor leading to the front side of dyke; source: ICQHS 

Cross section of the corridor leading to the front; source: ICQHS
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2.a.9.6.8. The front chamber 

Having passed the first step leading to the front, we get to an open and chamber like area 

whose opposite wall is the body of dyke (Safi nejad, 2000: 45). the gallery is covered 1.8 m after 

the dyke wall. Water flows from here to mazhar-e qanat and its dimension are as follows: 

The approximate length and width: 1.4×1.7 

The height of the chamber from bed to the roof: 5.5 m 

 

Map  2-20. The front chamber; source: ICQHS 

 

The walls are made up of stone and at the starting point of the corridor cairn is used between 

both walls. On the way, there are some blocked spaces which are now abandoned. The roof 

of the access corridor is from hard ground which is not much prone to collapse (Safi Nejad, 

2000: 60). 

   

Photo  2-79. The front chamber; source: ICQHS 
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2.a.9.6.9. The back area of dyke  

In order to reach the area in the back, a 3.70 m ladder should be used. The space leading to 

the back area is 1.90×1.50 m. In this part, body of dyke and its outlets can be easily observed. 

In the end of the area, there is an entrance to the reservoir, which is along the gallery and 

tarān. 

 

Map  2-21. Specification of the back area on the plan; source: ICQHS 

    

2.a.9.6.10. The components of the back area 

Reservoir: In mountainous and underground grooves around the gallery of Qanat of Vazvān, 

from the mother well to the border of the tarān and khoshkān well where the dyke is located, 

there are reservoirs and spaces. These reservoirs have extended the gallery based on the 

structure of gallery’s stone walls. These irregular areas sometimes have transformed into 

large chambers by human. These chambers have been called water reservoirs. 

 

Figure  2-19. Cross section of water reservoirs; source: ICQHS 
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After blocking the outlets, water rises in the back of 

volume of water varies on the basis of

production of qanats was more than now,

people declared, the water level has not exceeded 

dimensions of reservoirs vary. Measurements and estimations

mentioned below (Safi nejad, 2000: 67).

sides 

length (m) 

width on the top (m) 

width at the bottom (m) 

average height (m) 

capacity (m3) 

Table  2-2. Approximate dimensions of two 

 

The average capacity of the above

fact that there are five reservoirs from

be stored in them. Currently, both

water also used to accumulate in the gallery and rose to its roof, which was 8 to 9 

The gallery is located under these reservoirs and it 

the gallery’s roof is covered by stone and wood 

The beds of these reservoirs lead to the roof of the gallery and are connected with each other 

by a 70×70 cm (almost 0.49 m
2
) 

and stores there.  

Photo  2-80. The 
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s, water rises in the back of dyke and flows into the reservoirs; the 

on the basis of wet or dry years. For instance, in the past when water 

qanats was more than now, it rose up to the roof of reservoir, however, as local 

water level has not exceeded 1 or 2 m from the bed for 20 years. The 

Measurements and estimations related to two reservoirs are 

ejad, 2000: 67). 

Second reservoirFirst reservoir 

10 to 1514 

4 2 

4 3 

6 to 74 to 4.5 

325Approx. 150 

Approximate dimensions of two dykes of Qanat of Vazvān  

The average capacity of the above mentioned reservoirs are around 240 m
3
. Considering the 

fact that there are five reservoirs from tarān to the mother well, around 1200 m
3
 

both reservoirs can be fully used. As well as these reservoirs,

accumulate in the gallery and rose to its roof, which was 8 to 9 

The gallery is located under these reservoirs and it is 2.5 m high and 0.7 m wide. However, 

roof is covered by stone and wood (Safi nejad, 2000:67). 

The beds of these reservoirs lead to the roof of the gallery and are connected with each other 

 outlet. Water flows into the reservoirs through these 

 

The mazhar at the bottom of the wall; source: ICQHS 

Description 

and flows into the reservoirs; the 

. For instance, in the past when water 

it rose up to the roof of reservoir, however, as local 

for 20 years. The 

related to two reservoirs are 

Second reservoir 

10 to 15 

 

 

6 to 7 

325 

. Considering the 

 water used to 

used. As well as these reservoirs, 

accumulate in the gallery and rose to its roof, which was 8 to 9 m high. 

m wide. However, 

The beds of these reservoirs lead to the roof of the gallery and are connected with each other 

. Water flows into the reservoirs through these outlets 
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The height from the bed of gallery to the crown: 8.5 m 

The width of the gallery near the roof: 1.2 m 

The width of the main part of the dyke: 1.5 m 

Thickness of the wall of the dyke: 1.5 m 

The height of dyke the in the front area: 2.5 m 

The height from the bed of gallery to the crown: 6 m 

The outlets: This dyke has five depletion outlets which are located in varying distances from 

each other. The dimensions of the outlets are not the same in the front and back areas as the 

water is let out it passes through with a high speed and pressure. Therefore, the dimensions of 

the outlets in the back are smaller. In general outlets are arranged as follows:  

The first outlet is known as takht and is the gallery. The second outlet which is called sar 

takht and its opening is smaller than the first one. The reason for naming these two outlets is 

that previously there was no such thing as takht outlet, however, in 1961 because of reduction 

in water level, the bed of the gallery was drawn one meter down and the outlet of the gallery 

was named as takht and the previous one sar takht. Apart from these two outlets, there are  

four more in the wall of the dyke. The width of the wall in this part is wider than the walls of 

takht and sar takht outlets. 

The dimensions of outlets in Qanat of Vazvān dyke (cm) 

Distance between the 

outlets 
Width of the outlet Length of the outlet Name of the outlet 

- 50 40 takht outlet (gallery) 

150 50 50 first outlet (sar takht) 

150 35 25 second outlet 

100 35 25 third outlet 

100 35 25 fourth outlet 

- 35 25 fifth outlet 

650 250 - Sum 

Table  2-3. Dimensions of outlets 

 

2.a.9.6.11.   Blocking and unblocking the outles 

Blocking the outlets: Blocking the outlets and storing water behind the dykes starts from late 

November. At this time, all outflow outlets are blocked and the water accumulates behind the 

dyke and it is stored there. The length of storage time varies in the dry or wet years. For 

instance, if it rains a lot in a year, storage time finishes in April and the first outlet is 

unblocked in the same month, however, in case it is a dry year, the storage time ends in 

March and the first outlet unblocks in the same month. The length of time to store water is 

about 4.5 to 5 months. The volume of water stored behind the dyke calculates as follows: 
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Length of qanat gallery from the mother well to the back side of dyke: 1200 m 

The width of qanat gallery approximately: 0.75 to 1.25 

The average height of qanat gallery approximately: 10 m 

The water discharge (liter/second), around: 23 liters 

The duration of water storage on average: 140 m  

Water discharge per hour 82.8 m3-82800 liters-60′ ×60″ × 23 liters 

27000 m3 in 24 hours- 4.5 month × 30 days × 2000 m3 

From this amount, some water stores in tarān and its surrounding, and the rest stores in other 

reservoirs, pores, aqueous walls and invisible grooves of the mounts. Excess water overflows 

to the front side of the dyke through the fifth outlet and flows in khoshkān because moqannis 

were aware of the height of accumulated water behind the dyke. 

 

Photo  2-81. Dyke blocked outlet; source: ICQHS  

 

Outflow of excess water: If for any reasons the water behind the dyke rises in the gallery and 

reaches tarān, it might destroy the roof. In order to avoid this and to be aware of the amount 

of water behind the dyke, in the back wall a hole has been dug with the depth of 2.5 m, from 

which the volume of water could be observed. 

This hole is made in order to make an entrance in the right section of the corridor. When 

water reaches the roof of the gallery in this section, the last outlet or the fifth one would be 

unblocked, so that excess water rushes to the outlet in khoshkān.   
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2.a.9.6.12.  Unblocking the outlets 

The fifth outlet, which is the highest, is the one that is unblocking first. After 25 days when 

water level decreases and pressure lowers, the fourth one is going to unblock and again after 

25 days third one and this continues up to the last one, which is the takht outlet. Then the 

main stream of water flows in the gallery naturally. It has been said that in the back of 

Vazvān dyke toward the mother well, there have been five pools were built to store water in 

winter. In the course of time, the wall of one of the pools collapsed. Following the command 

of moqanni, the area which had collapsed was repaired by brick and cement blocks so that 

destruction stopped. The above mentioned repair was done 20 years ago (Safi nejad, 2000:92). 

The interval between unblocking two outlets is every 25 days. According to the calculations 

made by local people, the water cycle overlaps that of spring, which repeats 25 days.  This 

way extracting accumulated water behind the dyke takes around 4.5 months and then all 

stored water is totally discharged and the flow in gallery gets back to its original form. 

In 1987, in order to avoid wasting water and gradual leakage while blocking the outlet and 

also to prevent dangers threatening the person who is in charge of unblocking the outlet, 

organization of agriculture in Meyme installed two 20 cm- diameter pipes somewhere lower 

than the dyke with two control outlets so that from February 6
th

 to March 20
th

 the local 

people could use water whenever needed. This way the stored water behind the dyke flows in 

the stream (juy) of the gallery. After installation of the pipes, water regularly flows and the 

discharge can be adjusted whenever necessary. When the excess water overflows from the 

pipes and water level has lowered, water naturally flows in the gallery. 

Unblocking and blocking the outlets were done by some elder locals called  sartāq. Sartāq 

used to go to the front wall of the dyke, guard his feet against both sides of the dyke and 

break the outlet by a club or a metal rod. After unblocking the outlet, water was spewed from 

the wall. At this moment sartāq quickly moved away or water could throw him away to the 

gallery and khoshkān. This was a very hazardous action. 

Because of this courage of sartāq for unblocking the outlet, the first day of irrigation was 

given to him and respectively the first day of irrigation from the second outlet to the person 

who unblocked it and this went on to last outlet which was takht. The local people named the 

first person who unblocked the first outlet aval sar meaning the one who has the first turn and 

then dovom sar meaning the second turn and… , finally the last person who opened the takht 

outlet or the gallery was called ezg (Safi nejad, 2000: 95). 

 

2.a.9.6.13.  Subsidiary structures related to the qanat 

According to documents and historical evidences up to 50 years ago, a very beautiful historic 

hammam and several watermills worked with the water flow of Qanat of Vazvān. This 

indicates advanced architectural structures that used to work with the water from this qanat.  
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One of the most important original qualities of this qanat is durability, which has been 

considered thousands of years ago. Qanat of Vazvān has been one of the most important 

resources for providing water from a long time ago for northern farms in Vazvān. One of the 

reasons which have made this qanat durable and permanent up to this time is its role in the 

local economy. 

 

2.a.9.6.14.  Traditional management and watering cycle 

750 shareholders are entitled to this qanat. It enjoys two types of watering cycle; 7 and 15 

days cycles. The water for those entitled was traditionally divided into 1200 share. Those 

entitled were divided into five groups and each group had a tāq which was equal to 240 habe. 

Every habe could be used to cultivate farms with around 60 kg for seeding (10 man shah sang) 

in autumn and spring cropping. The seeder calculated every shah sang to be 3600 m
3 

(60m×60m) and in case some changes were made due to a dry or wet year, would also change 

in the cropping area. Every tāq had an elder who was called sartāq and was chosen annually 

by shareholders. The followings are the most important responsibilities a sartāq was assigned 

to by local people: 

1. Unblocking the outlets 

2. Collecting money for village development in cash or in the form of commodities  

3. Collecting money for maintenance of qanat 

4. Collecting tax from the farmers during ruling of Reza Shah 

Sartāq was chosen 15 days before Nowruz (early March) in a congregation of all farmers who 

got together in Vazvān mosque. After being elected, each sartāq usually used to work with 

four to five groups of water distributors. One of these distributers was assigned to have the 

responsibility of protecting mazhar so that water could flow on farms. They also had to open 

and close each terrace. Eliminating all ups and downs in the terraces and controlling water 

flow in them were also their other responsibilities. Protecting qanats was one of the most 

important responsibilities of sartāq. 

In 1973, after consulting shareholders and following confirmation of the local trustees the tāq 

system of irrigation changed to pine'i (patches). A council made up of eight local farmers was 

chosen to monitor irrigation affairs. This way irrigation of farms began from the starting 

point of the desert and every adjacent land was irrigated successively, but in the past the 

farms in each tāq, which may have been far from each other, were irrigated one after the 

other. In the new irrigation system wasting water on the way from mazhar-e qanat to terraces 

could be avoided. Agricultural council is responsible for everything related to qanat and 

farming in the village and is elected every four year in a congregation of local people, in 

Vazvān mosque. 
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2.a.9.7. Mozd Ābād Qanat, Meyme, Esfahan 

2.a.9.7.1. Location 

Mozd Ābād Qanat is in Meyme county of Esfahan province. Meyme is the largest, on the 

outmost northern county of Esfahan province and consists of three towns, Meyme, Vazvān, 

and Lybid. It is located 100 km to the north of Esfahan, and has an area of 3637 km
2
. The 

geographical coordination of qanat is: 51
o
 9' 24" East of Greenwich, between 33

o 
28' and 33

o
 

10' North of equator, 1975 m above sea level (Moinian, 2007: 25). 

Based on the remains in and around Meyme 23 qanats had been dug in this area since the 

beginning of its emergence. Most of these qanats have been ruined for different reasons 

including natural disasters such as floods, storms, earthquakes, etc. and social phenomenon 

like wars and tribal conflicts. Today, there are three qanats of Mozd Ābād, Bir, and Rooyeh 

in Meyme, each provides water for farms and gardens independently (Moinian, 2007: 415). 

Mozd Ābād Qanat, called “the underground river” by local people for its permanent flow of 

water, is one of the oldest qanats of Iran stretching 18 km in the foothills of Karkas mountain. 

Having 80 m deep well shafts, this qanat has rarely been affected by droughts throughout its 

existence and has had a great effect on the area's prosperity and economy. Providing water 

for highland fields of Meyme, this qanat has helped settlement in the area as well. Thousands 

of years ago, Zoroastrians who has lived here managed to overcome the environmental 

difficulties and compensate for the lack of water in the region.  

 

Photo  2-82. Location of Mozd Ābād Qanat and its course 
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Some locals believe that ancient village of Meyme, named Ahura Mozd Ābād, was built in 

Bahman bin Esfandiyār Era near Mozd Ābād Qanat (Moinian, 2007:485). This shows the 

important role that Mozd Ābād Qanat has played in fixing settlements of the region. 

Although the settlement zone had been established before qanat was dug, people were not 

permanently settled here. When Mozd Ābād Qanat was dug and vital element of water added, 

these settlement zones were connected and formed an agricultural unit; so water and 

prosperity were related to each other in the region since ancient times. Mozd Ābād Qanat is 

one of the oldest qanats in Meyme county and some people believe, this qanat is related to 

praising Ahura Mazda. There is a legend that a fish with a green ring round its head, is the 

guardian of the qanat and if anyone sees this fish he would become blind (Moinian, 2007:488). 

Historical documents related to the region show that this qanat which is 2500 years old has 

been built using a special technology. Like Qanat of Vazvān, a modern technology of 

underground dykes has been used in this qanat to prevent wasting water in the seasons which 

there is no need of water for the farms. These underground dykes show the ingenuity and 

creativity of its planners. The dykes' outlets were usually blocked in late November and 

unblocked in late February. These dykes are of the outstanding characteristics of this qanat. 

Another important characteristic of this qanat is that one could reach these dykes through 

underground tunnels.  

Economic qualities can also be seen in this qanat. The economic importance of the qanat was 

so high that local experts confirm when in some places qanat practitioners would face rocks 

they would ask masons to do the job. In general, for hundreds of years, the economic stability 

of the region depended on the closeness of Meyme and Mozd Ābād Qanat. One of the 

authentic values of Mozd Ābād Qanat is its stability. Mozd Ābād Qanat has played an 

important role in providing water for agriculture in northern fields of Meyme, maybe this role 

in the economy of the region is the reason for its durability and stability. Mozd Ābād Qanat 

had six tanooreh āsiyāb, but only the top one which was the biggest, the best and was 

working all the yearlong is to some extent undamaged. Other āsiyāb were only working in 

winter and now they are ruined completely. So, qanat and āsiyāb used to be connected and 

worked as a system.  

Mozd Ābād Qanat is the largest and oldest qanat in the region with highest amount of water 

discharge. It appears on land 1 km from Meyme at the beginning of northern gardens. Large 

amount of water (110 liter/second) is also of high quality. Zam zam factory in Mashhad tested 

the water and announced that it can be considered as a high quality mineral water.  

 

2.a.9.7.2. Catchment 

Long Mozd Ābād Qanat (about 18 km) is located in the Meyme plain with its slight slope 

among high Central Alborz mountains to the north and east and high Zagros mountains to the 

west (Moinian, 2007:121). It is the highest plain in Esfahan and enjoys a very low amount of 

rainfall. Therefore, it is very poor regarding underground water resources. Thus, Mozd Ābād 
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Qanat has been built to reach water. Catchment of this qanat is in Iran central plateau a 

catchment and is part of Gāvkhuni marsh. Meyme catchment is located between 494757 and 

531726 longitudes and 3698332 and 3728826 latitudes. Its area is 548.56 km. The length of 

its main river to the exit point of qanat is 33.36 km; the highest altitude estimated is 3590 m 

and the lowest 2017. Area of this catchment is 124.37 km. Rivers of the catchment are being 

supplied by eastern, northeastern, northern, southern, and southwestern mountains. Mozd 

Ābād Qanat can be classified among long plain qanats. The starting point of qanat is above 

Sarabreh gardens, it then passes Joshaghān river. Afterwards it advances in a southwestern-

northeastern direction towards Joshaghān- ghali village. 

  

Photo  2-83.  Mozd Ābād Qanat (left); Mozd Ābād Qanat’s outlet (right) ; source: ICQHS 

 

2.a.9.7.3. Well shafts 

This qanat has 615 well shafts. Depths of well shafts in Mozd Ābād Qanat start from 5 m at 

mazhar-e qanat and reaches to 8 to 11 m in wells number 20 to 30, and 14 to 16 m in wells 50 

to 60. In wells 70 to 80 it reaches to 17 to 19 m, in wells 90 to 100 to 20 to 22.5 m and later 

reaches to 30 m (Granmayeh,1962). 

In joining point of Mozd Ābād and Surāleh branches the wells are 35 to 40 m deep. Wells of 

Surāleh branch start from 40 m and reach to 70 m in the last wells. In Mozd Ābād branch the 

wells are 40 m deep at the joining point to the Surāleh branch and reach to 70 m in the last 

well shafts after Joshaghān river. 

Some well shafts of Mozd Ābād Qanat are rectangular. Researchers know this as an 

indication of Sassanid's qanats. Qanat masters believe that one should be really skillful to dig 

a round well since they should keep passā 
10

. They believe that in past qanat practitioners did 

not have such a skill, and that is why wells were rectangular. Rectangular wells known as 

Kermāni or Gowri wells and were dug hundreds of years ago.  

                                                      
10 Moqanni sits in a special way on the well and digs the earth in a circular way and goes down. He moves 

clockwise. One side of the well bottom is 30 to 40 cm higher than the other side and the digging manner of 

the moqanni is like going down a minaret steps. This situation is called passā. 
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Dimension of well shafts were 120 cm and 80 cm. These kinds of wells can be seen in 

Yousef Ābād qanat in Taft. One of the benefits of passā in digging a well is a simpler use of 

chapar. The foundation of chapar is always placed on the higher part of well’s bed and while 

the moqanni turns, he picks up the base and puts it a little further. This way half of well’s 

cross-section is covered by chapar and the moqanni shelters under it, the other half is without 

cover and dalvs full of debris can be sent to the surface and come back (Papoli Yazdi & Abbas 

Khaniki, 2009: 127). 

According to the residents, previously all wells of Mozd Ābād Qanat were rectangular, but 

now rectangular wells are mainly seen at the end of qanat. The wells are now 70×45×50 cm.  

   

Photo  2-84. Samples of rectangular wells of Mozd Ābād Qanat; source: ICQHS 

 

In some wells the walls are covered with stone to prevent downfall. In this method all around 

the well was covered with stones from bottom to top without any mortar. 

   

Photo  2-85. A stone covered well about 300 to 400 m to the mazhar-e qanat; source: ICQHS 

 

Currently, some of the wells are blocked. Some of them have been unblocked in recent years, 

however to prevent debris from entering the well, their openings are covered.  
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2.a.9.7.4. Gallery 

Mozd Ābād Qanat's gallery was rectangular and its size allowed a person to move easily 

inside. The parts close to mazhar-e qanat have also the same shape. Close to mazhar-e qanat, 

the gallery has a dimension of 170 to 200 cm high and 50 to 60 cm wide. As we get closer to 

mazhar, the width of the gallery decreases.  

   

Photo  2-86. Mozd Ābād gallery close to mazhar-e qanat; source: ICQHS 

  

As we move towards the mother well the height of qanat's gallery increases. This increase is 

partly because of yearly maintenance. From well 92 to Mozd Ābād Qanat's new dyke, width 

of the gallery ranges between 60-80 cm and its height ranges between 2.5-7 m. In some parts 

of gallery the width increases and reaches to 3-4 m. In higher parts of the new dyke since the 

gallery is aqueous the width reaches to 3.5 m while its height reaches to 5-6 m. 

  

Photo  2-87. The qanat's gallery; source: ICQHS  
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From 100 m above new dyke to a distance close to the joining point of Surāleh and Mozd 

Ābād branches, cross-section of the gallery is circular. Kaf shekan procedure has been 

performed, to do so a channel has been dug at the bottom of gallery because of a decrease in 

underground water level. Channel's width is 70 cm and its height is up to 2.5 m. Width of  the 

upper part of gallery is 2-3 m and its height is 2.5-3 m.   

   

Photo  2-88. The qanat's gallery between the new dyke and Mozd Ābād branch's old dyke; source: ICQHS 

 

Surāleh qanat is connected to Mozd Ābād Qanat through a gallery and is now part of Mozd 

Ābād Qanat. The bottom of Surāleh qanat's gallery is about 1 m higher than the bottom of 

Mozd Ābād Qanat's and the tunnel connecting them has a rectangular cross-section with 

about 70 cm width and 2-2.5 m height. 

    1  

         Photo  2-89.  Qanat's gallery in Surāleh branch; source: ICQHS  

 

Like the gallery of Mozd Ābād branch, the gallery of Surāleh branch has also endured some 

changes because of collapse and lāyroobi, but because of the strength of the bed in Surāleh 

branch, walls of the gallery has faced less damage and collapse so that the width of the 
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gallery is not exceeding 80 cm. But the height of the gallery reaches 7 m due to the collapse 

of the roof. However, the height varies in the course of gallery and ranges between 3 to 7 m. 

In some places, the gallery is so narrow that one should go through it sideways (Field studies of 

the consultant, 2011). 

Najag branch: In Najag branch gallery's cross-section is rectangular, its width is 80-90 cm and 

its height is 2-2.5 m. As we come closer to the end of the branch the height of gallery 

decreases and at the end of the branch one can only go through the gallery bending or sitting 

(Field studies of the consultant, 2011). 

   

Photo  2-90. Qanat's gallery in Najag branch; source: ICQHS 

 

 

2.a.9.7.5. Mozd Ābād Qanat’s dykes 

There are three dykes in Mozd Ābād Qanat. The dyke on Surāleh branch, the dyke on Mozd 

Ābād's main branch, and the dyke on the joining point of two branches.  

Surāleh branch had been a separate qanat before, but flood entered its gallery and destroyed 

most parts of it. Since the damage was enormous, reopening of the qanat was not economical 

and possible, so owners of Mozd Ābād Qanat bought the remains of Surāleh qanat and dug a 

bypass gallery to connect it to Mozd Ābād Qanat. The level of Surāleh qanat’s bed is one 

meter higher than the bed of Mozd Ābād Qanat so water in Surāleh qanat can easily enters 

Mozd Ābād Qanat. On Surāleh course and on the joining point of tarān (wet zone, also tare kār 

or ābdar) there was a dyke that was used to store water. This dyke was made of stone and 

sārooj and was one of the three dykes of Mozd Ābād.  
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Photo  2-91. Mozd Ābād Qanat’s dykes; source: ICQHS 

 

The dyke on the course of the main branch of Mozd Ābād is also parallel to Surāleh dyke. In 

the past, when Mozd Ābād Qanat was separated from Surāleh qanat, this dyke was used as 

water storage. This dyke is made of bricks and sārooj and is now 4.5 m from the bed of 

present gallery. Its width down the gallery is about half a meter and in higher parts reaches to 

around 1.5 m. The dyke had four outlets that were used for the adjustment of outgoing water. 

The first outlet which is the lowest is known as takht (flat) outlet and is as low as the bottom 

of qanat's gallery. 

  

Photo  2-92.  Mozd Ābād Qanat's dyke; source: ICQHS  
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According to locals, in the past there were several āsiyāb on the course of qanat. These 

āsiyābs used to work all year long. In seasons that water was not needed for agriculture, it 

was used for these āsiyābs. After droughts occurred in recent years, shareholders and Meyme 

agricultural office has reconstructed the dyke to use it like before.  

The dyke which is located at the joining point of Surāleh branch and old Mozd Ābād course 

has also been reconstructed by Meyme agricultural office. The reason for building the dyke at 

this place was that the wall was providing a lot of water which could be used better.  

 

Photo  2-93.  The new dyke which is built after joining point of Surāleh and Mozd Ābād branches; source: ICQHS 

 

2.a.9.7.6. Qanat dependant structure 

Āsiyāb: Mozd Ābād Qanat has six āsiyāb: Āsiyāb-e Bālā, Āsiyāb-e Hadj Nosrat khan, 

Āsiyāb-e Hadj Mohammad Gholi, Āsiyāb-e Peleh/ Peri, Āsiyāb-e Ravieh, Āsiyāb-e Hadj 

Zein al-Ābedin. 

Āsiyāb-e Bālā was the best and largest āsiyāb and used to work all year while the other mills 

used to work just in winter. From all āsiyābs mentioned above there are still some remains 

available. Water mills of Meyme area were tanooreh āsiyāb and used to use qanat water. For 

this purpose the water used to store in a well with the wheel of water mill on its bed level. So 

when the water was flowed on āsiyāb’s paddle wheel, the mill stone was moved. In Meyme 

and most towns of the area, these water mills were the only option for the farmers to produce 

flour out of wheat (Moinian, 2007:139). 
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Map  2-22. Plan of tanooreh ā
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Bālā (left); Water channel of Āsiyāb-e Bālā (right) ; source: ICQHS

 

āsiyāb-e Bālā on the course of Mozd Ābād Qanat; source: ICQHS

  

which was providing wheat and barley flour, āsiy

qanats had technological, economic, and entrepreneurship effects. Preventing water 

evaporation and decreasing the slope of the gallery from mother well to mazhar

āb. Besides, āsiyāb were profitable and their money could be 

qanats. Also in past, āsiyāb has provided job opportunities for

people. Two to five people were working at each āsiyāb. In some families, working at 

continued for generations (Kardovani, 1984). 

Description 

 

; source: ICQHS  

 

; source: ICQHS 

āsiyāb built on 

effects. Preventing water 

mazhar were among 

were profitable and their money could be 

provided job opportunities for 

. In some families, working at 
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2.a.9.7.7. Traditional management system of the qanat 

Mozd Ābād Qanat's ownership is private and 750 shareholders own the 720 wells (official 

inscription file of the qanat on the list of national heritage properties). 

In this qanat the sharing system is similar to other qanats in Esfahan province, only minor 

differences exist in some cases.  

 

2.a.9.8. Qanat of Moon, Ardestān, Esfahan 

2.a.9.8.1. Location 

Qanat of the Moon is located in Ardestān. Ardestān is a town within Esfahan province, the 

center of Iran. This town is the center of Ardestān county. Based on the 2012 census it has a 

population of 15,701. Ardestān is located between Natanz and Nāein at the borders of desert 

and is divided into two parts: semi-tropical and cold. The semi-tropical part covers the 

northern low areas called Rigestān, it enjoys a sand and desert landscape. The cold area 

covers the southern hills and mountains called Kuhestān.  

Ardestān town is on the high foothills, on the edge of Rigestān area. It has a slight slope 

stretched from south to north and as a result the area is where all underground water, 

especially water from higher areas pass. Ardestān town is 1250 m above sea level and has 11 

qanats. Qanat of the Moon is a valuable sample of these qanats. This qanat is the most 

famous water resource of Ardestān because it has two levels. Moon is one of the eight 

neighborhoods of Ardestān, its qanat is called upon the area’s name which it provides water 

for (Safi nejad, 2000). 

 

Photo  2-95. Location of Qanat of the Moon and its course
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2.a.9.8.2. Catchment 

Catchment of Ardestān is Rig Zarrin and Syiah Kuh which is one of the sub-basins of central 

plateau basin area. The area of catchment is 4876549 ha. mazhar-e qanat is located in Qt2 

geological unit which is consisted of lithology of alluvial fans, young formations with age of 

quaternary. Along the course of qanat, it passes other untis such as Qal which are of river 

sediments and old alluvial fans.   

 

2.a.9.8.3.  Qanat of the Moon  

The only two level qanat ever known is Qanat of the Moon, constructed by the knowledge 

and creativity of moqannis created a complex unique qanat. It is considered a masterpiece in 

the since that, it is located in an area which insures permanent underground water, enough for 

two qanats, with two upper and down sides, an exact special calculation had done for finding 

the suitable slope for both qanats and innovation in putting aqueous layers higher than 

mazhar in a way that the water flows incessantly within qanat. Also paying attention to soil 

of the area so that the distance between two qanats has been considered in a very exact way, 

this way soil of both qanats is neither hard nor soft. The soil of qanat is a special kind of 

sticky clay which has a sweet taste and good smell. It has some pebbles in its mixture and is a 

durable and of high quality. Well sinkers realized that the soil would not solve in water and 

the water of the upper qanat would not penetrate to the lower one. Traditional knowledge 

used at the time of its construction is among unique aspects that show the advanced 

traditional knowledge applied in digging of qanats in this area. 

 

Photo  2-96. General view of Ardestān; photo by: S.H. Rashedi, 2014 
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Experts who have visited this two level qanat consider it as one of the masterpieces of ancient 

engineering because of its age and digging technique. Historical documents show a water 

sharing transcript for the region that is said to be written by Sheikh Baha'i. 

 

2.a.9.8.4.  Qanat of the Moon structure
 

There are two galleries in Qanat of the Moon instead of one; a gallery above, the other with a 

distance below; they are totally separated from mother well up to mazhar. Creatively, water 

flows in each gallery separately. The reason behind this two-level qanat and its discharge 

system reflects high intelligence of hydrologists of the time and their deep understanding of 

nature. This is one of the great values of this traditional and local technology in the central 

desert plateau of Iran. Two levels of this qanat are called zir (below) and roo (above). The two 

levels do not enjoy common aqueous branches before mother well, but from this well to 

mazhar-e qanat both levels share the same wells (Safi nejad, 2000). 

 

Figure  2-20. Cross-section of Moon qanat structure 

 

Qanat of the Moon is being cleaned out every year. They put a windlass on a well shaft and 

first clean the top gallery and then dredge the zir gallery, afterwards they go to another well 

shaft. In every shaft there is an entry way about a meter higher than the water level through 

which qanat practitioners go to the gallery and dredge qanat's tunnels (Mohammadi, 2002). 
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Photo  2-97.  Qanat of the Moon's cleaning; source: ICQHS 

   

Photo  2-98. A view of Moon district and its qanats ; source: ICQHS 

  

2.a.9.8.5. Well shafts and qanat's cycle 

This qanat is located in eastern Ardestān and stretches westward with a tendency to north. 

According to one of moqannis in Moon neighborhood, "qanat's aqueous dastaks are 

numerous and like ant holes and water permeates of all of them" (Golbon, 2002: 715). Qanat's 

aqueous dastaks are: Āj
11

 Chāideh, Dast-e Pilo Keshi, Āj Ahmadi and Āj Zamin Hussein gol.  

 

                                                      
11 

Aj, adj, or ach is a local term for branches of qanats 
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Āj Chāideh and Dast-e Pilo Keshi go to the qanat-e zir, Āj Ahmadi goes to both qanats and 

Dast-e Zamin Hussein gol overflow to all its surroundings in wet years. 

 

Photo  2-99. Well shafts; source: ICQHS 

 

Famous wells of Qanat of the Moon are: Dogholu (twin) well, Seyedeh well, Posht-Sooli 

well, Qavām well, Haj Abbās well, Ahmadi well, Sāheb al-Zaman well, Gour Yahya well. 

After Dogholu well, two qanats have joint well shafts. The length of qanat is estimated about 

3 km and now there are 30 well shafts on its course. The distance between well shafts is ca. 

25-30 m.  

 

2.a.9.8.6. Mother well 

The Qanat of the Moon's mother well is located in Emamzadeh Esmāeil district, Mahal 

neighborhood. Every year this qanat cleans and maintains from its mazhar to Emamzadeh 

Esmāeil. At the last known well of this qanat, known by locals, there are two well shafts next 

to each other known as twin wells which are located in Emamzadeh Esmāeil alley. From 

these wells to mazhar-e qanat in Moon neighborhood the water of qanats has the same 

direction. These two wells are 3 km far from mazhar. Each well has its own mother well. The 

above qanat's well is 27 m deep and the below qanat's well is 30 m. The 3 m distance 

between two galleries of qanats is out of impermeable clay.  
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Photo  2-100. Mother well ; source: ICQHS 

 

2.a.9.8.7. Gallery of Qanat of the Moon 

As mentioned before, Qanat of the Moon is famous for having two separate galleries all along 

qanat. Two galleries keep 3 m distance from beginning to the end. In places where two qanats 

have common well shafts each well goes directly from the surface to the water in qanat- zir; 

In this case qanat-e roo, when reaching to the next well, turns around the well shaft in a semi-

circle and then continues its straight course parallel to qanat-e zir. Local experts declare that 

the semi-circle channel is 75 cm high and 50 cm wide. This is big enough to allow a person 

work while sitting. Gallery of this qanat is 1.7 m- 2 m high and 80 cm wide. Some well shafts 

have been made wider and some new wells have dug and joined to the old ones with a 

subsidiary canal. 

 

Photo  2-101. Qanat gallery; source: ICQHS 
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2.a.9.8.8. Mazhar-e Qanat of the Moon and its distribution system 

Water of these qanats appears in Moon neighborhood and flow in two public canals from 

which it distributes. At mazhar-e Qanat of the Moon first the water from roo gallery appears, 

with some distance the water from zir gallery appears and joins it.  

   

Photo  2-102. Roo gallery (left); Zir gallery (right); source: ICQHS 

 

Farāzeh bandi (distribution) of water has always been done in Bābā Ahmad mosque Moon 

neighborhood. In 7
th

 century the water of two downtown qanats of Moon district and Talk 

Ābād town used to divide and distribute by two very hard and solid stones.  

   

Photo  2-103. Water division spot (left); Pāyāb (right); source: ICQHS 
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The length of which is about 2 m and the visible height is almost 22 cm and is consisted of 3 

farāz with the dimension of 18×35 cm. One-third of the water is Telk Ābād town's share, and 

two-third of it is Moon neighborhood's share. The share of Talk Ābād is divided of both two 

qanats of this neighborhood, of which after the linkage of the two galleries, 1/3 flows to Talk 

Ābād and the other 2/3 forms a stream and irrigates moon farms. The joint of these two 

qanats is close to Emamzadeh in the south. Pāyāb of the qanat has also two stories, the down 

story is available when a lack of water strikes.  

 

2.a.9.8.9. Traditional management and distribution of Moon qanat's water 

Water from these two qanats is used to irrigate 250 jaribs
 12 

of farms. Qanat-e roo has three 

farazeh of water for 100 jaribs of farms, one farāzeh for Telk Ābād town and two farāzeh for 

Moon neighborhood. 

Qanat-e zir has three farāzeh water for 150 jaribs of farms, one farāzeh for Telk Ābād and 

two farāzeh for Moon. Out of 250 jaribs irrigated by this qanat, about 165- 170 jaribs of  

both qanats are the share of Moon neighborhood which is distributed in a 10 days cycle for 

1320 shares. The ownerships of farms and water in this area are separated.  

When this qanat was built, the water of Telk Ābād qanat was cut. After some long conflicts, 

700 years ago the water of the two qanats was distributed as one third for Telk Ābād town 

and two-third for Moon neighborhood, locals declared. This distribution of shares has been 

valid until now. 

 

Photo  2-104.  Traditional division system 

 

                                                      
12 In Ardestān every 24 hours is divided into two tāqs; every tāq is 66 sahms of a farāzeh.  
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Haj Esmāeil, a respected elder of Ardestān came to my house, we went together to the water 

division center that has been devised by Khaj-e Nasir Toosi due to the request of Kaboodān, 

Fahre and Ramiān residents on the fair distribution of water on the occasion of Hulagu khan’s 

visit of an area close to Ardestān, so Khaj-e decreed three farāzeh for Kaboodān, eight 

farāzeh for fahreh and four farāzeh for Ramiān and of the wisdom announce it on a piece of 

stone”, Mohammad Ali Khan-e Nāeini narrated in his logbook of Mashhad to Yazd.  

In Ardestān city each 24 hours calculates as 2 tāq and each tāq is 66 shares of each farāzeh. 

E.g. (total share of tāq cycle period ×66 shares).  

 

Neighborhood Tāq of water Farāzeh 
Total amount 

 of water 

Fahreh 20 7 1320 

Rahmiān 20 4 1320 

Bazaar 28 6 3696 

Kabudān & Telk Ābād 20 3 1320 

Table  2-4. Each neighborhood's water share based on tāq measurement 

 

2.a.9.8.10.  Distribution unit and water cycle  

Until 1961 water distribution of Moon neighborhood was done by a bowl called hendu or 

measurement (paymaneh) or water clock (sa'at-e ābi). Hendu is the same as water clocks in 

other parts of Iran explained previously. In Ardestān it takes 11 minutes for hendu to sink and 

it is called one saraqah or sarajah or sahm (water share). Inside of sarajah was divided into 

six parts each one called a dāng of time usually about two minutes of water. Every five and a 

half hendu was one hour of water. 

In Moon neighborhood 24 hours equals two tāqs, each equals to 12 hours of water flow or 66 

sarajah or sahm, the total amount of which is 1320:  

 

Each	hour	based	on	minutes	24 × 60

Two	tāqs	equal	to	132	shares
=
10

9
	a	24	hour 

 

sarajah or the total share of Moon neighborhood 1320= duration of water cycle period is 

10× 24 hours in 2 tāq× 66 each tāq of Moon neighborhood water share.  

The water cycle of Moon neighbors is 10 days and there is a name for each, of which the first 

day is Sari. The irrigation intervals based on water share in the districts calls Mar (cycle 

period), of which, after a night irrigation cycle of a farm, on the next cycle the farmer benefits 
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of a day irrigation share and that is because of the time requires to irrigate all the farms and 

gardens of the district.  

 

Measure 

Number 

of 24 

hours 

24 hours 

in tāqs 

Each tāq 

in sarajah 

Two tāqs 

in sarajah 

Total 

amount of 

water 

Water 

cycle 

24 hours 10 2 66 132 1320 10 

Table  2-5. Moon neighborhood's water is divided into 20 tāqs, or 40 half tāqs, or 80 quarter tāqs 

 

There are different aspects considering the calculations regarding water cycle of irrigations 

(Mar) such as: water discharge of two qanats, the area of farms, quality of water (sweet or salt 

water), soil type (clays or sandy), crop types of which the last three are among the most 

important. After 1961 hendues were replaced by hours. By converting hendues to hours, the 

same shares are reserved up to present time. 

People who share a tāq of water are called ham-āb group. They decide about the expenses, 

maintenance, and decision makings regarding their own tāq of water. If the shareholders need 

more water in a cycle, the 10 day cycle extends to an 11 day cycle, this extension is called 

saboo. This extra day distributes among all shareholders, the next cycle, however, goes back 

to its 10 days procedure.  

 

2.a.9.8.11.  Qanat of the Moon's dependent structures 

Āsiyāb are among additional facilities of Qanat of the Moon. Using the hydropower of Moon 

neighborhood and Telk Ābād water share five traditional āsiyāb were working until 40 years 

ago. Remains of some of their buildings are still present in the area. Āsiyāb chi watermill 

known as Ali Āfarin watermill worked by the above gallery's water, and āsiyāb-zireh 

watermill worked by the below gallery's water (Mohammadi,2002). 

Kenār watermill in the Moon neighborhood's farms working by Telk Ābād's water share. It 

was next to āsiyā-kharabeh or Sayyid Mo'men watermill that also worked by Telk Ābād 

water. There was another watermill 3 km away from Telk Ābād town working by its water 

(Mohammadi,2002). These facilities and qanats themselves have played an important role in the 

prosperity of the region. 
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2.a.9.9. Qanat of Gowhar-riz (Gauhariz), Jupār, Kerman 

2.a.9.9.1.  Location 

Qanat of Gowha-riz is situated in the city of Jupār, which is 25 km in the southern parts of 

Kerman on the foothills of Jupār mountain. The average elevation of this city from sea level 

is 1900 m. Kerman is in the north of this city and Mahan city is on its east. This city leads to 

Jupār mountain in the south and Bahr Amjard village is situated on its western side.  

Jupār mountain range with an elevation of 4135 m lies in the southern parts of the city. Se 

Shākh (three horn) summit is one the most spectacular peaks of this mountain range which 

enjoys glaciers, permanent springs and lush willow forests. 

Jupār has a hot and arid climate with an average precipitation of 180 mm per year. Meteoro 

logical studies show that evaporation surpasses precipitation here. There is no permanent 

river here and rainfall causes runoff waters which recharge the underground water tables on 

their path towards plains. The qanats of Jupār, Mahan and Kerman plains often extend from 

south (Jupār mountain range) towards north. Apart from Jupār, there are several other qanats in 

this region which include: Kosarriz, Birzangi, Hussein Ābād, Hakim Ābād, Esmāeil Ābād 

and Hojat Ābād.  

 

Photo  2-105. Location of Qant of Gowhar-riz and its course 

 

2.a.9.9.2.  Catchment 

Jupār city and a part of Qanat of Gowhar-riz lie on a low elevated and mild sloped alluvial 

fan. The main head branches of this qanat extend up the foothills of these heights. The 

qanat’s aquifer is situated within Kerman-Bagheyn zone in the extreme southern areas of 

desert catchment area in Anjir-Sāghand. This catchment lies in an area of 74.14 km
2 

wide 
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with an average height of 2650 m from sea level. The summit of Jupār mountain with an 

elevation of 4135 m is one of the highest mountains in Kerman-Bagheyn region. Most 

mountains at this region are calcareous and they slope down sharply.  

 

Photo  2-106. Qanat of Gowhar-riz and its branches; photo by: M.H. Rashedi, 2014 

  

2.a.9.9.3.  Qanat of Gowhar-riz   

This qanat has been a lifeline for the city of Jupār since ancient times. It originates from Jupār 

foothills and its various branches are dispersed on these heights. This qanat resembles a tree 

trunk with its various limbs stretched towards the mountain.  

The income of many households of Jupār is dependent on this qanat. Water management 

system used for irrigation purposes has preserved its old systematic pattern. The water of the 

qanat is diverted to six canals which pass through the urban houses and orchards to reach its 

destination. As the water flows through the city, people use it for washing or for their cattle. 

The ancient water distribution system is still operative, a legacy which dates back to ancient 

times. In this system, land and water are two separate entities of different values. 

Qanat of Gowhar-riz is a wonderful and rather unique phenomenon in its own right. Though 

several other qanats flow in Jupār city, none has the position and significance of this qanat for 

the people. It is esteemed as the founder of the city and the factor behind its expansion.  

Traditional knowledge along with creative innovation have been applied in the proper layout 

for this qanat. In the excavation of the mother wells of this qanat, skillful well-diggers have 

made the best use of underground water sources linking it to the adjacent aqueous faults. The 

wise selection of an appropriate source has generated a qanat which supplies a large quantity 

of incessant water in its long history. Even during dry years, there has been no fall in the 

water discharge of this qanat, a feature which has made it one of the marvels of the desert. 
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Qanat of Gowhar-riz has created a comprehensive culture in its surrounding affecting the life 

of communities living there. In fact, this qanat is the identity and history of Jupār. It has been 

blended with the customs, culture, and beliefs of the people and has been deeply rooted in 

their hearts and minds. They attribute a kind of holiness to this qanat and have a great respect 

and admiration for it. The local communities consider it as one of the most sacred qanats of 

Iran. Qanat of Gowhar-riz and its dominant managerial system have managed to survive all 

the tensions and challenges which have occurred during a long period of time (more than 1000 

years). It has played a key role in the social history of Kerman. Its structural specifications 

along with its cultural features are among the prominent values of this masterpiece. This 

qanat attracts many tourists, a group to do research and some to visit and enjoy the beautiful 

scenes.  

Qanat of Gowhar-riz has a soul, which runs through all its components. Four vital elements 

which are highly revered by people are present in the intangible aspects of this structure 

namely gowhar (gem), fish, plane-tree and vine. Though the people have converted to Islam, 

the people still cherish these elements. In Mithraism and Zoroastrian belief, fish is of special 

value and it is a symbol of protection, good luck and prosperity. An overwhelming majority 

of Jupār residents maintain that there are fish with golden earrings in this qanat. Some say 

that these fish are golden, while some others believe they are red or are not different from 

other fish in it. Some claim that they have seen these fish and are of the opinion that only 

innocent eyes can see them. The locals strongly believe in the apocalypse and the 

reappearance of the 12
th

 Imam (Messiah). They have named the last well of this qanat after 

Imam. This well is 40 m deep and lies at 90 m distance from qanat’s main outlet. A mosque 

has been built over this well and people consider its water curative. 

 

Photo  2-107. Holly plane-tree related to qanat local beliefs in Jupār; source: ICQHS 
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The long history of this qanat is one significant feature of it. Qanat and its six branches seems 

to have preserved its integrity and remained intact for a long period of time. The undeniable 

role the shareholders of this qanat have played in its development, expansion and 

preservation is noteworthy.  

The design of this qanat has had a great impact on the city and villages of this region. The 

streets and alleys have been designed on the basis of water distribution system here. It has 

two main sections, the upstream and downstream. The upstream part covers the spot at the 

foothills up to the wet zone of qanat. This section starts at the spot of mother well and its six 

branches which later join together and form one single stream.  The downstream of qanat 

refers to the city and villages, which have been formed at its outlet. This human settlement 

consisting of houses, streets, orchards, farmlands and a rich culture owes a part of its 

existence to a traditional water distribution system.  

 

2.a.9.9.4.  Course of Qanat and its well shafts 

The six branches of Qanat of Gowhar-riz are known as Darvāze, (or Chāh Gāvgerd), Rubāh, 

Tal Sefid, Khatmi, Haj Mohammad Noush and Hussein Yusefi branches. All these six 

branches stop as they hit rocky beds at the foothill of the mountains. They are 3560 m long 

and have 129 well shafts. Six managers control water distribution task and there is a water 

storage pool constructed at a long distance from its division spot. This reservoir is used for 

the storage of water at nights when irrigation is very difficult, so the farmers can irrigate their 

farms at daylight.  

 

  

Photo  2-108. One of the qanat well shaft; source: ICQHS  
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2.a.9.9.5.  Qanat branches and mother wells  

Darvāze Branch: This is the first branch on the western side and its mother well is marked by 

1Q1 on the map. It consists of 20 separate well shafts and joins the other branches at well 

number lQ20. Its mother well is 41.6 m deep and the well which connects it to the main 

branch is 14.59 m deep. The water depth at the mother well is 0.05 m and the water depth in 

the last well measures 0.02 m.  

 

Chart  2-3. Geological outline of Darvāze branch; source: ICQHS 

 

Rubāh Branch: The mother well of this branch lies 237 m , away in the SE of Darvāze mother 

well and is marked by 2Q1 on the map. It has 14 well shafts, and it is the smallest branch in 

terms of its length and number of well shafts. Well shaft no. 2Q14 is the first well of this 

branch and it joins at some distance to the extension of Tal Sefid and Khatmi branches. Its 

mother well is 31.98 m deep and the well which connects it to other branches has a depth of 

19.55 m. The water depth in mother well is 0.09 m and in the end point well is 0.11 m.  

 

Chart  2-4. Geological outline of Rubāh branch; source: ICQHS  
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Tal Sefid Branch: The mother well of this branch is located 177 m SE of Rubāh branch and is 

displayed by 1Q3 on the map. It has 16 well shafts and its well No. 3Q16 is the first well of 

this branch which connects to Khatmi at some distance. Its mother well is 45.15 m deep and 

its water level is 0.05 m. The depth of the well which links this branch to other branches is 

18.79 m with a water depth of 0.05 m.  

 

Chart  2-5. Geological outline of Tal Sefid branch; source: ICQHS  

 

 

Khatmi Branch: The mother well of this branch lies at 443 m distance in its eastern section 

and is identified as 4Q1 on the map. It has 18 well shafts. Mother well of this branch is 35.15 

m deep and its water depth is 0.10 m. The well connecting this branch to other branches is 

20.6 m deep and its water is measured to be 0.13 m deep. 

 

Chart  2-6. Geological location of branches; source: ICQHS 
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Haj Mohammad Noush Branch: The mother well of this branch is marked by 5Q1 on the map. 

It is located 372 m away in the eastern side of Khatmi mother well. This branch has 18 wells 

and its mother well is 30.4 m deep with 0.08 m water level. The depth of the linking well is 

18.23 m and its water level is 0.18 m.  

 

Chart  2-7. Geological outline of Haj Mohammad Noush branch; source: ICQHS 

 

Hossein Yusofi Branch: With a length of 1604 m, it is the longest branch of Qanat of Gowha-

riz. Its mother well labeled by 6Q1 on the map is 318 m away from Haj Mohammad branch. 

This branch is located on the extreme eastern parts of this qanat and has 25 well shafts of its 

own. Well no 6Q25 is the first well where all branches merge and continue their course 

towards the outlet. The depth of its mother well is 50.24 m and its water level is 0.21 m. As 

the deepest mother well, it has the highest water discharge.  

 

Chart  2-8. Geological outline of Haj Yusefi branch; source: ICQHS 
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of 50.24 and 30.4 m respectively. 

Photo 

 

2.a.9.9.6.  Mazhar-e Qanat of Gowha

The mazhar of qanat is inside the yard of the mosque, where used to be a 

(water access corridor). Water re-enters the gallery and emerges again at 

dividers). 

Photo  2-110

 

After running for nearly 90 m from the mosque, water gets to its final outlet at 

spot where it is divided into six unequal shares. The shares are determined on the basis of the 

canals’ sizes. The water canals from right to 

Divāni 1 (66 cm), Mollāee, Jupār
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Out of these six branches, Yusefi is the longest and Rubāh is the shortest branches. The 

deepest mother well is found in Yusefi and the shallowest in Mohammad Noush with depths 

of 50.24 and 30.4 m respectively.  

 

Photo  2-109. Galleries of qanat; source: ICQHS 

Gowha-riz and its division spots  

of qanat is inside the yard of the mosque, where used to be a pāyā

enters the gallery and emerges again at six maghs

 

110. Mazhar of qanat in mosque; source: ICQHS 

After running for nearly 90 m from the mosque, water gets to its final outlet at 

spot where it is divided into six unequal shares. The shares are determined on the basis of the 

The water canals from right to left include: Bāj (38 cm), Divā

āri Jar and Jupāri Borz (78 cm), the last canal with a breadth of 

Description 

h is the shortest branches. The 

fi and the shallowest in Mohammad Noush with depths 

 

āb in the past 

ghsam spot (six 

After running for nearly 90 m from the mosque, water gets to its final outlet at six division 

spot where it is divided into six unequal shares. The shares are determined on the basis of the 

āni 2 (66 cm), 

, the last canal with a breadth of 
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84 cm is the largest canal. The study of these water canals can help us better understand the 

causes behind their development. For example, Mollāee canal leads to vast farmlands which 

are known as consecrated lands of Nematollah Vali which according to authentic historical 

documents, he has endowed to the public. 

 

Photo  2-111. Qanat’s maghsam; source: ICQHS 

 

These six canals also show the patterns of city expansion, which indicate that farmlands and 

orchards have initially been formed in the western parts of the city and irrigated by the first 

two canals i.e Borz and Jar and then the two Divāni canals have brought water to the northern 

areas and afterwards eastwards, all of these expansions have become possible by the water 

supplied by this qanat.  

  

Photo  2-112. Gowhar-riz division spot ; source: ICQHS 
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2.a.9.9.7.  Divāni Storage Pools 

These pools are constructed inside the houses and orchards and are often 30 × 50 m wide and 

1 meter deep. They are used for water storage at nights to be used for irrigation of farms and 

orchards during daylight. 

 

2.a.9.9.8.  Water distribution system  

A special water distribution pattern governs water division of each single canal. In fact, these 

rules are general but are applied differently in each canal. Water discharge of Qanat of 

Gowhar-riz belongs to more than 500 shareholders who have different shares. Water cycle at 

Borz and Jar canals are 43 tāk which is equal to 21.5 days. The smallest measurement unit is 

equal to one, man or tashte which lasts 12 minutes.  

The person in charge of water distribution divides it into six before letting it flow in six 

canals. The two water shares of Divāni run in a single canal. The managers are often in 

charge of water distribution inside the tāks while other individuals such as mirāb, āb bān 

(water guard who controls water flow) and chāh pās (qanat guard who controls the galleries of qanat 

to deal with any possible problem) may get involved in this business.  

Several tāks make up a single entity which may consist of some farms or orchards with their 

own shares and managed by a single person called tākdār. Tākdār is often elected from 

among the shareholders who have the biggest share and is obliged to deliver water shares on 

the basis of tashte in the past and time measurement now. Therefore, each tāk has a water 

dam where the tākdār can take hold of his shares and start water distribution from there. In 

the past when there was no watch available, the daybreak was the starting point for water 

distribution. Shareholders often cooperate with each other in order to better manage their 

work. For instance, Borz canal consists of 43 tāks which lasts 21.5 days. Each tāk’s position 

in the whole system is defined on the basis of its distance from the outlet.  

Qanat maintenance such as dredging works follows its own unique regulations. Each year 

before the start of cultivation, an estimate is made about the required funds for the 

maintenance works, and the needed budget is raised by the shareholders on the basis of their 

share percentage. In case of unexpected happenings which may require extra money for qanat 

maintenance, the fund raising process is repeated. 

Since ancient times, maintenance costs for maintenance and dredging works have been in two 

ways:  

a. Ashkan which refers to the water shares sold by the board of trustees to fund the dredging 

and maintenance works. 

b. Money collected from shareholders. 
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Map  2-23. Qanat water division; source: ICHQS
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2.a.9.9.9. Qanat water discharge  

Qanat of Gowhar-riz has been constantly monitored since 1962. Water quality on the basis of 

chemical analysis is also known since 2001. This qanat yield is suitable for both consumption 

and irrigation purposes. No pollution threatens Qanat of Gowhar-riz because it originates 

from calcareous heights and there is no industrial, urban or agricultural facilities in its 

upstream. Presently its water discharge is 60 lit/sec.     

 

Photo  2-113. Qanat water in its mother well; source: ICHQS 
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2.a.9.10. Qanat of Bam, Bam, Kerman (Ghāsem Ābād & Akbar Ābād) 

Bam lies between Jebāl Bārez Mountains and the Lut Desert at an altitude of 1060 m above 

sea level. Bam is situated 200 km away from south-east Kerman on the road linking Kerman 

to Iranshahr on Oman Sea. It is 120 km north of Jiroft, now famous for its remarkable 

archaeological discoveries. Its temperature varies from 49˚ c to -9˚ c. The main water course 

is Posht-e Rud flowing on the north side of Arg-e Bam. Qanats network in this area stretches 

NW-SE, which is, in fact, a flood way.  

Bam district is a typical desert oasis with an average annual rainfall of about 60 mm; a 

precipitation which has decreased in recent years. Permanent surface water is non-existent, so 

there are only few permanent dry riverbeds and subsidiary floods during the rainy seasons. 

 

Photo  2-114. Location of Qant of Bam and its course 

 

Bam consists of two districts, central and Baravāt. Baravāt district lies at a 6 km distance on 

the eastern side of Bam on Bam-Zahedān road. The lands of this district are irrigated by 23 

qanats, Akbar Ābād and Ghāsem Ābād is one of them. The ancient civilization of this region 

is dependent on the existence of these qanats. The importance of Bam and its cultural 

landscape particularly after 2003 earthquake and its inscription on the World Heritage Sites’ 

list and the role of qanats in the cultural landscape of Bam attract the attention of experts. 

Qanats of Bam are among the outstanding global values and their key role in preserving its 

cultural landscape is considerable. This part of desert region in Iran could have been an 

inhabitable region without its qanats and that is why many archeologists attribute the 

establishment of civilization to the innovative construction of qanats in this region. Qanats of 

Bam which are the results of sophisticated and advanced traditional knowledge date back to 
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2000 years ago. Baravāt qanats are a part of Bam’s cultural landscape which can be picked as 

a sample for regional qanats. Since the long history of Bam’s qanats is an indisputable aspect, 

only those qanats which have had rather short history have been chosen in order to show the 

continuation and survival of this tradition in Iran. Akbar Ābād-Ghāsem Ābād Qanat which is 

known as twin qanat has almost 100 years old. This qanat clearly shows transfer of traditional 

knowledge from ancestors to new generations. The precise layout at the fault has been done 

so skillfully that it is regarded as one of the best newly dug qanats of the region. Its water 

discharge which is 300 liter/second provides it with an outstanding value within Bam’s 

cultural landscape.  

 

2.a.9.10.1.  Catchment 

The catchment of this qanat covers a vast area of southern, western and northern mounts and 

Bam-Narmashir flat in the eastern half. There are four major faults in the region which divide 

the ground water to five hydraulic units so that every group of Qanats is fed by a separate 

unit. 

 

Photo  2-115.General view of qanat agricultural demanded area; photo by: S. H. Rashedi, 2014 

 

foothills particularly in alluvial fans of Nesa and Aduri Rivers, but as it moves towards north 

and east, dissolved salts in water increases, however it gets to a minimum level in the east 

and NE extremes. There is no significant change in water quality in deep and unconfined 

aquifers (Bina, 2003: 11). These aquifers have been feeding qanats of the region since ancient 

times, some of these qanats run for dozen of kilometers. 

The fault of Bam with its unique structure has supplied water for Bam for thousands of year. 

It starts from SE of Bam with a N-S direction and after 12 km ends in SW of Baravāt. This 

fault is the result of orogenic processes which have started in Pleistocene Period and 

continued up to Holocene Period (1.6 million years ago till 10000 years ago) (Adl, 2006: 52). 
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The faults along impervious layers have brought about relative stability of the aquifer. So the 

advance of a group of Qanats towards the other group with different hydraulic unit causes no 

problem. 

 

2.a.9.10.2.  Qanats of Bam 

The antique agrarian sites along Bam Fault and their sophisticated network of qanats 

represent a masterpiece of human creative genius. With new explorations made in Bam Fault, 

this site reveals a two thousand years history of continuous evolution of qanats from their 

early times up to now. 

 

Photo  2-116. Akbar Ābād qanats - Bam; source: ICHHTO 

 

The groundwater situation is quite complex. The district is surrounded by high mountains that 

receive precipitation, both as rain and snow, which infiltrates into the alluvial fan and 

recharges the aquifers overlying the impermeable, fine-grained alluvial deposits. This 

situation was ideal for the construction of shallow wells and qanat systems. The area has the 

oldest qanats of Iran and one of the highest densities of qanats in the whole country. There 

are some 375 lines of old traditional qanats, about 118 of which are in the Bam-Baravāt 

region. The discharge rates of the qanats vary widely, mostly in the range of 50-200 

liter/second (Salih, 2006). 

The Bam fault scarp has helped to trap groundwater in the upper terrace, where Bam city is 

located, and has formed a sort of underground dam that keeps recharge water in the aquifer 

and contributes to the qanat systems. Recent geological studies have shown that the 2003 

earthquake did not result in significant displacement of the fault scarp; therefore, it is not 

expected to have changed groundwater status in the area. (Salih, 2006 ). 
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2.a.9.10.3.  Akbar Ābād &Ghāsem Ābād Twin Qanat  

As mentioned before, 23 Qanats in Baravāt, parallel to each other, convey water from aquifer 

in the western side of the plain to the fields and human settlements in the east of the fault. 

Digging into the water table of each qanat is coordinated with others, and is a continuous 

task. Even deep qanats should be extended to compensate reduction in discharge.  

The short distance between “Akbar Ābād” and “Ghāsem Ābād” has made the local people 

call them twin qanats. As noted before, the selection of these two qanats is not because of 

their long history but rather an attempt to show the survival and continuation of this 

traditional knowledge up to the present day. The technology used in the construction of these 

two qanats plus the traditional knowledge in the selection of suitable underground layers and 

water tables point to the constant progress made over long years, as a result of which the sites 

selected for mother wells are so exact and wisely-chosen that the maximum water discharge 

has been guaranteed by allowing the water flow on the hard but suitable slope of the galleries. 

The selection of the mother well has been done in such a way that direct access to the water 

resources trapped inside the Bam fault has become possible, a quality which can be mere 

innovation and wisely applied. The use of a compact bed has obviated the need for regular 

cleaning. The water discharge of this qanat which originates from faults makes it an 

exceptional case among its equals.  

“The fold created by the fault has caused two different levels in Bam-Narm Shir plain” (Adl, 

2007:49). This difference in elevation has considerably contributed to the gravity transfer of 

water to low land plains. To transfer water, the builders had to dig a “shaft” and connect it via 

galleries to the aquifer. Then they had to build a dam on its course to hold back water and 

form a reservoir afterwards they could direct the water to channels and direct it to any spot 

within any plain they wished. The Hezar ordak reservoir (1000 Ducks Reservoir) and dozens of 

similar reservoirs which have been constructed at the foot of this fold are linked to aquifer 

and supply a major part of gardens and farms in the eastern side of Bam.  

A significant part of Bam’ cultural landscape relates to gardens which owe their life to these 

qanats. Therefore, apart the economic values, another important issue, concerns monitoring 

and preservation of regional qanats especially these two qanats. In addition, the mother wells, 

well shafts and mazhar-e qanats are situated in the limits of globally registered Bam Site 

while its entire catchment area lies in the external boundary of this historical site, therefore 

they are considered an special case in this respect. 

The structure of twin qanats enjoys an exceptional calculation skill, a knowledge which has 

significantly reduced the number of required well shafts, and an achievement which shows 

the geological knowledge of the well-sinkers about the water producing faults of the region. 

The expertise applied in the construction of these qanats allows the water flow smoothly 

beneath the ground and exit from the outlets.  
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Photo  2-117. Mazhar of Ghāsem Ābād and Akbar Ābād; source: ICHQS  

 

Knowledge about the technical complexities of these qanats has greatly contributed to the 

preservation of their water discharge, a quality which is among their outstanding features. 

Considering the short distance between the galleries of these two qanats, it seems that their 

positioning may affect water discharge, but although a major part of these two qanats run 

parallel to each other (20 m apart from each other). In water production section, the galleries of 

both qanats diverge, and given the existence of a fault that intersects the both qanats, a 

change in the discharge of a qanat does not bring about a change in the other qanat. 

 

2.a.9.10.4.   Mother well 

The mother wells of these two qanats are fed by an aquifer formed behind Bam fault. Akbar 

Ābād mother well is 59 m deep and its coordinates are Y=321825 and X=633640. The 

mother well of Ghāsem Ābād Qanat is 60 m deep and its coordinates are X=633333 and 

Y=3218408. This well s situated in a quarter of Baravāt district. Mother well of Ghāsem 

Ābād Qanat lies at 120 m distance on the NW section of Akbar Ābād mother well. 

 

Photo  2-118. Ghāsem Ābād mother well; source: ICHQS 
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2.a.9.10.5.  Well shafts and course of qanats  

The galleries and shafts of these two qanats run parallel to each other and the total sum of 

their length is 9840 m. Akbar Ābād Qanat is 4811 m long while the length of Ghāsem Ābād 

Qanat is 5039 m. Both qanats stretch in east-west direction and they mostly pass through 

urban areas and date palm gardens.  

Akbar Ābād and Ghāsem Ābād Qanats have 33 and 25 well shafts respectively. In order to 

prevent flood or foreign objects entering the well shafts, the area around their opening is 

covered by cairns.  

 

Photo  2-119. Water distribution of qant to the gardens; source: ICHQS 

 

These qanats are dug at 4 km distance SE of Bam in a steep plain on which scattered dunes 

can be observed. A fault cuts off qanats in the midway. Elevation difference at this point is 10 

m. The upper layers of the fault are covered by clay and silt, but based on the sample soils 

obtained from well shafts; it seems that the bed is made of hard rocks of high density. The 

gradient of the Plain is from west to east and south to north. Part of the qanats’ course has 

been dug in sand, fine sandstones and grit stones and another section which lies after Fault is 

done in entirely clay and silt soils. Tarān of both qanats start at the fault and continues to 

their mother wells. Tarān of Akbar Ābād is 2350 m long and tarān of Ghāsem Ābād is 2400 

m long. The amount of qanats’ discharge and the length of their wet zones show that they are 

fed by the faults’ aquifer.  

 

2.a.9.10.6. Water discharge of qanats  

As was pointed out earlier, water discharge of these two qanats is one of their significant 

features. Akbar Ābād Qanat yields 300 liter/second and Ghāasem Ābād water discharge is
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320 liter/second. The 2003 earthquake has had no effect on qanats’ water discharge. Each of 

these qanats irrigates some 300 ha of lands and garden mostly in northern parts of Baravāt. 

Since there are mostly palm gardens, they need to be flood irrigated. To do so, at first water is 

directed to large water reservoirs and then it is diverted towards the date palms. Most of 

qanats’ water are used for the irrigation of palm gardens.  

 

Photo  2-120. Location of qanats and the fault; source: International Institute of earthquake 

 

2.a.9.10.7.  Ownership, traditional management and water distribution system 

Water belongs to different shareholders and like other qanats, mirāb is in charge of its 

distribution. There are about 120 shareholders for these qanats. Like other qanats in Bam, 

water cycles are repeated every 7 days and 6 nights, the entire 168 hours/per week are 

divided between all shareholders. In this system, each shareholder receives his water share in 

a given time of the week. In 6 day system which aims to increase water share in each turn, 

144 hours are divided between all shareholders and the remaining 24 hours is added to the 

share of all owners. Water cycle for Akbar Ābād and Ghāsem Ābād is on the basis of 7-day 

cycle. The shareholders irrigate their garden under the supervision of mirāb. The biggest 

water share in Akbar Ābād Qanat lasts 26 hours and the shortest lasts only 5 minutes. 

Ghāsem Ābād’s biggest share is 1 tāq and 28 minutes and the smallest share is about 15 

minutes.  
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Photo  2-121. Distribution of Akbar Ābād and Ghāsem Ābād; source: ICHQS  

 

Photo  2-122. Distribution of Akbar Ābād and Ghāsem Ābād; source: ICHQS 
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Photo  2-123. Distribution of Akbar Ābād and Ghāsem Ābād; source: ICHQS 

 

Photo  2-124. Mazhar of Akbar Ābād Qanat; source: ICHQS
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2.b. History and Development 

2.b.1.  Genesis of Qanat 

It is Henry Goblot who explores the genesis of this technology for the first time. He argues in 

his book that Goblot believes that the influence of the Medians and Achaemenians made the 

technology of qanat spread from Urartu (in the western north of Iran and near the present border 

between Iran and Turkey) to all over the Iranian plateau.   

Although Goblot's theory may be valid in Urartu or neighboring regions, we believe that we 

should be more realistic toward the invention of qanat. It is more likely that the first qanats 

were built in the central plateau of Iran at the mountain bases or along the valleys, though we 

do not rule out the possibility of construction of qanats outside of this region for example in 

Oman or Urartu independently. But it is hard to accept the theory that the qanat was first 

invented by the copper miners in Urartu and then introduced to the Iranian plateau and used 

by the farmers who lived some 1500 km away from its origin. 

 Not only in the past, but also at present, the immediate reaction of any farmer is to dig into a 

spring when its water dwindles. In the mountainous region surrounding the Iranian desert 

there were many natural springs which supplied water to the small communities who lived 

there. In the wake of climate change, the precipitation reduced and accordingly many of the 

springs dried up or just trickled. In this situation the immediate reaction of the people might 

be to dig the same springs to track the water, and after a while they ended up building a long 

tunnel with some shaft wells through which they could better haul the debris to the surface.  

In fact, we consider that the natural springs led the people to construct the first qanats, and it 

is very likely that an ancient man would be inspired by a trickling spring to burrow back to 

get closer to the source of water. Probably that was how the system of qanat came into 

existence, probably in several regions simultaneously. Hassanaliān who has conducted much 

research on Siyalk
13

 has come to the conclusion that the spring of Fin which once provided 

this ancient settlement with water was later manipulated and turned into a qanat (Hassanalian 

Davood, 2006). Even a few years ago we witnessed this process in an off the beaten path village 

in Khorāsān-e Jonubi. In this village there was a natural spring with a discharge of about 3 

liters per second. After a drought broke out in 1990s, the water of this spring dramatically 

decreased and as a result the villagers made up their mind to deepen the spring to reach water 

again. They dug the spring horizontally up to 30 m and every year they extended this tunnel 

to keep the discharge steady.  

                                                      
13

 Siyalk is a large ancient archeological site near the city of Kashan, in central Iran, tucked away in the suburbs, 

close to Fin Garden. What remains of the 5000-year-old ziggurat of Siyalk is not in a favorable condition like 

many other ancient ruins in Iran. At the site, there are actually two structures Siyalk situated several hundred 

feet from each other. The three platforms of the larger ziggurat, however, still remain in place. Not much 

remains of the smaller structure. The Louver has also excavated a cemetery near the structures that has been 

dated as far back as 7,500 years.(http://en.wikipedia.org/wiki/Tappeh_Sialk)  
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After 20 years that spring was turned into a qanat with two shaft wells. This scenario can be 

seen beside the theory that the miners of Urartu invented the qanat as a byproduct, and could 

be repeated wherever enjoyed suitable conditions for qanats. Who knows how or even 

whether the farmers in the central Iran came in contact with those miners in Urartu and how 

they learnt this technique and how they brought it to the central Iran? 

 

2.b.2.  Impact of climate change on qanat evolution 

Contrary to what is generally assumed, human inhabitation in the desert areas of Iran has 

never taken place just in the wake of the invention of qanat. It is evident that human 

settlements formed and flourished in this area since the Paleolithic era before no qanat could 

come into existence. In fact the global warming and climate change drove humans to invent 

and apply the technique of qanat in order to improve their adaptation to a drier climate and 

make it possible to come to terms with the harsh condition of living in desert.    

According to Goblot’s theory, qanat has been invented by the Akkadiān miners in the 

territory of Persian culture (Goblot, 1992: 108). These miners got into trouble with the 

infiltration of groundwater into their tunnels while digging through the Zagros mountains in 

search of copper. They came to invent some drainage tunnels as a solution to the problem of 

infiltration, leading them to invent qanat by accident. Such qanats as the byproduct of the 

ancient copper mines are said to date back to the early first millennium before Christ (Goblot, 

1992: 107).  

According to this theory, the widespread use of qanat as an irrigation technique came to be 

catching on a few centuries later. Nevertheless the areas where are now known to be 

dependent on qanat system were already populated by sporadic human communities even 

hundreds of years before any qanat came into being. Many archeological sites going back to 

before the second millennium BC all bear witness to the prosperity of these ancient 

settlements in central Iran, such as Siyalk Kashan, Teppe Hesar in Dāmghān, Teppe Yahya in 

Kerman, Teppe Hesar in Gonābād, etc.      

At that time humans had not reached such a technical level to exploit groundwater, on the 

other hand the topographical condition of many of those ancient settlements were not suitable 

for qanat construction. For example, Alfons Gabriel encountered the vestiges of an ancient 

settlements right in the middle of Lout desert in central Iran, where no human dares to stay 

even for a few days nowadays. He talks about the existence of this settlement as a riddle, 

since he was baffled by the question how they managed to supply water in a place whose 

topographical condition did not allow any qanat (Gabriel, 1992: 311). Therefore, we should find 

an answer to the question how the inhabitants of the Iranian desert could live and cultivate 

before the advent of qanat technology. Maybe the areas that are nothing but desert today were 

once in a better state and enjoyed a better climate thousands of years ago.   
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2.b.3. Climate change in central plateau of Iran 

12800 years ago, the earth happened to return to a semi ice age condition. This freezing 

change is known as Younger Dryas which persisted for 1200 years (Sobooti, 2011: 112).  At that 

time the central plateau of Iran enjoyed some permanent surface streams originating from the 

surrounding elevations and running down toward the some sporadic lakes and water bodies, 

paving the way for the prehistoric human settlements.   

 Over the prehistoric period, the central Iran especially the regions today on the edge of 

Iranian deserts were overrun with lakes, springs and rivers according to the geological and 

archeological evidences. The banks of these rivers and lakes accommodated many sedentary 

farming communities and triggered the creation of some major civilizations there. Thousands 

of years elapsed and the small patches of desert grew and intruded into the prosperous areas, 

and accordingly the water bodies and rivers came to dwindle and then dried up, exposing the 

settlements dependant on those waters to a great change. But the settlements which nestled on 

the banks of the big rivers far away from the intrusion of the central desert continued their 

growth into metropolises and principle civilizations. The famous civilizations of 

Mesopotamia like Babylonian and Akkadian while used to rely on the river of Euphrates give 

credence to this claim. Also the river of Karkhe that got away with the desertification could 

quench the lands of Susa city for a long time, and made it possible for this ancient city to 

evolve into the hub of Ilam civilization and then Achaemenid headquarter (Sykes Percy, 1984: 

48-49).  

But the destiny of the settlement located on the margin of the Iranian desert went down 

another path. At the ancient time, the people of Siyalk irrigated their farmlands with the 

plentiful water of the natural spring of Fin (Naamani, 1979: 434) and those who lived in the 

Teppe Hesar in Gonābād, Teppe Siyah and Teppe Bayas Ābād much probably relied on the 

river of Kal Shoor. The settlement of Teppe Hesar is an archeological site once populated 

between the third and first millenniums BC, and today situated on the southern bank of Kal 

Shoor. Kal Shoor is a gully crusted with salt, which once quenched the thirst of Teppe Hesar  

and now sometimes brings a seasonal flood from the surrounding more elevated lands. The 

both banks of this gully are so saturated with salt that the most salt resistant desert plants 

cannot put up with it. What really became of these civilizations?   

This story has happened to many of the ancient settlements on the edge of the central desert 

whose suitable water sources vanished in the wake of climate change. The drying up of 

prehistoric rivers and lakes led to the annihilation of some human settlements like what 

Alfons Gabriel came across in the Lout Desert, but some others took a different strategy to 

survive. They invented and developed the qanat technique to better adapt to such a harsh 

condition, wherever the environmental circumstances allowed. Even nowadays, in the central 

plateau of Iran many of the population centers are situated on the coasts of the gone 

prehistoric lakes according to geological evidences. One of those lakes once covered all the 

area around the swamp of Gāvkhooni in Esfahan. This lake has left three levels of 

sedimentation whose highest level is situated at the height of 1550 m above sea level. 
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In other words, the water level was some 80 m higher than what we see in the swamp of 

Gāvkhooni in its heyday. One can imagine the city of Esfahan right on its beach and the other 

today towns like Ezheh, Harand and Varzaneh submerged. The lowland of Abarghoo was not 

exception though its meteorological conditions were different from that of the northern and 

western areas. At least two levels of sedimentation are perceptible along the road from 

Abarghoo to Taft, and the town of Abarghoo has been built just on the highest level of 

sedimentation. According to Gabriel there once existed a relatively big lake in the central 

lowland of Iran. On the western side of this lowland close to the assumed lake such cities as 

Nāein, Aghdā, Ardakān, Meybod and Yazd nestle. The city of Nāein is located at the highest 

level, Aghda at the second level and Ardakān at the third level and actually at the bottom of 

the assumed lake. There were also other lowlands - once ancient lakes - parallel to the 

aforementioned lake, whose coasts favored the formation of the primitive human settlements. 

In fact most of the lakes in the central plateau of Iran were not so deep that they can bring 

about any particular formation, but the type of sedimentation across those lowlands implies 

the old existence of shallow and relatively stagnant lakes whose coasts were the cradle of 

ancient settlements (Ramesht, 2001: 105).  However, the climate change gradually made those 

water bodies dry up, leading to a completely different environmental landscape.       

 

2.b.4.  Qanat as a technique to adapt to the climate change 

The archeological findings prove that the climate change at ancient times broke out at a 

relatively high pace. As an instance, the vestiges left from Scythians who dwelt north of 

Iranian plateau between the second and first millennium BC suggest that their territory were 

then covered with lush forests (Maleki, 1998: 176). Also in Birjand east of Iran, the stone  

carving of Lakh Mazar exhibits the images of some animals like lion that have long become 

extinct in the area. This carving dates back to the first millennium BC, when the region 

enjoyed a better climate suitable for that fauna (Labbaf Khaneiki & Bashash, 1994: 29). But this 

area was devoured by the greedy desertification, and the inhabitants resorted to exploiting 

groundwater to make it through the new harsh condition. The climate change could not wipe 

the human presence off the central Iran, but it altered the basis of life and production and 

gave rise to the “qanat civilization” which was built upon the groundwater extracted by qanat 

system. In fact the inhabitants of this region responded to the gradual climate change by 

inventing qanat that enabled them to better adjust themselves to such a harsh environment.      

An interesting study recently done on the lake Van in today Turkey can shed light on the 

climatic condition of ancient times and its impact on the human civilizations. The sediments 

that have settled at the bed of this lake over the past 14 years can provide a clue to estimate 

the climatic conditions at the ancient times. The ratio of Oxygen isotope measured in the two 

layers of Aragonite and Calcite revealed the climatic conditions before and after the Roman 

Empire.   
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Therefore the highest relative humidity in the Middle East has been dated between 8400 and 

4100 years ago. Afterward a dry period began some 4100 years ago and culminated 2100 

years ago. Since then no abrupt change occurred in the amount of humidity but a few 

fluctuations (McCormick, 2012: 169–220). As the dry period neared its peak, the first qanats 

showed up and developed in the area. Some different archeological studies ever conducted on 

the history of qanat in different regions in the Middle East all give credence to the fact that 

the advent of qanat and the outbreak of a dry period were almost coeval. As an instance the 

famous inscription of the Assyrian king Sargon was decrypted and turned out to be the 

description of his eighth battle in 714 BC. Somewhere in the inscription, a civilization in the 

region of Urmia is mentioned and the lines 202 until 204 describe a special irrigation system 

completely akin to qanat (Laessoe, 1951: 21-32). In Oman the potteries discovered in the qanat 

dependant settlements have been dated by thermo luminescence method, and they turned out 

to date from 300 BC (Yule, 1999: 121-146). In Iran in Bam, at the bottom of a reservoir of a 

qanat, Shahriyar Adl unearthed a healthy container dating from 500 BC, which seems 

associated to the antiquity of the qanat (Adle, 2007). Also, around the wells of Qasabeh Qanat 

in eastern Iran some pottery fragments have been found, whose design and color imply the 

antiquity of 2000 years ago (Labbaf Khaneiki, 1997: 271-298). Some 5 centuries before Christ at 

the time of Achaemenid occupation, 20 qanats were built in the Ain Manavir oasis in Egypt 

and the archeologists have come into consensus on their antiquity (Wuttmann, 2000: 162-169). 

Again in Oman in the Al-Meysar oasis an ancient qanat was discovered whose tunnel ceiling 

was only 50 cm below the present earth surface. This qanat is believed to date back to 600 

BC (Wiesgerber, 2003:61-67). Eventually Boucharlat the French archeologist comes to the 

conclusion that qanat should be invented in Irion Age some 800 years before Christ, after 

reviewing all the studies ever conducted on the archaeology of qanat (Boucharlat, , 2003: 161- 

172). Now we get back to the Lake Van in Turkey. What the archeologists say about the 

antiquity of the first qanats tally with the date of the latter dry period deduced from the 

sediments in the Lake Van. In other words, some 2800 ago when the Middle East was going 

through a dry period, some communities succeeded in inventing this technique to boost their 

adaptation. Adaptation to environmental conditions is a very common strategy for human 

communities. The communities once living on the banks of permanent rivers in the central 

plateau of Iran could come to terms with the intensifying drought and then embraced a 

change in their civilization and culture. Briefly, the shrinking surface water bodies drove the 

communities to turn to the technique of qanat, which caused a substantial change in their 

production system. The change in the production system gave rise to some major 

modifications in the economic structures in order to better adapt to the new condition, and 

such modifications accordingly brought about a transformation in social and cultural 

structures ranging from political foundations to social styles, art, literature, education, etc.      

Human has been under very influence of climate since the dawn of his evolution, and the 

considerable climatic changes that broke out respectively 2.8, 1.7, and 1 million years ago 

meaningfully correlate with the hominid’s evolution that led a variety of species from our  
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genus (Demenocal, 1995: 53-59). Even the invention of technology and the advent of civilization 

could not neutralize the impact of climate but it was only deviated from individual to social. 

Maybe climate no longer accesses us through our shield of technology to perpetuate the 

natural selection and physiological evolution in its traditional way, but we keep changing in 

order to better adapt to the changing environmental conditions and ensure our being selected 

through our technologies rather than our somatic privileges. The human civilizations have 

been under the influence of climate whether directly or indirectly. Modern archeology takes it 

for granted that the rise and fall of such famous civilizations as Anasazi, Maya, Hittites and 

Egyptian had much to do with the climatic changes (Cowie, 2007).    

The environmental conditions under which human lives are always subject to change. The 

Paleolithic humans succeeded in using and then making tools to keep pace with their 

changing environments. Thus technological evolution prevailed over the biological one to a 

large extent. Technology could speed up the humans’ adaptation to the changing 

environment, whereas somatic adaptation takes much longer time, entailing millions of 

genetic mutations in an accidental pattern. During the ice age when the Mammoths became 

extinct, the invention of fire and cloth exempted humans from looking forward to the favor of 

mutations in the hope of growing thick hair or developing an insulating layer of fat under 

skin. Qanat is one of the technologies that properly enhanced the level of human’s adaptation 

to the environmental change, so that survival became possible in the face of the harsh 

condition of the Iranian desert.        

Therefore, qanat can be regarded as a collective response of human communities to the 

climate change. Qanat accordingly underlay a particular production system and economic 

structure in which a variety of social, political and cultural elements are anchored (Papoli Yazdi 

& Labbaf Khaneiki, 2000: 1-23). In this part of world, the impact of geography has been exerted 

on different aspects of human communities through the technique of qanat, whose indications 

and vestiges can be traced even today.   

 

2.b.5.  History of qanat in Iran 

In order to review the situation of qanats in the course of Iranian history, this part of the 

report explores some documents on qanats from the first historical records to the present 

ones. To do so, we try to review the situation of qanats keeping pace with the history of kings 

and governments.  

First of all, it seems necessary to take up some facts on the geographical and climatologically 

conditions of Iran, for the natural infrastructures had an important role in creating and 

developing the qanat systems. 

Suffice to say Iran has a variable climate, and In general, this country has an arid climate in 

which most of the relatively scant annual precipitation falls from October through April. In 

most of the country, yearly precipitation averages 250 mm or less. The major exceptions are 

the higher mountain valleys of the Zagros and the Caspian coastal plain, where precipitation 
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averages at least 500 mm annually. In the western part of the Caspian, rainfall exceeds 1000 

mm annually and is distributed relatively evenly throughout the year. This contrasts with 

some basins of the Central Plateau that receive 100 mm or less of precipitation annually. 

 

2.b.5.1.  Elamits and Assyria (1400-550 BC) 

It is Henry Goblot who explores the genesis of this technology for the first time. He stipulates 

in his book entitled Qanat; a Technique for Obtaining Water that during the early first 

millennium before Christ (Elamits and Assyria period), for the first time some small tribal 

groups gradually began immigrating to the Iranian plateau where enjoyed less precipitation 

than that of the territories these groups came from. They came from somewhere with a lot of 

surface streams, so their agricultural techniques used to require more water which was out of 

proportion to the water available in the Iranian plateau. So they had no option but to fasten 

their hope on the rivers and springs that originated in the mountains. They faced two barriers; 

the first was the seasonal rivers which were out of water during the dry and hot seasons. The 

second was the springs that drained out the shallow groundwater and fell dry during the hot 

seasons. But they noticed some permanent runoffs flowing through the tunnels excavated by 

the Acadian miners who were in search of copper. These farmers established a relationship 

with the miners and asked them to dig more tunnels in order to supply more water. The 

miners accepted to do that, because there was no technical difficulty for the miners in 

constructing more canals. In this manner, the ancient Iranians made use of the water that the 

miners wished to get rid of it, and founded a basic system named qanat to supply the required 

water to their farm lands. According to Goblot, this innovation took place in Urartu
14

 and 

later was introduced in the neighboring areas like Zagros Mountains.  

According to an inscription left from Sargon II the king of Assyria, In 714 BC he invaded the 

city of Uhlu lying in the northwest of Urmia lake that belonged to the territory of Urartu 

Empire, and then he noticed that the occupied area enjoyed a very rich vegetation even 

though there was no river running across there. So he managed to discover the reason how 

the area can stay green, and realized that there are some qanats behind the matter. In fact it 

was Ursa the king of the region who had rescued the people from thirst and turned Uhlu into 

a prosperous and green land. Goblot believes that the influence of Medians and 

Achaemenians made the technology of qanat spread from Urartu (in the western north of Iran 

and near the present border between Iran and Turkey) to all over the Iranian plateau.   

                                                      
14 Strictly speaking Urartu is the Assyrian term for a geographical region, while the "kingdom of Urartu" or the 

"Biainili lands" are the Iron Age state that arose in that region. That a distinction should be made between the 

geographical and the political entity was already pointed out by König. The landscape corresponds to the 

mountainous plateau between Asia Minor, Mesopotamia, and the Caucasus mountains, later known as the 

Armenian Highlands. The kingdom rose to power in the mid 9
th

 century BC and was conquered by Media in 

the early 6
th

 century BC. (http://en.wikipedia.org/wiki/Urartu) 
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2.b.5.2.  Achaemenian Empire (550-330 BC) 

It was an Achaemenian official ruling that in case someone succeeded in constructing a qanat 

and brining groundwater onto the surface in order to cultivate, or renovating an abandoned 

qanat, the tax he was supposed to pay the government would be waived not only for him but 

also for his successors up to 5 generations. During this period, the technology of qanat was in 

its heyday and it even spread to other countries. For example, according to Darius’s order, 

Silaks the naval commander of the Persian army and Khenombir the royal architect managed 

to construct a qanat in the oasis of Kharagha’ in Egypt. Beadnell believes that the qanat 

construction dates back to two distinct periods. In Egypt some qanats were constructed by the 

Persians for the first time, and later Romans dug up some other qanats during their reign in 

Egypt from 30 BC to 395 AC. In any way the magnificent temple built in this area during 

Darius’s reign shows that there was a considerable population depending on the water of 

qanats. Ragerz has estimated this population to be 10000 people. 

Boucharlat confirms the introduction of qanat in Egypt at the time of Achaemenian, though 

he underlines the differences between them and the original Persian qanats. He writes that 

"recent excavations both in Egypt and Libya have provided evidence of underground 

galleries dated to Persian period (mid 5
th
 century B.C.). However it should be stressed that 

these galleries tap water in a very particular geological context, i.e. the huge Nubian 

Reservoir, a fossil aquifer located in the Nubian sandstone plateau. While the galleries at Ain 

Manawir also in the Khargeh [Kharagha’] oasis are confidently dated to 4
th

-5
th

 centuries B.C. 

and onwards, they are of a type which presents certain specific characteristics. They fit the 

true qanat-falaj definition in the specific meaning I give to this technique, i.e. draining water 

from an aquifer (one of the mother wells is 30 m deep). However they differ from the typical 

qanat as well: they benefit from artesian sources: they have very short galleries (less than 400 

m long, often 200 m) and they have a gradient superior to 10.7% (up to 13%). Tentatively I 

would suggest that the type of deep gallery used in Egypt represents an adaptation to a local 

context but it would not have spread elsewhere because of its specific context" (Boucharlat, 

2001). 

The most reliable document confirming the existence of qanats at Achaemenian period has 

been written by Polibius who stipulates that: “the streams are running down from everywhere 

at the base of Alborz mountain, and people have transferred too much water from a long 

distance through some subterranean canals by spending much cost and labor”. 

 

2.b.5.3. Seleucidian Era (312-250 BC) 

During Seleucidian era that began after the occupation of Iran by Alexander, it seems that the 

qanats were abandoned. Maybe this situation has something to do with the origin of the 

occupiers who had no idea on how the system of qanat works and should be treated.
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2.b.5.4. Parthian Era (250 BC – 150 AC) 

In terms of the situation of qanats during this era, some historical records have been found. In 

a study done by the Russian orientalist scholars it has been mentioned that: the Persians used 

the side branches of the rivers, the mountainous springs, wells and qanats to supply water. 

The subterranean galleries excavated to obtain groundwater were named as qanat. These 

galleries were linked to the surface through some vertical shafts which were sunk in order to 

get access to the gallery to repair it if necessary. 

According to the historical records left from the ancient times, the Parthian kings did not care 

about the qanats the way the Achaemenian kings and even Sassanid kings used to do. 

Polybius [Greek historian, 203-120 B.C.] records how Arsac III one of the Parthian kings 

tried to demolish the qanats and so cut off the water supply in order to halt the advance of 

Antiochus towards the lost Parthian captial of Hecatompylos. Arsac destroyed some qanats in 

order to make it difficult for Seleucidian Antiochus to advance further while fighting him 

(Beaumont, 1971).  

 

2.b.5.5. Sassanid Era (226-650 AC) 

The historical records left from this time indicate a perfect regulation on both water 

distribution and farmlands. All the water rights were recorded in a special document which 

was referred to in case of any transaction. The lists of farmlands - whether private or 

governmental - were kept at the tax department. During this period there existed some official 

rulings on qanats, streams, construction of dam, operation and maintenance of qanat, etc. The 

government proceeded to repair or dredge the qanats that were abandoned or destroyed by 

any reason, and construct the new qanats if necessary. A document written in Pahlavi 

language 
15

 pointed out the important role of qanats in developing the cities at that time. 

 

2.b.5.6. After Islam (from 621 AC on) 

Since 621 AD, after the advent of Islam, different dynasties have come to power in Iran. First 

we take up the situation of qanats in the reign of Abbasid, Taherid and Āl-e Buye, then we 

explain the earlier eras. 

In Iran, the advent of Islam that coincided with the overthrow of the Sasanid Dynasty brought 

about a profound change in religious, political, social and cultural structures. But the qanats 

stayed intact, because the economical infrastructures such as qanats were of great importance 

to the new government. As an instance, M. Lombard reports that the Moslem clerics who 

lived during Abbasid era such as Abu yoosef Ya’qoob (death 798 AC) stipulated that whoever 

can bring water to the idle lands in order to cultivate, his tax would be waived and he would 

be entitled to the same lands cultivated. Therefore, this policy did not differ from that of 

                                                      
15

 An ancient branch of Persian language that was spoken during Sassanid Era 
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Achaemenians not getting any tax from the people who revived the abandoned lands. Arabs’ 

supportive policy on the qanats was so successful that even the holy city of Mecca gained a 

qanat too. The Persian historian Hamdallah Mustawfi writes: “Zobeyde Khatoon (Harun al-

Rashid’s wife) constructed a qanat in Mecca. After the time of Harun al-Rashid, during the 

caliph Moghtader’s reign this qanat fell into decay, but he rehabilitated it, and the qanat was 

rehabilitated again after it collapsed during the reign of two other caliphs named as Ghāem 

and Naser. After the era of the caliphs this qanat completely fell into ruin because the desert 

sand filled it up, and later Amir Choopan repaired the qanat and made it flow again in 

Mecca.” 

There are also other historical texts proving that the Abbasids were concerned about qanats. 

For example, according to the Incidents of Abdollah-ibn Tahir’s Time written by Gardizi, in 

the year 830 AC a terrible earthquake struck the town of Forghaneh and reduced many homes 

to rubble. The inhabitants of Nishabur used to come to Abdollah-ibn Tahir in order to request 

him to intervene, for they bickered over their qanats and they found the relevant instruction or 

law on qanat as a solution neither in the prophet’s quotations nor in the clerics’ writings. 

Therefore, Abdollah-ibn Tahir managed to bring together all the clergymen from throughout 

Khorāsān and Iraq to compile a book entitled Alghani (The Book of Qanat). This book took up 

all the rulings on qanats which could be of use to whoever wanted to judge a dispute over this 

issue. Gardizi added that this book was still applicable to his time, and everyone made 

references to this book. 

One can deduce from these facts that during the above mentioned period the numbers of 

qanats were so considerable that the authorities were prompted to put together some legal 

instructions in terms of qanats. In addition, it shows that from the 9
th

 to 11
th

 century the 

qanats that were the hub of the agricultural systems were of interest to the governments. 

Apart from The Book of Alghani which is considered as a law booklet focusing on the qanat 

related rulings based on the Islamic principles, there is another book about groundwater 

written by Karaji
16

 in the year 1010. This book entitled Extraction of Hidden Waters 

examines just the technical issues associated with qanat and tries to answer the common 

questions such as how to construct and repair a qanat, how to find a groundwater supply, how 

to do leveling, etc. some of the innovations described in this book had been brought up for 

the first time in the history of hydrology, and some of its technical methods are still valid and 

can be applied in the qanat construction. The content of this book implies that its writer 

                                                      
16

 Karaji, Mohammed-ibn Hassan Haseb (early 10
th

 century AD). The advanced knowledge of the Persians 

concerning groundwater is demonstrated by his book entitled: The Extraction of Hidden Waters. This book 

reveals a profound and exacting technical understanding of groundwater theory and is the oldest known text on 

the subject. Karaji’s knowledge of groundwater is in general agreement with modern understanding of the 

subject. For example, Karaji was familiar with the general concepts of the hydrological cycle. While he never 

featured the whole cycle as we know it, he records in different passages of his book each individual phase. 

Karaji spent most of his life in Bagdad, working mainly as a mathematician. He wrote several books on algebra 

and geometry which were translated into German during the 19th century. These translations introduced Karaji 

to western scholars where he is now counted with the classical Arabic mathematicians. At an advanced age, 

Karaji returned to the central highlands of his native Persia (Pazwash, Hormoz & Gus Mavrigian, 1980). 



    g{x cxÜá|tÇ g{x cxÜá|tÇ g{x cxÜá|tÇ g{x cxÜá|tÇ dtÇtàdtÇtàdtÇtàdtÇtà                                                                                                                                                                                                                                                                                                                     

207 

 

Description 

 

(Karaji) did not have any idea that there was another book on qanat compiled by the 

clergymen. Mohammad-ibn Hassan quotes Abu-Hanifeh that in case someone constructs a 

qanat in an abandoned land, someone else can dig another qanat in the same land on the 

condition that the second qanat would be 500 zera’ (375 m) away from the first one. 

Ms. Lambton quotes Moeen al-Din Esfarzi who has written the book Rowzat al-Jannat (the 

garden of paradise) that Abdollah ibn Tahir (from Taherian Dynasty) and Ismāeel Ahmed Samani 

(from Samani Dynasty) had several qanats constructed in Nishabur. Later in the 11
th

 century a 

writer named Nasir Khusraw acknowledged all those qanats by the following words: 

“Nishabur is located in a vast plain at a distance of 40 farsang (~240 km) from Serakhs and 70 

farsang (~420 km) from Mary (Marv) … all the qanats of this city run underground, and it is 

said that a traveler who was offended by the people of Nishabur has complained that; "what a 

beautiful city Nishabur could become if its qanats would flow on the ground surface and 

instead its people would live underground". 

These documents all certify the importance of qanats during the Islamic history within the 

cultural territories of Iran. 

 

2.b.5.7. Il-Khanate Era  

In 13
th

 century, the invasion of Mongolian tribes to Iran reduced many qanats and irrigational 

systems to ruin, and many qanats were deserted and dried up. Later in the era of Il-Khanate  

Dynasty especially at the time of Qazan Khan and his Persian minister Rashid-al Din 

Fazlollah, some measures were taken to revive the qanats and irrigational systems. There is a 

book entitled Al-Vaghfiya Al-Rashidiya (Rashid’s Deeds of Endowment) that names all the 

properties located in Yazd, Shiraz, Marāghe, Tabriz, Esfahan and Mowsel, Rashid-al Din 

Fazlollah has donated to the public or religious places. This book mentions many qanats 

running at that time and irrigating a considerable area of farmlands. At the same time (14th 

century) another book entitled Jame’ al-Kheyrat was written by Sayyed Rokn al- Din on the 

same subject as that of Rashid’s book. In this book Sayyed Rokn al- Din names his properties 

in the region of Yazd donated. These deeds of endowment indicate that a lot of attention was 

given to the qanats during the reign of Il-Khanate s, but it is attributable to their Persian 

ministers who had influence on them.  

  

2.b.5.8. Safavid Era 

In the Safavid Era (15
th
 and 16

th
 century) the problem of the shortage of water intensified and 

led to constructing many water reservoirs and qanats. Sharden the French explorer who made 

two long journeys to Iran at the time of Safavid reports that: “the Iranians rip the foothills in 

search of water, and when they find any, by means of qanats they transfer this water to a 

distance of 50 or 60 km or sometimes further downstream. No nation in the world can 

compete with the Iranians in recovering and transferring groundwater. They make use of 
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groundwater in irrigating their farmlands, and they construct qanats almost everywhere and 

always succeed in extracting groundwater.”  

 

2.b.5.9. Dynasty of Qajar 

The dynasty of Qajar ruled Iran from the 16
th

 century to the early 18
th

 century. According to 

Goblot, the time of Qajar can be considered as the heyday of qanats, for the qanats could 

flourish. Agha Mohammad Khan the founder of Qajar Dynasty chose Tehran as his capital 

city, the city where there was no access to a reliable stream of surface water and it had to rely 

on the groundwater. The rich supply of groundwater and suitable geological-topographical 

conditions of Tehran allowed this city to house many qanats whose total discharge amounted 

to 2000 liters per second. Haj Mirza Aghasi (ruling between 1834 and 1848) the prime minister 

of the third king of Qajar Dynasty encouraged and supported qanat construction throughout 

the country 
17

. Jaubert de Passa who has surveyed the situation of irrigation in Iran reports a 

population of 50000 in Hamedān, 200000 in Esfahan and 130000 in Tehran in the year 1840. 

Then he claims that in these cities life is indebted to the qanats which are being constructed in 

a simple but powerful manner. In a nutshell the period of Qajar that lasted about 1.5 century 

has witnessed lots of endeavors to revive the qanats. 

 

2.b.5.10. Period of Pahlavi 

Period of Pahlavi began in 1921 when Reza Shah came to power, and ended in 1979 with his 

son’s overthrow in the wake of Islamic revolution. However the process of qanat construction 

and maintenance continued during this time, but in sum the commercialist trends inflicted 

some damages on this irrigational system. Unfortunately, most of the Iranian scholars had a 

low opinion of the traditional technology during the Period of Pahlavi. They assumed that the 

only way out from the economical crisis is to belittle the traditional methods to pave the way 

for the modern technologies. Even some of the scholars and politicians tried to exaggerate the 

technical defects in traditional methods to convince public opinion to get rid of them in any 

way. 

In the face of such a paradigm, a county that was responsible for the qanats was set up by 

Reza Shah. At that time most of the qanats of the country belonged to the land lords. In fact 

feudalism was the prevailing system in the rural regions. The peasants were not entitled to the 

lands they worked on, but they were considered just as the users of the lands. They had to pay 

the rent of the land and water to the feudals. The feudals who were at a high financial level 
                                                      

17 According to a famous story, one day Haj Mirza Aghasi paid a visit to a qanat to find out how they are getting 

on their work. He asked the worker who was at the bottom of a well if the qanat has gotten to the water or not. 

The worker who did not recognize the prime minister complained that Haj Mirza Aghasi is wasting the 

country’s budget on the qanats that will never have water. The minister replied: “don’t worry man! if the qanat 

will not get us water, but will get you a living instead”. The minister’s word has turned into a popular proverb in 

Iran. 
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could afford to finance all the activities required to maintain the qanats. According to the 

report of Safi Asfiya who was in charge of supervising the qanats of Iran in the former 

regime, in the year 1942 Iran enjoyed 40000 qanats with a total recharge of 600000 liters per 

second or 18.2 billion m
3
 per year.  

This period faced the advent of the new technology of pumped well which was 

unconditionally welcomed by the government on one hand, and experienced a reformative 

program declared by the former Shah on the other hand. These two issues which are 

described in the next parts of the paper played an important role in phasing out the system of 

qanat.   

In 1946, the Independent Foundation on Irrigation was set up by the government for the first 

time, aiming at the construction of dams and meteorological stations, implementation of 

irrigational projects, supplying drinking water and harvesting surface runoffs. According to a 

report published by this foundation in 1954, the first pumped well was drilled in Sanglaj 

followed by several wells sunk in other districts of Tehran. Later many other wells were 

drilled in Tehran, Kerman, Qom, Abādān, Ghāen, etc in order to supply drinking water to the 

residents. So as mentioned the first pumped wells were drilled in early 1950s when many of 

the land owners considered the pumped wells as a means for developing their farm lands. At 

that time, there was no legislation in terms of drilling pumped wells and nobody could be put 

on trail for such a charge unless the owners of the nearby qanats would file a complaint about 

the negative impact of a particular well on their qanats. But it would take so long to process 

such complaints, and the owners of the pumped wells who were at a higher economic level 

usually won the arguments. Suffice to say a widespread conflict between the pumped wells 

and the qanats broke out whose final loser was the system of qanat.     

In 1959 a reformative program named as White Revolution was declared by the former Shah. 

One of the articles of this program addressed the land reform that let the peasants take 

ownership of a part of the feudals’ lands. In fact the land reform dashed the lords’ hope. They 

lost their motivation for investing more money in constructing or repairing the qanats which 

were subject to the land reform law. On the other hand, the peasants could not come up with 

the money to maintain the qanats, so a lot of qanats gradually got deserted. The introduction 

of the modern devices that made it possible to drill many deep wells and extract the 

groundwater much more quickly and easily aggravated the qanats’ annihilation. The pumped 

wells had a negative impact on the qanats due to their overexploitation of the groundwater. 

These changes that occurred in Mohammad Reza Shah’s reign inflicted a great damage on the 

qanats of the country so that many qanats vanished forever. In the year 1961 another report 

was published revealing that in Iran there were 30000 qanats out of which just 20000 qanats 

were still in use with a total output of 560000 lit/se or 17.3 billion m
3
 per year. The statistics 

related to 14778 qanats estimates the overall discharge of these qanats as 6.2 billion m
3
 per 

year between the years 1972 and 1973. If we assume the total number of the qanats at that 

time to be 32000, so their annual discharge could amount to 12 billion m
3
. 
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In the year 1963 the Ministry of Water and Electricity was established in order to provide the 

rural and urban areas of the country with the sufficient water and electricity. Later this 

ministry was renamed as the Ministry of Energy. Three years later in 1966 the parliament 

passed a law protecting the groundwater resources. According to this law the Ministry of 

Water and Electricity was allowed to ban drilling any deep and semi-deep wells wherever the 

surveys show that the water table is dropping because of over pumping. In fact this law was 

passed when the growing number of the pumped wells sounded the alarm about the over 

pumping and depletion of groundwater leading to the decline in the qanats’ flow in all over 

the country. This law as well as the law of water nationalization that was approved in 1968 

and eventually the law of fair distribution of water passed (in 1981) after the Islamic 

revolution emphasized the definition of the restricted and free areas for drilling. In the 

restricted areas drilling any wells (except for drinking and industry) were prohibited in order to 

prevent the continuous depletion of groundwater, so the rest of the qanats had a better chance 

to survive. 

One of the advantages of such legislations was to better regulate the exploitation of 

groundwater. The farmers could gain an understanding of the fact that whoever wants to drill 

a new well, deepen or replace his well should get the permission of the ministry of energy. 

They knew that nobody has the right to pump the groundwater resources how much they 

want, but they are allowed to withdraw only as much water as their permit tells. In addition, 

they understood that all these limitations are to protect the groundwater resources against 

over pumping and eventually work to the advantage of those who are using these resources. 

In fact in many of the arid parts of the country, the groundwater resources were heading into 

crisis and the depletion of water table was continuing, whereas the illegal pumped wells still 

mushroomed in all over the country. Especially at the end of the former Shah’s time, between 

1978 and 1979, the government’s weakness in preventing the violations of law led to a 

growth in the number of illegal wells. In addition, some parts of the national pasturelands 

were turned into farmlands. The reasons of such illegal acts, which are rooted in some 

economical needs of the farmers and the wrong policies of that time, should be surveyed in a 

separate research, which can be done by the social scientists and economists. 

 

2.b.5.11. Time of the Islamic Republic 

After the Islamic revolution, a special attention was given to the qanats. For the first time in 

1981 a conference on qanat was held in Mashhad during which the different options to 

mitigate the problem were explored. The Organization of Construction took responsibility for 

the rehabilitation of qanats, and subsidized their shareholders. Now the same organization, 

which was renamed as “Agricultural Jihad Ministry”, is responsible for the qanats and 

continues to grant some funds to the stakeholders to maintain their qanats. During the recent 

years (from 2005 to 2009), the parliament has allocated an annual budget of 15 million USD to  
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his ministry in order to go to the construction and maintenance of the qanats
18

. Many other 

qanats may dry up without this budget, because the owners of the qanats do not afford to pay 

the whole expenses. In most cases, 50 % of the budget needed for a qanat is supplied by the 

government and the rest by the owners themselves. Moreover in the past a considerable 

budget went to the qanat rehabilitation. From 2000 to 2010, a budget of 886/300/000/000 

USD was spent on the renovation of 22356 qanats in Iran, and this project resulted in an 

increase of 2018 million m
3
 water (Parastar, 2010). 

In the years 1984-1985 the Ministry of Energy took census of 28038 qanats whose total 

annual discharge was 9 billion m
3
. In the years 1992-1993 the census of 28054 qanats showed 

a total discharge of 10 billion m
3
. 10 years later in 2002-2003 the number of the qanats was 

reported as 33691 with a total discharge of 8 billion m
3
.  

In the year 2000, holding the International conference on qanat in Yazd could draw a lot of 

attention to the qanats. After putting forward the proposal to the meeting of inter 

governmental council of IHP, and processing it at UNESCO, eventually the Iran’s proposal 

regarding the establishment of the International Center on Qanat and Historic Hydraulic 

Structures was approved at the 32
nd

 session of the UNESCO general conference. This 

approval made the General Director undertake to proceed to sign an agreement in this regard 

with the Iranian government. So In 2005 the Iranian government and UNESCO signed an 

agreement to set up the International Center on Qanats and Historic Hydraulic Structures 

under the auspices of UNESCO. After the international center on qanats was well equipped, it 

was officially inaugurated on August 14, 2006. Since then this center fulfills its missions and 

duties. 

The main mission of this center is emphasis on recognition, transfer of knowledge and 

experiences, promotion of information and capacities with regard to all the aspects of qanat 

technology and other historic hydraulic structures. This mission is aimed at fulfilling 

sustainable development of water resources and the application of the outcome of the 

activities in order to preserve historical and cultural values as well as the promotion of the 

public welfare within the communities whose existence depends on the rational exploitation 

of the resources and preservation of such historical structures. Another mission is to promote 

research and development to restore the qanats and the other traditional historic hydraulic 

structures for sustainable development objectives through international co-operations and 

global transfer of knowledge and technology. 

In the year 1999, a scientific and developed resolution entitled Water Allocation System was 

declared by the Ministry of Energy, according to which allocating water (whether underground 

or surface) to any sector (whether agricultural or industrial or domestic) should be in proportion to 

the hydrological balance in a particular basin. This resolution was later in 2003 modified, and 

is still valid as a basis of action. All these resolutions are to the advantage of qanats, since 

                                                      
18

 According to the director of qanat department of Agricultural Jihad Ministry, for the next five years (national 

fifth developmental program; 2009-2014) this budget will increase to 30 million USD annually. 
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they control the exploitation of groundwater reserves. At present, each regional water 

authority that manages some particular basins should calculate the water balance every year 

to know the ratio of inflow to outflow. In case the amount of inflow prevails over the amount 

of outflow, the regional water authority can issue some permits to discharge water while 

giving priority to the domestic and industrial sectors. If there would be any water left, it 

would go to the agricultural sector. This resolution, which is very comprehensive and well 

developed, is in fact a system of water accounting being able to inform the authorities and 

decision makers of each region about the situation of water balance in their own regions. 

Under the present conditions, the first step to construct a dam is to conduct a research project 

on the water shares supposed to be allocated. The water built up behind a given dam should 

suffice to irrigate the downstream lands and satisfy the environmental needs, otherwise the 

dam construction project would be halted at this stage. 

On October 19, 2003, the Iranian governmental council managed to define its long term 

development strategies for Iran’s water resources. 

“The valuable document of long – Term Development Strategies for Iran’s Water Resources 

will be a suitable guide to compile the medium and short term plans of national Water 

management resulting in the optimized exploitation of national Water Resources by uniting 

all the arenas of Water management. 

Long-Term Development Strategies for Iran’s Water Resources based on the importance and 

coordination among various sectors, planning to observe water resources capacity on the 

basis of sustainable development principles and meet natural irrigated lands within basins, 

water consumption pattern reform and water losses management, the adaptation of economic 

development programs to the development projects in each basin, taking into account the 

economic and environmental value of water, water resources pollution management and 

control, reasonable and efficient pricing of water, observing national interests, natural and 

social rights considering the projects of transferring water between basins and water 

exchanges, the decentralization of national water resources management structure, the 

interested parties’ participation to adapt to provincial development projects and to prepare 

and carry out risk management (droughts and floods) and public awareness programs, statistics 

of joint water resources flowing out, equipping and completing water gauging networks and 

conserving, reviving and operating historical water structures are among the measures 

foreseen and compiled in the document. The document approved by the cabinet, being a 

national necessity, is regarded as a pioneering measure for international policies” (Ardakanian, 

2003). 

In a nutshell, at the present time the Iranian government has a sufficient legislative and 

organizational background to run an integrated water management. The rate of lawlessness 

regarding water exploitation has dropped to a minimum. The illegal deep wells are rarely 

drilled and existing pumps are no longer replaced with the stronger ones. But some arid parts 

of the country are still suffering from the environmental backlashes against the past 

overexploitation. Between 1977 and 1997 the number of the pumped wells reached a peak, 
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but later started dropping. It means that the pumped wells are under control. At the present 

the total discharge of the qanats is almost steady, and this fact represents how concerned the 

government is about the preservation of this valuable treasure. According to a report 

published in 2005 by the Water Resources Base Studies Department affiliated to the Ministry 

of Energy, there are fifteen Regional Water Authorities throughout the country 
19

, based in 

thirty provinces, conducting research projects on water resources in 609 study sites. Note that 

each study site is a smallest research unit containing one or several catchments. 

Out of 609 study sites, 214 sites with an overall area of 991256 km
2
 have been declared as 

restricted regions, and 395 sites with an area of 630648 km
2 

are considered free. In the 

restricted regions there are 317225 wells, qanats and springs that totally discharge 36719 

million m
3 

water a year out of which 3409 million m
3
 is surplus to the aquifer capacity. This 

deficit in the volume of the aquifer reserves has led to a long-term groundwater level drop of 

41 cm a year, on average. In the free regions, the number of wells, qanats and springs 

amounts to 241091 with an output of 37527 million m
3 

a year. Therefore, in 2005 in all over 

the country there have been 130008 deep wells with a discharge of 31403 million m
3
, 338041 

semi deep wells with a discharge of 13491 million m
3
, 34355 qanats with a discharge of 8212 

million m
3
, and 55912 natural springs with a discharge of 21240 million m

3
. According to the 

last report published by the Water Resources Base Studies Department affiliated to the 

Ministry of Energy, there exist 37000 active qanats all over the country which supply 7 

billion m
3 

of water per year. 

In fact the Iranian water authorities may succeed in balancing groundwater discharge with 

recharge in the restricted regions, and prevent the free regions from turning into the restricted 

ones if: 

1. The regional water authorities keep up their policy on controlling with drawl from 

groundwater resources. 

2. A campaign is triggered on the enhancing of public awareness about groundwater 

preservation.  

3. The irrigational efficiency is improved, and suitable cropping patterns are introduced in 

keeping with the different environmental conditions. For example in the arid and semi- 

arid regions, the farmers should be prevented from cultivating the crops consuming much 

water such as vegetables, and be encouraged to produce such crops as olive or pistachio 

which need less water instead. 

Given the well developed water laws and rules practiced in the Islamic Republic of Iran as 

well as the presence of the Regional Water Authorities that are in charge of water 

management, stopping the groundwater depletion is not beyond hope. 

 

                                                      
19

 At the time of this report, there were 15 regional water authorities, but later their number increased to 30 

either of which is based in one of the 30 provinces of Iran. 
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Next, we are going to review a history of most significant qanats mentioned in the dossier as 

examples of The Persian Qanat. 

 

2.b.6.  The Nominated Persian Qanat 

2.b.6.1. Qasabeh Qanat, Gonābād, Khorāsān Razavi 

This is one of the most widely known qanats of Iran. It has earned this popularity for several 

reasons, one of it being its long history. Its construction dates back to the Achaemenid Era (3-

4 century BC), and it has been on the go from that time until now. This qanat is named 

Qasabeh Qanat of Gonābād because it has been used for irrigating some of the lands in 

Qasabeh which was a part of Gonābād (ICQHS). 

Archeological studies for the city of Gonābād show that the first human communities settled 

some 5000 years ago at 20 km distance in the northern parts of the present city near a village 

which is known as Tappe Hesar, this settlement zone has been prosperous up to 2000 years 

ago. During the same period, there have been some human settlements developed in the 

northern foothills of Siyah Kuh mountain, which relied on permanent water supplied by 

qanats. It is believed that another human settlement has been formed in the NE section of 

Gonābād which has been there since 3000 years ago up to 700 years ago. According to 

historical books, Achaemenid ruled over the southern Khorāsān including Gonābād where 

sedentary settlement had been established thanks to the permanent water supplied by qanats. 

During the reign of Mithridates, the king of Parthian Empire, The Sagartians were defeated 

by the Parthians and perhaps the origin of the epic battle of “Davazdah Rokh” has occurred at 

this period (Papoli Yazdi, 2011).  

During the Sassanid Era, Gonābād was a part of Iranshahr. This city was renamed as 

“Jonābād” at the beginning of Islamic era and gained such a popularity that in 1230 AD a 

grand congregational mosque was built in it, a mosque which according to André Godard 

became a symbol of Khorāsāni Architectural Style.   

Based on the numerous studies conducted, this qanat precedes the settlement of people in 

Gonābād. Based on historical and archeological studies, there has been no spring in the 

vicinity of Gonābād to support a population, and the only existing seasonal water source is 35 

km away from this city. Therefore, the lack of water sources necessitated a qanat to be 

constructed, and then a community gathered at its outlet. Therefore, it is clear that this qanat 

predates the historical city of Gonābād.  

The dating studies which will be outlined below show that the ceramic pieces collected at the 

support walls around the qanat’s mouths are more than 2500 years old. So based on the 

diversity of historic ceramic pieces scattered in the ancient sites in the eastern borders of 

Gonābād, this qanat has a long history.  
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The word “Gonābād” can also play a vital role in the identification of this ancient qanat, 

because in Old Persian as cited in Shahnameh the work of the great Iranian poet, this terms 

has been mentioned as “Konabar” and “Konavat” which refers to “a place flourished by 

qanats”. The presence of numerous ancient works in Gonābād and frequent references made 

to it in historical books are all indicative of its long history (Papoli Yazdi, 2011).  

Digging of qanat and flow of it water led to creation of Gonābād, a city with historic features 

which has been named repeatedly in ancient books. Therefore, it is very likely that the name 

of Gonābād in historical books serves as a proof for the existence of this qanat prior to the 

city (Papoli Yazdi, 2011).  

There are many stories about the development of this qanat some of which seem far-fetched, 

stories, which have attempted to justify a strange phenomenon like this qanat in this region. 

For example, it is said Bahman, one of the old Iranian kings committed an unforgivable sin, 

to make up for his sin, the grand priests and wise men at his court  asked him to do a lasting 

great charity to do good to a large number of people. Therefore, this king had 1000 qanats 

constructed all around the country, Gonābād being one of them. This story shows the vital 

role this old qanat has played in this desert and arid land of Gonābād. 

Some other stories attribute the construction of this qanat to Jinns and Peris. Some well 

diggers maintain that in ancient time a person called  Taher Abshenas ordered the Beasts to 

dig a well and they complied, so the first qanat was built.  

In the written history books, Nasir Khusraw is the first person who provides a rather lengthy 

description of Gonābād qanat. In his travel book he writes that in 1065 AD, he left Toon to go 

to Gonābād and adds: “as I left the city of Toon, a man from Gilak province told me about 

how bandits had attacked their caravan. To escape the bandits, several jumped into the qanat 

wells, after the bandits had gone, a kind man whose son was missing hired a person to rescue 

him from the well. To do so, the man used a 700 qaz long rope, but he found the boy dead. 

When the rescuer got out of the well, he talked about the huge amount of water flowing in the 

corridors of the qanat” (Safarname, 2008).  

Hamdallah Mustawfi (1361 AD) describes Gonābād qanat in this way: “it is four farsang (40 

km) long, and its mother well is approximately 700 gaz deep. Most qanat branches are 

stretched in a south - north direction”.  

Another history book which mentions this qanat is Haft Eghlim, written by Amin Ahmad Razi 

(1821 AD). The ceramic pieces found at the mouth of well shafts are also among the 

evidences supporting the age of this qanat. Pottery remains and earthen pieces found beside 

some wells of qanat’s main branch are comparable with the samples of Achaemenid Era in 

Bakhtar districts and Dahane Gholaman. The presence of pottery remains of 1000 AD at the 

side of main branch wells can be a proof of construction or cleaning works carried out in that 

century. 
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One of the most recent archeological evidences about this qanat relates to findings of dating 

studies which show that the oldest sample belongs to 2265 +/- 250 and the latest belonging to 

755 +/- 100 years ago (Table 2-6). So it can be concluded that based on archeological findings, 

Gonābād qanat is more than 2500 years old.
20

 

No 
Sample in 

Laboratory 

Sample 

Type 
Sample features 

Dating 

estimate 

1 GON 21/1 Ceramic Dolab-e Kohne branch, near well no m/5 date 2.3.2013 90 ± 1360  

2 GON 21/2 Ceramic DolabeKohne branch, near well no m/5 date 2.3.2013 60  ±800  

3 GON 22 Ceramic 
DolabeKohne branch, near well no m/7 borehole 1, 

from the SW edge of the borehole amid the well, sand, 

depth 50 cm. date 2.3.2013 

110  ±1837  

4 GON 24 Ceramic 
Main branch, well no 224, borehole 2, from the N edge 

of the borehole amid the soft and sandy layer at 10 cm 

depth of soil. Depth 120 cm 

100  ±1750  

5 GON 25 Ceramic 
Main branch, well no 224, borehole 2, from the N edge 

of the borehole amid the soft and sandy layer at 10 cm 

depth of soil. Depth 120 cm 

45  ±755  

6 GON 28/1 Ceramic Well no 245, borehole 1, SW corner, depth 50 date 

3.3.2013 
75  ±1230  

7 GON 33 Ceramic Well no 245, depth 40 cm, date 3.3.2013 55  ±1035  

8 GON 38/1 Ceramic Main branch, surface exploration around well no 238 

date 27.2.2013 
100  ±1317  

9 GON 38/2 Ceramic Main branch, surface exploration around well no 238 

date 27.2.2013 
80  ±1290  

10 GON 40/1 Ceramic Along the course of well 243 up to mother well date 

27.2.2013 
45  ±770  

11 GON 40/2 Ceramic Along the course of well 243 up to mother well date 

27.2.2013 
110  ±1735  

12 GON 42 Ceramic Main branch, well no 225, borehole 1, depth 50 cm, 

West angle. Date 29.3.2013 
75 ± 1760 

13 GON 43 Ceramic Main branch, well no 33, Kohnegun Wells, borehole 1, 

depth 20 cm, West angle. Date 1.2.2013 
80  ±1330  

14 GON 44 Ceramic Main branch, well no 422, borehole 2, depth 50 cm, 

under black material layers 
130  ±2200  

15 GON 45 sediment Main branch, well no 224, borehole 2, depth 80 cm, 

Date 30.2.2013 
250  ±2265  

Table  2-6. Dating results for the sample discovered near Gonābād qanat arranged from the oldest to the latest 

                                                      
20

 National inscription dossier of Qasabeh Qanat  
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The most interesting document related to this qanat is a process verbal drawn up for the 

setting of qanat boundaries. This document which dates back to 22.1.1938 has been endorsed 

and signed by Hassan Basiri the representative of Gonābād Notary Office and several 

shareholders which not only specifies each shareholder by name but also determines their 

shares. This document written in a beautiful handwriting is now kept in the archives of 

Gonābād Notary Office. Another document associated with this qanat is the official notice 

No. 3407 which has been published in “Aftab-e Shargh” Newspaper in 2.1.1938.  

There are some inscribed bricks kept in Gonābād Archeology Museum and also seen on the 

walls of Nojumiye School dating back to 1960 which are apparently a kind of endowment 

deed. There are presently 38 inscriptions on the walls and pillars of this school and 11 cases 

are kept in the museum. The writing on one of the inscription describes: “ten Fenjans of qanat 

water (shares) for the first 10 days of the holy month of Muharram”.  

 

2.b.6.2. Qanat of Baladeh, Ferdows, Khorāsān-e Jonubi 

Water plays a key role in the development of human settlements in semi-arid regions like 

Ferdows. Certainly, the formation, development and survival of Ferdows and its significant 

villages like Bāghestān with its long history can be attributed to Qanat of Baladeh, so it 

would not be strange to see the history of Ferdows intertwined with the history of Qanat of 

Baladeh. Among the prominent qanats of Iran, this qanat with its 2000 years history is one of 

the oldest. The ceramic remains found on the Sar Takht Tappe on the eastern side of 

Bāghestān village shows that there has been a human settlement in this area some 7500 years 

ago. Qanat of Baladeh as one of the main magnets of human settlements is one of the oldest 

in its kind in Iran and the world.   

 

Photo  2-125. General view of Qanat of Bakadeh; photo by: S. H. Rashedi, 2014
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The archeologists of the general office of Khorāsān-e Jonubi province maintain that the 

historic remains have been discovered in Ferdows, belong to the 2
nd

 millennium BC. Other 

historical traces have been found, are traced back to Sassanid Era and different Islamic 

Periods, all of which are an indication of this region’s long history. The city of Ferdows 

which is often called Shahr used to be known as Toon up to 1927 and it was referred to “the 

holy city of Toon” in old texts. In the official correspondences of Safavid dynasty, it was 

referred to as Dar al- Momenin (the city of the faithful). According to some narrations, it was 

called Tābān (Shining) in pre-Islamic Era, then after the conquest of Arabs, it was changed to 

Toon. Based on the above belief, Tābān and Tābesh which are the old names for Ferdows and 

Tabas cities are a proof of these cities long history.  

The name of this city first appeared in a book written about 1000 years ago entitled Ashkal 

al- Ālam (Forms of the World) by Jeyrani. The name of this city is frequently mentioned in 

various texts and logbooks written in the subsequent centuries, all of which refer to this city 

as a big, prosperous and thriving city. Historical evidences show that in past when Toon was 

a populated and flourishing city, especially up to the reign of Ismailieh and even afterwards, 

it has been a part of Qahestān jurisdiction. The state of Tuniki has been a part of Qahestān, 

which after Alamoot was regarded as the second center of Ismailieh up to Mongol invasion to 

Iran. The remains from that period such as Hassan Ābād castle, Dokhtar-e Boshruye castle 

and Kuh-e Ghalle Ferdows can still be seen in the area. Toon and Ghāen were the two 

important cities of Qahestān jurisdiction. A mention of this city can be seen in the history 

book called Tarikhe Jahan Goshay-e Joveini too. Jeyhani in Ashkalol Ālam has named Toon 

as a prestigious large city. Nasir Khusraw, the great Iranian poet and traveler in his book talks 

about 400 rug weaving workshops in this city and Marco Polo, the famous Venetian explorer 

and merchant also mentions Toon and Kāyen (todays Ferdows and Ghāen) in his travel book.  

Although, there is no exact document available for the construction date of Qanat of  

Baladeh, yet according to some narrations, it dates back to pre-Islamic era. According to 

another saying, this qanat has been built by a person named “Tāher” who has been living 

during Taheriyan Dynasty. This person known as Taher- ibn Abdollah has been the second 

ruler of this dynasty.  

The archeological explorations carried over the historical hills and sites of this region indicate 

that settlements here date back to pre-Islamic era. There is a burial site in the west of Kal chāl 

named Gabrhā graveyard, close to Qanat of Baladeh with geographical coordinates of 

621675-3776173 located on Sar Takht Tappe on the eastern side of Bāghestān village. The 

presence of ceramic pieces and stone tools at this hill belong to Copper Age (some 7500 years 

ago). The formation of this civilization may have been initiated by the presence of springs 

(Alang poone) and later by Qanat of Baladeh. The ceramic pieces obtained from this hill are 

similar to the ceramic remains of chalcolithic Sialk III period found in Iran’s central plateau. 
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Photo  2-126. Ceramic pieces discovered at Ferdows Sar Takht (right); Tools excavated at Sar takht (left);  

source: ICHHTO 

  

The city of Ferdows and the Lower and Higher Bāghestān villages are three of the important 

settlement sites directly related to Qanat of Baladeh, however historians and geographers are 

not of the same opinion in this regard. Nasir Khusraw in his return from Egypt and Arab 

peninsula had to pass through the rough desert road, as he gets to Ferdows he wrote his 

memories in this way: “Toon has been a big city, but during the time of my stay there, most 

of it were ruined. It is close to a desert and enjoys superficial runoff waters and qanats. There 

are many gardens around the city. It had a strong fortress. It is said that there were 400 rug 

weaving workshops operating in this city and it has a lot of pistachio trees” (Safarname, 

2008:125).  

 

Photo  2-127. Toon city; source: ICHHTO 
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There has been a scarce of surface waters in Qahestān, so waters drawn from dug-wells or 

qanats were used for cultivation purposes, a fact which is also mentioned by historian 

Estakhri when he writes: “there is no river in the entire mountains except few dug-wells and 

qanats” (Masalik al-Mamalik, 1990: 215). During 1100-1300, Ismailian established several 

fortifications for themselves, in 1091-2; Ismailian rebelled and conquered a fortress near 

Ghāen. Rebellion spread all over Qahestān. Under the leadership of Hussein Ghāeni, one of 

the followers of Hassan-i Sabbah, rebels managed to conquer the cities of Khur, Khasaf, 

Zuzan, Ghāen, and Toon (Bertles, 1946: 138-139). Seljuk kings also attempted to invade this 

region several times. The author of Jahan goshay-e Joveini book mentions that several 

military forces were sent to combat them by Malik Shah, after that when Sultan Sanjar failed 

to expel the followers of Ismailian from Ferdows, the followers of Hassan-i Sabbah kept 

living in their fortresses. Then in the early 1300, Hulagu Khan, the Mongol ruler, invaded 

Qahestān and after conquering the city of Toon, had a massacre there, an event confirmed by 

the author of Rowzāt al- Janāt, a famous history book. The famous Venetian explorer, Marco 

Polo, has also passed through Qahestān and he mentions this city in his logbook.  

Alfons Gabriel in his book on Research in Iran Geography writes: “Toonkin is the name of a 

geographical site created by the combination of two names, Toon and Ghāen. Up to 1928, no 

one had been able to find the road between Banān mountain and Tabas, the passage that 

Marco Polo has passed through, but my wife and I managed to do so”. The writer of Taghvim 

al -Boldān (the Calendar of Cities)(1200-1300) describes Toon as a small town in Qahestān 

(Abo-al Fadā, 1840: 444). Hamdallah Mustawfi describes the city in this way:  

“Toon used to be a big city in the past, but now it has lost its former grandeur and has 

become a medium city. There is a deep waterless moat around the city. There are markets, 

mulberry groves, gardens and farms. There are some dams built near the farms to collect 

rainwater. They practice dry farming to grow sweet melons, the water of these farms are 

taken from qanats. The city enjoys a temperate mild climate as well as grain, fruit and silk 

crops” (Mustawfi, 1948: 143-144). 

Ferdows underwent radical changes during the final years of Timurid Dynasty. During the 

reign of Shah Tahmasb I, of Safavid Dynasty kings, the great citadel of Toon was restored. 

This city has had a strong fortress up to Qajar Dynasty. The author of Merāt al-Boldān has 

described the state of Toon city in the previous century. Based on the above references, it can 

be claimed that the construction of Ferdows and its nearby villages including Baghestān date 

back to several thousand years ago. Since water resources are dearth in this region, therefore, 

development and survival of communities are dependent on qanats, so this qanat can be as 

old as this city. Of other historical evidence about this qanat concerning an endowment 

document which has been drawn up during Shah Abbās time. Some four hundred years ago, 

on occasion of a pandemic in the region many shareholders died, the ownership of a 

significant part of qanat’s water (which was about 3000 bowls or water clock measurement units) 

got suspended.  
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At this year, Shah Abbās on the way to Mashhad passes through Toon (Ferdows), the 

governor of Toon suggests that the water should be divided among four groups of people, the 

clergy, the pious, the poor and the Sādāt. Presently, a share equal to 3000 bowls is known as 

Safavid public endowment. Since there is no doubt about the authenticity of this document on 

Qanat of Baladeh, therefore, this qanat is at least 400 years old.  

 

2.b.6.3. Qanat of Zārch, Yazd 

Qanat of Zārch is a plain qanat with a gallery length of 80 km, its mother well is 90 m deep 

and has more than a thousand well shafts. It is still functional despite the sharp decline in the 

aquifer’s water levels. According to the existing documents, this qanat dates back to pre-

Islamic Era. History books too, indicate that this qanat had been running across Yazd city 

about 700 years ago and people used its water for drinking and sanitation purposes through 

pāyābs which are a kind of access corridors. 

The starting point of this qanat is in a village of Fahraj located in the north east of Yazd. The 

qanat runs at the depth of 30-40 m beneath the city of Yazd. Then it reaches Zārch, where the 

water is used for irrigation in lower lands of the city of Yazd.  

The history of Qanat of Zārch can be studied in terms of the formation of Zārch city, the age 

of the hydraulic structures built over it and in terms of existing historical documents. The 

history of Zārch city not only can be found in history books, but also myths, fables and epic 

stories mention it frequently, all of which are indicative of its long history. Now if we 

consider this qanat as the factor behind the formation of this city, it is as old as the city itself.  

The study of the history of Qanat of Zārch shows that it has been frequently mentioned in 

various references. A sample of this references is a history book written by Ja’fari in the 

1500 AD. This historian writes: “Qanat of Zārch enjoys two branches, one is outside the city 

and the other flows into the city. It is one of the oldest qanat. During the invasion of the 

enemy forces, when they surrounded the city and blocked the water resources, it was the only 

water resource for the residents. To access water, people have to climb down 70 steps. 

Although it tastes a little bit salty, when it is cold it tastes fresh” (Ja’fari,2006: 153).  

Jāmé Mofidi written by Mohammad Mofid Mustawfi Bafqi also reads: “the people of Zārch 

attribute the construction of this qanat to a person named Zal zar”.   

The great Persian Encyclopedia of Dehkhoda describes Zārch as: “it is one of the several 

villages founded by Amir Mobarez al-Din and his relatives in Yazd”. 

In Yazd Nameh reads: “it seems that the village of Zārch which shares its name with its qanat 

has been the same village which was established by Mohammad-ibn Mozafar in 1371 AD”. 

In support of the above point, Tarikh-e Ja’fri adds: “the daughter of Mohammad Mozafar 

ordered the construction of Zārch ramparts”.  
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The hydraulic structures built over or close to this qanat are another proof for its long history. 

Based on the results of studies conducted, some of the well shafts date back to pre-Islamic 

Era. The sections of these well shafts are rectangular in the bottom. Experts maintain that 

such well shapes were mostly common during Zoroastrian period, and in local dialect such 

well shafts are known as “Gabri” (Zoroastrian) wells. 

In addition to qanat itself, some of the pāyābs in this area are very old and their names have 

been mentioned in history books. The book entitled The New History of Yazd holds that the 

pāyāb of Masjed-e Jāmé Yazd has been constructed during Alaud-Daulla reign in 1480 AD.  

In the book History of Yazd compiled by Ja’far-ibn Mohammad-ibn Hassan Ja’fari who was 

living in 1400 AD, we find: “Garshasb ordered the construction of Masjed-e Jomé, 

caravanserais and libraries and brought the water of Qanat of Zārch to the mosque, for the 

access of which people have to climb down 70 steps” (Ja’fari, 2006: 21).  

When the author of Jāmé Mofidi book wishes to list the services rendered by Khaj-e Kamāl 

al-Din Abul Ma’āli, he writes: “he made a pāyāb at the yard of the mosque and diverted the 

water of Zārch to there” (Jāmé Mofidi, 2007: 253).  

It can be inferred from the historical documents that this qanat has been functional in 1200-

1300 AD, so its construction may date back to decades or even centuries earlier.  

The endowment deed of Rashidi as a reference source in this regard when comes to the lists 

of the endowments made by Khaj-e Rashid al-Din Fazlollah says: “a share equal to four days 

long of Qanat of Zārch belongs to this person” (Danesh paju & Afshar, 1970: 143). All of the above 

show that Qanat of Zārch goes back to pre-Islamic Era.  

Endowment deeds as a written document provide another support for the above claim. These 

deeds which their original or copies are kept in the archives of Yazd Endowment Office have 

been drawn up many years ago and bear the date of the endowment.  

Sayyid Rokn al-Din Nezam Husseini has also endowed a part of this qanat. As a result, in 

Jām-e al-Kheyrāt book this deals with this person’s endowments reads: “he has endowed 530 

shares to the public and the entire common 530 shares out of the total sum of 1320 shares that 

is running from Qana of Zārch in small aqueducts” (Danesh paju & Afshar, 1970: 143). 
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Figure  2-21. Endowmen of qanat of zārch; source: ICHQS 

   

The archaeological researches
21

 conducted about Qanat of Zārch attribute it Archimedean 

Era. The bricks of 40×40×10 cm thickness obtained from the remains of Zārch castle belong 

to Archimedean Era. Some ceramic pieces belonging to Sassanid Period have also been found 

in the upper parts of Qanat of Zārch.  

If we place the records for the formation of Zārch city beside other historical references, we 

can conclude that the age of this qanat most likely goes back to pre-Islamic Era. Needless to 

say that this qanat has been fully operational during 1200-1300 AD supplying potable water 

for the people of Yazd, meanwhile the residents of Zārch used its water for irrigation, 

sanitation and consumption purposes. Therefore, this qanat is among the oldest qanats.  

On the other hand, this qanat enjoys numerous pāyābs, some of which are very old. The New 

History of Yazd, as a sample of numerous history books says that Alaud-Daulla ruler of Yazd 

had a Masjed-e Jāmé built in Yazd and beside it a pāyāb to access the water of qanat.  

“And Alaud-Daulla constructed a mosque where Arsalān Khātun had constructed the minaret 

and beside the minaret built a dome, then he joined a branch of Zārch to the back side of the 

masque. The minaret was stable and still until 1859 AH and was an element to guide the 

passengers, later it collapsed but the dome, mosque and Zārch water stream are still 

operational.” 

In another part of this book, the writer links the start of qanat’s construction to the following 

event: “as Sayyid Rokn al-Din Nezam Husseini returned from Haj pilgrimage, people rushed 

to welcome him. One day when Sayyid had gone to visit his Quran teacher, he noticed that

                                                      
21

 Archaelogical  repots by M.K. Shah Mohammadi 
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the old man is quite tired from the effort he had made to climb up the stairs of pāyāb where 

he had gone to perform ablution. He then promised his instructor to bring water from Taft 

and let it flow at the door of his respected teacher. In a short while, he managed to have Waqf 

Ābād qanat built and thus he brought water from Taft (some 7 farsakh or about 70 km distance) 

to Yazd” (Kāteb,2008: 62). 
 

 

2.b.6.4. Hassan Ābād Moshir Qanat, Yazd 

Hassan Ābād-Dehno Qanat which transfers water from the foothills of Mehriz mountains to 

the desert city of Yazd is a symbol of its culture and civilization.  

It is said that about 700 years ago, two God-fearing persons named Hassan and Hussein Shah 

managed to dig a qanat with 17 side branches at the base of Shir Kuh mountain, but none of 

the branches yielded a good discharge. Therefore, they vowed to donate one fifth of the water 

to people in need, just for the sake of god and as charity, if the qanat happened to bring a 

large quantity of water. Their wish eventually came true, and one of these branches called 

Kuh Sorkhi hit a big source of water resulting in a considerable discharge with no fluctuation 

over time. 

In the studies conducted on the historical background of this qanat, we came across 

documents which show that about 200 years ago, as the local authorities demanded taxes for 

the farm irrigated by Dehno qanat, the farmers refused to pay. As a result of this civil 

opposition, the local government blocked the water at its mazhar and directed it towards 

barren deserts. Then a person named Hassan Moshir al-Mamālek suggested that in return for 

tax payment, 50% of the water flow be allocated to Dehno farm and 50% be given to him to 

be used in his farm lying in the lower parts of Fath Ābād and Dehno villages called Hassan 

Ābād. The farms had to consent and afterwards he ordered the water to be divided into two 

equal parts at a spot some 2 km distant from Dehno village. Former water shares were also 

divided into two parts, one half for Dehno village and the second half for the newly 

developed farmland called Hassan Ābād. Since that date, 200 years ago, this qanat came to be 

known as Hassan Ābād Qanat, though its actual existence dates back to 1400.  

The review of archeological studies of settlement zones related to this qanat reveal that the 

historical background of Sādati Mehriz district, Dehno village, Hassan Ābād-e Moshir and 

Maryam Ābād in Yazd as the main beneficiaries of this qanat is directly associated with the 

historical developments of this qanat.  

The archeological studies carried out on Gharbalbiz which is the mother well of Medvār 

branch (a sub-branch of Dehno-Hassan Ābād Qanat) in this area also indicate the presence of a 

civilization before Christ in this region (Esfandiyari,?). 

The archeological excavations conducted in this area have exposed an ancient building and 

two brick structures in the southern parts and a burial site in the NE of it all of which date 

back to the second half of the first millennium BC. 
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 During the excavations undertaken in 2004, ceramic pieces belonging to the second half of 

the 4
th

 millennium BC were discovered  under the sedimentary layers of the site. A brick 

structure belonging to Safavid Era was also discovered during borehole testing close to the 

spring in the NW part of the site. The explorations carried out in this site have revealed traces 

of mining activities, metal works and some abandoned qanats in Gharbalbiz Site”. 

Based on the above signs, it seems that this region has been a human settlement since the 

second half of 4000 BC. And these communities have had access to water. The people of 

Yazd when noticed the presence of fresh water sources at Gharbalbiz tried to have the mother 

wells of the qanat dug there. As a result, the main mother well of Dehno-Hassan Ābād is 

situated at 1 km distance in the NW of Gharbalbiz spring and mother well of Medvār sub-

branch is some hundred meters in its NE.  

Most of the population who directly benefit from this qanat are residing in Dehno village, and 

Hassan Ābād and Maryam Ābād districts of Yazd. The existing historical evidences found in 

this region such as various buildings (houses, mosques, āb anbār, etc.) are an indication for its 

long settlement history. There are also some āb anbār scattered in other districts of Yazd 

which used to be supplied by this qanat, there is a close relationship between these structures 

and qanat. Historical documents also make numerous references to this qanat.  

Ahmad-ibn Hussein-ibn-e Ali Kāteb in his book The New History of Yazd says, “There are 

numerous houses and gardens in this spot, where Amir Tabuk watermill is located, there are 

many buildings and orchards.” 

“As soon as Yahya, the king reigned over Yazd, he had a lot of constructions developed 

including orchards, palaces and qanats. Fath Ābād (Dehno) was served as his personal garden 

(Āyati, 1938). Shah Yahya, also founded another village two farsakh (12 km) from Yazd by the 

name of Fath Ābād (Jāmé Mofidi, 2007). 

Shah Yahya, a king of Āl-e Mozaffar (1323-1378) used to rule in Yazd (1339-1378), so it can 

be concluded that Dehno village dates back to that time (some 650 years ago), because the 

survival of Yazd, a city located in the heart of a desert would be impossible without the 

constant water supplied by the qanats to carry water from foothills to the city. The same 

statement can be declared for Dehno which according to locals has not benefited from other 

water resources in its area and therefore, it is very likely that Dehno qanat is at least 650 

years old The above mentioned historical records indicate that the foundation of Dehno is 

attributed to Shah Yahya, to get access to further information about him some other books 

were reviewed for the following topics: 

Amir Mobarez ai-Din Mohammad Mozafar was elected the governor of Yazd by Sultan Abu 

Sa’id (the last mighty Mongol ruler) following to Sultan Abu Sa’id ‘s death and the initiation of 

feudalism in 736 AH.  Mobarez al-Din thought of independence. Therefore, he occupied 

Kerman and defeated the other Mongol tribal chiefs in Tabriz. He was arrested and 

imprisoned by two of his sons (Shah Shoja and Shah Mahmud) in 760AH. Therefore, Shah 

Shoja′ came to power and defeated all his enemies and expanded Iran to its previous borders.  
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He ruled over the whole country except for Khorāsān .He appointed two of his brothers (Shah 

Yahya and Shah Mahmud) to the government of Yazd. Shah Shoja′ passed away because of a 

disease in 786 and his son Mojahed al-Din Sultan Zain al-Abiddin was his successor who was 

defeated by Timurid Dynasty. His cousin, Shah Mansur (Shah Yahya’s brother) resisted the 

Timurid and was killed in a war in 759 AH. Then, all the princes of this family were 

beheaded by order of Timur (except for Shah Shoja′’s two sons). Muzaffarid Dynasty was 

overthrown (Ābru, 2002). On the day the fortifications were take possession of by the king ,he 

was given the good news of his grandchild, Shah Mozafar’s child was born. That was 

Muharram 14
th

, 744 AH. He immediately opened the Quran as a good omen saying that, “we 

announce the birth of our creature named Yahya. “So, the name Yahya was adopted and he 

got the nickname, Nosrat al-Din” 

However, Timur didn’t remain faithful to Muzaffarid and from 795 to 799 killed all of them 

and overthrew their Dynasty. Nosratiyeh School is of the constructions founded  by Shah 

Yahya .The tile layers were still working there when Shah Yahya, his son Sultan Jahangir and 

their noblemen were arrested by Timur’s order, taken to Shah Reza and massacred 

(Āyati,1938). 

Therefore, Shah Yahya had been a prince of the Muzaffarid kingdom living from 1323 to 

1378 AD. Whose reign over Yazd was around the years 1339-1378 AD. According to these 

facts, Dehno was founded by Shah Yahya some 650 years ago and due to the fact that villages 

in Yazd suffer from water scarcity, They had to develop a qanat to convey water from the 

slopes. Since Dehno – Hassan Ābād Qanat is the only source of tapping water here; one can 

decide that the creation of it had been prior to the foundation of the village itself. So, it’s 

antiquity must date back to kind of 650 years ago. Historical  records  indicate  that Hassan 

Ābād-e Moshir was founded by Mirza Mohammad-e Vazir who had been in charge of the 

financial office in Yazd from the mid Naser al-Din Shah to the early  Pahlavi’s Era (1264-

1313 AH). He was benevolent and a lover of prosperity. Qanats he developed which have 

been partially sold include Ahmad Ābād, Esmat Ābād, Hassan Ābād, etc (Ayati, 1938). 

According to Encyclopedia of the notables of Yazd written by Mohammad Kazemeyni: 

“Foundation of the first school in Yazd named Moshiriyeh, creation of qanats and oases on 

the outskirts of Yazd such as Ahmad Ābād (Mullā-Bashi)”.Hassan Ābād-e Moshir, Taghi 

Ābād, Hojat Ābād and Amir Ābād. We can conclude from the aforementioned issues that 

initiation of the Dehno oasis and the maintenance of the Hassan Ābād Qanat was carried out 

by Mirza Fathollah Khan Moshir al-Mamalek who lived in Qajar Era some 150 years ago.  

This shows that 150 years ago the Hassan Ābād Qanat had been running and had been in 

need of repairs while the appearance of the village of Dehno dates back to this length of time. 

The study of endowment documents and other manuscripts directly related to qanats show the 

old history of this qanat as well.  
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It is commonly believed that since the early days of qanat operation, one fifth of its total yield 

has been endowed to Sadat people 

which has been signed and sealed by people testifying this endowme

An endowment document belonging to

prepared in 1840 AC bears the testimony of the locals that 1/5 of Dehno

has belonged to Sādāts for many years. There is another document prepared in 1842 which 

also proves that one fifth of qanat’s water share has been endowed to these people to irrigate 

their orchards and trees, a right which has been acknowledged for 400

above are an indication for the long history of this qanat. 

 

The above documents have also been signed on the margins by the individuals who were well 

informed about the past records of this qanat. So based on the presence of 400

trees which have been watered by this qanat and the other documents, this 

600 years ago. To find further proofs for the long history of this qanat, ownership deeds and 

letters related to qanat were also examined, some of which are mentioned below: 
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It is commonly believed that since the early days of qanat operation, one fifth of its total yield 

has been endowed to Sadat people (descendants of holy prophet of Islam). There is a scroll 

which has been signed and sealed by people testifying this endowment.  

belonging to Mohammad Ja’far the son of Agha Ha

prepared in 1840 AC bears the testimony of the locals that 1/5 of Dehno-Hassan 

ts for many years. There is another document prepared in 1842 which 

also proves that one fifth of qanat’s water share has been endowed to these people to irrigate 

their orchards and trees, a right which has been acknowledged for 400-500 years, all of the 

bove are an indication for the long history of this qanat.  

Figure  2-22. Waqf; source: ICHQS 

The above documents have also been signed on the margins by the individuals who were well 

informed about the past records of this qanat. So based on the presence of 400

trees which have been watered by this qanat and the other documents, this qanat dates back to 

600 years ago. To find further proofs for the long history of this qanat, ownership deeds and 

letters related to qanat were also examined, some of which are mentioned below: 

Description 

It is commonly believed that since the early days of qanat operation, one fifth of its total yield 

There is a scroll 

a Hassan Yazdi 

Hassan Ābād Qanat 

ts for many years. There is another document prepared in 1842 which 

also proves that one fifth of qanat’s water share has been endowed to these people to irrigate 

500 years, all of the 

 

The above documents have also been signed on the margins by the individuals who were well 

informed about the past records of this qanat. So based on the presence of 400-500 year old 

qanat dates back to 

600 years ago. To find further proofs for the long history of this qanat, ownership deeds and 

letters related to qanat were also examined, some of which are mentioned below:  
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a. Letters 

There is a book entitled Yazd in Amin al-zzarb documents which has collected the letters 

showing the history of this qanat over time.  

1. Hassan Ābād Qanat was rented to the people of Kasnoye in 1884.  

2. Heavy taxes were levied for qanat water use during the same period, an issue which 

caused hardship for locals.  

3. Hassan Ābād Qanat has a discharge rate about 25 ghafiz (a measurement unit) in 1845.  

4. Another letter written in 1940 reads that this qanat is shared with Dehno, one fifth of 

which at the mazhar is given to Sādāts and as it reaches Dehno, it is divided into two 

halves, one for Dehno and the other half for Hassan Ābād.  

5. The net share of Hassan Ābād Qanat belongs to Ghavām al-Dole.  

6.  Moshir al-Mamalek owned 24 hours share which he has sold with his land at a price of 

3700 Tomans. Hassan Ābād water shifts used to last 16 days long, which was reduced to 

15 days in 1940.  

7.  Hassan Ābād Farm consisted of three separate orchards in 1854. One for Moshir al-Molk, 

one for Mirza Ali Khan and one for Seyedi.  

 

Based on the above letters, it can be conclude that:  

Certain changes have been made in the qanat’s course in 1884, and half of the qanat’s water 

has been diverted to Hassan Ābād farm via a new gallery. Over time, the owners diversified 

and some former shareholders sold their share and lands of which one of the shares sold to 

Moshir al-Molk, he then sold his share of water and lands as well. These documents only 

mention the name of two main owners, Ghavām al-Dole and Moshir al-Dole without 

specifying their exact share. 

   

Figure  2-23. Sādāt; source: ICQHS 



    g{x cxÜá|tÇ g{x cxÜá|tÇ g{x cxÜá|tÇ g{x cxÜá|tÇ dtÇtàdtÇtàdtÇtàdtÇtà                                                                                                                                                                                                                                                                                                                     

229 

Description 

 

b. Ownership Deeds  

The examination of ownership deeds presented at Notary Office of Yazd shows that the first 

ownership deeds have been issued in 1942 and the oldest registry declaration form dates 

back to 1934. The results of the above studies are summarized below: 

   

Figure  2-24. Ownership deeds; source: ICQHS 

 

Age of the qanat (year) Age of the deed (year) Title of the deed 

650 90 historical records 

* 170 endowment deed 

600 170 manuscripts 

* 130 letters 

* 80 title deeds 

 

Table  2-7. The age of Dehno-Hassan Ābād Qanat on the basis of existing documents 

Note. * No information regarding the age of the qanat 

 

2.b.6.5.  Ebrāhim Ābād Qanat, Arāk, Markazi 

Ebrāhim Ābād Qanat which is situated in a plain is among the ancient qanats of the region. 

The locals are of different opinion concerning the date of its construction, and they provide 

estimates which vary from 1300 to 4000 years. There are also numerous stories told about its 

construction some of which seem like a legend than a real event.  

According to existing documents, this qanat has been operational since 1000-1200 AD 

supplying the potable and irrigation waters for Ebrāhim Ābād village. Many historian 

attribute its construction to Seljuk Dynasty.  
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In order to unravel the historical trends of qanat’s development, it is necessary to have 

archeological study for the development of human communities and agricultural activities in 

that geographical zone.  

The ancient sites and existing historical hills in Meshk Ābād contain settlement traces of the 

past. These sites are scattered throughout the entire region and tell the progress of life since 

ancient times up to now. Potteries, ceramic pieces, clay and stone tools, metal works 

documents, etc. are some of the authentic evidences, that can be relied on, in the dating 

procedures of these sites and thus discover their relationship to the outside communities. 

Understanding the evolution and development of human settlements within this study zone 

will draw on archeological studies. Field explorations carried out in this region on the basis of 

excavated concrete evidences trace back the human settlements which were developed at the 

foothills and plains of Meshk Ābād to at least 4000 BC.  

At that period, water sources originating from Haftad Qallé mountains attracted pre-historic 

human communities to here. These communities gradually developed and during a period 

ranging from 4000 AD to 1000 AD established contact with outside communities and by the 

mutual interaction with them, not only were affected by but also left an influence on them. 

The pre-historic communities settling here led a life based on herd rising and agriculture, a 

way of life which is reflected in their architecture, lifestyles and cultural interactions with 

others etc. 

Meshk Ābād is one of the settlement zones which contains signs of early settlements. Sites 

such as Seydun Hill, Cheshme Khourzan village, Esfandi Hill of Ebrāhim Ābād village and 

Qallé no Hill contain in their various layers signs of human settlements dating back to 4000-

1000 AD. These sites sometimes display the traces of a given era and sometimes show signs 

belonging to several historical periods.  

The settlements associated with Ebrāhim Ābād Qanat can be identified by archeological 

studies. There are numerous settlement zones near and around this qanat, some of which e.g. 

Seydun Hill, have played a significant role in the development of human settlements here.  

The site of Seydun also called Seydun Hill lies 2 km NW of Ebrāhim Ābād village and it 

consists of a central hill and several mounds (dunes) scattered in a radius of 300 m from it. 

There are several qanat branches in the northern direction of it extending towards Sahl Ābād 

and the well shafts of Shur Ābād pass through this site. Remains of an old water-filled moat 

can also be seen around the central hill.  
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Photo  2-128. Seydun Hill; source: ICQHS 

 

Archeological remains indicate a long and significant settlement in this region. Settlements 

which are reflected in several historical layers in the ancient sites of this region.  

Seydun site is assumed to have been an urban site or a large village, perhaps it has been a 

satellite village of Qom.  

Surface evidences such as ceramic shards and pottery found at this site attribute the early 

settlements to Sassanid and Parthian Eras, which has continued to early Islamic era up to Il-

Khanate Dynasty, all of these communities were dependent on qanat water supply for their 

survival. These evidences show a rich culture and high life standards at this site.  

  

Photo  2-129. Ceramic shards discovered in Seydun Hill; source: ICQHS   

 

Esfandi Hill is another old settlement site near Ebrāhim Ābād village. It is one of the oldest 

settlement sites in this area which contains evidences of Copper Age. It is situated at 2 km on 

the NE parts of the village some 600 m NW of Seydun Hill in a vast plain at the northern 

parts of Ebrāhim Ābād village. It is 3.5m high and covers an area of 60 by 70 m wide.  
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Surface remains including ceramic shards show the settlement signs from Copper up to Iron 

Ages (3000 to 1000 AD). The sample ceramic shards painted in gray and buff show the 

cultural evolutions of the region. Communities have kept living here up to Iron Age, the life 

indexes of which are reflected in ceramic and pottery remains. Water runoffs of the plain 

have certainly played a vital role in the development of communities here, a settlement which 

has continued for several millenniums. Lifestyle based on agriculture has had a significant 

role in the lasting of these communities.  

  

Photo  2-130. Ceramic shards discovered in Esfandi Hill (left) & Ebrāhim Ābād (right); source: ICQHS  

 

There is little information about human settlements of Achaemenid Era, the remains 

discovered at hills and sites can shed a light on the communities living during Parthian and 

Sassanid Periods. Settlements have expanded during these periods and consequently the 

populations have increased. The formation of the above-said communities can be attributed to 

water sources which have led to the development of agricultural activities here. As was 

mentioned before, some of the most significant human settlements in Meshk Ābād have been 

Seydun Hill, Ebrāhim Ābād and sites for cities like Jard.  

After Islam when Durakhour settlement zone of Qom was formed, the human settlements 

were relocated in new settlement zones while some of the newly converted villagers 

remained in old Sassanid villages. During this period, due to the significant role of religion 

and the high respect people had for the saints, the communities mostly concentrated around 

the Mausoleums of holy men, a case which can be observed in Ebrāhim Ābād village. 

The studies conducted show that the traditional farming practices were mostly based on 

runoff waters in Meshk Ābād and Ebrāhim Ābād in millenniums before Christ. During 

Parthian and Sassanid Periods, due to increase on population and settlement zones, people 

had to find new water resources to meet their growing food needs, and considering the 

progresses made in tool-making and agricultural knowledge at this time, it is very likely that 

the basis for qanat construction and a better efficiency of farmlands were founded at that 

time. 
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The studies also show that during Islamic era, some of qanats were restored and some new 

ones were constructed. Qanats played a much more vital role in areas like Meshk Ābād which 

did not have any permanent water resources.  

Agricultural data relating to Safavid Era are much more authentic. From this period up to 

Pahlavi Era. Qanats not only helped the farmers to survive, but also allowed them to expand 

their farms and orchards. The studies on history of water resources in this region can be used 

in the identification of Ebrāhim Ābād Qanat. So a review of settlement zones near and around 

this village for a time interval of (3000 to 1000 AD) can provide substantial information about 

water use and its history here. 

The rivers and springs originating from Haftad Qallé mountains have had a great impact on 

the development of human communities of Copper and Iron Ages, as a result of which this 

region was heavily populated during those periods.  

Esfandi Hill is a sample of these settlement zones which lies at 2 km distance in the NE of 

Ebrāhim Ābād. Enjoying rich water sources, it started at Copper Age and survived up to Iron 

Age (1500-750 AD).  

At Parthian Era, this zone which had become more densely inhabited, the residents had to 

find additional water sources (by constructing qanats) in addition to superficial waters they 

already had. The settlement zones formed in Farahān plain expanded during Islamic Era and 

its momentum increased during Il-Khanate Period, so the growth of population necessitated 

more water sources to meet irrigation and consumption needs. 

Based on the above points and considering the topographic conditions of the region which 

does not allow the construction of dams, qanats gained an unprecedented significance in 

Farahān and Meshk Ābād.  

Some history texts written in post-Islamic Era have mentioned the scarcity of surface waters 

in these two areas and have considered qanats as life-giving entities for them. In the book 

entitled History of Qom, Hassan-ibn Mohammad ibn-e Hassan (1000 BC) writes: “one of the 

wonders of Qom is its Salt Lake which is close to Farahān, it is a big water reservoir. Its 

length is 20 km and its width is 10 km. Water collects in it during fall and winter when 

people do not need it, but when spring arrives, people use its waters and its kitchen salt is 

exported”.  

In another history book called Nozhat al-Gholub by Hamdallah Mustawfi (1300 BC), the 

author referring to the villages and its water sources says: “Farhān and its villages are quite 

populous and flourishing. Qanats supplies its waters and grains, cotton and grapes are 

cultivated on its heights”.  

In his travel book, Ezd al-Mulk on his way to Iraq, passes through Farahān and he describes it 

as follows: “...Farhān does not have any orchard or tree and its river which originates from 

Ashtiyān runs only for two months in a year”.  
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The late Ebrāhim Dehgan in his book One Hundred Year History of Arāk describes Moshk 

Ābād and writes: “it has a rather cold climate and its water needs are fulfilled by qanats. It 

has fertile soil and its wheat product is well known all around”. 

The studies about the formation of human settlements here can be revealing too. There are 

several qanat branches in the northern section of Ebrāhim Ābād which extend towards Sahl 

Ābād, all of which contain traces of a lasting settlements in this region. The studies carried 

out in the vicinity of old Ebrāhim Ābād Site and the discovery of cultural and historical 

tokens there such as glass, ceramic and pottery shards, tiles etc all support the claims cited in  

history books. All these signs show that there has been a long settlement here at least from 

1000 to 1800 BC, mostly because of its qanats.  

It is certain that the history of Ebrāhim Ābād village is not separable from its qanat and their 

existence is closely interrelated. Based on historical findings, during its long history, only 

once has this village been relocated. All the extant evidences show that the course of this 

qanat has never been changed. 

The old site of Ebrāhim Ābād has the highest relationship with this settlement which can 

contribute to a better understanding about its formation, expansion and evolutions. This 

ancient site is situated in the southern section of the village and is partially connected to it. 

The Holy Shrine of Shahzade Hussein and the old and new cemeteries are located in this site.  

As was noted above, there is a historical, socio-cultural and economical bondage between this 

village and its qanat. Therefore, they have experienced the same ups and downs since the 

start of Islamic Era. This old site used to have several large and small mounds in which traces 

of the old village during its heyday could be found.  

This site has a mild slope in east-west direction and traces of ancient settlements and 

passageways can be seen at its edge. There is an old graveyard in the northern section of this 

site which based on the dates written on tombstones belong to Safavid, Afsharids and 

Zandiyeh Dynasties. The names on the tombstones usually introduce the deceased as a 

resident of Ebrāhim Ābād.  

The old shrine is located in the center of this site and is highly respectable for the locals. It is 

one of the ancient shrines of Farhān and it dates back to the time of Il-Khanate Dynasty. It 

has been restored during Safavid Dynasty.  

This shrine is believed to belong to a grandson of the 4
th

 Imam of Shiite who has been 

martyred on his way from Sāveh to Sahl Ābād, then his holy body has transferred to this 

location and buried.  

This building may have not been erected during Seljuk Era and based on the tombstone 

placed on the grave it goes back to Il-khanate era. This historical document with has been 

recorded in a very nice calligraphy coincides with the reign of Il-khanate Dynasty in Iran. 
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Photo  2-131. The tombstone of the shrine and some other old tombstones in the old graveyard; source: ICQHS  

 

There are some tombstones which have been placed inside the walls of the shrine. They bear 

poems and prose written in Persian alphabet and contain the deceased birth and death dates. 

Most of the tombstones span a time period from the beginning to the end of Qajar Dynasty. 

 

Photo  2-132. The Location of ancient site of Ebrāhim Ābād; source: ICQHS  

 

A stone-paved road passes through Ebrāhim Ābād site which used to be the road connecting 

Tehran to Arāk, Lorestān and Khuzestān provinces in the past. Nowadays, traces of this 

cobblestoned road and the remains of the stopping places and tea shops can still be observed 

in this site.  

As was noted before, apart from Ebrāhim Ābād Qanat, there are several other qanats in this 

area such as Khalil Ābād, Ahmad Ābād, Shur Ābād and Khurzān spring. All of these qanats 

(except Ahmad Ābād) are located far from the old and even new Ebrāhim Ābād. They irrigate 

the farms situated in the northern sections of this village. Akbar Ābād Qanat as the 

predecessor of Ebrāhim Ābād Qanat which has played a vital role in the formation of gardens 

and farms here eventually gets out of service and is replaced by Ebrāhim Ābād Qanat. 
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In other words, this qanat can be regarded as the latest manifestation of locals’ expertise and 

knowledge in qanat construction. Here, a better layout plan and better calculation of land 

gradient have led to a better water discharge. By constructing this qanat, people managed to 

irrigate their farms and gardens and thus guarantee the life chain in the region up to now. 

Linking the history of this qanat and village, some authors consider it as one of the old qanats 

of Markazi province and based on archeological studies, attribute it to 900 -1400 BC. 

However, as it was mentioned earlier, locals consider a history of 1300-4000 years for this 

qanat. Another proof in this regard is a tombstone on which 741 has been carved as the date 

of demise.  

 Logbooks and history books written in post-Islamic Era have only mentioned Dur Ākhor and 

later Moshk Ābād, and there is no reference to Ebrāhim Ābād. The oldest reference which 

mentions the name of Dur Ākhor and Ebrāhim Ābād as one of its satellite villages is The 

History of Qom. This book which has been complied in 1000 AD lists the villages and 

orchards located in Dur Ākhor, some of which are still present such as Shahve, Ebrāhim 

Ābād, Sirvān, Sahl Ābād etc. 

The etymology of Dur Ākhor goes back to Old Persian and its use in reference to a large area 

after Islam is worth of consideration. Ebrāhim Ābād as a district of Dur Ākhor and Farhān 

has been under the influence of sociopolitical events of these two regions.  

Prior to the said date, the name of Ebrāhim Ābād could be found in the History of Qom, but 

after Zandiyeh especially during Qajar Era as Moshk Ābād castle lost its strategic position 

and the commanding posts moved to other areas, Ebrāhim Ābād is frequently mentioned in 

history books. In fact it was regarded as the center of Moshk Ābād in mid Qajar Era, but it 

became popular during Pahlavi Era when modern facilities such as rail road’s, post offices, 

schools and notary offices were established in it. As an operational and ongoing sample, 

Ebrāhim Ābād Qanat is one of the old qanats of Iran which dates back to early Islamic Era.   

 

2.b.6.6. Qanat of Vazvān, Esfahan 

Among the historical qanats in Iran, Vazvān enjoys unique innovation in terms of its design 

and implementation, one of which relates to the construction of an underground dam in it to 

store water. 

Being situated on the main road to Esfahan, the city of Vazvān has a special significance. 

Historically speaking, the two cities of Vazvān and Meyme date back to early Islamic Era. 

The remains of some historical works found in this region indicate that it has been a human 

settlement since the second and third Islamic centuries. Some ceramic and pottery remains 

have been discovered on the eastern hills of the city, estimated to have 600 years of age, and 

are supposed to be manufactured in this region. Locals believe that prior to the formation of 

the present city, people used to reside in a place called Hambal which means foothill in local 

dialect or Qallé Gabri the residents of which were Zoroastrians. Traditional fables trace its  
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existence to early Islamic Era. The local people pronounce it Vazhgun and believe that its 

development has started after Mongol invasion.  

The former residents gradually abandoned the eastern parts and began to settle in the western 

side of the hill, the present location of Vazvān city. Scattered traces of human activity and 

settlement are often found on these hills (the site of Jihad Building) which are a proof for its 

residential usage in the past.  

Some of the well-informed locals are of the opinion that during the retreat of Ashraf, the 

commander of Afghan Army, from Dāmghān to Esfahan, his army demolished this village 

and the destruction of Vazvān buildings is blamed on this army. Other locals maintain that 

site of the former place of Vazvān (i.e. the eastern side of the hills) was destroyed by a severe 

earthquake and that is why it is called Vazhgun in local dialect. 

Since 150 years ago, the people of this village started to develop their place by building new 

houses and as the population grew, the village was transformed into a town in 1975. The 

Historic Castle (known as Azamiha Qallé which dates back to Qajar Era) with more than 120 

years age, is one of the old buildings of this city which is still intact. This castle covers 3600 

m
2
 and is situated in the center of the city. Locals believe that this castle has been constructed 

during Qajar administration to safeguard the people against gangs of bandits. After the 

assassination of Qajar King, Naser al-Din Shah, it was changed into a palace for the city's 

Khans.  

Materials used in the construction of this castle are of another unique feature of this structure, 

apart special rocks, stones and sun-dried bricks used in this building, its clay mixed with 

grape juice enabled the building to withstand natural disasters after 100 years. A plaster 

inscription above the entrance gate shows the date of its construction. There are two stone 

platforms on the sides of the gate for by-passers' repose.   

Other historical sites in Vazvān include: Masjed-e Jāmé of Jahāngir, Old castle of Zyād Ābād 

and Laibid old castle, Sang Soorakhi and Chāh Tare. 

It is certain that the human settlement at this region is closely related to qanat's history. That 

is why some authors attribute it to pre-Islamic Era. With a record of several hundred years, 

this qanat also possess another unique feature which makes it outstanding among its 

counterparts, i.e. the construction of an underground dyke. 

Dr. Behniya in his book entitled Iran's Qanats writes: "Out of the hundreds of qanats all over 

the world, none resembles Vazvān and Mozd Ābād Qanats, because these are the only qanats 

in the whole world which are equipped with an underground dam structure". 

Based on the authentic documents and frequently-cited folklores by the local experts, and 

based on the narrations passed over from previous generations, this qanat dates back to pre-

Islamic Era. Vazvān villagers believe that the public qanat of this village which is known as 

"big qanat/old qanat" has been constructed by the investment of an Esfahani shepherd. 

During Mongol invasion, a part of qanat branch was filled, at this time the villagers bought 
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the shares of Esfahan's people. Even if we set the date of Mongol invasion as the starting 

point of this qanat, it has more than 800 years. The Mongol army was fighting with the troops 

of Sultan Jalal al-Din near Esfahan and Kashan in 1246, where Meyme and Vazvān qanats 

are situated (Safi nejad, 2000).  

At that time, the Qanat of Vazvān has had two branches, one extended in NE direction 

towards Karkas mountain and was fed by adjacent underground waters. There was a person 

in charge of the mother well of this branch which had extended up to Sefid Kuh of Kashan 

city. The western branch which was shorter, stretched towards Zeyd Ābād. These two main 

branches were destroyed during the land disputes among locals. During the reign of Reza 

Shah, when a special attention was given to the restoration of qanats, the lower parts of Qanat 

of Vazvān were cleaned and the same was done in the upper parts up to mother wells (Safi 

nejad, 2000:164). Based on the above evidences, considering presence of multiple layers in this 

qanat, and also the presence of traces of different periods in its gallery, it can be claimed that 

this qanat enjoys a long history. 

Dr. Safi nejad in his book entitled Underground Dams of Qanat of Vazvān and based on the 

epitaphs inscription (of Zoroastrian time) found on the grave stones at this region concludes 

that this qanat and its underground dykes date back to Sassanid Era.  

 

2.b.6.7. Mozd Ābād Qanat, Meyme, Esfahan  

The history of this qanat is closely related to its name. There are two widely accepted theories 

in this regard each of which partially refer to its construction date. Some local authors are of 

the opinion that this qanat dates back to the time of Sassanid Era when Anushirvān had it 

built and named after a Zoroastrian goddess (Ahura Mazda). (It is the first qanat constructed in 

this region and triggered the city’s development there)(Moiniyan, 2007: 485).   

If we accept the name of Ahura Mazda as the etymology of this qanat, it seems that after the 

conquest of Arabs and the domination of Islam, due to the wide use of Islamic names, the 

first part of this name was omitted and Ahura Mazda was shortened to Mozd Ābād (which 

literally means developed by Mazda)(Moiniyan, 2007: 485).   

Based on the above, the construction of this qanat goes back to pre-Islamic era in Iran (more 

than 1400 years ago). As was noted above, other researchers and some local experts attribute 

the construction of this qanat to the period before Islam.  

The historical investigations carried out show that written documents mention the name of an 

army commander called Bahman, who served Khusraw I, as the first person who was directly 

involved in this region.   

According to historical findings, the early settlers of this region were the Achaemenid troops 

who used this region as a checkpoint position to connect the south and west parts of the 

administration (Bistun and Fars). Later on, this area turned into a permanent army camp for the 

army of Bahman. The presence of large fertile lands and plains on one hand and the 
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possibility of water shortage and drought on the other, made the army to start the construction 

of a several km long qanat at the western foothills of Karkas mountains to guarantee a 

ceaseless water flow to their settlement zone, a construction which is a masterpiece in its 

kind. This qanat is still functional without a significant decline in its water discharge, after 

two thousand years. It is commonly believed that the name of this qanat is closely associated 

with the religion of that that time, i.e. Zoroastrian, and that is why the village located in the 

extreme northern parts of this region is also called Mozd Ābād. The construction of this qanat 

led to the flourishing of agricultural activities there and provided sufficient food for the 

settlers of the military camp. 

The historical background of this region matches the above speculation, the people of this 

region were Zoroastrian before converting to Islam and their traditional costumes still contain 

patterns and signs of Achaemenid and Sassanid Eras. The majority of the people of this 

region are still pure Aryans (Moiniyan, 2007: 42). 

The forms of well shafts in some cases are rectangular which attributes to Sassanid 

construction style. Another proof for the long history of this qanat concerns the presence of 

multiple-layers in its galleries where the signs of different time periods can be observed. 

Dr. Behniya the author of The Qanats of Iran mentions that due to structural similarities 

observed in the design and construction methods of this qanat and Abuzeid Ābād qanat of 

Kashan and the well-known qanat of Ardestān city, it is very likely that this qanat has also 

been constructed during Sassanid era (Moiniyan, 2007: 32).   

 

2.b.6.8. Qanat of the Moon, Ardestān, Esfahan 

As mentioned in the history of qanats in Iran, this history consists of the date of 

establishment, written historical or local documents such as deed of endowment or 

documents related to sharing the water of the qanat, archeological studies, dating and other 

complicated lab activities, and even stories and legends about the qanats. It is clear that the 

history of the qanat is related to settlement in the region and history of the town in which the 

qanat has been built. 

The history of qanats in central plateau region, especially qanats in Esfahan region including 

Moon two-level qanat, is also related to the history of the region, so we mention the history 

of the region in this regard.  

Professor Roman Grishman, the famous archeologist that has significant digs in Sialak hill 

near Fin in Kashan, says: "Archeologists believe that Stone-Age man lived near salt desert, so 

the first settlements ever discovered are in Sialk in Kashan, Qom, Rey, and Dāmghān. New 

studies show that Sialk in Kashan is the oldest place ever used as a settlement. Oldest heritage 

works found in the area dates back to 5000 BC" (Grishman,1994: 26).
 
After long years of 

investigation, Grishman announced that primitive man lived around salt desert and has a 

civilization that moved to other places after evolution (Shifi. 1988:7). 
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Archeological studies also show that in 2000 to 3000 BC there was a great civilization in 

eastern parts of Iran and it was in Ardestān area and reached to Kashan, Rey, and Esfahan 

(Azimi, 2000: 45). Ardestān has been a prosperous area since ancient times and existed centuries 

before Islam. It was one of the important centers in Kiani monarchs, and their military base 

was located here (Jāberi Ansāri, 1942: 417-418).
 

Mehr-Ardeshir fire-temple, one of the three major fire-temples in Esfahan area, that was 

made by Bahman-ibn Esfandiyār was located here (Hamzeh Esfahani,1967:54), this shows the 

importance of Ardestān in that era. This fire-temple and other fire-temples in the city were 

present until fourth century AH and Ardestān was considered a holy place. Ardestān was the 

capital city in Arsacid Ardavān IV Era (Rafiei Mehrabadi, 1957:7) and his palace is still in 

Ramyan area of the city near a hill named Talle-Asheghān or Kopeh-Asheghān. Locals 

narrate their previous generations' stories about how Ardavān chose a husband for his 

daughter (Shafiei Ardestāni, 1990). 

Presence of ancient names, digging huge and extraordinary qanats, numerous fire-temples, 

historical hills and areas all around Ardestān related to different eras, remains of many castles  

and citadels in different areas of the city and around it show that Ardestān was built a few 

thousand years before Islam (Golbon, 2002: 686). 

On the other hand, in Ardestān, like other cities of Iran, buildings of old important qanats are 

attributed to important figures that are combined with legends or legendary figures. Qanat of 

the Moon's construction is also attributed to an ancient figure called, Kaveh the blacksmith, 

and they believe that Kaveh was born in Kabudān neighborhood of Ardestān.   

People of Ardestān narrate from their ancestors that Kaveh the blacksmith, the famous hero 

of Fereydūn, Manūchehr and Nozar Era (Rezai, 1979: 91) who raised Derafsh Kaviani against 

Zahhāk (Azhdahak) in Esfahan, and made Fereydūn-ibn Ābtin ibn-e Jamshid, one of the 

children of Tahmuras Div-band from Pishdādiān Dynasty
 
the king, was from Ardestān 

(Ghafari Ghazvini, 1946: 28-29).  

Historians say Fereydūn Shah whose kingdom started in 750 BC made Kaveh governor of 

Iraq and Esfahan area (Nafisi, 1945: 760)
 
and said only Kaveh's children can be governor of 

Esfahan (Arbab, 1961: 163). The story of Kaveh has been narrated by Ferdowsi, Tabari, Bal'ami, 

Mas'udi Salebi, Khwārizmi, Ibn Khaldūn, and other historians (Dehkhoda, 1986: 294-295). 

In Kabudan-shahr neighborhood of Ardestān when their water goes to Telk Ābād village for 

10 nights, at the eleventh night the water comes to Kabudan and it is called Kaveh.
22

 In 

ancient times there was no tax for this water. Also in the neighborhood there is a field, a 

garden and a lane called Kaveh. People believe Kaveh was born in Kabudan neighborhood. 

These documents show the antiquity of Qanat of the Moon. Researchers also have mentioned 

antiquity of Qanat of the Moon in their studies. A famous geographer who lived in fourth 

                                                      
22

 In notary office files it is written: Kabudan neighborhood's three foruz is one night tāgh for Kaveh tāgh, 

which is repeated every 11
th

 night and is 66 sarajeh. 
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century AH, Abu Abdollah Mohammad- ibn Ahmad Moghadasi, visited Ardestān and in his 

great book, Ahsan al-Taghasim fi Ma’refat al-Eghlim, written in 375AH, he writes: 

"Ardestān is a big city near the desert. It has beautiful Bazaars and a grand mosque, and there 

is a castle on its road" (Monzavi, 1983: 581).
 

Geographers of the fourth century know Ardestān a part of vast area of Belād al-Jebāl from 

the third or fourth climates located in the northern temperate area (Haj Farhād Mirza, 1957:20). 

Paying attention to Ardestān and Qanat of the Moon in these documents show the importance 

and antiquity of Qanat of the Moon that can also be seen in the works of modern researchers. 

Abolghasem Rafiei Mehrabadi and Dr MohammadAli Ehsani Tabatabaie and Javad Safi 

nejad are among modern researchers who have written about Qanat of the Moon and its 

antiquity. In these works some sources say sister of Sassanid Khusraw Anushirvān whose  

mother was from Ardestān ordered the qanat to be built, and some say it was done in 

Anushirvan era, 578 AD.
23 

Local written sources also show that this qanat has been built in Ardestān before Islam. Some 

locals say that in ancient times a Yazdi qanat master was going to Zafarghand from this area 

and sleeps in Ardestān. When he puts his head on the ground to sleep he notices the current 

of underground water and suggests people of Ardestān to dig a qanat at the place where 

Qanat of the Moon is currently located. People do that and after some time the qanat master 

came back, saw qanat and told them to dig another qanat parallel to that qanat deeper under 

the ground to make use of all underground water. However, some believe that it was after 100 

to 200 years that the deeper qanat was built. 

Another document that shows the antiquity of Qanat of the Moon is the historical distribution 

of water by Khajeh Nasir al-Din Tusi in 13
th 

century AD. When this qanat was built, Telk 

Ābād qanat's water dried and there was a quarrel among residents of these two areas. 

Probably the fight occurred in 625AH because at this date Mongols were fighting against 

Sultan Jalal al-Din Khwārazmshahi near Esfahan, and the war had expanded to Kashan. 

After this incident around 655 AH when Khajeh Nasir al-Din Tusi and Hulagu Khan were in 

the area to attack Baghdad, residents requested them to judge their dispute. Khajeh tries to 

make peace and divide the water of Moon and orders that two third of water of Qanat of the 

Moon should go to Moon neighborhood and one-third of water should be given to Telk Ābād 

to compensate for the lost water of Telk Ābād qanat. This division is still valid at two places 

of Moon neighborhood, one place for dividing the lower qanat, and one place for dividing the 

higher qanat.
 

Documents regarding endowments and sharing deeds of this qanat are other historical 

documents that show the history of it. On 22 of Zihajeh, 1104 AH, Hakim al-Molk Ardestāni, 

one of the residents of Moon neighborhood, endowed his estates and lands in Ardestān, 

including those in Moon neighborhood, to the children of his great grandfather Sayyid 

                                                      
23

 Abbās Mollāee Ardestāni, teachers of Ardestān's Moon neighborhood. 
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Ruhollah. This is known as Olādi endowment and is still valid. According to the endowment 

deed, properties located in Moon neighborhood had 825 sarajeh
 24

 and two dangs
25

 and a half 

of a sarajeh of the water of the qanats named "old and new qanats", these estates still use this 

water. The names old and new qanats show that the higher qanat has been dug before the 

lower qanat. This idea is supported by the locals (Golbon, 2002: 711).
 
 

Title deeds, endowment deeds, books, and documents have always shown the antiquity of a 

qanat and Qanat of the Moon is no exception in this regard. In Ardestāni endowment deed it 

is emphasized that first the top qanat was dug and then the bottom qanat. In the history of 

Qanat of the Moon these names are used for the two galleries: new and old, above and below, 

high and low, higher and lower, under and over.  

 

2.b.6.9. Qanat of Gowhar-riz (Gauhariz), Jupār, Kerman 

As was noted before, the study of water division spots of this qanat can reveal a significant 

part of its history. An important issue here concerns the presence of a great deal of oral 

literature concerning this qanat, which has passed from generation to generation.  

Local people attribute this qanat to a person called Gowhar and believe that when qanat 

became functional, the state authorities demanded a share for the government. The share of 

the state came to be known as Divāni share. Later on, several families settled near mazhar 

and separated a small portion of its discharge for their cattle and that is why that canal is 

called Bāj (which means blackmail in Persian). This anecdote has clearly explained the history, 

future and the formation of maqsam.  

The History of Qom was written in 378 AH, but was rendered from Arabic into Persian in 

805-6 AH. In a chapter of the book which deals with the rules and laws of lands and water 

conquered by Muslims, the author writes: “one fifth of the water or its income should be 

given to the village’s Mullā (clergyman) to be spent for the needy and orphans. That is why 

one canal has been named Mullāee. It shows that this qanat has been operational before Islam 

and only one canal has been added to it in later years. Jupār has been mentioned in the book 

entitled The History of Ardeshir I which states: “after death of Haftvād worm, Ardeshir I 

came to Jupār”. Since the existence of Jupār is entirely dependent on its qanat, it can be 

claimed that the construction of this qanat and its canals (except Mollāee and Bāj) date back to 

early Sassanid Era. 

It seems that Bāj canal was exclusively used for domestic herds. Ann Lambton in her book 

Land Tenure in Iran says that cattle raising and wandering lifestyle was popular after Mongol 

invasion. She maintains that Mongol noblemen kept large number of sheep and they had to 

move their cattle to summer and winter pastures. Bandits often were a cause of concern for 

                                                      
24 Sergheh or share which is the time it takes for the water clockto sink in the water, equal to 11 minutes. 

25
 Inside the water clock is divided into 6 parts called a dang which is equal to 2 minutes of water. 
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the people who lived near pastures; it seems that a canal was designed to divert water to the 

eastern section of the city to keep the cattle away from city. In other words, the eastern and 

southern parts of the city were used for the settlement of tribesmen, but as wandering lifestyle 

changed to sedentary settlements; these canals were used for the irrigation of farm and 

gardens. 

In addition to the folklores and historical traces related to Qanat of Gowhar-riz, there are 

some written documents about it as well. Endowment deeds are some of these documents 

which clearly show the socio-economic status of a community. The oldest of such documents 

belongs to Shah Nematollah Vali, which specifies its endowed lands as Bagh Shah. This 

garden was his property and he possessed 9 tāks (water shares). Endowment deed of Molla 

Ja’far Mosque is another sample of such old documents which dates back to 1232 AH. Some 

of the documents related to Qanat of the Gowhar-riz will be described below:  

There are vast lands in Jupār which are known as Bagh Shah or endowed lands of Shah 

Nematollah Vali. The book entitled Geography of Kerman which has been compiled by 

Ahmad Ali Khan Vaziri in 1291-1293 AH says: “The first person who constructed a decent 

grave for him was Shah Bahmani Dakani Hendustāni”.  

“He also consecrated 3 shares of Farmitan farm for that mausoleum. The income of sayyid 

Nematollah properties which are in Jupār, Māhān, Rāyn and Govak exceeds 1000 Tomans 

per year”. Shah Namatollah Vali (731-834 AH) was born in Kuhbanān Kerman and was a 

contemporary with Amir Timur and Shāhrokh of Mogul Empire.  

These gardens could not have been existed without water at that time, which serves as an 

evidence for the existence of Qanat of Gowhar-riz. Therefore, on the basis of such documents 

and the high admiration the locals have had for this figure which has kept his gardens intact 

up to now, the qanat dates back to that time at least. Ahmad Ali Khan Vaziri in his book also 

provides detailed information about Jupār, its qanat and water distribution system, according 

to these descriptions no radical changes can be seen in this system since 150 years ago.  

He writes: “There is a pleasant neighborhood 50 km away in the south of Kerman which has 

300 households and 1000 gardens. It has nice climate and a qanat supplies its water needs. 

The name of which fits it (Gowhar- riz means pouring jewels) due to its good quality and clean 

water”.
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Figure  2-25. Sample of endowment deeds for Qanat of Gowhar-riz; source: ICQHS 

 

Another historical document which refers to Qanat of Jupār is a 1×1 m document which 

contains the text along with the map of Jupār and its qanats like Gowhar-riz and Deh Ghazi. 

This document was drawn up in 1305 AH to settle a land dispute among the owners of 

Birzangi, Dehgazi and Hussein Ābād qanats. The governor of the time named Naser al-

Dolleh Farmān farmā managed to make peace among the shareholders of Birzangi, Deh 

ghazi and Hussein Ābād qanats by considering all aspects of the problem after 3 days. 

 

Figure  2-26. The verdict issued by Naser al-Dolleh Farmān farmā the governor of Kerman and Baluchestān on the 

conflicts among the shareholders of Birzang and Deh ghazi qanats in 1305 AH; source: ICQHS   
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2.b.6.10. Qanat of Bam, Bam, Kerman (Ghasem Ābād & Akbar Ābād) 

Ghāsem Ābād and Akbar Ābād Qanat are situated within World Heritage Site of Bam and its 

Cultural Landscape and are closely related to it. The rich history and the historic civilization 

of this desert and arid region are closely related to the numerous qanats running in Bam area. 

The majority of Bam Qanats are over several hundred years old, but out of many, two rather 

new ones (less than 100 years of age) have been nominated of which are the representation of 

development procedure as well as technologies in their construction due to their outstanding 

and unique features. These two qanats illustrate the dynamicity of traditional technologies 

and skills in qanat construction.  

Indeed, recent archaeological discoveries tend to show that Bam flourished because men 

acquired sophisticated techniques to construct qanats and that the authorities of the time 

realized the importance of this system for the survival of human communities there.  

Qanats enjoy both cultural and economic values in Bam. Bam Narmāshir plain has always 

suffered from arid climatic conditions with an average annual precipitation of rarely 

exceeding 60 mm which is hardly enough for any settlements, however, Qanats originating 

from alluvial fans have made this region habitable, so prosperity in this area owes its 

existence to the construction and creation of qanats (Semsar Yazdi, 2005). 

Bam could not have reached a high degree of development, it had not been for the invention 

and the perfection of the qanats roughly 2500 years ago.
26

 

The discovery of a Seleucid-Parthian (or earlier?) Site (s) in the first days of May 2004 in the 

south-eastern suburb of Bam proves now that Bam came to exist at least from the Seleucid-

Parthian period thanks to the existence of the earthquake Fault, the knowledge of drilling 

qanāts, a powerful wise national and local administration as well as the existence of favorable 

fiscal system; all signs of a highly developed civilization (see below 2.b. History and 

Development). While the post-Islamic network of qanats in Bam can be compared in a way or 

another to those present in other places such as Yazd or Gonābād, the task becomes far more 

difficult for the earlier periods. There are only a few sites in the world to which the ancient 

qanats of Bam can be compared; these lands were all in close connection from the 

Achaemenid Period and earlier (6th-4th cent. B.C.).
27

 

Shahzade Abd al-Hamid Mirza Naser al-Dolleh, the governor of Kerman (1020-1024), was on 

a tour to control his jurisdiction, mentioned qanats which surface at Pāy Chin and contributes 

them to a hill located in Barvāt (Adl, 2007: 48-9). The mentioned hill is the same as Bam- 

Baravāt fault.  

 

 

                                                      
26

 Nomination dossier of Bam and its Cultural Landscape for inscription on world heritage list, 2003.  

27
 Nomination dossier of Bam and its Cultural Landscape for inscription on world heritage list, 2003. 
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Archeological studies support the use of qanat at Afrāz region in 1000 BC. Two branches of 

these qanats in the NW-SE direction show that qanat construction has been ongoing till recent 

periods. These qanats look different from their counterparts and they show a more advanced 

technology in their construction. Qanat construction which may be attributed to early man’s 

experiences in the use of underground water sources shows clear evolution during its life  

cycle. One unique feature of these qanats relates to their passage through a vast area of fertile 

lands and gardens. Relative short distance and low altitude difference between the high and 

low lands have enabled the designers to access rich water sources with the lowest cost, labor 

and time. The presence of numerous well shafts and mother wells in this region confirm this 

claim. The exact layout for Akbar Ābād and Ghāsem Ābād Qanats show that the use of this 

water-producing fault dates back to early days of qanat invention.  

Despite unsystematic exploitation of surface water at the catchment areas and in spite of 

recent decade’s drought, there has been little decrease in water discharge of these qanats. The 

catchment area of this aquifer covers a vast part of southern, western and northern mountains 

of Bam-Narmāshir which lie in the western parts of these qanats (Judaki & Azizi, 2012).  

Since these two qanats date back to 100 years ago, it seems that the boreholes and mother 

wells are the result of meticulous consideration of faults and exact calculation in layout plans. 

Akbar Ābād Qanat has been constructed by Akbar Khan Azimi who has been the steward of 

Zoroastrians some 100 years ago. The construction of Ghāsem Ābād Qanat which is about 

70-80 years old is attributed to a person called Haj Hassan Bani Asadi.  
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Chapter 3 : Justification for Inscription 
 

3.a. Brief synthesis 

At a glance qanat is a horizontal tunnel which drains out groundwater, but digging this tunnel 

requires varieties of sciences and technologies. Qanat is a feat of technology left from our 

ancestors, a feat which is hidden underground, but its technical importance is apparent, not 

less valuable than such surface structures as bridges, castles, towers, etc. Qanat enjoys 

extended structures and sometimes its length reaches tens of kilometers. Qanat passes 

through geological formations and faces different conditions and obstacles, so qanat masters' 

efforts to solve these problems led to the accumulation of knowledge in terms of qanat 

construction over time, which has been handed down from generation to generation. Qanat is 

one of the most complicated traditional technologies, which require knowledge on nature 

ranging from groundwater to management. This indigenous technology used to bring water 

efficiently from tens of kilometers away to the thirsty lands. In many of qanats which were 

constructed hundreds of years ago, no technical errors took place, and even their present 

structure bears witness to this fact. This source of knowledge behind the system of qanat can 

be ranked among the wonders of human civilizations. Though the technical value of qanat 

and the inspiration it can provide for us is not deniable, the cultural and social heritage left 

from this technique is also significant. This cultural heritage still influences social life of 

people living in such regions in central plateau of Iran where qanat has been the only means 

of supplying water. This technology is the focal point of a particular genesis civilization’s in 

the arid and semi arid regions of Iran. The harsh environment drove those people to invent 

the technology of qanat and the know-how revolving around it. Qanat carries a tradition of 

science and technology which used to be practiced in order to overcome the technical 

obstacles in qanat construction. Thus, qanat is not only an irrigational means, but it should be 

seen as a technical and cultural legacy which deserves more attention.  

In Iran some qanats go back to over 1000 years in antiquity, and they are still in active use. 

They still exist due to their sustainability. Qanat’s sustainability is anchored in its approach 

towards the nature. Qanat is sustainable due to its perfect harmony and balance with 

groundwater reserves. Due to their distinctive features, qanats discharge the aquifer water in a 

continuous manner so that users can perfectly adapt themselves to water fluctuations induced 

by droughts and wet years.  

In addition, qanat is the cornerstone of the prosperity of the desert towns and villages. In the 

arid and semi arid regions of Iran that lack surface water, it was always qanat which made life 

possible. All the agricultural and industrial activities have always revolved around qanat 

systems, and no water meant no activity and no life. Therefore, such a deep dependence on
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qanat water drove those communities to bend over backwards to maintain and preserve this 

system and hand them down to the next generations. 

Moreover, effective management of qanat and the precise regulations ruling over it are of 

great importance. The water share timing system, ownership and management system of 

qanat, and the remaining deeds of endowment all show how much our ancestors were 

concerned about these three essential elements: effective preservation, renovation and 

sustainable exploitation of this ancient hydraulic structure. Scarcity of water in the central 

plateau of Iran and the difficulty of utilizing groundwater have brought about such an 

accurate know-how. The existing system not only deals with the water owners and the water 

users transactions, but also indicates their commitments to qanats.  

Economic role of qanat is another aspect of its importance. The agricultural economy of the 

beneficiary communities relies on the water coming out from qanat. Qanat not only comes up 

with revenue in agricultural sector, but also brings some indirect profits. Society never gives 

up such a profitable system, but regularly monitors and takes care of it. Also, qanat is 

important due to its social capital resulting from social convergence and cooperation. Social 

cooperation can be traced everywhere in qanat whether its construction, its maintenance, 

operation or management. Long-term utilization of qanat is impossible without collaboration.  

Indeed, qanat is one of the most creative cultural, artistic and scientific manifestations of the 

Iranian plateau. It has combined great experience in the creative management of natural 

resources and landscaping based on the learning and experience transmitted by people over 

time.   

The nomination of “The Persian Qanat” is a serial nomination includes eleven selected 

qanats, each of them is somehow expressive of various aspects of technology as well as 

geographical, cultural, social and economic innovations during different historic episodes.  

These eleven qanats are showpieces for features of Persian Qanat and the developing process 

of its creation and evolution in time. Each one of the nominated qanats is in fact 

representative of a large number of almost similar qanats in various contexts selected for 

indicating the concept and characteristics of Persian Qanat. 
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3.a.1. Criteria under which inscription is proposed (and justification for 

criteria) 

Criterion (i): Represent a masterpiece of human creative genius;

The constantly evolving creative design and building of qanat in the very heart of arid lands 

of Iran is a unique representation of human genius

technology are manifested in association and combination with nature which is hidden 

underground. The Persian Qanat 

In the arid and semi arid regions of Iran

Photo  3-1.

The phenomenon has resulted in the creation of a kind of desert architectural

landscape including: qanat structures, water mills, urban and rural homes

exceptionally beautiful desert gardens. 

and exquisite despite the passage of thousands of years and is actually considered as a hidden 

but living heritage buried under the ground.
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Criteria under which inscription is proposed (and justification for inscription under these 

Criterion (i): Represent a masterpiece of human creative genius; 

The constantly evolving creative design and building of qanat in the very heart of arid lands 

of Iran is a unique representation of human genius, where science, architecture and 

technology are manifested in association and combination with nature which is hidden 

anat is the cornerstone of prosperity in desert towns and villages. 

In the arid and semi arid regions of Iran.  

. Qanat of Bam; photo by: S.H. Rashedi, 2014 

The phenomenon has resulted in the creation of a kind of desert architectural

qanat structures, water mills, urban and rural homes

ally beautiful desert gardens. Qanat as a handmade masterpiece remains fascinating 

and exquisite despite the passage of thousands of years and is actually considered as a hidden 

but living heritage buried under the ground. 

Justification for Inscription

inscription under these 

 

The constantly evolving creative design and building of qanat in the very heart of arid lands 

nce, architecture and 

technology are manifested in association and combination with nature which is hidden 

desert towns and villages. 

 

 

The phenomenon has resulted in the creation of a kind of desert architectural style and 

qanat structures, water mills, urban and rural homes as well as 

Qanat as a handmade masterpiece remains fascinating 

and exquisite despite the passage of thousands of years and is actually considered as a hidden 
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Photo  3-2. Gardens in Bam

 

Criterion (ii): Exhibit an important interchange of human values, over a span of time or 

within a cultural area of the world, on developments in architecture or

monumental arts, town-planning or landscape design;

The Persian Qanat is an outstanding universal example of a traditional irrigation system 

which developed in ancient Persia

eventually along the Silk road as far east as China

west including Morocco and Spain

motherland and of immense socio

Photo  3-3. Underground dyke in Qa
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. Gardens in Bam; photo by: S.H. Rashedi, 2014 

Criterion (ii): Exhibit an important interchange of human values, over a span of time or 

within a cultural area of the world, on developments in architecture or

planning or landscape design; 

is an outstanding universal example of a traditional irrigation system 

developed in ancient Persia some 2500 years ago and then spread to Afghanistan

eventually along the Silk road as far east as China, as well as by Arabic cultures to the far 

and Spain (Kobori, 1964). This irrigation system survives 

motherland and of immense socio-economic significance in contemporary life. 

 

Underground dyke in Qanat of the Moon; source: ICQHS 

Justification for Inscription

 

Criterion (ii): Exhibit an important interchange of human values, over a span of time or 

within a cultural area of the world, on developments in architecture or technology, 

is an outstanding universal example of a traditional irrigation system 

and then spread to Afghanistan and 

, as well as by Arabic cultures to the far 

This irrigation system survives intact in 
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Photo  3-4. Āb anbār as a dependent structure of qanat ; photo by: S.H. Rashedi, 2014 

 

Criterion (iii): To bear a unique or at least exceptional testimony to a cultural tradition or 

to a civilization that is living or which has disappeared; 

The vital role of qanat in formation of various civilizations is so expansive that the basis of 

civilization in the desert plateau of Iran has been called qanat or Kariz civilization.  

Dispersion of primary settlements on alluvial fans of the inner plateau, desert margins and 

Kavirs of Iran has an intimate relation with the distribution pattern of qanat system. This is a 

great achievement which not only has created its own exclusive civilization but also has 

generated a distinct cultural tradition.A qanat system has a profound influence on the lives of 

the water users. It allows those living in a desert environment adjacent to a mountain 

watershed to create a large oasis in an otherwise stark environment. 

During its several thousand years of existence, qanat as a specific irrigation system has 

always played a pivotal role in creating and expanding agriculture and irrigation in the 

Iranian plateau as well as in other arid, semi-arid and generally dry regions of the world. This 

role has had an amazing effect on settling and flourishing of human communities. 

Additionally, in many semi-arid areas or in regions with low precipitation, it has led to 

population dynamism and business boom to the extent that flourishing of qanat has caused 

rejuvenation but its death has led to demise of communities formed in its vicinity. 
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The sustained smart know-how and craftsmanship of 

management has been transferred and developed from one generation to another not only as a 

significant tangible and intangible heritage but also as a cultural tradition. It should be 

pointed out that throughout hist

intelligence, insight, maturity, social cooperation and interaction. Moreover, it has preserved 

its essence until today.       

Photo  3-5. The old city of Ferdows in crosses of Baladeh Qanat; photo by: S.H. Rashedi, 2014

 

Criterion (iv): Be an outstanding example of a type of building, architectural or 

technological ensemble or landscape which illustrates (a) significant stage(s) in human 

history; 

Qanat is an outstanding example of technological ensemble and 

significant stages in history of human occupation in arid and semi arid area in the world, 

especially in motherland or large desert area of central plateau of Iran. The Persia

feat of technology left from our ancestors, a feat which is hidden underground, but its 

technical importance is apparent. Qanat enjoys extended structures and sometimes its length 

reaches tens of kilometers. 

It is one of the most complicated t

ranging from groundwater to management.

qanat can be ranked among the wonders of human civilizations

science and technology that used to be practiced in order to overcome the technical obstacles 

in qanat construction.  
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how and craftsmanship of Persian Qanat as well as its traditional 

management has been transferred and developed from one generation to another not only as a 

significant tangible and intangible heritage but also as a cultural tradition. It should be 

pointed out that throughout history; qanat management has enjoyed high levels of 

intelligence, insight, maturity, social cooperation and interaction. Moreover, it has preserved 

Ferdows in crosses of Baladeh Qanat; photo by: S.H. Rashedi, 2014

Criterion (iv): Be an outstanding example of a type of building, architectural or 

technological ensemble or landscape which illustrates (a) significant stage(s) in human 

n outstanding example of technological ensemble and landscape, which

significant stages in history of human occupation in arid and semi arid area in the world, 

especially in motherland or large desert area of central plateau of Iran. The Persia

feat of technology left from our ancestors, a feat which is hidden underground, but its 

technical importance is apparent. Qanat enjoys extended structures and sometimes its length 

It is one of the most complicated traditional technologies, which require knowledge on nature 

ranging from groundwater to management. This source of knowledge behind the system of 

qanat can be ranked among the wonders of human civilizations. Qanat carries a tradition of 

used to be practiced in order to overcome the technical obstacles 

Justification for Inscription

Persian Qanat as well as its traditional 

management has been transferred and developed from one generation to another not only as a 

significant tangible and intangible heritage but also as a cultural tradition. It should be 

ory; qanat management has enjoyed high levels of 

intelligence, insight, maturity, social cooperation and interaction. Moreover, it has preserved 

 

Ferdows in crosses of Baladeh Qanat; photo by: S.H. Rashedi, 2014 

Criterion (iv): Be an outstanding example of a type of building, architectural or 

technological ensemble or landscape which illustrates (a) significant stage(s) in human 

landscape, which illustrates 

significant stages in history of human occupation in arid and semi arid area in the world, 

especially in motherland or large desert area of central plateau of Iran. The Persian Qanat is a 

feat of technology left from our ancestors, a feat which is hidden underground, but its 

technical importance is apparent. Qanat enjoys extended structures and sometimes its length 

require knowledge on nature 

This source of knowledge behind the system of 

Qanat carries a tradition of 

used to be practiced in order to overcome the technical obstacles 
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Thus qanat is not only an irrigational means, but it should be seen as a technical and cultural 

legacy. The overall layout of qanat, the employment of specific techniques, and the design of 

water supplies have also resulted in the development of a sustainable technology and an 

intelligent use of natural resources,” the outcome of these activities is often quite significant 

both from a technical and from an aesthetical point of view”, Henry Goblot declared about 

qanat construction technique. 

 

Figure  3-1. Technological ensemble of Qasabeh Qanat; source: ICQHS   

 

Eleven proposed qanats  represent multiple manifestations of qanat technology in different 

historical periods are in accordance with geological morphs and structures in various contexts 

showing the developing process of this complicated technology of mankind. 

 

Photo  3-6. Qasabeh Qanat gallery; source: ICQHS 
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Criterion (v): be an outstanding example of a traditional human settlement, land

sea-use which is representative of a culture (or cultures), or human interaction with the 

environment especially when it has become vulnerable under the impact of irreversible 

change; 

The Persian Qanat as an irrigation system has produced an exceptional example of land

as a traditional culture which widespread application over central Asia and all arid

arid regions of the world. It is taken as an outstanding example of what is called sustainable 

technology and development. A 

discharge always stays in balance with the recharge of aqui

Qanat properly enhanced the high level of human’s adaptation to the environmental change, 

so that survival became possible in 

environment is under the impact of irreversible change

and climate change besides lowering of water table that has lead to dry seasons in recent 

decays, qanat can be regarded as an appropriate response of human communities to the 

climate change and can be considered as an 

environment.  

Photo  3-7. Human interaction with the environment

 

The eleven selected qanats as “T

supply and long-term sustainability of agriculture and settlement without endangering water 

table.     
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be an outstanding example of a traditional human settlement, land

use which is representative of a culture (or cultures), or human interaction with the 

especially when it has become vulnerable under the impact of irreversible 

anat as an irrigation system has produced an exceptional example of land

as a traditional culture which widespread application over central Asia and all arid

It is taken as an outstanding example of what is called sustainable 

technology and development. A qanat just drains the aquifer by the force of gravity, so its 

discharge always stays in balance with the recharge of aquifer.   

Qanat properly enhanced the high level of human’s adaptation to the environmental change, 

so that survival became possible in facing the harsh condition of Iranian desert. Although 

under the impact of irreversible change and threats such as global warming 

and climate change besides lowering of water table that has lead to dry seasons in recent 

, qanat can be regarded as an appropriate response of human communities to the 

climate change and can be considered as an exact illustration of human interaction with 

. Human interaction with the environment through qanat system; photo by: S.H. Rashedi, 2014

The Persian Qanat” show continuity and conservation of water 

term sustainability of agriculture and settlement without endangering water 
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as a traditional culture which widespread application over central Asia and all arid and semi-

It is taken as an outstanding example of what is called sustainable 

anat just drains the aquifer by the force of gravity, so its 

Qanat properly enhanced the high level of human’s adaptation to the environmental change, 

the harsh condition of Iranian desert. Although 

global warming 

and climate change besides lowering of water table that has lead to dry seasons in recent 

, qanat can be regarded as an appropriate response of human communities to the 

interaction with 

 

; photo by: S.H. Rashedi, 2014 

show continuity and conservation of water 

term sustainability of agriculture and settlement without endangering water 
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Criterion (vi): be directly or tangibly associated with events or living traditions, with ideas, or 

with beliefs, with artistic and literary works of outstanding universal significance. (The 

Committee considers that this criterion should preferably be used in conjunction with other 

criteria);  

The “tangible and intangible heritage” of qanat in this perspective incorporates the “cultural 

landscape composed of desert environment, ingenious water use, management and 

distribution system, agricultural land use, gardens, and built and urbanized environment”.
1
  

Qanat is directly associated with cultural developments of outstanding universal significance, 

including events and living traditions, ideas and beliefs, literary works, etc. 

The traditional system of qanat water distribution in Iranian Plateau and the comprehensive 

management of such creative system have gradually merged with social relationships and 

cultures of communities to an extent that is reflected in many of their beliefs. These 

intermingled but simple systems are coordinated with the nature of qanat. Institutionalized 

within the public management system of qanat are social relationships based on: interaction, 

conciliation, equality, philanthropy, cooperation, contentment and optimal utilization of 

natural resources. 

Only a few remaining management systems have retained their original basis several 

thousand years after emergence. One of these strong and rich management systems which are 

based on the participation of people and users is the water distribution and management 

system of qanat. 

All the eleven selected qanats serve as the best specimen for living qanats of Iran and 

demonstrate the values and significance of Persian Qanat. Each of them has merged with 

local myths and epics which are deeply rooted and have shaped many of indigenous beliefs. 

An example is the story of “the gem and the fish “which has originated from Zoroastrian 

teachings and ancient religions of Iran. Among prominent examples of intangible values and 

beliefs related to Persian Qanat can be mentioned attributing the qanat to a personality who is 

expected to rise in order to establish peace in the world as well as naming of qanats on such 

occasion. 

 Various rituals related to qanat like: rain prayers as well as qanat wedding ceremonies are 

other manifestations of the blending of qanat with local convictions which are so deeply-

rooted in hearts of local people that despite the passage of time continue vigorously. 

Consequently, it is not surprising that these beliefs are still transferred to new generations. 

Furthermore, the importance of qanats and their key role in life of human communities being 

reflected in poems, literary works and lyrics has paved the way for them. 

                                                      
1
 Declaration and Recommendations of the International Workshop on the Recovery of  Bam’s Cultural 

Heritage (17-20 April 2004), see Appendix 1, section 2. 1. 
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3.a.2. Statement of Integrity  

The integrity of the nominated eleven qanats was studied not only from a visual point of view 

but also from the structural and functional ones. Fortunately, all the selected qanats are still 

forceful, active and are being used publicly from a functional pe

been maintained the integrity of their elements from a physical and structural perspective.  

Survival of qanats throughout centuries is the result of a traditional management system 

which has remained intact and has been trans

collaboration of people and users. The system has served as a key factor for keeping the 

integrity of qanats. 

 

3.a.2.1. Visual Integrity 

One of the particular characteristics of this exceptional phenomenon is its being hidden under 

the ground. As a matter of fact, no trace of the main structure 

handmade phenomenon appears above the ground

of desert are round soil mounds seen along one or a few lines.

These craters are the soil dumped around the shaft wells of qanats which stretch for tens of 

kilometers. A qanat is a gently sloping subterranean canal, which taps a water

a higher elevation than the cultivated lands.

Photo  3-8. Cultivated lands in Bam

 

Above the ground, the form of qanat has always been a linear structure extending in deserts. 

Its function has been to make water flow in subterranean canals and appear above the ground 

at specific spots. Generally, the exterior of Persian qanats is almost 
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The integrity of the nominated eleven qanats was studied not only from a visual point of view 

but also from the structural and functional ones. Fortunately, all the selected qanats are still 

being used publicly from a functional perspective and has also fully 

been maintained the integrity of their elements from a physical and structural perspective.  

Survival of qanats throughout centuries is the result of a traditional management system 

which has remained intact and has been transferred from distant past thanks to the 

collaboration of people and users. The system has served as a key factor for keeping the 

One of the particular characteristics of this exceptional phenomenon is its being hidden under 

the ground. As a matter of fact, no trace of the main structure and of the extraordinary 

handmade phenomenon appears above the ground. The only signs of its existence in the heart 

of desert are round soil mounds seen along one or a few lines. 

These craters are the soil dumped around the shaft wells of qanats which stretch for tens of 

kilometers. A qanat is a gently sloping subterranean canal, which taps a water-be

a higher elevation than the cultivated lands. 

. Cultivated lands in Bam; photo by: S.H. Rashedi, 2014 

Above the ground, the form of qanat has always been a linear structure extending in deserts. 

Its function has been to make water flow in subterranean canals and appear above the ground 

at specific spots. Generally, the exterior of Persian qanats is almost uniform without being 

Justification for Inscription

The integrity of the nominated eleven qanats was studied not only from a visual point of view 

but also from the structural and functional ones. Fortunately, all the selected qanats are still 

rspective and has also fully 

been maintained the integrity of their elements from a physical and structural perspective.   

Survival of qanats throughout centuries is the result of a traditional management system 

ferred from distant past thanks to the 

collaboration of people and users. The system has served as a key factor for keeping the 

One of the particular characteristics of this exceptional phenomenon is its being hidden under 

of the extraordinary 

tence in the heart 

These craters are the soil dumped around the shaft wells of qanats which stretch for tens of 

bearing zone at 

 

Above the ground, the form of qanat has always been a linear structure extending in deserts. 

Its function has been to make water flow in subterranean canals and appear above the ground 

uniform without being 
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changed throughout history. Also, visual integrity of qanats has remained intact until now 

thanks to factors such as dependence of desert areas on this vital structure, users’ reliance on 

traditional management as well as relevant locals belief and sacredness of water in desert 

regions. 

Generally, in accordance with geographical location as well as the culture and attitude of 

local users, each qanat has an exclusive landscape which has been preserved because of an 

indigenous traditional management. For example, Qasabeh Qanat has properly kept its visual 

characteristics which have been paid due attention in accordance with national criteria about 

the core and buffer zones of qanats. Depending on terrain conditions and local geography, 

along the course of some qanat sunder ground canals have emerged above the surface 

transferring water for several kilometers as far as the consumption venue. Qanat of Baladeh is 

one of such special Persian Qanat along which total protection of historical trees of the region 

has been realized and its visual integrity has been fully respected all along its path.  

 

Photo  3-9. historical trees along qanat course in Baladeh; source: ICQHS 

 

Additionally, Zārch and Hassan Ābād-e Moshir Qanats of Yazd have been under such a good 

public traditional management that their landscape in parts located at the desert bed of Yazd 

has been well-preserved. Moreover in parts which are beneath Yazd city, criteria of its buffer 

zone have been respected. Preserving various land use along Ebrāhim Ābād Qanat of Arāk 

including different farm, gardens and hand-planted forests has been effective in safeguarding 

the visual integrity of qanat. Also the visual integrity of all three representatives of Esfahan 

qanats i.e. Vazvān, Mozd Ābād and Moon has been kept intact. The same holds true about the 

visual integrity of Gowhar-riz Jupār of Kerman and well-watered qanats of  Bam due to their 
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vital importance in the region. The point noteworthy in Bam and Baravāt is the visual 

integrity of desert next to lush green gardens. This is among those characteristics that have 

made the addition of Bam’s cultural landscape in the World Heritage List possible. 

 

3.a.2.2. Structural Integrity 

Since distant past, no major change has taken place in qanat structure. Qanat is consisted of a 

gallery dug under the ground accompanied by vertical shafts. In fact, the general structure of 

all the eleven selected qanats has been kept fully intact and despite the fact that some of them 

have special features such as subterranean dams, double gallery paths and noteworthy 

dividers, their main structure has been largely kept intact so that even climatic changes, 

recent droughts and drying up of some qanat branches has not influenced much their body 

structure. 

 

Photo  3-10. General view of Qanat of Gowhar-riz, Jupār; photo by: S.H. Rashedi, 2014 

 

3.a.2.3. Functional Integrity 

Qanat is one of the most amazing results of team- work in human history created to fulfill one 

of the vital needs of human communities i.e. supplying water to arid desert regions for 

drinking and farming purposes. Function of qanat throughout history can be examined from 

different viewpoints: from a historical outlook, from social and economic points of view and 

finally as a water supplying resource. Based on studies conducted about several Persian 

Qanats, particularly the eleven nominated qanats, all the above-mentioned aspects about anat 

function has been taken into account by its constructors and exploiters from the beginning.
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Considering recent water crisis in Iran, concentration on these issues has been increased 

presently and has duly been reflected in the criteria of qanat inclusion in the national 

monuments list. 

 

Photo  3-11. Mazhar-e  Akbar Ābād Qanat; source: ICQHS 

 

From a long time ago, not only this fascinating water supplying system has kept its function 

as one of the resources for supplying drinking and farming water in those regions of Iranian 

Plateau threatened by draught risks but also it has played a key role in the economic system 

and social life of Iran. As a matter of fact, it has made possible the flourishing of agricultural 

economy, has created jobs, has led to multiple urban and rural activities and has brought 

peace of mind for people.  

The most important function of qanat is bringing subterranean waters to technically the 

surface. Any qanat which is able to carry out the task properly without any problems is 

considered as a healthy qanat. The eleven nominated qanats have continued their function 

flawlessly so that water supply to gardens, farms, villages and nearby settlements has been 

continued until today incessantly.    

 

3.a.3. Statement of Authenticity  

The authenticity of the eleven nominated qanats has been respected regarding design, 

technology, building materials, traditions, techniques, management systems, setting as 

well as intangible heritage aspects based on the science of restoration, natural 

environment and the indigenous culture.  
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As it was fully mentioned in the second chapter, qanats have been founded and constructed 

based on social collaboration, communal trust and honesty as well as common sense. 

Furthermore, their stability and authenticity has been managed, preserved, expanded

developed based on such joint cooperation

 

3.a.3.1.  Authenticity in design 

This traditional know-how as an ancient foundation for designing sustainable 

production systems coexistent with nature is fantastic design. 

examinations reveal that qanat design has kept its authenticity throughout its history so that 

no change has been made on it during the process of qanat development. Actually, the design 

depends on traditional technology and knowledge as well as natural environment

Photo  3-12. Qanat structure on the earth

 

Due to their distinctive features, 

users (farmers, settlers, nomads, etc.

affected by droughts and wet years. This design and traditional method has been completely 

preserved up to present days.    

 

3.a.3.2. Authenticity in materials 

In chapter two, qanat structure and 

been fully discussed. As mentioned, the wonderful system of qanat has been created based on 

complicated traditional engineering methods using simple tools. Their initial construction has 

begun by digging the ground and in some cases indigenous materials such as stones and 
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As it was fully mentioned in the second chapter, qanats have been founded and constructed 

based on social collaboration, communal trust and honesty as well as common sense. 

Furthermore, their stability and authenticity has been managed, preserved, expanded

cooperation. 

how as an ancient foundation for designing sustainable 

production systems coexistent with nature is fantastic design. Relevant investigations and 

eveal that qanat design has kept its authenticity throughout its history so that 

no change has been made on it during the process of qanat development. Actually, the design 

depends on traditional technology and knowledge as well as natural environment

. Qanat structure on the earth; photo by: S.H. Rashedi, 2014 

Due to their distinctive features, qanats discharge the aquifer water continuously, so that 

(farmers, settlers, nomads, etc.) can perfectly adapt themselves to water fluctuations 

affected by droughts and wet years. This design and traditional method has been completely 

 

In chapter two, qanat structure and various techniques of digging wells and galleries ha

been fully discussed. As mentioned, the wonderful system of qanat has been created based on 

complicated traditional engineering methods using simple tools. Their initial construction has 

ng the ground and in some cases indigenous materials such as stones and 
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As it was fully mentioned in the second chapter, qanats have been founded and constructed 

based on social collaboration, communal trust and honesty as well as common sense. 

Furthermore, their stability and authenticity has been managed, preserved, expanded and 

how as an ancient foundation for designing sustainable 

Relevant investigations and 

eveal that qanat design has kept its authenticity throughout its history so that 

no change has been made on it during the process of qanat development. Actually, the design 

depends on traditional technology and knowledge as well as natural environment.  

 

aquifer water continuously, so that 

perfectly adapt themselves to water fluctuations 

affected by droughts and wet years. This design and traditional method has been completely 

various techniques of digging wells and galleries have 

been fully discussed. As mentioned, the wonderful system of qanat has been created based on 

complicated traditional engineering methods using simple tools. Their initial construction has 

ng the ground and in some cases indigenous materials such as stones and 
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occasionally bricks have been used as required to strengthen the gallery or well wall of 

qanats. Additionally, materials used in gallery ripraps as well as in the construction of dams 

and dykes within qanats have been mostly stones. Stone is also the best material for 

restoration and consolidation of qanats and riprapping of their gallery roofs and walls. 

 

Photo  3-13. Mozd Ābād gallery; source: ICQHS 

 

Additionally, dry bricks and kavals are mostly used for towqeh-chini of qanat wells based on 

traditional methods. On the whole no change is seen in materials used in qanats; this holds 

true about their components too. Fortunately during the restoration and maintenance of these 

qanats, traditional knowledge and building materials have been utilized. Furthermore, 

traditional methods of qanat and authenticity in material have been maintained in all 

nominated qanats.   

 

3.a.3.3. Authenticity in traditions, techniques and management systems 

Among other wonders of qanats is providing access to underground waters i.e. the process of 

transferring water to the surface and its utilization. Additionally, method of qanat digging as 

well as usage of specific techniques in every region as compatible with terrain circumstances 

shows the existence of a rich traditional knowledge and an intelligent and creative mind 

behind it. Among other wonders of qanat, can be mentioned of innovative techniques of qanat 

masters in: digging mother well probes, preliminary leveling of the trail, digging the gallery, 

gauging the slope, removing construction obstacles, devil zani, bookan, subterranean dam 

buildings, double-floored galleries, water transfer at two levels via qanats  and other qanat 



    g{x cxÜá|tÇ g{x cxÜá|tÇ g{x cxÜá|tÇ g{x cxÜá|tÇ dtÇtàdtÇtàdtÇtàdtÇtà                                                                                                                                                                                                                                                                                                                          

262 

Justification for Inscription  

 

construction techniques. Fortunately, despite the developments ensued from modernization 

and industrialization of communities, the traditional engineering of qanat has completely kept 

its authenticity and each one of the eleven nominated qanats are somehow indicative of the 

traditional knowhow and its continuous usage. In fact, these qanats have been selected 

because each of them reveals part of this traditional engineering and knowledge. Continuous 

construction of qanats in Iran proves that throughout history relevant knowledge has been 

preserved by qanat masters as a precious inheritance and has been handed over from past to 

future generations. This continuum is evident in younger qanats of Iran including the two 

qanats of Bam. Usage of the old engineering of qanat construction in Bam qanats which date 

from less than a hundred years ago show that traditional principles and knowledge of digging 

and managing of qanats has followed exactly. 

  

Photo  3-14. Traditional system of water division; source: ICQHS 

 

Furthermore, the system governing qanat water distribution is still fully efficient and 

dynamic. Tāk dārs are still working and overseeing the water division system in their tāks. 

This has been handed over from generation to generation. In fact, qanat veterans have always 

made certain that the water distribution system inherited from their ancestors is appropriately 

passed to future generations. Also mirābs who are in charge of water distribution, carefully 

carry out their duties while respecting principal old rules and regulations. Water streams are 

monitored precisely with public cooperation and the smallest defect in water transfer is 

eliminated in order to waste the least amount of water possible. In case of need for qanat 

restoration, the same team of traditional diggers set to work. Any operation is done in its old 

original style following agreements made in local public gatherings which have now been 

transformed into qanat councils.  
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3.a.3.4. Authenticity in setting 

Traditional engineering of qanats is launched by: selecting the location of mother wells,  

qanat’s course and mazhar; measuring 

underground water; specifying  digging obstacles and the manner of qanat construction; 

gauging dimensions of the gallery and well shafts, qanat depth, water quality and other 

related issues. Principles of qanat construction are devised firstly based on its setting. As a 

matter of fact, the digging spot and selection of the first well are basics of qanat construction. 

Studies show that on the whole the digging place of qanats has remained unchanged for

centuries without any major abnormal alterations. 

water has decreased, new branch lines have been dug for strengthening purposes based on 

traditional methods. 

Photo  3-15. Setting of Qanat of Gowhar

 

Present location and setting in all nominated qanats are the same as its historical setting and 

the authenticity in setting is completely preserved u

qanats. 

  

3.a.3.5. Forms of intangible heritage

As it fully discussed in the description section, among the intangible aspects of qanats still 

prevalent in local communities 

methods of allocating water shares and water management. They have survived until now and 

because of their deep root in the social life of locals as well as due to the ever

of qanats in people’s life particularly during droughts no substa

taken place.  
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Traditional engineering of qanats is launched by: selecting the location of mother wells,  

; measuring gallery slope, ground surface slope and gradient of the 

underground water; specifying  digging obstacles and the manner of qanat construction; 

gauging dimensions of the gallery and well shafts, qanat depth, water quality and other 

s of qanat construction are devised firstly based on its setting. As a 

matter of fact, the digging spot and selection of the first well are basics of qanat construction. 

Studies show that on the whole the digging place of qanats has remained unchanged for

ny major abnormal alterations. In cases that a qanat has dried up or its 

water has decreased, new branch lines have been dug for strengthening purposes based on 

of Qanat of Gowhar-riz, Jupār; photo by: S.H. Rashedi, 2014 

Present location and setting in all nominated qanats are the same as its historical setting and 

the authenticity in setting is completely preserved under the traditional management 

Forms of intangible heritage 

fully discussed in the description section, among the intangible aspects of qanats still 

prevalent in local communities it can be mentioned: social rituals, indigenous beliefs

methods of allocating water shares and water management. They have survived until now and 

because of their deep root in the social life of locals as well as due to the ever-increasing role 

of qanats in people’s life particularly during droughts no substantial changes in them have 
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underground water; specifying  digging obstacles and the manner of qanat construction; 

gauging dimensions of the gallery and well shafts, qanat depth, water quality and other 

s of qanat construction are devised firstly based on its setting. As a 

matter of fact, the digging spot and selection of the first well are basics of qanat construction. 

Studies show that on the whole the digging place of qanats has remained unchanged for 

In cases that a qanat has dried up or its 

water has decreased, new branch lines have been dug for strengthening purposes based on 

 

Present location and setting in all nominated qanats are the same as its historical setting and 

nder the traditional management of  

fully discussed in the description section, among the intangible aspects of qanats still 

: social rituals, indigenous beliefs, 

methods of allocating water shares and water management. They have survived until now and 

increasing role 

ntial changes in them have 
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3.a.4. Protection and management requirements 

Traditional management of qanats has a unique value because it has preserved the historical 

knowledge of generations. This system has been set up by owners, exploiters and ordinary 

people and has developed and evolved with the passage of time which has made qanats 

survive until today.  

Qanats have always been considered as a permanent water resource and have generally not 

suffered much from human activities and interventions. In fact, due to dependence of 

residents and exploiters’ lives on it (especially farmers), they have always tried to preserve 

qanats even during the worst crises; a trend which has continued until now. Such an endeavor 

which is based on needs has encouraged farmers and users to safeguard the traditional 

management of qanats within the framework of local agreements and contracts. Such an 

integrated public management has resulted in the historical preservation of qanats and their 

continuous function till today. 

The eleven nominated qanats, which together represent outstanding values of The Persian 

Qanat, are managed under the individual traditional supervision of qanat council. Each qanat 

has its local qanat council from its region. At present, within the existing traditional 

management system, in Iran three state organizations namely: the Ministry of Agriculture, the 

Ministry of Energy and ICHHTO are actively involved in protection and management of 

qanats of course with cooperation of public councils. Actually, each of these organizations 

embarks on collaboration with its own specific definition of the subject. 

For example, the National Base of The Persian Qanat in cultural heritage, handicrafts and 

tourism organization is responsible in the field of qanat’s concepts and safeguarding. This 

nominated property which includes eleven qanats, are registered in the list of national 

properties of Iran, therefore the nominated area and its buffer zone are under the safeguarding 

and protection of ICHHTO.  

Also in the organizational hierarchy of the Ministry of Agriculture (deputy of water and soil 

affairs), supporting the traditional management has a special status. This institution tries to 

increase the productivity efficiency of qanats by planning for their restoration. In this regard, 

it indirectly cooperates with local qanat councils by undertaking some of the expenses or by 

providing research resources and deploying experts from other fields related to qanats. 

Deputy of water and soil affairs in Ministry of Agriculture is responsible for maintenance and 

protection of qanats according to its organizational duties. Actually a budget is allocated to 

qanat restoration by Ministry of Agriculture on an annual basis. Local contractors who are 

mostly indigenous qanat practitioners and members of qanat council cooperate with Ministry 

of Agriculture in qanat restoration and supervision. 

70 percent of the budget for the national plan of restoring and cleaning qanats of Iran comes 

from governmental credits and the rest is provided by voluntary contributions of people who 

are the real owners of the qanat’s water.  
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As a consequence of the state policy for making the national credits provincial, the national 

plan of restoring and cleaning qanats of Iran has been transformed from a national into a 

national-provincial plan since 2003-2007. It should be noted that the plan became operational 

under the joint supervision of experts from the Ministry of Agriculture in various provinces 

across Iran by local qanat practitioners and the qanat council. 

Also the Ministry of Energy participates in conducting relevant researches and necessary 

studies. All researches, studies and plans related to the management and protection of qanats 

are carried out under the supervision of deputy of water and wastewater (abfa) and with 

cooperation of three main specialized companies of: the management of water studies, the 

National Treasury Institute of Water and the Water Studies Institute. All three are affiliated 

with the Ministry of Energy. Consequently, research results are transferred to qanat councils 

and practitioner teams. Moreover, quality and quantity of water control is also done by the 

Ministry of Energy.  

All nominated qanats are under integrated financial and technical supports and at present, 

conservation and management of all qanats are underway respecting their authenticity and 

integrity and aiming at conserving universal prominent values of The Persian Qanat. 

In general, recently, the attention of some NGOs, Green Groups, and non-profit institutions, 

along with governmental organizations, to traditional irrigation is on the increase. This gives 

glad tidings that future is not that bleak if we learn how to have both tradition and modernity 

living side by side meeting a unique purpose, and it is the golden key to the sustainable 

exploitation of groundwater. 
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3.b. Comparative Analysis 

 

Introduction 

Qanat is a widespread technique which can be found wherever the surface water resources do 

not suffice to meet the demand of human communities. Some 50 thousand qanats are reported 

to exist in more than 40 countries including Iran, out of which 37 thousand are just in Iran. 

The considerable number of qanats in Iran can underline its position among the other qanats 

holding countries. Maybe in past, the number of qanats in other countries was higher than 

today, and overexploitation of groundwater or climate change might cull the qanats in those 

countries. It is obvious that only a balanced aquifer can secure the sustainability of a qanat 

system. In many of qanat-holding countries it is  apparent that the drawdown of aquifer is 

becoming critical for the existing qanats, for which human overexploitation of groundwater 

resources is mostly responsible. 

There are various problems related to groundwater depletion, which complicates saving 

remaining qanats. However over exploitation of groundwater by means of pumped wells, 

negligence, and some legal gaps in existing legislation on groundwater protection have been 

led to destruction of qanats in some of these countries. The following is an overview on the 

situation of qanats in some countries known to have this system in order to better distinguish 

Iranian qanats. 

 

The nature of qanats in Iran   

Qanats are stretched all over Iran, particularly the arid and semi - arid zones. Annual 

precipitation all over Iran is nearly one-third of worldwide average, and evaporation is nearly 

three-times of worldwide average. Specific climatic conditions and geographic location 

across the plateau have been led to creation of special qanats in Iran.  

Based on comparative studies among a large number of Persian Qanats, eleven qanats were 

selected to introduce in serial nomination dossier of “The Persian Qanat”. Each of them is 

somehow expressive of various aspects of technology as well as geographical, cultural, social 

and economic innovations during different historical episodes; these are the base of 

comparison analysis, which at the end would be mentioned briefly. These eleven qanats are 

showpieces for features of Persian Qanat and the developing process of its creation and 

evolution in time. Each of the nominated qanats is in fact representative of a large number of 

almost similar qanats in various contexts selected for indicating the concept and 

characteristics of The Persian Qanat. 

Iran is a desert but with mountains, a condition that allowed Iranian civilization to invent 

qanat, an ancestral underground irrigation infrastructure that led to the creation of garden by 

the city development. Qanat directs water from the underground aquifers deposited at the 

foothill of a mountain by infiltration of melted snow. 
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Photo  3-16. General view of qanats

 

The Iranian plateau has a long history of human occupation. Throughout history many 

settlements have been established on the plateau with great majority located along alluvial 

fans and plains at the edge of the upland zones. Only in these peripheral zones the two major 

needs of agriculture, flat land and water, 

provided by the alluvial fans and plains and the water either from the rivers draining the 

highlands or from groundwater systems which are recharged by these rivers.

Until very recently all the settlements of the plateau region have been primarily dependent 
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The Iranian plateau is an extremely arid zone, but is bordered to the north and west by what 

are in Middle Eastern terms well-watered zones. Almost all the precipitation falls in

pressure systems moving east-southeast from the Mediterranean Sea. During 

winter months these depressions cross the whole country, bringing rain which decreases in 

amount in both east and south directions; most of it falls in the Alborz and Zagros mountains, 

to the north and west of the Iranian plateau, respectively.  

important aspect of hydrological cycle on the Iranian plateau. 

The groundwater reserves, like the surface water, are recharged mainly from precipitation 

which falls on the adjacent highland areas and then runs off toward the plateau

. At the edge of foothills of Alborz and Zagros most of the landforms are alluvial fans and 

plains made up of sand and gravel. Water infiltration rates into the alluvial deposits are high, 

and it is in these areas on the periphery of the plateau where almost all groundwater recharge 

. General view of qanats; source: La terra dei qanat: Iran Medio Orient, Mediterraneo

The Iranian plateau has a long history of human occupation. Throughout history many 

settlements have been established on the plateau with great majority located along alluvial 

e of the upland zones. Only in these peripheral zones the two major 

needs of agriculture, flat land and water, can be obtained in any quantity. The flat land is 

provided by the alluvial fans and plains and the water either from the rivers draining the 

lands or from groundwater systems which are recharged by these rivers. 

Until very recently all the settlements of the plateau region have been primarily dependent 

upon agriculture for their livelihood. In nearly all cases the lack of adequate precipitation has 

meant that cultivation has only been possible with the aid of irrigation. The traditional 

Justification for Inscription

The Iranian plateau is an extremely arid zone, but is bordered to the north and west by what 

watered zones. Almost all the precipitation falls in Iran is 

southeast from the Mediterranean Sea. During 

, bringing rain which decreases in 

rz and Zagros mountains, 

important aspect of hydrological cycle on the Iranian plateau. 

m precipitation 

which falls on the adjacent highland areas and then runs off toward the plateau (Issar, 1969: 

rz and Zagros most of the landforms are alluvial fans and 

infiltration rates into the alluvial deposits are high, 

and it is in these areas on the periphery of the plateau where almost all groundwater recharge 

 

La terra dei qanat: Iran Medio Orient, Mediterraneo 

The Iranian plateau has a long history of human occupation. Throughout history many 

settlements have been established on the plateau with great majority located along alluvial 

e of the upland zones. Only in these peripheral zones the two major 

be obtained in any quantity. The flat land is 

provided by the alluvial fans and plains and the water either from the rivers draining the 

Until very recently all the settlements of the plateau region have been primarily dependent 

quate precipitation has 

meant that cultivation has only been possible with the aid of irrigation. The traditional 
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 irrigation systems, which developed using both surface and groundwater resources, have 

often been exceedingly complex (Beaumont, 1974: 422). 

Seventy percent of all cities in Iran are at the foothill of a mountain. Imitating the movements 

of water on soil, an underground network is dug. Relying purely on gravity. The natural slope 

of the ground is used to distribute water to lower sources in the cities, gardens, and fields. In 

fact in Farsi the word ābadi translates as city, designating literally the place to bring water. 

The qanat generated an entire civilization: gardens, houses, and finally the city.  

 

 

Figure  3-2. Schematic section of ābadi with qanat system; source: Laureano, 2005 

   

Photo  3-17. Bam, Baravāt, qanat of Akbar Ābād (left); Location of qanat’s course outside bam city (right); 

 source: ICHHTO 

 

Vitruvius references the qanat with technical details in 18 BC in what is known historically as 

the first architectural treaty, De Architecture. There are over three hundred thousand 

kilometers of qanat in Iran as a complex network. Over the past 3000 years, the system of 

qanat has underlain many technological, social, moral, economical and legal principles that 

have formed an important part of Iranian culture. These principles evolved into the present 

state by being passed from generation to generation. The present generation should build on 

these principles, behind which there are three thousand years of history, not to forget about 

them.  
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Historical records confirm that some qanats in Iran are very ancient, dating back to before 

Islam (550 to 331 B.C.). Certainly, by 209 B.C. qanats were an important feature of Persian 

landscape and were described by Polybius during the campaign of Antiochus against Arsaces 

(Gye et alia, 1969). During history, qanat and qanat systems attained their maximum 

development in Iran. 

  

Photo  3-18. Qanats in ancient time, Anshan &Persepolis; source: ICQHS 

 

Qanat system within an area represents a traditional response to the problem of water supply 

and irrigation and is particularly a characteristic feature of landscapes in Iran. In many parts 

of Iran qanat was an essential part of the water supply system.  

According to the report, published in 2005 by Water Resources Base Studies Department 

affiliated to Iranian Ministry of Energy [WRMO. 2005] there were 34,355 qanats with an 

annual discharge of 8212 million m
3
 in country that irrigate 14 % of irrigated farm. This 

amount is 11% of the total amount of groundwater that was being discharged by means of 

deep pump wells, semi-deep wells, qanats and springs. 

Currently, the numbers of 43,459 qanats are recorded nation wide in database of Ministry of  

Agriculture which is available in the site. Based on this record all qanats in all providences 

are listed and have been identified. The qanats antiquity in each region are in close relation 

with the antiquity of the city creation and the history of settlement in that region.  

To achieve the best result in comparative analysis, qanats in arid- region provinces were 

considered with the vast range of antique qanats up to young qanats. Approximately most of 

the qanat systems of Iran are found associated with large alluvial fans in the piedmont zone 

between the high mountains and Kavir or salt desert, or in large alluvial valleys on the desert 

margin. The majority of these environments occur in a roughly circular peripheral zone 

around the Great Kavir of central Iran. As a result of this fact most of qanat systems are 

found in the Central Plateau groundwater provinces of Iran. However, qanat systems often of 

considerable size do occur in the larger intermontane valleys of Zagros mountains.  
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The geographical regions around the central desert of Iran, including cities of Yazd, Kerman, 

Bam, Birjand, Ghāen, Ferdows, Gonābād, Tabas, Kāshmar, Sabzewār, Semnān, Dāmghān, 

Garmsar, Kashan, and old Tehran, for thousands of years have been used the technology of 

qanat. Tehran a city of 13 million in the desert. Like all other cities in Iran it was positioned 

strategically at the foot of a mountain in order to source water. In Tehran, there are over 200 

qanats some of which are currently non-operational.  

  

Photo  3-19. Schematic section of Tehran (left); General view of Tehran (right); source: hydrocity.ca 

 

Well shafts with depth of 130 m has been mentioned In some parts of Tehran qanats, also in 

other parts, lower depth of 2 to 3 m has been introduced. The wells distance are usually 

between 15 and 20 m. In some cases, to cross the river and hills, the depth may reach up to 

200 m. The length of Tehran qanats are varied and sometimes reaches up to 18 km. 

  

Photo  3-20. Qanat in Niyāvarān (left); Qanat in Sa′ad Ābād region (right) ; source: ICQHS 

 

In central parts of Iran farming practices are dominated by the production of cereals-in 

particular wheat and barley, while wheat usually occupying at least twice the area of the 

barley crop. Other crops include melons, fruits and vegetables, and in some areas, as near 

Qazvin, commercial crops such as cotton are being encouraged. Most of the above mentioned 

are irrigated by qanats. There are more than 300 qanats in Qazvin and most of them are 

technologically and historically outstanding.  
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Khadijah endowments, daughter of Khaj-e Badi, includs qanat which is a hole in the waqf 

land. She has endowed qanat in fifth century AH. This qanat which is called Ākhund is one 

the oldest qanats in Iran. It is located about six miles northwest of Qazvin. After passing 

through town and Ākhund neighborhood, the qanat course is terminating in the Enāyat 

garden. She wished to pass the water into two local parts of the region. Nowadays this 

endowment is famous as Ākhund qanat in the province. After centuries a great scholar, named 

Mollā Khalil repaired qanat.
 2

  

 

Photo  3-21. Location of Qazvin and shaft wells of Ākhund qanat; source: www.farsnews.com 

 

Kashan is another important region with qanat approach which is a part of Esfahan province. 

The west and southwestern parts of Kashan are mountainous, whereas, the east and 

northeastern parts are of desert type. Kashan is situated in a climatically dry and arid region 

and can be considered to have a desert type of climate. 

From historical point of view, Kashan lies in one of archaic regions of Iran with a civilization 

dating back to 7000 years (Sialk Civilization). In addition, city of Kashan stands as an example 

of an oriental Islamic city, enjoying from an architecture that reflects the intermingling of 

Iranian civilization with a barren and dry climate. In Kashan, due to the variation of 

topography, different kinds of qanats are present: mountainous qanats, those in the plains, 

desert qanats, short and lengthy qanats, deep and semi-deep ones, those with a high mazhar in 

comparison to the ones with a low mazhar, and those from dams (so-called hava negar and 

zamin negar types). 

Qanats that have permanent beneficial values are also classified. The former are those that are 

lengthy, with vast and deepwater resources in comparison to the surface of the land and are 

usually in the plains. 

                                                      
2
 http://www.farsnews.com 
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Photo  3-22. Mazhar-e Sarcheshme qanat; source: ICQHS 

 

Deep qanats in Kashan are those with a mother well ranging from a depth of 5 m to over 45 

m which vary distinctly. As an example, for the Ghāzi qanat of Kashan which is located in 

the desert areas, in the midst of sandy dunes, due to type of earth and the constant 

degradation of qanat’s canal, cleaning is required on a regular basis. Every month, 3 or 4 

moqannis and the owner would clear the obstacles that have been formed and prevented 

water circulation. They would enter qanat’s from mother well and exit from mazhar. 

  

Photo  3-23. Mazhar-e Ghāzi qanat 

 

The number of qanats present in Kashan, Arān and Bidgol according to recent statistics is 

approximately 489 consisted of different types. Considering variety of qanat types in Ghāzi 

qanat is only one example to illustrate the indigenous knowledge and management system 

that lie behind these ingenious structures, that are part of the regional and national 

agricultural heritage sites. In Kashan, the division of water rests on a specific system. 
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 Usually qanats are under the ownership of several people and each has his share. But all the 

owners abide the regulations entailed, and no problems arise. 

   

Photo  3-24. Irrigation land of kashan qanats; source: ICQHS 

 

Kish Island is located in the Persian Gulf approximately at 26.5° N, LON 54° E and about 18 

km offshore the Iranian coast. Kish qanat is more than 2,500 years old, and currently has 

been converted into an underground town at a depth of 16 m below the surface, with an area 

of more than 10,000 m
2
. Efforts have been made to preserve traditional and historic fabric of 

the site. 

 

Photo  3-25. Kish historical qanat ; source: ICQHS 

 

Paul English quoted “the existence of very long qanats near Yazd and Kerman, at Zarand, 

north of Kerman. Here five qanats of more than 20 km in length were noted. Similarly a 

relatively large proportion of qanats are in Gonābād system. In another very arid portion of 

country, were of more than 6 km in length. By way of contrast it is seen that particularly large 

qanat systems are around Mashhad.” 
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Qazvin and Tehran have very few qanats of more than 10 km in length, most concentration of 

qanats with lengths of less than 5 km. The smaller qanat systems tend to have a concentration 

of qanat lengths below 5 km with modal values occurring between 1 to 3 km. Esfahan qanat 

system is unusual in possessing a number of long qanats of more than 15 km in length. 

Measurements of lengths of water bearing sections have been made in Tehran, Qazvin and 

Zarand areas. Around Qazvin, the majority of water bearing sections are less than 500 m in 

length, with a modal value of between 100 to 200 m, while in the Tehran region a markable 

difference is noted with water bearing sections being more uniformly spread between 0 

to1200 m. It should be remembered that these are areas of relatively short qanats. In Zarand 

area, where qanats are long, the water bearing sections ranged from 100 to 6000 m with 

majority of values falling between 1500 to 2500 m. 

   

Photo  3-26. Aerial photograph (1:18,750) illustrating the "chain-of-wells" city of Kerman; source: ICQHS 

 

Qanat dependant structures 

Qanat related structures are ranked among the most interesting architectural structures, most 

of them are relics of past and are currently considered as historical heritage of country. 

Traditional watermills (āb anbārs) were one of the infrastructures that were used in cities along 

desert to store and provide drinking water to citizens. Considering qanat water was available 

all year long, and it was somewhat difficult to control its flow and prevent water going waste, 

in winter and fall, people used to store the extra water in āb bandān , tarān and āb anbārs to 

make good use of water as needed. 
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Photo  3-27. A view of an āb Anbārs in Yazd; source: ICQHS  

 

 

Figure  3-3. Schematic function of the āb Anbārs; source: ICQHS 

 

One way to make use of qanat and rain water was also to store water in large natural and 

semi-natural water pools called āb bandān. This water was used in a timely manner for 

agricultural purposes. In many regions of Iran, not only were qanats utilized security 

measures for water requirements, but also taking advantage of the energy produced. 

Prominent examples are āsiyābs on the course of qanats, and in some places several mills 

were present on the course of one qanat. An example is qanat of Fin-e- Kashan where there 

were 7 watermills some of which are still working. In Najaf Ābād, 17 āsiyābs were present 

on the main qanat, whereas on the Boshroye qanat in Khorāsān 7 āsiyāb are present. 
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Photo  3-28. Āsiyāb-e Taft; source: water management in Iran, Shahram Khorāsāni zadeh 

 

  

 

Photo  3-29. Yakhchāls are kind of qanat related structures; source: ICQHS 

 

Although there is a great variation in length, depth, and discharge of qanats as well as in the 

difficulty of digging in different soils and substrata, typically qanats are over 1 km long, and 

the mother well  where the underground channel begins, is over 10 m deep in Iran.  

Qanats in Iran enjoy extended structures and sometimes their length reach tens of kilometers. 

The deepest and the longest qanats of the world much probably exist in Iran. Qanat passes 

through geological formations and faces different conditions and obstacles, so qanat masters' 

efforts to solve these problems led to the accumulation of knowledge in terms of qanat 

construction over time, which has been handed down from generation to generation.  
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Generally, qanats of Iran can be compare with each other from various point of view such as 

qanat structure, technology or dependent qanat structures but qanat comparative analysis 

implies a certain result, and that is qanat in history of Iran has an integrated concept from the 

various cultural, historical, economic, structural and also management point of view.  

All these approaches were considered to choose the nominated qanats to highlight and 

introduce the outstanding universal values of this amazing traditional subterranean 

engineering in the serial nomination of The Persian Qanat. Some of the approaches in 

comparative analysis are mentioned below. 

 

Social functions of qanats 

Large parts of the social system in areas that rely on qanats were directly or indirectly related 

to this phenomenon. In such regions the importance and value of people were judged 

according to their ‘ownership rights to the amount of ‘water’. No matter how small a share 

was in this aspect, the person was held in high esteem. In cities, too, this was held as social 

hierarchy, as the vicinity of person’s premises (that it whether was upstream or downstream in 

relation to qanat) was a factor to be considered. Reliance on the qanat has brought about social 

cooperation in many fields. This order is noticed in the agricultural sphere, such as the 

method of water distribution. 

 
Valuable community management system 

In general, traditional systems of resource management like boneh, sahrā and harasseh have 

been formed since old times in Iran, especially in regions where there is shortage of rainfall 

and rural people have to combat difficulties due to natural conditions and to satisfy their 

needs. As the result, unique collective systems of management have been formed. One of 

these systems is related to the management of qanats and more specifically related to 

agriculture (the boneh system). The boneh system consists of a collective management system 

to develop agricultural lands in rural areas of Iran. 

Qanat waters have always been in the ownership of local people and because of this sense of 

ownership water has been used cautiously. Therefore, the traditional irrigation systems which 

were based on qanats gave rise to valuable systems of ownership and management that are 

unique to each region. Even the socio-economic status of people has been very much 

dependent on ownership over water resources. Thus, water distribution at local levels 

required a very tedious system of benefit sharing and management. 

So in addition to a collective management system for qanat conservation and restoration, fair 

distribution of qanat water also required a well designed community management system. 

This management organization has always been cohesive and people-oriented with private 

and small ownerships. However, the exact organizational structure differed based on the type 

of ownership and number of shareholders. In general, to distribute water, a certain rotation 

period was defined (called "madār-e āb") over which, time water was distributed (10-14 days).  
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This cycle was variable 14 depending on the number of owners and their need for water. 

Madār-e āb consisted of several nights and days and sub-divided into local time units called 

serjeh. Use of water during the day was determined randomly and the time of use switched 

between day and night at regular intervals for each user. 

 

 

Conclusion 

Qanats are renewable water supply systems that have sustained agricultural settlement in 

Iranian plateau for millennia. By their very nature, qanats have encouraged sustainable water 

use. Although there is great variation in the length, depth, and discharge of qanats as well as 

in the difficulty of digging in different soils and substrata, typically qanats are over 1 km 

long, and the “mother well” where the underground channel begins, is over 10 m deep in 

Iran. These eleven nominated qanats all together represent the evolution of qanat technology 

and its utilization systems in the context of climate, culture and geographical diversity in Iran. 

On the other hand, from the construction aspects qanat is a feat of technology. Qanats in Iran 

enjoy extended structures and sometimes its length reaches tens of kilometers. Qanat passes 

through geological formations and faces different conditions and obstacles, so the qanat 

masters' efforts to solve these problems led to the accumulation of knowledge in terms of 

qanat construction over time, which has been handed down from generation to generation. 

All these approaches were considered to choose the nominated qanats.  

The deepest and the longest qanats of the world much probably exist in Iran. The longest 

recorded qanat is Zārch in Yazd with a gallery length of 80 km, mother well depth of 90 m 

and more than a thousand shafts. The deepest mother well is reported to be about 300 m in 

Qasabeh Qanat, Gonābād. Yazd, Kerman and Gonābād, on the western, southern, and eastern 

boundaries of central desert respectively, are the arid agricultural areas best known for their 

dependence on extensive qanat systems.  
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Qanat of Baladeh with its complex technology which is managed with complex traditional 

management system is the best representative of eastern part of Iran. The form and 

construction of mother well and other shafts in Ebrāhim Ābād Qanat, Arāk is another aspect 

of technology in The Persian Qanat.   

Three extraordinary qanats from Esfahan provinces are Vazvān, Mozd Ābād and Qanat of the 

Moon. Qanat of Vazvān in Esfahan is also unique such that it has an underground dyke. One 

of the disadvantages attributed to the system of qanat is that this system constantly drains 

groundwater even when no water is needed, for example in winter when cultivation is at a 

standstill. However, this underground dyke provides a convincing illustration that we can 

prevent unwanted discharge just by constructing an underground dyke across the tunnel. This 

method recently has inspired some Iranian engineers to install a kind of tap in tunnels of 

some qanats in order to stem the water flow if necessary.  

Qanat of the Moon in Ardestān with a double gallery. That are running parallel but not at the 

same level - hence it is called a two-stage qanat. The water flow in each gallery is 

independent of the other gallery's water. The upper gallery is about 3 meters higher than the 

lower one, but because of the geological structure, its water does not leak into the lower 

gallery. The qanat's mother well is a twin well: in which there are two mother wells near each 

other. 

Qanat of Gowhar-riz, Jupār in Kerman with a considerable discharge of 240 liters per second 

is another representative of The Persian Qanat. This qanat is unique in having six active 

branches, which is attributable to the fact that a hard impermeable layer intercepts the main 

channel so that it cannot be extended forward. After the water of qanat reaches the surface, it 

is directed to some dividing outlets named "maqsam". At this spot the water is divided into 

six parts, each of which goes to a particular area. The irrigated area of this qanat is more than 

1000 ha belonging to 500 shareholders. 

The number of qanats and their total discharge in Bam is unique in Iran. Ghāsem Ābād and 

Akbar Abad are two young qanats of bam which are extraordinary in discharge because of 

the roots of qanat in Bam fault. In conclusion, engineering masterpieces and traditional 

expertise, cultural values, traditional water management system, contribution of qanat to 

sustainable development and other outstanding values of Persian qanat have called qanat the 

most important technological development in the history of irrigation in Iran.  These values 

have led to the whole conservation and maintenance of Persian qanats through its traditional 

management system and public participation. Given that in Iran there are still many 

operational qanats, their traditional water management is still ongoing. 

 

Qanat in comparison with other water related structures 

Altogether water is the most abundant element on the earth and is also the most serious 

problem that human have ever faced in the course of history, a problem that used to 

overwhelm human because of its influx or its scarcity. We set foot on the world with plenty 

of water which makes up 80 percent of our body as infant. A healthy person can drink about 
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48 cups of water per day. Somewhere between 70 and 75 percent of the earth’s surface is 

covered with water. Therefore we are surrounded all the way by water in our environment 

and are also awash with water in our own bodies. That is why water is an element whose 

footprint is invisible in our culture the most. Almost every culture used to worship a water 

deity whose duty was to protect water supplies for human or to protect the human against the 

devastation of water or both. Our human cultures and history have been inundated with water 

goddesses or gods with different names which imply the importance of water in human mind 

and culture, for example Chalchiuhtlicue in Aztec Mexico, Acionna in Celtic Culture, Mazu 

in China, Tefnut in Egypt, Vedenemo in Finland, Anapos in Greece, Apam Napat in India, 

Pariacaca in Incan culture, Suijin in Japan, Abzu in Mesopotamia, Volturnus in Rome and 

eventually Ānāhitā in Persia. 

For the both purposes – protection of water for human and protection of human against water 

– the ancient people came to invent varieties of technologies each of which enjoys a long 

history of utilization and a deep impact on human culture. One can classify all the water 

related technologies and structures into 4 groups as follows: 

1. Technologies for obtaining water 

2. Technologies for transferring water 

3. Technologies for storing water 

4. Technologies for warding off the water 

Leafing through hundreds of pages written about the above mentioned technologies to better 

know why qanat still stands out as a technology that has been paving the way for many 

people to live in as harsh environment as Iranian desert had the following results. In group 1, 

qanat does not stand alone, but there are also other technologies which supply or has supplied 

water for human settlements. For example no one can deny the significance of historic dykes 

which made it possible for people to make the most of the small streams. A dyke should not 

be equated with a simple structure for storing water. Actually a dyke enables people to rely 

on a fluctuating stream, otherwise they may be either drowned in plenty of water or die out of 

thirst. Technology of dykes can help supply water in a more constant and reliable way rather 

than living through an "either famine or feast" policy. We can track down the oldest qanats in 

the Middle East and North Africa where the first farming sedentary communities came into 

existence. Jawa Dam is regarded as the first gravity dam that dates back to 3000 years before 

Christ. This ancient dam is located 100 km northeast of the capital Amman in Jordan, is 9 m 

high and 1 m wide, supported by a 50 m wide earth rampart (Garbrecht, 1986: 51-64). The 

Egyptian Sadd-el-Kafara Dam at Wadi Al-Garawi is another example which dates back to 

around 2600 (Bazza, 2006). 
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Photo  3-30. Vestiges of Jawa Dam in Jordan; source: ICQHS 

 

Most of dykes were built across the big rivers which could irrigate a vast area of farm. These 

structures entailed a great deal of energy and money which did not be afforded by individuals 

or small communities. Therefore, the governments and actually the ancient monarchies were 

usually behind the construction of those dykes, unlike qanats that were always built and own 

by small owners. That is why sort of decentralization of power and economy is inherited in 

the technology of qanat, which distinguishes it from such hydraulic structure as dyke. 

Another technology that fits group one is the water harvesting wells which can be found in 

the southern parts of Iran. These wells are dug in rocks and lime stones in order to receive the 

seasonal runoffs whenever it rains. The wells filled with rain water can provide people with 

potable water for dry months when the sky becomes stingy about rain. The wells of Laft in 

Hormozgān province, Iran were dug in Achaemenid period for this purpose. 

 

Photo  3-31. Wells of Laft in Hormozgān; source: ICQHS 
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The rain harvesting wells have been serving to supply potable water, but this task is only one 

of the several tasks that a typical qanat can fulfill. Qanat is not only used for supplying 

potable water, but it is also used for sanitation, irrigation of farms, generating energy, etc. 

The multitasking nature of qanat helped those people to better adapt themselves to their arid 

environment. Qanat still holds its importance when it comes to the technologies for 

transferring water. One of the famous technologies of this kind is the ancient aqueduct which 

was built for spanning two sides of a barrier like a gully or a valley where the water current 

had to cross on its way.   

 

Photo  3-32. Aqua Claudia some 10 km southeast of the city center of Rome; source: ICQHS 

 

The best examples of this technology is always attributed to Romans, but aqueducts were also 

used as early as 7
th

 century before Christ when the Assyrians built an 80 km long limestone 

aqueduct, which included a 10 m high conduit to cross a 300 m wide valley. This aqueduct 

once served to carry water to the city of Nineveh (Lloyd, 1935). Aqueduct and qanat are similar 

in bringing water to the vicinity of human where all the soil and climatic conditions as well as 

security - except for water -favor establishing the settlements rather than bringing the 

settlements to the vicinity of water. Their resemblance is perceptible in their profiles in which 

the aqueduct turns out to be like a negative picture of a qanat where the solid parts become 

hollow and vice versa.  
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Figure  3-4. Reverse resemblance of qanat and aqueducts in their profiles; drawing by: M. Labaf  

 

Nevertheless, they have a crucial difference which has something to do with their technical 

characteristics. Unlike an aqueduct, qanat is a dynamic system which cuts through the soil 

and advances into the saturated area underground and even develop some side branches over 

time in order to get more water or at least keep its discharge steady. An aqueduct is built at 

once as an integrated structure in order to convey water from a place to another, but a qanat is 

built over a long period in order to keep pace with the aquifer receding. In the first place 

qanat may be dug with the length of a few hundred meters, but it is extended to keep in 

balance with the groundwater and it may end up in tens of kilometers in length after 

centuries.     

Iran is also known as an example for the water transferring technologies. One of which is 

Madi in Esfahan. Madi is an artificial tributary derived from the river of Zāyandeh rood. The 

network of such tributaries distributed water among the farms in the region as accurately as 

possible. The engineering and technical aspects of Madi are not as intricate as that of qanat, 

but its management system and water division is akin to that of qanat. 
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Photo  3-33. Madi system in Esfahan; source: ICQHS 

 

Water reservoirs are among the technologies for storing water. Āb anbār is a Persian name 

for traditional water reservoir which is generally filled up with the water of qanat. Āb anbār 

is an underground structure, constructed to store freshwater for drinking. The reservoir was 

fed from a nearby shallow qanat. All of the water reservoirs had a storage tank whose 

dimensions depended on the amount of qanat discharge and the demand for water. Most of 

the storage tanks were made of sārooj, a combination of lime, clay, and chipped straw. 

Different parts of a water reservoir were. Storage tank, roof of the storage tank, wind tower, 

stairway and ornamental portal. Āb anbār or water reservoir in Iran is mostly contingent on 

qanat systems and qanat plays a crucial role in their function. In fact āb anbār is a part of 

qanat to help carry out one of the functions of qanat, which is procuring potable water. 

 

Photo  3-34. A watermill (Āb anbār) in Yazd with four wind towers; source: ICQHS 
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People do not always go about inventing technologies to extract or store water, but 

sometimes they have to come up with ideas on how to get rid of the extra water. One of the 

famous technologies in this respect is windmills of Holland. Those windmills historically 

served many purposes. The most important probably was pumping water out of the lowlands 

and back into the rivers beyond the dikes so that the land could be farmed. The Dutch have 

become very innovative when it comes to keeping out the water. They have built dykes, 

fortifications and then windmills to create new land. The Dutch windmills carried water out 

of their lands and qanats carried it to their lands both in order to facilitate farming and life. It 

is worth noting that unlike a windmill, a qanat with kilometers of length cannot be operated 

and maintained by an individual or few individuals. Cooperative utilization is in inherent in 

the technology of qanat, and is also manifest in its intricate water management and 

maintenance systems. 

 

Photo  3-35. A traditional windmill in the Netherlands; source: ICQHS 
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An overview on situation of qanats in other countries 

Qanat is a widespread technique which can be found wherever the surface water resources do 

not suffice to meet the demand of human communities. Some 50 thousand qanats are reported 

to exist in more than 40 countries including Iran, out of which 37 thousand are just in Iran. 

The considerable number of qanats in Iran can underline its position among the other qanat 

holding countries. Maybe in past, the number of qanats in other countries was higher than 

today, and overexploitation of groundwater or climate change might cull the qanats in those 

countries.  

It is obvious that only a balanced aquifer can secure the sustainability of a qanat system. In 

many of qanat holding countries it is  apparent that the drawdown of aquifer is becoming 

critical for the existing qanats, for which human overexploitation of groundwater resources is 

mostly responsible. There are various problems related to groundwater depletion, which 

complicates saving remaining qanats. However overexploitation of groundwater by means of 

pumped wells, negligence, and some legal gaps in the existing legislation on groundwater 

protection have been leading to destruction of qanats in some of these countries. The 

following is an overview on the situation of qanats in some countries known to have this 

system in order to better distinguish Persian qanats. 

 

Afghanistan 

In Afghanistan, the annual groundwater discharge through pumped wells is estimated to be 

around 340 million m
3
/year including shallow wells and arhads (shallow wells with abstraction 

by animal power). The annual groundwater discharge through natural springs and qanats is 

respectively estimated to be around 940 million m
3
/year and 1,770 million m

3
/year. 

 

Figure  3-5. Diagram of a typical Afghan karez; source: Watershed Atlas of Afghanistan, UNFAO, 2004 

From: Guy Fipps , 2006, p1 

                

The total number of qanats is 9,370 out of which active qanats amount to 5,984. More than 

36% of the qanats have dried up while the discharge of the remaining has reduced 

significantly. Qanats can be found in the following provinces of Afghanistan: Kapisa, Khost, 

Kunar, Laghman, Logar, Nangarhar, Paktika, Paktia, Parwan, Urugan, Wardak and Zābul. 

These provinces are located in three main river basins of Afghanistan: the Harirud-Morghāb, 
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Hilmand and Kabul River Basins. The average length of a qanat in Afghanistan is 1.74 Km 

and the total length of main branches of Karezes in country is estimated to be 16,374 km. The 

average discharge of a qanat is 6 L/s and the total cumulative discharge of qanats in country 

is estimated to be 55,800 L/s. 

 

Photo  3-36. Canal at the outflow of a karez at Basak; source: Dale Lightfoot, 2009 

 

 
Figure  3-6. Typology of Irrigation Systems in Afghanistan; source: Bob Rout, 2008 

 

Bawran Karez, Herat Province 

The Bawran Karez is located within the Pashtun Zarghun district, approximately 40 km 

southeast of Herat city. It was selected as a case example from karez that have undergone 

rehabilitation works by EIRP. It is typical of the type of karez included in the programme and 

provides an example of karez physical features, operation and maintenance issues. 
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The information below is drawn from EIRP, which included rehabilitating the subsurface 

canals and storage structures of the karez. Constructed 300 years ago, this karez system is the 

principal water source for the villages of Bawran and Tagaw, which are inhabited by a total 

of 220 households and a population of 2,240. It supplies an irrigated area of 200 ha that has a 

cropping intensity of 125 percent (200 ha summer cropping and 50 ha winter cropping). Irrigated 

crops include: wheat (150 ha), barley (30 ha), alfalfa (20 ha) and chickpea (50 ha). 

Infrastructure of the system consists of two separate mother wells, associated access wells 

and subsurface canals. In addition, surface water flow is diverted from the adjacent wash. The 

system infrastructure includes:  

- A 1,450 m long subsurface canal; 

- 31 unlined access wells, each 1 m in diameter; 

- An open canal stretching 5 km; an aqueduct crossing a wash; and 

- An howz tank holding a volume of 3,000 m3 for night storage. 

The system is currently managed by a mirāb who was elected by the shura or village council. 

Other information regarding organization was not available to the author at the time of 

research. 

 

 

Figure  3-7. Karez of Bawran; source: Bob Rout, 2008  
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Azerbaijan 

In Azerbaijan there are an estimated 1,500 qanats of which 885 are still operational. Although 

their total discharge is not that considerable, some communities still live off the water coming 

out of these qanats. One of the regions of Azerbaijan is Nakhchivan Autonomous Republic 

that houses 407 qanats with a total discharge of 1,330 liters second, irrigating some 3,000 ha 

of cultivated land. Since 1960, some of qanats have dried up, mainly because of negligence, 

and as a result the number of active qanats in Nakhchivan dropped to 288. Given the 

technical and historical value of qanats in Azerbaijan, measures were taken to mitigate  the 

pitiable situation of this hydraulic legacy. One of the organizations that took the lead in 

rehabilitation of qanats in Azerbaijan was the International Organization for Migration (IOM). 

IOM built on the research conducted by International Center on Qanats and Historic 

Hydraulic Structures (ICQHS) and managed to construct new qanats in Nakhchivan in the 21
st 

century. This initiative could bridge the egregious gap between past and future at least in the 

field of groundwater exploitation. 

 

Iraq 

In Iraq, at present, most of qanats  are concentrated in the region of Kurdistān, and due to the 

years of conflict in the region there is no accurate data on qanats available. So we have no 

exact idea even on the numbers of qanats running in the region of Kurdistān. Recently, Dale 

Lightfoot has documented 683 in filtration qanat throughout the northern governorates 

(Dohuk, Ninewah, Erbil, Kirkuk, and Suleymāniyeh). The qanats in this region have been 

adversely impacted by drought and excessive well pumping. Almost 40% of qanats 

documented - and 70% of those that were still flowing five years ago - have been abandoned 

since the onset of drought in 2005. 

  

Photo  3-37. Distribution of infiltration karez in northern Iraq ; source: Dale Lightfoot, 2009 
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 As a result of this decline, over 100,000 people have been forced to evacuate their homes 

since 2005. This study identified 116 karez that were still being used in summer 2009, but all 

have diminished flow, placing an estimated 36,000 people at risk of displacement. Many 

qanats in Kurdistān suffer the most from negligence: the build-up of sediment in their 

galleries indicates that these qanats have long been abandoned. Sometimes the sediment is up 

to 1 m thick, and the gallery has not been cleaned out for tens of years.  

 

Oman 

In Oman, apart from historical value of qanats, from economic point of view this system is 

still of great importance. Qanats are still playing role in agricultural systems in Oman. Due to 

the concern of beneficiaries over qanats and the Omani government's support, fortunately 

many qanats in Oman are still flowing. According to a report published by Ministry of 

Regional Municipalities, Environment and Water Resources of Oman, this country has 4,112 

qanats of which 3,108 are in active use with the annual discharge of 460 million cubic meters 

and the rest are beyond utilization. In Oman the qanats are classified into three groups as 

"Daudi", "Aini" and "Ghaili", depending on whether they utilize shallow or deep groundwater 

or surface water. 

 

Map  3-1. Topographical map showing boundaries of Falaj Al-Khatmeen  

source: (www.whc.unesco.org, The Aflaj irrigation system (Oman) No 1207, 22 may 2010) 
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Map  3-2. Showing the revised boundaries of Falaj Al-Malki  

source: (www.whc.unesco.org, The Aflaj irrigation system (Oman) No 1207, 22 may 2010) 

 

The constructions in Oman are one of the largest concentrations of irrigation systems of this 

kind anywhere in the world: over four thousand systems have been identified in a large-scale 

survey completed in 2001. Around 3,000 of these systems are still functioning and these 

reflect a restoration program carried out by the Ministry of Water Resources over the past 25 

years. This in turn demonstrates the crucial significance of the water systems as a major 

national resource that still underpins agricultural systems across a large area of country.  

The precise dating of most of the underground channels is not known. The present network 

appears to result from several building campaigns, the earliest of which could be around 500 

AD or even earlier. Recent archaeological evidence is suggesting that irrigation systems 

existed in the area as early as 2,500 BC, but when the first deep channels were mined and 

faced is not clear. In the settlements, water is still distributed through a traditional system of 

time-sharing, organised on a community basis. 
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Photo  3-38. Underground channel; source: (www.whc.unesco.org, 2010)(left); Distribution point (right) 

(www.whc.unesco.org, Aflaj irrigation system (Oman) No 1207, 22 may 2010)  

 

 

 

Photo  3-39. Falaj Al-Khatmeen: The shari’a passing alongside Bait Al-Redadah Fort 

source: (www.whc.unesco.org, Aflaj irrigation system (Oman) No 1207, 22 may 2010) 
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Pakistan 

In Pakistan, most of qanats are found in Baluchestān province where they are severely 

affected by drawdown. Suffice to say that in 1971-72, 43% of the total cultivated area was 

irrigated by qanats, but in 2005-2006 it dropped to 9%. This shows how rapidly the tube 

wells outnumbered the qanats, and could replace this sustainable irrigational technique in that 

region. According to the latest report, the total number of qanats in Pakistan (Baluchestān) is 

841 with a total discharge of 510 million cubic meters per year. It is estimated that over 

15,000 tube wells, including a small number of public sector tube wells, are continuously 

abstracting groundwater in Baluchistān/Pakistan. 

The Government has adopted flat/fixed rates of electricity usage for tube well owners, which 

is considered to be the main cause of over exploitation of groundwater. Until 1991, Pakistan 

had a metered electricity tariff for irrigation tube wells. As the energy cost went up, farmers 

started complaining and the danger of low crop production increased as a result of non-

availability of adequate water supplies. This changed the policy of government and a flat 

tariff was introduced for the irrigation tube wells. The farming community was in favor of 

flat tariff. In addition, the tribal structure of the communities living in Baluchistān makes it 

difficult for the government to crackdown on the over pumping of groundwater. In fact, the 

influence of powerful tribal chiefs on society has hampered provincial agency efforts to 

enforce existing water laws. An optimal relationship between existing qanats and new tube 

wells will be possible only when large landowners and powerful tribal chiefs are subject to 

the same laws as less powerful families and small landowners. 

 

China 

The origin and diffusion of qanat system in China is still controversial among the historians. 

Altogether there are three speculative ideas about this issue; it is likely that this technique 

originated from inland China (Shensi); possibly it influenced Persian, by probably around the 

18th century brought qanat to China; or this technique might have been invented by Uighur 

people independently (Shouchun Wang, 1990). Chi-fei believes that qanat in Xinjiang was 

invented and developed by Xinjiang local people who struggled with aridity for a long time. 

He quotes a Russian geologist as saying "Xinjiang qanat has some special characteristics 

which are different from Central Asia and Iran qanat in construction techniques and 

utilization" (Chi-fei Liu, 1990). Apart from these principle theories on the origin of qanat in 

China, Zhang Xiru uses "materialism dialectics" to extract a new concept on their origin. He 

considers a multiple origin: "Qanat in Xinjiang was progressively established by people of all 

nationalities in Xinjiang through their practical work on agricultural production and struggle 

with drought and disasters" (Xiru Zhang, 1990). In fact, most of qanats are/were concentrated in 

the region of Turpan in the deserts of northwestern China, Xinjiang Uighur Autonomous 

Region. Turpan has been the center of a fertile region for at long time and an important 
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trade center along the Silk Road's northern route, at which it was adjacent to the kingdoms of 

Korla and Karashahr to the southwest. The historical

Han Dynasty (beginning in 206 AD).

1000 and the total length of canals is about 5,000 km in length. According to Kobori

the number of qanats in Turpan amounted to 1,237 and this number dropped to 404 in 2003 

(Kobori Iwao, 2009). Despite the fact that the number of qanats has fluctuated over time, the 

general trend is now downward, at least since 1957. 

 

Turpan 

Turpan lies in the second deepest inland depression in the world, with more than 4,000 

of land situated below sea level. Anciently called, ’Land of Fire,’ it has recorded some of the 

hottest summer days in China, with temperatures as high as 130

Aitchen K. Wu (Turkistan Tumult (1940) as quoted in China: the Silk Routes, p. 231)

through Turpan in 1933 and commented:

The market often goes on all night long

one having ’gone to the earth’ in caves . . . The hot wind is worse than anything that can be 

imaged, shriveling the skin, scorching the eyes; and the direct rays of the sun carry death. It is 

a proverbial saying, not much exaggerated, that the people bake their

them on the walls of the huts.  

Photo  3-40. Karezes provide the water needed to keep the Turpan oasis green
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trade center along the Silk Road's northern route, at which it was adjacent to the kingdoms of 

to the southwest. The historical record of qanat system extends back to 

(beginning in 206 AD). The number of qanat systems in the area is slightly below 

1000 and the total length of canals is about 5,000 km in length. According to Kobori

the number of qanats in Turpan amounted to 1,237 and this number dropped to 404 in 2003 

Despite the fact that the number of qanats has fluctuated over time, the 

general trend is now downward, at least since 1957.  

Turpan lies in the second deepest inland depression in the world, with more than 4,000 

of land situated below sea level. Anciently called, ’Land of Fire,’ it has recorded some of the 

hottest summer days in China, with temperatures as high as 130°. The Chinese administrator 

(Turkistan Tumult (1940) as quoted in China: the Silk Routes, p. 231)

through Turpan in 1933 and commented: 

The market often goes on all night long–while in the daytime the streets are deserted, every 

ving ’gone to the earth’ in caves . . . The hot wind is worse than anything that can be 

imaged, shriveling the skin, scorching the eyes; and the direct rays of the sun carry death. It is 

a proverbial saying, not much exaggerated, that the people bake their dough cakes by sticking 

 

Karezes provide the water needed to keep the Turpan oasis green 

source: www.waterhistory.org 
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The number of qanat systems in the area is slightly below 

1000 and the total length of canals is about 5,000 km in length. According to Kobori, in 1957 

the number of qanats in Turpan amounted to 1,237 and this number dropped to 404 in 2003 

Despite the fact that the number of qanats has fluctuated over time, the 

Turpan lies in the second deepest inland depression in the world, with more than 4,000 km
2
 

of land situated below sea level. Anciently called, ’Land of Fire,’ it has recorded some of the 

. The Chinese administrator 

(Turkistan Tumult (1940) as quoted in China: the Silk Routes, p. 231) passed 

while in the daytime the streets are deserted, every 

ving ’gone to the earth’ in caves . . . The hot wind is worse than anything that can be 

imaged, shriveling the skin, scorching the eyes; and the direct rays of the sun carry death. It is 

dough cakes by sticking 
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Mildred Cable and Francesca French, two intrepid missionaries who spent many months in 

the region during the 1920s and ’30s, describe the oasis vividly in their book The Gobi Desert 

(1942) as quoted in Foreign Devils on the Silk Road, p. 113: 

Turfan lies like a green island in a sandy wilderness, its shores lapped by grit and gravel 

instead of ocean waters, for the division between arid desert and fertile land is as definite as 

that between shore and ocean. Its fertility is amazing, and the effect on the traveler, when he 

steps from the sterility and desiccation into the luxuriance of Turfan is overwhelming. 

The area’s specialty is grapes, and many farms have drying towers for turning them into 

raisins. Turpan’s greenery owes its existence to the underground channels called karezes (or 

qanats). These underground tunnels rate as one of Asia’s more intriguing and historic public 

works activities. Uyghur and Chinese versions of karez technology date back over 2,000 

years ago. 

 

Algeria 

Qanats are the source of water for irrigation at large oases like Gourara. The qanats are also 

found at Touat (an area of Adrar 200 km from Gourara). The total length of qanats in this region 

is estimated to be thousands of kilometers. Although sources suggest that the qanats may 

have been in use as early as 200 AD, they were clearly in use by the 11
th 

century after Arabs 

took possession of the oases in the 10
th

 century. The water is metered to the various users 

through the use of distribution weirs which meter flow to the various canals, each for a 

separate user. The humidity of the oases is also used to supplement the water supply to the 

qanats. The temperature gradient in the vertical shafts causes air to rise by natural convection, 

causing a draft to enter qanats. The moist air of the agricultural area is drawn into qanats in 

the opposite direction to the water run-off. In qanats, water condenses on the tunnel walls and 

the air passes out of vertical shafts. This condensed moisture is available for reuse. The oasis 

is an ecological system whose initial supply of condensation and moisture is extended by 

planting palm trees that produce shadows and attract organisms, thus forming humus 

(Laureano & Sciortino, 2006). Cirella writes that "in Algerian oasis temperature ranges from night 

to day thus causing overnight condensation on the soil.  

If hidden precipitation is carefully managed, important water reserves can be harvested. 

Proper hydraulic devices enable to harvest water vapor in the atmosphere, thus keeping it in 

the subsoil before it evaporates during the day. This is the way some typical qanat networks 

of Touat are fed. Since they are not dug deeply in the soil they are called surface qanats. Also, 

In the UNEP Global Desert Outlook it is mentioned that condensation of atmospheric water 

vapor is the third source of water supply in the qanats system (Laureano & Sciortino, 2006).  
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National Agency of Hydraulic Resources (ANRH) that manages water resources in Algeria 

has announced the number of qanats in the region of Adrar to be 1,416 out of which 855 are 

still used to irrigate palm gardens. In this region, 6,218 pumped wells have been drilled in the 

vicinity of qanats and as a result many of them have dried up.   

 

Morocco 

In Morocco, on the margins of Sahara Desert, lies the isolated oasis of Tafilaft relying on 

qanat (locally called khettara) water for irrigation since late-14
th

 century. Qanats are also 

located in the Haouz plain, around the city of Marrakesh and to the south of Tensift  river. 

Here they are fed by aquifers recharged by runoffs from High Atlas mountains close to the 

mountains. The aquifers in this region are of porous limestone and, in the plain areas, they are 

also subject to recharge from irrigation water and from rainfall. The average length of qanats 

in the Haouz has been calculated to be 4 km and the average discharge to be 10 liters second. 

In the 1980s, around three quarters of qanats produced a discharge of less than 10 liters 

second and 93 percent produced less than 20 liters second (Joffe, 1989). Up to 600 qanats have 

been identified just in Marrakesh region and in the 1960s, 13 percent of the irrigated territory 

in Haouz was irrigated solely by qanats and a further 7 percent by qanats coupled with other 

techniques, usually wells, although qanats were 10 times as important in generating irrigation 

water (Joffe, 1989). In Marrakesh and the Haouz plain qanats have been gradually abandoned 

since the early 1970s as they have dried up, because the catchments of tunnels were 

overexploited through wells and pumps that dried up the aquifers (Ruf Thierry, 2008). In the 

Tafilaft area, half of the 400 qanats are still in use. It is deemed that some developmental 

projects such as Hassan Adahkil Dam have also had a negative impact on local water tables, 

leading to the loss of half of qanats. Joffe believes that the main reason for the abandonment 

of qanats is the very high labor input required to maintain them – it takes three laborers two 

days to repair each shaft well – together with the increasingly easy access to modern diesel or 

electric pumps (Joffe, 1989). There was a hereditary class of qanat practitioners in Morocco 

who used to build and repair these systems (Sankaran, 2004). 

 

Egypt 

All that is mentioned in the literature about qanats in Egypt is related to past and as far as we 

know, this country has no active qanats. Goblot writes in his book that the common opinion is 

that the technique of qanats was brought to Egypt by Persian conquerors for the first time in 

the reign of Darius I (522-486 BC). In fact qanats in Egypt were built during two separate 

periods; some were built by Persians at the time of their presence, and some were built by 

Romans during their long period of occupation, from 30 BC to 395 AD. In any event, the 

magnificent temple built at the time of Darius shows a time of wealth and  prosperity.
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Such activities as building qanats brought prosperity to this oasis and brought together and 

nourished a population of between 8 to 10 thousands, with 60 thousand palm trees and such 

crops as barley, wheat and rice. There are 4 main oases in the Egyptian desert, and the 

Kharagha Oasis has been extensively studied. As early as the second half of 5
th

 century BC 

there is an evidence that water was being used via qanats. The qanat was excavated through 

water-bearing sandstone which seeps into the channel to collect in a basin behind a small dam 

at the end.  

The width is approximately 60 cm, but the height ranges from 5 to 9 m; it is likely that qanat 

was deepened to enhance seepage when the water table dropped (as is also seen in Iran). From 

there the water was used to irrigate fields (Wuttmann, 2001). There is another instructive 

structure located at the Kharagha Oasis. A well which apparently dried up was improved by 

driving a side shaft through the easily penetrated sandstone (presumably in the direction of 

greatest water seepage) into the hill of Ayn-Manâwîr to allow collection of additional water. 

After this side shaft had been extended, another vertical shaft was driven to intersect the side 

shaft. Side chambers were built and holes bored into the rock-  presumably at points where 

water seeped from the rocks- are evident (Wuttmann, 2001).  

   

Photo  3-41. A part of the tunnel of qanat (left); Qanats of Ayn-Manāwīr, Egypt (right)  

source: www.Achemenet .com  
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Spain 

Spain enjoys a long history in the utilization of qanat systems. Turrillas in Andalusia on the 

north facing slopes of the Sierra de Alhamilla has evidence of a qanat system. Granada is 

another site with an extensive qanat system. Goblot believes that the qanats of Spain have 

something to do with the Arabian-Persian influence on the Iberian peninsula and he takes this 

influence for granted (Goblot, 1979). Qanats can be traced in many parts of Spain, for example 

in Madrid where it is called "viajes de agua". Gil Clemente reports that the only source 

supplying water to Madrid was qanat system during the 17
th

, 18
th

 and early 19
th

 centuries. 

The total length of these qanats amounted to 124 km out of which 70 km was the water 

production section and the rest was the water transport section (Clemente, 1911). Their total 

discharge was reported to be 3,600 m
3 

per day, but this dwindled over time, dropping to 2,000 

m
3
 by the mid-19

th
 century (Canal de Isabel II, 1954). One of Madrid’s qanats of which has been 

renovated and now is operational is that of "la Fuente del Berro" which has two branches. 

This qanat that had long served Madrid was phased out in 1977 because of organic 

contamination of its water, but later was rehabilitated, cleaned and made operational again in 

1983 (Bascones Alvira, 2001). There is one other qanat in Madrid called" San Isidro", but the 

other qanats no longer flow (Camacho, 2001). Another important qanat of Spain still running is 

in the town of Ocaña. This qanat is probably of Roman origin though which the trace of 

Arabs time is seen as well. In 1976 this qanat was registered in the national heritage list of 

Spain. It is likely that the name of Ocaña town has something to do with its qanat; Canna - 

Caño (tuyau) – qanat (Camacho, 2001). In summary, the qanat has a long history in Spain and 

has been used as a water supply for centuries. Goblot attributes qanats of the new continent to 

the Spanish explorers who set foot for the first time. According to him, some of the explorers 

who were familiar with the techniques, managed to build qanats to obtain groundwater where 

the surface sources were not enough. Thus this technique turned up in America, spreading to 

California, Mexico, Peru, and Chile.  

 

 Italy 

The entire ancient town of Palermo has been built over a huge qanat system built during 

Arabs period (827-1072 AD). Many of qanats are now mapped and some can be visited. An 

interesting building is the famous Sirocco room, which has an air refreshing system using the 

flux of qanat water and a wind tower, a structure able to catch the wind and direct it into 

room. Pietro Todaro reports on the qanats in the plain of Palermo, which are locally called 

"ingruttato". He believes that Islamics influence in that region paved the way for qanat 

system to be developed (Todaro,2000). Also, in the district of Naples, the Roccarainola qanat 

locally known as “Acquedottodelle Fontanelle” (Small Fountains’ Aqueduct) is still running. It 

has been very important for local communities for a long time, and was been the only 

drinking water resource until the 1950s, when a modern aqueduct was constructed. 
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The qanat has a small fountain of water located near its entrance as well as two other small 

fountains connected to a brickwork tank in the principal square of Roccarainola. Nowadays 

only the little fountain on the hill, near qanat entrance, continues to a gradual water supply. 

Since intensive urban sprawl surrounded qanat, leading to heavy groundwater pollution, the 

water of the small fountain is not drinkable. D’Avanzo (1943) stated that the Roccarainola 

qanat was probably not constructed by Romans but during the Middle Ages, in order to 

supply the nearby Norman castle. D’Avanzo (1943) based his statement on the fact that in 

Roman times, Ages there were no important cities near the area of qanat. Moreover, the 

nearby cities of Avella and Nola were supplied by other aqueducts (De Feo & others, 2009). The 

Roccarainola qanat is composed of two principal branches. One branch is developed in a 

north-northeast direction (“North Branch”), while another branch goes east (“East Branch”). A 

secondary branch starts from the “East branch” and heads in a northeast direction (“Springs 

Branch”). The underground tunnel has a total length of 786 m, with a depth of 9 m (De Feo & 

others, 2009). 

 

Analysis 

The above overview of the situation of qanats around the world can help give insight into 

what distinguish Persian qanats from the others. In fact, there are eight issues that give 

Persian qanats a special position. These outstanding characteristics of Persian qanats can be 

categorized as follows:  

- Number and discharge of qanats; 

- Extraordinary qanats in Iran; 

- Engineering masterpieces and traditional expertise in Persian qanats; 

- Qanat cultural values: costumes, rituals and art; 

- Role of qanats in the production systems in Iran; 

- Government’s concern and support; 

- Elaborate traditional water management system of qanat; 

- Contribution of qanat to sustainable development. 

 

Number and discharge of qanats 

In Iran numerous qanats have overrun the country. The number of qanats and their total 

discharge in some other countries are shown in the below diagrams. As indicated in the 

diagrams, Iran is ranked first among the other qanat holding countries for the number of its 

qanats and very probably for the total discharge. Afghanistan is second to Iran with a huge 

difference, and the other countries are far below Iran for the number of qanats and their total 

discharge.  
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Chart  3-1. Annual discharge of qanats in Iran and other countries

 

Chart  3-2. Number of active qanats in Iran and

 

Extraordinary qanats in Iran 

The deepest and the longest qanats of the world much probably exist in Iran. There are many 

qanats in Iran with some extraordinary traits. For example, Qasabeh

famous for its gigantic depth. The depth of the primary mother well is more than 150 m, 

though some references suggest a depth of 300 m. This qanat

main branches and 6 side branches. There are 182 shaft well

total number of qanat shaft wells amounts to be 427. The qanat is 11,579 m long 

between the mother well and the mouth). 

July-August 1998 it was 99.5 lit/sec 

discharge was reported to be 150 lit/sec in 2011. The water of 

used to irrigate lands and farms of 

Gonābād. An area of 685 ha is irrigated by this qanat and 2000 shareholders are entitled to it. 
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Annual discharge of qanats in Iran and other countries 

. Number of active qanats in Iran and other countries 

The deepest and the longest qanats of the world much probably exist in Iran. There are many 

qanats in Iran with some extraordinary traits. For example, Qasabeh Qanat in 

famous for its gigantic depth. The depth of the primary mother well is more than 150 m, 

though some references suggest a depth of 300 m. This qanat is a plain qanat which has 2 

main branches and 6 side branches. There are 182 shaft wells on the main branch and the 

total number of qanat shaft wells amounts to be 427. The qanat is 11,579 m long 

between the mother well and the mouth). Its discharge in July-August 1995 was 105.9 lit/sec, in 

August 1998 it was 99.5 lit/sec and in September 1998 was 135 lit/sec. The qanat 

discharge was reported to be 150 lit/sec in 2011. The water of Gonābād qanat was and is still 

used to irrigate lands and farms of Qasabeh and Noghāb that are situated in the east of 

An area of 685 ha is irrigated by this qanat and 2000 shareholders are entitled to it. 
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qanat was and is still 
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An area of 685 ha is irrigated by this qanat and 2000 shareholders are entitled to it.  
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The longest qanat is the Qanat of Zārch in Yazd with a gallery length of 80 km, mother well 

depth of 90 m and more than a thousand shafts. It is still active in the face of severe decline 

of the aquifer. According to the existing documents, this qanat dates back to the time before 

Islam. History books too, indicate that this qanat had been active and was running across 

Yazd city about 700 years ago and people used its water for drinking and sanitation through 

pāyābs. The beginning of this qanat is in the village of Fahraj located in the north east of 

Yazd. The qanat runs at the depth of 30-40 m under the city of Yazd. Then it reaches Zārch, 

where the water is used for irrigation, past the city of Yazd. It has 3 branches and once 

irrigated about 300 ha of farms and orchards of Zārch in the past, but because of a 

considerable fall in the water table, nowadays it can only cover 30 ha of farm land.  

Qanat of Gowhar-riz (Gauhariz), Jupar in Kerman has a considerable discharge of 240 liters 

per second, which can irrigate 330 ha of orchards and farms. This qanat has six branches 

which are in sum 3556 m, with 129 shaft wells. This qanat is unique in having six active 

branches, which is attributable to the fact that a hard impermeable layer intercepts the main 

channel so that it cannot be extended forward. After the water of qanat reaches the surface, it 

is directed to some dividing outlets named maqsam. At this spot the water is divided into six 

parts, each of which goes to a particular area. The irrigated area of this qanat is more than 

1000 ha belonging to 500 shareholders.  

Another extraordinary qanat is the Qanat of the Moon in Ardestān with a double gallery. This 

qanat enjoys two galleries running parallel but not at the same level - hence it is called a two-

stage qanat. The water flow in each gallery is independent of the other gallery's water. The 

upper gallery is about 3 m higher than the lower one, but because of the geological structure, 

its water does not leak into the lower gallery. The qanat's mother well is a twin well: i.e there 

are two mother wells near each other. One belongs to the upper gallery, with a depth of 27 

meters and the other to the lower gallery, with a depth of 30 m. The other shafts of these 

qanats are shared. The above mentioned two mother wells have some separate branches 

which do not intersect. The upper gallery goes around each shaft in a half circle direction 

when it meets them, and then it turns to its normal direction which is a parallel line to the 

lower gallery. The water source of the upper qanat and lower qanat is not the same, so their 

color and taste is different. Also, the upper water is colder than the lower one. These two 

streams join each other after they reach the surface. The length of the Moon Qanat is 2 Km, 

the number of its shafts is 30 and its discharge is 60 l/s. The area covered by this qanat for 

irrigation is 400,000 m2.  

The Qanat of Vazvān in Isfahan is also unique in that it has an underground dam. One of the 

disadvantages attributed to the system of qanat is that this system constantly drains 

groundwater even when no water is needed, for example in winter when cultivation is at a 

standstill. However, this underground dam provides a convincing illustration that we can 

prevent unwanted discharge just by constructing an underground dam across the tunnel. This 
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method recently has inspired some Iranian engineers to install a kind of tap in the tunnels of 

some qanats in order to stem the water flow if necessary.  

Just on the border between the water production section and the water transport section, the 

ancient dam of Vazvān Qanat has been constructed, which is in fact a brick and stone wall 

built across the tunnel. This wall has some holes or outlets in it. When people want to shut 

down the qanat, especially in winter, they stuff some potteries or ceramic jars into the holes 

in the wall to make the qanat cease flowing. Water accumulates behind the dam and stays in 

the water-bearing zone, which can better feed the qanat when opened. In spring when their 

farms need to be irrigated, they enter the qanat through the dry tunnel until they reach the 

dam. Then they smash the upper pottery to let the water out and then the other potteries as 

water level goes down. This qanat is about 1800 m long and has an 18 m mother well. In 

2011, the discharge of this qanat has been reported to be 23 liters per second.  

 

Engineering masterpieces and traditional expertise in Iranian qanats 

Qanat is a feat of technology left from our ancestors, a feat which is hidden underground, but 

its technical importance is obvious, not less valuable than such surface structures as bridges, 

castles, towers, monuments, etc. Qanat in Iran enjoys extended structures and sometimes its 

length reaches tens of kilometers. Qanat passes through geological formations and faces 

different conditions and obstacles, so the qanat masters' efforts to solve these problems led to 

the accumulation of knowledge in terms of qanat construction over time, which has been 

handed down from generation to generation. Qanat is one of the most complicated traditional 

technologies which require a rich knowledge on nature ranging from groundwater to 

management. This indigenous technology used to bring water efficiently from tens of 

kilometers away to the thirsty lands. In many of Iranian qanats which were constructed 

hundreds of years ago, no technical errors took place, and even their present structure bears 

witness to this fact. This source of knowledge behind the system of qanat can be ranked 

among the wonders of human civilizations. Traditional qanat know-how encompasses a wide 

variety of indigenous knowledge from geometry to botany. In fact if there would not be 

interaction and cooperation between different fields of science, no qanat could come into 

existence. At the beginning of construction of a qanat, the workers should know about the 

plant species in the desert and their relationship with groundwater in order to designate the 

best spot to dig the first well. To do so they should also be knowledgeable on geological 

stratification to better estimate the depth of the bed rock and the sediment thickness. As they 

further the qanat construction, more and more fields of science would be engaged in their 

work. For example in Yazd, Iran, when the qanat masters dig overhead from the tunnel 

ceiling up toward the earth surface they apply some interesting mathematical equations to 

minimize their error. During our field studies we realized that a qanat master knew of the 

above mentioned mathematical equations but he talked about them in a different language. 
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When we tried to translate them into the conventional mathematical equations, we were 

amazed at the fact that an illiterate traditional qanat master was using Pythagorean theorem in 

practice. Interaction between fields of science even goes farther when it come to the medical 

knowledge to cure the injured or sick workers or prevent the potential threats, where 

astronomy is used to calculate time for qanat water division. Therefore in Iran, qanat related 

traditional know-how is a package of cultural and technical heritage which highly deserves 

more attention, concern and preservation. In many countries this traditional knowledge has 

sunk into oblivion over time, but in Iran it is still living on.  

 

Qanat cultural values: costumes, rituals and art 

In Iran qanat has always played an important role in production and life, and its magnificence 

is also manifest in Persian culture, art and literature. We can find many mentions of qanat in a 

thousand three hundred years of Persian poetry. For example, the famous Persian poet Rumi 

uses qanat as a metaphor to contend that one should rely on their own possibilities and 

capabilities even though are short, rather than fasten their hope on plentiful sources out of 

themselves. He says:     

“It’s great to retain the qanat of “self” 

which can free you from any other qanats.  

If your castle depends on the water coming from outside 

It would be a boon just when things are all on track. 

But when it would be besieged by the foes 

That water would be cut off to make you surrender 

At that time it turns out a brackish small qanat inside is better than hundreds of rivers coming 

from outside.” (Rumi, Chapter 6). 

Also there are many customs and rituals revolving around qanat, out of which the qanat 

wedding ceremony is pretty famous. The villagers believe that qanats are either male or 

female. The female qanats are those dug in a plain with gentle slope and calm water flow and 

almost stationary water rate, whereas the male qanats are characterized by being shallow, a 

relatively steep tunnel in which water flows fast. They also believe that the workers may 

catch skin rash while working in a male qanat, and the last and worst character of a male 

qanat is its habit of fluctuation (in other words moody). When a male qanat comes to dwindle, 

the villagers look for a widow in their neighborhood, willing to marry the qanat. According to 

them, such a qanat is distracted by his desire for mate, that is why he no longer brings out his 

routine water. They hold a wedding ceremony for the qanat the same as they do for normal 

people, and the bride dwells in a house built near the qanat exit. The bride is obliged to bath 

in the qanat water once a week to keep him exited and lively, and in returned she receives 
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free accommodation and her living cost provided by all the qanat shareholders. Her living 

cost is called Nafaqeh which is undertaken by the villagers. In fact it is the money collected 

from the villagers that saves the qanat, because a small part of it is paid to the qanat’s wife, 

but the rest goes to its repair and rehabilitation. In Yazd, the money raised for the qanat repair 

is still called Nafaqeh, though the custom of qanat wedding has long been abolished in this 

region.  

Also some qanats in Iran are somehow sacred or believed to have a charm or supernatural 

power. For example In the view of the local people, the Qanat of Gowhar-riz in Kerman 

carries a kind of religious value, so they believe if somebody writes their wishes on a piece of 

paper and drops it in the well sunk in the middle of the village mosque, their wishes will 

come true. The people are in the habit of dropping coins in that well in order to utter their 

wishes. Once in a while these coins are collected and go to the maintenance of the mosque. 

 

Role of qanats in the production systems in Iran 

Suffice to say that some 800,000 ha of irrigated lands in Iran are beings supplied with the 

water of qanats, and in sum 14 percent of the agricultural products of Iran is fully dependant 

on the qanat water. Also, in the past almost all the agricultural societies in the central plateau 

of Iran lived off the groundwater resources obtained from qanats. Although the advent of 

modern pumped wells leading to over-exploitation of groundwater has taken a heavy toll on 

the qanats in this region, in many areas this technique has still retained its vital role. At 

present, throughout the country 37,000 active qanats are running, with a total discharge of 

some 7000 m
3
 a year making up 11% of the overall withdrawal from our groundwater 

resources. This considerable volume of water from the qanats goes to the agricultural sector. 

The diagram below shows the portion of qanat output in the country.   

The region of Bam is a good example of how efficiently qanats contribute to agricultural 

production systems. This agricultural area is completely dependent on groundwater which is 

extracted by qanats and pumped wells. The qanats drain out 457.179 m
3
 water a year, 

whereas the discharge of the pumped wells has been estimated to be 420 m
3
. This water can 

satisfy all the irrigational demand in the area in order to yield over 401,108 tons of 

agricultural products every year. This dependence on qanat system is almost unprecedented 

in other countries. 

 

Government’s concern and support 

Iranian government has a long term program to support the country qanats. The national 

program for rehabilitation of qanats was prepared and ratified in 1998, to which a particular 

budget was allocated. Ministry of agriculture has been assigned to implement this program 

according to which 70 percent of the rehabilitation cost of qanat can be covered by the
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 governmental budget and the rest 30 percent would be by the shareholders’ arrangement. 

This program facilitated the release of 53 million US dollars for the rehabilitation of qanats 

since its beginning, and some 3,300,000 dollars are being invested on the qanats annually 

through this program. A permanent annual budget along with a relatively supportive 

legislation in favor on qanats can explain why the number of active qanats in Iran is larger 

than that of the other countries, in the face of the increasing pressure on groundwater 

reserves. For example the Iranian Civil Law clearly stipulates the bound or vicinity of qanats 

to protect them. The articles of the aforementioned law regarding qanat’ bound are as 

follows: 

Article 136. Bound is part of surrounding areas of a territory, qanat, slough and suchlike which 

is essential to maximize utilization from it. 

Article 137. Well bound for drinking and cultivation purposes is 20 and 30 m respectively. 

Article 138 . The bound of spring and qanat is 500 and 250 m from any sides in loose and hard 

soils respectively. However, if the measures mentioned in this article and the one before 

(article 137) are not sufficient to prevent the harm, adequate extent should be added to the 

mentioned measures.  

Article 139. Bound is regarded as the territory of the bound owner and ownership and seizure 

of the bound which contradict what is meant by bound is not right without owner’s 

permission. Therefore, no one is permitted to dig a well or excavate a qanat within the bound 

of anyone else’s qanat or well, however, seizures not resulting in harms to qanat are 

allowable.  

Apart from the above mentioned, the International Center on Qanats and Historic Hydraulic 

Structures (ICQHS) has recently taken the initiative to organize a “Joint Qanat Committee” in 

order to mobilize all the entities involved in qanat affairs. Given that in Iran two ministries of 

energy and agriculture are both responsible for qanats from two different standpoints, ICQHS 

put forward a proposal to set up this committee in order to establish a better harmony and 

coordination between the two ministries. The both ministries hailed this proposal and they 

agreed to introduce their representatives to the committee whose secretariat has been agreed 

to be based in ICQHS. “Joint Qanat Committee” has held 12 meetings so far (October, 2014), 

attended by the representatives and experts of the ministries of energy and agriculture.  The 

committee is aimed at making synergy between the missions and activities of the both 

ministries regarding qanat, preventing any duplication or neutralization in terms of qanat 

related policies, and preserving qanats as the country technical and cultural heritage. The 

committee meetings led to the approval of several measures some of which are as follows: 

1.  Preparing a comprehensive data bank of the qanats of Iran in cooperation with the 

ministries of energy and agriculture; 

2. Studying the existing laws and legislations regarding qanats in order to find the legal gaps, 

and putting forward supplementary bills through the both ministries to the parliament;
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3. Cracking down on the illegal tube wells in the bound of qanats and any activities 

trespassing on the vicinity of qanat; 

4. Obliging all the developmental projects to apply to the both ministries for an official 

permission that guarantees there would not be any violation of the qanat laws and rulings.  

 

Elaborate traditional water management system of qanat 

It is very typical to see a small current of water flowing out of a qanat in an Iranian desert 

village. There are hectares of farmlands all dependent on this water, and many farmers are 

entitled to the same current meandering among the farms and orchards. No dispute or even 

argument breaks out among the shareholders, and it is indebted to an intricate water 

management system which has evolved over hundreds of years. In case of some qanats, a 

flow of 100 liters per second may be divided among more than 1000 shareholders who have 

learned how to live and work side by side through the water management systems. In the arid 

and semi arid regions of Iran, water management of qanat is a multifaceted system which 

encompasses a wide range of issues from water finance to dower when a groom presents 

some water shares to his bride in order to meet the financial requirements of their marriage. 

Given that in Iran there are still many qanats in active use, their traditional water management 

is still ongoing.  

 

Contribution of qanat to sustainable development 

Qanat is a key element of sustainable development in Iran, due to the approach of this 

technology towards nature. Qanat itself is sustainable due to its perfect harmony and balance 

with groundwater reserves, and can support and underlie sustainability. Due to their 

distinctive features, qanats discharge the aquifer water in a continuous manner so that users 

(farmers, settlers, nomads, etc.) can perfectly adapt themselves to water fluctuations induced by 

droughts and wet years. In other words, qanats have always enjoyed compatibility with the 

nature as practicable means for rational discharge of groundwater, proving that our 

forefathers had guaranteed the sustainable balance of the water table through their wise 

policies. Unfortunately sometimes we disturbed this wise practice through excess mining of 

water using some means of modern technology such as deep wells and electrical pumps 

which are a threat to the underground resources in arid and semi arid zones so that we can 

clearly observe the fast decline in water tables throughout those regions. Therefore, qanats as 

the only means of sustainability of these aquifers and their rational mining should be taken 

into consideration. On the other hand, the sustainability of qanat is contingent on the balance 

of aquifer as well as a perfect system of its structural and non-structural elements. The core 

concept of qanat is that: “humans adjust themselves to the water available not the other way 

around”.  
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3.c. Proposed Statement of Outstanding Universal 

a) Brief Synthesis 

The nomination of “The Persian Qanat

properties selected on the basis of those most representative of the different types. 

refers to a system of water management using sophisticated underground canals to bring 

water from distant mountains to arid regions. There is a strong likelihood that qanat system 

was first created in ancient Persia in the first millennium BC. It has 

an essential technology for sustainable agricultural and urban life in such areas. The system 

has since also been diffused to as far east as China, and the neighbouring countries in  the 

Middle East, North Africa as well as some ot

The selected qanat systems in provinces of Khor

represent the different aspects of technology as well as geographical, cultural, social and 

economic innovations. They also represent historical evolution

has a strict system of rules and regulations regarding the maintenance, management and 

distribution of the water resource

the traditional economic system of the communit

maintenance of a qanat requires a sophisticated knowledge of the geology of the area 

concerned. The longest qanats extend over 

series of inspection wells at regular in

landscape. Such inspection wells can reach great depths. In Iran, the qanat has played a vital 

role in society. The qanat is a cornerstone of the prosperity of desert towns and villages. 

Agricultural and industrial activities have always revolved around qanat systems.

Photo  3-42. Agricultural land in desert of Bam
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Proposed Statement of Outstanding Universal Value 

he Persian Qanat” consists of a serial nomination of eleven distinct 

properties selected on the basis of those most representative of the different types. 

refers to a system of water management using sophisticated underground canals to bring 

water from distant mountains to arid regions. There is a strong likelihood that qanat system 

was first created in ancient Persia in the first millennium BC. It has been and continues to be 

an essential technology for sustainable agricultural and urban life in such areas. The system 

has since also been diffused to as far east as China, and the neighbouring countries in  the 

Middle East, North Africa as well as some other regions.  

The selected qanat systems in provinces of Khorāsān, Yazd, Markazi, Esfahan, and Kerman 

represent the different aspects of technology as well as geographical, cultural, social and 

economic innovations. They also represent historical evolution over time. Each qanat system 

has a strict system of rules and regulations regarding the maintenance, management and 

distribution of the water resources. Consequently, qanat system becomes the main factor for 

the traditional economic system of the community and development. The construction and 

maintenance of a qanat requires a sophisticated knowledge of the geology of the area 

concerned. The longest qanats extend over 60 km. Along its entire length, a qanat requires 

inspection wells at regular intervals, which become a distinctive feature in the 

landscape. Such inspection wells can reach great depths. In Iran, the qanat has played a vital 

The qanat is a cornerstone of the prosperity of desert towns and villages. 

ndustrial activities have always revolved around qanat systems.

Agricultural land in desert of Bam; photo by: S.H. Rashedi, 2014  

Justification for Inscription

 

consists of a serial nomination of eleven distinct 

properties selected on the basis of those most representative of the different types. Qanat 

refers to a system of water management using sophisticated underground canals to bring 

water from distant mountains to arid regions. There is a strong likelihood that qanat system 

been and continues to be 

an essential technology for sustainable agricultural and urban life in such areas. The system 

has since also been diffused to as far east as China, and the neighbouring countries in  the 

n, Yazd, Markazi, Esfahan, and Kerman 

represent the different aspects of technology as well as geographical, cultural, social and 

over time. Each qanat system 

has a strict system of rules and regulations regarding the maintenance, management and 

. Consequently, qanat system becomes the main factor for 

y and development. The construction and 

maintenance of a qanat requires a sophisticated knowledge of the geology of the area 

km. Along its entire length, a qanat requires 

tervals, which become a distinctive feature in the 

landscape. Such inspection wells can reach great depths. In Iran, the qanat has played a vital 

The qanat is a cornerstone of the prosperity of desert towns and villages. 

ndustrial activities have always revolved around qanat systems. 
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At present, it is estimated that there are over 37000 active 

discharge of nearly seven million m

supplied by qanats without any fuel or electric energy. 

system of qanat can be ranked among the wo

 Comparison can be made to water management systems in other regions, including the 

Roman aqueducts. Cooperation is inherent in qanat system and can spread to the other realms 

of social life. Also interdisciplinary nature of q

of science varying from mathematics to botany.

The principal qualities of the nominated property that justify its inscription in the World 

Heritage List include: a masterpiece of human genius, an exchange of influences, a testimony 

to cultural traditions, typology of building structure, interaction wit

well as being associated with living traditions, legends, artistic and literary works of 

outstanding universal significance. 

Photo  3-43. Role of qanat in urban design
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At present, it is estimated that there are over 37000 active qanats in Iran, with a total 

discharge of nearly seven million m
3
 of water per year. This considerable amount of water is 

supplied by qanats without any fuel or electric energy. The sources of knowledge behind the 

system of qanat can be ranked among the wonders of human civilizations. 

Comparison can be made to water management systems in other regions, including the 

Cooperation is inherent in qanat system and can spread to the other realms 

of social life. Also interdisciplinary nature of qanat demands cooperation from different fields 

of science varying from mathematics to botany. 

The principal qualities of the nominated property that justify its inscription in the World 

Heritage List include: a masterpiece of human genius, an exchange of influences, a testimony 

to cultural traditions, typology of building structure, interaction with hostile environment, as 

well as being associated with living traditions, legends, artistic and literary works of 

outstanding universal significance.  

. Role of qanat in urban design; photo by: S.H. Rashedi, 2014 

Justification for Inscription

qanats in Iran, with a total 

of water per year. This considerable amount of water is 

The sources of knowledge behind the 

Comparison can be made to water management systems in other regions, including the 

Cooperation is inherent in qanat system and can spread to the other realms 

anat demands cooperation from different fields 

The principal qualities of the nominated property that justify its inscription in the World 

Heritage List include: a masterpiece of human genius, an exchange of influences, a testimony 

h hostile environment, as 

well as being associated with living traditions, legends, artistic and literary works of 
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b) Justification for Criteria  

 

Criterion (i): Represent a masterpiece of human creative genius; 

The constantly evolving creative design and building of qanats in the very heart of arid lands 

in Iran is a unique representation of human genius, where science, architecture and 

technology are manifested in association and combination with nature which is hidden 

underground. The construction and upkeep of qanat systems is a continuous process based on 

human creativity and innovation over time. Qanat as a handmade masterpiece remains 

fascinating and exquisite despite the passage of thousands of years, a hidden but living 

heritage buried under the ground. 

 

Criterion (ii): Exhibit an important interchange of human values, over a span of time or 

within a cultural area of the world, on developments in architecture or technology, 

monumental arts, town-planning or landscape design; 

The Persian Qanat is an outstanding example of a traditional water management system 

associated with irrigation and water supply that has been developed in ancient Persia 

spreading to east as far as China along the Silk Roads, to the west and north Africa, and later 

to America by Arabs and the Spaniards. The traditional construction and maintenance 

technologies have continued evolving based on the interchange of values and knowhow for 

thousands of years.  

 

Criterion (iii): To bear a unique or at least exceptional testimony to a cultural tradition or 

to a civilization that is living or which has disappeared; 

Qanat systems bear an exceptional and fundamental testimony to cultural traditions and 

civilizations in desert areas and arid climate regions. Being based on a continuous process of 

maintenance and upkeep, systems of qanats form a historical stratigraphy of past 

achievements and technical solutions. The vital role of qanat in the formation of various 

civilizations is so expansive that the basis of civilization in the desert plateau of Iran has been 

called “Qanat (or Kariz) Civilization”. Dispersion of primary settlements on alluvial fans of 

the inner plateau, desert margins and kavirs (deserts) of Iran has an intimate relation with the 

distribution pattern of qanat system. This is a great achievement which has not only created 

its own exclusive civilization but also has generated a distinct cultural tradition. 
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Criterion (iv): Be an outstanding example of a type of building, architectural or 

technological ensemble or landscape which illustrates (a) significant stage(s) in human 

history; 

The Persian Qanat is an outstanding example of a technological ensemble illustrating 

significant stages in the history of human occupation of arid and semi arid regions in the 

world. It is the cornerstone of prosperity in desert towns and villages. In arid and semi arid 

regions, it has resulted in the creation of a desert style architecture and landscape involving 

not only the qanats themselves, but also associated structures, such as water reservoirs, water 

mills, irrigation systems, outstanding desert gardens, as well as urban and rural desert 

architecture.   

 

Criterion (v): be an outstanding example of a traditional human settlement, land-use, or 

sea-use which is representative of a culture (or cultures), or human interaction with the 

environment especially when it has become vulnerable under the impact of irreversible 

change; 

The Persian Qanat system is an outstanding example of human interaction with the 

environment, providing an environmentally and culturally sustainable land use in arid or 

semi-arid regions of the world. Qanat drains the aquifer by the force of gravity, so its 

discharge always stays in balance with the recharge of aquifer. The qanat incorporates the 

cultural landscape composed of desert environment, ingenious water use, management and 

distribution system, agricultural land use, gardens, as well as built and urbanised 

environment. Qanat systems have however become vulnerable under the impact of increasing 

urbanisation and transformation of technologies in rural areas. Qanats can still provide 

lessons on how to cope with water scarcity, in a perfect harmony with nature in Iran. Also 

qanat can bestow on the society a priceless legacy; sense of cooperation, social convergence 

and reconciliation which paves the way for sustainable development. 

 

Criterion (vi): be directly or tangibly associated with events or living traditions, with ideas, or 

with beliefs, with artistic and literary works of outstanding universal significance.  

The Persian Qanat is directly and tangibly associated living traditions and cultural 

expressions of outstanding universal significance. All the selected qanats serve as outstanding 

examples of living qanat traditions in Iran. These qanats have also merged with local myths 

and epics which are deeply rooted and have shaped indigenous beliefs. Traditional system of 

qanat water distribution in Iranian Plateau and the comprehensive management of such 

creative system have merged with social relationships and cultures of communities to an 

extent that it is reflected in many of their beliefs. These intermingled but simple systems are 

coordinated with the nature of qanat. Institutionalized within the public management system 

of qanat are social relationships based on: interaction, conciliation, equality, philanthropy, 

cooperation, contentment and optimal utilization of natural resources. 
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c) Statement of Integrity and Authenticity 

The serial nomination of The Persian Qanat contains all the elements that together form the 

qanat system in each of the selected properties. These include not only the qanats themselves 

but also other relevant structures associated with their functioning. The buffer zones cover the 

water catchment area in each case. The selected qanats are in good functional order and are 

not threatened.  

The selected qanats are authentic representations of the evolution of qanat construction over 

time. They are also associated with currently living traditions that involve traditional 

maintenance and management of water distribution.  

 

d) Protection and management  

The selected qanats, the associated buffer zones and irrigation areas are protected by national 

legislation as well as being integrated in local master plans and covered by relevant planning 

regulations.  
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Chapter 4 : State of Conservation and factors affecting the Property 
 

Introduction 

Qanat engineering in Iran goes back to ancient times and it is rooted in the dire need of water 

in the dried desert areas of the country. Water has played a decisive role in the possibility of 

life livelihood and economy of Iranians. Water exploitation and conservation of water 

resources and qanats have always been done by local people and supported by local 

governments. Maintenance of qanats was also done by their users, owners and farmers of the 

area. When Iran's management system modernized by codification of civil law on May 8
th

, 

1928, a new era of conservation and maintenance began. The traditional system started to be 

supported by governmental aids and conservation and qanats were supported under safety net 

and in a better way which will be explained in detail in chapter 5. 

 

Photo  4-1. Moqannis at lāyroobi operation in Qajar period, 

surce: http://www.fouman.com/Y/Image/History/Qajar_Qanat_Construction.jpg  

    

In this chapter, the developments in the fields of water resources protection laws and 

legislations regarding qanats conservation will be mentioned briefly, and then the 

administrative agents regarding qanat maintenance and conservation such as local experts and 

governmental organizations will be mentioned as well as the present state of conservation of 

qanats. When the conservation of underground water resources and qanats law was ratified in 

1928, the amendments regarding the conservation of these resources were drawn up in 1930. 



    g{x cxÜá|tÇ g{x cxÜá|tÇ g{x cxÜá|tÇ g{x cxÜá|tÇ dtÇtàdtÇtàdtÇtàdtÇtà                                                                                                                                                                                                                                                                                                                  

313 

 

State of Conservation and factors affecting the Property 

 

The first governmental administrative action regarding conservation and maintenance of 

water resources goes back to 1943. After gaining enough experience in conservation and 

maintenance of water resources, in 1963 the government founded the Independent Agency 

for Irrigation to Ministry of Water and Electricity. The agency previously was a department 

of Ministry of Agriculture. When Ministry of Water and Electricity was formed, the law for 

preservation and conservation of underground water resources was passed as the Ministry's 

first legislation in 1966. This law is a turning point for starting a new era of governmental 

intervention, control and activity. Interestingly, despite such governmental rules and 

regulations regarding conservation and maintenance of qanats and underground water 

resources, qanats' management and conservation was still done by local owners and users, 

and their traditional management system is totally maintained. 

When Ministry of Energy was formed in 1974 it became responsible for enforcing rules 

regarding water, doing research about Iran's water resources, exploitation and development of 

underground water resources, and using new scientific techniques to increase the 

exploitation.   

After the 1979 revolution, the state ownership was still popular and the government was 

responsible for providing energy, building dams and irrigation networks. In 1980 

Construction Organization was established for developing and rebuilding Iranian villages. In 

1984 the institution became a ministry. At that time some qanat maintenance and cleaning, 

irrigation projects, and planning for providing water for agriculture in villages and tribal areas 

was done at the request of the Ministry of Energy in collaboration with the Ministry of  

Agriculture by local people. 

In 2001, Ministry of Construction and Ministry of Agriculture were merged and New 

Agricultural Ministry was established and helped in projects related to qanats. During the last 

50 years, especially between 1972 and 1978, and between 2002 and 2012, a large amount of 

qanat conservation and restoration were done.  

Qanat office in Ministry of Agriculture cooperates with qanat councils and local moqannis 

during qanats rehabilitation projects. Since 1999 qanats have been regularly under consistent 

restoration, conservation, rehabilitation and cleaning projects. In this particular case budget 

allocated and spent annually, 30% of the cost has provided by the farmers and 70% by the 

state. Up to now, more than 10000 qanats have been completely restored, bringing about an 

increase in their water by 57m
2
/s. 
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Year 
Number of 

qanats 

Increase in water 

(l/s) 

Cultivated land  

(ha) 

Money spent  

(million tomans) 

1999 102 366 1923 10000 

2000 264 879 4608 29998 

2001 775 6775 22650 20670 

2002 1038 9322 22285 60200 

2003 932 7915 29959 70590 

2004 2766 12317 62891 58295 

2005 2659 13512 59360 60692 

2006 2229 2649 21329 110930 

Table  4-1. Summary of the results of qanats' rehabilitation and cleaning projects (lāyroobi) 

 

According to vital role of qanats in local communities’ livelihood, all survival activities such 

as qanats maintenance, conservation, monitoring and management were severely done by 

local communities and its traditional management throughout the history. As mentioned 

above, by legal development, the traditional management and conservation was supported by 

governmental organization. At present, regarding the water crisis and 14% agricultural 

products which depend on qanat water, all governmental organizations are cooperating with 

local qanat councils in order to protect the qanats safety.  

 

Photo  4-2. Qanats' rehabilitation and cleaning; source: Ministry of Agriculture) 
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Ministry of Agriculture and Ministry of Energy are so responsive on qanat conservation and 

support qanat council and farmers. Beside, according to outstanding technological values and 

rich history of qanats, Cultural Heritage, Handicrafts and Tourism organization by 

documentation and registering qanats in the national cultural heritage list is actively 

participates in conservation and safeguarding of qanats.  

 

4.a. Present state of conservation 

4.a.1.  Qanat traditional conservation and public participation 

Conservation and management of qanats has always been done by local people with least 

interference by governments. They agreed on what to do in this regard and asked moqannis to 

do all conservation and restoration practices about qanats. Local communities were aware 

that if they cannot agree on such issues they would suffer losses. They knew that, not paying 

attention to on time cleaning or delaying maintenance and conservation activities such as 

lāyroobi, ābharzi or other conservation measures would decrease qanat water that it was 

harm for farmers.  

  

Photo  4-3. Conservation of water resources and qanats have always been done by local people and supported by local 

governments; source: http://www.heritageinstitute.com/zoroastrianism/kareez 

 

Conservation of qanats by a traditional management system with little change has continued 

to the present day. Formation of a well-developed and coherent system of moqannis was done 

to improve conservation and maintenance of qanats. This is one of the authentic active 

traditional management systems in Iran. This traditional engineering system is responsible for 

training qanat masters including, mobāsher, sar moqanni, kolang dār, ābgir kan, kolang zan,
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 gel band, lāsheh kesh and ābdar riz, that all together are qanat traditional experts on 

conservation activities. Mobāshers (Supervisors) are at the top of management pyramid and 

anything related to maintenance and conservation is done under their supervision.  

Users' cooperation is done through selecting qanat council members who are usually selected 

for three or four years. Their duty is coordination between users and governmental offices in 

their counties. Anything done by governmental organizations in relation to qanats is arranged 

by this council. Moqannis are working under the control of these councils as well. 

These groups regularly monitor qanat structures and the quality of the water, and report 

issues such as illegal well diggings and polluting industries in the region to qanat council and 

governmental offices. They are directly involved in conservation of qanats. 

 

4.a.2. Comprehensive conservation of the Persian qanats  

Since ancient times, conservation, maintenance, and exploitation of qanats has been done 

through a traditional management system by local users and farmers and supported by 

governments. Currently, focused on the qanat traditional management and public 

participation, indirect governmental support is done for comprehensive conservation of The 

Persian Qanat as well as its comprehensive management that will mention in chapter 5. 

Relevant governmental organizations such as Ministry of Agriculture in the field of 

conservation and restoration, Ministry of Energy in the field of studies and essential 

researches according to qanat and Iranian Cultural Heritage Handicrafts and Tourism 

organization in the field of safeguarding and tourism issue are cooperating with qanat 

councils.        

One of the most important ways governments can help conservation is through legislations, 

especially those legislations that have legal and penal sanctions. In addition, having a clear 

legal policy regarding natural resources and environment is necessary for their conservation. 

Considering the value and importance of qanats, and water resources in general, besides legal 

supports, relevant organizations cooperate with qanat councils for qanat rehabilitation and 

conservation measures. 

In Iran 5% of water is used for drinking and homes, 7% for industries, and the rest for 

agriculture. 10% of water for agriculture is provided through qanats, and 14% of produce is 

grown using qanat water. That is why Ministry of Agriculture, indirectly plays a great role in 

conservation and maintenance of qanats. The agricultural office in the deputy of water and 

soil consults with local qanat councils for budget appropriation for maintenance and 

conservation of different parts of qanats through the local qanat council and moqannis.  

Some of the duties of office for agricultural water and soil in Ministry of Agriculture 

accordance to qanat conservation are as bellow: 
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- Supervision and cooperation in composition of a comprehensive plan for water and soil, 

based on needs, facilities and priorities; 

- Cleaning and restoring canals for transferring surface water; 

- Planning for control of surface waters through building detour and reservoir dams in order 

to strengthen qanats; 

- Planning for charging underground aquifer where it is direly needed; 

- Long term planning for conservation and restoration qanats; 

- Planning for building surface and underground dykes in water rich areas to prevent fields 

from having drainages. 

In 2000, Ministry of Agriculture ratified the national project for "rehabilitation, restoration 

and cleaning qanats" and has restored 22347 qanats before the fourth national developmental 

plan ended that resulted in an increase of 2046 million m
2
 in the amount of qanat water. 

Ministry of Energy is the other state organizations which is relevant to qanat conservation 

and maintenance. The office for exploitation and conservation systems in the Ministry of 

Energy's water and sewage department (abfa) is responsible for qanats. There are also three 

big specialized companies of Water Resource Management, Water Research Institution and 

Water National Museum Institution and International Center for Qanats, as Category 2 under 

the auspices of UNESCO cooperating in this field. These companies cooperate with local 

councils to gather information about wells, qanats, springs and rivers and give technical 

consultancy to moqannis and qanat councils. 

Regional and geographical monitoring and evaluation is performed to help the qanats life.   

For example, if the scientific and technical studies show that groundwater levels are declining 

due to excess intake or other causes, especially in areas where are under irrigation projects, 

for a while defined deep and semi deep wells will be prohibited.  

Generally, outline of the operations of the regional water authority are as study, 

implementation, creating new ways to use technology to the development of agriculture, 

implementation and supervision of  a fair water distribution law, enforcement and protection 

of water resources as well as monitoring water quality, water resources and water flows and 

monitoring the climatic zones, increasing public awareness and knowledge regarding qanats 

and other water constructions and improving research activities, educating and providing 

practical solutions for conservation of qanats in connection with qanat management team. 

Beside these organizations, Cultural Heritage, Handicrafts and Tourism Organization is the 

main organization responsible for conservation and safeguarding of valuable historical 

properties and Promotion of both tangible and intangible cultural heritage.  

As trustee of the ICHHTO in this field, after performing the necessary studies aimed at 

safeguarding the values of the qanat, supervised the conservation, restoration and 

rehabilitation projects of qanats.  
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No. Province City Qanat Name 
National 

Registration no. 

Year of 

Registration 

1 Khorāsān-e Razavi Gonābād Qasabeh Qanat 2963 2000 

2 Khorāsān-e Jonubi Ferdows Qanat of Baladeh  30161 2011 

3 Yazd Yazd Qanat of Zārch  14830 2005 

4 Yazd Mehriz 
Hassan Ābād-e Moshir 

Qanat 
29976 2010 

5 Markazi Arāk Ebrāhim Ābād Qanat  31150 
2014 

 

6 Esfahan Vazvān Qanat of Vazvān 2962 2000 

7 Esfahan Meymeh Mozd Ābād Qanat 18097 2006 

8 Esfahan Ardestān Qanat of the Moon 9023 2003 

9 Kerman Jupār Qanat of Gowhar-riz 31137 2014 

10 Kerman Bam Ghāsem Abād  31162 2014 

11 Kerman Bam Akbar Abād 31163 2014 

Table  4-2. National registration no. of nominated qanats 

 

All studies carried out in consultation with experts of state organizations and cooperating 

with local experts, moqannis and qanat councils to ensure qanats are preserved.    

 

4.a.3.  Maintenance, conservation and Restoration activities 

In Iran there are in practice a variety of traditional methods to keep a qanat in shape such as 

harim
1
 determining, pishkār kani, lāyroobi, kaf shekani, shākheh zani, kaval gozāri, sang 

bandi, kamargir, baghal-bori , āb harzi, towqeh chini, etc. that below are explained.   

All these practices are the most common one to maintenance and conservation of qanats in 

order to increase water discharge of qanat, better water transfer and better flow of water in 

qanat gallery.    

Obviously, the longer water transport section, the more water the qanat would drain out, 

though such a long water transport section may lead to a decrease in the discharge of 

surrounding qanats. From this point of view, monitoring and determining the bounds of 

qanats became so important practice in qanat conservation. In the region of Bam, Baravāt, 

Kerman, extending of all qanats is always monitored in order to restrain them from 

overtaking each other and advancing into the catchment any farther. This issue is of great 

importance in the region, because every qanat is extended between 100 and 200 m into the 

catchment each year, and it should be done in coordination with the other qanats nearby.  

 

                                                      
1 Qanat buffer zone  
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Also many of qanats need to be cleaned out every once in a while. The qanats which run 

through clay formations should be cleaned very often but those qanats in sand and gravel are 

not cleaned that often. It is enough to ease the flow in the qanats which are not crumbling. 

This practice means walking along the tunnel from the qanat exit to the mother well in order 

to control the pace of water flow and remove any obstacle. This practice may take the 

workers several days, depending on the qanat length.   

However, maintenance of qanat is not limited only to the structural situation of the tunnel and 

wells, but it may deal with the management of water flow in the qanat or even in the 

catchment. For example, in some qanats, a very simple method traditionally is used to cease 

the qanat flow in winters when the farmers no longer need water for irrigation. The qanat 

flow is dammed in the tunnel underground in order to store water in the porous sediment, 

increasing the qanat flow when needed. The most prominent groundwater dyke in Iran is in 

the Qanat of Vazvān and Mozd Ābād Qanat in Esfahan province. In Qanat of Vazvān, an 

underground dyke has been built across the tunnel with brick, stone and a mortar of clay and 

lime at a depth of 16 m from the surface. It is another technique which helps maintain the 

qanat. Traditional earthen dyke built upslope from qanat to trap the seasonal runoffs and 

make them seep into the aquifer. During the rainy seasons, the runoffs flowing down the 

surrounding hills are directed to behind the dyke s. In the dams water builds up and gradually 

percolates the earth into the catchment which feeds the surrounding qanats.  

Maintenance of qanat is something that takes place in every qanat holding country, but what 

distinguishes Iran is the intricate organization and continuation of the qanat maintenance and 

its traditional management system from the ancient time. In Iran, a network of social and 

technical factors has formed over times to ensure the maintenance of qanat as properly as 

possible. 

 

4.a.4. Qanat conservation measures  

To repair, restoration and rehabilitation of qanat, beside several traditional practices which 

have done to conserve qanats construction, one main measure is commonly taken in Iran in 

the field of increasing the aquifer and keeping qanat alive. This measure that called pishkār 

kani, is to extend the qanat kooreh (gallery) into water bearing zone. Gallery extending means 

advancing into the aquifer by digging the end of the gallery in order to increase infiltration 

area in the gallery and get more water. This practice is the most common one to increase 

water discharge of qanat, though it is only possible and allowed where a qanat does not 

trespass on the bound of another qanat.  
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Figure  4-1. Pishkār kani is to extend the qanat’s  kooreh into water bearing zone; source: ICQHS 

 

Extending the gallery may be either in the same direction or in different directions forming 

side branches. A side branch (dastak) serves to increase the discharge of the qanat when 

necessary. Side branches vary in length from 10 to 200 m and the longer ones also have 

vertical shafts. Most qanats have two side branches running in opposite directions, and no 

additional branches are dug while existing branches are in use. If a tunnel needs additional 

shafts, moqannis dig the shaft so straight and true that it intersects the gallery at the bottom, 

as described earlier.  

To find the right direction, they used to use a special tool called a rāssi. This is a wooden 

slick with two stones suspended from each end on two pieces of rope. The stick is placed 

over the mouth of the well pointing in the direction of the gallery and the stones are allowed 

to hang down the well so that the ropes form a plumb line. Nowadays they use a compass 

instead.  

 

Figure  4-2. Rāssi for finding the right direction underground; source: ICQHS 
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Amid the process of extending a qanat, moqannis may enter the vicinity of another qanat. No 

qanat should run under the water production section of another qanat, otherwise the lower 

one may/will drain the available groundwater from the upper one. To determine whether a 

qanat cuts under the water production section, they gouge a hole in the wall of the gallery to 

see if there is any seepage in it. If there is none they allow the lower qanat to keep making its 

way upslope. Though they are so tenacious in preventing qanats from draining each other's 

water, sometime-s they come to an understanding to use a qanat gallery for transferring 

another qanat's water, If a qanat is severely damaged and is under repair, the owners of a 

neighboring qanat may agree to help the owners of the damaged qanat by allowing them to 

use the healthy qanat to transfer their water. To do so, they connect the two qanats with a side 

branch or a burrow called a qozāreh and the owners measure the volume of water entering the 

healthy qanat so that they can deliver the same amount of water downstream.  

Sometimes the groundwater level sinks so fast that moqannis have no opportunity to extend 

the tunnel but they have to deepen it. If the drawdown of the water table continues, even 

deepening the tunnel no longer works, and they start to dig another tunnel under and parallel 

to the old one. They use the shafts of the old qanat to do this and the practice is known as 

tansoo-bonsoo. Actually tansoo-bonsoo means tunnel doubling. If a dramatic drawdown 

breaks out in the aquifer and groundwater falls over 1.5 m below the qanat tunnel, deepening 

no longer works and the workers resort to the method of doubling. Tunnel doubling is also 

called tahsoo-roosoo which means digging another tunnel below the old tunnel and just in 

parallel with it, so that the new exit point turns up some distance down slope from  the old 

one. 

 

Figure  4-3. Tansoo-bonsoo; source: ICQHS 
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Apart from the aforementioned measures, moqannis have other methods to preserve the 

qanats: 

Lāyroobi: Lāyroobi means tunnel cleaning. Some qanats need to be cleaned every once in a 

while and some other do not. For example the qanats which run through clay formations 

should be cleaned very often but those qanats in sand and gravel are not cleaned that often. 

This is the second job of maintenance, which is commonly done in the qanats. The higher the 

concentration of dissolved minerals in the water, the less often they need to dredge because 

the minerals form deposits that line the sides of the tunnel. Moqannis usually dredge the 

tunnel in the fall or winter, when demand for water is low and also the qanat's discharge 

dwindles.  

  

Photo  4-4. Tunnel cleaning; source: Ministry of Agriculture 

 

Kaf Shekani (Tah Zani): Tunnel deepening. Kaf Shekani means the qanat gallery being 

deepened from its exit point to the mother well all the way in order to access deeper layers of 

saturated area. The floor of qanat tunnel is dug deeper as water table goes down. Deepening 

of tunnel results in more water seepage into the tunnel and sometimes the amount of water is 

so much that the workers have to widen the bottom of tunnel in order to better ease the water 

flow. This is done to increase the qanat's discharge. In fact by this action, the qanat source 

zone is placed again inside the aquifer. 
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Figure  4-4. Kaf Shekani; source: ICQHS  

 

Shākheh Zani: Branching. Shākheh zani means adding more side branches to the qanat main 

tunnel which can increase the infiltration area and accordingly the discharge of qanat. In fact 

each branch acts independently and eventually their waters join and flow down together.  

Kaval Gozāri: Installing hoops (kaval) into the shafts and the gallery is called kaval gozāri. In 

some parts of a qanat, a cave in or collapse may happen, and may cause the gallery to become 

blocked and the qanat to dry up. Therefore, it is essential to fix kavals on the walls of such 

qanats. This is a common way of preventing water waste in khoshk-e kār. Kavals are used in 

order to strengthen the gallery and wells and prevent collapse or leakage.  

Kaval Sargardāni: If a part of tunnel is lined with reinforcing hoops, the hoops are taken from 

the old level and re-installed in the new one concurrently with the deepening of tunnel. This 

practice is called kaval sargardāni which literally means turning the hoops.  

  

Photo  4-5. Kaval qozāri in Qanat of Vazvān; source: ICQHS  
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Sang Bandi: Sang bandi means lining the qanat tunnel with stones stacked on top of each 

other with no mortar. 

   

Photo  4-6. Sang bandi; source: ICQHS 

 

Kamargiri: A lid installed in the middle of the well to block it. The workers embed a row of 

bricks in the well side all the way round, when they want to build a base for a lid in the 

middle.  

 

Figure  4-5. Kamargiri; source: ICQHS 
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Photo  4-7. Kamargiri; source: ICQHS 

 

Baghal-Bori: By-pass. Where the tunnel hits a boulder, the workers bypass the boulder and 

then get back to the general direction of the gallery. This practice is called Baghal-bor. The 

most important issue in qanat maintenance is preventing its collapse. This can be done by 

installing kavals and laying stones. But sometimes when the risk of collapse is high a new 

gallery is dug to reconnect the strong parts of the gallery through a new route. This new 

gallery is called bypass gallery. 

  

Photo  4-8. Baghal bori in gallery of Ebrāhim Ābād Qanat; source: ICQHS 

 

Āb Harzi: Āb harzi means flow easing. It is enough to ease the flow in the qanats which are 

not crumbling. This practice is called āb harzi which involves walking along the tunnel from 

the qanat exit to the mother well in order to control the pace of water flow. This practice may 

take the workers several days, depending on the qanat length.  

Towqeh Chini: Towqeh chini is done in order to protect the entrance part of shafts from 

collapse. It means to cover the walls of shaft from 3-4 m below the surface to the top with 

some proper construction materials like stone, brick, etc. Sometimes towqeh can be used in 

this measure. Towqeh is ceramic or concrete rings to shore up the qanat shaft wells. It is 

circular in shape with a diameter of 75-80 cm. Those rings are used to prevent collapse only 

in shaft wells. 
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Photo  4-9. Towqeh chini in Mozd Ābād Qanat 

 

4.a.5.  Other conservation measures 

If a shaft has been sunk in the middle of a valley that is subject to seasonal flash floods, they 

have to protect it. First they line the wells with brick

below the surface. From here to the surface the well is filled with lime, clay or brick to 

prevent surface runoff from leaking into the well and causing problems with erosion and 

brining debris into the system.  

In addition, moqannis have some initiatives to reduce percolat

section. To waterproof the tunnel, if the tunnel is shallow, they dig and remove the ceiling of 

the tunnel, line the floor with mortar and build two walls along both sides. 

Sealing the gallery by Lining and using clay in the gal

conservation of qanat. In some areas, like Z

in khoshk-e kār. Mortar gets stronger in wet places and improves the sealing.

Sometimes an earthquake may cause cracks i

When this happens, they fill the cracks with very soft sand or clay. In this case, they mix soft 

clay with water and knead this mixture before spreading it on the floor and trampling it to fill 

up and seal any tiny cracks.
2
 If there are many 

Maybe one of the reasons why some old qanats have been deserted is their galleries cut 

through gypsum layers in which the water percolation is high. To enhance the efficiency o

water conveyance in the qanat tunnel, as well as to prevent any change in the water quality, 

from early on some methods have been practiced as follows: installing ceramic hoops, lining 

the floor and the sides of tunnel, 

kaval in the tunnel, lining the water transport section with soft clay mortar, covering the 

tunnel floor with mortar, and using geomembrane sheets in the tunnel. Installing ceramic or 

hoops is one of the common methods to reduce the water seepage from the qanat tunnel. This 

method not only mitigates against water escape from the tunnel, but also reinforces these 

runnels that are prone to collapse. In 

reduce the water percolation from the tunnel, it reinforces the gallery thus reducing the 

2
 They call this practice "koor kardan-e cheshm
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Qanat (left & middle); Shaft wells of Qasabeh Qanat (right); source: ICQHS

easures  

If a shaft has been sunk in the middle of a valley that is subject to seasonal flash floods, they 

they line the wells with brick and stone from the bottom to 12 m 

From here to the surface the well is filled with lime, clay or brick to 

prevent surface runoff from leaking into the well and causing problems with erosion and 

have some initiatives to reduce percolation in the water transport 

section. To waterproof the tunnel, if the tunnel is shallow, they dig and remove the ceiling of 

the tunnel, line the floor with mortar and build two walls along both sides.  

Sealing the gallery by Lining and using clay in the gallery is another traditional method in 

conservation of qanat. In some areas, like Zārch, it is still being used to prevent water leakage 

. Mortar gets stronger in wet places and improves the sealing. 

Sometimes an earthquake may cause cracks in the tunnel through which water can escape. 

they fill the cracks with very soft sand or clay. In this case, they mix soft 

clay with water and knead this mixture before spreading it on the floor and trampling it to fill 

If there are many cracks, they also use hoops.  

Maybe one of the reasons why some old qanats have been deserted is their galleries cut 

through gypsum layers in which the water percolation is high. To enhance the efficiency o

water conveyance in the qanat tunnel, as well as to prevent any change in the water quality, 

from early on some methods have been practiced as follows: installing ceramic hoops, lining 

the floor and the sides of tunnel, laying kavals in the water transport section, putting a half 

ining the water transport section with soft clay mortar, covering the 

tunnel floor with mortar, and using geomembrane sheets in the tunnel. Installing ceramic or 

on methods to reduce the water seepage from the qanat tunnel. This 

method not only mitigates against water escape from the tunnel, but also reinforces these 

runnels that are prone to collapse. In sum, this practice has the following advantages: it can 

ce the water percolation from the tunnel, it reinforces the gallery thus reducing the 

                                         
e cheshm-e zamin" (blinding the earth's eyes). 
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; source: ICQHS 

If a shaft has been sunk in the middle of a valley that is subject to seasonal flash floods, they 

stone from the bottom to 12 m 

From here to the surface the well is filled with lime, clay or brick to 

prevent surface runoff from leaking into the well and causing problems with erosion and 

ion in the water transport 

section. To waterproof the tunnel, if the tunnel is shallow, they dig and remove the ceiling of 

lery is another traditional method in 

rch, it is still being used to prevent water leakage 

n the tunnel through which water can escape. 

they fill the cracks with very soft sand or clay. In this case, they mix soft 

clay with water and knead this mixture before spreading it on the floor and trampling it to fill 

Maybe one of the reasons why some old qanats have been deserted is their galleries cut 

through gypsum layers in which the water percolation is high. To enhance the efficiency of 

water conveyance in the qanat tunnel, as well as to prevent any change in the water quality, 

from early on some methods have been practiced as follows: installing ceramic hoops, lining 

in the water transport section, putting a half 

ining the water transport section with soft clay mortar, covering the 

tunnel floor with mortar, and using geomembrane sheets in the tunnel. Installing ceramic or 

on methods to reduce the water seepage from the qanat tunnel. This 

method not only mitigates against water escape from the tunnel, but also reinforces these 

this practice has the following advantages: it can 

ce the water percolation from the tunnel, it reinforces the gallery thus reducing the 
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likelihood of collapse, and it can prevent any decline in water quality while flowing through a 

saline or gypsiferous formation. 

Photo 

 source: Bruno Barbey/Magnum, Paris http://portal.unesco.org/en/ev.php

 

Another measure which can bring great benefit to the qanat system is to increase recharge to 

the catchment. To do this, they build an earth dam or dike to collect the seasonal runoff, 

which can then recharge catchment

meters upstream from the deepest and last well of the qanat so that the water trapped b

the dyke will seep into the ground and increase the discharge. The d

away from the qanat so that it does not affect its structural integrity. The softer the soil, the 

greater the distance between the two structures. The Iranians

technique to extract groundwater, which is replenished in winters by some special earthen 

recharge dykes locally called goor

which means water. A goorāb should be built abo

rainy season the runoff builds up behind the 

Increasing the discharge of the qanat as well as controlling surface erosion are two 

advantages of such d dykes. Sometimes 

tunnel. They also use abandoned qanats to recharge the aquifer by blocking the exit and 

directing the surface run-off into it through one of its shafts. The water seeps into the aquifer 

and replenishes the active qanats nearby. 
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likelihood of collapse, and it can prevent any decline in water quality while flowing through a 

saline or gypsiferous formation.  

Photo  4-10. Restoration of qanats in Yadz; 

Bruno Barbey/Magnum, Paris http://portal.unesco.org/en/ev.php 

Another measure which can bring great benefit to the qanat system is to increase recharge to 

. To do this, they build an earth dam or dike to collect the seasonal runoff, 

catchments. In mountainous areas, they build the dam about 150

meters upstream from the deepest and last well of the qanat so that the water trapped b

will seep into the ground and increase the discharge. The dyke must be far enough 

away from the qanat so that it does not affect its structural integrity. The softer the soil, the 

greater the distance between the two structures. The Iranians use qanats as a sustainable 

technique to extract groundwater, which is replenished in winters by some special earthen 

oorāb, The word consists of goor which means grave, and 

should be built above the qanat's mother well and during the 

rainy season the runoff builds up behind the goorāb and gradually seeps into the ground. 

Increasing the discharge of the qanat as well as controlling surface erosion are two 

s. Sometimes a goorāb is more useful to a qanat than extending the 

tunnel. They also use abandoned qanats to recharge the aquifer by blocking the exit and 

off into it through one of its shafts. The water seeps into the aquifer 

he active qanats nearby.  
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likelihood of collapse, and it can prevent any decline in water quality while flowing through a 

 

Another measure which can bring great benefit to the qanat system is to increase recharge to 

. To do this, they build an earth dam or dike to collect the seasonal runoff, 

. In mountainous areas, they build the dam about 150-200 

meters upstream from the deepest and last well of the qanat so that the water trapped behind 

must be far enough 

away from the qanat so that it does not affect its structural integrity. The softer the soil, the 

use qanats as a sustainable 

technique to extract groundwater, which is replenished in winters by some special earthen 

which means grave, and āb 

ve the qanat's mother well and during the 

and gradually seeps into the ground. 

Increasing the discharge of the qanat as well as controlling surface erosion are two 

is more useful to a qanat than extending the 

tunnel. They also use abandoned qanats to recharge the aquifer by blocking the exit and 

off into it through one of its shafts. The water seeps into the aquifer 
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4.a.6.  Harim (qanat boundary, buffer zone) 

Apart from the issue of qanat water division, the boundary of qanat is another important 

social/technical matter revolving around qanat conservation and management. There are 

some rules in every region to protect the vicinity of qanat and nobody can flout them. If the 

qanat's depth or length was changed even one meter, the discharge of the adjacent qanats may 

be affected to a large extent, so mirāb or a qanat master should keep track of what the owners 

of the surrounding qanats may do. There are some topic and issues of qanat boundary from 

the social, legal and technical points of view.  

Conservation of qanat boundary can be considered mostly from two aspects: technical and 

legal. Qanat council and local moqannis are responsible for conservation and supervision of 

harim or qanats buffer zone.    

 

Figure  4-6.  Schematic plan of the qanat hydraulic boundary; source: ICQHS 
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4.a.7.  The nominated Persian Qanat 

4.a.7.1. Qasabeh Qanat, Gonābād, Khorāsān-e Razavi  

Qasabeh Qanat consists of eight branches (2 main and 6 peripheries); most of the branches are 

exploiting and running. The entire length of its galleries is 31135 m and it has 427 well 

shafts. The average distance between two wells is 6.77 m. Due to the high value of water in 

the region, the shareholders have always paid attention to its conservation, and like most of 

the existing qanats in Iran which are managed by communal system, all the issues related to 

this qanat are dealt with by shareholders and the service of local moqannis. Despite its long 

history, the overall structure of qanat is satisfactory and its well shafts, mother well, galleries 

and mazhars are constantly inspected and necessary measures are taken to keep them 

operative. 

  

Photo  4-11. Blocking the gallery; source: ICQHS 

 

Qasabeh Qanat has repeatedly been restored during its long history. Most of the restoration 

works have been done in the extreme end of it towards its outlet where it is situated in loose 

soils. The soil of the last section of qanat some 5.1 km distance from its mazhar is mostly silt 

and clay deposits most of which are of clayey texture. Since this kind of soil texture 

disintegrates in contact with water, this section has always been in need of restoration, so 

several bypass tunnels have been constructed to allow water flow. Building a protective wall 

around the well shafts by means of 20 × 30 or 40× 50 cm boulders has been another type of 

action taken to prevent possible damage by flood waters. Following figures display the 

protective measure by kamargir, as can be observed; sheeted silt rocks are laid on each other 

and covered by soil.  
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Photo  4-12. Kamargiri in well shafts of Qasabeh Qanat (left); Kamargiri against flood waters (right) ; source: ICQHS 

 

At a distance of 150-200 m away from its mazhar, water is directed to water ditches, some of 

which have been restored and some are still in old traditional forms.  

  

Photo  4-13. Mazhar of Qasabeh Qanat ; source: ICQHS 

   

Photo  4-14. Water canals; source: ICQHS
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Moreover, the study and execution of various projects such as recharging qanat’s aquifers, 

lāyroobi, safeguarding qanat’s boundary against any possible contaminants, along with 

holding regular meetings with qanat’s shareholders are some of the measures undertaken in 

recent years to preserve this qanat. The prohibition of digging deep wells in the vicinity of 

this qanat is another protection measure which is scrupulously observed. According to the 

regulation, the excavation of new wells should be at least 1000 m away from qanats’ mother 

wells, and because of the presence of numerous qanats in this area, the digging of any kind of 

wells is strictly forbidden in this zone.  

 

4.a.7.2. Conservation measures undertaken for Qasabeh Qanat  

The information related to the conservation works carried during the past fifty years was 

obtained from local elites. Due to the depth of mother wells, no project has been offered for 

the expansion of its wet zones in recent years, but four periodic restoration and lāyroobi 

operations have been carried out in this qanat which are as follows:  

 

4.a.7.3. Lāyroobi operation of 1968  

After the 1968 earthquake which dislodged the conglomerates of the qanat’s tunnels, the 

galleries were dredged and displaced rocks removed.  

  

Photo  4-15. Lāyroobi in Qasabeh Qanat; source: ICQHS 

 

4.a.7.4. Lāyroobi operation of 1990-2 

After the monitoring done by moqannis and announcing that this qanat is in need of lāyroobi, 

one of the branches was dredged up to a well shaft 1360 m away from the main mother well 

by means of digging a secondary well 4 m away from main well. State funds covered a 

significant part of the lāyroobi costs.  



    g{x cxÜá|tÇ g{x cxÜá|tÇ g{x cxÜá|tÇ g{x cxÜá|tÇ dtÇtàdtÇtàdtÇtàdtÇtà                                                                                                                                                                                                                                                              

Photo  4

 

4.a.7.4.1.  Restoration operations of 1996 

After the torrential downpours of 1996 spring, flood waters entered the well shafts near 

shoghāl and as a result of it, 400 m of qanats galleries collapsed causing a big obstruction. 

The locals in close collaboration with 

Photo  4-17. Conservation 

   

Photo  4-18. 
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4-16. Lāyroobi in 1990-92; source: ICQHS 

perations of 1996  

After the torrential downpours of 1996 spring, flood waters entered the well shafts near 

and as a result of it, 400 m of qanats galleries collapsed causing a big obstruction. 

The locals in close collaboration with agricultural managed to reopen the galleries. 

 

. Conservation measures in 1995-96; source: ICQHS 

  

. Qasabeh Qanat lāyroobi, 2000; source: ICQHS
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After the torrential downpours of 1996 spring, flood waters entered the well shafts near Qāl-e 

and as a result of it, 400 m of qanats galleries collapsed causing a big obstruction. 

managed to reopen the galleries.  
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4.a.7.4.2. Constructing new galleries in silt and clay soils near the qanats’ 

Some repair works were carried out in the end section of Qasabe

moqannis monitored this section and in order to mitigate possible risks, the galleries of 

were restored on the basis of information obtained through geophysical mapping, geologic 

maps and surveys. Unlike the previous galleries, which were of arched roof, new galleries 

were dug in old methods. 

Photo  4-19. Constructing new galleries  

Photo 

 

 No. Year 

1 2007 

2 2008 debris removal, kaval goz

3 2009 reopening the well shafts, towqe

Table  4-3. Restoration 
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Constructing new galleries in silt and clay soils near the qanats’ mazhar in 1999 

Some repair works were carried out in the end section of Qasabeh Qanat in 1990s. After 

monitored this section and in order to mitigate possible risks, the galleries of 

were restored on the basis of information obtained through geophysical mapping, geologic 

maps and surveys. Unlike the previous galleries, which were of arched roof, new galleries 

 

Constructing new galleries near the qanats’ mazhar, 1999; source: ICQHS

 

Photo  4-20. towqeh chini; source: ICQHS 

Scope of Work 

repair and kaval gozāri total length of 400 m 

ebris removal, kaval gozāri, towqeh chini total length 175 m

eopening the well shafts, towqeh chini, total 500 m long

. Restoration measures taken by agriculture for Qasabeh Qanat 

State of Conservation and factors affecting the Property

in 1999  

Qanat in 1990s. After  the 

monitored this section and in order to mitigate possible risks, the galleries of  qanat 

were restored on the basis of information obtained through geophysical mapping, geologic 

maps and surveys. Unlike the previous galleries, which were of arched roof, new galleries 

 

; source: ICQHS

 

chini total length 175 m 

chini, total 500 m long 
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4.a.7.5. Qanat of Baladeh, Ferdows, Khorāsān-e Jonubi 

Each of the 15 branches of Qanat of Baladeh produces different water supply, which range 

from 0.5 lit/sec to 45 lit/sec. The average total yield of all branches gets to 150-180 lit/sec 

which shows a good efficiency. The entire branches consist of 467 well shafts. The local 

moqannis regularly visit the well shafts and perform the necessary repair and restoration 

works.  

There are 2081 hectares of gardens and farmlands in the area, 554 hectares of which are 

fields and 1527 hectares are gardens. Qanat of Baladeh and its branches supply the irrigation 

water for most of the fields and gardens located in upper and lower Bajestān villages, 

Eslāmiye town and parts of Ferdows city. Different branches of this qanat will be described 

below:  

 

4.a.7.5.1. Shoghāl Qanat (Jackal Qanat)  

It lies in the western foothills of Kalat mountain and stretches for 850 m. Its mother well is 15 

m deep and it has a secondary branch of 1000 m long and 17 m deep. The walls of five well 

shafts constantly give way, which are regularly checked by moqannis. The outlet emerges at 

the river bed and a span of 120 m long is in need of lāyroobi, an issue which is on the agenda.  

  

Photo  4-21. Lāyroobi operation; source: ICQHS 

 

4.a.7.5.2. Cheshme Mahi Qanat  

It lies at the lower parts of Shoghāl qanat and runs parallel with the Sarbishe river. It is 

among the operational Qanats of Baladeh. It is 500 m long and its mother well is 20 m deep. 

Three well shafts need repairing and 120 m of its galleries is on the waiting list for restoration 

works.  
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4.a.7.5.3. Navi Qanat 

This qanat is situated in the foothills of Sheshtu mountain on the Sarbishe river bed. It is 400 

m long and its mother well is 13 m deep. To increase water discharge, lāyroobi operation is 

underway. To safeguard qanat against flood waters, a plan has been prepared to separate the 

course of qanat from river bed by land filling. The mazhar of qanat lies on the river bank and 

its water is directed to Cheshme māhi ditch which is in good working condition.  

  

Photo  4-22. The exit points after restoration activities; source: ICQHS 

 

4.a.7.5.4.  Sheshtu Qanat  

This qanat is situated in the mountainous area and its course runs on the Sheshtu river bed 

which lies in rough terrains. Its length is 1400 m and the depth of its mother well is 30 m. 

Conservation and restoration activities such as lāyroobi, kaval gozāri and lining the galleries 

have done to strengthening the galleries are constantly carried out. Presently the middle part 

of this qanat needs lāyroobi and some well shafts and parts of the galleries need to be cased 

with stone or kavals. 

 

4.a.7.5.5. Karizno Qanat  

It runs almost parallel with Hamvari qanat in an east-west direction along Badamuk river 

finally reaching Lotf Ābād farms. It is 1300 m long and its mother well is 35 m deep. The 

outlet of this qanat joins Hamvari qanat and then flowing on a 300 m ditch enters the main 

canal. It is in good working condition. 
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4.a.7.5.6. Hamvari Qanat (Hāj Abdollāh)  

This qanat which is 2200 m long and has 25 well shafts is situated in the lower parts of Fateh 

Ābād village. Its well shafts are about 50 m deep and its overall condition is constantly and 

periodically monitored by local moqannis.  

 

4.a.7.5.7. Golābi Qanat  

The depth of this qanat’s mother well is 60 m which is the deepest of all mother wells in 

Baladeh. With a total length of 1800 m, it has 35 well shafts. The outlet of this qanat emerges 

some 300 m away from Kariz Divané outlet. A 250 m long ditch transfers this qanat’s water 

to Baladeh canal. To prevent the possible damages by flood waters, most of its wells have 

been surrounded by cutoff walls. This qanat is in good working condition.  

 

4.a.7.5.8. Kariz Divane (Crazy Qanat)  

With a length of 2500 m, it is the longest Qanat of Baladeh. Its mother well is 40 m deep and 

it contains 45 well shafts. This qanat has a secondary branch which is built in Lotf Ābād 

lands. In 2011 some of the well shafts were restored and their mouths were blocked, though 

there are still two well shafts which need towqeh chini. Based on the recommendation made 

by Qanat of Baladeh council, 150 m of the qanats’ gallery needs to kaval gozāri, the 

operation is ongoing.   

 

Photo  4-23. Necessary cleaning activities in Qanat of Baladeh; source: ICQHS 

 

4.a.7.5.9. Majra Qanat  

This qanat is dig on dune-bedded lands in the southern parts of Feryduni village. It is 1200 m 

long and has 30 well shafts. The mother well of this qanat is 35 m deep. Its mazhar joins 

Garm qanat and via a 300 m ditch enters the main canal. During the periodic monitoring, the 
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moqannis have reported that its wet zone contains calcareous structures which needs shaé 

shekani or kaf shekani in order to guarantee an incessant water discharge. 

         

4.a.7.5.10.  Garm Kariz  

This qanat with a length of 1800 m and a mother well of 50 m deep consists of 40 well shafts 

and stretches in a NE to SW direction. Its outlet is on the Badamuk river bank and joins via a 

ditch to Baladeh canal. A span of about 703 m of qanat’s course has been cased, and other 

parts of it need lāyroobi.  

 

4.a.7.5.11.  Cheshmé Zané Qanat  

With a length of 1200 m and a mother well of 20 m deep, this qanat is regarded as the last 

branch of Baladeh Qanats. It has been renovated in recent years. After joining to Zir Gavbili 

qanat, both enter the main canal at Sar Takht. It passes beneath Zir Cheshme Alang (plain 

drainage) and receives 3 lit/sec from it. Part of qanat passes through badlands which 

necessitates constant lāyroobi and placement of well kavals, an issue which moqannis 

consider in their periodic visits.  

 

4.a.7.5.12.  Bouré Qanat  

With a length of 900 m, a mother well of 37 m deep and 30 well shafts, this qanat runs 

parallel to Asbi qanat. Part of the qanat lies in hard sedimentary deposits. Since the beginning 

of qanat is situated near the floodway of Mahvid river, it has been reinforced by earthenware 

kavals. Meanwhile a span of 90 m of qanat’s galleries have to be dredged and reinforced by 

kavals.  

 

4.a.7.5.13.  Asbi Qanat 

It is about 1000 m long and its mother well is 25 m deep. Parallel to Bouré qanat, it stretches 

in a NE-SW direction. Since parts of qanat including few well shafts lie in clay badland, at 

least of them need to be reinforced by the qanat is in good working condition.  

 

4.a.7.5.14.  Sharifi Qanat  

This qanat which is 590 m long and its mother well is 12 m deep was excavated in 2011 for a 

better exploitation of the water tables in the Baladeh drainage plain. The tunnels are 

reinforced by kavals and its well shafts’ openings are sealed by covers. A 400 m long kaval 

of 250 mm diameter transfer the water from a pool built at its outlet to the main canal of 

Baladeh.  
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4.a.7.5.15. Zir Gavbili Qanat  

This qanat is 1200 m long and its mother well is 20 m 

qanats have a single outlet. The water yield is transferred via a 400 m long ditch to the main 

canal of Baladeh at Sar Takht. 200 meter of its gallery has already been 

its well shafts need to be protected by cutoff walls and covers, the pl

agenda. Qanat is in good condition

 

4.a.7.5.16.  Measure taken for the maintenance of 

Considering the current situation of 

supply of the region, its maintenance, and conservation have always been of topmost priority 

for the locals during its long history. Due to the vulnerability of qanats to earthquakes and 

floods, the present condition of qa

lifetime. Some of the maintenance works carried out in the last 50 years are outlined below: 

- Some fifty years ago, a part of Shashtu which had been damaged by flood was repaired by 

the construction of a new bypass gallery and its water discharge increased. In later years to 

prevent water drainage on river bed, its course was diverted and its water was directed to 

Haji Ābād village via an earthenware 

- Baladeh qanat concil constantly performs maintenance and 

of Baladeh; 

Photo  4-24. Lā
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This qanat is 1200 m long and its mother well is 20 m deep. It joins Zané qanat and both 

qanats have a single outlet. The water yield is transferred via a 400 m long ditch to the main 

akht. 200 meter of its gallery has already been cleaned

its well shafts need to be protected by cutoff walls and covers, the plans of which is on the 

agenda. Qanat is in good condition   

Measure taken for the maintenance of Baladeh Qanats  

Considering the current situation of Qanat of Baladeh and the vital role it plays in water 

supply of the region, its maintenance, and conservation have always been of topmost priority 

for the locals during its long history. Due to the vulnerability of qanats to earthquakes and 

floods, the present condition of qanat shows that it has received due attention during its 

lifetime. Some of the maintenance works carried out in the last 50 years are outlined below: 

Some fifty years ago, a part of Shashtu which had been damaged by flood was repaired by 

f a new bypass gallery and its water discharge increased. In later years to 

prevent water drainage on river bed, its course was diverted and its water was directed to 

illage via an earthenware kaval;  

constantly performs maintenance and lāyroobi operations for 

 

. Lāyroobi  operations at Baladeh; source: ICQHS 
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anat and both 

qanats have a single outlet. The water yield is transferred via a 400 m long ditch to the main 

cleaned and four of 

ans of which is on the 

the vital role it plays in water 

supply of the region, its maintenance, and conservation have always been of topmost priority 

for the locals during its long history. Due to the vulnerability of qanats to earthquakes and 

nat shows that it has received due attention during its 

lifetime. Some of the maintenance works carried out in the last 50 years are outlined below:  

Some fifty years ago, a part of Shashtu which had been damaged by flood was repaired by 

f a new bypass gallery and its water discharge increased. In later years to 

prevent water drainage on river bed, its course was diverted and its water was directed to 

operations for Qanat 
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- A length of 12 km of qanats’ galleries were repaired by the contributions of Baladeh 

council and financial supports of agriculture office in 1990. The remaining 6 km long 

galleries (mostly in Cheshme Mahi and Navi) have also been maintained through voluntary 

funds raised by shareholders;  

 

Photo  4-25. Renovation of water ditches; source: ICQHS 

 

- The construction of several dykes in the upper parts of qanats by Natural Resources Office 

and Ministry of Agriculture has led to an increase in qanats’ water discharge;  

- Some well shafts and the gallery are restored by kaval gozāri;  

- Covering the open parts of qanats has increased its water yield; 

 

Photo  4-26. Kaval reinforcement works for Baladeh Qanat; source: ICQHS 
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The maintenance and lāyroobi operations are as old as qanat itself. Major maintenance and 

renovation works started in 1982 by close cooperation of Ferdows agriculture. Presently a 

major part of water passages have been repaired to prevent water drainage.  

Some of the old maintenance works done up to 1994 include:  

a. Restoration of Sheshtu qanats: These qanats were restored and dredged 50 years ago and 

some new wells were dug which increased water yield to 8 inches in summer and 20 

inches in winter;  

b. Maintenance works to prevent water drainage by casing the ditches with earthenware tiles 

from Ghale Zard hill up to Haji Ābād village; 

c. Lāyroobi the qanats; 

d. Restoration of 12 km qanat by the contribution of Baladeh council and Ministry of 

Agriculture in 1990. This plan connected Sheshtu qanat to the main canal. This canal 

passes from behind Haji Ābād village and at a place called “Sar do Sar” where several 

qanats meet Sheshtu, enters the main canal; 

e. Construction of three barrages: they were constructed by Ministry of Agriculture near Lotf 

Ābād village. 
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4.a.7.6. Qanat of Zārch, Yazd  

In recent years, Zārch has been used for the irrigation of crop fields. The areas irrigated by 

this qanat is estimated to be about 300 hectares, which shows the effective role of this qanat 

in agricultural domains of this region. This qanat consists of three branches called Shur, 

Shirin and Ebrīhim Khavidaki, the only operational branch is Shur. The qanat has a gradient 

of about 0.5 per 1000, and some new wet zones of about 250 m long have been added to it in 

the past 25 years. The well shafts in the new wet zone are spaced at 170 m distance while in 

the old wet zone they are spaced at 80 m distance from each other, this distance decreases to 

50 m in the dry zone of qanat. The overall structure of qanat has been preserved and it is in 

good working condition. 

   

Photo  4-27. View of gallery of qanat; source: ICQHS 

 

The average diameter of the well shafts is 75-80 cm and the height of galleries is about 1.8 m 

and their width is 60 cm. In addition to circular shafts, some shafts are rectangular of 60×100 

cm dimension. The soil texture of qanat’s bed from the start to the end is mostly composed of 

clay, cobblestone, and aggregate, the clay puddles on the route are compressed and compact. 

On some parts of qanat’s course at Nosrat Ābād district, parts of galleries’ roofs have been 

reinforced by stone works to prevent cave-in. Nowadays, kavals are used in galleries and well 

shafts to prevent further damage. There is no gaseous zone on the routes of Qanat of Zārch, 

therefore there has been no need for the digging of Jofte Bādoo wells
3
. Like other qanats, 

Zārch has received effective maintenance works during the past few years, measures taken 

include: lāyroobi, paving, kaval gozāri and pishkār kani.   

    

Photo  4-28. View of gallery; source: ICQHS 

 

                                                      
3
 These are shafts which are excavated for air ventilation of qanat galleries  
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A summary of maintenance works and relevant costs which have been carried out by Yazd 

agriculture since 1999 is presented in Table 4-4.  

 

Year Volume of lāyroobi works Location Funds from 

1999 750 m 
from Nosrat Ābād to Darvazé 

Quran (gate) 

national 

budget 

2000 5 km 
from Quran Gate to Amir 

Chakhmāq 

ex gratia 

fund 

2000 10.9 km 
from Amir Chakhmāq to 

Khovidak 

national 

budget 

2001 400 m 324 m kaval laying at Chardah Poushté 
national 

budget 

2003 

250 m along with 40 m 

rubble removal 80 m 

expansion of wet zone and 

digging of 80 m well shafts 

at Shakhe Shur note 18 

2003 
50 m plus 105 m expansion 

of wet zone 
in the wet zone of Shakhe Shur note 6 

Table  4-4. Maintenance works done for Qanat of Zārch  

 

According to the latest monitoring reports, a length of about 30 km is in need of lāyroobi. 

The calcareous parts of the qanat’s galleries have been broken and removed and based on the 

report of 2005, a span of 15 km was in need of kaval gozāri which has been done during the 

past years. Lāyroobi, removal of calcareous sections and kaval gozāri operations are some of 

the maintenance works which aim to prevent water flow decrease whereas expanding the wet 

zone section aims to increase water discharge. The wet zone expansion works go back to 

1973, the records of which are available in the archives of Yazd Water Company. To increase 

water discharge, at the spot of its mother well a span of 180 m long wet zone in the upland 

fluvial in the southeast direction along the water routes which now provides a major part of 

this qanat’s water.  

  

Photo  4-29. Towqeh chini of shaft wells; source: ICQHS 
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4.a.7.7.  Hassan Ābād-e Moshir Qanat, Yazd  

Dehno-Hassan Ābād Qanat is one of the main sources for the supplying of water for 

irrigation purposes of nearby villages and towns. This qanat has created a green ecology in 

this region, the preservation of which is dependent on this qanat’s fresh and incessant water 

supply. So its water discharge is constantly checked and its various sections are controlled 

throughout the year to make sure that it is in good working condition.  

Based on the reports prepared by local moqannis, some of the well shafts need to kaval 

gozāri. Based on the survey maps and hydrological examinations, in order to provide a better 

water flow in the galleries, certain sections will be deepened. The total length of the 

maintenance works is 6200 m done in 30 spots.  

 

4.a.7.7.1. Maintenance works done at Hassan Ābād-e Moshir Qanat 

Major maintenance works done in the past 50 years:  

Some of the maintenance works which have been systematically conducted over years 

include: kaval placement, installation of covers, all or some of these measures are still 

undertaken each year. Some other conservation works such as the removal of debris from 

galleries and cleaning may have been conducted several times in a single year on the basis of 

galleries cave-ins. Every 2 or 3 years, the entire length of galleries is dredged. Some other 

maintenance and restoration works have been done to deal with the emerging problems.  

 

No Work description Period 

1 lāyroobi  Every few years 

2 earthenware kavals placement in the galleries since 1861 till now 

3 debris removal frequently since its inauguration 

4 casing with rings Since 1992 till now 

5 changing a part of qanat course 2003 

6 building cutoff walls around well shafts since 2004 till now 

7 covering the open ditches 2004 

8 constructing recharge barrage / dyke 2005 

9 placing covers on well shafts since 2005 till now 

10 repair and restoration of wet zone wells 2004 

11 transforming gallery to canal 2005 

12 breaking the calcareous floors and removing the pieces 2011 

Table  4-5.  Conservation and expansion works for Dehno-Hassan Ābād Qanat in the past 50 years
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4.a.7.8. Ebrāhim Ābād Qanat, Ar

The integrity of qanat construction is fully preserved and its components such as well shafts, 

galleries and outlets are carefully monitored by local 

conservation plans developed in recent years, qanat enjoys good working cond

well shafts of this qanat can be divided into several categories: 

A. Open well shafts without any 

relatively firm walls. 

Number of well shaft on map 

A-81 

A-87 

A-157 

A-163 

Table  4-6. Location

 

B. Open well shafts with kaval

loose soil texture that give way. In the shallow parts of qanat, the entire well shaft is 

kaval cased, but in deeper areas, few meters of the well shaft near the surface have 

been cased with kavals. 

C. Well shafts with support cutoff walls. Since Ebr

a flood plain, many well shafts have been protected by a cutoff wall. 

D. Well shafts cut off from galleries. Certain w

off from galleries to prevent obstruction of water tunnels. 

Photo  4-30. Sang bandi or Sang chini in Ebr
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, Arāk, Markazi  

The integrity of qanat construction is fully preserved and its components such as well shafts, 

galleries and outlets are carefully monitored by local moqannies. In sum, due to the 

conservation plans developed in recent years, qanat enjoys good working cond

well shafts of this qanat can be divided into several categories:  

Open well shafts without any kaval gozāri parts, which implies that these shafts have 

 
UTM 

Well depth Wall texture
X Y 

413576 3785033 7/7 clay

413778 3785024 8/7 aggregate

416208 3784555 18/865 fine sand and clay bedding

416295 3784633 19/45 fine sand and clay bedding

Location of open well shafts without ring casing 

kaval casing. The walls of these well shafts often are of 

loose soil texture that give way. In the shallow parts of qanat, the entire well shaft is 

cased, but in deeper areas, few meters of the well shaft near the surface have 

Well shafts with support cutoff walls. Since Ebrāhim Ābād Qanat passes through 

a flood plain, many well shafts have been protected by a cutoff wall.  

ll shafts cut off from galleries. Certain well shafts have been completely 

off from galleries to prevent obstruction of water tunnels.  

 

. Sang bandi or Sang chini in Ebrāhim Ābād Qanat; source: ICQHS
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The integrity of qanat construction is fully preserved and its components such as well shafts, 

In sum, due to the 

conservation plans developed in recent years, qanat enjoys good working conditions. The 

which implies that these shafts have 

Wall texture 

lay 

ggregate 

ine sand and clay bedding 

ine sand and clay bedding 

casing. The walls of these well shafts often are of 

loose soil texture that give way. In the shallow parts of qanat, the entire well shaft is 

cased, but in deeper areas, few meters of the well shaft near the surface have 

anat passes through 

ell shafts have been completely cut 

 

source: ICQHS 
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Due to the constant monitoring and maintenance works done in this qanat, it is in a 

good operational condition. The width of qanat is not fixed and it varies from 4 m to 

0.35 m and its height also changes from 3 m to 0.55 m in some places.   

One main factor which has contributed to this wide variation concerns the frequent 

cave-ins, lāyroobi works, and widening the breadth of galleries. Presently the walls 

of the galleries enjoy a relative stability. Maintenance works at the well shafts 

includes kaval placement in certain wells, covering the mouth of all open wells, 

making bypass galleries, reinforcing the walls by means of brick, stone or lumber.  

  

Photo  4-31.   Conservation activities; photo by: S.H. Rashedi, 2014 
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Figure  4-7. Baghal bori in gallery of Ebrāhim Ābād Qanat; source: ICQHS 
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4.a.7.8.1. Conservation works at Ebrāhim Ābād Qanat  

 

 

Maintenance works Time Results 

relocating qanat’s outlet and changing 

the course of a section leading to the 

outlet 

some 150 

years ago 

moving the outlet from graveyard edge to 

the center of village 

emptying the caved-in well 
about 100 

years ago 

after building a bypass gallery, the caved-

in well was emptied 

building by-pass galleries 1958 renovating a short span in the dry zone 

qanat lāyroobi  1963 

modifying the slope of a section in dry 

zone which led to an increase in water 

discharge 

few well shafts which were in danger of 

collapse were cased with concrete rings 
1973 stabilization of well shafts 

concreting the open ditches and ring 

casing of few wells 
1976 

concreting the ditches and controlling the 

vulnerable well shafts by ring casing 

ring casing few well shafts 1977 stabilization of well shafts 

ring casing few well shafts 1978 stabilization of well shafts 

lāyroobi of qanat, removing caved-in 

debris, ring casing of few well shafts 
1982 

repairing the damages caused by flood, 

stabilization of damaged well shafts 

lāyroobi of qanat, removing the debris 

of collapsed galleries, ring casing of few 

well shafts 

1993 

because of flood, qanat was out of service 

for three months, but emptying the 

collapsed well, water flow resumed 

flowing once again 

lāyroobi  2004 
lāyroobi, gradient correction, ring casing 

of few well shafts 

lāyroobi  2005 lāyroobi, gradient correction 

lāyroobi  2007 
lāyroobi, gradient correction, ring casing 

of few well shafts 

lāyroobi  2009 lāyroobi, gradient correction 

lāyroobi  2010 lāyroobi, gradient correction 

research project on public irrigation 

channels of central province 
2011 

research project for the transfer of 

Ebrāhim Ābād Qanat’s water 
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4.a.7.9.  Qanat of Vazvān, Esfahan  

As one of the important qanats of Esfahan province, this qanat is managed and maintained by 

its shareholders under the supervision of qanat council. Because of the constant and timely 

maintenance works rendered to this qanat and the funds raised by Jihad Office in the past few 

years, it is in good functional condition.  

Water easily and smoothly flows in qanat’s galleries, a performance which can be attributed 

to constant lāyroobi and maintenance works. To prevent the collapse of galleries’ walls and 

ensure an incessant water flow, certain sections have been reinforced by the construction of 

vaulted roofs.  

Galleries and well shafts of this qanat are presently in good working condition. Since part of 

Qanat of Vazvān passes through Meyme city, (about 600 m of its wet zone), and in order to 

prevent contamination, the well shafts have been clogged up in this section. Thanks to the 

maintenance works achieved by agriculture of Shahin Shahr, Meyme and Vazvān council, the 

overall structures of this qanat and its dykes are satisfactory. Presently its water discharge is 

50 lit/sec which is used for irrigation purposes. Many people’s livelihood is directly related to 

this qanat.    

 

4.a.7.9.1.  Maintenance and restoration measures done for Qanat of Vazvān  

The maintenance and restoration works done for this qanat include: gallery enlargement, 

stone casing the shafts, opening the water passages and lāyroobi. The walls of galleries which 

are prone to collapse are reinforced by the construction of stone or brick support walls. Two 

slanting stones are placed in the ceilings of most galleries.   

   

Photo  4-32.  Old stone casing in well shaft (left & middle); Placing slabs in gallery’s ceiling (right); source: ICQHS 
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Lāyroobi is one of the conservation measures which is periodically performed by local 

moqannis under the supervision of qanat council. Different sections of qanat are inspected 

every month. 

 

Photo  4-33. Qanat gallery in dry zone towards its outlet (left) 

The use of oval rings for gallery reinforcement (right); source: ICQHS  

 

No. Date scope of work Employer 

 

1 

 

2009-10 

Installation of covers, ring casing well shafts, debris removal 

from shafts and galleries, lāyroobi of galleries (up to 40 cm), 

sediment removal, gallery enlargement (20 cm), mortaring the 

cracks of rings, framing the well shafts’ rings 

Agriculture of 

Barkhar and 

Meyme towns 

 

2 

 

2009 

Installation of reinforced concrete covers (10 cm thick and 100 cm 

circumference), ring casing of well shafts and galleries for 

reinforcement, debris removal from shafts and galleries up to 20 

m depth, lāyroobi of galleries (up to 40 cm), sediment removal, 

gallery ceiling enlargement (20 m), mortaring the cracks of rings, 

framing the well shafts’ rings, excavation of well shafts of 100 

cm diameter 

Agriculture of 

Barkhar and 

Meyme towns 

3 2009-11 

lāyroobi the galleries up to 20 cm. drilling well shaft in soft lands 

up to 20 m deep, installation of covers, ring casing, kaval and 

ring reinforcement, mortaring the galleries’ rings 

Agriculture of 

Barkhar and 

Meyme towns 

Table  4-7. Contract for maintenance works 



    g{x cxÜá|tÇ g{x cxÜá|tÇ g{x cxÜá|tÇ g{x cxÜá|tÇ dtÇtàdtÇtàdtÇtàdtÇtà                                                                                                                                                                                                                                                              

4.a.7.10. Mozd Ābād Qanat, Meyme, Esfahan

Based on periodic and regular monitoring, the qanat is in good working condition. Those 

gallery walls which are prone to collapse have been reinforced by brick or stone support 

walls. The ceilings of its galleries have also been repaired in recent years. 

Major maintenance works at this qanat revolve around works connected to prevention of 

cave-ins. So by monitoring, those sections which are vulnerable are reinforced by stone or 

kaval. 

In some parts of the qanat course, a separate by

undamaged sections of the gallery. Parts of M

galleries. 

Another common maintenance work in this qanat relates to the deepening works which are 

done in order to reach waters in lower and deeper layers. Leveling the galleries' floor and 

filling up the pits is another type of maintenance works which aim to allow a

smoother water flow.  

Photo  4-34.  A stone cased well a

Photo  4-35. Re
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d Qanat, Meyme, Esfahan 

Based on periodic and regular monitoring, the qanat is in good working condition. Those 

gallery walls which are prone to collapse have been reinforced by brick or stone support 

walls. The ceilings of its galleries have also been repaired in recent years.  

Major maintenance works at this qanat revolve around works connected to prevention of 

, those sections which are vulnerable are reinforced by stone or 

In some parts of the qanat course, a separate by-pass gallery is done to 

undamaged sections of the gallery. Parts of Mozd Ābād Qanat are constructed by

Another common maintenance work in this qanat relates to the deepening works which are 

done in order to reach waters in lower and deeper layers. Leveling the galleries' floor and 

filling up the pits is another type of maintenance works which aim to allow a

 

.  A stone cased well and a stone cover for well shaft; source: ICQHS 

  

. Restoration of qanat's galleries; source: ICQHS
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Based on periodic and regular monitoring, the qanat is in good working condition. Those 

gallery walls which are prone to collapse have been reinforced by brick or stone support 

Major maintenance works at this qanat revolve around works connected to prevention of 

, those sections which are vulnerable are reinforced by stone or 

 connect two 

d Qanat are constructed by-pass 

Another common maintenance work in this qanat relates to the deepening works which are 

done in order to reach waters in lower and deeper layers. Leveling the galleries' floor and 

filling up the pits is another type of maintenance works which aim to allow a better and 
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Since ancient times up to now, to safeguard qanats against floods, some well shafts have been 

blocked in a traditional manner. 

Photo  4-36. Placing a concrete 

As moving from qanat's outlet towards its mother well, the 

of these created spaces are the result of annual 

No. 92 up to the new dyke, the width of galleries varies from 60 to 80 cm and the height 

changes from 2.5 m to 7 m.  

Due to the geological conditions

sections. Moreover, in the upper section of the new 

wet zone, parts of the walls have 

height gets to 5-6 m in some sections. The gallery of Sural

its floor deepened. Due to the rig

witnessed lesser collapses and the width of the galleries seldom exceed 80 cm, but the height 

of the galleries reach to 7 m at some spots. It needs to be noted that the height of galleries 

varies from 3 to 7 m, and the width gets so narrow at some spots that a man can hardly pass 

through it.  

Photo  4-37. Qanat gallery of Surale branch
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Since ancient times up to now, to safeguard qanats against floods, some well shafts have been 

blocked in a traditional manner.  

 

. Placing a concrete cover over well shaft mouth; source: ICQHS 

from qanat's outlet towards its mother well, the height of galleries increases

the result of annual lāyroobi works. At the proximity of well shaft 

, the width of galleries varies from 60 to 80 cm and the height 

geological conditions, the width of galleries has increased to 3-4 m

sections. Moreover, in the upper section of the new dyke, since the galleries are located in 

wet zone, parts of the walls have expanded thus creating a 3.5 wide gallery. The galleries 

6 m in some sections. The gallery of Suralé branch has also been dredged and 

its floor deepened. Due to the rigidity of the soil textures, the walls of this qanat have 

witnessed lesser collapses and the width of the galleries seldom exceed 80 cm, but the height 

of the galleries reach to 7 m at some spots. It needs to be noted that the height of galleries 

m 3 to 7 m, and the width gets so narrow at some spots that a man can hardly pass 

 

. Qanat gallery of Surale branch; source: ICQHS  
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Since ancient times up to now, to safeguard qanats against floods, some well shafts have been 

 

 

increases, most 

At the proximity of well shaft 

, the width of galleries varies from 60 to 80 cm and the height 

4 m in some 

, since the galleries are located in 

ed thus creating a 3.5 wide gallery. The galleries 

branch has also been dredged and 

idity of the soil textures, the walls of this qanat have 

witnessed lesser collapses and the width of the galleries seldom exceed 80 cm, but the height 

of the galleries reach to 7 m at some spots. It needs to be noted that the height of galleries 

m 3 to 7 m, and the width gets so narrow at some spots that a man can hardly pass 
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In order to prevent possible cave-ins in parts of the gallery which were prone to collapse, the 

ceilings have been covered by large slabs. To do so, an artificial room made of two parallel 

stone walls is constructed inside the gallery and a big slab is placed over the walls. Some of 

these support structures are made of brick and recently of earthen blocks.  

   

Photo  4-38. A part of gallery towards its outlet at 3-4 m distance from old dyke, 

parts of the gallery have been roofed by slabs in the past; source: ICQHS 

 

   

Photo  4-39. The roof reconstructed recently; source: ICQHS 

 

During a maintenance operation which continued from 2007 to 2011, all the components of 

qanat were restored by traditional methods. By conserving the totality of the dykes, they are 

still used for water storage.  
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4.a.7.10.1. Conservation measures at Mozd Abad Qanat  

Lāyroobi operations are carried out every year at Mozd Ābād Qanat, these operations which 

start in May last for 6 -7 months.  

Agriculture has funded the maintenance and restoration projects which are done by local 

contractors. The qanat council cooperates with Agriculture and acts as the consultant and 

supervisor for good performance of contractors. A summary of the projects carried out by 

Agriculture is presented below:   

No. Date Conservation activities 

1 2006 restoration of Mozd Ābād Qanat done in old methods 

2 2007 soil removal through well shafts  

3 2007 

excavation through well shafts 

placement of concrete blocks over well shafts (riprap) 

construction of one layer of block with mortar  

installation of manhole covers for well shafts  

excavation and earth filling  (3 m deep and 170 m long)  

installation of earthen kavals and stabilizing them   

4 2007 
roofing the galleries (500 m long) from well shaft no 57 to 99. A height of 5.1 m and 

width of 60 cm- debris removal caused by roofing operations in galleries  

5 2007 

lining mud covering 

mud removal from 50-60 m well shafts (20 well shafts, total length 200m) From 

Esfahan-Tehran Highway towards mother well     

6 2008 

emptying Mozd Ābād well shafts, block casing the well shafts (riprap), casing with 

concrete blocks (5 well shafts, up to 50 m deep), providing manhole covers for five 

well shafts      

7 2010 
opening the blocked well shafts, preparation and installation of covers for well shafts, 

lāyroobi a length of 37 m of galleries up to 20 cm deep  

Table  4-8. Conservation activities 
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4.a.7.11. Qanat of the Moon, Ardestān, Esfahan  

The Qanat of the Moon is one of the well-known qanats of Ardestān town. It stretches for 2-3 

km and has two separate outlets (at 200 m distance from each other) irrigating about 100 

hectares of farmlands. The qanat is in good working condition and is regularly monitored by 

experienced well-sinkers.  

 

Photo  4-40. One of the well shafts with its suitable cover; source: ICQHS 

 

Maintenance works are mostly concentrated on prevention of cave-ins. So by periodic 

inspection, those sections of qanat which are likely to fall down are reinforced by kaval, ring 

or stone support walls.  

 

  

Photo  4-41. View of reinforcement works done in down outlet; source: ICQHS 
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Photo  4-42. View of upper gallery, stone and kaval gozāri; source: ICQHS 

 

   

  

Photo  4-43. Kaval gozāri and other restoration works; source: ICQHS 
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4.a.7.12. Qanat of  Gowhar-riz, Jupār, Kerman  

At the beginning, this qanat has been one single qanat but gradually other branches have been 

added to it. Since it is bordered by mountains, therefore its expansion has been impossible, as 

a result in an attempt to increase its water discharge, new branches have been added to it. 

Presently this qanat is composed of 6 branches and in case there is enough precipitation at 

upland mountains, all six branches will be operational. In fact, fluctuations in annual rainfall 

can directly affect water discharge of this qanat. The results of measurements done in the 

mother well and well shafts show that the deepest mother well belongs to branch no. 6 

(Hassan Yusef) which is 50.03 m deep. The shallowest mother wells is found in Haj 

Mohammad Noush branch which is 32.30 m.  

The results of chemical analysis show that this qanat enjoys high quality water for both 

human consumption and irrigation purposes. Since the basin of this qanat is situated in 

cretaceous limes, it is not exposed to contamination and its water quality is satisfactory (See 

monitoring appendix IV). 

Though water volume decreases in winter and it makes lāyroobi easier, nonetheless due to 

the bitter winter cold of this region, lāyroobi operations are performed during warm months 

of the year (from May to October).  

 

4.a.7.12.1. Conservation measures at Qanat of Gowhar-riz  

The most important maintenance and conservation works carried out at Qanat of Gowhar-riz 

include:  

- Placing covers on most well shafts in 2008 (presently 90% of well shafts have concrete 

covers); 

- Lāyroobi in 2007 (about 40% of Hussein Yusefi branch);  

- Construction of pāyāb in 2005;  

- Lāyroobi in 2005;  

- Lāyroobi in 1993 (coinciding with International Qanat conference of Yazd).  
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No. Work scope Unit Amount 

1 lāyroobi up to 20-30 m above water surface m
3
 683/68 

2 lāyroobi up to 20-30 m below water surface " 511/33 

3 lāyroobi up to 40-50 m below water surface " 237/756 

4 reinforcement works with mortar and boulder " 149/899 

5 concrete block work " 126/66 

6 brick lining with sand and lime bricks " 11/606 

7 plastering with mortar m
3
 73 

8 landscaping of boulders " 88/775 

9 pointing of boulders " 88/775 

10 
covering the vertical surfaces with a mud and hay 

mixture (3 cm thickness) 
" 249 

11 Formworks " 7/2 

12 Nay Gozari (ring casing) m 87 

13 outlet excavation " 1700 

14 fencing kg 5658 

15 anticorrosive coating " 5658 

16 concrete covers for well shafts  10 

Table  4-9. Details of lāyroobi works done at Qanat of Gowhar-riz in 2005 

 

4.a.7.13. Ghāsem Ābād &Akbar Ābād Qanat, Bam, Kerman  

One unique feature of Bam Qanat concerns its function after 2003 earthquake. The 

restoration and maintenance works for the qanats of Bam were among the effective measures 

taken after the earthquake due to the conditions of the area. As was mentioned before, the 

mother well of this qanat is fed by a basin situated behind Bam fault. The few well shafts 

here can be attributed to the fact that water level in galleries reach the ground level after a 

short distance. The mother wells of both branches are 60 m deep and each branch yields 320 

lit/sec. Due to the compact soil textures of the qanat, lāyroobi operation are not as frequent as 

other qanats here.  
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Photo  4-44. Views of Akbar Ābād & Ghāsem Ābād Qanats of Bam; source: ICQHS 

 

After the 2003 earthquake, some qanats witnessed fluctuations in their water discharge, but 

based on the statistical reports available at Soil and Water Deputy of agriculture, Ghāsem 

Ābād Qnat water yield which was 300 lit/sec before the earthquake, remained the same after 

earthquake too. The moqannis of the qanat council are in charge of conservation and 

maintenance works. One effective maintenance work relates to the repairs done for a span of 

200 m long in galleries. These operations have enabled smoother water flow in the galleries 

and the walls and roofs which were susceptible to collapse have been reinforced. All the well 

shafts have been cased with stone and some have been covered. To prevent the falling of 

foreign objects into the galleries, all the well shafts which pass through the city have been 

covered.  

 

Photo  4-45. Mother well cover of Ghāsem Ābād; source: ICQHS 
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4.b. Factors affecting the property 

The climatic factors and qanats are greatly linked, since the structure of qanat lies beneath the 

surface, the shareholders need to constantly monitor its condition to ensure an incessant water 

flow. Natural disasters and urbanism are also linked to qanats, but since most of the qanats 

are in rural areas and they are outside the city’s boundary, they are not that much affected by 

urban expansion plans. Considering the water crisis at global scale and the vital role 

underground waters play in sustainable development of countries, qanat and their 

conservation have become very important. Therefore, the government tries to safeguard and 

preserve qanats against any possible urbanism by setting constraints and strict regulations.  

 

(i) Development pressures  

Agriculture  

Development of agricultural activities which is dependent on water supplied from deep wells 

can adversely affect the water level of the aquifer. To prevent such negative impacts, certain 

measures have been proposed by the research and conservation department of water resources 

Deputy of Energy Ministry.   

 

Urban development plans  

Due to the geographical position of qanats and their distance from human habitats, human 

communities do not pose a serious threat to qanats. Based on the shareholders religious 

beliefs about the spiritual value of water and other laws and traditions for its preservation, 

shareholders hold in esteem qanat and they constantly inspect its limits to safeguard it against 

any intrusion by illegal drilling of deep wells. The parts of qanats which pass through cities 

are also protected against possible threats by strict regulation. These cities owe their existence 

to these qanats which used to supply the residents water needs stored in cisterns, irrigate the 

orchards and parks, provide kinetic energy for the running of mills and a recreation space at 

its water corridors in the past. So even city dwellers appreciated the full value of qanat and 

did their best to conserve it.  

Moreover, the exact management, exploitation and maintenance system of qanats and also 

fund raising mechanisms used for its conservation have helped the continuation of water 

supply for many cities now. There is also a codified plan prepared for the protection of qanats 

against any kind of contamination / pollution which will be offered in chapter 5 and chapter 6 

of monitoring appendix IV report. All qanats used to enjoy a buffer zone during their long 

history, a limit which has been closely guarded to guarantee the survival of the qanats.  
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As an example, when the city of Meyme expanded, there was a risk of violating qanats limits, 

to mitigate the risks of this threat, a 3 km buffer zone around qanat’s mother well was 

established in which the digging of any kind of wells, or any development or construction 

project was forbidden.  

Moreover, to prevent water pollution, a sewage and water treatment plant has been built for 

the city of Meyme, the inauguration of this water treatment plant has greatly reduced the load 

of contamination entering qanat’s basin which consequently has led to a better water quality.  

Since Akbar Ābād and Ghāsem Ābād Qanats are situated within the limits of world heritage 

Cultural Landscape of Bam, they are protected by national and international regulations. 

 

(ii) Environmental pressures  

Qanats are listed among national heritage sites for two reasons, their long history and their 

compatibility with natural environment. As was mentioned before, the inevitable expansion 

of cities and human settlements can adversely affect qanats, but the old local traditions and 

new national regulations have been developed in an attempt to safeguard the integrity of 

qanats against any possible damage. 

The survival of qanats over a long history shows the ability of shareholders and the 

traditional knowledge to protect qanats against environmental risks. For example, drifting 

sands moved by strong winds are a constant threat to qanats, and if the well shafts are not 

covered, these drifting sands enter the galleries and block the water passages, that is why well 

shafts mouths are covered by slabs. This procedure has done for eleven nominated qanats, 

and all of them enjoying the traditional knowledge and method in this case are preserved.  

 

(iii) Natural disasters and risk preparedness  

The plain floods can enter qanat galleries and damage the shafts and tunnels, in addition the 

sediment loads of floods can settle in galleries and block the passages. The silting of tiny 

particles in the wet zone can also decrease water infiltration which reduces water discharge in 

long term. Therefore, during the rain seasons when the risk of flood increases, several 

moqannis stay in the vulnerable areas to build covers for well shafts or divert flood water.  

The construction of stone and sand dykes, planting bushes or digging furrows parallel to land 

slope are some of the measures taken to decrease the flood speed, and facilitate water 

infiltration, measures which preserves qanat’s discharge during dry seasons (Kuros, 1975: 161). 

Other protection measures include: the excavation of bypass tunnel, blocking well shafts or 

constructing cutoff walls around well shafts, some of these plans like cutoff walls or dykes 

have been implemented in recent years.  
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Drought  

Qanats traditional knowledge has developed certain strategies to cope with droughts and 

ensure qanats’ survival. Changes made in cultivation, crop type and irrigation, water division 

methods and increasing water distribution cycles (creating a fair but balanced decrease in each 

shareholders) are some of the mechanisms used to deal with water shortage during dry years. 

Presently, the Regional Water Company is constantly monitoring water quality and quantity 

and in case of any changes, necessary measures are implemented. Based on the existing 

information for Qasabeh Qanat, chart 4-1 displays Qasabeh hydrograph.  

 

Chart  4-1. Qasabeh Qanat Hydrograph 

 

Due to the ban of drilling new wells in the region and better conservation works for the extant 

qanats and despite the persistent drought in the past few years, as can be observed in the 

above hydrograph, the qanat enjoys a rising trend in its water discharge. Therefore, it can be 

concluded that climatic change and drought have had no destructive impact on qanat’s water 

yield. 

 

Earthquake 

Since the qanats are an underground structures, moqannis often try to reinforce the shafts and 

galleries by traditional conservation methods such as lining, kaval gozāri, towqeh chini, and 

sang chini  to preserve qanat structures against earthquake.    
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(iv) Visitors/ tourism pressures 

Due to the unique underground structure of qanats, the presence of tourists does not have an 

adverse impact on them. Visitor pressure during Nowruz (Iranian New Year) is the only 

concern of this kind that Cultural Heritage, Handicrafts and Tourists Organization is 

improving protection and providing more visitors’ facilities in this peak of time. Preparing a 

master plan for qanat tourism which is mentioned in chapter 5 has been considered in the 

management plan too. 

 

(v) Number of inhabitants within the property and the buffer zone 

Since the qanats are mostly located outside the urban limits away from residential zones, 

there is no significant number of people in their limits. For example though no one lives 

within the buffer zone of  Qasabeh Qanat, according to the 2011 census, there are 18 villages 

and one settlement (6564 people) in the vicinity of Qasabe Qanat (limit no 2). In Qanat of 

Baladeh, there are 1469 people living in the villages located in the vicinity of Baladeh, but 

there is no rural or urban settlement in the buffer zone of this qanat. 

The catchments of Qanats of Zārch and Hassan Abād are also located in non settlement area. 

Population of the city of Zārch is 10753 with 2858 families and total population of Hassan 

Abād, Deheno and Mehriz is 9645 and the number of beneficiary households from this qanat 

is 1390. Based on available information, Ebrāhim Ābād village consisted of 507 households 

and total population of 1635 in 2012. In this qanat and also Mozd Ābād Qanat, Vazvān, 

Qanat of the Moon and also Qanat of Gowhar-riz in Jupār, since these qanats catchments are 

located outside city limits, there is no settlement in buffer zones area. The population of 

Vazvān is 4661 and 4500 people are living in Jupār. In addition, 11885 are living in Baravāt 

the region of Ghāsem Ābād and Akbar Ābād Qanats of Bam. The catchment areas of these 

two qanats are also without settlement.     
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Chapter 5 : Protection and Management of the property 

 

5.a. Ownership 

In most cases, qanats are run by a private common ownership system which has historical 

roots in Iran. This ownership system has evolved into a sophisticated water management 

structure over time. The shareholders of qanats have traditionally established some complex 

systems in order to better divide water among the farmers or the shareholders of a water 

resource, and irrigation rights are based on land ownership or time shares within a certain 

period of rotation. This water division system is consistent with all likely fluctuations in the 

volume of water during a year, while satisfying the farmers' demand for water. There is a 

special type of water clock or clepsydra to measure the irrigation time. At present, the 

ownership of eleven nominated as The Persian Qanat are generally either private or 

endowment (waqf) which is a kind of joint ownership; therefore the water is distributed 

proportionally among all residents of the region so it can be considered as a public service. 

For example, the ownership of Qanat of Baladeh has remained unchanged since around 400 

years ago and it has always been run through a petty land ownership system. But in the year 

1990 due to requirements of the time, owners of qanat water decided to change its 

administrative style from individual handling to a collective system (board of directors). 

Because of its independence from the governmental sector, the style has enjoyed great 

success as an example of NGO organization. 

 

No. Name of Qanat Waqf (%) Personal (%) 

1 Qasabeh, Gonābād 38 62 

2 Baladeh, Ferdows 60 40 

3 Ebrāhim Ābād, Arāk - 100 

4 Hassan Ābād-e Moshir, Yazd - 100 

5 Zārch , Yazd 16 84 

6 Mozd Ābād, Meyme - 100 

7 Vazvān, Esfahan - 100 

8 Moon , Ardestān 20 80 

9 Gohar-riz, Jupar, Kerman - 100 

10 
Bam (Ghāsem Ābād & Akbar Ābād), 

Kerman 
- 100 

 

On the other hand, there exists a system of so-called “water share taking” in the framework of 

qanat ownership. Here the management style as well as the ownership of qanat water is 

consisted of a constant system of “water share taking”1 with a steady water circuit over a 

long period of time. The system of “water share taking” is comprised of the share of each 

owner from the qanat water which is used according to ongoing criteria and regulations. 

                                                      
1 Haqqābe 
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5.a.1. Utilization systems of qanat water 

Among the most important privileges of qanats compared to other water resources, is worth 

mentioning the existence of a constable utilization system. 

As for the fact that qanat is regarded as the first water resource to be constructed by 

consumers themselves, they feel personally responsible for the usage and maintenance of the 

structure so that with the passage of time a series of principles and definitions were envisaged 

which later were organized into a managerial framework for utilization and maintenance. 

Because no structure remains standing without monitoring and maintenance, it can be 

concluded that the secret of qanat survival in Iran is the existence of public organization and 

utilization systems since a long time ago. Due to the fact that qanat utilization systems were 

established spontaneously according to the necessities of the time, they enjoyed great validity 

and acceptability among their users.  

Scarcity of water in the central plateau of Iran and the difficulty of utilizing groundwater 

have brought about such an accurate know-how. The existing system not only deals with the 

water owners and the water users transactions, but also indicates their commitments to 

qanats. 

 

Figure  5-1. Historical document of utilization system of qanat water; source: ICQHS 
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5.a.2. Water division system in qanat 

Qanat water for irrigation is owned by shares. In fact the farmers take turns bringing water to 

their land. For a particular shareholder, the interval between two irrigations means an 

irrigation cycle or rotation pattern of irrigation water which may take 6-21 days. For example, 

if a farmer has an irrigation right of 2 hours within a 6 day irrigation cycle, it means that he 

has the right to water his land just for 2 hours once every 6 days. The duration of the 

irrigation cycle ranges from 6 to 21 days in all over Iran, but the average is between 6 and 16 

days in most of the country, which is related to the cropping pattern. In terms of wheat and 

barley which are the most common crops in Iran, the best interval between two irrigations is 

12 days, and that is the length of the most common irrigation cycle.  

To calculate the time of irrigation they have invented a special type of water clock or 

clepsydra. Their clepsydra consists of two bowls made of copper, one of which called  fenjān 

is so small that it can freely float on the surface of water in the large one that called tās
2
. The 

floating bowl has a tiny hole at its bottom through which water can enter the bowl and 

gradually fill it up. After being filled which may take a certain time, the small bowl sinks in 

the water and bumps on the bottom of the large bowl. As soon as the bump is heard, a unit of 

time is over, so the time between the two bumps equals a certain unit of time. One can also 

find marks cut into the inner side of the small bowl, which divide this unit of time into shorter 

fragments.  

 

Photo  5-1. Timing water shares by means of a traditional clepsydra; source: ICQHS 

 

The time it may take the small bowl to be filled and sink varies from area to area in the central plateau 

of Iran. Some different types of clepsydra in some areas were examined as shown in the following 

table. 

                                                      
2
 Fenjān and tās have different pronunciations in different places in Iran. 
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Location 
Time (for 1 bump) 

(hour: minute: second) 

Kol-e Birjand 00:24:00 

Shahik-e Qayen 00:22:30 

Khor-e Birjand 00:17:00 

Kadekan 00:15:00 

Sarbisheh, Zirkooh-e Qayan, Darmian-e Birjand 00:12:00 

Yazd 00:11:15 

Zoozan, Boshrooyeh 00:10:00 

Fakhrabad-e Bajestan, Eshgh abad-e Tabas 00:09:00 

Bilond-e Gonbad 00:08:30 

Gonbad 00:08:24 

Dihook-e Tabas 00:08:00 

Khanik-e Gonbad 00:07:30 

Abriz-e Qayen 00:07:00 

Aboojafari-e Boshrooyeh, Kakhk 00:06:00 

Khosro Jerd-e Sabzevar 00:05:00 

Serend-e Ferdows 00:04:44 

Bajestan 00:04:36 

Tabas 00:04:00 

Ferdows 00:03:00 

Table  5-1. Different types of clepsydra 

 

Sometimes, in a certain area, the unit of time may vary with the season and the period of 

rotation within which the irrigation rights have been defined. For example, the water of 

Gonābād qanat is still used to irrigate lands and farms of  Qasabeh and Noghāb that are 

situated in the east of Gonābād. An area of 685 hectares is irrigated by this qanat and 2000 

shareholders are entitled to it. In addition, the Qanat of Zārch has a perfect system of water-

rights measurement and ownership. The cycle of irrigation of this qanat is once every 15 

days, in other words, each farmer can use his water right every 15 days. These cycles amount 

to 24 rounds per year. Each round is 140 joré and each joré equals about 11 minutes. So, the 

15 day's cycle of water consists of 12,600 shares or 2,100 joré. This qanat is owned by the 

farmers. Research on records kept in the register office of Zārch identified 1037 stakeholders, 

holding 11,656 shares out of 12,600  the ownership of the other 944 shares remains uncertain, 

maybe because some farmers have not got around to registering their shares. The Qanat of 

Zārch is managed by the qanat council, benefiting from a custodian to deal with its affairs.  In 

addition, some other people, including the supervisor, manager and water distributor (mirāb) 

with defined duties are involved in the issue. Furthermore, a representative (namāyandeh) was 

traditionally appointed to investigate any issues/problems.  

Due to the complexity of the water division among the shareholders who may number over 

500 individuals (as in the Qasabeh Qanat in Gonābād), there are some professionals named 

mirāb who are in charge of distribution of water among the farms, and are paid by all the 

shareholders. While giving water to a shareholder, the mirāb also has to consider the time it 
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may take the qanat flow to get to the given farm. For example, if someone has a right to 46 

minutes irrigation, and if it takes the flow of

would be allowed to use the water for 50 minutes. Therefore, the 

water among the farms so that as little water as possible is be wasted along the ditches. Doing so, the 

mirāb is familiar with the locations 

The mirāb has a notebook too, including all the irrigation rights in detail, so if the shareholders want 

to sell or buy any rights they should let the 

discharge qanats, the water flow may be divided into separate streams before being utilized. There is 

usually a special structure named maqsam

shareholders have agreed on.  

Photo  5-2. Qanat of Gowhar

Photo  5-3. Traditional structure named maqsam for dividing water into four streams,

each of which goes to a partic

                                                                                                                                                                                                                                                                                                                    

367 

Protection and Management of the Property   

may take the qanat flow to get to the given farm. For example, if someone has a right to 46 

minutes irrigation, and if it takes the flow of water 4 minutes to arrive in their farm

would be allowed to use the water for 50 minutes. Therefore, the mirāb does his best to distribute the 

water among the farms so that as little water as possible is be wasted along the ditches. Doing so, the 

is familiar with the locations and characteristics of all the ditches leading water to the farms. 

has a notebook too, including all the irrigation rights in detail, so if the shareholders want 

to sell or buy any rights they should let the mirāb know about any transaction. In the case of high 

discharge qanats, the water flow may be divided into separate streams before being utilized. There is 

maqsam which consists of outlets of different sizes on which the 

 

. Qanat of Gowhar- riz maqsam; source: ICQHS 

 

. Traditional structure named maqsam for dividing water into four streams,

of which goes to a particular village (province of Yazd); source: ICQHS 
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may take the qanat flow to get to the given farm. For example, if someone has a right to 46 

water 4 minutes to arrive in their farm, then they 

does his best to distribute the 

water among the farms so that as little water as possible is be wasted along the ditches. Doing so, the 

and characteristics of all the ditches leading water to the farms. 

has a notebook too, including all the irrigation rights in detail, so if the shareholders want 

he case of high 

discharge qanats, the water flow may be divided into separate streams before being utilized. There is 

which consists of outlets of different sizes on which the 

. Traditional structure named maqsam for dividing water into four streams, 
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The water-right timing system, ownership and management system of qanat, and the 

remaining deeds of endowment all show how much our ancestors were concerned about these 

three fundamental elements: effective preservation, renovation and sustainable exploitation of 

this ancient hydraulic structure. 

Traditional water division systems exemplify the soul of coexistence and cooperation which 

pull people together in the region in the course of history. Cooperation among a particular 

society is considered kind of intangible social capital which proves a predisposition for 

development. In other words when a society has a strong tendency toward cooperation, 

economic activities which are contingent on social convergence would better take place and 

thrive. In traditional water division system, a slight disagreement between some water 

shareholders can throw all the irrigation system into disorder, leading to the annihilation of 

the local economy. Therefore, consensus is what everybody profits from, and the water 

management system has evolved into a state that now guarantees the collective interests. We 

believe that the traditional water management system has nourished social convergence on 

which "cooperation" has been established. Though soul of cooperation is rooted in water 

management, it has spread to the other social domains such as family life, education, 

production, etc. Even today it is easier to bring people together to launch a cooperative 

economic activity in the regions with a history and tradition of water management than the 

regions where lack such a social foundation. Water has always been the cornerstone of 

civilizations in the arid and semi arid regions of Iran and all the social foundations revolving 

around water have become a kind of model for the other aspects of social life. That is why we 

put a great emphasis on preserving traditional water management systems which can instill 

the soul of cooperation in all the aspects of social life. Qanat water division systems can 

create a special moral paradigm which benefits the same traditional water management 

systems to work properly. We believe that irrigation efficiency is not the only outcome of 

such systems, but also social convergence, lawfulness, cooperation, etc are their spontaneous 

results which can make up our social capital.
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5.b. Protective designation 

As explained in previous chapters, an extensive part of the country is arid or semi-arid lands, 

with an average rainfall not exceeding 250 mm a year. In this part there are almost no 

permanent surface streams, therefore in central Iran all agricultural systems as well as human 

civilizations have always relied on groundwater, mostly obtained through qanats.  

In the course of history throughout Iran, wherever the farm has needed to be irrigated, there 

have been water management and division systems. For the major water resources such as 

rivers, central governments used to take control of the water management systems, whereas 

the management of minor resources such as qanats had nothing to do with the state and were 

largely managed by private individuals, especially the local landlords and farmers. The water 

management systems have always played an important role in Iranian civilizations, and 

according to some thinkers many economic and political structures in Iran have historical 

roots in these systems. 

The traditional management system of qanat contains all measures related to the qanat 

system, such as water distribution, conservation and restoration as well as its social aspects. 

This traditional management is continually working now through the qanat councils in 

various part of Iran where this system exists.   

In order to set out a comprehensive policy to manage and safeguard this system, the inclusive 

protection design has been considered. In this protective designation, cooperating of the users 

and local farmers takes place through qanat councils with support of governmental 

organizations such as Ministry of Agriculture, Ministry of Energy, and Cultural Heritage 

Organization. Besides, there is wide-ranging polices as qanats legislation. According to the 

importance of qanats, the societies established very strong rules for operation and 

maintenance of this system. In the course of time, by the experiences gained, these rules have 

been improved and transferred from one generation to the next, and finally the administrative 

and legislative aspects of qanats became an important issue. 

 

5.b.1. Qanats and land in Iran 

Before the enforcement of the Land Reform Law, the relationship between qanat and land 

hinged on the ownership system. If a qanat was owned by farmers, the water ownership was 

independent from that of the land, whereas in a landlord-owned qanat, water and land were 

detachable. Nowadays almost all the qanats have a water management system in which water 

is owned separately from land. It is worth noting that qanat is a man-made structure which 

consumes a lot of money, labor and time to be created, and is substantially different from a 

natural water resource which has nothing to do with human activities. Needless to say,  

people put a value on things that they spend labor, time and money on. That is why the 

ownership of water in case of qanats always tends to be separate from that of land, whereas 

natural water streams are not separated in this way.  
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The following pictures are some proofs according to which the properties of a person named 

Mohammad Ali Manshadi were inherited by his offspring in 1864 in the village of Manshad 

some 30 km southeast of Yazd. These proofs show the traditional way in which people used 

to view the ownership of qanat. Some lands were left to his son Ahmad, whereas some water 

shares were handed over to his daughters Khadijeh and Ma'soomeh. 

 

Figure  5-2. Proofs of qanat water shares coming down by inheritance; source: ICQHS 

 

5.b.2. Qanat legislation 

5.b.2.1. Laws and regulations concerning underground water resources 

Many of legislations related to water inherently depict issues about water resources 

ownership or water conservation. Here a brief chronology of laws related to water resources 

in general and those concerning qanats in particular are presented: 

- Articles 27, 29, 96, 100, 134. 147. 148, 149, 150-158 and 594 approved in 18/02/1307 

SAH with subsequent additions and amendments. 

- Articles 3 & 4 of the qanats law ratified in the year 06/06/1309 SAH  

- Supplementary regulation for qanats law; single article: 13/06/1313SAH 

- Law authorizing the establishment of irrigation institutions ratified in: 29/02/1332 SAH
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- Regulation amending the establishment of the irrigation institution law and affairs 

relating to national irrigation ratified in 11/05/1334 SAH 

- Law concerning the establishment of the Ministry of Water and Electricity, clause C of 

article 1 ratified in 26/12/1342 SAH 

- Regulation concerning the preservation and protection of subterranean water resources in 

Iran ratified in 01/03/1345 SAH 

- Regulation concerning water and the manner of its nationalization ratified in 27/04/1347 

SAH 

- The constitutional law of the Islamic Republic of Iran ratified in 11/09/1358 SAH 

- Law on fair distribution of water ratified in 16/12/1361 SAH 

- The 1st to 4th regulations on social and economic development ratified in the year 1368 

SAH and later 

- Law adjusting regulations on part of state revenues 

- The Islamic Penal Law, the Tazirāt issue ratified in the year 1375 SAH  

 

5.b.2.2. Executive Bylaws and Ratifications regarding Regulations on Water Resources 

As in most of the above mentioned regulations, the Cabinet or the Minister of Energy has 

been obliged by the order of legislator to provide relevant executive bylaws, therefore here 

only the most important bylaws are mentioned.  

General policy of the bylaws was subject to imperative laws during their enforcement: 

- Bylaw of the Properties Registration Law ratified in 17/02/1317 SAH 

- The technical bylaw on mines ratified in 24/08/1318 SAH 

- The executive bylaw of article 50 of the Water Law and the manner of its nationalization 

ratified in 21/04/1348 SAH 

- Bylaw of the third chapter of the Water Law and the manner of its nationalization ratified 

in 15/06/1348 SAH  

- The amending bylaw of the third chapter of the Water Law and the manner of its 

nationalization ratified in 27/03/1352 SAH 

- Bylaw on issuing the water consumption permit ratified in 12/10/1349 SAH 

- Bylaw on three- and five-man boards as well as their duties ratified in 03/11/1349 SAH 

- Bylaw on organizing the armed police of water and its duties ratified in 19/04/1350 SAH 

- Bylaw on preventing water pollution ratified in 30/08/1350 SAH 

- Executive bylaw about the manner of issuing the so-called reasonable consumption 

ratified in 27/04/1363 SAH  

- Bylaw on three and five-man boards; articles 19 & 20 of the Fair Distribution of Water 

Law ratified in 27/04/1363 SAH  

- Bylaw of provision 60 of the amended budget law of the year 1352 SAH concerning 

water and soil ratified in 07/05/1363 SAH 
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- Executive bylaw of the 2nd chapter of the fair water distribution law ratified in 

18/07/1363 SAH 

- Bylaw on preventing water pollution ratified in 24/09/1363 SAH 

- Bylaw on the manner of enforcing the law about fixing the agricultural water price 

ratified in 30/11/1369 SAH 

- The environmental health bylaw ratified in 24/04/1371 SAH  

- Bylaw on safety regulations about the digging handmade water wells ratified in 

21/06/1364 SAH 

- Bylaw on collecting supervision commission ratified in 07/02/1371 SAH 

- Ratification concerning preservation and protection of underground water resources of 

Iran passed in 01/07/1342 SAH 

- Ratification of the Cabinet about transferring the independent irrigation institution to the 

Ministry of Water and Electricity passed in 26/01/1343 SAH 

- Ratification on determining the boundaries of overhead Energy lines transferring and 

distributing electricity approved in 07/10/1347 SAH 

- Bylaw on preventing water pollution ratified in 18/02/1373 SAH 

- Executive bylaw about optimizing agricultural water consumption ratified in 11/06/1375 

SAH 

- Executive order about issuing permit for pump installation ratified in 23/01/1333 SAH 

- Ratification about decreasing the water consumption pattern ratified in 30/03/1380 SAH 

- Executive bylaw of the law on damage compensation and prevention of drought 

consequences ratified in 18/03/1379 SAH 

- Bylaw of article 5 of clause 27 of the National Budget Law of Iran for the year 1379 

SAH  

- General policies of the government about energy ratified in 17/12/1379 SAH 

 

5.b.3. The national and universal laws, regulations and constitutions to preserve and support 

the property: 

Throughout history in which the usage of water resources was gradually developed, human 

communities came to understand the necessity for law making about utilization of water 

resources. Today, water is valued from various points of view. It is regarded as the origin of 

production, abundance and flourishing. Water has a special status in industry, agriculture, 

electricity, constructions and city planning, sanitation and generally in all human activities 

and its value is developing and expanding all the time. For this reason, law making, defining 

clear boundaries and systematization in this regard has always been of utmost significance in 

history and culture of Iran. In devising laws governing waters, different approaches have 

been taken which can be classified as follows:
3
  

 

                                                      
3 Underground Water Resources in Water Law of Iran”, Qolam Reza Madaniān, Ordibehesht of 1386 SAH 



    g{x cxÜá|tÇ g{x cxÜá|tÇ g{x cxÜá|tÇ g{x cxÜá|tÇ dtÇtàdtÇtàdtÇtàdtÇtà                                                                                                                                                                                                                                                                                                                      

373 

 

Protection and Management of the Property   

 

1. A private system approach of ownership and exploitation of waters within the framework 

of the civil code; 

2. An approach taken based on public supervision of ownership and water exploitation 

within the framework of private laws; 

3. The approach based on intervention, ownership, governance and exploitation of waters 

according to the Constitution; 

4. The approach based on separating water ownership and water exploitation issues within 

the framework of development laws. 

 

1. A private system approach of ownership and exploitation of waters within the framework of the 

civil code 

Approved in 18/02/1307 SAH, the civil code of Iran comprises different topics and issues 

regarding the irrigation system. The code consists of various dimensions including the 

following items: 

1-1. Issues regarding the separation of waters and their classifications: according to the civil 

code of Iran, water resources are divided into surface and underground waters. The former 

consist of seas, lakes, rivers, fountains, streams and irrigation canals and the latter are water 

wells and qanats, etc. 

1-2. Issues concerning the ownership of water resources: according to the civil code, ownership 

is definitely divided into three parts: private, public (co-ownerships) or national (Islamic 

treasury). 

Article 25. Nobody has the right to take possession of properties that are used publicly such as 

bridges, caravanserais, public cisterns, old schools, public squares as well as qanats and water 

wells used by general public. 

1-3. Issues related to exploitation of water resources in the civil code: includes personal and 

communal usage as well as the no-loss rule in exploitation. 

Article 594. In the case a shared qanat or the like needs repairing or dredging but one partner 

or several partners abstain from participating in its dredging or repairing, the partner(s) who 

have suffered a loss can refer to courts. Here if the property is undividable, the judge can 

force the refusing partner to take part in repairing, renting or purchasing the property 

depending on circumstances in order to ward off the loss.  

1-4. Issues related to limits of water resources in the civil code: Referring to the history of water 

laws, even in the Hammurabi code which is the first compilation of laws in human history, 

special regulations pertaining to immovable properties and boundaries are seen. The 

significance of agriculture in ancient Iran as well as the existence of old water-wells and 

qanats inspired the authors of the civil code to enact rules about water-well boundaries.  
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The legislator devises such rules in order to adjust social relations; to determine limits and 

rights of persons whether real or legal and whether private or public; to prevent individuals 

from violating each other’s rights; to compel them to respect public interests, to observe 

technical issues as well as public health in its general sense as well as to prevent from losses 

sustained due to unlawful and forcible incursions. Some of these rules are as follows:  

 

Definition and demarcation of qanats 

Determining the boundaries of qanats is done by two methods of legal regulations and 

common law based on the need for using qanats in the future, the route of qanats in urban and 

residential areas as well as its specific place on the map. In common law, the moqanni goes 

down the well as far as his waist then he flings a pick into the air. The distance covered by 

the pick from either side of the exit point (mazhar) as far as the main or mother well is 

considered as qanat boundary and is usually confirmed by partners.  

Moreover, articles 136, 137, 138 & 139 of the civil code address the issue of defining the 

legal boundaries. It should be pointed out that the issue has also been taken into consideration 

from a religious point of view. Additionally, qanats registered in the National Monuments 

List have specified buffer and core zones in accordance with the criteria approved by a 

committee consisted of all qanat stakeholders. As all issues particularly the catchment area 

has been addressed in it, its implementation as the master plan is essential. 

 

The size of boundaries according to the civil code 

Article136. Boundaries are those areas adjacent to properties, qanats, streams which are 

needed to make optimal usage possible. 

From a technical point of view, the civil code has taken into account certain limits for 

boundaries which conform to engineering considerations. Therefore, knowing the need for 

enforcing limitations as per case, the legislator has specified the maximum possible size of 

boundaries for each water resource. In fact, the specified limits have been considered from 

two points of view. 

 

The first viewpoint: function fulfilled by a resource 

Article 137: According to article 137 of the civil code, if the water is used for drinking 

purposes, then the boundaries equal 20 gaz (a length measuring 41 inches or 104 cm) which 

increases to 30 gaz for agricultural purposes. Thus the article shows that the lawmaker has 

enacted the criteria based on the relevant usage. 
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The second viewpoint: the condition of the water resource 

Article 138. Boundaries of fountains and qanats on either side in soft soil equal 500 and in hard soil 

equal 250 gaz. but if these distances and those mentioned in the former article are not enough to 

prevent loss, they will be increased until they become sufficient.  

Article139. Qanat boundaries are regarded as the property of the owner so any possession or 

occupation of it without the permission of the owner is not allowed if it does not match the purpose of 

the boundaries. Thus nobody has the right to dig water wells or qanats within the boundaries of 

another person’s fountain or qanat but possessions which incur no loss are permitted. 

 

2. An approach taken based on public supervision of ownership and water exploitation within the 

framework of private laws 

After enacting the civil code and implementing its regulations in the year 1309 SAH, the 

legislator appropriately felt that there exist shortages in law system regarding the legal state 

of irrigation in Iran. So respecting the primary principles of the rule of people’s will and 

accepting the right of persons for absolute and private ownership over water resources, the 

lawmaker embarked on devising complementary regulations about underground water 

resources. 

Article 160. Anybody who digs a qanat or a well in his land or in any permissible (public) 

lands with the intent of possession of its water, if he reaches water or makes a stream flow in 

his own land, he is regarded as the owner of the water but in permissible lands, until the water 

is reached this means Tahjeer (demarcation of barren lands before their development).  

 

2-1. Law on qanats ratified in 6th &18th of Shahrivar 1309 SAH and its supplementary law passed 

in 23/06/1313 SAH 

In the year 1309 SAH, the legislator appropriately felt that there exists deficiency in the civil 

code so qanats law was ratified in which the following items were taken into consideration: 

demarking the ownership boundaries for water resources and lands, addressing the state of 

dredging of water resources, method of construction for new qanats, issuing final verdicts  by 

courts regarding differences between landlords and qanat owners as well as prescribing an 

exploitation regime for joint qanats. 

Article 1. If anybody is the owner of a water well, qanat or a water canal in another person’s 

property or in permissible lands, the owner can exercise his ownership rights only on the well 

or canal by relevant operations and the landlord is allowed to do as he wishes anything in the 

vicinity of the well or canal or in-between the wells outside the boundaries of well or canal 

provided that his interventions would not led to any loss for the owner of qanat or canal.  
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Article 2. When an individual is the owner of qanat or canal in another person’s property, the 

landlord has no right to bar him from cleaning his qanat well or canal even when the qanat is 

abandoned. But if the water well, canal or qanat is located within cities, villages, buildings or 

homes constructed outside the cities or in public passageways, the owner or the custodian of 

the property can force the owner of qanat or canal to remove slime or anything discharged 

from it. 

Article 3. If anybody decides to build a water well or pool or a qanat canal or embarks on 

constructing a well or canal in order to improve or complete the qanat within absolute 

farmlands located in rural gardens or gardens in villages or suburbs, owners of the relevant 

properties have no right to stop them, provided that they cannot be conventionally called 

home. But the fair price for the land in which a new canal, well or pool is constructed must be 

prepaid as well as the price for its buildings and trees.  

Article 8. The substance of article 594 of the civil code also applies to abandoned qanats 

provided that the partner(s) present for participation in opening the qanat canal is the owner(s) 

of more than half of qanat. In this case, setting the price or rental depends on the verdict of 

court but if necessary it will be defined by experts.  

Article 9. If the owner of a deserted qanat decides to construct a new qanat or canal, the 

landlord is free to demand from the owner of the abandoned qanat to flatten the deserted 

wells and hand them over to the landlord instead of setting a fair price for lands required for 

digging new wells. 

Article 10. Whenever several individuals have the water share of rivers, streams, fountains or 

qanats for the purpose of irrigating certain lands and if one or some of them decide to use this 

right for irrigating other lands or for changing the private canal, the other shareholders of the 

water or canal have no right to prevent them provided that such an activity does not cause the 

rightful persons to sustain a loss. In this case, only experts decide on the amount of water or 

usage time to be decreased due to consumption at a lower point unless no difference exists 

among the partners about defining the amount needed. 

 

2-2. Law on permitting the establishment of an irrigation institute approved in 29/02/1322 SAH 

and its amendment 

In this law the following items have been pointed out about underground water resources: 

- Devising an administrative system; 

- Selling water by the government; 

- Establishing a fund for repairing and reserving water resources; 

- Regulating the system of repairing abandoned qanats; 
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- Appointing custodians for those water resources lacking definite owners and registering 

those who have the right of water;  

- Providing financial support for those who construct irrigation resources and facilities; 

- The duty of qanat owners for compensating damages; 

- Prohibiting the institution from selling the water of private water resources. 

Article 11. The irrigation institute is allowed to establish councils of owners and water 

shareholders as well as special funds to achieve these aims: smooth flowing of waters as well 

as their adjustment and distribution, maintaining dams, reservoirs and public streams as well 

as dykes, pools and qanats which have several owners. 

Article 13. Regarding abandoned and working qanats, water canals and lands with multiple 

owners but appropriate for building new qanats, if reviving an abandoned qanat and/or 

cleaning or expanding a functioning qanat by for example digging new wells and bypasses 

gets necessary; the irrigation institute must seek to find a solution on demand by the owner(s) 

of qanat water. 

 

2-3. Law on protection and conservation of underground water resources in Iran ratified in 

01/03/1345 SAH 

In the law, the following subjects about underground water resources have been brought up: 

- Collecting statistics and specifications of water sources;  

- Regularization and prohibition of using qanats and underground water tables;  

- Devising rules inhibiting the pollution of underground waters; 

- Depreciation permit for developing underground water resources. 

 

Article 3 of the amendment to the law on development of passageways ratified in 01/04/1320 SAH 

Regarding rivers and qanats whose water has been consumed for urban purposes, in the event 

that their owners will not or cannot increase the water of a river or qanat to its potential limit, 

the municipality can evaluate the relevant river or qanat based on due characteristics 

specified and following the ratification of the municipality council and the Ministry of the 

Interior, inform the owners or their legal surrogate by written warning or by publication of an 

announcement to sell it to the municipality. 

 

2-4. The Law on water and the manner of its nationalization ratified in 27/04/1347 SAH 

In the law the following points about underground water resources have been mentioned: 

- Providing an exact and legal definition about right of water and the consumption 

permission; 

- Banning the sale of water; 
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- Defining criteria for underground waters; 

- Requirements pertaining to usage of qanats and underground water resources; 

- Defining measures for taking possession of qanats due to waters nationalization standards; 

- Defining criteria for water sale. 

 

2-5. Law on fair distribution of water ratified in 26/12/1361 SAH 

One of the most important laws after the victory of the Islamic revolution is the legal bill on 

fair distribution of water which was eventually passed in 16/12/1361 SAH by the Islamic 

Consultative Assembly after a series of ups and downs.  

The law was enforced in accordance with article 45 of the Constitution aiming at reviewing 

the principles of the water law and the manner of its nationalization in order to set up a fair 

system of water distribution on part of the legislator. In fact, it replaced the water 

nationalization law. In this law, attention has been focused on private and general ownership 

of waters, underground waters, surface waters, duties and obligations, violations, offences 

and various regulations for compensating damages. The above mentioned law consists of 5 

chapters and 52 articles. Ministries of Energy and agriculture are responsible for their 

enforcement as per case. Principles ruling the law follow the spirit of the water law and its 

nationalization method. Measures ruling issues related to qanats and subterranean waters 

have been mentioned in the law as follows: 

- Waters tenure centering on the Ministry of Energy; 

- Declaring the ban on temporary exploitation; 

- Defining measures for digging and using water wells and qanats in undeveloped lands; 

- Devising criteria for improving qanats and deserted wells as well as exploitation of 

artesian wells; 

- Specifying the boundaries of underground water resources; 

- Right of water as well as the reasonable consumption permits; 

- Protection and maintenance of joint irrigation facilities; 

- Paying compensation to qanat owners; 

- Supporting the public management of qanats and indirect aids for its continuance. 

 

2-6. Review of the articles of the law on fair distribution of water regarding qanats and 

subterranean waters 

Article 1. According to article 45 of the Constitution these waters have co-ownership: sea 

waters and waters flowing in rivers, natural rivers and any other natural course including 

surface, underground, floods, wastewaters, sewage waters, springs, mineral waters and 

underground water resources. Therefore, they are at the disposal of the Islamic governance 

which exploits them according to communal affairs. Responsibility for their protection, rent 

and supervision on usage is given to the government.  
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Article 3. Except for cases mentioned in article 5 of the law, exploiting underground water 

resources via digging any kind of wells, qanats or developing springs in any zone of the 

country is subject to agreement by the Ministry of Energy. Additionally, the aforesaid 

Ministry issues excavation and production licenses while considering the hydro geological 

characteristics of the area as well as regulations anticipated in this law. 

Article 4. In those areas which are exceeding the authorized usage limits of underground water 

resources as per assessment of the Ministry of Energy or within areas where state projects 

necessitate, the Ministry is allowed to demarcate specific geographical limits within which 

digging any deep or semi-deep water well or qanat or any increase in regional water 

resources utilization is forbidden. Moreover, extending or removing the ban is also entrusted 

to the Ministry. 

Article 6. Owners and users of wells or qanats are responsible for preventing their pollution 

and are bound to act according to health regulations. But if preventing water pollution is out 

of their control, they are obliged to report to the environment protection organization or the 

Ministry of Public Health. 

Article 8. The Ministry of Energy is obliged to examine the technical and economic conditions 

of digging wells and qanats on the request of relevant applicants in order to guide them 

technically and from an economic and scientific point of view. If necessary the Ministry 

should send its experts to the location for giving guidelines to the applicant. Moreover, the 

applicant must undertake the task of paying for expert opinion according to tariffs of the 

Ministry of Energy.  

Article17. Owner of a water well, qanat or a water canal in another person’s property or in 

permissible lands can exercise his ownership rights only on the well or canal by relevant 

operations and the landlord is allowed to do anything in the vicinity of the well or canal or in-

between the wells outside the boundaries of well, qanat or canal provided that his 

interventions would not lead to a loss for the owner of qanat, canal or canal. 

Article 37.  No rivers, streams, qanats or water wells can be within public places and roads or 

inside holy shrines and ancient sites and their boundaries in a way as to generate danger and 

disturbance for residents, passers-by, motor vehicles and the above mentioned places 

themselves. Otherwise, owner or owners are obliged to take action for removing danger or 

disturbance according to technical characteristics defined by relevant ministries. 

Article 44. If water wells, qanats or any other hydraulics facilities belonging to individuals in 

any area are possessed or harmed as a result of implementing developmental, industrial or 

agricultural expansion plans, construction of dams and relevant facilities, the losses shall be 

compensated. This also applies to cases in which the water of qanats, wells, rivers and springs  
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belonging to real or legal persons or right of water holders are decreased or dried up as a 

result of implementing the above mentioned plans. 

 

2-7. Exclusive Punitive Laws for Protecting Water Resources 

Some of the laws and regulations have been ratified by the legislator in accordance with 

special Energies of former Ministry of Water and Electricity or present Ministry of Energy. 

Here not only various topics and dimensions concerning water issues but also proper 

punishment for possible offences have been addressed. They are as follows:  

1. The law on preserving and protecting underground water resources of Iran ratified in the 

year 1345 SAH 

2. The law on water and the manner of its nationalization ratified in the year 1347 SAH 

3. Amendment to the law on preventing forcible occupation ratified in the year 1352 SAH 

4. The legal bill on preventing any incursions against water resources ratified in 10/05/1358 

SAH 

 

5.b.4. General regulations 

Since the time of the Safavid Dynasty, some of qanat stakeholders embarked on endowing 

part of their qanat shares resulting in the emergence of a new style in qanat ownership. The 

issue of endowment has always been considered by the pious rich as well as philanthropists 

because of its religious and benevolent aspects. Generally, their humanistic intention for 

endowing part of their wealth for taking care of the needy or for performing some religious 

rituals has led to blessing and salvation. 

A prominent and collective example of such an effort is seen in the endowment of part of the 

running water of Qasabeh Qanat in Gonābād town. The economic value of the qanat is so 

high that endowing even one fenjān (irrigation time unit) of its water was viewed as a 

benevolent act in the opinion of ordinary people. According to letter no. 11283 of  Gonābād 

Office of Properties and Deeds Registry dated 24/07/1389 SAH, in response to an inquiry 

made by the Gonābād branch of ICHHTO, it was declared that out of the 4104 fenjān shares 

of Qasabeh Qanat, 632 fenjān were endowed and 626.5 fenjān were the share of the holy 

shrine of Imam Reza. Adding this amount to the endowment, a total share of 1258.5 fenjān or 

about a quarter of the total share is obtained. In the meantime, a total of 1500 fenjān 

(Nabipoor) and 1573 fenjān and 5 dang* (subdivision equaling 1/6 of the unit)(Papoly,2004:222) 

have also been approximated. 

In the book: Qasabeh Qanat of Gonābād: a Legend a table containing the names of 36 

endowers is seen who have endowed a total 799 fenjān of the qanat water (Papoly 2004: 223-4). 

In a separate statistics obtained from the Endowments Organization of Gonābād, 28 persons 

have been named endowing a total of 532 fenjān and 27 dang. Of course mention has 
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been made of endowing part of the water share of Qasabeh Qanat in other documents too, 

like the inscription installed on the wall of Nojumieh School of Gonābād. In the book Shams-

ol Shomoos it has been said that 27 fenjān of the Qasabeh Qanat water has been bought for 

the holy shrine of Imam Reza (Kavianian, 1975: 572) and the endowed waters have been rented 

out farmers by its custodian; moreover the amount of rent will be spent on issues specified in 

the endowment deed.   

 

5.b.5. Cultural heritage law in Iran 

There are different laws and regulations for protection and conservation of cultural heritage 

in Iran. These are in the following categories:  

- Legislation governing general cases in the country, including cultural heritage; 

- Legislation specifically concerning cultural heritage;  

- International legal instruments, recommendations and guidelines that are integrated within 

the national legislation. 

 

5.b.6.General regulations 

Article 558. Anybody who partially or totally damages cultural-historical religious complexes 

or buildings, places, sites registered in the National Properties List of Iran and/or harms 

installed or existing decorations, annexations, facilities, objects, scripts and motifs which also 

individually enjoy cultural, historical or religious prestige, will be sentenced to one to ten 

years imprisonment in addition to compensation of the damage sustained.  

Article 558. Anybody who steals objects, accessories as well as materials and pieces of 

cultural- historical properties from museums, historical, religious and other places under state 

protection or anybody who hides or buys such stolen objects, will be sentenced to one to five 

years of jail in addition to compensation of the damages done.  

Article 560. Anybody who without the permission of the Cultural Heritage Organization of the 

country or irrespective of regulations approved by the above mentioned organization, engages 

in activities within the buffer zone of cultural-historical properties cited in the article that 

damage or harm the above said buildings and properties, will be sentenced to one to three 

years imprisonment as well as compensating damages incurred and removing traces of the 

offence. 
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5.b.7. Specific regulation for cultural heritage 

Samples of the regulations specifically dealing with cultural heritage are explained below: 

1. The Law for Protection of National Heritage (1930) is the first comprehensive law 

concerning various aspects cultural heritage. This Law defines the procedure for 

identification of cultural heritage property (Article 1). It further mandates the government to 

prepare a National Heritage List (Article 2), sets the criteria and legal protection for 

properties on this list, and stipulates legal provisions for archaeological excavations. 

2. The bylaw Concerning Prevention of Unauthorized Excavation (1980) stipulates 

punishments for excavation and/or purchase of excavated historic objects. The provisions 

of this Law are further elaborated in the Islamic Penal Law mentioned above. There is 

further regulation limiting production, purchase, use or advertisement of metal detectors.   

3. The Law Concerning Acquisition of Land, Building and Premises for Protection of 

Historic Properties (1969) stipulates further regulations for acquiring property with historic 

or cultural significance. 

4. The Law for Establishing Iranian Cultural Heritage Organization (1979) is another 

powerful legal instrument depicting a comprehensive picture for managing cultural 

heritage of the country. 

5. The Law for Establishing the Higher Council for Architecture and Urban Planning  (1987), 

which concerns with both cultural and natural heritage. 

 

5.b.8.  Higher Council for Architecture and Urban Planning [HCAUP] 

All urban plans in Iran should be confirmed by Higher Council for Architecture and Urban 

Planning [HCAUP], before their approval.   

Higher Council for Architecture and Urban Planning (HCAUP) was established under the law 

of February 1973. Ministry of Housing and Urban Development [MHUD] is responsible for 

managing housing development as well as for developing master plans for urban and semi-

urban areas. This includes the historic urban areas, where a large proportion of the Iranian 

cultural heritage is located. The HCAUP is presided by the Minister of MHUD. The Deputy 

Minister for Urban Development and Architecture is the Secretary of HCAUP, under whom a 

Director-General manages the Secretariat. Other members of HCAUP include the Ministers 

of Interior; Economy and Finance; Culture and Islamic Guidance; Education; Energy; 

Agriculture; and Defense. 

In addition to these ministers, three Vice-Presidents are voting members of the HCAUP: (i) 

Head of Management and Planning Organization, (ii) Head of ICHHTO, and (iii) Head of 

Department of Environment.  HCAUP has four main functions: 
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- Overall urban development policies; 

- Commenting on by-laws affecting zoning, land use, and determining main functions; 

- Adoption of urban master plans; and 

- Adoption of urban criteria, regulations, by-laws, etc. 

The approval of master plans by HCAUP has an established process. A qualified consultant is 

commissioned by the provincial Housing and Urban Development Organization (HUDO), 

which is the provincial office of MHUD. 

  

 

 

 

 

 

 

 

 

 

 

Chart  5-1. The procedure for approval of development plans by HCAUP 

 

After the plan is prepared must be approved by The Provincial Planning Council. It is then 

reviewed concurrently by the HCAUP’s technical committee and the office of Physical Plans 

at MHUD, before final submission to HCAUP. The figure below shows the procedure for 

approval of physical plans by HCAUP. 

Approval of the plan 

HUDO requests HCAUP 

to review the plan  

HCAUP technical committee MHUD physical office 

committee 

HCAUP review and approval 
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5.b.9. International legal instrument 

In the I.R. of Iran, the requirements of any international convention are integrated with the 

national legislation, upon accession to that international convention.  Thereafter, it will be 

compulsory to abide with the requirements of these conventions. The I. R. of Iran has 

acceded to several UNESCO conventions concerning the conservation and protection of 

cultural heritage, as well as other conventions and charters. Some of important conventions 

which are acceded by the I. R. Iran include, inter alia: 

- Convention Concerning the Protection of the World Cultural and Natural Heritage (1972); 

- Convention on the Means of Prohibiting and Preventing the Illicit Import, Export and 

Transfer of Ownership of Cultural Property (1954) and its Protocol I (1954) and Protocol II 

(1999); 

- Convention for the Safeguarding of the Intangible Cultural Heritage (2003). 

  

5.b.10. Regulations of core zone 

The core zone is an area specified for conservation of the physical structure of qanat 

including well shafts, gallery, soil mounds dumped around well shafts as well as other 

elements dependent on qanat and its conservation boundaries 

The following technical factors have been taken into account for determining the core zone: 

water-wells depth, soil fabric, gallery depth, local geology, distances between well-shafts and 

other things having an influence on the physical structure of qanat. 

Clause: in regions where the qanat course passes through urban fabric and residential areas, 

15 meters on either side of qanat axis (a total breadth of 30 m) has been taken as the core zone 

- Any developmental activities such as constructions, building of facilities, energy transfer 

lines, installation of poles, constructing and extending any kind of roads, explorations, 

mining or any other activities resulting in the potential damage or destruction of the core 

zone and/or harming its authenticity and integrity as well as endangering its body, 

environmental, natural and landscape characteristics are prohibited; 

- Digging wells and constructing relevant attachments such as: the pump house, water or 

wastewater canals, etc… is strictly forbidden; 

- Any changes in land use and in the function of constructions are banned; 

- Any changes in the exploitation style of farmlands including: their conversion to gardens 

or cultivation of species harming qanats is prohibited; 

- Dividing and enlarging non-agricultural constructions and lands within the area is illegal 

pending the written permission of ICHHTO; 

- Any activities such as growing crops, animal husbandry or livestock grazing which might 

result in hurting or damaging the ecological capacity of the core zone of the monument 

and/or harming  its body, environmental, natural and landscape characteristics and values 

are prohibited;  



    g{x cxÜá|tÇ g{x cxÜá|tÇ g{x cxÜá|tÇ g{x cxÜá|tÇ dtÇtàdtÇtàdtÇtàdtÇtà                                                                                                                                                                                                                                                                                                                      

385 

 

Protection and Management of the Property   

 

Note: Continuance of agricultural activities in lands within the core zone is allowed on 

condition that they do not harm the qanat; 

Amassing garbage, construction rubble, wastewater, pollutants as well as industrial scraps, 

agricultural residues and livestock droppings is forbidden. 

 

5.b.11. Regulations of buffer zone 

Buffer zone of qanat is the area specified for protecting the qanat and its water-supplying 

system against possible natural, environmental, cultural and landscape damages. 

Its limits include the watershed (which affects feeding the water table), the hydraulic and quality 

boundaries of qanat as well as the waterways. Buffer zone is delineated by taking into 

account body, environmental, natural and landscape values. 

Note: In regions where the qanat course passes through urban fabric and residential areas, 50 

meters on either side of qanat axis (a total width of 100 m) has been considered as the buffer 

zone. 

- Any activities endangering qanat life such as digging deep or semi-deep water wells, 

intervention in the watershed system also harming the natural, cultural-historical landscape 

and habitat of the region is strictly banned; 

- Construction of industrial and semi-industrial facilities as well as expansion and addition 

of attachments to existing structures depends on obtaining permit from ICHHTO; 

- Body development of towns and villages located within the buffer zone must be based on 

regional programs, pilot projects as well as on detailed and master plans; 

- Gathering garbage, construction debris, wastewater, pollutants as well as industrial trash, 

agricultural residues and livestock droppings is forbidden. 

 

5.b.12. Regulations concerning boundaries of lands using qanat water 

The area covers lands irrigated by qanat water. They constitute a large part of the cultural 

landscape of qanat. The cultural landscape is an expanse of the geographical space in which 

traces and signs of human interaction with environment via qanat technology can be observed 

and distinguished. 

- Any activity resulting in interfering and harming the tangible and intangible cultural 

heritage related to the monument (its water division system included), nature and landscape 

of qanat is prohibited; 

- Functional change in irrigated lands is forbidden; 

- Dividing and exdending lands depends on acquiring permission from ICHHTO; 

- Piling garbage, construction debris, wastewater, pollutants as well as industrial wastes, 

agricultural residues and livestock droppings is not allowed; 
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Activities such as: organizing, improving, facade-making and restoring present constructions 

without the written permission of ICHHTI is illegal. 

 

5.c. Means of implementing protective measures 

As it has mentioned in 5.b about the protective designation, with focus on qanat councils, 

some state organizations are supporting the qanat councils through classification duties. 

 

5.c.1. Traditional management of qanat (qanat traditional council)  

Members of the qanat councils
4
 are selected once every three years

5 
by election among 

shareholders.
6
 Candidates are chosen based on their social prestige and owners are informed 

by mosques and previous members of the councils about the time and location of elections 

which are usually held at the local mosque. At present, in some regions the council has five 

permanent and one reserve member.  

Water distribution is the most principal duty of the qanat council. Since a long time ago, it 

has been performed traditionally based on special rules applying to the qanat. In order to 

boost the sense of partnership among shareholders, the cost of lāyroobi operations is usually 

paid by owners.  

        

Photo  5-4. Session of the Board of Trustees; source: ICQHS 

 

                                                      
4
 Qanat Council is as Board of Trustees of qanat in some region. 

5
 The duration is different depend on various region. The duration is between 3 or 4 years.  

6
 For example, regarding Qanat of Baladeh participation of users takes place via election of the Board of 

Directors of Miah Baladeh Company for a four year period of time. 
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Based on the water distribution method and in order to prevent any tension and difference, an 

orderly organization must be active in water distribution. Generally, it can be said that the 

traditional system of water distribution is  now enforced by a water distributing and managing 

(mirābi system) institution with a membership consisted of a qanat representative (someone 

who is responsible for water division)
7
, mirāb, kayyāl (water clock operator), hesābdār (an 

accountant), sālār (feild manager) and barsālār (land manager assistant), ju bān (brook chief) and 

moqannis (qanat workers) each with its own special duties.
8
 The number of individuals 

working under such titles differs among qanats. 

 

Chart  5-2.Traditional management system of qanat system 

 

A team of moqannis also has its members such as oostakār (qanat master), dalv gir (bucket 

operator), charkh kesh (windlass operator), windlass operator assistant and lāshe kesh (spoil 

dragger). Moreover, coordination between users and other executive organizations including 

the local Agriculture which paves the way for receiving bank loans is performed by the 

managing director of qanat councils. All the issues related to qanat restoration performed by 

state administrations such as Ministry of Agriculture have already been discussed with the 

qanat councils. The example of traditional and existing management system of qanat is as 

follows: 

                                                      
7
 In some regions called also moalef 

8
 A pasbān (ditch guard) and tir-e gar (someone who tarnishes water by pouring soil) are in the traditional 

management system of some regions such as Baladeh 
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Chart  5-3. Traditional Qanat management 

 

5.c.2. State Organization 

Iranian government has a long term program to support the country qanats. As some 800,000 

hectares of irrigated lands in Iran are beings supplied with the water of qanats, and in sum 14 

percent of the agricultural products of Iran is fully dependant on the qanat water, it is obvious 

that the state organizations which are related to the agriculture and energy should be support 

qanats as a sustainable resource for providing water. From this point of view the Ministry of 

Agriculture and the Ministry of Energy are indirectly supporting qanats and its traditional 

management councils.  

From the other hand qanats are interwoven with historical and cultural aspects therefore the 

other state organization that is indirectly support qanat and its traditional council is Cultural 

Heritage Handicrafts and tourism Organization. A summary explanation of relevant state 

organization is as follows: 
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5.c.2.1. Ministry of Agriculture 

The national program for rehabilitation of qanats was prepared and ratified in 1998, to which 

a particular budget was allocated. The Ministry of Agriculture has been assigned to 

implement this program according to which (about) 70 % of the rehabilitation cost of qanat 

can be covered by the governmental budget and the rest (about) 30% would be by the 

shareholders’ arrangement. 

In this Ministry, deputy of water and soil is responsible for qanats. The office for agricultural 

water and soil of this deputy is responsible for cooperation with local qanat Councils. This 

office consults with local qanat council for budget appropriation for maintenance and 

conservation of different parts of qanats through the local qanat councils. The following 

mentioned are some of the duties of office for agricultural water and soil in Ministry of 

Agriculture according to management: 

- Planning for renewal of agricultural lands in order to distribute water equally; 

- Long term planning for water management in the fields; 

- Developing irrigation systems in the fields to save water; 

- Supervising construction projects and quality control; 

- Studying and planning for projects regarding route correction, covering traditional canals, 

restoration, cleaning and maintenance of qanats. 

 

 

 

Chart  5-4.  Organization chart of Ministry of Energy 
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5.c.2.2. Ministry of Energy  

In order to decrease the usage of underground resources and save the ecosystems in different 

areas, comprehensive planning for water and conservation of underground water resources, 

different researches and projects are being done at Ministry of Energy's water and sewage 

department (abfa). The office for exploitation and conservation systems in this department is 

responsible for qanats. There are also three big specialized companies of Water Resource 

Management, Water Research Institution and Water National Treasury Institution that help 

restoring aquifers and management of exploitation of underground water resources. These 

companies cooperate with local councils to gather information about wells, qanats, springs 

and rivers and give technical consultancy to moqannis and qanat councils. 

 

 

Chart  5-5. Organization chart of Ministry of Energy 

 

Generally, outline of the operations of the regional water authority are as study, 

implementation, development, conservation and optimum utilization of water resources, 

urban water supply, artificial recharge of groundwater, creating new ways to use technology  

to the development of agriculture, implementation and supervision of  a fair water 

distribution law, enforcement and protection of water resources as well as monitoring water 

quality, water resources and water flows and monitoring the climatic zones.  
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In this regard, Water National Museum Institute in the Ministry of Energy is active in order 

to achieve such objectives as increasing public awareness and knowledge regarding qanats 

and other water constructions and improving research activities for restoration of such 

historical constructions. The center helps in educating and providing practical solutions for 

conservation of qanats in connection with qanat management team.  

There is also the International Center for Qanats and Historic Hydraulic Structures, as 

Category 2 under the auspices of UNESCO that beside the responsibility of international 

communications is also co-operating in the field of educating and public awareness and 

organizing elementary and advanced training courses. 

 

5.c.2.3. Cultural Heritage Handicrafts and tourism Organization  

This is the main organization responsible for conservation and safeguarding of valuable 

historical properties and Promotion of both tangible and intangible cultural heritage. 

ICHHTO is responsible for providing general policies in this regard. ICHHTO has Provincial 

offices which are responsible for conservation and safeguarding in the provinces. All 

activities on properties which are registered on the national heritage list are done through the 

cultural heritage deputy. As trustee of the ICHHTO in this field, after performing the 

necessary studies aimed at safeguarding the values of the qanat, supervised the conservation, 

restoration and rehabilitation projects of qanats. The National Qanat Base in ICHHTO has the 

responsibility for managing eleven proposed qanats mentioned in the dossier. 

 

 

Chart  5-6. The Persian Qanat Base status 
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5.c.2.4.  Members of steering committee 

Steering committee is another element of the implement integrated management system for 

qanats with a clear role. The steering committee of qanats is consisted of representatives 

from: qanat local council, Ministry of Agriculture, Ministry of Energy (the regional water 

company of provinces), CHHTO of provinces, the Environment Protection Organization, 

Governors’ Offices, Ministry of Road and Urban Development, Rural Housing Foundation,  

NGOs pertaining to cultural heritage and environment (nature and qanats lovers). Managerial 

decisions are made following management plan and agreement among representatives of the 

above mentioned institutions. 

 

 

Chart  5-7. Implement integrated management chart for qanats 
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5.d. Existing plans related to municipality and region in which the proposed 

property is located  

Some of the proposed qanats are situated outside city limits so are not subject to urban 

detailed plans. Therefore, measures about core and buffer zones of cultural heritage have 

been considered as master plan in regional projects. Additionally, criteria and considerations 

about the core and buffer zones of the cultural heritage have been included regarding some 

parts of qanats which passes through the underground of historical cities like Qanat of  Zārch 

of Yazd. Due to the importance of these qanats and in order to preserve their natural 

landscape, several development plans will be taken into consideration according to existing 

regulations including: plans about agriculture, urban development, industry and mines, water 

resources development, social-cultural transformations, excavation activities in 

developmental programs and natural resources projects in provinces with nominated qanats. 

According to existing laws, all plans related to qanats in any district of the country must also 

consider their protection. In this regard, the law of the third development plan has mentioned 

necessary cases. 

 

Article 106 of the law of the third plan for cultural, social and economic development of IRI: 

Article 106 discusses about qanats’ revival and articulates that the government is obliged to 

allocate necessary funds in annual budget in order to raise more financial resources for 

funding, distributing and implementing plans regarding farming soils and water provision, 

main and secondary networks, drainage, small scale hydraulic programs, revival of qanats, 

springs, etc. also the Ministry of Agriculture is bound to hand over the credits to the 

Agriculture Bank.  

According to article 17 of the law of the fourth plan for cultural, social and economic 

development of IRI, the government is legally bound to take into account within the master 

plans, the pivotal role of water in the development of the country. Therefore, it must get a 

comprehensive management outlook while considering the demand and supply in the entire 

water circle. Moreover, by adopting a sustainable development approach for natural units of 

qanats and catchment basins while respecting the economic value of water, the government 

must embark on public awareness raising and getting the people more involved. Generally, it 

should plan and manage the water resources of Iran in such a way that the following goals are 

reached: 

- Providing required financial resources as well as structural and management arrangements 

in order to create equilibrium between feeding and harvesting underground water tables in 

plains having a negative balance so that reasonable consumption (mentioned in article 19 of 

the law on fair distribution of water) can be improved via modern and accessible irrigation 

methods. It is anticipated that in this way the negative balance of underground water tables 

will improve 25% by the end of the fourth plan.  
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- The economic value of water concerning its inherent and investment values at each 

catchment area should be considered for utilization, conservation and recycling within 

plans of consumption sectors. The executive bylaw of the clause will be written and 

approved by the Cabinet during the first year of the plan. 

- Water transfer plans between catchment areas based on a sustainable development outlook 

should be taken into consideration. But they must respect the rights of beneficiaries and 

national interests, satisfy various consumption needs and enjoy environmental, social, 

economic and technical justification. 

- In order to expedite the implementation of recovery, regulation and transfer plans as well 

as for maximum usage of waters belonging to border rivers and joint water resources, the 

government is bound to allocate annually 2% of total credits of possession plans of capital 

assets of the general budget to annual budget bills under the independent plan. Moreover, it 

must be spent in the framework of protocols exchanged between the Managing and 

Planning Organization and the Ministry of Energy. All that money (100%) must be used for 

implementing the above-mentioned plans. 

Considering the law, it can be seen that in all master plans of provinces having qanats, a 

direct approach regarding the importance of the traditional management of qanats as well as 

public participation in their preservation and maintenance has been adopted. 

 

5.e. Property management plan or other management system 

Due to certain circumstances of qanat system that contains a wide range of backgrounds such 

as cultural, historical, technological, social and economic approaches, an integrated and 

comprehensive strategy has been considered with a comprehensive management system that 

focus on traditional qanat management system. In this management system the focal point is 

Qanat Traditional Council and the relevant state organizations support through the indirect 

connection.   

 

Chart  5-8. Traditional Qanat Council in an indirect connection with governmental entities 
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Qanat Traditional management by the local council based on the long experience, traditional 

knowledge and methods are the most effective management system that is designed by 

owners and beneficiaries.   

Ministry of Agriculture, Ministry of Energy and Cultural Heritage Handicrafts and Tourism 

Organization as governmental organizations are cooperating with each other through the 

MOU to implement integrated management for qanats with specific and clear duties. The role 

of states has been clear through this MOU to cooperate with local qanat councils. ICHHTO is 

responsible for preservation and legal protection, promotion and presentation. Ministry of  

Agriculture is cooperating in the field of conservation and restoration efforts and Ministry of 

Energy (National Iranian Water Museum) is responsible for investigation and water monitoring 

(qanats and their catchment).  

Thanks go to the above mentioned collaboration, an efficient team work has been formed for 

managing qanats. 

   

 

Chart  5-9. Defined deputies of relevant organizations   
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Figure  5-3. MOU to implement integrated management for qanats and duties between Ministry of Energy, Ministry 

of Agriculture and Cultural Heritage Handicrafts and Tourism Organization 

 

According to MOU and agreement between government agencies, with emphases based on qanats 

traditional management, cooperating with the traditional management through the consistent 

participation in conservation programs, maintenance and development of qanats and its traditional 

knowledge. There are also provincial MOU between regional water company, agricultural offices,  

ICHHTO provincial offices and city councils in all providences.  
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Figure  5-4. Esfahan province MOU for comprehensive management of qanat 

Qanat of Vazvān(up); Qanat of the Moon (down)
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Figure  5-5. Yazd province MOU for comprehensive management of qanat 

Hassan Ābād-e Moshir Qanat (up); Qanat of zārch (down) 
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Figure  5-6. Khorāsān-e Jonubi province MOU for comprehensive management of qanat; Qanat of Baladeh 

 

  

Figure  5-7. Kerman province MOU for comprehensive management of qanat; Qanat of Gowhar-riz (Jupār) 
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Figure  5-8. Kerman province MOU for comprehensive management of qanat 

Akbar Ābād Qanat (up); Ghāsem Ābād Qanat (down) 
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Figure  5-9. Markazi province MOU for comprehensive management of qanat 

Ebrāhim Ābād Qanat 
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In this regard, to achieve the golds of qanat comprehensive management, headings and tasks 

are defined in the management plan and in all short, middle and long term plans. 

Some of the headings which are considered in action plan are:  

Restoration and conservation of qanats,  

Management of resources and water consumption 

Agriculture management development 

Cultural and tourist management development 

 

5.e.1. Main Goal 

Protection of outstanding values of eleven selected qanats while respecting its authenticity 

and integrity and preserving the traditional management of qanats. 

 

5.e.2. Management approach  

Identification, conservation, maintenance, and optimal introduction of values of  qanats as the 

greatest traditional hydraulic system in the world as well as preserving the traditional 

management system with emphasis on public involvement are considered as the main 

approach.  

Furthermore, the multidisciplinary approach for preserving values and an integrated 

management for qanat collection is of utmost importance.  

 

5.e.3.Management strategy and guideline 

- Continuing the traditional management system; 

- Development of training and educational plans at various scales; 

- Encouraging public cooperation in application of regulations regarding the conservation of 

qanats; 

- Enhancing public awareness about qanat values;  

- Introducing qanats at local, national and transnational levels; 

- Improving study plans on chronology and archaeology of qanats; 

- Identifying indigenous moqannis and recording their experiences in books, journals and 

reports aimed at transferring them to future generations; 

- Improving the quality of monitoring of the qanats; 

- expanding touristic services;  

- Directing and setting targets for scientific, cultural and social events related to qanats; 

- Further cooperation with national and foreign universities and other scientific centers and 

institutions;
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- Carrying on with documentation and preparation and development of databank for various 

audience; 

- Holding regular (monthly) sessions of the technical committee aimed at the evaluation of 

issues and the examination of the needs of qanat; 

- Holding regular discussion sessions (once every two or three month) with the participation of 

the steering committee including With participation of ICHHTO representatives, the 

Central Council of qanats, Ministry of Agriculture and the International Center for qanat; 

- Anticipating necessary funds for implementing conservation, restoration and revitalization 

plans of qanat. 

 

5.e.4.Action plan 

5.e.4.1. Short Term Plans (two- years) 

• Activities related to management, restoration and conservation of qanats 

- Regular maintenance and continuous monitoring of qanats (repairing and cleaning water 

canals and galleries as well as protecting their beds); 

- Keeping intact the authenticity and integrity of qanats; 

- Emergency restoration and strengthening of shafts and parts of the galleries; 

- Outlining a plan for restoration and revitalization of water mills, old dykes and other 

structures related to qanats;  

 

• Activities related to management of resources and water consumption 

- Studying and planning for developing the management system of water recirculation; 

- Continuous study of the quality and quantity of qanat water; 

- Establishing and equipping a lab for measuring the water quality; 

- Studying, designing, repairing and cleaning water canals and galleries as well as 

protecting their beds; 

- Research, introducing and providing modern irrigation systems and methods of adapting 

them with the traditional system of qanat; 

- Control and supervision over activities of water share takers community. 

 

• Activities about agriculture management development  

- Increasing the efficiency and quality of agricultural lands; 

- Regular soil monitoring; 

- Coordinating  and supervision over activities of water share-takers. 
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• Activities involving cultural and tourist management development 

- Promotion and introducing values and the cultural potentials of Qanat in mass media  

inland and abroad; 

- Reorganization of qanats relevant structures such as payabs and water mills;  

- Providing and printing the map of local, regional and international access routes to 

Qanats and distributing them among tourists visiting the region; 

- Improving the research works and furthering cooperation with universities and scientific 

institutions; 

- Scientifically improving the Qanat Base website; 

- Completing the tourist path of Qanat; 

- Designing and launching one day local tours; 

- Holding expert meetings and training workshops;  

- Creating the data base of qanat (social and climatic information as well as waterworks, etc…); 

- Introducing subsidiary facilities of qanat including water mills and gardens via brochures 

and maps.  

- Installing signboards for tourists; 

- Printing bilingual guide book and brochure; 

- Employing and training tourist guides for presenting tourist potentials of qanat to 

sightseers; 

- Introducing and publicizing qanats at local, national and international levels. 

 

5.e.4.2.  Middle Term Plans (five -years) 

• Activities related to management, restoration and conservation of qanats 

- Improving of monitoring; 

- Studying and documenting qanat, its characteristic and outstanding features 

(underground dykes, method of digging, etc…); 

- Collecting and presenting functional researches such as archaeological studies as well as 

launching the master database for qanats of Iran including qanat; 

- Continuing  archaeological studies on qanats; 

- Preparing and conducting plans related to investigation on pathology, restoration and 

strengthening and consolidation of qanats; 

- Protection against physical damages. 

 

• Activities involving water consumption and resources management 

- Inspecting underground water resources and the level of underground water table 

(including a study on the quality and quantity of qanat water as well as providing 

methods of increasing the water output of qanat in various ways); 

- Conducting a study on optimization and utilization of water resources; 
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- Launching the plan about setting up a water recirculation management system; 

- Repairing and cleaning existing water canals and preparing their beds; 

- Construction of irrigation canals and laying pipes for transfer lines; 

- Providing necessary methods for artificial feeding of underground water resources; 

- Suggesting methods for increasing the water output of qanat. 

 

• Activities about agriculture management development  

- Providing, operating and promoting agricultural systems and plans compatible with 

regional climate in order to increase the production efficiency as well as collaboration of 

qanat shareholders; 

- Inspecting the soil quality of the region as a whole as well as farmlands under cultivation 

within qanat limits in order to select the crop type; 

- Construction of surface and underground drainages in well-watered regions for 

preventing farmlands from seepage; 

- Informing farmers and inviting them to participate in infrastructural agricultural plans; 

- Supervision and public participation in specifying and compiling master plans of soil and 

water in coordination with needs, amenities and priorities; 

- Equipping farmlands for even distribution of water; 

- Regular quality control of water and soil; 

- Improving the participation of ordinary people and qanat shareholders in putting the 

plans into action. 

 

• Activities involving cultural and tourist management development 

- Multi-level training of local qanat stakeholders such as moqannis, workers and 

shareholders by holding training workshops; 

- Expanding cooperation with national and foreign universities and other scientific centers 

and institutions; 

- Printing research books on issues related to qanat; 

- Continuous multidisciplinary researches; 

- Raising awareness of different audience by mass media; 

- Training program for different level of audience; 

- Improving the knowledge of local and foreign tour guides; 

- Continuance of printing scientific journals on qanat. 
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5.e.4.3. Long Term Plans (Ten - years) 

• Activities related to management, restoration and conservation of qanats 

- Continuous conservation and restoration and maintenance activities for qanats; 

- Continuous monitoring. 

 

• Activities related to management of resources and water consumption 

- Improving the traditional qanat management; 

- Control and supervision of activities of share water-takers; 

- Improving operations supporting the plan for preservation of the quality and quantity of 

water resources; 

- Planning aimed at controlling surface waters by construction of reservoir dams and 

diversion dykes; 

- Making operational methods for increasing water output of qanat. 

 

• Activities about agriculture management development  

- Continuous regular control of water and soil quality;  

- Continuation of control and supervision over activities of share water-takers; 

- Continuation of equipping and renovating farmlands aimed at equal distribution of water 

in them. 

 

• Activities involving cultural and tourist management development 

- Training and promotion qanat culture as well as improving tourism management; 

- Introduction and promotion of qanat at multiple levels;  

- Continuance of holding educational and training workshops; 

- Staging live plays about various cultural events and performing ceremonial rituals related 

to water and soil. 

 

5.e.5. Institutions and NGOs (non-Governmental Organizations) 

Most of non-governmental organizations in Iran are quasi-governmental organizations funded 

by the state or the governor-general office. Therefore, they are dependent, one, or both of 

them. Effective presence of private sector is of utmost importance in promoting cultural 

activities, protection and conservation of cultural heritage and giving value to it. Therefore, 

the environment and cultural heritage lovers NGO continuously and effectively operates in 

introduction, conservation, raising public awareness and improving tourism industry related 

to qanats. 
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5.f. Sources and levels of finance 

Finance for research, maintenance, conservation and restoration of eleven proposed qanats 

has been raised in different ways. Among them are: public partnerships, waqf, farkhiz
9 

and 

state contributions. 

It should be noticed that the annual credits increases each year at a national and provincial 

level in proportion to inflation rate and priority of plans. Moreover, according to the law each 

site added to the world heritage site list will get a special budget by the central government 

and the parliament. On top of that, according to special national programs some projects are 

financed independently and the money is sent to them directly; for example state aids given 

to Agriculture of Gonābād county amounted to about 100 million riyals in the year 1388 SAH 

(2009) spent on restoring and dredging its qanat. 

In recent years, 70% of the restoration cost and maintenance operations of Qanats was paid 

by the Agriculture and they were performed by local moqannis. Additionally, the Qanat 

Council cooperates with the Agriculture as the advisor and overseer for smooth restoration 

operations. Usually an amount of money is allocated to restore regional qanats by the 

Agriculture. The fund is spent for restoring various parts of qanats following the review and 

advice of the Qanat Council. In restoration of qanats, local contractors who are mostly 

indigenous moqannis and members of the Qanat Council assist the Agriculture. As an 

example, in the year 1385 SAH 198 million riyals, in 1386 SAH a total of 403750 thousand 

riyals, in 1387 SAH 65 million riyals and in 1389 SAH, 97355 thousand riyals were spent by 

the Soil and Water Resources Management of Agriculture administration of Shāhin Shahr 

and Meyme for restoration and maintenance of Mozd Ābād Qanat. 

 

5.g.  Source of expertise and training in conservation and management 

techniques 

 

5.g.1. Research Organization of Cultural Heritage and Tourism 

ROCHT and High Educational Centre of ICHHTO are responsible for multidisciplinary 

researches and training of young experts. 

                                                      
9
 Prolongation of the water circuit of qanat and its temporary handover or permanent sale of the water share for 

financing its general expenses. 
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5.g.2.  College of Taft (Yazd province)  

One of the measures taken has been the setting up of a training center for qanats in which 

students are being educated with the aid of existing expertise in the desert area of Yazd and 

the presence of the traditional qanat masters there. This training center, called the Qanat 

College of Taft was established in 2005. The aim of this training center is to educate young  

people in qanat technology and reduce the chasm between the old qanat practitioners and 

younger generations. 

 

5.g.3. The International Center for qanats and Historical Hydraulic Structures 

The centre has been established by the Islamic Republic of Iran under the auspices of 

UNESCO based on the document 21c/36ii.  

The main mission of the International Centre on Qanats and Historic Hydraulic Structures is 

emphasis on recognition, transfer of knowledge and experiences, promotion of information 

and capacities with regard to all the aspects of qanat technology and other historic, hydraulic 

structures to fulfil sustainable development of water resources and the application of the 

outcome of the activities in order to preserve historical and cultural values as well as the 

promotion of the public welfare within the communities whose existence depends on the 

rational exploitation of the resources and preservation of such historical structures.  

Another mission is to promote research and development to restore the qanats and the other 

traditional historic hydraulic structures for sustainable development objectives through 

international co-operations and global transfer of knowledge and technology. Transmission of 

such invaluable experiences which have been obtained trough centuries of great diligence to 

the next generation seems inevitable. It seems that more negligence will cause the eradication 

of such heritage. Therefore, recognition, recording and transfer of such precious experiences 

are the main task of the centre. 

Preservation of cultural values regarding the materialistic and spiritual frameworks is another 

important objective of the Centre.  
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Chart  5-10. The International Center for qanats 

 

5.g.4. Local and National universities 

There are some local universities such as The Tehran University, Science & Technology 

University, Tehran Islamic Aazad University, Shahid Beheshti University, Yazd University, 

Mashhad University, Isfahan University, Qanat University of Taft which at present their 

students work and study in Qanats in their internship courses.  

 

5.g.5.  Short term training workshops 

ICQHS’s activities are mostly focused on training, research and study, knowledge transfer, 

scientific gatherings, and publications. To fulfill such missions, ICQHS has successfully 

carried out many training activities on different technical subjects such as construction, 

operation and maintenance of Qanats, Management of Artificial Recharge and Rainwater 

Harvesting, preserving Historic hydraulic structure and Qanats nomination as world heritage 

sites; 13 studies/research projects; various publications including 10 books plus 6 book whose 

publication is still under way; construction projects; and holding 5 regular Governing Board 

Meetings. Moreover, in response to requests from different countries, ICQHS has organized a 



    g{x cxÜá|tÇ g{x cxÜá|tÇ g{x cxÜá|tÇ g{x cxÜá|tÇ dtÇtàdtÇtàdtÇtàdtÇtà                                                                                                                                                                                                                                                                                                                      

410 

 

Protection and Management of the Property   

 

number of special trainings related to qanats construction, operation and maintenance for 

Azerbaijan, Iran (different provinces), and Kurdistan region of Iraq.  

ICQHS has also proceeded to nominate 11 qanats from across Iran for the UNESCO world 

heritage list. The reports related to studies of these qanats are delivered to the Iranian Cultural 

Heritage Organization in order to follow up the issue with UNESCO.  

Technology transfer is another measure ever taken by ICQHS. In this respect, ICQHS has 

conducted 3 executive projects in order to transfer qanat technology and train the local man 

power. Re-construction of Barangard qanat, construction of new qanats in Nakhchivan - 

Republic of Azerbaijan, and renovation of Sheykh Mamudian Kariz in Erbil – Iraq are the 

projects ever done by ICQHS as part of technology transfer.  

These achievements could be exemplified in few of ICQHS’s activities as listed below: 

ICQHS has put forward to the Iranian Ministry of Energy a proposal on modifying the 

existing water fair distribution law in favor of qanats. In the wake of this proposal the Iranian 

parliament passed a law in terms of qanat and protection of this ancient legacy against 

groundwater over-exploitation and structural damages. 

- ICQHS has conducted a study on how to incorporate the issue of qanat in the curricula of 

primary, elementary and high schools, in order to instill the importance of this technique 

in the children at different levels. 

- ICQHS has organized some training courses for the experts of the Ministry of Agriculture 

in order to pave the way to better maintain the qanats and draw more attention to this 

technique. As a result, those experts were encouraged to send many files to the Cultural 

Heritage Organization to register their qanats as national heritage.  

- ICQHS has held elementary and advanced training courses for Iraqi experts in order to 

draw their attention to the importance of qanats in sustainable water supplying systems. 

Accordingly they proceeded to carry out some renovation projects in Erbil and 

Suleymaniyeh in Iraqi Kurdistan.  

- In close collaboration with Azerbaijan IOM office, ICQHS has organized training courses 

for experts of Azerbaijan Republic as well as their qanat workers which made it possible 

for them to get started on qanat rehabilitation projects where even two new qanats were 

constructed/dug in cooperation with ICQHS. 

- ICQHS has directly and practically intervened in qanat renovation and construction 

projects by giving technical advices, dispatching engineers and overseeing the projects. 

For example we can mention the qanat renovation project in Iraq and new qanat 

construction in Republic of Azerbaijan. 

- ICQHS director has had different interviews on the Iranian media to bring qanat and 

historic hydraulic structures to the center of public attention. These programs led to a new 

trend toward qanats and IHH at both public and governmental levels. Eventually this 
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impact resulted in more concern about qanats at the Ministry of Energy and Iranian 

parliament to allocate a special budget to studying prominent qanats across the country for 

UNESCO world heritage nomination. 

- In Iran there are two entities responsible for qanat related issues; ministries of energy and 

agriculture. ICQHS tried to establish a closer cooperation and coordination between these 

two ministries in terms of qanats. ICQHS put forward a proposal on exchanging an 

agreement between the two ministries on more coordination and collaboration in terms of 

qanats. One of the articles of this agreement takes up the issue of a joint committee on 

qanat which eventually came into effect in 2010. This committee has been made up of the 

senior  

- experts of the two ministries, which is held every once a month in order to discuss all the 

issues revolving around qanats and settle the problems.  

- ICQHS has entered the field of executive projects, apart from its main activities which are 

focused on research and education. There are some outstanding experiences on list of its 

activities, such as the construction of new qanats in Azerbaijan and rehabilitation of qanats 

in Iraq. Such executive activities prove that ICQHS could put some water management 

theories into practice. 

- ICQHS has also touched off some effective activities in terms of historic hydraulic 

structures. First it should be noted that ICQHS has organized 5 training courses on 

maintenance and preservation of such structures in 5 different provinces of Iran, which 

were attended by over 600 experts. These courses have yielded fruitful results. Second 

based on an agreement with Iranian academy of architecture, preparation of an 

encyclopedia on historic hydraulic structures has been put on ICQHS’s agenda. The 

methodology of this encyclopedia is available at the center and can be followed by the 

other countries too, so that they can proceed to prepare the historic hydraulic structures 

encyclopedia of their countries. 

- ICQHS has a good experience in setting up water museum, and Yazd water museum bears 

witness     to this fact. ICQHS has made this experience available to the countries Algeria 

and Thailand.  

 

A brief list of some introduction and education activities of ICQHS (publications, educational 

workshops and seminars held) is as follows: 

- Declaration of the International Conference on Qanats ,Yazd, , 2000 

- The national conference of Qanat, Gonābād, 2004 

- International conference on Qanat, Kerman, 2005 

- Publishing the books (Qanat in its Cradle, Proceedings of TKWAR Conference, Qanat 

Practitioners of Kerman Province), 16 Feb 2012 
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- Launching the first Qanat club meeting with the presence of representatives from qanat 

holdings countries: Turkey, Algeria, Pakistan, China, Oman, Azerbaijan, Morocco and 

Japan, 21 Feb 2012  

- Holding the short course on World History of Water Management with Collaboration of 

UNESCO – IHE, UNESCO IHP & IWHA with the presence of 53 national and 

international experts, 23-24 Feb 2012 

- Participation in the “Yazd Study Conference” and giving lecture about the role of Qanat 

in Yazd formation , 8 March 2012 

- Participation of ICQHS in the conference of “water and wastewater technology in ancient 

civilization” in Istanbul and delivering a presentation on historic hydraulic structures in 

Iran, 22 March 2012 

- TKWRM-2012: Holding the International Conference on Traditional Knowledge for 

Water Resources Management with the participation of 440 scholars and experts from 31  

- countries, 22 February 2012 

- Holding the International workshop on "Trans-boundary Waters, Opportunities for 

cooperation" with the presence of 44 national and International experts, 22 February 2012   

- Holding one day advanced training course for qanat nomination as the world heritage, for 

experts of consulting engineers , 28 February 2012  

- Participation at the 6th "World Water Forum" held in Marseille, France and presenting 

tow solutions of ICQHS, 12-17 March 2012  

- Giving a report on ICQHS activities to the session of water affairs in Ministry of Energy, 

8 April 2012   

- Scholars from Switzerland paid a visit to ICQHS and had a meeting on possible research 

cooperation and student exchange, 8 April 2012  

- Finalizing a report on 6th world water forum and submitting it to the relevant authorities,   

10 April 2012 

- Submitting a report on ICQHS activities to UNESCO in order to be presented at 20th 

session of intergovernmental council of UNESCO-IHP, 14 April 2012 

- Participation in meeting on outcome of 6th world water forum in the Iranian Ministry of 

Energy and giving ICQHS report in this respect, 1 May 2012    

- Holding a question-answer session for the students of civil engineering from Dezul Azad 

university- 21 May 2012  

- ICQHS director’s lecture at the side event of intergovernmental session of UNESCO-IHP 

about “water cultures in the course of history”, 6 June 2012 
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- Exhibiting the newly edited book "Qanat in its Cradle" as a side event of 20th session of 

intergovernmental council of UNESCO-IHP, 6 June 2012  

- Participation in 20th Session of intergovernmental council of UNESCO -IHP and giving a 

report on ICQHs activities, and taking membership of the committee of declarations, 4-7 

June 2012   

- Participating in a meeting with Paris 8 University and discussing future cooperation on 

water systems of arid lands, 7 June 2012 

- Holding a training session for MENARID Project staff with the participation of 25 

experts, 12 June 2012  

- Participation in Asia Pacific Water Museum Workshop in Thailand and giving a 

presentation on experiences of I. R. Iran in setting up water museums across the country, 

25-26 June 2012 

- Giving a report on the activities of joint technical qanat committee over the past two 

years, in coordination with the ministries of energy and agriculture ,4 July 2012 

- Cooperation in organizing a training course on preservation and rehabilitation of  Qanats-

Deputy of soil and water, Ministry of Agriculture- Tehran,16-17 July 2012  

- Holding a training workshop on preservation and maintenance of qanats and historic 

hydraulic structures - Zahedan, with the participation of 145 experts from Zahedan 

province, 3-4 July 2012 

- Holding the third session of "Yazd  study serial debates", entitled Yazd, Water and Qanat,  

- July 2012  

- Commencing comprehensive study on qanat of larch to be nominated for the UNESCO 

world heritage list, 7 August 2012  

- Commencing studies on prominent Qanats in Tabas and Qāyen, 20 August 2012  

- Preparing a research proposal on guidelines of development, operation and maintenance 

of qanats, and putting it forward to the technical regulation and standards project, 

Ministry of Energy, 2 September 2012  

- Participation of ICQHS in the seventh joint technical qanat committee in order to define 

possible coordination between the ministries of energy and agriculture – Orumiyeh, 3 

September 2012 

- Giving a lecture on "Qanats of Iran" at the training workshop of mega city of Tehran, 

attended by undergraduate and graduate students of architecture and art, 12 September 

2012   

- Meeting with the director of UNESCO-IHE professor Nagy and determining the future 

fields of cooperation between IHE and ICQHS, 14 September 2012 
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- Giving a lecture at the international training course on "world history of water 

management" at UNESCO-IHE, 17 September 2012   

- Giving a presentation on "measures taken to preserve qanats in Iran as cultural landscape" 

at the conference on international preservation of landscape- Florence, Italy, 20 

September 2012  

- Preparing and putting forward a proposal about "comprehensive study on qanats of  Kish 

island" to Kish Free Zone Organization, 25 September 2012  

- Holding a meeting with French scholars delegation and discussing situation of qanats in 

Yazd and Iran as well as future cooperation in terms of enhancing public awareness, 26 

September 2012   

- Holding an advanced training course on qanat for the experts of agriculture organization 

of Sistan - Balouchestan province,10-11 November 2012  

- Submitting ICQHS evaluation report prepared by Prof. Papoli Yazdi and Prof. Pietro 

Laureano to UNESCO, 13 October 2012   

- Holding the 8th joint technical committee for qanat in cooperation with Iran Water 

Resources Management Company, and defining the future cooperation between the 

ministries of energy and agriculture, 1 December 2012     

- Participation in "Groundwater Governance: A Global Framework for Action" held in 

Shijiazhuang, China to present the experiences of the International Center on Qanats and 

Historic Hydraulic Structures, 3- 5 December 2012  

- Setting up a pavilion regarding historic hydraulic structures in the international water fair, 

Tehran, 28- 31 December 2012  

- Launching the "comprehensive studies on Kish qanats" communicated to ICQHS by Kish 

Free Zone Organization, 10 January 2013 

- Cooperation with UNESCO in preparing the final draft of the renewal agreement of 

ICQHS ,30 January 2013  

- Cooperation in organizing a conference on "intangible heritage of Iran from UNESCO's 

standpoint" and giving presentation on intangible heritage of qantas, Yazd, Dowlat  Ābād 

garden, 28 February 2013  

- Holding an exhibition about historic hydraulic structures at the University of Yazd, 2- 6 

March 2013  

- Giving a report on the activities of ICQHS at the annual evaluation meeting attended by 

the minister of energy,2 March 2013  

- Holding a question-answer meeting on nomination of qanats for UNESCO world heritage 

list, attended by the consulting engineers companies, 4 March 2013  
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- Interview with German Radio Channel about invention of qanat, qanat related 

technologies and its diffusion throughout the world , 10 April 2013 

- Approval of 191st UNESCO executive council for renewal of ICQHS agreement and 

putting forward a proposal to the general director on exchanging a new agreement with 

I.R. of Iran , 30 April 2013 

- Visit of Ms. Gretchen Kalonji UNESCO Assistant Director General for Natural Sciences 

to ICQHS, announcing the Center as one of the most successful UNESCO category II 

centers, 12 May 2013   

- Submitting of comprehensive study reports on Qasabeh Qanats of Gonābād, Baladeh 

Ferdows, Gowhar- riz, Mold Ābād and Vazvān to the Cultural Heritage, Handicraft and 

Tourism Organization in order to prepare their nomination file for UNESCO World 

Heritage List, 25 May 2013  

- Publication of the second edition of the book "Veins of Desert" in 1000 copies, 10 June 

2013  

- Cooperation in holding a qanat session during the 8th conference of International Water 

History Association in Montpellier, France , 28 June 2013  

- Holding the 9th session of joint technical qanat committee, attended by the 

representatives of the Iranian ministries of energy and agriculture, 7 July 2013 

- Contribution to the conference on Landscapes of water, source of life, Communities and 

Traditional water management systems, Vitoria Gasteiz, Spain,12 -13 July 2013  

- Holding the second Question answer meeting on nomination of qanats for UNESCO 

world heritage list, attended by the consulting engineers companies ,14 August 2013  

- Organizing a four day preliminary qanat training course for tour guides of Yazd 

province,15 August 2013  

- Coordination meeting with Iran Water Wisdom Association in order to define the horizon 

of possible cooperation , 27 August 2013 

- United Nations Resident Coordinator and UNDP Resident Representative, Mr. Gary 

Lewis' visit to ICQHS , 1 September 2013  

- Holding a training course on "mutual interactions between city and qanat" for the experts 

of Yazd Municipality , 18- 24 September 2013 

- Holding a one day training course for Chinese, German, French and Italian tourists to 

acquaint them with qanats and historic hydraulic structures , 2 October 2013   

- Holding the 5th meeting of ICQHS governing board in Morocco with participation of 

representatives of UNESCO and eight countries, 24 October 2013 
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- Holding a one day training course for tour guides in order to acquaint them with historic 

hydraulic structures, 1 October 2013  

- Visit of Dr. Jorg Ostrowski's and his team to ICQHS and a meeting with him on the role 

of silk road in development of qanats, 20 October 2013  

- Participation of ICQHS in the international workshop on qanat technologies in Morocco 

with one key presentation and six technical papers, 24- 26 October 2013  

- A meeting with the new director of UNESCO Tehran Cluster Office Mr. Hiranand 

Purkait in order to update him on ICQHS activities and plans - 29 October 2013 

- Cooperation with Agriculture Organization of Kermanshah in holding a training course 

on qanat rehabilitation in Kermanshah, 30- 31 October 2013   

- Participation in organizing the 10th joint professional qanat committee attended by the 

representatives and experts of the ministries of energy and agricultures of IR. Iran –

Isfahan, 3 November 2013  

- Technical meeting on the joint qanat archaeology project, held at the archaeological 

research center, Iranian cultural heritage organization, Tehran, 6 January 2014  

- Holding a meeting with the authorities of the Kish free zone organization and giving the 

final report on the comprehensive study project on qanats of Kish, 25 January 2014  

- Receiving the UN agencies' directors at the Yazd water museum and giving them a 

technical explanation about qanat and the museum ,26 February 2014    

- Holding a one day training course for students of French high school in Iran, 24 April 

2014    

- Preparing a proposal on the international training workshop on "rehabilitation of  qanats 

in the modern urban context", 22 February 2014  

- Preparing a proposal on the international conferences on "water ethics", "water history" 

and "qanat and future" in order to be submitted to the Ministry o Energy and IHP 

committee, 5 March 2014  

- Meeting with Ms. Bokova, Director general of UNESCO in the occasion of her official 

mission to Iran , 29 April 2014  

 

5.h. Visitor facilities and infrastructure 

Due to the relatively long distance between catchment areas of nominated qanats named in 

the dossier as well as their conservation, specific tourist paths have been provided by each 

province. Thus tourists can visit the mazhar of qanat (water exit points) and the natural 

landscapes of qanats by referring to travel agencies and trained guides. It should be noted that 

visitors will have at their disposal the services and amenities of urban areas nearby during 

their residence. 
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As an example, Qasabeh Qanat is one of the tourist attractions of Gonābād town. After its 

promotion, a huge increase in the number of its visitors is perceptible. Most of them only visit 

the exit point and the restored part of the qanat and cause no damages. Unfortunately But 

according the data of the strategic plan of the tourist axis of Qasabeh Qanat of Gonābād 
10 

annually an approximate number of five million pilgrims travel to Mashhad via Gonābād 

town. 

  

Photo  5-5. Tourists visiting Qanat of Baladeh – Gonābād (left); Hassan Ābād –yazd (right) ; source: ICQHS 

 

According to statistical data provided by the ICHHTO branch of the county, each year at least 

30-35 thousand of Imam Reza pilgrims also visit the tourist attractions of Gonābād Among 

other sightseeing potentials of the county are: presence of six thousand non-native university 

students in Gonābād town, visitors of Emamzadeh Sayyid Mohammad Abed’s shrine, 

dervishes living in southern provinces coming to Bidokht, etc. Organizing the tourism of 

Qasabeh Qanat properly can result in the attraction of sightseers and the income produced can 

be spent on protecting the monument. 

 

Photo  5-6. Qanats tourism potentials; source: ICQHS

                                                      
10
 Municipality of Gonābād, Strategic Plan of the tourist axis of Qasabeh Qanat of Gonābād advisor: Ali Reza 

Rezvani, 2009 
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In 2000, a water museum in Yazd, Iran was set up as a side event during the First 

International Conference on Qanats (Semsar Yazdi, 2000). This museum displays the techniques 

of qanat construction and operation, and its role in the desert towns such as Yazd. Yazd 

Water Museum is visited by tens of thousands of tourists every year. Apart from setting up 

water museums in qanat holding regions, some qanats can be prepared for the tourists to visit 

up close. Thus, the qanat would be turned into a tourist site while keeping its traditional 

function that is supplying water. In Iran some qanats were customized for this purpose, such 

as the Qanats of Zārch, Qasabeh and Jupār. Attracting the tourist to such qanats serves to 

enhance public awareness about the qanat system, and can also bring profit to the qanat's 

beneficiaries and the people living at the site. 

   

Photo  5-7. .perspective and landscape tourism potentials of qanats; source: ICQHS 

 

Given that Qanat of the Moon in Ardestān, Meyme and Vazvān in Esfahan, Ebrāhim Ābād in 

Arāk and Qanats of Bam are all located in the historical sites, the tourist infrastructures in 

those regions are already in a satisfactory situation. 

It is worth mentioning that, tourism master plan studies have been done typically on Qasabeh 

Qanat that is briefly presented in appendix VIII as an example. 

 

5.i. Policies and programmes related to the presentation and promotion of the 

property 

- Improving the quality of bulletin boards; 

- Establishing a comprehensive databank of qanat; 

- Exchange of students and experts with similar sites, universities as well as official centers 

for education and research; 

- Publishing scientific researches and books of qanat; 

- Holding various exhibitions inside the country and abroad in order to exhibit and introduce 

the qanat; 

- Furthering expert and scientific exchanges with national and international universities; 

- Enhancing the knowledge and awareness of visitors and audience through mass media; 

- Defining tourist routes for visitors inside the enclosure. 
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5.j. Staffing levels and expertise (professional, technical, maintenance) 

Human and expert resources of qanat can be divided into two groups of private and 

governmental. The private group includes the traditional management of qanats consisted of 

the hierarchy of moqannis and water distribution. This management style has paved the way 

for sustainable survival and endurance of the qanat during the past centuries.  

The governmental group includes experts employed in various state sectors such as the 

Ministry of Agriculture, universities and higher education centers, the National Center of 

Qanat, etc, which are somehow involved in improving the traditional management of qanat. 
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Chapter 6 : Monitoring 

The main aim of the monitoring program and the maintenance system in qanats is:  

preserving their values while respecting integrity and authenticity. The goal of monitoring 

system is gathering data within an integrated plan. Based on the results of this process, 

conservation activities can be evaluated. 

As it has mentioned, the property includes eleven qanats which are still in use as irrigation 

systems and represents some 37,000 such systems in Iran. Therefore the monitoring system 

of qanat has an integrated plan in the country from the past. The monitoring system of qanats 

has its significant base in its traditional management. 

Beside the activities already undertaken about monitoring by the moqannis of qanats, some 

governmental organization such as Ministry of Agriculture, Ministry of Energy of Iran 

(Regional water companies of Provinces), Cultural Heritage, Handicrafts and Tourism 

Organization (ICHHTO), Environment and Natural Resources Organization associate with 

local practitioners to arrange required program and actions to be taken to achieve the 

objectives of this nomination.  

Moqannis with cooperation of these organizations, monitors the water flow and quality at all 

the qanats on its inventory and checklist monthly. Individual qanat council carries out regular 

monitoring of their qanat and submits requests for assistance in maintenance or conservation 

whenever their structural or hydrological structures are affected. Upon receipt of these 

requests, the Ministry of Agriculture prepares technical specifications and drawings and 

supervises the maintenance work in close cooperation with  moqannis and qanat council. The 

Ministry of Agriculture is responsible for issues related to the protection and safeguarding of 

traditional farming and the improvement of irrigation systems. The Cultural Heritage, 

Handicrafts and Tourism Organization is actively taking the necessary measures to conserve 

and maintain structure and landscape of qanat also cultural sites.   

In order to analyze results of monitoring reports, experts from the following organizations are 

usually deployed: Ministry of Agriculture, Ministry of Energy, ICHHTO and International 

Centre on Qanats and Historical Hydraulic Structures (ICQHS).  Monitoring the watershed 

and controlling underground water resources takes place periodically at 6-month intervals by 

Regional water companies under the auspices of the Ministry of Energy. Additionally, 

continuous surveillance of natural resources is underway aimed at preservation of pastures 

and vegetation.  
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6.a. Key indicators for measuring state of conservation 

Among items monitored by this professional team are: condition of qanat structure including 

its well shafts, mother well, gallery, exit point, water output, quality and health of qanats 

water, degree of respecting regulations concerning core zone and buffer zone of each qanat 

(digging illegal wells, industrial facilities, environmental pollutants), vegetation, water resources 

and the manner of their utilization as well as cultural, historical and natural landscape.  

The outstanding values of qanat whether is monitored through physical inspections, regular 

surveys, and documentation taking surrounding and buffer zones into consideration. The 

monitoring of affecting factors is being implemented through cooperation responsible 

authorities in various scientific centers, labs and dependent organizations such as Ministry of 

Agriculture. Based on the identification of the affecting factors, a number of indicators that 

are monitored by responsible authorities are identified for the conservation and preservation 

of various elements and parts of qanat. Below are the details: 
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Category Indicators 
Annual 

Period 
Tools 

N
o

m
in

a
te

d
 A

re
a

 

M
et

eo
ro

lo
g
y
 

relative humidity 

monthly 

meteorological 

stations 

(the Regional 

water company 

of the province) 

temperature 

evaporation 

precipitation 

wind 

w
a
te

r
 W

a
te

r 

R
es

o
u

rc
es

 level of underground table monthly 

perimetric wells water consumption within the 

hydraulic boundaries of qanat monthly 

W
a
te

r 

O
u

tp
u

t water quantity 

Seasonal 

data logger 

water quality water chemistry 

lab 

S
tr

u
ct

u
ra

l 
co

n
d

it
io

n
 o

f 

q
a

n
a

t 

variations 
mother wells 

underground 

channels access 

shafts 

monthly field visit examining 

erosion and 

destruction 

cleaning 

(lāyroobi) 

underground 

channels Twice a year 

Cleaning 

operation 

instrument 

S
o
il

 

soil erosion 

Seasonal  
subsidence 

P
la

n
ts
 type 

Seasonal 
statistics and 

field visit density 

H
u

m
a
n

 

R
ec

o
u

rs
es
 number and ownership share of users 

annual 

questionnaire 

& 

field visit 
number and skillfulness of 

moqannies 
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Category Indicators 
Annual 

Period 
Tools 

N
o

m
in

a
te

d
 A

r
ea

 

R
es

ea
rc

h
 &

 E
d

u
ca

ti
o
n

a
l 

number and quality of researches, books, articles 

and student theses produced about monuments 
annual 

statistics 

& 

questionnaire 

number and quality of specialized tourist services 

(guides, brochures) 
annual questionnaire 

number and quality of educational workshops annual 

field visit 

& 

questionnaire 

public Awareness monthly 
publications 

statistic 

 

Category Indicators 
Annual 

Period 
Tools 

B
u

ff
er

 Z
o

n
e 

D
ev

el
o
p

m
en

t 

respecting criteria of core zone and examining 

variations 
monthly field visit 

respecting criteria of buffer zone and examining 

variations 
monthly field visit 
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6.b.  Administrative arrangements for monitoring property 

The Iranian Cultural Heritage, Handicrafts and Tourism Organization (ICHHTO)  has overall 

administrative and financial responsibilities toward conservation, preservation and protection 

of historic monuments and sites in Iran. ICHHTO has its branches in every province of the 

country. Each major historic site has its own Research Bases at the site so that constant 

monitoring of the state of the conservation of the property could be achieved. 

In the case of qanat, with close cooperation of Ministry of Agriculture and Ministry of 

Energy of Iran, the Research Base of qanat in ICHHTO is the responsible. The Research Base 

is working under supervision of Head of provincial ICHHTO who is responsible to the 

deputy of Cultural Heritage. 

 

 

Chart  6-1.  Comprehensive monitoring 

 

They are not only responsible for the monitoring of different constituents of the Monitoring 

Program but also for planning and giving training workshops to the relevant individuals as 

well as providing sufficient information to the responsible authorities with regards to the  

quality  and quantity of  monitoring programs so that they all can be a part the overall 

comprehensive monitoring system. They also take necessary actions to be in continuous 

contacts with relevant research and educational institutions, whether public or private, so that 

their knowledge and expertise could be used for enhancing the monitoring of qanats. 

Following are the professional details of some of the experts including their skills and contact 

details who are included in the monitoring unit of the research section of qanat Base: 
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Name and contact information of the personal 

 

Ms. Negar Sartip zadeh: Khorāsān-e Razavi, Gonābād, Qasabeh Qanat 
E-mail: n.s1363@gmail.com 

Tel: 09155099699 

 

Mr. Kazem Mokhtar nia: Khorāsān-e Jonubi, Ferdows, Qanat of Baladeh  
E-mail: mokhtarnia.kazem@gmail.com 

Tel: 09153355188 

 

Mr. Ebrahim Kazem nejad, Yazd, Qanat of Zārch & Hassan Ābād-e Moshir Qanat 
E-mail: kazemnajand@gmail.com 

Tel: 09137750782 

 

Mr. Esmaeil Sharahi, Markazi, Arāk, Ebrāhim Ābād Qanat 
E-mail: sharahi.esmaiel@yahoo.com 

Tel: 09185238643 

 

Mr. Javad Chehrazi, Esfahan, Qanat of Vazvān & Mozd Ābād Qanat & Qanat of the Moon  

E-mail: balsa.bana@yahoo.com 

Tel: 09133095760 

 

Ms. Sima Afshar, Kerman, Jupār, Qanat of Gowhar-riz 
Tel: 09133996163 

 

Mr. Masoud Ghamari, Kerman, Bam & Baravat, Ghāsem Ābād Qanat & Akbar Ābād Qanat  
E-mail: mass-gh87@yahoo.com 

Tel: 09366651741 
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6.c. Result of previous reporting exercises  

According to the traditional management system of qanat and the value of water in Iranian 

history, qanat documentation and conservation activities was started since this system created 

until now, therefore it is in suitable state of conservation and monitoring. 

Historical documents available regarding the registered names of users as well as share of 

each shareholder of qanats prove the importance of monitoring for traditional management of 

qanats. Such documents are considered as historical reports on monitoring which has resulted 

in protection and maintenance of qanats. Moreover, keeping regular records on qanats is itself 

noteworthy. 

  

Photo  6-1. Example of documents about registering and monitoring qanat users 

 

Throughout years effective activities including: āb harzi, lāyroobi, sang bandi,  kaval  gozāri 

and the most important of them all pishkār kani have been conducted for Persian Qanats 

based on the monitoring done by traditional qanat experts and diggers. According to its 

specific condition, each qanat has been subject to different operations whose documents and 

reports are recorded and kept at the Qanat Base. In this regard, comprehensive studies have 

been carried out on qanats. Because a full discussion of the issue is beyond the scope of this 

article, only headings of the studies are mentioned but a brief report on activities can be seen 

in appendix IV at the end of the dossier. Comprehensive studies on qanats come under these 

headings: 
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- System of qanat ownership and management; 

- Studies on the aquifer of qanats; 

- Comprehensive studies on soil and geology within qanat boundaries; 

- Comprehensive studies on water resources (hydrology and hydrogeology); 

- Comprehensive physiographical studies;  

- Comprehensive studies on meteorology and climatic influences; 

- Comprehensive economic and social studies within geographical area of qanat. 

 

6.c.1. Ministry of Agriculture 

In this ministry, reports on monitoring and protecting of qanats are recorded and published by 

the deputy of water and soil in the water and soil affairs bureau of each province. As an 

example, all activities related to protection and maintenance of qanats since the Ministry  of  

Agriculture has published 1999 in the framework of the “national plan for rehabilitation, 

restoration and lāyroobi the qanats of Iran”. Results related to operations during the past 

thirty years have been provided about: 

 

- Summing up and completing the special price list for conservation activities according to 

qanats; 

- Presenting details of services concerning comprehensive studies on qanats of Iran; 

- Preparing and completing the qanat IDs of Iran; 

- Devising technical regulations and criteria about protection of qanats; 

- Technical investigations aimed at accessing guidelines for modern methods in qanat plan; 

- Providing definitions about engineering and technical boundaries for qanats with 

cooperation of consultants and professionals of Ministry of Energy; 

- Collaboration with the deputy watershed management of the Forests, Pastures and 

Watershed Management Organization of Iran aimed at preserving aquifers in upstream 

qanats; 

- Cooperation with ICHHTO about registering major qanats; 

- Presenting specialized articles on qanats; 

- Devising guidelines as well as technical-executive regulations and criteria about qanats; 

- Launching a databank on qanats funded by national and provincial credits of the higher 

water council;  

- Providing insurance for qanats, moqannies or working groups; 

- Holding joint instructional courses with the International Center for Qanat and some 

provinces about qanats; 

- Preparing agreements on qanats. 
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No. Province 
Number of 

qanats 

Depth of 

mother 

well 

(m) 

Length of 

qanat 

(m) 

Discharge 

lit/sec 

Agricultural 

area 

(ha) 

1 Azerbaijān-e Sharqi 1888 47269 1615421 - - 

2 Azerbaijān-e Gharbi 624 6739 359 2232 25154 

3 Ardebil 293 1118 105302 1552 15545 

4 Alborz 49 231 55676 206 4014 

5 Esfahan 4886 69016 2163226 36526 - 

6 Ilām 16 110 5182 186 1492 

7 Bushehr 144 1034 115206 820 3115 

8 Tehrān 236 11097 464866 4371 20633 

9 
Chaharmahal and 

Bakhtiari 
810 10944 429312 8589 43804 

10 Khorasan-e Jonubi 6006 65809 2410420 7721 31136 

11 Khorāsān-e Razavi 6831 125584 5800628 27775 - 

12 Khorāsān-e Shomali 637 - - 1937 - 

13 Khuzestān 32 - 48403 6649 2269 

14 Zanjān 459 4601 291011 3328 11605 

15 Semnān 715 12 2349515 5890 50 

16 
Sistān va 

Baluchestān 
2321 189621 2468671 188691 547850 

17 Fars 2389 21019 5384167 39419 134756 

18 Qazvin 310 
 

244171 1218 7886 

19 Qom 861 8189 451755 4826 23846 

20 Kurdistān 496 2756 55646 1333 1481 

21 Kermān 3.378 65583 5678854 55419 110489 

22 Kermanshāh 196 - 81387 2544 6189 

23 
Kohgiluyeh and 

Boyer-Ahmad 
256 - - 2255 2914 

24 Golestān 285 2830 204810 2186 - 

25 Gilān 4 - 4 18 55 

26 Lorastān 1600 - 437841 16906419 1406644 

27 Mazandarān 39 685 110500 985 1297 

28 Markazi 2882 7728 2025174 27235 94231 

29 Hormozgān 161 2126 191420 2192 9465 

30 Hamedān 1427 14818 513137 2948 13276 

31 Yazd 3228 49172 3714725 12999 70514 

Sum 43459 708089 37416789 17358467 2589709 

 

Table  6-1. Statistical table about existing qanats of Iran
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Increase in water 

extracted 

(MCM) 

Budget spent 

(IR. Rials) 

Number of 

project 
Year Plans 

78 10000 102 1999 
Second plan 

100 2998 262 2000 

178 12998 364 Total second plan 

105 40670 775 2001 

Third plan 

145 60200 1038 2002 

214 70590 934 2003 

176 58295 2766 2004 

210 60694 2659 2005 

850 290449 8172 Total third plans   

150 10800 2229 2006 

Forth plan 

119 55800 1657 2007 

221 157083 3207 2008 

242 175084 3318 2009 

286 376304 3427 2010 

1018 775071 13838 Total forth plan 

2046 1078518 22374 Sum 
 

Table  6-2. Function of the plan for rehabilitation, restoration and lāyroobi qanats  

from its beginning in 1999 until the end of 2010 
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Chart  6-2. Process of increasing the number of qanats under rehabilitation within the 2
nd

 development plan 

 
 

Considering the large number and wide distribution of existing qanats, the bureau of water 

and soil affairs of Ministry of Agriculture embarks on nationwide operations beside 

provincial ones in order to realize the goals of the plan for conservation, protection and 

rehabilitation qanats of Iran. Activities conducted within the framework of the plan in the 

year 2011 are as follows: 
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1 Azerbaijān-e Sharqi 38 5250 5250 22.8 22.8 248 - - 1.182 100 

2 Azerbaijān-e Gharbi 17 1210 1210 
 

11.15 2419 1802 6.725 1.586 100 

3 Ardebil 19 4273 4248 5.5 5 400 - - 6 100 

4 Esfahan 349 41000 36882 50.6 50.6 
 

- - 49.73 100 

5 Ilām 1 50 5 0.8 0.8 0.4 - - 0.01 20 

6 Bushehr 7 5000 5000 10 11.1 70 30 0.8 1 100 

7 Tehrān 10 4559 4559 - - - - - - 100 

8 Jiroft 123 12888 12888 61 61 450 50 7 7 100 

9 
Chaharmahal and 

Bakhtiari 
49 3800 2960 4.9 4.1 490 - - 1.77 90 

10 Khorāsān-e Jonubi 144 16320 16320 44.46 44.46 
 

- 0.016 0.016 100 

11 Khorāsān-e Razavi 369 67250 67250 479.9 479.9 230 - - 17.91 100 

12 Khorāsān-e Shomāli 60 7982 6334 20.8 14.9 125 - - 12.9 
71.3

3 

13 Khūzestān 2 1100 1100 0.66 0.66 280 30 - 
4.354

6 
100 

14 Zanjān 12 1230 942 3.598 3.241 
115.3

5 
- - 2.265 98 

15 Semnān 8 6530 5492 13 11.1 84 - - 0.854 100 

16 Sistān va Baluchestān 110 22400 18816 39 39 367 - - 7 100 

17 Fārs 180 42609 42609 154 154 180 - 22.7 
 

100 

18 Qazvin 9 500 500 6.13 6.13 195 - 
 

0.64 100 

19 Qom 66 10900 10900 - - 1778 333 18.4 3.4 100 

20 Kordestān 1 160 160 0.18 0.18 8 4 0.02 0.02 100 

21 Kermān 550 44070 44070 115.6 115.6 1965 - - 219 100 

22 Kermānshāh 6 2108 2049 1.05 1.05 240 30 - 0.501 100 

23 
Kohgiluyeh and Boyer-

Ahmad 
15 1450 1450 0.43 0.43 36 - - 0.62 83 

24 Golestān 7 1800 1558.6 7.5 4.9 250 - - 1 100 

25 Lorestān 54 8625 6668 - - 530 - 3.7 3.7 64.2 

26 Markazi 13 1054 1054 - - - - 2.4 1.6 100 

27 Hormozgān 11 2350 2350 - - 49 17 2.903 
1.078

3 
100 

28 Hamedān 147 21889 21889 - - 1470 
 

14.7 14.7 100 

29 Yazd 313 31780 31780 63.56 63.56 3110 - 
2.094

3 

2.094

3 
76 

Sum 
269

0 

37013

7 

35629

3 
- 

1105.

7 
15090 2296 

81.45

8 

361.9

3 
- 

Table  6-3. Activities of the group for developing agricultural water resources in the financial year of 2011 
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6.c.2. Ministry of Energy 

In this Ministry, deputies of water and Waste Water (water and sewage department) as well as 

bureau of the Water National Musuem Institution cooperate with qanat councils about 

relevant studies. Additionally, the bureau for basic studies on water resources of Iran water 

resources management Stock Corporation which is affiliated with the Ministry of Energy has 

responsibility to set up an effective investigation system for inclusive identification of water 

resources of the country. This is realized by establishing and surveying the broad network of 

stations assessing surface and subterranean water resources. The network dates back to the 

year 1946 when it was allocated to gauge surface waters by setting up hydrometrical and rain 

survey stations on rivers and water basins. Since then based on universal standards and in 

accordance with requirements and facilities, new stations have continuously been established 

in order to complete the network. At present, a network consisted of 1115 hydrometrical 

stations, 1778 rain survey (rainfall measure) stations, 671 evaporation survey (evaporation 

measure)  stations and 270 snow survey (snow measure) stations provide statistics needed for 

projects of surface water resources.  

The network for assessing underground water resources covers 13300 observational water 

wells and 10250 selected water resources which themselves are consisted of 7800 water 

wells, 1350 qanats and 1100 springs.  

As reappraisal of the design of the assessment network seemed necessary some years after its 

launching, in 2002, the bureau for basic studies on water resources started to examine 

existing network of water resources for optimization based on a detailed service schedule. It 

has initially reviewed and evaluated the present condition of the network for assessing water 

resources of Iran and after proposing an optimal network based on investigative requirements 

and international standards, has deployed necessary human resources and network equipment 

in a manner that makes possible evaluating optimally the potential of water resources of 

various aquifers and study areas. Additionally completing and equipping water resources 

(surface and underground) assessment stations is underway on an annual basis.  
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6.c.2.1. Results of activities of the deputy of water and Waste Water in the Ministry of Energy 

regarding monitoring and conservation 

 

- Composing and proposing policies, defining procedures and general plans on basic studies 

about water resources; 

- Providing necessary guidelines concerning basic studies about water resources and 

supervising their appropriate implementation; 

- Reorganization and supervision over establishing an optimal network for water, 

meteorology and subterranean water of Iran; 

- Planning and supervising quality and quantity expansion of water and meteorology of Iran 

in accordance with international standards as well as plans for exploring underground 

waters whether within water tables or inside hard formations; 

- Supervising the correct maintenance and exploitation of the network assessing water, 

meteorology and underground water of Iran; 

- Supervising the collection, transfer, control and initial processing of data and statistics 

about surface and subterranean waters; 

- Setting up and organizing basic databanks about water resources of Iran (quality and 

quantity); 

- Final processing and controlling of data and statistics about surface and subterranean 

waters of Iran in order to be added to the databank; 

- Planning and supervising the establishment and expansion of the sediment logy (deposit 

gauging) station in Iran; 

- Identifying water resources of Iran concerning their quality and quantity within watersheds 

whether surface and subterranean waters or their combination as well as preparing water 

resources atlases; 

- Determining the potential of surface and subterranean waters and providing the water 

resources output of Iran; 

- Presenting analytical and statistical reports and publications about surface and 

underground water resources on a periodical and case by case basis; 

- Planning for technical and scientific collaborations with academic centers home and 

abroad aimed at fulfilling basic studies requirements as well as exchanging mutual 

experiences 

- Directing, supervising and assessing the performance of regional water companies in 

relation to basic studies of resources; 

- Planning aimed at raising public awareness about basic studies of water resources in Iran 

- Checking and approving funds and facilities needed for various activities regarding basic 

studies on nationwide water resources as well as supervision on expending of approved 

budgets; 

- Planning for holding (short and long term) instructional courses, specialized workshops as 

well as national and international seminars on basic studies of nationwide water resources 

and on improving the level of knowledge of employed workforce; 
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- Presenting necessary recommendations and programs in order to create required 

capabilities and resources for various activities concerning basic studies of nationwide 

water resources as well as follow-ups about realization of approved plans. 

 

As for the importance of training, research and propagation of the qanat usage culture as well 

as large scale informing actions, there exist some sections within the administrative 

organization of the Ministry of Energy with a responsibility for researching and spreading the 

culture of qanat utilization. In this regard, the Water Research Institution, the Water National 

Treasury Institution as well as the International Center for Qanat are effectively active both 

on a national and a global scale. Here is a brief account of some of the effective operations 

and achievements of the International Center for Qanat during previous years. 

 

6.c.3. Fields of Activity of International Centre on Qanats and Historic Hydraulic Structures 

Since the establishment of ICQHS, the center has carried out many technical activities 

targeted at a diverse range of audience which not only all under the mandate of the Centre but 

also contribute to different themes of IHP-VI, IHP-VII and IHP-VIII. The center has 

embodied its activities in the framework of its establishment agreement, the article III which 

stipulates the following items:  

a. Executing educational and training activities to transfer qanats, traditional water resources 

system and historic hydraulic structures technology worldwide 

b. Undertaking research, development and scientific investigation in collaboration with 

relevant research centers from all over the world 

c. Holding scientific symposiums and conferences (regional and international) 

d. Developing a comprehensive programmer of information and communication technology 

and collecting information available worldwide and setting up a data bank 

e. Collecting and disseminating relevant local knowledge 

f. Publishing and disseminating the outcomes of research activities in different countries 

through books, articles, etc 

g. Compiling a comprehensive history on qanats, traditional water resources system and 

historic hydraulic structures 

ICQHS’s activities are mostly focused on training, research and study, knowledge transfer, 

scientific gatherings, and publications. To fulfill such missions, ICQHS has successfully 

carried out many training activities on different technical subjects such as construction, 

operation and maintenance of qanats, Management of Artificial Recharge and Rainwater 

Harvesting, preserving Historic hydraulic structure and qanats nomination as world heritage 

sites; 13 studies/research projects; various publications including 10 books plus 6 book whose 

publication is still under way; construction projects; and holding 5 regular Governing Board
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 Meetings. Moreover, in response to requests from different countries, ICQHS has organized 

a number of special trainings related to qanats construction, operation and maintenance for 

Azerbaijan, Iran (different provinces), and Kurdistan region of Iraq.  

ICQHS has also proceeded to nominate eleven qanats from across Iran for the UNESCO 

world heritage list. The reports related to studies of these qanats are delivered to the Iranian 

Cultural Heritage Organization in order to follow up the issue with UNESCO.  

Technology transfer is another measure ever taken by ICQHS. In this respect, ICQHS has 

conducted 3 executive projects in order to transfer qanat technology and train the local man 

power. Re-construction of Barangard qanat, construction of new qanats in Nakhchivan -  

Republic of Azerbaijan, and renovation of Sheykh Mamudian Kariz in Erbil – Iraq are the 

projects ever done by ICQHS as part of technology transfer.  

 

6.c.3.1. Findings 

ICQHS has demonstrated a leading role in preserving qanats and other historic hydraulic 

structures. The Centre’s activities have significantly contributed to sixth and seventh phase of 

IHP. ICQHS has had remarkable achievements from highest level of policy issues (e.g. 

revision of Iran water distribution law in favor of qanats and qanats in school curricula) to innovative 

ideas on the use of qanats in meeting today’s needs (e.g. application of GIS in qanats, qanats and 

supply of drinking water, using qanats to produce electricity: case study of Iraq, and modern 

technologies in construction of qanats more efficiently), and finally practical hints/guidelines at 

the site level on different aspects of qanats. These achievements could be exemplified in few 

of ICQHS’s activities as listed below: 

1. ICQHS has put forward to the Iranian ministry of energy a proposal on modifying the 

existing water fair distribution law in favor of qanats. In the wake of this proposal the 

Iranian parliament passed a law in terms of qanat and protection of this ancient legacy 

against groundwater over-exploitation and structural damages. 

2. ICQHS has conducted a study on how to incorporate the issue of qanat in the curricula of 

primary, elementary and high schools, in order to instill the importance of this technique 

in the children at different levels. 

3. ICQHS has organized some training courses for the experts of the Ministry of Agriculture 

in order to pave the way to better maintain the qanats and draw more attention to this 

technique. As a result, those experts were encouraged to send many files to the Cultural 

Heritage Organization to register their qanats as national heritage.  

4. ICQHS has held elementary and advanced training courses for Iraqi experts in order to 

draw their attention to the importance of qanats in sustainable water supplying systems. 

Accordingly they proceeded to carry out some renovation projects in Erbil and 

Suleymaniyeh in Iraqi Kurdistan.  

5. In close collaboration with Azerbaijan IOM office, ICQHS has organized training courses 

for experts of Azerbaijan Republic as well as their qanat workers which made it possible 
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for them to get started on qanat rehabilitation projects where even two new qanats were 

constructed/dug in cooperation with ICQHS. 

6. ICQHS has directly and practically intervened in qanat renovation and construction 

projects by giving technical advices, dispatching engineers and overseeing the projects. 

For example we can mention the qanat renovation project in Iraq and new qanat 

construction in Republic of Azerbaijan.  

7. ICQHS director has had different interviews on the Iranian media to bring qanat and 

historic hydraulic structures to the center of public attention. These programs led to a new 

trend toward qanats and IHH at both public and governmental levels. Eventually this 

impact resulted in more concern about qanats at the ministry of energy and Iranian 

parliament to allocate a special budget to studying prominent qanats across the country for 

UNESCO world heritage nomination. 

8. In Iran there are two entities responsible for qanat related issues; Ministries of Energy and 

Agriculture. ICQHS tried to establish a closer cooperation and coordination between these 

two ministries in terms of qanats. ICQHS put forward a proposal on exchanging an 

agreement between the two ministries on more coordination and collaboration in terms of 

qanats. One of the articles of this agreement takes up the issue of a joint committee on 

qanat, which eventually came into effect in 2010. This committee has been made up of the 

senior experts of the two ministries, which is held every once a month in order to discuss 

all the issues revolving around qanats and settle the problems. 

9. ICQHS has entered the field of executive projects, apart from its main activities, which are 

focused on research and education. There are some outstanding experiences on list of its 

activities, such as the construction of new qanats in Azerbaijan and rehabilitation of qanats 

in Iraq. Such executive activities prove that ICQHS could put some water management 

theories into practice. 

10. ICQHS has also touched off some effective activities in terms of historic hydraulic 

structures. First it should be noted that ICQHS has organized 5 training courses on 

maintenance and preservation of such structures in 5 different provinces of Iran, which 

were attended by over 600 experts. These courses have yielded fruitful results. Second 

based on an agreement with Iranian academy of architecture, preparation of an 

encyclopedia on historic hydraulic structures has been put on ICQHS’s agenda. The 

methodology of this encyclopedia is available at the center and can be followed by the 

other countries too, so that they can proceed to prepare the historic hydraulic structures 

encyclopedia of their countries. 

11. ICQHS has a good experience in setting up water museum, and Yazd water museum 

bears witness to this fact. ICQHS has made this experience available to the countries 

Algeria and Thailand.  
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6.c.4. Cultural Heritage, Handicrafts and Tourism organization  

The Iranian Cultural Heritage, Handicrafts and Tourism Organization (ICHHTO) has overall 

administrative and financial responsibilities toward monitoring, conservation, preservation 

and protection of historic monuments and sites in Iran. From early 14
th

 century AH coincided 

with the third decade of the 20
th

 century AD on, According to articles and regulations of "the 

Protection of Antiques Law", all historical monuments and cultural heritage sites come under 

the protection of the legal system of the country. Since that time qanats as an important 

complexes of cultural, historical and social approaches was the focal point in this 

organization. Besides supervising the projects for qanats restoration and conservation, this 

organization is actively monitors compliance the regulations of core and buffer zones. 

ICHHTO by documentation, monitoring and registering qanats in the national cultural 

heritage list is responsible in the monitoring program of qanats. Now there are more than 90 

qanats registered on the national heritage list. Some of these qanats are among the first 

registered in this list. The registration documents of the nominated qanats are provided in 

appendix II. 

 

  Figure  6-1. Registering document, Qanat of Zārch  
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Reference of Pictures and Illustrations used in Title Pages & CD Cover: 

1. Laureano, P. "Water Catchment Tunnels: Qanat, Foggara, or Falaja A Sustainable 

Ecosystem Vision". [Online]. Ipogea, President of ITKI (International Traditional 

Knowledge Institute). Available at: http:// www.iwawaterwiki.org/ xwiki/ bin/ view/ 

Workgroup Water + and + Wastewater + in + Ancient + Civilizations/ General Articles.  

Posted by Chloe Parker on 2012/06/12 10:36 [accessed on 20 December 2014]. 

2. Pooya, A. A. et al. 1376/7. Qanat. Fahraj, Molābāshi Village, Yazd Province. 

3. S. H. Rashedi. 2014-2015. The Persian Qanat. 

 

List of Photographs in DVD of Slides & Appendix VII 

ID Caption Number of Slides Format Copyright Owner Contact Details 

1 Qasabeh Qanat 15 JPG ICQHS info@icqhs.org 

2 Qanat of Baladeh 32 JPG 
ICQHS 

S.H.Rashedi 

info@icqhs.org 

Negahenoaks20@yahoo.com 

3 Hassan Ābād-e Moshir Qanat 11 JPG ICQHS info@icqhs.org 

4 Ebrāhim Ābād Qanat 9 JPG S.H.Rashedi Negahenoaks20@yahoo.com 

5 Qanat of Vazvān 15 JPG S.H.Rashedi Negahenoaks20@yahoo.com 

6 Mozd Ābād Qanat 38 JPG ICQHS info@icqhs.org 

7 Qanat of the Moon 10 JPG 
ICQHS 

S.H.Rashedi 

info@icqhs.org 

Negahenoaks20@yahoo.com 

8 Qanat of Gowhar-riz 6 JPG S.H.Rashedi Negahenoaks20@yahoo.com 

9 Qanats of Bam 13 JPG S.H.Rashedi Negahenoaks20@yahoo.com 

 

DVD of  Film : The Persian Qanat /2014-2015 

ID Title 
Time 

(min) 
Output 

Director/ 

Photography 

Edition Group/ 

Video Editor 
Consulting Director Photography Group 

1 The Persian Qanat 35 VOB S. H. Rashedi Sina Ma'dani Fereshteh Seifi 
Hamed Saeidi 

Arsalan Kahyesh 

Contact Details: Negahenoaks20@yahoo.com 

 

DVD of  Appendix : Documentary/ Kāriz / 2012 

ID Title 
Time 

(min) 
Output Producer & Director Camera Copyright Owner 

1 Kāriz 51 VOB Pegah Gholilpour Iraj Haghighipour 
The International Center on Qanat and 

Historic Hydraulic Structures (ICQHS) 

Contact Details: info@icqhs.org 
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7.b. Text relating to protective designation, copies of property management 

plans or documented management systems and extracts of other plans relevant 

to the property 

 

7.b.1. Short term plans (two years) 

• Activities related to management, restoration and conservation of qanats 

- Regular maintenance and continuous monitoring of qanats (repairing and cleaning water 

canals and galleries as well as protecting their beds); 

- Keeping intact the authenticity and integrity of qanats; 

- Emergency restoration and strengthening of shafts and parts of the galleries; 

- Outlining a plan for restoration and revitalization of water mills, old dykes and other 

structures related to qanats;  

 

• Activities related to management of resources and water consumption 

- Studying and planning for developing the management system of water recirculation; 

- Continuous study of the quality and quantity of qanat water; 

- Establishing and equipping a lab for measuring the water quality; 

- Studying, designing, repairing and cleaning water canals and galleries as well as 

protecting their beds; 

- Research, introducing and providing modern irrigation systems and methods of 

adapting them with the traditional system of qanat; 

- Control and supervision over activities of water share takers community. 

 

• Activities about agriculture management development  

- Increasing the efficiency and quality of agricultural lands; 

- Regular soil monitoring; 

- Coordinating  and supervision over activities of water share-takers. 

 

• Activities involving cultural and tourist management development 

- Promotion and introducing values and the cultural potentials of Qanat in mass media  

inland and abroad; 

- Reorganization of qanats relevant structures such as payabs and water mills;
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- Providing and printing the map of local, regional and international access routes to Qanats 

and distributing them among tourists visiting the region; 

- Improving the research works and furthering cooperation with universities and scientific 

institutions; 

- Scientifically improving the Qanat Base website; 

- Completing the tourist path of Qanat; 

- Designing and launching one day local tours; 

- Holding expert meetings and training workshops;  

- Creating the data base of qanat (social and climatic information as well as waterworks, etc…); 

- Introducing subsidiary facilities of qanat including water mills and gardens via brochures 

and maps.  

- Installing signboards for tourists; 

- Printing bilingual guide book and brochure; 

- Employing and training tourist guides for presenting tourist potentials of qanat to 

sightseers; 

- Introducing and publicizing qanats at local, national and international levels. 

 

7.b.2. Middle term plans (five years) 

• Activities related to management, restoration and conservation of qanats 

- Improving of monitoring; 

- Studying and documenting qanat, its characteristic and outstanding features (underground 

dykes, method of digging, etc…); 

- Collecting and presenting functional researches such as archaeological studies as well as 

launching the master database for qanats of Iran including qanat; 

- Continuing  archaeological studies on qanats; 

- Preparing and conducting plans related to investigation on pathology, restoration and 

strengthening and consolidation of qanats; 

- Protection against physical damages. 
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• Activities involving water consumption and resources management 

- Inspecting underground water resources and the level of underground water table 

(including a study on the quality and quantity of qanat water as well as providing methods of 

increasing the water output of qanat in various ways); 

- Conducting a study on optimization and utilization of water resources; 

- Launching the plan about setting up a water recirculation management system; 

- Repairing and cleaning existing water canals and preparing their beds; 

- Construction of irrigation canals and laying pipes for transfer lines; 

- Providing necessary methods for artificial feeding of underground water resources; 

- Suggesting methods for increasing the water output of qanat. 

 

• Activities about agriculture management development  

- Providing, operating and promoting agricultural systems and plans compatible with 

regional climate in order to increase the production efficiency as well as collaboration of 

qanat shareholders; 

- Inspecting the soil quality of the region as a whole as well as farmlands under cultivation 

within qanat limits in order to select the crop type; 

- Construction of surface and underground drainages in well-watered regions for preventing 

farmlands from seepage; 

- Informing farmers and inviting them to participate in infrastructural agricultural plans; 

- Supervision and public participation in specifying and compiling master plans of soil and 

water in coordination with needs, amenities and priorities; 

- Equipping farmlands for even distribution of water; 

- Regular quality control of water and soil; 

- Improving the participation of ordinary people and qanat shareholders in putting the plans 

into action. 

 

• Activities involving cultural and tourist management development 

- Multi-level training of local qanat stakeholders such as moqannis, workers and 

shareholders by holding training workshops; 

- Expanding cooperation with national and foreign universities and other scientific centers 

and institutions; 

- Printing research books on issues related to qanat; 
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- Continuous multidisciplinary researches; 

- Raising awareness of different audience by mass media; 

- Training program for different level of audience; 

- Improving the knowledge of local and foreign tour guides; 

- Continuance of printing scientific journals on qanat. 

 

7.b.3. Long term plans (ten years) 

• Activities related to management, restoration and conservation of qanats 

- Continuous conservation and restoration and maintenance activities for qanats; 

- Continuous monitoring; 

 

• Activities related to management of resources and water consumption 

- Improving the traditional qanat management; 

- Control and supervision of activities of share water-takers; 

- Improving operations supporting the plan for preservation of the quality and quantity of 

water resources; 

- Planning aimed at controlling surface waters by construction of reservoir dams and 

diversion dykes; 

- Making operational methods for increasing water output of qanat. 

 

•  Activities about agriculture management development  

- Continuous regular control of water and soil quality;  

- Continuation of control and supervision over activities of share water-takers; 

- Continuation of equipping and renovating farmlands aimed at equal distribution of water 

in them. 

 

• Activities involving cultural and tourist management development 

- Training and promotion qanat culture as well as improving tourism management; 

- Introduction and promotion of qanat at multiple levels;  

- Continuance of holding educational and training workshops; 

- Staging live plays about various cultural events and performing ceremonial rituals related 

to water and soil; 
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7.c. From and date of most recent records or inventory of property 

- Updating of architectural maps of all nominated qanats, 2012-14  

- Photography and documentation, 2013- 2014 

- Mapping of Mozd Ābād and Vazvān Qanats , 2010-14  

- Creating an appropriate tourism route in Qasabeh Qanat, 2013 

 

The comprehensive studies on all qanat relevant approaches have been done through 

supervisor of ICHHTO and ICQHS for all nominated qanats. These studies, documentation 

and dependant plans have done by specialist companies on qanats as bellow: 

 

Comprehensive studies of Qasabeh Qanat by: 

- Saz Ab-e Shargh Co., 2010-14 

Mr. Saeid Salimi Sabour 

Mr. Mohammadreza Aref 

Mr. Mirhosseini 

Mr. Majid Labbaf Khaneiki 

Dr. Aliasghar Semsar Yazdi 

 

Comprehensive studies of Baladeh Ferdous Qanats by: 

- Sarv Ab Co., 2010-14 

Mr. Mohammadreza Aref 

Mr. Majid Labbaf Khaneiki 

Mr.Rouholamin Bahrami 

Dr. Ali Asghar Semsar Yazdi 

 

Comprehensive studies of Qanat of Zārch by:  

- Kariz Ab-e Kavir Co., 2012-14 

Dr. Ali Asghar Semsar Yazdi 

 

Comprehensive studies & surveying of Hassan Abād-e Moshir Qanat by: 

- Abavaran-e Dasht-e Kavir Co. &  Istatis Naghshe Mehvar-e Kavir Co., 2010-2013 

Mr. Morteza Tafti 

Mr. Alireza Bahri 

NCC (Iranian National Cartographic Center)  
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Comprehensive studies of Ebrāhim Abād Qanat by: 

- Pour Ab Co., 2011-14 

Dr. Ali Asghar Semsar Yazdi 

 

Comprehensive studies of Qanat of Vazvan by: 

- Khake Mahar-e Ab Co., 2010-14  

Mr. Kahdouei 

Dr. Ali Asghar Semsar Yazdi 

 

Comprehensive studies of Mozd Abād Qanat by: 

- Khak-e Mahar-e Ab Co., 2010-14 

Mr. Mohammad Ali Amir Beiki 

Dr. Ali Asghar Semsar Yazdi 

 

Comprehensive studies of Qanat of Gowhar-riz (Jupār) by:  

- Ayandeh Negar-e Zamin Co., 2010-14   

Mr. Saeid Salimi Sabour 

Mr. Mohammadreza Aref 

Mr. Mirhosseini 

Mr. Majid Labbaf Khaneiki 

Dr. Ali Asghar Semsar Yazdi 

 

7.d. Address where inventory, records and archives are held 

 

Kushk building, 

Kushk building, no.31, Taghavi St., Ferdowsi Sq., Tehran, Iran, P.O. Box: 11456-86-314 

Tehran, Province of Tehran, Iran,  

Tel/fax: (+98) 21-66728894 

 

The main office of Cultural Heritage, Handicrafts and Tourism Organization of Iran, 

Tel: (+98) 21-66084577 

Fax: (+98) 21- 66027418 
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0BAppendix I: Glossary of Qanat Jargon 
 

Āb Anbār: 

Water reservoir which is an underground structure, constructed to store freshwater for domestic use. 
The reservoir was fed from a nearby shallow qanat. All of the water reservoirs had a storage tank 
whose dimensions depended on the amount of qanat discharge and the demand for water. Most of the 
storage tanks were made of "sārooj" a combination of lime, clay, and chipped straw. The different 
parts of a water reservoir were the storage tank, the roof of the storage tank, wind tower, stairway and 
ornamental portal.  

 

Āb Andāz:  

Āb Andāz is a lateral tunnel that diverts water from the watermill. In case the watermill is out of order 
or under repair, Āb Andāz is used to convey qanat water. 

 

Āb Gaz:  

Sometimes the qanat workers have to stay and work in water for many hours a day, which gives rise 
to a kind of skin disease locally called Āb Gaz which literally means “stung by water”. This disease is 
known by skin rash and irritation which can be cured by an ointment made of pomegranate skin 
soaked in water. 

  

Āb Harzi:  

Āb Harzi means flow easing. It is enough to ease the flow in the qanats which are not crumbling. This 
practice is called “Āb-Harzi” which involves walking along the tunnel from the qanat exit to the 
mother well in order to control the pace of water flow. This practice may take the workers several 
days, depending on the qanat length. 

  

Āb Pishbari:  

If the tunnel cuts through water saturated area, water infiltration is much enough to pave its own way 
toward the exit point, otherwise the workers have to do something to ease the water flow which is 
called “Āb Pishbari”. The tunnel slope is so gentle that water needs to be moved forward by a shovel. 
Thus a qanat master follows the water current along the tunnel and explores the tunnel all the way to 
remove any possible barriers on the way of water. 
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Ābgān:  

Refer to Tare Kār 

 

Āraj:  

Āraj is a traditional unit of length especially used in qanat measurements. Āraj equals the distance 
between the middle finger’s tip and elbow some 50 centimeters. 

  

Āraj:  

Āraj means a tunnel with a width of 60 centimeter all the way with no bulge or dent on the walls. Any 
slight unevenness on the walls of tunnel can hamper air circulation, resulting in stuffiness of the 
tunnel. According to the qanat masters, the dimensions and shape of a gallery can play an important 
role in ventilation. The gallery should be 60 centimeters wide all the way where the workers are in 
trouble with gas.  

 

Arghamchi:  

Arghamchi is a cotton rope that has strong fibers, made of three or four smaller cotton ropes 
interwoven. This rope is used mostly in double windlasses which need stronger and thicker ropes, 
though its disadvantage is that it absorbs water in wet conditions and gains weight over time. 
Moreover this type of rope comes to rot and fall apart when wetted for a long time. 

 

Āsiyāb:  

Watermill. A watermill is a structure constructed to grind grain by using the energy of qanat water 
flow. Its main parts are a water house, two millstones, rotor blades and an axis which connects the 
rotor blades and upper millstone vertically. The operation of the watermill is based on the potential 
energy of water due to the height of water house: The deeper the water house, the more energy is 
generated. Sometimes the depth of a water house reaches 10 meters below the depth of the qanat, in 
order to increase the water pressure. 

 

Baghal:  

Baghal is a traditional unit of which equals 175 centimeters.  

 

Baghal-Bor:  

By-pass. Where the tunnel hits a boulder, the workers bypass the boulder and then get back to the 
general direction of the gallery. This practice is called “Baghal-Bor”. 
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Band-e zirzamini:  

Underground dams which are possible to build in the tunnel wherever the soil structure is sturdy and 
is not vulnerable to water build-up, otherwise it collapses. Thus the qanat gets blocked every year in 
autumn until late winter in order to save the qanat water flow. 

 

Bandesh:  

Blockage. A mass of spoil and debris which obstruct the qanat tunnel. 

 

Bandsar:  

Refers to Goorāb. 

 

Benow:  

In Bam region sometimes the workers come across temporary springs while digging the tunnel, which 
are called “Benow”. Benow is actually small reserves of water trapped in underground cavities, which 
spring up in the tunnel and flow down.  

 

Bil-e qanat:  

Type of shovel for digging qanat. This type of shovel is smaller than a normal one, with a shorter 
handle which can move about in such a small place underground. This shovel is used to gather the 
spoil and dump it in the buckets in order to lift it out. A typical qanat shovel enjoys a 15 centimeter 
handle in length. 

 

Bizesh:  

Bizesh is a type of Devil. In some cases the worker can pinpoint the Devil spot accurately and even 
starts digging overhead but he may come across an impassable obstacle like a boulder. Now it is very 
difficult to dig through such a boulder from down to up, so the worker prefers to do the other way 
around in order to have full control over the digging. In this way he can strike his pickaxe more 
strongly. Therefore he digs a diagonal tunnel from the main gallery roof toward the well, just over the 
boulder. This diagonal tunnel is named Bizesh which drains out water at the well, allowing the worker 
to dig the rest of well down to the gallery.  

 

Bookan:  

The qanat workers usually preferred to stay in the place of their work, due to the long distance they 
had to travel to their homes and lack of transportation.  They used to get back home once every two 
month and they had to stay in an underground hut called “Bookan” all over this time. A typical
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 Bookan enjoyed a room for sleeping, a chamber for cooking and a place for repairing and sharpening 
the pick-axes.  

 

Chāh-e Gowri:  

Refer to Chāh-e Kermāni 

 

Chāh-e Kermāni:  

According to the qanat masters, in distant past the qanat practitioners did not have sufficient expertise 
to dig circular wells with observing Passa, so they resorted to digging rectangular wells instead. The 
locals call such rectangular wells “Kermāni”. They believe these wells have been dug by Zoroastrians 
long ago before the advent of Islam. The dimensions of such wells are usually 80 by 120 centimeters, 
which can be found across Iran. 

In crumbling wells an instrument named “Chapar” is used to protect the worker against the objects 
falling down, while working at the well bottom. Chapar is a semicircular wooden umbrella rotating 
around its stand and covering half of the well cross section all the time. Its stand is some 1.5 meters 
high, which rests on the well bottom, providing a safe place against the soil and stones falling down. 

 

Char Kaval:  

When the tunnel reaches a shaft well, the workers put four hoops across from each other just at the 
bottom of the well. They call such wells Chār-Kaval which means a well with four hoops at its 
bottom.   

  

Charkh Kār:  

A working team which consists of at least four workers closely connected like the cogs of a machine. 
The team head is the qanat master (moqanni) who is more experienced than the other workers and 
digs the tunnel end into the soil. A worker sits behind the master and collects the excavated soil and 
puts it in the buckets which are carried by another worker along the tunnel and hooked to a rope 
hanging from the nearest well. Finally a worker operates a windlass on the ground to coil up the rope 
and pull up the debris bucket and dump it around the well opening. These workers perfectly team up 
to make the most of their energy and time. 

  

Charkh Kesh:  

Charkh Kesh works with windlass. He operates the windlass with his hands or feet to send the rope 
down the well and pull things and people up. 
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Charkh-e Chāh:  

Windlass. Type of pulley by which workers can lift out the spoil from a qanat well. A windlass is 
composed of four timbers crossing each other two by two, and four poles go through the crosses at 
right angle to attach them together and form a pulley. The two crosses are placed parallel about 1 
meter away and then nailed and tied to the four poles to get them firmly attached. A stronger pole 
goes through the middle of the pulley to act as an axis around which the pulley rotates. This axis is 
placed on two wooden stands which are firmly fixed into the ground just on two opposite sides of the 
well opening. 

 

Cherāgh Kārbit:  

Carbide lamp. This lamp was introduced in early 1970s and widely used by qanat workers across Iran. 
Even today this lamp could have retained its position despite availability of electric lamps. Carbide 
lamp is based on a chemical reaction between calcium carbide (CaC2) and water which produces 
acetylene (C2H2). This lamp consists of two small containers one on top of the other. The upper 
container is filled with water which drips out of a tiny hole at the bottom. Some calcium carbide is put 
in the lower container where it reacts with the water and produces acetylene gas. This gas gets out 
through a small pipe attached to the lower container, and burns with a bright white flame. When all of 
the carbide has been reacted, in the lower container a wet paste of slaked lime (calcium hydroxide) is 
left.  

 

Cherāgh Mushi:  

Cherāgh Mushi is a lamp that works with petroleum. 

 

Cherāgh sooz:  

End of the qanat gallery. In some cases the gallery advances into the aquifer a few meters up slope 
from the mother well. This part of gallery is called Cherāgh sooz.  A “Cherāgh Sooz” lacks shaft 
wells all the way, and is dug just to increase water infiltration into the gallery in groundwater 
saturated area. 

 

Chilar:  

Mass of pebbles which may be found underground and their size varies from a pea to a walnut. In the 
water production section these pebbles benefit the qanat.  

 

Choobe gheyb yāb:  

Diving rod to find water underground. A practitioner whittles a Y-shaped rod off a nut tree and hold it 
loosely in their hands while walking gently. They believe that the presence of groundwater can affect 
the rod by making a feeble impulse which can be sensed under one’s fingers.  
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Dalv Gir:  

Dalv Gir takes the buckets off the hook on the surface and dumps the debris around the well mouth.  

 

Dalve: 

Bucket which is used to lift out the spoil and haul it onto the earth surface. In the past the buckets 
were made of tanned sheep skin, but today rubber is used to make them. In the past the workers sewed 
a tanned sheep skin round with some leather strings cut out of the same skin. Afterward the rim of the 
bucket was folded back and sewed so that a flexible thin branch of pomegranate can drive into it all 
the way round. This way the bucket remained open, ready for use. 

 

Dam:  

Dam is caused by air stagnancy which abates after a while. According to the qanat masters, “Dam” 
puts out a light or a candle where it builds up in the tunnel. Before the workers go down a well, they 
tie a light to a rope and send it down the well to see if the light keeps burning or goes out to make sure 
that there is enough oxygen down there.  

 

Dang:  

Subdivision of an irrigation time unit which is one sixth of a standard unit. To measure a Dang, some 
marks are cut into the inner side of the small bowl which divides the certain unit of time into the 
shorter fragments (refer to Sāat-e Ābi).  

 

Dast Charkh:  

Refer to Charkh Kār. 

 

Dastak:  

Dastak is a short tunnel deriving from the side of main gallery. A Dastak rarely exceeds a few meters 
in length, and it may be dug for increasing the area of water seepage into the gallery. 

 

Dastāngineh:  

In some intersecting qanats at different levels, the workers devise an outlet through which the qanats 
can be connected when needed. For example if the upper qanat is not in good shape and needs repair, 
they divert its water to the lower qanat for more convenience while working. In case the lower qanat 
is much deeper than the one above, its gallery gets connected to the nearest well of the lower qanat by 
a short horizontal side tunnel which is called Dastāngineh. 
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Devil:  

In the saturated area it is not possible to dig the wells deeper than the water table, because water level 
comes up and drowns the worker. Therefore the workers give up digging a well as soon as it reaches 
the water table and turn to digging next well in the hope that groundwater would be drained out by the 
qanat gallery in the mean time and water table goes down. If no considerable drawdown occurs in 
water table, the workers manage to dig the rest of the well from the tunnel upward. This practice is 
called Devil.  Water pours down and flows away as the worker digs overhead. “Devil” is rectangular 
in shape with a dimension of 80 by 120 centimeters. 

  

Do Sar:  

Do Sar or double is a type of windlass which enjoys two ropes with two buckets working parallel. In 
deep wells the workers prefer to use Do Sar in which one bucket goes down the well while the other is 
coming up. The weight of the empty bucket going down helps the worker pull up the full bucket 
coming up. 

 

Dogāli:  

When a rope is not long enough, the qanat workers tie it to another rope with a special knot named 
“Dogāli”. They twist the two ropes and knot them such that they attach more strongly as they are 
pulled apart.  

 

Dool:  

Refer to Dalve. 

 

Estakhr:  

Irrigation pool. If the flow rate or discharge of the qanat is sufficient, there is no need to store its 
water, and it is transferred to the land directly. But if the discharge is not sufficient, it is then 
necessary to build a pool near the exit of the qanat in order to store the qanat water. The water in the 
pool is then transferred to the farmers' lands for a shorter time, but at a higher flow rate than from the 
qanat. If there is no pool, there is no possibility for people to use the water to irrigate their lands. 
Otherwise, the water cannot be transferred to the land efficiently and completely because of a high 
loss along the way to the cultivated lands.  

 

Fenjān: 

Refers to Sāt-e Ābi. 



 The Persian Qanat                                                                           

476 
 

Appendix I 

  

Fetileh: 

To make Sāzoo, the date palm fibers are woven together to form some thin strings which are called 
“Fetileh” and then each two strings are twined to form a primary rope which is called “Menāl”. 
Afterward they use a special weaving machine to twine the Menāl and turn them into Sāzoo. 

 

Gamāneh: 

Gamāneh is a test well which is sunk first of all in order to confirm the existence of groundwater and 
to assess its depth. After finding a suitable place for building a qanat through natural indications, the 
first step is to sink a test well. In many cases more than one test well are dug in order to get a better 
view on the situation of groundwater and make sure about the feasibility of qanat construction. The 
optimum depth of test well is associated with the geological and topographical conditions of the 
region. 

 

Gaz:  

Gas. Gaz is poisonous gas which is continuously being re-produced in the ground so that one can see 
its tiny bubbles coming up in water. Gaz is more common in mountainous qanats and becomes more 
plentiful during cloudy days. Presence of harmful gas can pose a serious threat to the workers and 
even bring their work to a standstill. According to the qanat workers, it is hard for them to breathe in 
Gaz though their lamp does not go out. 

 

Gaz:  

Wedge. Long stones were embedded 40-50 centimeters into the wall of a well, wedged firmly in place 
with a piece of wood locally called “Gaz” in order to a make a base for blocking the well in the 
middle. 

 

Gelband:  

Gelband dumps the spoil in the buckets and hands it over to the Lāsheh Kesh. 

 

Gel-e Morde:  

The mud found in a well that has collapsed is called “Gele Morde” which means “dead mud”. It is 
very difficult to empty such mud since new mud replaces and rushes back as the workers empty it.  

 

Gom:  

Refer to Kaval. 
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Gonbat:  

Qanat masters believe that the shaft wells in which air circulation takes place from top to bottom are 
more subject to collapse. In this case the well begins to collapse mostly in the middle, forming the 
shape of a dome. The workers call such wells Gonbat.  

 

Gonbate Zar:  

Refer to Shoolāt. 

 

Goor:  

Sometimes the workers encounter smaller boulders which can be moved or rolled. In this case they 
dig a hole just by the boulder and roll the boulder down the hole by means of a lever. The hole is dug 
on left or right of the boulder to bury it and get it out of their way. This hole is called “Goor” which 
means grave in Persian. 

 

Goorāb:  

Goorāb is a traditional dam built for harvesting seasonal runoffs. During the rainy seasons, the runoffs 
flowing down the surrounding hills were directed to the dams. In the dams water built up and 
gradually percolated the earth into the aquifer which fed the surrounding qanats.  

 

Gor:  

Work shift. Two qanat masters took turns working in the gallery once every 6 hours called a Gor. A 
qanat master worked in the tunnel from sunrise to noon while the other was busy gathering firewood 
and preparing meal for the workers. At noon the workers took a break and had their lunch and then 
began the second shift of their work. 

 

Gordeh Gāvi:   

A soft clay formation in which the tunnel should be shored up with hoops otherwise a sudden collapse 
is inevitable. This formation is called Gordeh Gāvi which literally means “cow’s flank”, because 
pieces of mud the size a cow’s flank may fall down and destroy the tunnel.  

 

Goriz Gāh:  

Goriz Gāh refers to hole dug into the tunnel side in which the worker can take shelter where he 
manages to remove an obstruction behind of which there is a water build-up. The worker escapes to 
Goriz Gāh as soon as the obstruction starts to give way. 
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Gozāreh:  

The short tunnel or well which connects two intersecting qanats is called “Gozāreh” which remains 
closed in normal situations. In some intersecting qanats, the workers devise an outlet through which 
the qanats can be connected when needed. For example if the upper qanat is not in good shape and 
needs repair, they divert its water to the other qanat for more convenience while working. 

 

Hadd-e tarān va khoshkān:  

Refer to Marz-e Taroon Khoshkoon 

 

Halghe mile:  

To get started on digging a well, first the worker puts his pick axe on the ground surface the way the 
pick axe can be rotated around its point and makes a circle on the soil with the end of its handle, like 
compasses. The handle is usually 35 centimeters long, so the circle would be some 70 centimeters in 
diameter. Afterward the worker starts digging inside this circle which called halghe mile. 

  

Haranj:  

Refer to Kush. 

 

Harim:  

Harim means the bound of qanat and mostly pertains to the hydraulic vicinity of qanat in which any 
water extraction may have negative impact on the qanat discharge. The bound of qanat depends on a 
variety of factors including the surrounding geological formations, type of aquifer, proximity of other 
groundwater sources, depth of gallery, etc.   

 

Havābin:  

Shallow mountainous qanats with fluctuating discharge are called havābin which literally means 
looking up at the sky. If a test well reaches a shallow groundwater, such a qanat would be going to 
have an unreliable fluctuating discharge. 

 

Havākesh:  

Havākesh is the most common method to curb the poisonous gas by building a ventilating duct. This 
duct can be built only in the tunnels which have been lined with ceramic or concrete hoops, because 
the 20 centimeters space between the tunnel roof and the hoops serves to move the stagnant air in the 
tunnel.  
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Jofte Bādoo:  

Twin wells. Usually the first well dug immediately after the test well is called Jofte Bādoo which 
locates in water transport section. Jofte Bādoo consists of two wells dug some 1.5 or 2 meters away 
from each other to better ventilate the wells especially where soil emits harmful gas. Some of the 
geological formation gives off poisonous gases that are obviously harmful to the workers, so the 
workers dig two wells simultaneously and connect them every 10 meter by a short horizontal tunnel in 
order to ease air circulation as they go down. In this case fresh air comes down from a well and goes 
up through the other.  

 

Ju:  

Ditch, brook. Water current on the earth surface after the qanat exit point.  

 

Kabar:  

Refer to Kaval. 

 

Kaf shekani:  

Tunnel deepening. Kaf shekani means the qanat gallery being deepened from its exit point to the 
mother well all the way in order to access deeper layers of saturated area. The floor of qanat tunnel is 
dug deeper as water table goes down. Deepening of tunnel results in more water seepage into the 
tunnel and sometimes the amount of water is so much that the workers have to widen the bottom of 
tunnel in order to better ease the water flow.  

 

Kalleh Qoochi:  

Kalleh Qoochi is a type of roof in a qanat tunnel, which is built of two flat stones braced against each 
other in the shape of a pitch roof. This type of roof is used to shore up the tunnel only with stones.  

 

Kamargir:  

A lid installed in the middle of the well to block it. The workers embed a row of bricks in the well 
side all the way round, when they want to build a base for a lid in the middle.  

 

 

Kamvar:  

The workers pile the excavated materials around the well mouth to build a round dyke which can 
ward off the flood. These round dykes are called “Kamvar” which make up a landscape in an Iranian 
desert, which looks from air like a land overrun with rows of anthills. 
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Kanak:  

Sometimes a part of tunnel collapses and leaves an obstruction, making water build up in the tunnel. 
In this case water level goes up and makes the worker mix up this accident with a reverse slope. The 
worker may be misled by a collapse-induced obstruction and accordingly he may decide to build the 
tunnel steeper. In this case such a steep slope may play havoc with the structure of the tunnel. To 
prevent such a mistake, the worker digs a small hole into the tunnel side just after he finishes his daily 
work. The hole is some 10-15 centimeters deep just above the water level in the tunnel. This hole is 
called “Kanak” which serves as an alarm if there would be any obstruction in the tunnel. The day 
after, if water reaches the hole, it means that a collapse has obstructed somewhere in the tunnel, 
making water build up and go up to that point. 

  

Kaval:  

Ceramic or concrete hoop to shore up the qanat gallery. Kaval is oval in shape, formerly made of clay 
but now of concrete to prevent a tunnel from collapsing. Shape of Kaval is such that it can resist more 
pressure on its top in the tunnel. The workers manage to install oval hoops as soon as the tunnel cuts 
through soft crumbling soils. In case exposure to air does not step up the collapsing of soil, the 
workers put off the lining until the tunnel reaches the next well; otherwise they install the hoops one 
after another as they advance toward the next well. 

 

Kaval Sargardāni:  

If a part of tunnel is lined with reinforcing hoops (Kaval), the hoops are taken from the old level and 
re-installed in the new one concurrently with the deepening of tunnel. This practice is called Kaval 
Sargardāni which literally means turning the hoops.  

 

Khak-e Solb:  

Hard soil with low permeability. 

 

Khār shotor: 

Alhagi, a desert wild plant which is used to locate a new qanat. A concentration of Alhagi indicates 
that there is groundwater at a depth of less than 15 meters, because the roots of Alhagi feed on fresh 
water at such a depth or less. 

 

Khoshke Kār:  

Each qanats consists of two different parts; water production section and water transport section 
locally called Khoshke Kār. Water transport section cuts through a dry soil and just serves to convey 
water to the earth surface. 
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Khoshkoon:  

Refer to Khoshke Kār. 

 

Kolang Andāz:  

Kolang Andāz refers to the bound of qanat well which is considered a circle around the well mouth 
between 2 and 4 meters in diameter. To specify the bound of well, a worker sits down in the well 
while digging it, after the well reaches the depth of some one meter. Afterward the worker musters all 
his force and throws his pix-axe back over his shoulders. Wherever the pick-axe lands it is considered 
the far end of the well vicinity which should be observed by all people. 

  

Kolang Dār:  

Qanat master. Kolang Dar digs the tunnel forward and he heads the qanat working team. He should be 
the most skillful worker who knows how to connect a well to another from the bottom by digging a 
tunnel as well as many other engineering details. Other workers can become a qanat master one day if 
they try to learn all the knowledge and skill required. 

 

Kolang-e Abgir Kani:  

A special pick to dig water production section, whose point is about 70 centimeters long. In case 
water level would be below the worker’s knee, it turns out that somewhere in the tunnel has a reverse 
slope not letting water flow down freely. So the worker looks for this reverse slope and fixes it with 
the help of this pick axe.  

 

Kolang-e Barg-e Bidi:  

Kolang-e Barg-e Bidi is a willow leaf like pickaxe for digging in soft soils. 

 

Kolang-e Chāh Kani:  

Kolang-e Chāh Kani or Well digging pickaxe has a relatively short handle which is some 30 
centimeters long and weighs 3 kilograms. This pickaxe is short handled because it is used for digging 
wells which are not more than 80 centimeters in diameter and a longer handle is not easy to wield 
there. 

 

Kolang-e Dandāne dār:  

Kolang-e Dandāne dār is a ragged pickaxe for digging in mud. 
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Kolang-e Kār Kani:  

Kolang-e Kār Kani or tunnel digging pickaxe weighs some 2 kilograms with a 50 centimeter long 
handle to dig forward into the soil. When the workers want to extend the qanat tunnel, they prefer to 
use this type of pickaxe which is relatively light and does not tire them out.  

 

Kolang-e Nok Gongeshki:  

Kolang-e Nok Gongeshki is a sparrow's peak like pickaxe for digging into rocks. 

 

Kolang-e Saghf Kari:  

Kolang-e Saghf Kari is a roof building pickaxe for digging the tunnel roof in the shape of a pitched 
roof. 

 

Kolang-e Sang Kani:  

Kolang-e Sang Kani is a stone digging pickaxe for hard formations. 

 

Koor:  

A qanat that has been clogged up by the buildup of sediment. 

 

Kooreh:  

Refer to Rāhrow. 

 

Korom:  

In order to dig the water transport section, on the surface the workers mark the places where next 
wells are to be dug one after another, by piling up some soil and sand. These piles show the direction 
of the new qanat on the ground surface from the test well down to the exit point. In Yazd region these 
piles or marks are called “Korom”. 

 

Kush:  

Open trench. In the region of Bam, the qanat tunnel is dug as an open trench where the tunnel 
approaches the exit point and its depth does not exceed 4 meters. This open canal is called “Kush” 
which gets shallower and shallower as approaches the earth surface. 
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Lamāl Kardan:  

To insulate the tunnel floor in the water transport section, the workers also used to tread clay mud into 
the cracks and gaps on the floor. This practice is called Lamal Kardan; the worker spreads some clay 
mud on the tunnel floor and walks on it so the clay goes into the cracks through which water may 
escape. 

 

Lāsheh Kesh:  

Lāsheh Kesh drags the buckets along the tunnel. He hooks the bucket of soil to the rope after dragging 
it all the way from the gallery end to the first well down slope. In the past this person was usually a 
little boy some 10 or 12 years old, whose small size allowed him to move along the narrow tunnel 
more easily than an adult.  

 

Lāyroobi:  

Lāyroobi means tunnel cleaning. Some qanats need to be cleaned every once in a while and some 
other do not. For example the qanats which run through clay formations should be cleaned very often 
but those qanats in sand and gravel are not cleaned that often. 

  

Lisāb:  

Refer to Marz-e Taroon Khoshkoon. 

 

Mādar Chāh:  

Mother well which is sunk usually into an alluvial fan to a level below the groundwater table. A 
typical qanat consists of a series of vertical shafts in sloping ground, interconnected at the bottom by a 
tunnel with a gradient flatter than that of the ground. Mother well is the first and deepest well up 
slope, in which a large inflow of water shows the qanat is in a satisfactory state. If a qanat is extended 
so far that another well is needed, the new well would now be the mother well and the former one 
would be a normal shaft well. 

 

Mādar:  

Irrigation cycle, water rotation. Water for irrigation is owned by shares. In fact the farmers take turns 
bringing qanat water to their land. For a particular shareholder, the interval between two irrigations 
means an irrigation cycle or rotation pattern of irrigation water called “Mādar”. For example, if a 
farmer has an irrigation right of 2 hours within a 6 day irrigation cycle, it means that he has the right 
to water his land just for 2 hours once every 6 days. The duration of the irrigation cycle ranges from 6 
to 21 days in all over Iran, but the average is between 6 and 16 days in most of the country, which is 
associated with the cropping pattern and soil condition. In terms of wheat and barley which are the 
most common crops in Iran, the best interval between two irrigations is 12 days, and that is the length 
of the most common irrigation cycle. 
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Mākooyi: 

A qanat gallery with a pitched roof to prevent water drops from falling down directly on the worker’s 
head. Such a gallery is dug into the aquifer below water table. Such ceilings not only make water 
drops slide down the steep planes, but also reinforce the tunnel and reduce the risk of collapse. 

 

Manjidi:  

Refer to Manjil. 

 

Manjil:  

Buckets made of rubber. 

 

Mard Khāneh:  

A shack built of wood and branches close to the qanat well, where the workers stay overnight while 
working in the same well. 

 

Marz-e Taroon Khoshkoon:  

Transition zone. The border between water production section and water transport section is called 
Marz-e Taroon Khoshkoon which is not stationary all the time and it moves to and fro with amount of 
precipitation and accordingly the expansion of aquifer.  

 

Mat:  

In the plain areas the qanat masters envision a very gentle slope for the tunnel in which water can flow 
only very slowly. The locals call such a slow current “Mat”.  

 

Mazhar:  

Qanat exit point where the tunnel and the ground surface eventually intersect, where water appears.  

 

Mehrābi:  

Refer to Mākooyi.  

 

Menāl:  

To make Sāzoo, the date palm fibers are woven together to form some thin strings which are called 
“Fetileh” and then each two strings are twined to form a primary rope which is called “Menal”. 
Afterward they use a special weaving machine to twine the Menal and turn them into Sazoo. 
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Mile Chāh:  

Shaft wells sunk along the tunnel to connect the surface to the horizontal gallery. The main 
application of these wells is to lift out the spoil and excavated materials from the tunnel on to the 
surface. They also provide access and help ventilate the tunnel and provide more oxygen for the 
workers. These wells play an important role in repairing the qanat, by making it possible to send down 
the needed facilities and tools and remove the debris. The shaft wells cut short the time needed for 
qanat construction or repair, and reduce the relevant expenses. A shaft well is between 80 and 100 
centimeters in diameter. 

 

Mirāb:  

Professionals who are in charge of distribution of water among the farms, and are paid a certain salary 
by all the shareholders. Mirāb should be quite familiar with the network of ditches leading water to 
the farms, because he has to factor in the time that water takes to travel the ditches and reach each 
farm. Mirab has a notebook too, including all the irrigation rights in detail, so if the shareholders want 
to sell or buy any right they should inform mirāb of any transaction.  

 

Moqanni:  

Refer to Kolang Dar. 

Traditionally qanats are built by a group of skilled laborers, Moqanni, with hand labor 

 

Nāy:  

Refer to Kaval. 

 

Nimche: 

Nimche is a type of pickaxe for digging the tunnel floor before having a water flow in it. 

 

Pa Rāf:  

Foothold. pa rāf means small niches dug into both sides of a well through which the workers can 
climb up and down the well. These niches are built some 100-125 centimeters away from each other, 
such that each niche faces the distance between the two apposite niches. 

 

Pālooneh:  

In the water production section, the hoops should not be fitted together completely with no distance 
between them, because it can insulate the tunnel and reduce the water infiltration. In this case, the 
workers consider a small distance between the hoops, and they put some pebbles and pottery pieces  
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behind the hoops such that the distance would be covered not to allow the clay and mud to leak in, 
while keeping the water seepage into the tunnel. This practice is called Palooneh.  

 

Passā:  

The qanat worker digs the well in a clockwise spiral way as if he climbs down a tower stairs. 
Therefore one side of the well bottom is some 30-40 elevated than the other, which is locally called 
“Passā”. A skilful worker is a worker who can observe “Passā” properly.  

 

Pāvandeh:  

Pāvandeh is a noose which is tied around one stand of a windlass, to brake the windlass and keep it 
motionless when needed. The windlass resumes working if “Pāvandeh” releases it. 

 

Pāyāb:  

A pāyāb is a sloping gallery connecting the ground surface to the qanat gallery before water reaches 
the qanat exit in order to provide people with an access to the water flow. This gallery has steps to 
make it possible for people to reach the water flowing in the qanat. The deeper the qanat the longer 
the pāyāb. The slope of the pāyāb is calculated so that the end of gallery meets the bottom of one of 
the qanat's shaft wells. The light was provided by the mentioned shaft.  The size of a pāyāb stairway 
was such that two persons could go up and down side by side easily and their heads would not touch 
its ceiling. The pāyāb b was perpendicular to the direction of the qanat gallery in order to prevent the 
probable collapse of the gallery. Inside the pāyāb, the temperature is about 15°-25°C cooler than that 
of outside in summer due to its underground location and proximity to qanat water.  

 

Pih Sooz:  

Pih Sooz is a ceramic pear-shaped lamp with a small handle at the back. This lamp was fueled with 
vegetable oils such as oil of cotton seed, castor or sunflower. The lamp had a spout on which a wick 
was placed with its other end soaked in the oil which went up the wick and burned with a yellow 
flame.  

 

Pish Kaval:  

Sometimes the soil from the tunnel sides and roof comes down and suddenly collapses. When the 
tunnel cuts through such a soil, the digging of tunnel and putting the hoops should be done 
simultaneously otherwise a sudden collapse is very likely. This technique is called “Pish-Kaval” 
which means putting a hoop as soon as its place would be dug ready. In this method, the worker keeps 
a hoop on hand while digging the end of the gallery just the size of a hoop, and he installs the hoop 
immediately after digging. Therefore he has to sit inside the hoops and install them one after another 
as he digs forward. 



 The Persian Qanat                                                                           

487 
 

Appendix I 

  

Pishkār kani:  

Tunnel extending. Pishkār kani means advancing into the aquifer by digging the end of the gallery in 
order to increase infiltration area in the tunnel and get more water. This practice is the most common 
one to increase water discharge of qanat, though it is only possible and allowed where a qanat does 
not trespass on the bound of another qanat.  

 

Pishkār:  

The tunnel end in water production section is called Pishkār which has the most penetration into the 
aquifer. The further Pishkār goes into the aquifer, the more water seeps into the tunnel.  

 

Pishvāz:  

Sometimes the workers dig a horizontal tunnel from the half-dug well toward the main gallery that 
lies at a lower level. Water seepage can no longer hamper the digging of tunnel as it goes parallel to 
the water table. This tunnel is called “Pishvāz” which means “welcome” for it goes toward the main 
gallery to welcome it metaphorically. 

 

Pistooyi:  

Pistooyi” means “off the beaten path” or out of main direction. If two wells would be 50 meters away 
from each other, the tunnel between them is expected to be almost the same 50 meters, otherwise the 
tunnel has gone awry. In this case a tunnel is dug from the second well toward the deviated tunnel in 
the way that the tunnel goes forward but the well remains apart from this new direction. In Bam 
region this well is referred to as “Pistooyi”. 

 

Pookeh:  

A dry and abandoned qanat. If the water table goes down so much that it is located below the bottom 
of mother well, no water can seep into the gallery, and if this situation persists, the qanat will 
inevitably dry up. 

  

Poshte:  

Poshte is the distance between two shaft wells. Shafts are sunk at intervals of 20 to 200 meters in a 
line between the groundwater recharge zone and the irrigated land. This distance is usually twice the 
depth of wells, though it completely depends on qanat master’s judgment and may vary with types of 
soil and surface topology. 

 

Qanat:  

An almost horizontal tunnel with some shaft wells, which conveys groundwater to the earth surface. 
This water seeps into the tunnel in the saturated area and then flows down the tunnel toward the earth 
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surface. Qanat drains out water in order to supply potable water and to irrigate the cultivated lands 
located down slope.  

 

Qanat-e bārooni:  

Raining qanat. In plain qanats, water seepage usually takes place in sides of tunnel, whereas in 
mountainous qanats it is possible to face water seepage even in the ceiling. Such qanats are called 
“raining qanats” whose tunnel ceiling should be dug like a pitched roof to prevent water drops from 
falling down directly on the worker’s head. 

 

Qanat-e Waqfi:  

Sometimes some shares of a qanat are devoted to public or religious purposes. This practice is called 
“Waqf” whose revenue may be allocated to a mosque, a school, or helping orphans or paupers.  

 

Qomesh:  

Qanat-river, a qanat that conveys the water of river. In this case a surface stream is directed into a 
qanat nearby through a well which has been constructed for this purpose. To prevent erosion, river 
water is led to a pool so water settles first and then they let the water enter the qanat. In Dezfool, 
Khuzestan province qanat system is employed to transfer river water to cultivated lands across some 
elevated areas in between. These qanats are called “Qomesh” in the region. 

   

Rag-e Zamin:  

A layer of soil. Geological stratification. 

 

Rāhrow:  

The qanat gallery which is an almost horizontal tunnel dug to get access to groundwater reserves, and 
to transfer this water to the earth’s surface. The dimensions of the gallery are such that the workers 
can easily go through and work in it: between 90 and 150 centimeters high and its width is less than 
half the height. The length of the tunnel depends on a variety of factors such as the topography, 
aquifer behavior, qanat discharge, where the water is to be used, etc. 

 

Rāssi:  

Rassi is a tool used to avoid turning from the right direction and getting lost underground. Rassi 
consists of a wooden or iron stick 80-100 centimeters long with two strings tied to it, some 20 
centimeters away from each other. Two stones hang from the aforesaid strings, forming kind of 
plumb-bob. The qanat master places the stick horizontally on the mouth of the well A, such that the 
stick exactly points to the well B, the well to which the tunnel is to go. Now the stick points to the 
right direction and down the well the stones hanging from the stick point to the same direction. 
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Sometimes the worker holds a lamp just behind the two stones the way that one stone eclipses the 
other and only one shadow would be shed on the opposite wall. This shadow tells the worker where to 
dig toward the well B. 

 

Rekhve: 

Soft, damp and crumbling soil in which excavation is difficult. 

 

Rig o Ros:  

Combination of clay and pebble with a good porosity which ease water seepage through it. This soil is 
suitable for qanat especially in water production section. 

 

Rig-e-Bādi:  

Dune which lies beneath younger layers of sediments. This soil is very crumbling and needs to be 
shored up when qanat cuts through it. 

 

Roo- Neshastan:  

Ascending tunnel. If a qanat worker comes across a hard and rocky layer into which it is difficult to 
continue digging the tunnel, the worker avoids such a formation by going over it. Going over a hard 
layer and digging the tunnel with the same slope as that of the layer is called “Roo-Neshastan”. In this 
case both tunnel and hard layer runs parallel toward the mother well.  

 

Ros: 

Ordinary clay which is compact with very low porosity and almost impermeable to water. 

 

Ros-e Surākhdār:  

Clay with high porosity. 

 

Sāat-e Ābi:  

Water clock or clepsydra to measure the time every shareholder has for irrigation. Their clepsydra 
consists of two bowls made of copper one of which is so small that could freely float on the surface of 
water in the large one. The floating bowl has a tiny hole at its bottom through which water can enter 
the bowl and gradually fill it up. After being filled which may take a certain time, the small bowl 
sinks in the water and bumps into the bottom of the large bowl. As soon as the bump would be heard, 
a unit of time would be over, so the time between the two bumps equals a certain unit of time. 
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Sandoghi:  

In water transport section, the tunnel ceiling is built angled and rectangular which is called Sandoghi 
or box-shaped.  

    

Sang Bandi:  

Sang Bandi means lining the qanat tunnel with stones stacked on top of each other with no mortar. 

 

Sang-e Ātishi:  

Flint which is hard and white in color. 

 

Sang-e rag rag:  

Layered stones which are considered an indication of a good discharge. The qanat masters believe that 
such stones can convey water from a long distance. 

 

Sanglākh: 

Layers of ground awash with peddles and rubble stones with different size and little clay in it, which 
is widespread in the mountainous area of Yazd. 

 

Sar kooli:  

Refer to Devil. 

 

Sargir:  

A concrete round lid to be put on the well opening to block it.  

 

Sāzoo:  

Sazoo is a type of rope made of date palm fibers which is used in shallow wells and on simple 
windlasses. Privilege of this rope is that it would not be soaked in water and its weight does not 
change.  

 

Sel:  

Very hard stones regardless of their size, which can be found underground or on the earth surface. 
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Seqat:  

Rubble stones which lack any cement or clay and can drain out qanat water especially in water 
transport section. 

 

Shākheh:  

Lateral tunnels. The lateral tunnels are similar to Dastak, branching from the main gallery in different 
directions. What differentiates these tunnels from one another is their length according to which they 
have different names. If a lateral tunnel enjoys some shaft wells, it is called “Shakheh” which may be 
kilometers long. 

 

Shākheh Zani:  

Branching. Shakheh Zani means adding more side branches to the qanat main tunnel which can 
increase the infiltration area and accordingly the discharge of qanat. In fact each branch acts 
independently and eventually their waters join and flow down together.  

  

Shagh:  

Sometimes the workers may notice a crack or gap on the tunnel floor which drain out the water flow 
in water transport section. These cracks or gaps are called Shaq which should be filled up with lime 
and clay otherwise water escapes through them and the qanat discharge dramatically decreases. If the 
workers find a Shaq in water production section, they examine it to figure out whether it gives or 
drains water. If it drains they fill it up with kneaded thick clay mud otherwise they do not manipulate 
it. 

 

Sheh kani:  

Removing the sediments from the qanat gallery. Sediments should be removed and lifted out every 
once in a while, otherwise the qanat tunnel gets clogged up. In the mountainous qanats the sediments 
are denser, harder and more difficult to be broken and removed. The workers do not scrape the 
sediments off the tunnel walls totally but they try to leave a thin layer of them to keep water 
percolation at bay in water production section. 

 

Sheh:  

Sediment settled on the qanat sides and floor is called Sheh which should be removed and lifted out 
every once in a while, otherwise the qanat tunnel gets clogged up. 
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Shekam Darideh:  

Shekam Darideh literally means “ripped belly” which is a technique in digging a Bizesh. As the 
worker digs down, the triangle between the gallery, well and Bizesh is removed gradually from top to 
bottom. That is why in such wells their bottom is much wider than their top, called Shekam Darideh. 

 

Shib-e Rāhrow:  

Gradient of qanat gallery. Taking into account the topography and position of the water table, the 
tunnel gradient is calculated so that the water flowing in the tunnel would have an adequate speed not 
to leave too much sediment and, on the other hand, would not be so rapid that it washes away the 
tunnel and causes erosion. The optimum gradient is taken to be between 2/1000 and 5/1000.  

 

Shoolāt:  

Very crumbling soil in which it is not possible to tunnel without reinforcing and lining with firm 
materials.  

 

Shotor galoo:  

Siphon. In case two qanats intersect at the same level, a special structure named “Shotor galoo” is 
built to pass by the older qanat without digging into its gallery. Shotor galoo literally means “camel’s 
throat”, which is actually kind of siphon in which one end is higher than the other, allowing water to 
come up and flow into the tunnel on the other side due to this height difference.  

 

Sineye Kār:  

The end of the qanat gallery where digging always starts is called Sineye Kar literally “work front”. 

 

Tabari:  

Tabari is a hatchet like pickaxe which has a short and flat end for digging hard soils. 

 

Tahsoo Roosoo:  

Tunnel doubling. If a dramatic drawdown breaks out in the aquifer and groundwater falls over 1.5 
meters below the qanat tunnel, deepening no longer works and the workers resort to the method of 
doubling. Tunnel doubling is called Tahsoo Roosoo which means digging another tunnel below the 
old tunnel and just in parallel with it, so that the new exit point turns up some distance down slope 
from the old one. 
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Tanooreh:  

Water house. Tanooreh is a funnel like well with a depth of between 5 and 7 meters. It is 1-2 meters in 
diameter at the top and much less at the bottom, with a small outlet at its bottom through which water 
spouts out and hits the blades of watermill turbine. The operation of the watermill is based on the 
potential energy of water due to the height of water house: The deeper the water house, the more 
energy is generated. Sometimes the depth of a water house reaches 10 meters below the depth of the 
qanat, in order to increase the water pressure. 

 

Tarāz keshi:  

Leveling. After digging a test well, the next step is to dig water transport section of the gallery, but 
first of all some calculations are necessary in order to prevent any possible technical mistake. Taraz 
keshi means calculating the high differences between many spots from the test well down. Thus the 
qanat practitioners can know how deep each shaft well should be, so that the gallery connecting all the 
shaft wells would be almost horizontal.  

 

Tarāz:  

Leveling tool for calculating the gradient, which consists of two 1.5 meters wooden poles with a long 
thin rope in between. The rope is about 30 meters long, tied to the top of both poles. The poles are 
held upright on the ground in some distance from each other. To make sure that the poles stand 
completely upright, they cut a rectangular hole in each pole and hang a plummet from the top of hole. 
The plummet position implies whether or not the pole is completely vertical. To know if the rope 
between the two poles lies completely horizontal they use a leveling tool which consist of a small 
glass container full of water with an air bubble in it. They put the glass container gently on the role 
and consider the rope horizontal if the bubble stays exactly in the middle.  

 

Tare Kār:  

Each qanats consists of two different parts; water production section locally called Tare Kār and water 
transport section. Part of tunnel dug through the underground saturated area (aquifer) is called water 
production section. The discharge of the qanat completely depends on the extent, permeability and the 
depth of this part in comparison to water table. The length of the "tare-Kar" is not fixed but correlates 
with the fluctuations in water table. 

 

Taroon:  

Refers to Tare Kar. 

 

Tavar:  

Refer to Terek. 
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Terek:  

Terek is a sound that leads the worker just to the bottom of the half-dug well and the Devil hits the 
well with no deviation, while digging over head. Terek means a sound heard underground in the 
tunnel when someone ties a rope around a stone and drops it down the half-dug well and pulls it up 
and does it again.  

 

Timāj:  

Buckets made of tanned sheep skin. 

 

Towqeh:  

Ceramic or concrete rings to shore up the qanat shaft wells. “Towqeh” is circular in shape with a 
diameter of 75-80 centimeters. Those rings are used to prevent collapse only in shaft wells. 

 

Yek Sar:  

Yek Sar or simple windlass is a type of windlass which works only with one rope and one bucket 
hanging from it. 

 

Zanbil:  

Zanbil is a container used to carry soil, which was made of date fibers. Zanbil was not suitable to 
carry mud and wet soil because it was torn up easily. 

 

Zangābeh:  

Refer to Sheh. 

 

Zardeh Shoolāt:   

Yellow clay which collapses or subsides to a large extent. 

 

Zenamā:  

Zenamā literally means “Seepage Indicator”. Sometimes the owners of qanat take a particular spot as 
the border between water transport and production sections, whereas the owners of well like to 
designate a place more upslope as the border so they would have a better chance to exploit more 
water. Zenamā serves to settle the dispute of this kind. A worker who is mutually agreed upon goes 
down the qanat and makes a cut into the tunnel wall just where believed to be the border by the qanat 
owners. This cut – Zenamā – is some 60-70 centimeters long and 15 centimeters deep.  
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The cut is made only 10 centimeters above the water level flowing down the tunnel. The worker 
leaves the cut and waits for 24 hours, and the day after he returns to the cut to see whether or not any 
water has accumulated in it. The presence of water in the cut proves that here is not located in the dry 
zone or water transport section but it is in either water production section or at least the border 
between. 

 

Zerāa:  

The Zerāa is an ancient unit of length based on the length of the forearm from the elbow to the tip of 
the middle finger, which equals 45 centimeters. 

 

Zornā:  

Zorna is a well that directs qanat water to a less elevated level than expected. A typical Zorna may 
convey water to the earth surface, another shaft well or a qanat gallery. According to where Zorna 
takes water, it can be classified into three types which are all called Zorna in the qanat workers’ 
jargon. 
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Appendix II: National Registration Documents 

 
 

Province City Qanat Name National 
Registration No. 

Year of 
Registration 

Khorāsān-e Razavi Gonābād Qasabeh Qanat 2963 2000 

 

 
 

Source: ICHHTO Archive 
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Province City Qanat Name National 
Registration No. 

Year of 
Registration 

Khorāsān-e Jonubi Ferdows Qanat of Baladeh 30161 2011 

 

 
 

Source: ICHHTO Archive 
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Province City Qanat Name National 
Registration No. 

Year of 
Registration 

Yazd Yazd Qanat of Zārch 14830 2005 

 

 
 

Source: ICHHTO Archive 
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Province City Qanat Name National 
Registration No. 

Year of 
Registration 

Yazd Mehriz Hassan Ābād-e Moshir Qanat 29976 2010 

 

 
 

Source: ICHHTO Archive 
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Province City Qanat Name National 
Registration No. 

Year of 
Registration 

Markazi Arāk Ebrāhim Ābād Qanat 31150 2014 

 

 
 

Source: ICHHTO Archive 
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Province City Qanat Name National 
Registration No. 

Year of 
Registration 

Esfahān Vazvān Qanat of Vazvān 2962 2000 

 

 
 

Source: ICHHTO Archive 
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Province City Qanat Name National 
Registration No. 

Year of 
Registration 

Esfahān Meymeh Mozd Ābād Qanat 18097 2006 

 

 
 

Source: ICHHTO Archive 
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Province City Qanat Name National 
Registration No. 

Year of 
Registration 

Esfahān Ardestān Qanat of the Moon 9023 2003 

 

 
 

Source: ICHHTO Archive 
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Province City Qanat Name National 
Registration No. 

Year of 
Registration 

Kermān Jupār Qanat of Gowhar-riz 31137 2014 
 
 

 
 

Source: ICHHTO Archive 
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Province City Qanat Name National 
Registration No. 

Year of 
Registration 

Kermān Bam-Baravāt  Ghāsem Ābād Qanat  31162 2014 
 
 

 
 

Source: ICHHTO Archive 
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Province City Qanat Name National 
Registration No. 

Year of 
Registration 

Kermān Bam-Baravāt Akbar Ābād Qanat 31163 2014 
 
 

 
 

Source: ICHHTO Archive 
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Appendix III: Historical Documents  

 
 

Waqf Documents/ Qanat of Baladeh  
Source: ICQHS Archive 
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Waqf Documents/ Qanat of Zārch No.1 / 1801 AD (1220 hejira) 
Source: ICQHS Archive 
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Waqf Documents/ Qanat of Zārch No.4 / 1802 AD (1221 hejira) 
Source: ICQHS Archive 

 

 

Waqf Documents/ Qanat of Zārch No.6 / 1833 AD (1252 hejira) 
Source: ICQHS Archive 
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Waqf Documents/ Qanat of Zārch No.1 / 1873 AD (1292 hejira) 
Source: ICQHS Archive 
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Waqf Documents/ Qanat of Zārch No.11 / 1882 AD (1301 hejira) 
Source: ICQHS Archive 
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Waqf Documents/ Qanat of Zārch No.17 / 1905 AD (1324 hejira) 
Source: ICQHS Archive 
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Nafaqeh Document for a share of qanat’s water, 2100 Toman (each jore 1 Toman)  
Qanat of Zārch / 1928 AD (1307 shamsi) 

Source: Semsar Yazdi, A. A. (2014) 
 

 

Ownership deed for the purchase of well shafts’ corresponding lands  
Qanat of Zārch / 1929 AD (1308 shamsi) 

Source: Semsar Yazdi, A. A. (2014) 
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Document for a 3-year lease of 5 jore of Qanat of Zārch / 1933 AD (1312 shamsi) 
Source: Semsar Yazdi, A. A. (2014) 

 

 

Document for one year lease of 3 jore and 5 dang of Zarch qanat belonging to Mr. Keravgholi  
1930 AD (1309 shamsi) 

Source: Semsar Yazdi, A. A. (2014) 
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Lease deeds for 41 jore and two dangs of Zarch Qanat belonging to Mr. Hussein Keravgholi 
1927 AD (1346 hejira) 

Source: Semsar Yazdi, A. A. (2014) 
 

 

Document related to Pishkār kani works of Qanat of Zārch / 1930 AD (1310 shamsi) 
Source: Semsar Yazdi, A. A. (2014) 
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Waqf Documents of Hassan Ābād-e Moshir Qanat 
Source: ICQHS Archive 
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Ownership Documents of Hassan Ābād-e Moshir Qanat 
Source: ICQHS Archive 

 



 The Persian Qanat                                                                             

12 
 

Appendix III 
 

 

 

 

 
 

Ownership Documents of Hassan Ābād-e Moshir Qanat 
Source: ICQHS Archive 
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Ownership Documents of Hassan Ābād-e Moshir Qanat 
Source: ICQHS Archive 
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Ownership Documents of Hassan Ābād-e Moshir Qanat 
Source: ICQHS Archive 
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Toumār-e Sādāti (The Scroll Text of Sādāti) / Hassan Ābād-e Moshir Qanat 
Source: ICQHS Archive 
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Toumār-e Sādāti (The Scroll Text of Sādāti) / Hasan Ābād-e Moshir Qanat 
Source: ICQHS Archive 
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Qanat of Vavān's Documents 
Left: Abolition of Tāghi water distribution system and its Substitution with Pineyi system / 1976 
Right: Determination of each Habbe water share/ 1988  
Source: ICQHS Archive 
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Ownership Documents of Mozd Ābād Qanat/ 1938 AD (1357 hejira) 
Source: ICQHS Archive 
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Ownership Documents of Mozd Ābād Qanat/ 1900 AD (1319 hejira) 
Source: ICQHS Archive 
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Ownership Documents of Mozd Ābād Qanat/ 1901 AD (1320 hejira) 
Source: ICQHS Archive 
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Ownership Documents of Mozd Ābād Qanat/ 1919 AD (1338 hejira) 
Source: ICQHS Archive 

 
 



 The Persian Qanat                                                                             

22 
 

Appendix III 
 

 
 

 
 

Ownership Documents of Mozd Ābād Qanat/ 1924 AD (1343 hejira) 
Source: ICQHS Archive 
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Ownership Documents of Mozd Ābād Qanat/ 1925 AD (1344 hejira) 
Source: ICQHS Archive 
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Ownership Documents of Mozd Ābād Qanat/ 1931 AD (1350 hejira) 
Source: ICQHS Archive 
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Witness Calling Document for inquiry of ownership/ Qanat of Gowhar-riz (Jupār) /1934 AD  
Source: ICQHS Archive 

 

 

Witness Calling Document for inquiry of ownership / Qanat of Gowhar-riz (Jupār) / 1934 AD  
Source: ICQHS Archive 
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Witness Calling Document for inquiry of ownership/ Qanat of Gowhar-riz (Jupār) /1934 AD (1313 shamsi) 
Source: ICQHS Archive 

 

 
Purchase documents for Water share & Land/ Qanat of Gowhar-riz (Jupār) /1965 AD (1344 shamsi) 

Source: ICQHS Archive 
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Rent documents for Water share & Land/ Qanat of Gowhar-riz (Jupār) /1969 AD (1348 shamsi) 
Source: ICQHS Archive 

 

 
Rent documents for Water share & Land / Qanat of Gowhar-riz (Jupār) /1996 AD (1375 shamsi) 

Source: ICQHS Archive 
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Appendix IV: Monitoring  
 

Qasabeh Qanat, Gonābād 

Climate 

The topographic condition of the basin shows that both air temperature and precipitation have 
a considerable effect on it. Emberger method has been used in order to study the climate. 

Temperature 

Absolute maximum and minimum temperatures 

In order to find the range of thermal oscillations, heat regime as well as thermal factors 
alterations in the region, evaporimetric statistics of Gonābād have been used and based on 
table 1, the minimum and maximum temperatures of the region were -21.2 and +46. Because 
the statistical period of evaporimetric station of Gonābād is more complete than synoptic 
station of the town, the former has been used as the reference station regarding thermal 
issues.  

Month absolute minimum minimum average maximum absolute maximum 
October -2/0 9/9 18/5 27/0 37/0 

November -6/0 5/8 13/3 20/8 32/0 
Decembe -17/0 0/0 6/5 13/1 27/0 
January -21/2 -2/1 3/7 9/6 23/0 

February -20/0 -1/7 4/4 10/5 28/0 
March -11/0 2/0 8/6 15/2 30/0 
April -3/0 7/9 15/0 22/1 35/0 
May 2/0 13/7 21/2 28/8 40/0 
June 8/0 17/8 25/7 33/7 46/0 
July 11/0 20/0 27/9 35/9 45/0 

August 5/2 18/4 26/8 35/2 44/0 
September 6/0 14/9 23/7 32/6 41/0 

Yearly -21/2 8/9 16/3 23/7 46/0 

Table1. Thermal indices of evapoimetry in Gonābād (in centigrade degrees) 

 Results of surveys about absolute monthly minimum and maximum temperatures have also 
been provided in tables (2) and (3). 

    

    

 

 

5.17768.0 maxmax +=− TT abs 98.0=R

03.16354.1 minmin −=− TT abs 98.0=R
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G1 34/1 29/9 25/3 22/2 22/8 24/8 30/1 34/9 39/2 40/1 39/2 38/1 31/7 

G2 35/0 30/7 25/8 22/8 23/4 25/7 31/1 35/9 40/2 41/4 40/5 39/2 32/7 

G3 34/1 29/9 25/3 22/2 22/8 24/8 30/1 34/9 39/1 40/1 39/1 38/1 31/7 

All basin 34/4 30/2 25/5 22/4 23/0 25/1 30/4 35/3 39/5 40/6 39/6 38/5 32/0 

Table 2. Maximum monthly and annual temperatures (in centigrade degrees) of the basin 
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G1 -9/0 -14/1 -18/7 -22/9 -22/8 -16/4 -10/7 -5/7 0/1 4/5 0/6 -3/2 -9/9 

G2 -7/3 -12/7 -17/7 -21/7 -21/6 -15/5 -9/3 -3/9 2/1 6/3 2/9 -1/0 -8/3 

G3 -9/1 -14/1 -18/7 -22/9 -22/9 -16/4 -10/8 -5/8 0/1 4/5 0/6 -3/2 -9/9 

All basin -8/5 -13/6 -18/4 -22/5 -22/4 -16/1 -10/3 -5/1 0/8 5/1 1/4 -2/5 -9/3 

  Table 3. Minimum monthly and annual temperatures (in centigrade degrees) of the basin 

 

Chart 1. Variations of temperature parameters per year in the region under study 
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Map 1. Isothermal curve in the region under study for Qasabeh Qanat of Gonābād 
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Wind 

The nearest anemometrical station to the region is the synoptic station of Gonābād. For 
monitoring regional winds, their speed, direction and frequency was measured for all eight 
geographical directions based on anemometrical statistics of synoptic station of Gonābād and 
relevant figures were drawn. Tables (4) to (16) show the classification of monthly wind speed 
and figures (1) to (13) depict wind rose of each month at the synoptic station of Gonābād. 
Table (17) enlists the classification of the annual speed of the wind during the pilot period the 
dominant wind direction of the basin is from east which comprises 13.8% of all winds.  
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N 18582 54/7 0 0/0 1242 3/7 496 1/5 2/0 0/0 0/0 0/0 0/0 0/0 1740 5/1 
NE   0 0/0 2117 6/2 718 2/1 24/0 0/1 0/0 0/0 0/0 0/0 2859 8/4 
E   0 0/0 1331 3/9 3350 9/9 4/0 0/0 0/0 0/0 0/0 0/0 4685 13/8 

SE   0 0/0 425 1/3 1761 5/2 451/0 1/3 0/0 0/0 0/0 0/0 2637 7/8 
S   0 0/0 401 1/2 129 0/4 42/0 0/1 4/0 0/0 1/0 0/0 577 1/7 

SW   3 0/0 407 1/2 252 0/7 96/0 0/3 12/0 0/0 2/0 0/0 772 2/3 
W   1 0/0 397 1/2 426 1/3 113/0 0/3 2/0 0/0 0/0 0/0 939 2/8 

NW   0 0/0 236 0/7 885 2/6 84/0 0/2 5/0 0/0 0/0 0/0 1210 3/6 
total 18582 54/7 4 0/0 6556 19/3 8017 23/6 816/0 2/4 23/0 0/1 3/0 0/0 15419 45/3 

Table 4. Classification of annual wind speed during the statistic period (meter per second)  
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N 2118 71/2 0 0/0 137 4/6 38 1/3 0/0 0/0 0/0 0/0 0/0 0/0 175 5/9 

NE   0 0/0 148 5/0 11 0/4 0/0 0/0 0/0 0/0 0/0 0/0 159 5/3 

E   0 0/0 122 4/1 10 0/3 4/0 0/1 0/0 0/0 0/0 0/0 136 4/6 

SE   0 0/0 20 0/7 16 0/5 0/0 0/0 0/0 0/0 0/0 0/0 36 1/2 

S   0 0/0 32 1/1 3 0/1 6/0 0/2 0/0 0/0 0/0 0/0 41 1/4 

SW   0 0/0 53 1/8 22 0/7 2/0 0/1 0/0 0/0 0/0 0/0 77 2/6 

W   0 0/0 64 2/2 52 1/7 0/0 0/0 2/0 0/1 0/0 0/0 118 4/0 

NW   0 0/0 26 0/9 87 2/9 0/0 0/0 0/0 0/0 0/0 0/0 113 3/8 

total 2118 71/2 0 0/0 602 20/2 239 8/0 12/0 0/4 2/0 0/1 0/0 0/0 855 28/8 

Table 5. Classification of wind speed in January (meter per second)  
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N 1722 63/4 0 0/0 79 2/9 75 2/8 0/0 0/0 0/0 0/0 0/0 0/0 154 5/7 

NE   0 0/0 159 5/9 0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 159 5/9 

E   0 0/0 138 5/1 41 1/5 0/0 0/0 0/0 0/0 0/0 0/0 179 6/6 

SE   0 0/0 42 1/5 10 0/4 0/0 0/0 0/0 0/0 0/0 0/0 52 1/9 

S   0 0/0 35 1/3 6 0/2 8/0 0/3 0/0 0/0 0/0 0/0 49 1/8 

SW   0 0/0 17 0/6 54 2/0 13/0 0/5 0/0 0/0 1/0 0/0 85 3/1 

W   0 0/0 67 2/5 99 3/6 0/0 0/0 0/0 0/0 0/0 0/0 166 6/1 

NW   0 0/0 10 0/4 134 4/9 6/0 0/2 0/0 0/0 0/0 0/0 150 5/5 

total 1722 63/4 0 0/0 547 20/1 419 15/4 27/0 1/0 0/0 0/0 1/0 0/0 994 36/6 

Table 6. Classification of wind speed in February (meter per second)  
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N 1570 53/9 0 0/0 153 5/3 53 1/8 0/0 0/0 0/0 0/0 0/0 0/0 206 7/1 

NE   0 0/0 195 6/7 0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 195 6/7 

E   0 0/0 201 6/9 95 3/3 0/0 0/0 0/0 0/0 0/0 0/0 296 10/2 

SE   0 0/0 68 2/3 72 2/5 1/0 0/0 0/0 0/0 0/0 0/0 141 4/8 

S   0 0/0 50 1/7 24 0/8 4/0 0/1 0/0 0/0 0/0 0/0 78 2/7 

SW   0 0/0 28 1/0 58 2/0 9/0 0/3 2/0 0/1 0/0 0/0 97 3/3 

W   0 0/0 21 0/7 87 3/0 19/0 0/7 0/0 0/0 0/0 0/0 127 4/4 

NW   0 0/0 13 0/4 185 6/3 6/0 0/2 0/0 0/0 0/0 0/0 204 7/0 

total 1570 53/9 0 0/0 729 25/0 574 19/7 39/0 1/3 2/0 0/1 0/0 0/0 1344 46/1 

Table 7. Classification of wind speed in March (meter per second)  
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N 1356 48/2 0 0/0 125 4/4 83 3/0 0/0 0/0 0/0 0/0 0/0 0/0 208 7/4 
NE   0 0/0 243 8/6 0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 243 8/6 
E   0 0/0 145 5/2 195 6/9 0/0 0/0 0/0 0/0 0/0 0/0 340 12/1 

SE   0 0/0 40 1/4 114 4/1 2/0 0/1 0/0 0/0 0/0 0/0 156 5/5 
S   0 0/0 45 1/6 24 0/9 9/0 0/3 4/0 0/1 0/0 0/0 82 2/9 

SW   0 0/0 21 0/7 73 2/6 9/0 0/3 4/0 0/1 0/0 0/0 107 3/8 
W   1 0/0 10 0/4 69 2/5 41/0 1/5 0/0 0/0 0/0 0/0 121 4/3 

NW   0 0/0 23 0/8 168 6/0 7/0 0/2 0/0 0/0 0/0 0/0 198 7/0 
total 1356 48/2 1 0/0 652 23/2 726 25/8 68/0 2/4 8/0 0/3 0/0 0/0 1455 51/8 

Table 8. Classification of wind speed in April (meter per second) 
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N 1050 40/0 0 0/0 101 3/9 81 3/1 0/0 0/0 0/0 0/0 0/0 0/0 182 6/9 

NE   0 0/0 215 8/2 47 1/8 0/0 0/0 0/0 0/0 0/0 0/0 262 10/0 

E   0 0/0 49 1/9 378 14/4 0/0 0/0 0/0 0/0 0/0 0/0 427 16/3 

SE   0 0/0 17 0/6 207 7/9 78/0 3/0 0/0 0/0 0/0 0/0 302 11/5 

S   0 0/0 26 1/0 33 1/3 0/0 0/0 0/0 0/0 1/0 0/0 60 2/3 

SW   0 0/0 13 0/5 28 1/1 19/0 0/7 0/0 0/0 1/0 0/0 61 2/3 

W   0 0/0 0 0/0 65 2/5 32/0 1/2 0/0 0/0 0/0 0/0 97 3/7 

NW   0 0/0 22 0/8 137 5/2 18/0 0/7 5/0 0/2 0/0 0/0 182 6/9 

total 1050 40/0 0 0/0 443 16/9 976 37/2 147/0 5/6 5/0 0/2 2/0 0/1 1573 60/0 

Table 9. classification of wind speed in May (meter per second) 
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N 886 31/9 0 0/0 92 3/3 47 1/7 0/0 0/0 0/0 0/0 0/0 0/0 139 5/0 

NE   0 0/0 157 5/6 151 5/4 0/0 0/0 0/0 0/0 0/0 0/0 308 11/1 

E   0 0/0 0 0/0 728 26/2 0/0 0/0 0/0 0/0 0/0 0/0 728 26/2 

SE   0 0/0 8 0/3 285 10/2 254/0 9/1 0/0 0/0 0/0 0/0 547 19/7 

S   0 0/0 29 1/0 18 0/6 8/0 0/3 0/0 0/0 0/0 0/0 55 2/0 

SW   0 0/0 13 0/5 2 0/1 0/0 0/0 0/0 0/0 0/0 0/0 15 0/5 

W   0 0/0 13 0/5 19 0/7 0/0 0/0 0/0 0/0 0/0 0/0 32 1/2 

NW   0 0/0 21 0/8 32 1/2 18/0 0/6 0/0 0/0 0/0 0/0 71 2/6 

total 886 31/9 0 0/0 333 12/0 1282 46/1 280/0 10/1 0/0 0/0 0/0 0/0 1895 68/1 

Table 10. Classification of wind speed in June (meter per second) 
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N 921 32/2 0 0/0 37 1/3 37 1/3 0/0 0/0 0/0 0/0 0/0 0/0 74 2/6 

NE   0 0/0 158 5/5 276 9/6 23/0 0/8 0/0 0/0 0/0 0/0 457 16/0 

E   0 0/0 43 1/5 833 29/1 0/0 0/0 0/0 0/0 0/0 0/0 876 30/6 

SE   0 0/0 14 0/5 335 11/7 115/0 4/0 0/0 0/0 0/0 0/0 464 16/2 

S   0 0/0 36 1/3 3 0/1 0/0 0/0 0/0 0/0 0/0 0/0 39 1/4 

SW   0 0/0 10 0/3 0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 10 0/3 

W   0 0/0 6 0/2 0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 6 0/2 

NW   0 0/0 11 0/4 3 0/1 2/0 0/1 0/0 0/0 0/0 0/0 16 0/6 

total 921 32/2 0 0/0 315 11/0 1487 51/9 140/0 4/9 0/0 0/0 0/0 0/0 1942 67/8 

Table 11. Classification of wind speed in July (meter per second) 
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N 1286 45/6 0 0/0 40 1/4 11 0/4 2/0 0/1 0/0 0/0 0/0 0/0 53 1/9 

NE   0 0/0 113 4/0 218 7/7 0/0 0/0 0/0 0/0 0/0 0/0 331 11/7 

E   0 0/0 106 3/8 593 21/0 0/0 0/0 0/0 0/0 0/0 0/0 699 24/8 

SE   0 0/0 30 1/1 352 12/5 0/0 0/0 0/0 0/0 0/0 0/0 382 13/5 

S   0 0/0 36 1/3 0 0/0 1/0 0/0 0/0 0/0 0/0 0/0 37 1/3 

SW   0 0/0 8 0/3 2 0/1 0/0 0/0 0/0 0/0 0/0 0/0 10 0/4 

W   0 0/0 10 0/4 0 0/0 1/0 0/0 0/0 0/0 0/0 0/0 11 0/4 

NW   0 0/0 11 0/4 0 0/0 1/0 0/0 0/0 0/0 0/0 0/0 12 0/4 

total 1286 45/6 0 0/0 354 12/5 1176 41/7 5/0 0/2 0/0 0/0 0/0 0/0 1535 54/4 

Table 12. Classification of wind speed in August (meter per second) 
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N 1433 51/6 0 0/0 68 2/4 13 0/5 0/0 0/0 0/0 0/0 0/0 0/0 81 2/9 

NE   0 0/0 227 8/2 0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 227 8/2 

E   0 0/0 160 5/8 396 14/3 0/0 0/0 0/0 0/0 0/0 0/0 556 20/0 

SE   0 0/0 68 2/4 280 10/1 0/0 0/0 0/0 0/0 0/0 0/0 348 12/5 

S   0 0/0 46 1/7 0 0/0 1/0 0/0 0/0 0/0 0/0 0/0 47 1/7 

SW   3 0/1 34 1/2 0 0/0 4/0 0/1 0/0 0/0 0/0 0/0 41 1/5 

W   0 0/0 15 0/5 1 0/0 0/0 0/0 0/0 0/0 0/0 0/0 16 0/6 

NW   0 0/0 13 0/5 15 0/5 1/0 0/0 0/0 0/0 0/0 0/0 29 1/0 

total 1433 51/6 3 0/1 631 22/7 705 25/4 6/0 0/2 0/0 0/0 0/0 0/0 1345 48/4 

Table 13. Classification of wind speed in September (meter per second) 

D
ir

ec
tio

n 

Pacific wind 0/5 - 2/1 2/1 - 3/6 3/6 - 5/7 5/7 - 8/8 8/8 - 11/1 More than 1/11 total 

fr
eq

ue
nc

y 

pe
rc

en
t 

fr
eq

ue
nc

y 

pe
rc

en
t 

fr
eq

ue
nc

y 

pe
rc

en
t 

fr
eq

ue
nc

y 

pe
rc

en
t 

fr
eq

ue
nc

y 

pe
rc

en
t 

fr
eq

ue
nc

y 

pe
rc

en
t 

fr
eq

ue
nc

y 

pe
rc

en
t 

fr
eq

ue
nc

y 

pe
rc

en
t 

N 1910 63/6 0 0/0 147 4/9 28 0/9 0/0 0/0 0/0 0/0 0/0 0/0 175 5/8 
NE   0 0/0 228 7/6 0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 228 7/6 
E   0 0/0 192 6/4 73 2/4 0/0 0/0 0/0 0/0 0/0 0/0 265 8/8 

SE   0 0/0 74 2/5 83 2/8 0/0 0/0 0/0 0/0 0/0 0/0 157 5/2 
S   0 0/0 29 1/0 2 0/1 2/0 0/1 0/0 0/0 0/0 0/0 33 1/1 

SW   0 0/0 85 2/8 8 0/3 0/0 0/0 0/0 0/0 0/0 0/0 93 3/1 
W   0 0/0 70 2/3 8 0/3 0/0 0/0 0/0 0/0 0/0 0/0 78 2/6 

NW   0 0/0 28 0/9 34 1/1 2/0 0/1 0/0 0/0 0/0 0/0 64 2/1 
total 1910 63/6 0 0/0 853 28/4 236 7/9 4/0 0/1 0/0 0/0 0/0 0/0 1093 36/4 

Table 14. Classification of wind speed in October (meter per second) 
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N 2060 72/8 0 0/0 145 5/1 19 0/7 0/0 0/0 0/0 0/0 0/0 0/0 164 5/8 

NE   0 0/0 160 5/7 0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 160 5/7 

E   0 0/0 104 3/7 5 0/2 0/0 0/0 0/0 0/0 0/0 0/0 109 3/9 

SE   0 0/0 20 0/7 7 0/2 1/0 0/0 0/0 0/0 0/0 0/0 28 1/0 

S   0 0/0 13 0/5 13 0/5 2/0 0/1 0/0 0/0 0/0 0/0 28 1/0 

SW   0 0/0 74 2/6 5 0/2 16/0 0/6 6/0 0/2 0/0 0/0 101 3/6 

W   0 0/0 71 2/5 10 0/4 17/0 0/6 0/0 0/0 0/0 0/0 98 3/5 

NW   0 0/0 27 1/0 45 1/6 10/0 0/4 0/0 0/0 0/0 0/0 82 2/9 

total 2060 72/8 0 0/0 614 21/7 104 3/7 46/0 1/6 6/0 0/2 0/0 0/0 770 27/2 

Table 15. Classification of wind speed in November (meter per second) 
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N 2270 78/6 0 0/0 118 4/1 11 0/4 0/0 0/0 0/0 0/0 0/0 0/0 129 4/5 

NE   0 0/0 114 3/9 15 0/5 1/0 0/0 0/0 0/0 0/0 0/0 130 4/5 

E   0 0/0 71 2/5 3 0/1 0/0 0/0 0/0 0/0 0/0 0/0 74 2/6 

SE   0 0/0 24 0/8 0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 24 0/8 

S   0 0/0 24 0/8 3 0/1 1/0 0/0 0/0 0/0 0/0 0/0 28 1/0 

SW   0 0/0 51 1/8 0 0/0 24/0 0/8 0/0 0/0 0/0 0/0 75 2/6 

W   0 0/0 50 1/7 16 0/6 3/0 0/1 0/0 0/0 0/0 0/0 69 2/4 

NW   0 0/0 31 1/1 45 1/6 13/0 0/5 0/0 0/0 0/0 0/0 89 3/1 

total 2270 78/6 0 0/0 483 16/7 93 3/2 42/0 1/5 0/0 0/0 0/0 0/0 618 21/4 

Table 16. Classification of wind speed in December (meter per second) 
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Figure 1. Wind rose of January, Gonābād Synoptic Station 
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Figure  2 . Wind rose of February, Gonābād Synoptic Station 
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Figure 3. Wind rose of March, Gonābād Synoptic Station 
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Figure  4 . Wind rose of April, Gonābād Synoptic Station 
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Figure  5 . Wind rose of May, Gonābād Synoptic Station 
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Figure  6  . Wind rose of June, Gonābād Synoptic Station 
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Figure  7 . Wind rose of July, Gonābād Synoptic Station 
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Figure  8 . Wind rose of August, Gonābād Synoptic Station 
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Figure  9 . Wind rose of September, Gonābād Synoptic Station 
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Figure  10 . Wind rose of October, Gonābād Synoptic Station 
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Figure 11. Wind rose of November, Gonābād Synoptic Station 
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Figure  12 . Wind rose of December, Gonābād Synoptic Station 
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Figure  13 . Wind rose of the statistic period, Gonābād Synoptic Station 
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Meteorology 

Precipitation 

Based on surveys conducted in meteorological stations, the condition of regional precipitation 
is as follows shown in relevant maps and diagrams:  

 

 

 

Map 2. Selected meteorological stations located nearby 
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93

 

14
32
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56

 

1 1357-58      * * *  *  * * * *     

2 1358-59      * * *  *  * * * *     

3 1359-60      * * * * *  * * * *    * 

4 1360-61      * * * * *  * * * *    * 

5 1361-62      * * * * *  * * * *    * 

6 1362-63   *   * * * * *  *  * *     

7 1363-64  * *   * * * * * * * * * *     

8 1364-65 * * * * * * * * * * * * * * * *   * 

9 1365-66 * * * * * * * * * * * * * * * *  *  

10 1366-67 * * * * * * * * * * * * *  * * * * * 

11 1367-68 * * * * * * * * * * * * *  * * * * * 

12 1368-69  * * * * * * * * * * *  * * * * * * 

13 1369-70 * * * * * * * * * * * * * * * * * * * 

14 1370-71 * * * * * * * * * * * * * * * * * *  
15 1371-72 * * * * * * * * * * * * * * * * * *  
16 1372-73 * * * * * * * * * * * * *  * * * * * 
17 1373-74 * * * * * * * * * * * * * * * * * * * 

18 1374-75  * * * * * * * * * * * * * * * * * * 

19 1375-76 * * * * * * * * * * * * * * * * * * * 

20 1376-77 * * * * * * * * * * * * * * * * * * * 

21 1377-78 * * * * * * * * * * * * * * * * * * * 

22 1378-79 * * * * * * * * * * * *  * * * * * * 

23 1379-80 * * * * * * * * * * * * * * * * * * * 

24 1380-81 * * * * * * * * * * * * * * * * * * * 

25 1381-82 * * * * * * * * * * * * * * * * * * * 

26 1382-83 * * * * * * * * * * * * * * * * * * * 

27 1383-84 * * * * * * * * * * * * * * * * * * * 

28 1384-85 * * * * *  * * * * * * * * * * * * * 

29 1385-86 * * * * *  * * * * * *    * * *  

30 1386-87 * * * * *  * * * * * *        

Table 17. Type of stations and years of existent statistical  
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Chart 2 . Changes in rainfall - Altitude stations in the area 

 

Chart  3 . Monthly distribution of precipitation in Kalat Pass Station (reference station) 

 

About 22.8% of the yearly precipitation takes place in Esfand but Tir and Mordad are the 
driest months of the year with meager precipitation. According to the above figure, regional 
rainfall increases from Mehr and reaches its maximum in Esfand then decreases gradually. In 
summertime, rainfall is insignificant.  
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G1 1/0 11/3 32/3 38/3 47/9 54/6 34/7 16/3 2/2 0/2 0/0 0/7 239/4 
G2 0/9 10/4 30/0 35/5 44/4 50/6 32/2 15/1 2/0 0/2 0/0 0/7 221/9 
G3 1/0 11/4 32/9 39/0 48/7 55/5 35/3 16/6 2/2 0/2 0/0 0/7 243/5 

Total basin 0/9 11/0 31/7 37/6 47/0 53/6 34/1 16/0 2/1 0/2 0/0 0/7 235/0 

Table 18. Monthly and annual precipitation of the basin and sub-basins of the region (in millimeters) 

 

 

Map 3. Isohyet curve in the region under study for Qasabeh Qanat of Gonābād 
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Also based on the results obtained from various methods as well as regional climatic 
conditions, intensity and duration of precipitation during various reverse periods of the basin 
of Qasabeh Qanat were calculated with the results provided in these tables: 

Name of the sub basin Annual rainfall 
Millimeter 

Time of concentration 
( hour) 

Return period (year) 

2 5 10 25 50 100 

G1 239/4 3/36 2/8 3/6 4/1 4/8 5/4 5/9 

G2 221/9 3/09 2/8 3/5 4/1 4/8 5/3 5/8 

G3 243/5 3/24 3/0 3/7 4/3 5/1 5/6 6/2 

Table 19. Intensity of short-term rainfall during various reverse periods of the basin 

Time 
(minute) 

Return period 

2 5 10 25 50 100 

5 21/9 34/9 43/5 54/4 62/5 70/5 

10 13/3 20/2 24/7 30/5 34/8 39/0 

20 9/9 14/6 17/7 21/6 24/5 27/3 

30 8/2 11/8 14/2 17/2 19/4 21/6 

40 7/1 10/2 12/2 14/8 16/7 18/6 

50 6/2 8/8 10/6 12/7 14/3 16/0 

60 4/7 6/4 7/5 8/9 10/0 11/1 

90 3/9 5/1 6/0 7/0 7/8 8/6 

120 3/0 4/2 5/0 6/0 6/7 7/5 

180 1/9 2/7 3/2 3/9 4/4 4/9 

360 1/4 2/1 2/5 3/1 3/5 3/9 

540 1/1 1/7 2/1 2/5 2/9 3/2 

720 33/1 52/7 65/7 82/2 94/4 106/5 

Table 20. Short-term precipitation rates (mm per hour) in different frequencies of evaporimetery for Gonābād 
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Chart  4 . Graph of intensity-duration-abundance of evaporimetery for Gonābād 

Given the fact that in dry regions, there is a direct relation between annual and short-time 
precipitations, it is concluded that relation (Table 20) governs for measuring precipitation 
intensity, average annual rainfall, reverse period and duration of precipitation for Gonābād 
Station and short-time rainfall intensity of the basin. The relation is significant at the level of 
0.001 in which: t=duration of precipitation in minutes, T=the reverse period in years, 
Pyear=annual precipitation with a reverse period of two years in millimeters, ItT= intensity of 
the rainfall with duration of t minutes and a reverse period of T in mm/hour. 

In view of the fact that the second method (Gonābād Station) is based on a series of precise 
measurements according to the data of permanent rain gauging (pluviometer) stations in the 
region also because it is more conforming with regional climatic conditions, it has been 
preferred to other methods for determining the intensity and duration of regional rainfall. 
Using relation, short-time precipitation intensity for various frequencies of the basin has been 
calculated and results have been provided in table (21). 

Name of the sub basin Annual rainfall 
Millimeter 

Time of concentration 
( hour) 

Return period (year) 

2 5 10 25 50 100 

G1 239/4 3/36 2/8 3/6 4/1 4/8 5/4 5/9 

G2 221/9 3/09 2/8 3/5 4/1 4/8 5/3 5/8 

G3 243/5 3/24 3/0 3/7 4/3 5/1 5/6 6/2 

Table 21. Short-term precipitation intensity (mm per hour) in different frequencies of the basin 
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Geographical Location and Topography 

Studying regional topographical maps and specifying the location of shafts in qanat 
wells 

The study is aimed at separating boundaries of the upstream basin of Qasabeh Qanat of 
Gonābād and defining significant physiographical indices of the region. After basin 
delineation and initial divisions, the main watershed basin was divided into three sub-basins 
of: G1, G2 and G3 in which G is an abbreviation of Qasabeh Qanat. Afterwards, basic data 
such as: area, circumference, slope, direction, height, length and slope of the main waterway, 
basin concentration time, etc… are calculated because they are required for other 
investigations.  

 

Map 4. Number and location of well shafts for Qasabeh Qanat of Gonābād 
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Map 5. Slope of the region under study for Qasabeh Qanat of Gonābād 

 

Geology 

Based on field studies, geological characteristics of the region are as follows: local stone 
units are predominantly shale and metamorphic sandstone. Due to its softness and looseness, 
metamorphic shale has caused the emergence of short protrusions with a mild slope toward 
the perimeter. In contrary, sandstone and alternation of shale and metamorphic sandstone has 
produced high protrusions with a relatively steep slope. Buttes are among other formations 
created in the complex. Waterways built in them have a dendrite and forked design. Lime 
units are rock formations and have given a mountainous appearance to various places.  
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Igneous stones with acidic composition have created relatively high elevations and a steep 
slope relative to their perimeters. However, igneous stones with moderate to mafic 
compositions have generated lower elevations with a slightly gentle slope and have 
occasionally even produced hilly lands. Red continental accumulations with Cenozoic stones 
have created small hills and mounds. Alluvial piles cover all over the plains producing hilly 
lands and clay expanses. Due to the lack of penetration of humid air masses as well as 
because of the blowing of hot winds, Gonābād plain has a dry weather. The desert in east and 
west of the region as well as sand- and dust storms also define the climatic condition of the 
region.  

Stratigraphy 

Using geological maps of Gonābād and Ferdows, the geological condition of Qasabeh Qanat 
basin was studied and a geological regional map with a scale of 1/100,000 was prepared 
showing the state of existing formations in the area under investigation from a chronological 
point of view: 

 

Map 6. geology of the region under study for Qasabeh Qanat of Gonābād 



 The Persian Qanat                                                                             

564 
 

Appendix IV 
 

 

Geology of well shafts and qanat gallery along the entire qanat length 

Geological map (6) shows that the gallery has developed within four geological units. 

A) Dulab Branch 

Mother well of this branch of Qasabeh Qanat is located in alluvial deposits of unit Qt2 
(picture 1). Alluvial deposits of the area are large-grained and usually made of a mixture of 
grain, gravel and sand. Because these deposits are from the alluvial fan, they have a larger 
grain in upstream opposite to downstream. This also holds true about Qasabeh branch. In 
downstream the Doolāb branch enters the deposit unit of Qtf which is also made of alluvial 
fan sediments. Here, the size of deposits comprising the alluvium become smaller which is 
mainly sand, silt and some gravel (picture 2). 

Finally, Doolāb branch leaves this alluvial unit and after arriving into the Qt2 unit joins 
Qasabeh branch again. 

  

Photo 1. Mother well of Doolāb branch 
Photo 2. Well shafts of Doolāb branch in sediment unit Qtf 

 

B) Qasabeh Branch 

Mother well of this branch of Qasabeh Qanat is located in alluvial deposits of unit Qtf and 
has a distance of about 9 km from uplands. Picture (3) shows the mother well of Qasabeh 
branch. It can be seen that it has been dug into large-grained sand and gravel deposits but has 
mixed with some local small-grained sediments too. Because deposits of the unit also often 
come from the alluvial fan, the alluvial deposits become smaller downstream. This branch of 
Qasabeh Qanat extends downstream within the deposit unit until entering the deposit unit of 
Qt2 and joining the Doolāb branch. The approximately 2 km distance of qanat gallery after 
linkage of Doolāb and Qasabeh branches as far as the exit point also has a significant 
lithological variety. As seen on the geological map, Doolāb and Qasabeh branches link 
together in the deposit unit of Qt2. In view of the fact that flood power decreases in these 
reas, the size of particles comprising the alluvium is almost small consisting of sand, clay 
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and silt deposits with some large-grained gravel deposits. In the downstream, the qanat 
gallery arrives into small-grained clay and silt sediments of deposit units Qc and Qc1 so that 
the exit point appears in Qc1. Generally, the approximately 1.5 km length of the initial part of 
Qasabeh Qanat gallery has been dug within completely small-grained clay and silt deposits. 
Pictures (4) and (5) taken from inside the gallery (Qal-e Shoghāl) are quite illustrative.  

 

Photo 3. Mother well of Qasabeh branch 

 

Photo 4. Inside the abandoned gallery of Qasabeh Qanat (Qal-e Shoghāl 

 

Photo 5. A view of sediments inside the abandoned gallery of Qasabeh Qanat (Qal-e Shoghāl) 
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Examining the condition of faults in the region and their potential effect on transferring 
water and pollution to qanat 

There exist several faults in the region particularly in the upstream of Qasabeh Qanat of 
which Kakhak, Parch and Toranj are the most significant.  

But based on their formation, location and distance from Qasabeh Qanat, no exact opinion 
can be given about their effect on water or pollution transfer to qanat because firstly, the fault 
strikes are vertical to the course of qanat and secondly, they are very far from the qanat. 
Among the above-mentioned faults, only Kakhak can exert a little influence because it is 
situated at the boundary between uplands and the plain. It must be pointed out that these 
faults certainly do not have an effect on transfer of water or pollution to Qasabeh Qanat but 
might even hinder them. Because as has been mentioned before, the fault has a strike vertical 
to the course of the qanat and it is a slip fault strike. This gives a waterproof property to the 
fault instead of a permeability property. On the other hand, because of the location of the 
fault south of Kakhak village, it can play a role in preventing pollution transfer to qanat.  

 

 

Photo 6. Lining manner of well shafts of Qasabeh Qanat 

An inverted fault complex exists west and south of Kalat village having a potential role in 
water transfer into the qanat. Due to the long distance between the faults and the qanat (6 km 
from the mother well of Doolāb branch) they play no direct role in qanat water output but surely 
transfer water to alluviums feeding Qasabeh Qanat.  
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Seismological Studies in Qanat Boundaries 

Based on tectonic investigations conducted, Iran has been divided into 20 seismo-tectonic 
states of which the area under study is located in state map 7 which has a relatively high risk 
of earthquake.  The most intensive earthquake of the state has had a magnitude of 7.3 Richter 
but the potential for those with a magnitude of 7.4 Richter also exists. During the years 1923-
95, 84 earthquakes with various magnitudes have struck the region. In map (8) zoning related 
to the relative risk of earthquake in Iran considering the gravitational acceleration is shown in 
which Iran is generally divided into 4 zones with different seismic risks: 1- zone with a 
relatively low risk (basic acceleration of 0.2) 2- zone with a relatively medium risk (basic 
acceleration of 0.25)  3- zone with a relatively high risk (basic acceleration of 0.3) and 4- zone 
with a very high risk (basic acceleration of 0.35 g). Therefore, according to the picture, the area 
under study is situated in the third zone.As seen in the geological map and described in 
previous parts, there exist several faults in that area: among them Kakhak, Parch and Toranj 
are the most significant. They exert direct effect on the seismic regime of the area and have 
resulted in its inclusion in the relatively high risk zone.  

 

 

Map 7. Various seismo-tectonic states in Iran 
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Map 8. Zoning of the relative risk of earthquake in Iran 

 

Water Resources 

Examining the condition of underground water table 

A) Condition of the Bedrock of Gonābād Plain 

Map (9) is the isobath map of the bedrock of Gonābād plain according to geophysical 
data. In this map, diameter of the bedrock varies between about 20 m opposite southern 
heights of the plain up to about 340 m at central and southern parts of Gonābād plain. 
Variation of bedrock width in the watershed of Qasabeh Qanat is also between 20-340 m.  

B) Leveling Map (10) shows that the general slope underground waters in Gonābād plain 
follows the topographical slope of the ground and a general trend of flowing from south 
to north or from southwest to northeast exists. As seen in the map, the southern heights of 
the plain have a large role in feeding underground waters. In watershed of Qasabeh 
Qanat, the direction of the underground water corresponds fully with the route of the 
qanat indicating that early diggers were fully aware of underground waters of the region 
and have dug the qanat at the same direction.  It should be pointed out that this leveling 
map relates to piezometric data. 
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Map 9. Isobaths curve of bedrock of Gonābād plain 

 

Map 10. Isoclinal lines of underground water of Gonābād plain 
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C) Isobath Map of Underground Water 

In order to study the depth of underground waters of Gonābād plain and Qasabeh Qanat 
basin, piezometric data were used showing a decreasing trend in depth variations from the 
feeding spot towards the discharge point in the plain. The map revealed that the depth 
reached to more than 160 m in southern part of the plain but it decreased to about 20 m in 
its northern parts. The variation trend for underground water in Qasabeh Qanat basin was 
almost similar to the same trend in Gonābād plain so that the depth decreased from above 
160 m in the vicinity of the mother wells to about 70 m near its exit point.  

 

Studying qanat feeding resource(s) 

As always, feeding sources of plains are usually their neighboring heights which for Qasabeh 
Qanat are located in its western and southwestern areas. Based on the geological map (9) 
these heights are often Shemshak formations with a lithology made of slit, sandstone as well 
as some igneous stones. Existence of multiple faults and fractures in the formations also has a 
major effect on the feeding of downstream alluvium and ultimately Qasabeh Qanat. 

The leveling map of underground waters (10) also confirms the feeding of alluvium and 
Qasabeh Qanat from those uplands. The height of subterranean water level contours 
decreases toward the plain in parallel with the heights. This shows that the direction of the 
underground water is from the heights toward the plain. On the whole, the direction of the 
underground water follows that of surface waters (as in Qasabeh Qanat basin) with few 
exceptions. 

 

Map 11. Isobath line of underground water of Gonābād Plain 
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Condition of Regional Water Resources and their Distance from Qasabeh Qanat 

As described before, in Gonābād Plain there exist 598 underground water resources consisted 
of 217 water wells, 304 qanats and 77 springs which respectively discharge 11.83, 33.7 and 
3.4 million cubic meters of underground waters of the plain for various usages (mostly for 
irrigation and drinking purposes) each year. In Qasabeh Qanat basin, there exist 172 
underground water resources consisted of 23 water wells, 132 qanats and 17 springs which 
respectively discharge 1.37, 12.21 and 0.84 million cubic meters of the basin each year. 
Among them Qasabeh Qanat with water output of 140 liters per second and an annual 
discharge of 4,415,040 cubic meters has the most share of underground water discharge 
(about 30% of the total) compared to other resources. Map (12) depicts the distribution of 
underground water resources in Gonābād Plain and Qasabeh Qanat basin. As seen in the map, 
the only underground water resources within the boundaries of Qasabeh Qanat effective on 
its water output are mother wells of nearby qanats. Actually, there is no exploitation well 
within the boundaries of qanats in Gonābād Plain (in particular Qasabeh Qanat).  

 

Map 12. Location of underground water resources of Gonābād Plain 
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Measuring the level of Underground Water in the Region and its Variation Trend 
during the last thirty years 

Studying the variations of underground water level in Gonābād Plain 

In order to study the variations of underground water level in Gonābād Plain during past 
years, a single hydrograph of the underground water in the plain was used (chart5). The level 
of underground water has dropped annually about 10 cm reaching 2.22 meters during the last 
22 years. But the figure is very low compared to other plains of the province due to the 
positive effect of qanats. On the other hand, deep wells have a drastic effect on dropping 
underground water levels and for this reason the Regional Water Organization has banned the 
issuing of well digging permits in order to protect underground water resources. 

 

 

Chart 5. Unit hydrograph of underground waters of Gonābād Plain during 1978-2009 

 

Underground water output in Gonābād plain 

Studying the variations of underground water level in Gonābād plain within the 
boundaries of Qasabeh Qanat 

Pieziometric hydrograph of Kakhak Road is seen in chart (6) for comparison with the 
boundaries of Qasabeh Qanat plain. The level of underground water of the area has decreased 
more than the average rate of the plain. Studying the hydrograph condition during the last 8  
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years (1999-2007) reveals more balanced conditions. In this period of time, the water level 
has dropped 1.05 m with an annual average of 13cm. The decrease in underground water 
level for the aquatic year of 2006-2007 was 8 cm and for the aquatic year of 2008-2009 was 9 
cm. Therefore, it can be seen that the water level drop in this piezometer has decreased on a 
yearly basis and has remained almost constant in recent years. This is regarded as a positive 
sign for Qasabeh Qanat and its basin with a good effect on the continuous water output of the 
qanat and its nearby qanats. 

 

 

Chart 6. Piezometer hydrograph of Kakhak Road during 1978-2009 

 

Studying the Permeability Rate of Soil and the Speed of Water Motion in it 

Based on the studies conducted, deposits comprising the abgoon (water production section) 
of Qasabeh Qanat are alluvial fan sediments of units Qtf and Qt2. Considering the grading 
and diameter difference between the top and bottom sections of the alluvial fan; these deposit 
units have various permeability and storage capabilities. Due to the low thickness of the units 
as well as the steep slope of the bedrock, storage capacity in upper parts of the alluvial fans is 
not much but in middle parts, it increases in accordance with decline in bedrock slope and the 
increase in diameter of alluvium; reaching its peak in lower parts because of more thickness 
of alluvium and its higher porosity which is because of smaller size of particles. 
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Considering the location of Qasabeh Qanat at the middle part of the alluvial fan and even on 
the course of some floodways and temporary waterways (kal), it must be said that there exist 
very high permeability, transfer and storage coefficients which result in an extraordinary 
water storage capacity so that not only Qasabeh Qanat but also several other qanats of 
Gonābād Plain feed on this huge reserve of underground water.  

 

 

  

Photo 7. Mother wells of Qasabeh Qanat and their nearby lands 

 

Reviewing the Hydrodynamic Coefficients of Qanat Abgoon  

The geological map of the region shows that abgoon and mother wells of Qasabeh Qanat are 
located inside alluvial deposits of Qtf and Qt2. These depositional units are alluvial fan 
deposits and are often large-grained. Therefore, qanat abgoon has a high hydrodynamic 
coefficient. Studies conducted reveal that storage coefficient of Gonābād Plain is averagely 
an estimated 4-5%. Regarding the grading of existing sediments, an expert opinion of about 
10% storage coefficient within the limits of qanat abgoon seems reasonable and the high 
water output of it confirms this estimation. 
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Water Quantity 

The area under study in Gonābād is a sub-basin of the watershed of the central desert of Iran 
situated in the southernmost district of  Khorāsān-e Razavi Province with an almost elliptical 
shape. The area is 1,872 square kilometers of which 1,103 square kilometers are plains and 
the remainder are uplands which encircle southern, eastern and western districts entirely with 
the exception of the flat northern part or the exit point of the plain.  

The basin has no permanent river but floodwaters coming from the heights are transferred in 
a south to north direction by waterways and floodways towards the exit point and from there 
into the Omrani Plain. An alluvial aquifer with an approximate area of 715.9 square 
kilometers covers a large part of the region. 

Exploitation rate of underground water resources in the study zone of Gonābād has been 
reported as about 48.98 million cubic meters per year. Based on the statistics gathered, the 
surface water resources present in the area include 28 dykes and 13 mouth heads. In table 
(22) statistical results from water resources of the study zone of Gonābād have been provided 
for various statistical periods.  

Year 
Well Qanat Spring 

Total 
Total 

annual 
discharge count Annual 

discharge count Annual 
discharge count Annual 

discharge 
1969 27 3 137 59 7 3 171 65 
1981 202 24 314 40 7 3 523 67 
1985 153 14 270 48 22 7 445 69 
1999 268 23.79 286 68.62 25 5.51 579 97.92 
2003 271 14.07 303 37.84 74 4.13 594 54.04 
2009 217 11.83 304 33.7 77 3.4 693 48.93 

Table 22. Summery of surveying results from underground water resources of the region under study in Gonābād 
(discharge in million cubic meters) 

 

Because the main feeding resource of the aquifer of Qasabeh Qanat is deep and waters are not 
easily affected by weather conditions, the water output of the qanat does not easily vary.  In 
order to study previous variations of water yield, the data bank of the Regional Water 
Company of  Khorāsān-e Razavi Province has been used. As Qasabeh Qanat has been 
selected as one of the resources for monitoring the quality and quantity of underground 
waters of Gonābād Plain, the water yield of the qanat is measured on a seasonal basis. Based 
on the data existing since 1997, hydrograph of water yield oscillations of Qasabeh Qanat has 
been drawn as chart 7 which shows that despite recent draughts, due to a ban on digging new 
wells as well as more protection of water resources, the process of water yield of the qanat 
has seen an increasing trend. Therefore the change in meteorological regime has not had an 
adverse effect on the water yield of this qanat. 
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Chart 7. Hydrograph of Qasabeh Qanat 

 

season Year Discharge season Year Discharge season Year Discharge season Year Discharge 

spring 1997 123 spring 2001 129 spring 2005 140 spring 2009 141 

summer 1997 127 summer 2001 120 summer 2005 135 summer 2009 138 

autumn 1997 128 autumn 2001 121 autumn 2005 130 autumn 2009 137 

winter 1997 109 winter 2001 128 winter 2005 127 winter 2009 135 

spring 1998 124 spring 2002 125 spring 2006 134    

summer 1998 116 summer 2002 121 summer 2006 131    

autumn 1998 105 autumn 2002 129 autumn 2006 128    

winter 1998 115 winter 2002 133 winter 2006 130    

spring 1999 119 spring 2003 141 spring 2007 141    

summer 1999 100 summer 2003 121 summer 2007 127    

autumn 1999 127 autumn 2003 130 autumn 2007 144    

winter 1999 120 winter 2003 135 winter 2007 140    

spring 2000 115 spring 2004 133 spring 2008 138    

summer 2000 111 summer 2004 128 summer 2008 137    

autumn 2000 125 autumn 2004 135 autumn 2008 136    

winter 2000 134 winter 2004 139 winter 2008 139    

Table 23. 
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Water Quality 

Qasabeh Qanat has two separate branches called Doolāb and Qasabeh but field studies have 
shown that within the area affecting the quality of their water, no pollutant source exists as 
far as their point of junction.  

Thus the two last well shafts located before the junction of Doolāb and Qasabeh qanats were 
selected as stations number 1 (on Doolāb branch) and station number 2 (on Qasabeh branch) in 
order to gain some knowledge about water quality of each one before their linkage.  

Also another station (no.3) was picked beyond the point of their junction where access to 
gallery was feasible for sampling reasons in order to measure water quality after the merging 
of two branches. It must be pointed out that station number 4 was designated at the terminal 
or exit point of the qanat. Considering regional functions and the possibility of their effect on 
water quality, the four sampling stations which are shown in the map seem sufficient. 

For an accurate report on underground water pollution within the area affecting the quality of 
Qasabeh Qanat water, (its drainage basin) about 39 quality parameters of water constituents 
were measured and analyzed at the first stage as seen in table 24. 

 

 

Map 13. Location of water sampling stations in Qasabeh Qanat 
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Studying the Water Quality of Stations 
39 physical, chemical and microbial parameters were measured in 4 water samples taken 
during 4 periods of time from 4 selected stations on well shafts of Qasabeh Qanat. Then they 
were compared to national and international standards. The following table shows the general 
results obtained from quality analysis of the 4 samples in which the water quality regarding 
heavy elements was optimal. 
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R
an

k 

Parameter Sign Unit 
Number of the selected stations 

First stage of sampling Second stage of sampling Third stage of sampling Fourth stage of sampling 
S1 S2 S3 S4 S1 S2 S4 S1 S2 S3 S4 S1 S2 S3 S4 

1 acidity PH - 8 7.9 8.3 8.4 8.69 8.5 8.58 7.4 7.34 7.53 7.49 7.65 7.67 7.94 8.21 

2 whole of 
soluble solids TDS mg/L 630 541 580 570 830 730 780 767 663 691 695 765 657 702 707 

3 electric 
conductivity EC mS/Cm 1260 1080 1160 1140 1661 1460 1560 1533 1326 1381 1389 1530 1314 1404 1414 

4 
total 

suspended 
deposits 

TSS mg/L 0.026 0.024 0.032 0.027 0.87 0.93 0.96 0.69 0.72 0.78 0.73 0.57 0.68 0.74 0.76 

5 calcium 
hardness H(Ca) mg/L 140 132 128 120 140 96 110 108 116 103 100 160 180 168 166 

6 magnesium 
hardness H(Mg) mg/L 260 396 352 392 202 300 230 292 332 325 328 260 260 272 529 

7 total 
hardness TH mg/L 400 528 480 512 342 396 340 400 448 428 428 420 440 440 461 

8 total 
alkalinity Alk. mg/L 244 300 292 276 229 222 203 268 316 308 292 276 303 298 306 

9 nitrite NO2 mg/L 0.003 0.001 0.003 0.032 0.003 0.002 0.002 0.004 0.003 0.003 0.003 0.003 0.002 0.003 0.003 

10 nitrate NO3 mg/L 14.7 12 11 9.8 9.85 9.3 9.5 10.7 10.2 10.5 10.51 10.2 9.65 10 10.16 
11 calcium Ca mg/L 56 52.8 51.8 48 56 38.4 44 43.2 46.4 41.2 40 64 72 67.2 66.4 
12 magnesium Mg mg/L 62.4 95.04 84.48 94.08 48.48 72 55.2 70.08 79.68 78 78.82 62.4 62.4 65.28 70.8 
13 sodium Na mg/L 400.6 228 281.7 260.1 493 375.3 437 440 312 415 370 500 353 459 438 
14 potassium K mg/L 7.8 3.9 3.9 3.9 7.8 7.6 7.9 3.9 2.8 3.9 3.9 3.9 3.05 3.6 4.01 
15 bicarbonate HCO3 mg/L 241 297 289 272 232 220 199 263 312 305 290 270 300 293 300 
16 carbonate CO3 mg/L 0.007 0.005 11 12 37 32 33 0 0 0 0 0 0 0 0 
17 sulphate SO4 mg/L 275 235 237 255 450 372 438 400 280 440 360 456 333 489 429 
18 phosphate PO4 mg/L 0.4 0.24 0.3 0.3 0.21 0.23 0.19 0.35 0.4 0.42 0.34 0.26 0.37 0.32 0.38 
19 ammonia NH3 mg/L 0.035 0.027 0.036 0.032 0.036 0.06 0.069 0.069 0.078 0.075 0.78 0.068 0.073 0.069 0.071 
20 solute oxygen DO mg/L 9.2 8.4 7 5 7.8 4.5 6 5 4.51 4.81 5.05 4.7 5.8 4.9 5 

Table 24. General results of quality analysis of 4 samples taken 
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R
an
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Parameter Sign Unit 

Number of the selected stations 

First stage of sampling Second stage of sampling Third stage of sampling Fourth stage of sampling 
S1 S2 S3 S4 S1 S2 S4 S1 S2 S3 S4 S1 S2 S3 S4 

21 biochemical 
oxygen needed BOD mg/L 4.7 4.3 3.5 2 14.7 7 12.8 0.5 0.5 0.18 0.25 0.6 0.9 0.3 0.45 

22 chemical oxygen 
needed COD mg/L 12 12 8 6 30.12 15.06 27.1 1.07 1.3 0.38 0.52 1.5 1.83 0.64 0.92 

23 vibrio-cholera 
bacteria 

Vibrio 
chlorea - minus min

us 
minu

s minus minus minus minus minus minus minus minus minus minus minus minus 

24 eltor cholera agent TC n/100m
L - - 44 70 150 300 800 2100 1750 1800 1650 10 40 10 170 

25 fecal coliform FC n/100m
L - - 28 30 minus minus minus minus minus minus minus minus minus minus minus 

26 
The most possible 
coliform Bactria in 

100 ml 
MPN n/100m

L 4 15 23 75 9 300 460 ›1400 ›1400 ›1400 460 negati
ve 9 9 150 

27 arsenic As ppb 1.2 1.4 1.5 1.9 - - - - - - - - - - - 

28 aluminum 
 Al ppb 1.9 4.8 2.2 3.1 - - - - - - - - - - - 

29 cadmium Cd ppb 0.2 0.3 0.5 0.2 - - - - - - - - - - - 

30 chrome Cr ppb 3.8 4.4 1.2 0.9 - - - - - - - - - - - 

31 copper Cu ppb 4.7 4.4 5 4.1 - - - - - - - - - - - 

Table 25. General results of quality analysis of 4 samples taken 
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Studying Water Quality for Agricultural Purposes 

Several methods were used in order to study water quality for farming. Shuler Diagram of 
Qasabeh Qanat is shown in Chart (8). According to the diagram, water quality during four 
sampling periods from these 4 stations was medium to good. 

 

Chart 8. Results of water quality of Qasabeh Qanat in Shuler diagram 

 

Results obtained from quality analysis of 4 water samples taken during four episodes show a 
medium quality on the whole. 
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Also same studies using the Wilcox Diagram indicate a medium quality of water for irrigational 
purposes but Shuler Diagram provides medium to good results. A high percentage of sodium and 
chlorine in samples of Qasabeh Qanat show a salty water quality inappropriate for farming. As 
mentioned under the topic of the quality of underground water resources correlated studies about 
underground water resources of Gonābād plain, (asarab-86) show that 52% of them are 
inappropriate for agriculture. In other words, the most important reason for the relatively 
improper water quality of Qasabeh Qanat for farming activities is the unsuitable quality of 
underground water resources of Gonābād Plain. Also based on NSF WQI (national sanitary 
federation of water quality index) the water quality is in two medium quality groups. Here it should 
be pointed out that because of the negativity of the eltor cholera factor as well as the negativity 
of fecal coliform in all 4 sampling stations during all 4 sampling periods (except for samples taken 
from S3 and S4 stations at the first stage), seemingly no direct pollution and no human wastewater 
seepage into underground water resources exists within the upstream area of the catchment basin 
as far as the juncture of Doolāb and Qasabeh branches. The microbial pollution (total coliform) 
seen in samplings can be attributed to the few livestock ranches located in suburbs of Gonābād 
Town and the access of farm animals to qanat gallery within the space between the junction of 
Doolāb and Qasabeh branches and the exit point of qanat. Fortunately thanks to a good 
management, penetration of these pollutants into the region has been prevented. 

 

Vegetation 

Gonābād county has an area of about 9,573 square kilometers of which 8,900 square kilometers 
are natural resources as follows: 

-The pasture area consisted of poor, medium and good pastures measuring 850,000 hectares 
-Forest areas consisted of mountain almond, pistache and Kasoor species covering 66,000 ha 
-Revitalized regions by planting atriplex and saxaul measuring 150,000 ha 
-Desert and kavir areas, Daghs and sandy terrains measuring 324,000 ha 

 
Pasture fields 
Generally, no dense vegetation exists within the region under study and lands are either bare or 
with a low to medium vegetation. Here plant species are usually mixed and sparse; often 
consisted of shoor species, wormwood and invading plants like wild rue. In map (14) general 
condition of regional vegetation is shown. Also in table (26) the most important plant types of 
the area under study are summarized.  
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Photo 8 . A view of vegetation of the area under study 

Scientific name of the basic elements of the dominant pasture type 
Names of scientific the main 

elements of pasture type with 
abbreviated 

No.Type 

Artemisia aucheri-Scariola orientalis 
-Stipa Arabica Ar.au-Sc.or-St.ar I 

Stipa Arabica-Scariola orientalis 
-Astragalus echidnae- St.ar-Sc.or-As.ec II 

Artemisia aucheri-leucopoa sclerophylla- 
- Astragalus echidnae- Ar.au-Le.sc-As.ec III 

Artemisia aucheri- Stipa Arabica- 
- Scariola orientalis- Ar.au-St.ar-Sc.or IV 

Artemisia sieberi - Scariola orientalis- 
-Acanthophyllum Glandulosum- Ar.si-Sc.or-Ac.gl V 

Artemisia aucheri-Ephedra intermedia- 
-Scariola orientalis- Ar.au-Ep.in-Sc.or VI 

Salsola tomentosa-Scariola orientalis- 
–launaea  acanthodes- Sa.to-Sc.or-La.ac VII 

-Launaea  acanthodes- Scariola orientalis 
- Acanthophyllum Glandulosum- La.ac-Sc.or-Ac.gl VIII 

Artemisia sieberi-Salsola tomentosa- Ar.si-Sa.to LX 

Table 26. Identified pasture types in the area under study 
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Map 14. Vegetation of the area under study of Qasabeh Qanat of Gonābād 

 

Pasture Type 

Based on the data and statistics collected, pastures of Gonābād have an area of 702, 548 ha 
covering about 70% of the county. 125,087.1 ha or 17.8% of the total area are located in 
Gonābād plain. On the whole, the quality condition of 9 identified types in the region is as 
follows: 
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Type number Floral type bed Condition of land types solutions 

I 
Lime and shale formations  
and a mixture of various 

formations 

Pasture condition of the 
type is  poor with a 

negative trend 

Reviving and correcting the vegetation-
conducting protection and reservation 

projects-not performing biological operations 
in regions with shale formations and steep 

slopes (due to erosion) 

II Shale formation 
Pasture condition of the 
type is very poor with a 

negative trend 

Any soil manipulation is banned because of 
intense erosion. All physical activities and 

domesticated animals’ traffic should be 
forbidden. In spots less prone to erosion, 

biological operations such as seed sowing and 
pile-planting is recommended 

III Mountains with shale 
formation 

Pasture condition is  poor 
with a negative trend 

In this type, with the exception of northern 
mountainsides, other parts must be reserved 

and protected 

IV Lime formation Pasture condition is  poor 
with a negative trend 

Erosion is much less in this type but 
protection is also necessary 

V 
Hilly with shale, lime and 
marl accompanied by salt 

protrusions 

Pasture condition is  poor 
with a negative trend 

Needs at least five years of reservation and 
protection-reviving and improving by 

biological operations using seed sowing and 
pile planting 

VI Lime formations sometimes 
mixed with shale 

Pasture condition is very 
poor with a negative trend 

Needs at least five years of reservation and 
protection-reviving and improving by 

biological operations using seed sowing and 
pile planting 

VII Largely transported clay- 
plaster sediments 

Pasture condition is very 
poor with a negative trend 

Although no risk of intense erosion exists, the 
vegetation has been exploited extensively but 
it can be protected and preserved by adopting 

precise scientific methods 

VIII Light alluvial fabric produced 
from sediments 

Light alluvial fabric 
produced from sediments 
(the most useful type in 
the region under study) 

Reviving the vegetation-reservation & 
protection activities-seed sowing-planting 
bushes-pile planting within the limits of 

regional capability 

IX The bed largely consists of 
hilly terrain 

Pasture condition is very 
poor with a negative trend 

Vegetation is relatively better than other 
types-requires exploitation management  in 

accordance with production 

Table 27. description of plant types in the area under study 

 

Forest Vegetation 

Regional forests are very sparse consisted of: figs, hawthorn, pistache, Daqdaqan trees, etc… 
which have mostly been planted by hand during the last forty years in order to preserve and 
restore water and soil resources. Table (28) enlists tree species of the area under study and map 
shows the functional status of lands under study. 
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Rank Name of species Clan Vegetative 

1 Pistacia atlantica Anacardiaceae Tree 

2 Pistacia khinguk Anacardiaceae Tree 

3 Rhus coriaria Anacardiaceae Shrub 

4 Celtis cancasica Ulmaceae Tree 

5 Crataragus melanocarpus Roseceae Tree 

6 Ficus carica Moraceae Shrub 

7 Ficus johannis Moraceae Shrub 

8 Rhamus pallasii Rhamnceae Shrub 

9 Amygdelus scoparia Rosaceae Shrub 

10 Rose begerriana Rosaceae Shrub 

11 Vitex pseudo-negundo Verbenacea Shrub 

12 Tamarix serotina Tamaricaceae Shrub 

13 Cersis griffithii Fabaceae Shrub 

Table 28. List of tree species in the area under study 

 

Qanat of Baladeh, Ferdows, Khorāsān – e Jonubi  

Geographical Location of the Area under Study 

It is situated on the western mountainside of Kuh-e Siyah, Kuh-e Kalat and Amrudkan at a 
distance of about 22 km from Ferdows town measuring approximately 123 square kilometers. Its 
geographical coordinates are: 58 degrees 19 to 31 minutes eastern longitude and 34 degrees 5 to 
15 minutes northern latitude. The area is drained by Shashtu (Hajiabab) floodway, Kal-e 
Sarcheshmeh extended from east to west and Kal-e Mahvid which is extended from northeast to 
southwest. Also 15 working qanats feed Baladeh. Surplus water of these floodways flows into 
Ferdows Plain and feeds the underground water table.  

Physiographical Characteristics 

They are divided into two groups of: permeability and landform which are factors effective on 
producing floods and runoffs. Here geometrical features of drainage basins are briefly described. 
Generally they are those physical elements which are relatively constant for each basin and 
indicate its appearance. They are significant because there is a relation between them and basin 
runoff so that the amount of the water can be estimated from it. Among these characteristics are: 
area, perimeter, length of the main waterway, basin altitude, its average slope, average slope of 
main water canals as well as the concentration time.  
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-Basin area: is about 123.18 square kilometers 
-Basin circumference: is estimated to be 62.6 kilometers  
-Basin length: is about 20.6 km from the exit point as far as the spot seen on map 
-Basin altitude: average slope of the drainage basin of Baladeh qanats of Ferdows is 11.1%  

 

Chart  9 . Hypsometric curve of the watershed under study base on the topographical map 

 

 

Chart  10 . Altimetry curve of the watershed under study base on the topographical map 
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In table (29) some physiographical characteristics of sub-basins as well as the whole drainage 
basin of Baladeh has been enlisted.  
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Mahvid sub-basin 36.2 34.1 2460 1680 2045 13.1 13.3 1.7 1.0 6.5 3.3 

Sarcheshmeh sub-basin 35.5 33.2 2500 1700 2080 15.5 13.7 1.7 1.1 7.8 3.8 

Sheshtou sub-basin 36.3 47.8 2815 1700 2215 18.4 16.1 1.4 1.2 8.8 4.2 

Balade Qanats sub-basin 123.18 62.6 2815 1580 2057.5 20.56 11.1 1.6 1.7 11.3 4.61 

 

Meteorology 

Within the area under study, there exist 18 stations including: 6 evaporimeter stations, 7 rain 
gauge stations, 4 synoptic stations and 1 climatology station. Location of stations relative to the 
area under study has been shown in map (15). 

 

Map 15. Location of identified stations relative to the zone under study 
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Based on the results obtained, annual precipitation in the specified station varied from a 
minimum of 90.5 mm in the aquatic year of 1363-64 SAH to a maximum of 401.5 mm in the 
aquatic year of 1376-77 SAH. Therefore a 30-year period from 1358-59 until 1387-88 SAH was 
designated as the statistic pilot period in the area under study.  

 

Chart 11. Time series of atmospheric precipitations and the five-year moving average in Fatabad station of Ferdows 

 

Precipitation 

Generally, air currents leading to precipitation in  Khorāsān-e Razavi are as follows: 

1- Air currents entering Iran from northwest have originated in the Atlas Ocean and the 
Mediterranean Sea and are often winter currents. These masses cause rainfall in northern Iran 
and Caspian Sea shores. Also their encounter with Siberian masses causes precipitation.  

2- Air masses entering Iran from west have originated in the Red Sea or the Mediterranean and 
serve as a major factor for causing 64 % of rainfall in Iran.  

Depending on air front types, the main precipitation regime in the area under study is 
Mediterranean and precipitation in lowlands is in the form of rainfall and in highlands is often as 
snow. From late autumn until early spring, due to the activation of the high-pressure front of 
Siberia the region is affected from north. As the front spreads, air temperature in the area under 
study drops. In case of the collision of the front with the western humid air mass, an expansive 
front is generated and appropriate circumstances for regional precipitation are prepared. In 
summertime, one of the effective air currents is the low-pressure current coming from India0F

1  
causing dust storms.  

                                                      
1 The air current is called monsoon 
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For estimating the long-term monthly average precipitation of the region under study and 
drawing regional isohyet map, the gradient (i.e. atmospheric precipitation in relation with regional 
altitude) is studied. For calculating the gradient, precipitation statistics of 12 meteorological 
stations with various altitudes inside and near the region have been used. Table 30 shows the 
average monthly and aggregate of annual precipitation during the pilot period in reference 
stations and table 31 enlists these stations together with precipitation altitude and average annual 
precipitation in the same period within the area under study. 
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2.7 2.0 0.4 1.3 1.2 1.5 0.1 2.1 0.2 0.6 0.5 0.9 October 
10.7 36.0 5.3 6.5 8.5 3.8 4.5 8.4 5.6 7.2 9.8 9.8 November 
22.8 24.9 18.4 16.2 17.7 13.2 12.8 21.3 17.1 18.4 16.7 30.3 December 
24.6 24.2 23.6 22.8 26.5 16.3 14.8 27.4 19.7 22.8 32.4 32.4 January 
29.3 27.8 29.2 36.3 32.4 16.7 17.5 28.5 26.8 29.4 30.3 46.3 February 
36.9 30.8 28.8 34.5 36.6 18.5 19.8 35.8 31.2 36.4 31.2 46.5 March 
27.6 18.8 25.9 38.4 32.6 12.6 16.2 23.6 25.1 30.7 17.6 33.2 April 
8.3 4.6 7.7 12.8 11.2 4.2 8.7 7.4 6.3 7.5 9.3 15.5 May 
3.2 0.5 1.4 2.3 1.2 0.1 0.6 0.8 1.0 0.9 1.2 0.5 June 
0.7 0.1 0.1 0.0 0.1 0.1 0.2 0.5 0.1 0.2 0.5 0.1 July 
0.0 0.3 0.0 0.0 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.1 August 
0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.2 0.0 0.0 0.1 0.5 September 

167.1 140.5 140.9 171.2 169.2 87.0 94.6 156.0 133.1 154.1 159.6 216.2 Yearly 

Table 29. Long-term monthly and annual average precipitation in selected stations of the zone covered by the plan during 
the pilot period 

 

Number Station High (m) Precipitation (mm) 

1 Fath Abad-e Ferdows 1820 216.2 
2 khunik 1320 154.1 
3 Gonābād 1115 156 
4 Ghaen 4014 169.2 
5 Afin 1410 171.2 
6 Boshroye 985 94.6 
7 Mousaviye 1350 140.9 
8 Farrokhi 1150 133.1 
9 Sarayan 1700 159.6 

10 Ferdows 1293 140.5 
11 Bajestan 1370 167.1 
12 Tabas 711 87 

Table 30.  Altitude and average annual precipitation during the 30-year pilot period in selected stations 

 of the area under study 
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Table  31 . Average variations of annual precipitations in accordance with altitude at stations in the area under stu 

Additionally, in order to specify the locational distribution of average annual precipitation within 
the region also for preparing isohyet contours, average annual data of synoptic, anemometric and 
evaporimeter stations within and nearby the area under study was used. Also in order to estimate  

precipitation at high spots lacking any station, locational analysis and interpolation methods in 
GIS environment were used. Moreover, annual isohyet lines with appropriate distances 
considering topographical coordinates were drawn as map16. Ultimately, based on the size of the 
area between isohyet lines as well as the total area of the region under study, the average annual 
precipitation within the basin was estimated to be about 226.2 mm.   

 

Map 16. Isobath lines of the area under study 
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Heat 

In order to calculate the five thermal indices (including: absolute maximum, average maximum, 
average monthly, average minimum and absolute monthly minimum) thermal data of reference 
evaporimetric stations of the area under study (including: Gonābād, Bashrawieh, Musavieh, 
Qayen and Afeen) as well as Ferdows synoptic Station with a 30-year statistical period have 
been put to use. As an example, the variation trend for the five thermal indices in Ferdows 
synoptic station is as follows: 

Thermal index 
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Absolute Maximum 32.2 25.9 19.9 17.1 20.0 24.8 31.5 35.8 40.3 40.6 39.0 36.9 40.6 

Maximum average 27.4 19.2 14.0 11.6 12.3 16.8 24.6 30.2 35.1 35.8 35.3 32.0 24.5 

Average 18.3 11.7 6.2 4.0 6.5 10.7 18.1 23.8 29.0 30.1 28.3 24.5 17.6 

Minimum average 9.6 4.0 0.9 -1.4 0.9 4.8 10.5 14.9 19.6 21.7 19.0 15.4 10.0 

Absolute minimum 3.1 -3.0 -6.2 -7.7 -5.4 -2.7 3.0 8.8 14.5 17.1 13.8 8.2 -7.7 

Table 32. Values of five thermal indices at synoptic station of Ferdows (degrees Celsius) 

 

 

Chart 12. Monthly variations of five thermal indices in synoptic station of Ferdows 
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Chart 13. Average monthly thermal oscillations in synoptic station of Ferdows 

 

 

Chart 14. Average annual thermal oscillations in accordance with altitude in the zone under study 
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Based on average annual temperature and stations altitude, gradient of average annual 
temperature and variations in average monthly temperature in accordance with altitude of the 
region were calculated.  In addition, isothermal contours lines were drawn using average annual 
temperature data of evaporimeteric and synoptic stations near the region under study. Also using 
an appropriate interpolation method in GIS environment for high points without station and 
based on the gradient equation of annual temperature in accordance with the altitude of the zone 
under study, the temperature was estimated and then annual regional isothermal lines were drawn 
on reference maps at one Celsius degree intervals.  
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Boshroye 19.2 13.7 7.1 3.8 5.2 9.8 16.2 22.4 27.7 30.6 28.8 25.5 17.5 

Mousaviye 18.4 13.1 7.4 3.2 4.1 8.1 14.6 20.7 23.1 26.1 26.2 22.3 15.6 

Gonābād 18.5 13.2 6.8 3.6 4.4 8.5 15.1 21.3 25.5 27.8 27.7 23.6 16.3 

Afin 15.5 11.4 6.2 3.6 3.9 7.4 12.8 18.7 23.1 25.8 24.7 20.9 14.5 

Ghaen 16.0 11.4 6.2 3.2 3.7 7.6 12.9 18.5 22.4 24.7 23.6 20.2 14.2 

Ferdows 18.2 11.7 6.2 4.0 6.5 10.7 18.1 23.8 29.0 30.1 28.3 24.5 17.6 

Tabas 23.0 15.6 9.7 7.9 10.6 15.7 23.2 28.9 34.3 36.2 34.2 29.9 22.4 

Table 33. Average monthly and annual temperatures at stations located in the area under study (in degrees centigrade) 

 

Map 17. Annual isobaths in the area under study 
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 Relative Humidity 

The relative humidity parameter within the area under study was monitored at these hours: 6:30, 
12:30 and 18:30. The twenty year averaged statistics of 6 stations were used (Gonābād, 
Bashrawieh, Bajestan, Qayen, Ferdows and Tabas) then monthly and annual data were enlisted 
in table (35).  
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Gonābād 29.6 41.4 59.9 63.3 55.6 48.6 37.1 27.3 21.5 22.0 21.4 22.8 37.6 
Ferdows 29.6 40.2 55.9 59.6 52.8 46.5 35.9 27.1 21.5 21.6 22.2 22.5 36.3 
Boshroye 30.1 42.2 60.2 63.8 53.4 45.7 34.7 27.2 21.0 21.1 21.1 22.3 36.9 

Ghaen 30.7 40.7 52.5 57.7 52.9 49.2 40.8 31.0 25.12 24.6 24.1 24.5 37.9 
Yajestan 32.6 47.6 63.2 67.8 68.2 63.6 50.7 34.1 22.3 21.0 22.0 24.9 43.2 

Tabas 24.3 34.4 50.7 55.5 47.3 39.4 29.6 22.1 16.6 16.3 17.3 18.0 31.0 

Table 34. Average monthly relative humidity at reference stations located in the area under study (in percent) 

 

Wind 

For studying the wind parameter in the area under study, statistics existing in synoptic stations of 
Gonābād, Bashrawieh and Ferdows were used. Table (36) shows the average monthly wind 
speed in these stations. It can be seen that in Tir the wind speed reaches the maximum of 5.2 
knots and in Azar drops to a minimum of 1.8 knots. Also table (37) reveals the direction and 
speed of monthly dominant wind in the region under study. During most months, the direction of 
dominant wind is 310 degrees and the wind blows from west. 

station 

O
ct

ob
er

 N
ov

em
be

r
 D

ec
em

be
 Ja

nu
ar

y
 Fe

br
ua

ry
 

M
ar

ch
 A

pr
il

 M
ay

 Ju
ne

 Ju
ly

 A
ug

us
t

 Se
pt

em
be

r
 

Y
ea

rl
y

 

Gonābād 2.3 1.7 1.4 1.9 2.6 3.5 4.0 5.0 6.2 6.1 4.4 3.5 3.5 
Boshroye 1.8 1.2 0.8 1.0 2.0 2.4 2.7 3.4 2.9 3.0 2.7 2.2 2.2 
Ferdows 4.1 3.6 3.3 3.5 4.4 4.9 5.1 5.4 5.5 6.5 5.6 4.5 4.7 
Average 2.7 2.1 1.8 2.1 3.0 3.6 3.9 4.6 4.8 5.2 4.2 3.4 3.4 

Table 35. Average monthly wind speed in the area under study (in knots) 
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Gonābād 
Speed 1.2 1.7 0.5 0.9 1.0 1.1 1.3 2.2 4.6 5.5 3.9 2.7 

direction 84 166 270 168 258 203 115 110 95 90 89 94 

Boshroye 
speed 1.4 0.7 0.4 0.8 1.2 1.5 1.7 2.7 2.1 2.1 2.1 2.1 

direction 322 310 307 312 294 303 311 324 332 267 318 303 

Ferdows 
speed 1.7 1.2 1.1 1.0 1.4 1.4 1.7 2.5 2.5 4.5 3.5 2.0 

direction 282 252 208 312 251 265 289 261 113 113 84 167 

Table 36. Average wind speed (in knots) and wind direction (degrees) in the area under study 

 

Regional Climate 

In the report, demartin and ambruge methods were used for studying regional climate and based 
on these data the zone under study is considered as dry and cold. 

  

 

Chart 15. climate of the zone under study based on Demartin climograph 
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Figure 14. . Climate of the zone under study based on Amberger climograph 

Geology 

1- Location of the region under study1F

2 

With an area of 123 square kilometers, it is situated at a distance of 20 km northeast of 
Ferdows Town on the western side of Siyah mountains and Klat of the catchment basin 
border of the region with Gonābād district. Its geological structure is situated north of Lut 
block zone. General trend of local outcrops is affected by motions of continental plates of 
India, Arabia and Eurasia.  The continuous motion of India and Arabia plates toward the 
stable Eurasia plate causes the collision of continent fragments of Lut block, central Iran and 
Alborz during the Paleozoic era and the creation of central Iran platform. Tectonically, 
Ferdows area had been an active region during the Cenozoic era and several characteristic 
unconformities, magma activities in the form of volcanic rocks as well as intrusions are seen 
in it.  

                                                      
2 In order to study the geological structure of Baladeh qanats basin, all previous studies conducted in Ferdows 
county were collected from relevant organizations and administrations, also existing reports, satellite photos and 
maps were reviewed and assessed. In this regard, geological maps of the region drawn on scales of 1:250,000 
and 1: 100,000 prepared by the National Geological Organization were set as reference. By combining 
topographical maps of the Cartographical Organization with satellite photos, location of qanats on maps was 
specified and the geographical structure was studied during field trips. 
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2- Geomorphology 

Study results show that the area of Baladeh qanats is a high mountainous area east of Ferdows 
Plain with an altitude of about 1600 m to more than 2500 m above sea level from southwest to 
northeast. Maximum altitude is 2815 m in Shashtu mountain with a minimum of 1580 m at the 
exit point of Kalchehel drainage east of upper Bāghestān to Ferdows plain. The outstanding 
landmark of the region including Shashtu heights and Kalat mountain is Teezmahi with a 
southeast to northwest trend mainly consisted of local facing-making stones (Triassic lime 
formation and Jurassic sandstone) together with granitite masses which is conspicuous because of 
rock-looking steep slopes and relatively deep cliffs.  

Among other formations within the area under study are marl facies and feeble conglomerates 
with a mild morphology extended parallel to western elevations. In-between them, there exists a 
relatively mild-sloped region with a hilly morphology which is made from alluvial deposits of 
the fourth era (PLQ, Qt1 & Qal deposits) resulted from erosion of eastern elevations by multiple 
waterways such as Kalmahveed, Sarbisheh and Shashtu. 

These deposits form the saturated layer called Baladeh Intermountain Plain. The plain can be 
regarded as a morpho-tectonic phenomenon which is under the influence of erosive and tectonic 
factors.  

Stratilogical characteristics of the plan area 

These studies show the water storage capacity within the qanat construction area. Geological 
units with lithological variety are different concerning hydrodynamic properties and water 
storage capacity so they have various qualitative and quantitative effects on water resources. 
Regional facies particularly in eastern heights are mainly constituted of filit, Jurassic sandstone 
with thin interstratified lime (Shemshak formation of Js). On top of the formation, lava dating from 
the third era (Cenozoic) is located outside the area under study (north and west of Ferdows town). 
No traces of Cretaceous facies are seen in the area.  

Cenozoic facies appear beside the Ferdows-Gonābād road on top of older facies in an 
unconformity manner. These outcrops are made from agglomerates as well as volcanic breccia 
(Eg). Conglomerate layers (Ngc1) and reddish brown volcanic rocks appear east of Bāghestān 
Village. The rocks are hard cements with interstratified gypsum embedded within an anticline 
nucleus whose western limb is located opposite Ferdows Plain.  

These layers are impenetrable and play no role in water feeding and storing. On top of the 
formation, a unit of red marls (Ngr) is seen together with brown clay and sandstone layers located 
in the eastern limb of Bāghestān anticline. The layers extend from northwest to southeast. The 
formation is impenetrable and prevents water from exiting Baladeh aquifer.  
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Existence of alangpooneh (624527 & 3774066) in kalchel bed confirms this. Atop neogenic facies 
rests a weak light grey conglomerate with intermingled elements and a fragile coupling extended 
on the western margin of Baladeh Intermountain Plain. These deposits belong to Pliocene and 
Pleistocene eras.  The formation is penetrable and not only plays a role in storing underground 
water resources but also constitutes part of the saturated layer.  

Old alluviums (Qt1): Include high foothill and old river terraces resting angularly on top of older 
deposits.  

Young alluviums (Qt2): Include alluvial sediments of the fourth era covering Ferdows plain. The 
deposits are large-grained on highland margins but become small-grained towards the exit point 
of the plain. With a diameter of at most 250 meters, these alluviums constitute the plain aquifer.  
Young alluviums (Qal) have slight thickness, high permeability and heterogeneous grading.  
They are seen on riverbeds and valley bottoms and are the feeding source of mountain qanats 
from underflows.   

In east of the area under study (Shashtu mountains), there exists an outcrop mass of granite and 
granu-diorite stones which are affected by chlorite and argillite metamorphosis. The effect of the 
mass on Jurassic filits and Eocene volcanic rocks shows that they belong to Cetacean or 
Paleocene eras. Presence of fissures and vents caused by the cooling of granite masses and its 
metamorphosis indicates water penetration and permeability manifested in low water springs. 

4 -Tectonics (structural geology) 

The most ancient outcrop of stones seen within Ferdows area comes from Sardar formation 
(carboniferous) dating back to the upper Paleozoic era. No traces are evident of outcrops of lower 
Triassic and Permian facies. Such an absence of stratum is probably related to erosional cycle 
and tectonic movements in the region.  

Expanse of flish Jurassic deposits is the result of the function of orogenic movements after 
middle Triassic (Precambrian) era. Carbonated stones of Cretaceous together with the orogenic 
phase of lower Cambrian are seen in the form of discordance scattered north of Ferdows region. 
Proto-Tertiary volcanism in the shallow sea environment includes agglomerate and andesite 
magmas which can be the result of the drift of the oceanic crust of Tethys Sea.  

The last regional folding event occurs during Pliocene-Pleistocene in which previous deposits 
were folded and existing unconformities in facies are the result of these movements. On the other 
hand, the area under study is still active creating fractures and over-thrusts in alluvial deposits of 
the fourth era. Elevation of young alluvial strata on the margin of eastern highlands and the 
southward movement of Shashtu mountains indicate the existence of horizontal and lifting forces  
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in the region. Folds generated are mostly oblique and reversing towards southwest. Some of the 
folds parallel to over-thrust faults are as follows: 

Folding 

Folds are among structures effective on regional morphology. Folds in Ferdows region have a 
northwest to southeast trend and those generated in neogenic formations of the area under study 
have a gentle slope. Jurassic formation (Js) in east (Baladeh plain) has mild folds and has been 
created from fault motions and granite movements. Folds generated in Eocene deposits are the 
results of Larmid event. Baladeh anticline in Bāghestān with its collapsed west limb is the most 
prominent geomorphological formation in the area under study. It has been effective on the 
shape of Baladeh Intermountain Plain. Within the anticline nucleus of neogenic conglomerate 
(Nge1) in the northern limb, younger neogenic deposits as well as cement-less Pliocene-
Pleistocene conglomerate (Pla) are seen as outcrops.  Slope of the strata is about 20-30 degrees 
towards northeast. The anticline has led to the emergence of a wea aquifer embedded in deposit 
(PLQ & Qt1) between neogenic facies and Shashtu heights feeding Baladeh Qanat and a few 
other ones.  

Faults and fractures 

Geomorphological activities have created folds as well as normal, transverse and inverted faults 
mostly belonging to the third era. They have a northwest to southeast and a northeast to 
southwest trend in the form of a traversed fault system in Shemshak formation stones. The length 
of faults varies from a few hundred to several kilometers with a mostly vertical shift. Gostanj 
fault on the margin of Shashtu heights has a north to south trend and has caused the collapse of 
alluvial deposits. Parallel faults of Mahveed, Ferydooni, Bāghestān with a northeast to southwest 
trend and Haji Ābād fault cause the shift of neogenic deposits, change the diameter of the 
alluvial layer as well as elasticity of local waterway system. Extension of the faults and fissures 
under their effect has resulted in permeability of hard formations in the area under study.  

Geology of qanats and well shafts 

Baladeh qanats are vital for upper and lower Bāghestān villages as well as Ferdows and 
Eslamieh towns. They are located in Baladeh Intermountain plain and their water is directed to 
the consumption venue by a conjoined Baladeh river. According to historical texts, there existed 
a few springs and 20 qanats which were older than Ferdows town (Toon). Seemingly some qanats 
were initially springs or streams which were later transformed into qanats in order to increase 
their water yield.  The present 15 functioning qanats can be divided into three groups: 

Shoghāl, Cheshme Mahi, Navi and Shashtu qanats are fed by underflows of Kalsar Bisheh and 
Kalshashtu.  
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Their water yield is strongly under the effect of annual precipitation.Hamvari, Karizeno, 
Karizedivaneh, Golabi, Garm, Majra, Asbi and Bureh which are fed by Baladeh Plain aquifer 
and have low water output oscillations during the year. Zirgavbili, Zaneh and Sharifi qanats have 
been dug inside clay deposits (kloot) at the end of the plain. Here is a brief description of their 
characteristics: 

Shoghāl Qanat 

With a length of 850 m and a 100 m branch, it has been constructed within alluvial river (Qal) 
deposits of Kalsarbisheh bed on western mountainsides of Kalat. Depth of the mother well is 15 
m with a water output of 5 liters per second. Qanat water enters the mother well of Cheshmeh-
mahi Qanat via a 350 m canal. Gallery and shaft of qanat wells are inside large- 

grained alluvial deposits mixed with sand and gravel. They belong to class GW in the unified 
classification. Feeding source of qanat is an underflow with a water yield affected by 
precipitation. Length of Abgoon (water production section) varies up to 450 m. 

Cheshmeh-mahi Qanat 

It is similar to the former qanat in geological structure and is fed by Kalsarbisheh underflow. Its 
water yield is under the effect of annual precipitation. Moreover, with a length of 500 m and a 
mother well depth of 20m, it has 35 well shafts. Cheshmeh-mahi Qanat is seasonal (havābeen) 
with a varying water yield of 10-30 liters per second. Its water is transferred by a 300m canal to 
haranj of Shashtu qanat. Length of the Abgoon part varies and is up to 300 m. 

Navi Qanat 

Its exit point is located within Kalsarbisheh bed at the entrance point of Baladeh plain. With a 
length of 400 m and a mother well depth of 13m, it has 15 well shafts. Navi Qanat is also 
seasonal with a water yield of 5-12 liters per second and its water is transferred by a canal to 
Cheshmeh-mahi qanat. Length of the Abgoon part built in river alluviums is mostly 150-180m 
which decreases during dry seasons.  

Shashtu Qanat 

Like the above-mentioned qanats, it is located on the western foothills of Kalat heights (Shashtu 
mount) at the highest point relative to Sartakht watershed (1950m). With a length of 1400 m and a 
mother well depth of 30m, it has 40 well shafts. Its water is transferred by a 6 km canal to a 
location called Sardosar and joins the main canal. Gallery and shaft of qanat wells are mostly 
inside young alluvial deposits (Qal) and partly embedded in aerated granites. These deposits also 
belong to class GW. Shashtu qanat has six branches measuring 270m in total. Its water yield 
varies from zero to 45 liters per second because due to its far distance from the feeding point, it  
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becomes completely dry during Esfand and Farvardin months of some years. Length of the 
Abgoon part varies and is up to 850 m. 

Hamvari Qanat (Haj Abdollah) 

It has been constructed at the center of Baladeh plain, downstream of Fathabad Village within 
alluvial terraces (Qt1). With a length of 2200 m and a mother well depth of 40m, it has 25 well 
shafts and is of Dashti type. Its alluvial deposit is medium size-grained with medium 
permeability.  

Karizeno Qanat 

It is almost parallel to Hamvari Qanat at the center of the plain on relatively flat land. With a 
length of 1300 m and a mother well depth of 35m, it has 30 well shafts. It has been constructed 
within alluvial deposits (Qt1) which have medium-sized elements with some clay.  

Golabi Qanat 

Situated west of Fereyduni village, it has been constructed inside the alluvial riverbed of 
Badamook. With a length of 1800 m and a mother well depth of 60m, it has 35 well shafts. In 
order to prevent the entrance of floodwater into wells, it is kamargeer and has been filled with 
soil. Alluvial deposits of qanat gallery are in class GM and SM. The water output of Golabi 
Qanat varies between 15-25 liters per second and it has an abgoon length of about 850m.  

Karizedivaneh Qanat 

It extends as far as Fereyduni village fields and has been dug inside medium size–grained 
alluvium (Qt1). With a length of 2500 m and a mother well depth of 40m, it has 45 wells and is 
the longest qanat in Baladeh. Karizedivaneh qanat has a 430m long branch. Some of the well 
shafts of the main qanat have been dug along a fault line extending from eastern heights towards 
the plain. The fault is also effective for feeding the qanat. Well shafts and gallery of qanat have 
been built within small- and large-grained alluviums belonging to classes GM & GW. Its water 
yield varies between 15-30 liters per second throughout the year. Qanat abgoon is more than 
1000m long. Its exit point is in hilly lands and the water current enters the main canal of Baladeh 
via a branch about 200m long. In 1389 SAH, part of the gallery was repaired and covered by 
kool. 

Garm Qanat 

Situated on the left side of Kalchel, it has been constructed inside deposits constituted of large-
grained and frail conglomerates with clay cement (Qpl). With a length of 1800 m and a mother 
well depth of 50m, it has 40 well shafts. In recent years, its water yield has varied between 20-35 
liters per second. Length of qanat haranj as far as the junction to the main canal is 450m with a  
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gutter alongside it. According to locals, abgoon length is about 650-800m. Also in 1390 SAH, 
370m 0f qanat was reconstructed by ceramic kool.  

Majra Qanat 

The first section of it rests in fragile conglomerate (Qpl) and its last section is in medium-grained 
alluvium (Qt1). With a length of about 1200 m and a mother well depth of 35m, it has 30 well 
shafts and a water yield of 25 liters per second. Exit point of qanat is initially connected to its 
gutter and then to Baladeh canal.   

Asbi Qanat 

It has been constructed parallel to Bureh qanat on the left side of Baladeh floodway and has a 
northeast to southwest direction. Asbi Qanat has a length of one kilometer and a mother well 
depth of 25m and is located on clay marl mounds. Gallery and well shafts of Khoshgoon (water 
transfer section) of qanat have been dug inside marl and clay facies but in its Abgoon they have 
been dug in small to medium-grained alluvial lands (Qt1). Due to the small size of their 
constituents, walls of shafts and parts of the gallery are often shedding and blocking the qanat 
course. About 300m of qanat gallery has been covered with kool but the rest remains uncovered. 
During the visit in 1390 SAH, water yield was 15 liters per second and abgoon length was about 
700m.  

Bureh Qanat 

With a length of 900 m and 30 well shafts, it has been constructed parallel with Asbi qanat at the 
exit of Baladeh Plain. Exit point of qanat is in neogenic clay-marl lands (kloot) and its extension 
rests within weak conglomerates (QpL) and small-grained deposits (Qt1).Depth of the mother 
well is 37m and its water yield is 18 liters per second. Its abgoon part extends about 300m. 
Several shafts and the first 200m part of qanat have been covered with kool.  

Zeergawbilee Qanat 

It has been constructed downstream of Gawbilee qanat amid hilly lands consisted of aerated 
conglomerates in a west to east direction. These conglomerate deposits are permeable and the 
qanat abgoon is within this formation. With a length of 700 m and a mother well depth of 20m, it 
has 30 well shafts. Its water yield varies and has a maximum of about 6 liters per second. After 
joining Zaneh qanat, Zeergawbilee qanat appears above the ground from an exit point with a 
total outflow of 20 liters per second and ends in Baladeh stream via a 450m-long canal (haranj). 
Length of abgoon is about 250-300m and it has been dug into frail conglomerate (Qpl).  
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Zaneh Qanat 

This is the last one of the 15 qanats of Baladeh.  Located at an altitude of 1620m above sea level, 
it rests upon the exit point of kalbaladeh. Zaneh qanat has a length of 2200m with 45 well shafts. 
Most of its course is in neogenic hardened clay (kloot) but its abgoon part is inside aerated 
conglomerates (Qpl) near Alang.  Part of the drainage water (about 3 liters per second) enters the 
qanat. Water yield of Zaneh and Zeergawbilee qanats is approximately 20 liters per second and 
the length of abgoon section is about 600 m.  

Sharifi Qanat 

It has been built in 1390 SAH on the margin of Kaletarshizook further up alangpooneh inside 
neogenic compressed clay (kloot). Its mother well has a depth of 12m and three of its shafts rest 
within permeable conglomerate (Qpl). Qanat gallery and all of its well shafts have been covered 
with kool. Length of qanat abgoon is about 150m and with a total length of 590m it has 20 well 
shafts. Water yield at its exit point is 3 liters per second and a polyethylene tube with a diameter 
of 250mm connects the qanat to Baladeh canal. It should be pointed out that 40% of qanat 
construction expenses have been paid by the Agriculture Jihad and the rest by Miah Company of 
Ferdows.  

Permeability Rate 

Permeability of khoshgoon part of group one foothill qanats is high and they are located on 
floodways inside large grained alluvial deposits of rivers (Qal). Although water penetration in 
these deposits feeds the aquifer, but it has been partly prevented by putting kool upon qanat 
gallery in which the space between kools has been filled with impenetrable materials such as 
clay in the water transport section of qanat. Haranj of these qanats has been covered with kool as 
far as the main stream of Baladeh. In order to decrease the rate of permeability in water transfer 
route as far as the consumption place which lacks any coverage, some clay is regularly added to 
water to make it muddy and to partly prevent penetration.  

In Baladeh qanats, two individuals called tiregar regularly add clay to water and make it muddy. 
But clay enters farmlands and makes their soil hard by changing its fabric. Measurements 
conducted in the uncovered water transfer route of Baladeh stream shows a penetration of more 
than 35% exists in 20km of it. 2F

3  

  

                                                      
3 Measurements conducted in archives of Regional water Company of Khorāsān 
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Studying the condition of faults 

Regional folds and faults play a major role in creating the aquifer of Baladeh plain. Bāghestān 
anticline caused the accumulation of permeable alluviums and resulted in the emergence of  

Baladeh Intermountain plain which encloses the saturated layer feeding qanats. Longitudinal 
faults on the west to east margin of Baladeh Plain have a northwest to southeast trend and cause 
the shift of geological facies and creation of syncline on the western margin of Shashtu Mountain 
in Baladeh Intermountain plain.  

Other fractures with a northeast-southwest trend redirect the waters that have already penetrated 
hard local formations into aquifers. These faults are active and have even crossed some qanats 
which have been built almost parallel to fractures. Also they cause the collapse of gallery walls. 
At present, these faults play no part in water escape because of the existence of neogenic 
impenetrable bedrock. Due to the absence of pollutant hubs in upstream of the basin, fractures do 
not contribute to aquifer pollution.  

Seismicity 

Ferdows Plain and generally Khorāsān-e Jonubi province are earthquake prone regions of Iran. 
Due to the existence of huge active faults, several quakes with relatively high magnitude have hit 
the area under study. Among faults which can potentially cause the destruction of Ferdows town 
and its vicinity is the fault of Biaz plain. Extending from east to west, the length of the fault is 
150 km. Its last activation dates back to 9th shahrivar of 1347 SAH resulting in an earthquake 
with a magnitude of 7.4 Richter in northwest of Ghāen and a new 80 km fracture in earth crust. 
Due to the earthquake caused by fault shift, small intermittent fractures appeared on foothills east 
of Ferdows without showing any specific shifting direction (Hqqipoor &Ameedi, 1979). 

The shift mechanism of the fault in Bayaz plain is like left lateral slip line faults for which 45 km 
of earth crust has been displaced (fracture depth). Another major active fault of the region is 
Esfandiar Fault located 63 km west of Ferdows county on the eastern mountainsides between Lut 
and Namak kavirs. With a length of 150 km, Esfandiyār fault extends from north to south and 
connects to the great Nayband fault which is a reverse fault and its shift has led to 
superimposition of the 2nd era deposits on 3rd era sediments. In addition to these two major faults, 
there exist several small ones in highlands north and east of Ferdows and the activation of even 
one of them can bring about destructive earthquakes.  

Geology 

Baladeh watershed is like an isosceles triangle with its base comprising the contour between 
Ferdows watershed and Gonābād watershed (Kalat heights and Siyah mountain). It is composed of 
shale and dark-colored sandstones of Shemshak formation as well as 3rd era granites. Two other  
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sides of the triangle lay upon neogenic facies and Pleistocene conglomerates. Outcrop of folded 
marl and gypsum strata has a northwest to southeast trend. It extends parallel to Mesozoic stones 
of the east and causes the creation of an incomplete syncline with a north to south direction. Also 
a high intermountain plain with latitude of 1600-2000 m has been produced between the two 
above-mentioned outcrops on Shashtu mountainsides. Inside the syncline, alluvial deposits such 
as young alluvial terraces as well as alluvial fan sediments with a hilly morphology have 
emerged. Diameter of alluvial deposits at plain center is about 100m and the depth for water 
encounter varies up to 60m due to the rough terrain. Two faults can be considered as causes of 
bedrock collapse, one in an eastern-western fault parallel to Biaz Plain fault and the other in a 
southeastern-northwestern direction. For more information about alluvium diameter and bedrock 
details, geophysical studies are required.  

 

Review of Aquifer Condition 

The aquifer of the area under study is in the form of an incomplete syncline under the effect of 
alpine folds of the 3rd era with folds of impenetrable neogenic strata. The syncline is situated in 
the area of Baladeh qanats and has a northern-southern trend which turns northwest to southeast 
eventually. Inside the syncline rest conglomerate deposits (Qplc) which have a weak coupling 
and a diameter of about 50-70m.  

Diameter of the young alluvial terrace resting upon folded Pleistocene and impenetrable 
neogenic stones varies widely to a maximum of 100m. Due to their high permeability, these 
deposits comprise the alluvial aquifer of the plain. Effective on variation of saturated layer 
diameter are faults on the margin of the plain: such as Haji Ābād  fault in south, Rahmat Ābād 
fault in center and two other northern-southern ones.  

Depth of water encounter is very varied and depends on topographical slope and terrain 
ruggedness lacking the natural smooth trend similar to plain water tables. On the other hand, 
depth of the underground water level is subject to atmospheric precipitations and currents 
entering the plain throughout each year. Depth of water encounter at the entrance to Kaletak 
Sarbisheh (underflow) at Shoqal Qanat is 8m, at the exit point of Kale Baladeh is less than 5m 
and at the plain center amounts to more than 60m because of terrain ruggedness.  

Water Resources 

Historically, Baladeh water has been effective in the establishment of Ferdows town as well as 
upper and lower Bāghestān villages. Both water mills alongside the stream and cisterns of 
Ferdows town show a long history of using Baladeh qanats water. Traces of elang at the exit 
point of the plain can be expressive of the high level of underground water of the aquifer feeding 
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qanats in the distant past. It seems very probable that formerly the water of Baladeh river was 
mostly supplied by streams but their water yield decreased due to consecutive draughts or 
earthquakes so they were transformed into qanats or qanat springs. The area under the influence 
of qanats is the eastern part of Ferdows study zone located on western mountain sides of Kalat 
and Sitah kuh. With a maximum altitude of 2815m, its longitude is 58 degrees, 19-31 minutes 
and its latitude is 34 degrees, 5-15 minutes situated at a distance of about 22km from Ferdows 
Town. The average height of the mountainous area above sea level is 2057m. It is drained by 
three kals called: Mahveed extending from north-northeast to southwest, tengel-sarbisheh 
extending from northeast to southwest and tengel-shsashtu extending from east to west. They 
join near Zaneh qanat and make Baladeh floodway (kal-chel). These waterways are usually dry 
and only during heavy rains, water flows in them feeding the aquifer of qanats. At present, the 
water of Baladeh river is supplied by joining of 15 working qanats.  

 

No Name No Name No Name No Name 
1 Shoqal 5 Hamvari 9 Divaneh 13 Majra 
2 Cheshme-mahi 6 Karizeno 10 Bure 14 Sharifi* 
3 Navi 7 Golabi 11 Asbi 15 Zne 
4 Shashtu 8 Gavbili 12 Garm  -  -

 

Aquifer Characteristics 

Baladeh aquifer is hydro-geologically a closed and limited water table. It has been brought by 
alpine tectonic activities to the western shashtu mountainside and is separated by folded 
neogenic facies (Bāghestān anticline) from the main aquifer of Ferdows. The water table is fed by 
three floodways called Kal-e mahveed, Kal-e sarbisheh and Kal-e shashtu. These three 
waterways drain the area under study which measures 123 square kilometers. They join together 
at the exit point of Baladeh intermountain plain and make Kal-chel which extends into Ferdows 
plain. Water output of kal-chel is about 4.2 million m3 each year. During the visit of 1388 SAH, 
62 qanats, 18 springs and one well had an annual discharge of 6.01 million cubic meters. The 
water well and 15 of qanats 

Are fed by the aquifer and the rest are scattered in heights and mountainous regions. Therefore, 
water exploitation of the aquifer is around 5.8 million m3.  

The aquifer has an area of about 123 square kilometers. Diameter of alluvial deposits of Baladeh 
intermountain plain varies due to the ruggedness of the bedrock and terrain topography and 
reaches a maximum of approximately 100 m. Alluvial deposits accumulated in intermountain 
aquifer consist of permeable and large-grained elements of the alluvial fan but the alluvial 
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grading decreases and the percentage of clay increases westwards. Based on the topographic 
condition of the terrain, depth of encountering water varies between 60m and zero at the exit 
point (alang-pooneh). 

Sources feeding the aquifer 

Among them are rainfalls in Shashtu and Kalat mountains as well as flood waters entering the 
aquifer. Average annual precipitation at basin is 226 mm which is 177mm at the exit point of 
Baladeh Intermountain Plain and reaches a maximum of 282.7 mm at highlands. According to 
the isohyet map, the average annual rainfall in basin is 27.8 million cubic meters. Taking into 
account terrain permeability as well as penetrability of embankments on floodways and 
waterways, the amount of penetrated water is about 6.9 million cubic meters and water output is 
around 4.2 million m3 at the exit point i.e. kalebaladeh. Out of basin waters play no role in qanat 
feeding due to impermeability of neighboring geological formations. Thus Baladeh qanats are 
fed by underground water reservoirs of the closed intermountain aquifer which is under the effect 
of rainfalls and floods flowing down the western shashtu mountainside. 

Water Quantity 

Baladeh qanats have been subject to geological studies aimed at optimal usage of surface and 
underground waters in the relevant catchment area. For this reason, after hydrometrical stations 
near the area under study were identified, related statistics were collected and after due 
modifications an appropriate statistic period was defined to analyze the data as well as to 
estimate and calculate required parameters. Accordingly, water resources of the area have been 
studied and surveyed within two classes of surface (hydrology) and underground waters 
(hydrogeology) as follows: 

Hydrology of surface waters 

Hydrological studies and estimation of related parameters was conducted based on data analysis 
of neighboring hydrometrical stations including: study of flow waters and annual water yield 
changes in stations and in Baladeh catchment area by experimental methods (Justin Method), 
studying flood waters of the catchment basin during various reverse periods and statistical survey 
of them, outflow condition and hydrograph drawing. Therefore, hydrometrical stations of the 
region and its vicinity were identified and some were selected. 
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Map 18. Location of selected hydrometrical stations relative to the zone under study 

 

Specifications of Hydrometrical Stations and Selection of the Statistic Period 3F

4 

No Station River Basin area 
(km2) Altitude Latitude River 

output 
Degree 
Station 

1 Senubar Shast Dare 76 590759 352526 permanent 4 
2 Tarvask Kame 56 591300 352700 torrential 3 
3 Jafar Mashhadi Kal Salar 2176 592440 351105 permanent - 
4 Sabi Kal Salar 2137 592500 351300 permanent 1 
5 Unesi Kal Shour - 582600 344800 torrential 3 
6 Iraj Abad Shast Raz 805 581010 351847 permanent 1 
7 Mansour Abad Fakhrud 341 594055 330314 torrential 3 
8 Khunik Olia Ghaen 2508 592235 334613 torrential 1 

9 Kalate Rahman Ghalandar 
Abad 121 595337 353205 torrential 2 

Table 37. Specifications and coordinates of hydrometrical stations existing in the vicinity of the zone under study 

                                                      
4 Hydrometrical stations functioning in Khorasan provinces (Razavi and Jonubi) belong to the Ministry of Power 

and work under the supervision and direction of the Study Management Unit of regional water companies. 
Additionally, full statistical data of the stations from their establishment until the aquatic year of 1386-87 has been 
obtained from local water companies of Razavi and Jonubi provinces. 
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In order to conduct hydrometrical studies in the area, nine hydrometrical stations were picked to 
be statistically surveyed. As the meteorological statistic period was designated to be the 30-year 
span from 1357-8 until 1386-7 SAH, the same period was also selected for hydrological studies. 

For example, some studies conducted about annual water output and the 5-year moveable 
average in three stations named: Senobar, Iraj-abad and upper Khonik are presented in diagrams: 
16 and 17. 

 

Chart 16. Annual water yield and 5-year moving average variations at Senobar hydrometrical station 

 

 

Chart 17. Specifications and coordinates of hydrometrical stations existing in the vicinity of the zone under study 
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Chart  18 . Duration of the statistics period, pilot period and completion time of hydrometrical stations near the vicinity of 
the zone under study 

 

In order to estimate the water output of the area under study, various experimental methods were 
used such as: the current coefficient method, ICAR experimental method, Justine Method 4F

5, Lisi 
Method and regional analysis method. But ultimately because the Justin Method had the most 
appropriate answers, it was chosen as reference for estimating runoff of Baladeh catchment 
basin. Additionally, in order to study the rate and outflow of floodwaters in Baladeh catchment 
basin, data related to floodwaters of selected adjacent hydrometrical stations were gathered 
regarding topographical and hydrological characteristics of catchment basins. Also statistical 
data concerning maximum annual flood and their daily maximal average outflow during the 
statistic period were used.  

 

                                                      
5Using three parameters of precipitation, average annual temperature and slope of watershed, Justin has devised the 
following formula:  in which: 
P= average annual precipitation in watershed (cm) 
T= average annual temperature (Celsius) 
S= average slope of the basin (in thousands) 
K=the equation coefficient which is equal to 0.28 as suggested by Justin. But because the value of the coefficient 
depends on the hydrological circumstances of the watershed or the region under study, its local value must be 
compared with other stations and the amount calculated can be used as a reference for estimating the data registered 
for some regional watersheds and consequently be used for estimation of water yield in those watersheds without 
any statistical data.  K coefficient in the pilot period was calculated for hydrometrical stations of Senobar, Sabee, 
Mansur-abad, upper Khoneek, Iraj-abad and Troosk based on water yield data and other climatic parameters. 
Eventually a value of 0.23 was deemed appropriate for Baladeh watershed. In this method, average annual flow 
water for the watershed under study was designated as 5.3 million cubic meters. 
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No Method name Annual average runoff of basin 
1 current coefficient method 3.2 
2 ICAR experimental method 6.1 
3 Justine Method 4.4 
4 Lisi Method 3.7 
5 regional analysis method 7.4 

Table 38. Estimated watershed runoff (in millions of cubic meters) of Baladeh qanats based on various methods 

 

Ghaen Kameh Fakhroo
d 

Kal 
Salar 

Shast 
Darreh 

Shast 
Raz River 

2508 56 341 2130 76 805 Area 
(km2) 

Khunik 
Olia Tarvask Mansour 

Abad Sabi Senouba
r 

Iraj 
Abad Station 

7.5 54.9 56.1 173 38.7 19.7 1358-59 
27.5 11.4 55.9 172.5 21.2 14.6 1359-60 
9.1 19 68.4 202.5 64.4 31.6 1360-61 
96 14.5 131.5 340 21 17 1361-62 
7.8 30.7 1.4 9.2 6 111.4 1362-63 
6.5 6.4 6.3 30.5 3 12.4 1363-64 
6.5 14.95 69.1 204 14.7 21 1364-65 
32 33 3.9 20.6 24.5 19 1365-66 

41.3 27.3 18.5 71.8 60.7 19 1366-67 
29.5 9.3 2.4 14 2.42 7.9 1367-68 
9.3 6.6 3.1 35 13 5.5 1368-69 

12.9 9.5 61.6 66.5 17.9 12.6 1369-70 
21.6 23.3 20.3 129.2 221.4 39.1 1370-71 
0.4 22.5 13.6 132.6 72.2 33.1 1371-72 
7 6.9 3.2 15.4 17.4 4.4 1372-73 
32 3.3 92.2 132.7 16 24.2 1373-74 

15.1 6.3 28.5 77.1 63.3 11.4 1374-75 
14.7 2.91 85 183.2 33.66 35.61 1375-76 
22.7 39.7 2.1 48.7 22.5 11.3 1376-77 
6.4 12.72 15.4 79.36 23.96 16 1377-78 

11.9 68.75 54.3 45.2 15.46 2.66 1378-79 
2.9 10.85 4.8 38 1.2 10.79 1379-80 
0.2 10.7 6.7 40.5 6.24 8.29 1380-81 
1.7 41.6 1.4 54.7 13.1 12.87 1381-82 
2.6 18.7 0.1 87.68 443.7 10.81 1382-83 
3.4 11.5 6.3 165.6 7.03 8.92 1383-84 
6.1 13.6 12.1 9.16 20.52 16.88 1384-85 
4.5 1.9 7.3 30.1 8.4 67.78 1385-86 
0.5 5.6 76.9 42 9.1 15.27 1386-87 
0.3 3 0.85 48.5 5.83 3.82 1387-88 

Table 39. Maximum instantaneous outflow of floodwater at reference hydrometrical stations within the zone under study 
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Accordingly, after a homogeneity and reconstruction test as well as completing and analyzing of 
data by HYFRAN method (frequency analysis), maximum floodwater of catchment basins for 
stations in reverse periods lasting 2, 10, 25, 50, 100 and 1000 year were calculated. Possibility of 
a correlation was tested between the area of catchment basin of stations in use and floodwater 
rates for each one of the above-mentioned reverse periods.  

The best significant percentage of correlation coefficient was obtained from data sum of four 
hydrometrical stations by regression. Table 42 shows floodwater modeling, area of various 
reverse periods and correlation coefficients related to each reverse period. In these models, the 
area of catchment basin is in square kilometers and floodwater outflow is in cubic meters as per 
second. Finally by using these models floodwater rates in different reverse periods for catchment 
basin of the zone under study were estimated. Moreover, the CN curve number method of SCS 
(USA) was used to calculate maximum floodwater of the basin. All figures and results are 
enlisted in table 42. Additionally, in order to estimate floodwater hydrograph firstly the 
hydrograph of the catchment area was calculated by SCS and then based on the floodwater 
outflow rates calculated by regional analysis; floodwater hydrograph in various reverse periods 
was drawn.  

reverse period (year) Obtained model correlation coefficient 
2 489/0 A961/0 QP = 0.81 
5 429/0 A85/1 QP = 0.80 
10 44/0 A14/2 QP = 0.81 
25 426/0 A79/2 QP = 0.82 
50 43/0 A481/3QP = 0.82 

100 441/0 A153/4 QP = 0.82 
1000 398/0 A681/6QP = 0.83 

Table 40. Regional models of floodwater estimation during various reverse periods 

Baladeh Qanats Basins 
return period (year) 

2 5 10 25 50 100 1000 
Regional method 10.1 14.5 17.7 21.6 27.5 34.6 45.3 

SCS method 8.7 15.3 19.4 23.6 30.3 37.7 49.4 
 

Table 41. Estimated values for maximal floodwaters of the watershed of Baladeh qanats of Ferdows during various 
reverse periods (cubic meters in second) 
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Chart 19. Hydrograph of floodwater with various reverse periods in the watershed of Baladeh qanats of Ferdows 

 

Hydrogeology of underground waters 

According to the last statistical period (1388 SAH), usage of subterranean water reserves within 
the zone under study amounts to 6.1 million cubic meters annually which is supplied by 62 
qanats, 18 springs and one drinking water well in Fathabad Village as follows: 

 

Chart 20. Number and annual discharge of water resources within the zone under study (1388 SAH statistical data) 



 The Persian Qanat                                                                             

615 
 

Appendix IV 
 

) 
No
. 

village Name of 
Qanat 

Annual 
discharg
e (m3) 

UTM
X 

madar 

UTMY 
madar 

Mothe
r well 
depth 
(m) 

Average 
discharg

e (l/s) 
EC P

H 
length(m

) 

1 Gstnj Gav va 
Gavazn 0 633059 3774415 15 0 0 0 200 

2 Badamook Tak Chenar 9460.8 631545 3778403 10 0.3 750 8.2 500 

3 Fath Abad Poodank-e 
Akbar 315306 629560 3776509 8 0.1 730 7.8 200 

4 Baghestan 
Olia Rahmat Abad 0 621301 3775909 12 0.1 1010 7.8 550 

5 Fath Abad chanalak 0 630227 3776500 6 0 0 0 150 

6 Fath Abad Joz-e ghias 0 631854 3776921 6 0 0 0 450 

7 Badamook Tak Kamari 0 629549 3779833 8 0 0 0 350 

8 Fath Abad Poodank-e 
Heider 0 629546 3776677 5 0 0 0 200 

9 Mahveed-
Tarshizuk 

Qanat-e bala 
abe Torshizuk 0 628711 3781532 9 0 0 0 300 

10 Mahveed-
Tarshizuk qazneshk 0 629795 3783239 5 0 0 0 100 

11 Badamook Tak 
Pashnegars 0 634147 3778371 15 0 0 0 350 

12 Badamook Abas abad –e 
Paein-Abr 0 630195 3778429 8 0 0 0 300 

13 Badamook Tak Shah 
Vali 0 630622 3779793 8 0 0 0 150 

14 Badamook Tak sang –e 
bast 0 631701 3778648 7 0 0 0 400 

15 Badamook Poodank 0 629650 3778309 7 0 0 0 120 

16 Baghestan Hamvari 0 627751 3778007 35 0 0 0 1700 

17 Mahveed-
Tarshizuk belki 0 628430 3782966 12 0 0 0 300 

18 Gstnj Abas abad-
tak panoode 0 631916 3775179 25 0 0 0 850 

19 Gstnj Ahangaran 0 630237 3774700 6 0 0 0 200 

20 Badamook Qasem abad 0 630023 3779010 7 0 0 0 380 

21 Gstnj Tak-e zed-e 
ab 0 632318 3773534 25 0 0 0 300 

22 Badamook Abbas Abad-
e bala 0 630489 3778212 7 0 0 0 250 

23 Badamook hangeshtan 0 632610 3780909 4 0 0 0 150 

24 Badamook Sorkh avich 0 634755 3781241 6 0 0 0 200 

25 Badamook Kalate 
Kuhestani 0 636225 3776892 6 0 0 0 200 

26 Fath Abad Zir qavbili 
qanat 0 623930 3776884 20 0 0 0 400 



 The Persian Qanat                                                                             

616 
 

Appendix IV 
 

27 Fath Abad Naser Abad 0 629823 3776090 5 0 0 0 180 

28 Mahveed-
Tarshizuk 

Main 
tarshizuk 

ganat 
0 628690 3781185 10 0 0 0 150 

29 Baghestan zane 15768 624344 3777666 8 0.5 1120 7.6 300 

30 Mahveed Saadat abad 15768 628183 3783470 18 0.5 2330 7.1 700 

31 Mahveed Jazite-e olya 15768 630182 3784239 11 0.5 2730 7.4 850 

32 Badamook Lotf Abad 15768 628688 3779779 16 0.5 760 7.8 250 

33 Baghestan 
Shoghal 

known as 
baghale  

15768 631939 3780210 15 0.5 730 7.4 450 

34 Mahveed Khandan 9460.8 628930 3783745 8 0.3 2630 7.8 400 

35 Mahveed Jazite-e sofla 9460.8 628965 3784465 8 0.3 2850 7.9 500 

36 Fath Abad Haji Abad 315360 630187 3774900 30 10 740 7.8 900 

37 Baghestan Haj Abdollah 346896 627185 3777430 60 11 750 7.6 2000 

38 Fereiduni Fereiduni 378432 627109 3781308 80 12 810 7.8 3000 

39 Baghestan Karize-e 
Bure/Rudbure 536112 624085 3777570 18 17 740 7.5 600 

40 Baghestan Qolabi qanat 567648 624959 3778760 30 18 1350 7.6 1200 

Table 42. Characteristics of Baladeh qanats (kal-chel) based on statistics of 1388 SAH 

 

Qanat5F

6 

Studies conducted show that 19 regional qanats have a water output of 0.1 to a maximum of 12 
liters per second with an aggregate annual discharge of 1.1 million m3. They often supply water 
for the livestock passing through the basin as well as for irrigation of 25 ha of farmlands located 
in Baladeh basin. These qanats are seasonal and under the effect of precipitations so many of 
them become dry during summer and autumn. Another 15 qanats in Baladeh basin mostly 
located at plain center constitute Baladeh stream with an average annual outflow of 194 liters per 
second. Water output of qanats depends on rainfall which defines hydrogeological conditions of 
the aquifer. Length of the 15 qanats of Baladeh stream is between 400-2300 m and depth of their 
mother wells varies between 12-60 m. Depth of some well shafts is more than the mother well. 
Water output of these qanats is enlisted in table 2-30 as estimated in field studies during four 
recent statistics collections. Aggregate of qanats output in Mehr 1382, Dey 1388, Ordibehesht 

                                                      
6Exploitation management of Baladeh qanats is within the duties of the Water-share Holders Cooperation (Ferdows 
Miah Company) which holds responsibility for protecting qanat boundaries, banning development within effective 
radius of qanats as well as their technical preservation against natural events (floods) and human interventions  
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1390 and Ordibehesht 1391 SAH has been measured as 180, 142.5, 198 and 232 liters per second 
respectively.  

Small size of the area under the influence of Baladeh qanats as well as low length and width of 
saturated layer has led to varied annual qanat output. Water output of some qanats is seasonal so 
they become dry during the wet season due to their distance from the feeding resource. For 
example, Shashtu qanat which flows in Khordad becomes dry in late Bahman of some years 
although other qanats experience an increase in output during that time. Among these qanats, 
shashtu came first with maximum output of 45 liters per second in 1391 SAH but its minimum is 
zero or completely dry. Kariz-e no, Hamvari and Shashtu qanats are seasonal. Aggregate output 
of qanats during the year is varied so that occasionally overflowing occurs because it is more 
than the capacity of transfer canal.  

Baladeh qanats are located in a region measuring 123 square kilometers, their water come 
together and after joining Zaneh qanat at Sart Takht and passing through the watershed enter 
Baladeh stream which is more than 20 km long. After flowing through upper and lower 
Bāghestān as far as Eslāmiye town and Ferdows outskirts, Baladeh stream irrigates its neritic 
zone. Formerly about 450 fenjāns out of 7200 fenjāns of Baladeh stream water were allocated to 
town cistern for drinking purposes and was called share of Hayaz. But at present its entire water 
coming from 15 qanats is consumed for irrigation. Electrical conductivity of the water is 450-
1400 microhm in cm at exit point and 857 microhm in cm at watershed.  Chlorine ion is 67-221 
mg per liter and PH of samples taken varies between 7.1 and 8.2.  Based on chemical analysis 
results, Baladeh qanats water is drinkable.  
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1 Zne 624344 
3777666 2200 8 20 20 1 18 22 

2 Zir Gavbili 623929 
377691 700 20 30 0 0 - - 

3 Asbi 624128 
3777385 1000 25 30 12 9 12 15 

4 Bure 624080 
3777563 900 37 30 18 17 18 20 

5 Garm 624764 
3777695 1800 50 30 35 40 35 35 

6 Majra 624694 
3778112 1200 35 30 25 7 25 12 

7 Golabi 624957 1800 60 40 20 18 20 22 
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3778783 

8 Kariz-e Divane 6257100 
3778407 2500 40 45 20 25 20 25 

9 Haj Abdollah 627181 
3777423 1300 35 30 0 11 0 0 

10 Hamvari 627745 
3778011 2200 40 35 0 0 0 0 

11 NAvi 629940 
3780767 400 13 15 5 0.5 5 3 

12 Shashtu 631224 
3774145 1400 20 40 30 10 30 40 

13 
Ghand 

Ab(Cheshme 
Mahi) 

630559 
3780793 500 20 25 10 3 10 30 

14 Shoqal 632359 
3780024 850 15 25 15 1 5 5 

15 Sharifi 623150 
3777265 590 12 15 - - - 3 

total - 19340 - 440 210 142.5 198 232 

Table 43. annual water yield of Baladeh qanats of Ferdows County (in liters per second) 
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Spring 

According to the findings of the last surveying period (1388 SAH), 18 springs exist within 
Baladeh catchment area with a total water output of 3.2 liters per second. Springs are often in 
Shashtu uplands and are fed from waters penetrated in schist debris and fissures or vents in them. 
Annual discharge of springs is about 0.1 million m3 on the whole. Maximum and minimum 
water yield of them is 0.7 and 0.1 liter per second respectively. Water of six springs is consumed 
for livestock drinking at the exit point and the remaining one is used for irrigating a few trees. It 
should be noted that springs of Shashtu uplands appear in the outcrop of granite stones and schist 
of Shemshak formation alongside surface fissures and fractures with low output of water but due 
to water discharge from hard formations as well as their water consumption in the mountain, no 
effect is seen on the quality and quantity of the aquifer feeding Baladeh qanats.  

 

Formation 
name City Annual 

discharge UTMX UTMY Usage owner 

Shemshak Ferdows 3153.6 633015 3773256 livestock Private owner 
Shemshak Ferdows 6307.2 633249 3773621 agricultural  
Shemshak Ferdows 3153.6 633705 3773769 agricultural Private owner 
Unknown Ferdows 12614.4 634362 3773984 drinkable Private owner 
Shemshak Ferdows 6307.2 630551 3774389 agricultural Private owner 
Shemshak Ferdows 6307.2 630696 3774447 agricultural Jvan 
Shemshak Ferdows 3153.6 631745 3775388 agricultural  
Shemshak Ferdows 3153.6 630342 3775681 livestock  
Shemshak Ferdows 0 632541 3775898 agricultural Private owner 
Shemshak Ferdows 3153.6 631032 3775901 agricultural  
Shemshak Ferdows 6307.2 632763 3776275 agricultural Private owner 

Alluvium Ferdows 6307.2 623344 3776532 agricultural Ministry training and 
educasion of Ferdows 

Alluvium Ferdows 0 624850 3776748 agricultural  
Shemshak Ferdows 3153.6 632164 3776851 livestock  
Andesite Ferdows 3153.6 630084 3778124 livestock  
Unknown Ferdows 22075.2 633744 3780631 agricultural  
Unknown Ferdows 6307.2 633947 3780692 agricultural  
Unknown Ferdows 3153.6 630558 3781253 agricultural  

Table 44. Specifications of springs in watershed of Baladeh qanats (cubic meters) 
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Underground Water Output 

Baladeh drainage basin (kalchel) has an area of 123 square kilometers with an average annual 
precipitation of 226mm. therefore the volume of precipitation in the basin is about 27.8 million 
m3. Considering the evaporation rate in the basin, volume of surface currents and 
undergroundwater penetration is 4.2 and 5.9 million cubic meters respectively. Annual discharge 
volume of the area under study is 6.01 million m3 which is almost equal to the annual feeding 
volume of 5.9 million m3. Therefore, no more water usage options are justifiable because of a 
general output decrease. 

Reviewing Water Output Variations of Qanat  

Continuous collecting of statistics about qanats water yield, revealed no change in the number of 
water resources as well as in the increase of water exploitation within the area under the effect of 
qanats. However any possible alteration is due to precipitation.  

year 1362/2/17 1382/7 1383 1388/10 1390/2/20 1391/1/17 

discharge 250 180 221 142.5 198 232 

Table 45. Instantaneous water yield of Baladeh stream (in liters per second) 

 

Water Quality 

Surveying the quality of underground water and resources polluting the aquifer 

Based on regular observations, existing data and statistics as well as field trips to the area under 
investigation i.e. the drainage basin of Baladeh qanats complex, it can be claimed that at present 
no industrial facility exists in the area. Ferdows County has 37 operating industrial facilities of 
which 11 are based inside its industrial estate. As per an inquiry made from the Industries and 
Mines Organization of Ferdows County, a list of industries was obtained which showed that 
none was based in the area under study so risk of pollution caused by industrial waste disposal is 
almost non-existent. Also several well shafts of Baladeh qanats have been closed in order to 
prevent the entrance of floodwater and likely destruction. Parameters under study consist of a 
complete set of 32 physical, chemical and microbial quality parameters measured in 13 water 
samples taken from 13 selected stations at the exit point of qanats of Baladeh and compared to 
national and international standards. General results from quality analysis of 13 samples are 
enlisted in next table: 
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Parameter Important variables 

physical total solids, turbidity, color, taste, smell and temperature 

Chemical 
(Organic and inorganic) 

acidity, alkalinity, chloride, sulfate, metals, PH, salinity, 
hardness, TOC-COD-BOD 

heavy (zinc, copper, chromium, mercury, nickel, etc.) 
phosphorus, nitrogen (organic, ammonia, Nytrytvnytrat), 

fluoride and detergents 
microbial Total coliform, fecal coliform, Eltor 
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1 Power 
acidic pH - 8.03 8 8.07 8.24 8.04 7.69 8.18 7.89 8.33 8.32 7.77 8.05 8.01 

2 TDS TDS mg/L 339.2 355.4 521.5 281.9 462.5 725.1 407.2 401.5 611.2 761.7 884.7 683.5 545.8 

3 EC EC mS/C
m 536 560 823 447 735 1138 640 631 961 1159 1389 1081 857 

4 
Total 

suspended 
solids 

TSS mg/L 1.73 1.12 1.84 2.45 2.31 2.35 2.17 1.39 2.55 1.67 2.41 1.57 4.52 

5 odor - - Scentles
s 

Scentles
s 

Scentles
s 

Scentles
s 

Scentles
s 

Scentles
s 

Scentles
s 

Scentles
s 

Scentles
s 

Scentles
s 

Scentles
s 

Scentles
s 

Scentles
s 

6 color - Pt-c 2 2 2 1 2 2 2 2 2 2 2 2 2 

7 
Water 

temperatur
e 

T C0 16.5 15.5 17.3 21.7 19.2 20 20 19.3 22.3 23.8 22.1 24 20.3 

8 Nitrite NO2 mg/L 0.072 0.051 0.11 0.025 0.045 0.041 0.023 0.055 0.081 0.032 0.072 0.061 0.064 

9 Nitrate NO3 mg/L 5.37 3.71 9.55 3.11 7.24 8.23 4.11 5.22 6.61 7.45 7.28 3.29 7.11 

10 calcium Ca mg/L 64 40 50 42 40 62 52 40 52 52 36 46 52 

11 magnesium Mg mg/L 8.4 24 44.3 10.8 39.5 30 12 37.2 14.4 20.4 109.2 30 16.8 

12 sodium Na mg/L 29.9 36.5 46 31 46 131.1 64.4 27.6 133.4 174 66.7 138 156.2 

13 potassium K mg/L 0.31 0.27 0.35 0.19 0.45 0.49 0.25 0.12 0.42 0.55 0.53 0.51 0.51 

14 Bicarbonat
e 

HCO
3 mg/L 164.7 164.4 195.2 122 262.3 335.3 189.1 164.7 231.5 195.2 396.5 286.7 329.4 

15 carbonate CO3 mg/L 0 0 0 0 0 0 0 0 0 0 0 0 0 

16 sulphate SO4 mg/L 24 19.2 62.4 24 40.5 86.4 38.4 76.8 57.6 105.6 72 38.4 110.4 

.
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As seen in these tables, regarding Na percentage, quality of water samples taken in Shoghāl, 
Cheshme Mahi, Navi, Shashtu, Divaneh, Garm and Gawbilee was good. But in Golabi and 
Majra qanats water samples were only acceptable and in Bureh, Asbi, Zaneh and at the 
junction spot they were suspicious. Based on Shuler diagram, water quality in 13 stations was 
ated acceptable to good.  
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Chart  21 . Shuler Diagram of Baladeh qanats 
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No. sampling U.T.M SAR %Na Quality-
based Na% RSC 

1 Shoqal 631491-3780141 4.97 29.44 good 92.3 
2 Cheshme Mahi 630528-3780790 6.45 36.49 good 100.4 
3 Navi 629651-3780440 6.7 32.95 good 100.9 
4 Shashtu 639005-3775376 6.03 37.14 good 69.2 
5 Divane 624763-3777871 7.3 36.88 good 182.8 
6 Golabi - 19.33 58.85 acceptable 243.3 
7 Majra 624331-3777482 11.38 50.25 acceptable 125.1 
8 Garm 6243339-3777475 4.44 26.42 good 87.5 
9 Bure 623761-3777361 23.15 66.84 suspicious 165.1 
10 Asbi 6223390-3776983 28.92 70.68 suspicious 122.8 
11 Gavbili 623883-3776912 7.83 31.65 suspicious 251.3 
12 Karez Zne 622239-3776401 22.39 64.57 suspicious 210.7 
13 junction - 26.63 69.49 suspicious 260.6 

Table 46. Water ranking for farming purposes at each sampling station 

Surveying Water Quality based on the Index of the National Sanitation Federation of 
USA (NSF WQI) 

The following nine parameters were gauged in 13 sampling stations: BOD5, solute oxygen, 
fecal coliform, nitrate, total solute solids, PH, total phosphate, turbidity and temperature. A 
weight has been allocated to each parameter based on its importance, which can be calculated 
using relevant software.  

Water Quality WQI    
great 90-100 
good 70-90 

medium 50-70 

Table 47. Water Quality Index Calculator 

 

Subtotal Weighting 
Factor 

Weighting 
Factor Q-value Units TEST 

RESULT Parameter 

NM NM 0.12 NM pH unit  pH 
NM NM 0.11 NM Degress C  Change in temp 
NM NM 0.18 NM % saturation  Do 
NM NM 0.12 NM mg/l  BOD 
NM NM 0.09 NM NTU  Turbidity 
NM NM 0.11 NM mg/l P  Total Phosphorus 
NM NM 0.10 NM mg/l NO3-N  Nitrate Nitrogen 
NM NM 0.17 NM CFU/100ml  E.coli* 
NM NM 0.17 NM CFU/100ml  Fecal Coliforms* 

*nly use one microorganism, TOTALS:      0.00          0.00 
  Not fecal coliforms AND E.coli       NM= Not Measured          Water Quality Index=     NM 
  Water Quality Rating= NM 

Table 48. A view of the software for calculation of quality index (WQI NSF) 
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station 
parameter WQI 

INDEX pH Opacity NO3 BOD DO E.COLI F.coliforms phosphate T˚ 
Shoqal 

(s1) 8.03 2 5.37 <2 8.3 0 0 0.19 16.5 66.66 

Cheshme 
Mahi 
(s2) 

8 2 3.71 <2 9.1 0 0 0.098 15.5 68.50 

Navi 
(s3) 8.07 2 9.55 <2 8.6 0 0 0.094 17.3 67.60 

Shashtu 
(s4) 8.24 2 3.11 <2 8.1 0 0 0.041 21.7 73.71 

Divane 
(s5) 8.04 2 7.24 <2 8.5 0 0 0.038 19.2 71.89 

Golabi 
(s6) 7.69 2 8.23 <2 8.3 0 0 0.028 20 72.70 

Majra 
(s7) 8.18 2 4.11 <2 8.67 0 0 0.051 20 71.76 

Garm 
(s8) 7.89 2 5.22 <2 8.5 0 0 0.012 19.3 73.38 

Bure 
(s9) 8.33 2 6.61 <2 8.1 0 0 0.034 22.3 72.55 

Asbi 
(s10) 8.32 2 7.45 <2 7.9 0 0 0.017 23.8 72.72 

Gavbili 
(s11) 7.77 2 7.28 <2 8.1 0 0 0.061 22.1 72.57 

Zane 
(s12) 8.05 2 3.29 <2 7.4 0 0 0.022 24 75 

junction 
(s13) 8.01 2 7.11 <2 8.1 0 0 0.049 20.3 72.02 

Table 49. NSF WQI index at each sampling station based on 9 specified parameters 

Based on studies conducted regarding the condition of water quality for irrigation purposes, 
Wilcox Diagram shows that water quality of Shoqal, Cheshme Mahi, Shashtu, Divaneh, 
Garm and Majra was deemed appropriate and in Gawbilee and Navi was considered 
satisfactory only for farming.  

Study results from 13 samples taken show that water quality based on Shuler Diagram in all 
stations was deemed acceptable to good. Also quality analysis of samples taken based on 
NSF WQI reveal that water samples of stations 1,2 and 3 had medium quality but in other ten 
stations had good quality . 

It should be pointed out that due to the negativity of Al Tor cholera factor and absence of 
microbial pollution in all 13 water samples taken from Baladeh qanats, any direct pollution 
caused by household wastewaters seepage into underground water resources or any leakage 
of livestock droppings into qanat galleries under study is out of question because no 
microbial pollution was evident in samples.  

As seen before under the topic of “Statistical Analysis of Quality Parameters” results of 
quality parameters with the exception of acidity meet designated standards. The most 
important factors affecting the relatively appropriate condition of Baladeh qanats are as 
follows: 
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- absence of wastewater from urban residences or rural households with large families 
within the zone under study 

- absence of any pollutant industries inside the catchment basin of Baladeh Qanat 
- relatively small size of farmlands within the zone under study resulting in lower usage 

of chemical and animal fertilizers as well as less pesticides 
- absence of any large industrial animal ranches  

Vegetation 

Based on the latest data and statistics, natural resources occupy 369, 145 hectares out of the 
total 510, 276 hectares area of Ferdows County. Due to its dry climate and nearness to 
Namak Kavir, the county has large deserts and very poor or poor pastures but in some 
highlands, medium to good pastures as well as natural habitats of badameshk, pistache, 
skambeel, qeyj and locoweed can be seen. At present, a crisis hub of wind erosion called 
kajeh and chāh-e no exists in the county. Other data regarding the type and size of natural 
features of the county are as follows: 

 

area in hectares Terrain Type and Vegetation No. 

1341 sparse forests 1 

30000 artificial forests (hand-planted) 2 

12210 bushes and groves 3 

34237 semi-dense pastures (poor) 4 

234644 low-density pastures (very poor) 5 

22085 lands without vegetation 6 

27720 deserts 7 

5126 sand drift mounds 8 

270 clay expanses 9 

1136 salt lands 10 

12533 gardens and irrigation farming 11 

15800 dry farming 12 

376 riverbeds and floodways 13 

 
510276 Total 

Table 50. General view of vegetation and land use in Ferdows County reference: Natural Resources Department of 
Southern  Khorāsān 
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Photo 9. Aview of the vegetation within the zone under study 

 

 

Condition of Pastures, Pasture Management Plans, Pastures and Livestock Assessment 
in the County 

Total area of county pastures including dense, semi dense or handmade ones is 281,091 
hectares with a production capacity of 20,632 tons of hay which is sufficient for its 45,848 
domesticated animals for 10 months of each year. The number of all the livestock in the 
region is at present 186,139 which need 27,920,850 hay units for a proper nutrition during 
100 days. Thus it can be concluded that 48,592 animals are surplus. In accordance with 
policies about reviving, improving and reorganizing livestock grazing in pastures and based 
on the assessment guidelines for pastures, pasture management plans and handing over of 
pastures to pasture keepers, until now a pasture preservation plan has been prepared  for 
75,713 hectares of pastures. A total area of 281,091 hectares of pasturelands of the county is 
poor or very poor. They constitute most of the pastures and mostly have a negative or 
constant trend. The exceptional positive trends belong to either revived pastures or to 
handmade tāq-lands. Map 19 shows land use in the zone under study.  

 

Pastures Condition in the Area under Study of the Plan 

Because of low participation, high temperatures, soil type as well as other natural and 
geographical circumstances, vegetation varies based on humidity and is of steppe type. It is 
denser in northern and higher parts of the basin and but becomes sparser towards its southern 
parts. Among the most important steppe species of the area are: gender, terikh, wild rue, 
qeych (zygophille), alhagi, shoorkadeh, tamarisk and locoweed which are mostly compatible 
with salinity. The major characteristic of the area is the scantiness of its vegetation which 
rarely covers more than one third of the territory’s surface. Among species used as herbal 
medicines are: camel’s thorn, plantain, dill, hollyhock, kharkhasht, caraway, barberry, fennel, 
kolpooreh and chicory. 
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Map 19. Land use within the zone under study 
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Qanat of Zārch, Yazd  

In meteorological investigations of the studied area, all weather stations inside and adjacent 
were identified and then according to statistical period and number of existing stations 19 that 
included more statistical data and had more correlation with the climate of the area were 
chosen. The related specifications are demonstrated in table 7.3. In this table name and type 
of the station, longitude and latitude, altitude, the year it was founded and the affiliated 
organization are mentioned.  

Among the stations used, one was synoptic, six were climatological and others were ordinary 
pluviometry. Except for Tang-e Chenar, Eslamiye and Ashkezar others were equipped with 
electronic registration systems and some registered data online. Among the stations, three 
were affiliated with Metrological Organization and others linked to Ministry of Energy. 

The oldest station in the area is synoptic station of Yazd which was established in 1948 and 
put into operation the same year. 

No. Name of 
Station 

Type of 
Station Longitude Latitude Altitude Established Related 

Organization 
1 Nir climatology 54° 07' 43'' 31° 39' 13'' 2451 1985 Ministry of Energy 

2 Mohamad Abad climatology 54° 25' 56'' 31° 46' 52'' 1273 1971 Ministry of Energy 

3 Deh-e Bala climatology 54° 06' 40'' 31° 35' 38'' 2606 1988 Ministry of Energy 

4 Yazd (N) climatology 54° 23' 05'' 31° 22' 50'' 1283 1991 Ministry of Energy 

5 Nadoushan climatology 53° 23' 37'' 32° 01' 11'' 1976 1991 Ministry of Energy 

6 Menshad pluviometry 54° 13' 19'' 31° 31' 41'' 2214 1989 Ministry of Energy 

7 Ardakān pluviometry 54° 11' 59'' 32° 18' 55'' 1044 1991 Ministry of Energy 

8 Tang-e Chenar pluviometry 54° 20' 25'' 31° 23' 51'' 2182 1989 Ministry of Energy 

9 Mahriz pluviometry 54° 26' 55'' 31° 35' 07'' 1456 1991 Ministry of Energy 

10 Fakhr Abad pluviometry 54° 14' 48'' 31° 36' 28'' 1783 1978 Ministry of Energy 

11 Darb-e Raz pluviometry 54° 20' 29'' 31° 53' 09'' 1865 1991 Ministry of Energy 

12 Tarzjan pluviometry 54° 10' 57 31° 36' 07'' 2110 1989 Ministry of Energy 

13 Khoud Sofla pluviometry 53° 45' 31'' 31° 49' 38'' 2498 1989 Ministry of Energy 

14 Taft pluviometry 54° 11' 59'' 31° 54' 06'' 1529 1991 Ministry of Energy 

15 Damak pluviometry 53° 50' 18'' 31° 39' 13'' 2295 1989 Ministry of Energy 

16 Eslamiye pluviometry 54° 05' 55'' 31° 43' 41'' 1757 1978 Ministry of Energy 

17 Ashkezar Climatology 54° 19' 32° 00' 1140 1981 Meteorological org. 

18 Khavidak pluviometry 54° 36' 31° 38' 1250 1965 Meteorological org. 

19 Yazd (H) synoptic 54° 17' 31° 53' 1230 1948 Meteorological org. 

Table 51. Name and specifications of weather stations used in the studied area 

To examine precision of data, in addition to primary checks, obtained information was 
checked against that of Ashkezar, which is supposed to be illustrative of the studied area, 
using Double Mass Analysis. The result indicates a relationship in the amount of precipitation  
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common among Ashkezar, Yazd, Muhammad Abad, Nadoshan and Taft. charts  21 to 23 
indicate the in precipitation using double mass analysis.     

 

Chart 22. Ashkezar-Yazd double mass curve 

 

Chart 23. Ashkezar-Nadoshan double mass curve 
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Chart  24 . Ashkezar-Taft double mass curve 

After checking meteorological data, particularly precipitation parameter, information from 
stations that had a statistical period of less than 30 years were regenerated, completed and 
extended using regression analysis and correlation coefficient. It needs to be mentioned that 
the common statistical period begins from 1982 water year and continues up to 2013.  

Annual rainfall 

As previously mentioned, in examining annual rainfall of the studied area statistics from 19 
weather stations inside and adjacent to Zārch qanat during a period of 30 years (from 1982 up 
to 2013) were used. Completion and extension of precipitation less than 30 years was 
considered using regression analysis; the result can be seen in table 8.3. In the following table 
parameters such as mean, minimum, maximum and standard deviation during a 30 year 
period are calculated and demonstrated in their own related columns. The comparative 
diagram in chart 24 illustrates annual rainfall in Ashkezar, Taft and Deh-e Bala. 

No. 
Name of 
Station Ardakān Eslamiye Taft Tang-e 

Chenar 
Khoud 
Sofla 

Deh-e 
Bala 

Darb-
e Raz Damak 

Water Year 
1 1982 83 105.7 171.0 195.5 346.5 331.8 539.3 330.6 362.0 
2 1983 84 92.7 132.0 125.0 300.1 293.8 472.9 285.3 319.6 
3 1984 85 55.3 56.7 56.5 167.3 185.5 283.2 155.9 198.4 
4 1985 86 77.1 125.5 212.0 287.8 283.8 455.4 273.3 308.4 
5 1986 87 47.9 154.0 154.5 211.0 221.1 345.6 198.4 238.3 
6 1987 88 84.5 111.0 136.0 223.7 231.5 363.8 210.9 249.9 
7 1988 89 13.9 53.5 116.1 117.0 144.4 200.0 106.9 152.5 
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8 1989 90 40.3 82.0 182.5 204.5 200.5 226.5 173.8 137.0 
9 1990 91 58.3 127.5 195.0 255.9 257.8 268.5 242.2 148.0 
10 1991 92 109.8 127.0 148.5 248.7 115.5 446.0 299.0 352.5 
11 1992 93 85.0 137.0 184.5 231.5 229.0 396.5 245.5 308.5 
12 1993 94 40.5 53.5 73.5 91.0 101.5 217.0 97.0 137.0 
13 1994 95 55.5 147.0 178.0 344.0 320.0 538.3 229.0 334.5 
14 1995 96 96.0 136.5 235.0 218.1 217.0 394.0 203.0 258.5 
15 1996 97 35.0 80.3 85.5 94.5 175.0 241.5 89.0 172.0 
16 1997 98 53.0 115.0 162.0 67.0 206.0 324.5 168.5 232.0 
17 1998 99 110.5 143.9 224.0 245.7 312.0 446.5 278.5 270.5 
18 1999 2000 29.5 24.0 30.0 81.0 35.5 143.5 33.0 60.0 
19 2000 01 52.0 89.3 162.0 180.1 143.6 306.5 157.0 179.0 
20 2001 02 83.5 146.6 157.0 296.7 185.9 497.4 232.5 339.7 
21 2002 03 80.0 102.9 190.0 201.2 143.7 338.5 213.0 257.5 
22 2003 04 90.5 160.7 170.0 275.8 404.9 427.0 310.0 330.5 
23 2005 06 72.5 93.1 121.0 295.6 182.7 300.0 203.0 243.0 
24 2006 07 62.5 66.5 92.0 166.8 203.2 298.1 105.0 210.0 
25 2007 08 96.0 135.5 153.5 310.6 493.7 488.3 201.0 341.5 
26 2008 09 40.5 36.1 48.0 47.6 144.6 57.4 70.0 63.0 
27 2010 11 77.0 153.4 194.5 151.7 194.9 293.0 232.0 215.5 
28 2011 12 64.5 75.0 87.0 135.3 118.4 286.0 160.0 182.0 
29 2012 13 35.0 53.5 60.0 138.7 101.3 210.8 89.0 181.0 
30 2013 14 65.5 76.7 65.0 229.9 173.9 416.9 205.0 265.0 
31 mean 67.0 105.6 139.8 205.5 211.8 340.8 193.2 234.9 
32 min 13.9 24.0 30.0 47.6 35.5 57.4 33.0 60.0 
33 max 110.5 171.0 235.0 346.5 493.7 539.3 330.6 362.0 
34 std 25.58 40.99 56.91 83.83 95.60 118.93 76.18 83.40 

Table 52. Statistical parameters of annual rainfall in studied areas in millimeter 

 

Chart 25. Annual rainfall comparative graph for Ashkezar, Taft and Deh Bala in millimeter 
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Seasonal and monthly rainfall 

Monthly rainfall is mentioned in table 27. In this table, minimum, maximum and mean of 
stations are referred to in millimeter and percentage citing the statistical period.  

 

Chart 26. Annual precipitation in Ashkezar in millimeter 

 

Chart 27 . Seasonal precipitation in Ashkezar in percentage 
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Table 53. Statistical parameters of monthly rainfall from studied areas in millimeter 

 

No. Name of Station Rainfall (mm.) Height 
1 Taft 139.8 1529 

2 Tang-e Chenar 205.5 2182 

3 Khud Sofla 211.8 2498 

4 Deh-e Bala 340.8 2606 

5 Darb-e Raz 132.8 1865 

6 Damak 233.9 2295 

7 Tarzjan 247.2 2110 

8 Fakhr Abad 140.2 1783 

9 Mehriz 70.6 1456 

10 Nadoushan 100.7 1976 

11 Yazd (N) 47.1 1283 

12 Ashkezar 56.7 1140 

13 Khavidak 59.8 1250 

14 Yazd (H) 54.6 1230 

Table 54. Average rainfall in areas with the same elevation 
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Chart 28. The relation between rainfall and elevation of Zārch qanat 

 

Intensity-duration parameter in Muhammad Abad of Yazd station, Yazd Research Center, 
Damak of Ali Abad and Deh Bala are shown in the following chart. 
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Chart 29. Intensity-duration graph from 2 to 200 years ago in Damak of Ali Abad station 

 2 5 10 25 50 100 200 
A 46.5845 56.042 65.299 77.656 87.127 96.751 106.212 
B 1.830 -1.070 -1.654 -2.051 -2.230 -2.354 -2.453 
C -0.503 -0.448 -0.434 -0.423 -0.418 -0.415 -0.411 
R2 0.99988 0.99561 0.99263 0.98955 0.98783 0.98644 0.98523 

Table 55. Return Period (Year) 

 

 

Chart 30. Intensity-duration graph from 2 to 200 years ago in Deh-e Bala station 
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 2 5 10 25 50 100 200 
A 61.0905 100.675 127.261 160.797 185.862 210.744 235.530 
B 1.598 0.653 0.414 0.232 0.152 0.092 0.044 
C -0.438 -0.453 -0.458 -0.462 -0.465 -0.467 -0.468 
R2 0.99993 0.99966 0.99954 0.99943 0.99937 0.99932 0.99929 

Table 56. Return Period (Year) 

 

Chart 31. Intensity-duration graph from 2 to 200 years ago in Muhammad Abad station 

 
 2 5 10 25 50 100 200 

A 69.4682 76.782 92.885 114.437 130.914 147.282 163.692 
B 2.377 -2.395 -2.900 -3.198 -3.322 -3.410 -3.473 
C -0.628 -0.541 -0.527 -0.517 -0.513 -0.510 -0.507 

R2 0.99951 0.99837 0.99651 0.99469 0.99368 0.99289 0.99225 
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Table 57. Return Period (Year) 

 

 

Chart 32. Intensity-duration graph from 2 to 200 years ago in Yazd Research Center station 

 2 5 10 25 50 100 200 
A 51.6321 65.480 79.659 98.494 112.790 127.189 141.472 
B 4.900 0.345 -0.363 -0.808 -1.003 -1.134 -1.238 
C -0.538 -0.464 -0.448 -0.438 -0.433 -0.430 -0.428 
R2 0.99995 0.99723 0.9951 0.99309 0.99198 0.99112 0.9904 

Table 58. Return Period (Year) 

Temperature and heat index 

To examine temperature of the area, statistics from 12 synoptic and climatology stations of 
Meteorological Organization and Ministry of Energy were used and the results are shown in table 
14.3. In the table maximum mean, minimum mean, mean, absolute maximum and minimum 
temperatures are demonstrated. Accordingly, January and July are respectively the coldest and the 
hottest months in the area. As calculations indicate, the average temperature in Ashkezar was 19.1 
degrees and absolute minimum and maximum were respectively -14 and 46.5 degrees centigrade. 
Using existing statistics and temperature indexes, monthly temperature fluctuation graphs for 
Ashkezar, Yazd, Nadoshan and Nasr Abad were drawn and are demonstrated in chart 32 to 35. 
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Chart 33. Monthly temperature fluctuations of Ashkezar station in centigrade 
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Chart 34. Monthly temperature fluctuations of Nadoshan station in centigrade 
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1 N
ir 

Absolute Max. 28.5 21.5 20.5 16.0 15.6 22.4 23.5 29.5 32.4 35.0 33.5 32.4 35.0 

26 

Absolute Min. 2.0 -3.5 -11.0 -15.5 -12.5 -9.0 -7.0 2.0 7.0 11.0 11.0 7.0 -15.5 

Mean 16.3 10.1 4.7 1.8 1.9 5.5 9.8 15.8 20.9 24.4 23.5 21.6 13.0 

Max. Mean 21.4 14.6 8.6 6.1 6.0 10.0 14.3 20.7 26.2 29.5 28.5 26.8 17.7 

Average Min 11.3 5.6 0.8 -2.4 -2.3 1.0 5.2 10.9 15.7 19.2 18.4 16.3 8.3 

2 

N
as

r A
ba

d 

Absolute Max. 37.0 28.0 22.4 17.0 18.0 22.5 26.0 30.2 34.0 38.0 35.5 33.0 38.0 

13 

Absolute Min. 23.4 15.7 10.5 7.5 7.6 11.9 16.3 21.8 26.2 29.8 29.4 27.8 19.0 

Mean 16.3 9.4 4.7 1.9 2.2 6.1 10.5 15.4 19.4 23.4 22.6 20.5 12.7 

Max. Mean 9.3 3.2 -1.2 -3.7 -3.2 0.2 4.8 8.9 12.7 17.0 15.7 13.3 6.4 

Min.  Mean 1.6 -7.0 -13.6 -18.6 -18.0 -11.0 -5.0 -6.0 -4.5 2.0 6.0 7.0 -18.6 

3 

N
ad

ou
sh

an
 

Absolute Max. 31.5 25.0 23.5 19.0 20.0 27.5 29.0 33.0 37.0 38.5 38.0 37.0 38.5 

21 

Absolute Min. 24.2 17.7 11.7 8.2 9.2 13.3 18.0 24.5 29.7 33.3 32.0 30.0 21.0 

Mean 16.5 10.7 5.5 2.6 3.4 7.0 11.7 17.3 21.9 25.9 24.6 22.1 14.1 

Max. Mean 8.8 3.7 -0.6 -3.1 -2.4 0.8 5.3 10.1 14.0 18.5 17.2 14.1 7.2 

Min.  Mean 0.0 -7.0 -12.0 -19.8 -16.0 -12.2 -4.0 2.0 6.0 9.5 10.0 4.0 -19.8 

4 

M
oh

am
ad

 A
ba

d 
Y

az
d Absolute Max. 38.0 31.5 28.0 25.0 27.0 31.0 35.0 44.0 43.0 45.0 45.0 42.0 45.0 

36 

Absolute Min. 29.3 22.3 16.2 13.1 13.2 18.0 24.2 30.3 35.9 39.1 38.3 35.5 26.3 

Mean 20.4 14.0 8.4 5.9 6.4 10.8 16.8 22.6 28.1 31.2 29.9 26.5 18.4 

Max. Mean 11.6 5.6 0.6 -1.3 -0.4 3.7 9.9 15.0 20.2 23.3 21.5 17.5 10.6 

Min.  Mean 1.0 -6.0 -14.0 -14.5 -18.0 -15.0 -4.0 -1.0 5.0 11.0 7.0 5.0 -18.0 

5 

Y
az

d Absolute Max. 44.0 35.0 33.0 28.0 32.0 38.0 42.0 45.0 49.0 48.0 46.0 44.0 49.0 
60 

Absolute Min. 27.6 20.0 14.6 12.4 15.7 20.2 26.5 32.1 37.7 39.4 38.0 34.2 26.5 
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Mean 19.5 12.4 7.5 5.9 8.8 13.4 19.5 24.8 30.0 31.8 30.0 25.9 19.1 

Max. Mean 11.3 4.7 1.4 -0.6 1.9 6.7 12.4 17.4 22.3 24.3 21.9 17.4 11.8 

Min.  Mean -3.0 -9.8 -16.0 -14.0 -10.0 -7.0 0.2 5.6 11.2 10.6 12.0 1.8 -16.0 

6 

M
ah

riz
 

Absolute Max. 35.6 30.8 23.4 23.6 26.0 33.8 30.8 37.2 43.2 43.5 42.5 40.6 43.5 

9 

Absolute Min. 29.4 21.6 14.2 11.5 14.1 19.6 23.5 29.8 34.8 38.5 37.0 34.4 25.7 

Mean 22.3 15.2 8.6 6.1 8.2 13.1 16.9 23.2 28.1 31.6 30.2 27.3 19.2 

Max. Mean 15.2 8.8 3.0 0.6 2.4 6.5 10.2 16.6 21.3 24.6 23.4 20.3 12.8 

Min.  Mean 8.6 -0.6 -6.6 -9.4 -9.0 -6.8 -2.4 6.4 12.6 16.4 17.4 14.4 -9.4 

7 

M
ei

bo
d 

Absolute Max. 38.0 32.0 27.0 24.6 28.6 34.6 39.5 40.0 44.5 45.8 44.8 43.6 45.8 

14 

Absolute Min. 31.0 22.8 15.0 11.1 13.7 19.7 25.9 32.4 36.9 40.8 39.2 36.6 27.1 

Mean 21.9 14.7 7.8 5.4 7.4 12.6 17.8 24.2 28.9 32.8 30.6 27.5 19.3 

Max. Mean 12.8 6.6 0.6 -0.3 1.1 5.6 9.7 16.0 20.9 24.7 21.9 18.4 11.5 

Min.  Mean 6.0 -5.0 -9.6 -14.6 -12.8 -8.6 -4.8 6.6 8.2 14.0 13.0 10.4 -14.6 

8 

A
sh

ke
za

r 

Absolute Max. 39.0 37.5 27.0 26.0 31.0 38.0 35.0 40.5 45.0 46.5 46.0 43.0 46.5 

30 

Absolute Min. 31.5 23.7 16.5 14.0 15.9 21.6 26.4 32.6 37.8 41.2 39.9 37.3 28.2 

Mean 21.7 14.7 8.3 6.1 7.6 12.6 17.3 23.5 28.4 32.0 30.0 27.1 19.1 

Max. Mean 11.8 5.6 0.0 -1.8 -0.6 3.6 8.2 14.4 18.9 22.7 20.1 16.8 10.0 

Min.  Mean -0.5 -7.0 -9.5 -13.0 -14.0 -10.2 -6.0 4.0 9.0 12.0 11.5 8.0 -14.0 

9 

K
ha

zr
 A

ba
d 

Absolute Max. 32.6 27.0 23.4 21.4 24.4 30.6 34.4 37.0 41.4 42.0 43.2 44.0 44.0 

13 

Absolute Min. 25.5 16.4 11.2 9.0 13.8 18.8 24.3 30.0 34.5 36.3 34.8 31.3 23.8 

Mean 20.4 11.9 7.1 5.0 8.9 13.8 18.9 24.2 28.7 30.6 29.2 25.6 18.7 

Max. Mean 15.2 7.5 3.1 1.1 4.1 8.8 13.4 18.3 22.8 25.0 23.6 20.0 13.6 

Min.  Mean 7.4 -1.6 -8.6 -14.0 -7.4 -3.6 2.4 8.4 13.8 18.0 14.0 13.0 -14.0 

10 

D
eh

-e
 B

al
la

 

Absolute Max. 28.0 23.4 20.0 19.0 15.8 22.4 24.0 33.0 31.6 34.5 32.6 32.0 34.5 

22 

Absolute Min. 20.4 14.1 8.9 6.4 .5.2 9.5 13.7 20.2 24.9 28.4 26.9 25.2 17.1 

Mean 14.8 9.1 4.4 1.7 1.5 4.9 9.1 15.1 19.4 22.7 21.6 19.7 12.0 

Max. Mean 9.2 4.1 0.0 -3.0 -3.1 0.3 4.5 9.9 13.9 17.1 16.2 14.1 6.9 

Min.  Mean 0.2 -6.2 -15.0 -17.4 -17.8 -13.0 -12.0 0.5 5.5 10.0 9.5 4.5 -17.8 

11 

R
es

er
ch

 C
en

te
r o

f Y
az

d Absolute Max. 37.0 33.0 26.5 26.0 28.5 34.0 35.5 40.0 44.0 45.8 45.5 42.0 45.8 

27 

Absolute Min. 30.1 22.9 16.5 13.1 14.7 19.7 24.9 30.5 36.2 39.9 38.8 36.0 26.9 

Mean 21.5 15.1 9.0 6.2 7.8 12.5 17.6 23.2 28.8 32.2 30.7 27.4 19.3 

Max. Mean 12.9 7.2 1.5 -0.7 1.0 5.3 10.3 16.0 21.3 24.5 22.5 18.9 11.7 

Min.  Mean 1.0 -5.5 -15.0 -13.5 -11.5 -10.5 -1.0 5.0 1.0 9.0 6.0 2.0 -15.0 

12 

A
li 

A
ba

d 
Po

sh
t-e

 K
uh

 Absolute Max. 25.2 20.0 29.8 12.4 23.0 23.6 25.8 34.0 36.6 35.0 33.6 29.6 36.6 

8 

Absolute Min. 20.2 13.1 10.9 4.6 8.9 14.8 18.5 24.6 28.1 31.1 27.8 24.4 18.9 

Mean 13.2 6.6 4.7 -0.9 3.3 8.5 12.3 17.0 20.6 23.2 20.2 17.5 12.2 

Max. Mean 6.7 0.0 -1.5 -6.5 -2.2 2.2 6.0 9.4 13.0 15.2 12.6 10.6 5.4 

Min.  Mean 1.0 -7.0 -13.4 -18.0 -14.4 -8.4 -5.8 1.0 6.8 8.2 6.8 5.2 -18.0 

Table 59. Parameters of monthly temperature in Ashkezar station in centigrade 
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Examining evaporation 

Evaporation is an important climatic parameter which is read and registered two times 
(morning and evening) a day in water evaporation measurement station. In order to examine 
the amount of evaporation in the area, statistics from seven stations were used and their 
related calculations can be seen in table 64. 
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1 Deh-e Bala 175.0 112.2 70.4 57.9 64.3 95.7 154.8 216.6 271.7 305.8 285.1 248.6 2057.8 22 

2 Mohamad Abad 275.8 157.3 94.4 72.4 90.1 151.3 235.0 363.4 497.6 574.3 529.1 417.6 3458.2 33 

3 Yazd Research Center 239.6 141.1 81.9 64.7 85.9 145.8 229.7 323.3 436.1 488.1 457.9 371.9 3064.1 26 

4 Nadoushan 254.2 152.1 99.4 75.3 88.6 146.6 217.5 304.8 408.9 466.6 433.0 369.6 3013.5 21 

5 Meibod 239.7 140.1 69.1 61.3 85.7 157.3 237.2 345.8 466.5 521.1 472.7 396.5 3193.0 14 

6 Ali Abad Posht-e Kuh 247.6 147.6 72.7 45.4 71.2 129.2 171.5 244.3 330.6 382.0 367.3 337.9 2457.4 11 

7 Yazd (H) 214.8 120.0 70.2 57.4 74.3 158.8 253.9 362.4 449.1 492.6 445.9 338.8 3038.2 35 

Table 60. Average monthly evaporation in Ashkezar station in millimeter 

The average annual evaporation from evaporation pan in airport station of Yazd is 3038.2 
millimeters and in the Research Center 3064.1. The highest degree of monthly evaporation 
was in July and the lowest in January. In order to convert evaporation from evaporation pan 
to potential evaporation, 0.6 to 0.8 correction factor should be used, which is considered to be 
0.7 for Yazd area. Chart 34  shows annual evaporation fluctuations in Yazd. 

 

Chart 35. Monthly evaporation in Yazd synoptic station in millimeter 
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Wind in the area 

In order to examine wind in the studied area, its speed and direction in Yazd synoptic and 
Ashkezar climatology stations were used and the results obtained are shown in table 16.3. 
According to the results, maximum speed of wind in Yazd is 35 meters per second and its 
direction is 220 degrees. This number for Ashkezar is 20 meters and the direction is north and 
North West. It needs to be mentioned that Yazd and Ashkezar stations are close, but as 
statistical period in the Yazd synoptic station is longer, it is more reliable. 

No. Month 
Ashkezar Yazd 

Speed (m/s) Direction Speed (m/s) Direction 
1 April 20 310 27 250 
2 May 20 360 24 280 
3 June 20 310 30 290 
4 July 20 360 23 260 
5 August 10 360 22 220 
6 September 20 270 20 320 
7 October 14 270 17 230 
8 November 20 360 16 330 
9 December 20 360 35 220 

10 January 20 360 19 320 
11 February 20 360 22 210 
12 March 20 270 25 260 
13 Annual 20 360 35 220 

Table 61. Direction and the maximum speed of wind in Yazd and Ashkezar 

 

The climatic condition of the area 

The commonest ways of identifying climate of an area are using Ambrotic curve and De Martonne 
method both of which are used in examining the studied area. According to average precipitation and 
temperature of Ashkezar, De Martonne aridity index I-59(19+10) was equal to 2.04, which is 
demonstrative of a dry climate.  

The Ambrotic curves of Ashkezar and Deh Bala are demonstrated in chart 35 and 36 according to 
which Ashkezar has no wet period and Deh-e Bala enjoys one from November to the middle of May. 
As demonstrated by Ambrotic curve, months in which precipitation curves are higher than those of 
temperature are considered as wet and otherwise as dry.  
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Chart 36. Ambrotic curve of Ashkezar station 

 

Chart 37. Ambrotic curve of Deh Bala 

Geology 

Iran as Nabavi (1976) shows is geologically divided into five zones as: Sanandaj-Sirjaan, 
Central Iran, East and South East and Alborz (Kopet Dag). As we can see in map 20 the 
studied area is located in Central Iran zone and Lut Block. 
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Map 20. Structural-sedimentary zones of Iran (Nabavi, 1976) in geological divisions 

 

The studied area is located in the center of Iran as a triangle and is considered as one of the 
largest and most complicated geological units in the country. There are very old Precambrian 
stones and some active and semi active volcanoes in this unit. In fact, this area can be 
counted as the oldest land mass in Iran and has gone through abundance of geological events. 
The northern boundary of Central Iran is Alborz zone and the western one a concave area 
which reaches Sanandaj-Sirjaan zone. The eastern border of Central Iran is not completely 
specified as some geologists consider Lut Block a part of Central Iran and others believe it is 
a separate section. Major complicated constructive processes can be observed in Central Iran 
zone and as a result intricate mosaic designs have been created. These structures have 
apparently been made as a result of Mesozoic orogeny movements when early entire platform 
was broken into fragments and went through vertical and horizontal actions. 

In Yazd-Ardakān area the oldest rocks are in Kahar formation, which is supposed to be the 
foundation. A large section of Precambrian Lithostratigraphy, mostly located in western 
parts, and deposits containing Mesozoic, Neogene and Quaternary together with limestone, 
granite and granodiorite rocks of Shir Kuh can be observed in the south west.    
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It is thought that stone units existing in the western side of plate, which are located in a north 
west-south east direction and overlook Ardakān pan, compared with the southern edge have 
more fractures, as all structures have been tectonized, moved and exposed. Sedimentary 
sequences are related to Precambrian, Paleozoic, Mesozoic and Cenozoic eras.     

No. Formation Era Lithology Age Symbol Lithology Formation 
Name 

1 

Cenozoic 

Quaternary 

sand dunes Dune Quaternary 
2 Qal Gravel Quaternary 
3 Qt 1 Sand & Sandstone Quaternary 
4 Qt 2 Sand, Sandstone & Gravel Quaternary 
5 Neogene Ng2c Shale & Sandstone Neogene 
6 Ng1r Shale & Lime Neogene 
7 

Neogene 
Ev Andesite * 

8 Pgk Conglomerate & Sandstone Conglomerate 
Kerman 

9 

Mesozoic 

Cretaceous 
Kt Lime Taft 

10 kb Shale & Marl Biabanak 
11 ks Conglomerate & Sandstone Sangestan 

12 

Jurassic 

gsh igneous granite Granite 
Shirkuh 

13 Jel Malmstone & Lime-Sandstone Esfandiar 
14 Jbd Lime Badamu 
15 J Sandstone , Shale & Coal Shemshak 
16 Triassic TRn Sand, Shale & Lime Nay-band 

17 
Paleozoic 

Permian PJ Quaternary Sandstone, Malmstone 
& Dolomite Jamal 

18 Devonian DC Sandstone, Dolomite, Bahram 
19 Cambrian cbt Dolomite, Lime, Sand-Shale Barout 
20 Infracambrian Precambrian Pck Siltstone, Green Shale, Snadstone Kahar 

Table 62. Specifications of geological formations in studied area 
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Map 21. Geological specifications in Zārch qanat 

 
Zārch qanat from mother well to outlet has been created in south east-north west direction. 
The mother well starts from eastern side of Fahraj and after passing Yazd appears in Zārch, 
which is the outlet. Zārch qanat is constructed considering hydraulic and hydrodynamic 
structures in a depth of alluvial deposits and according to topographic features. The alluvial 
deposits in the areas surrounding Zārch qanat are the result of erosion of hard formations and 
also sedimentation. 
These alluvial formations are mainly made of lime, dolomite, shale and igneous rocks such as 
granite of Shir Kuh. According to figures 2 and 3, alluvial formations forming aquifer of 
Yazd Plain, from depth of 400 meters to the floor are made of Cretaceous lime and Jurassic 
related to Taft formation. In needs to be mentioned that the floor in the outlet is in north and 
north east direction and from depth of 5 to 200 meters is made of sandstone, marl and 
conglomerate. The floor in west and south west of the outlet and in depth of 70-350 meters 
reaches conglomerates of Kerman located on Taft formation. All along Santo road from 
Herafte to Zārch, it is homogenic alluvian and is directly connected to the floor 
hydrodynamically. In order to study the alluvial formations in the areas surrounding mother 
well of qanat, the drilling log of Yazdgerd exploration well was used whose specifications 
will be presented below.  
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1 264363 3528270 Yazdgerd-e Ghadimi 1363 110 1244.51 58.76 52.75 normal Free 
2 259585 3522055 Exploration Deh no 1363 336 1251.13 84.16 * normal Free 

Table 63. Specifications of exploration well in the studied area 

 

Generally, alluvial formations along qanat are made of three lithologies which are examined 
from the mother well to the outlet. 

 

 

Photo 10. Qanat of Zārch  
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Photo 11. Lithology of Qanat of Zārch 

 

Photo 12. Lithology of Qanat of Zārch 

Examining permeability 

Permeability of geological formations around Qanat of  Zārch is illustrated in the 
following table. 

No. Permeability Symbol Lithology Area (km2) 
1 Very High Qal Gravel and cobblestone 102 
2 

High 
Qt 1 Clay and Sandstone 1174 

3 Qt 2 Gravel, Clay & Snadstone 378 
4 

Average 
sand dunes Sand 370 

5 Pgk Conglomerate & Snadstone 22 
6 

Low 

Kt Lime 409 
7 ks Conglomerate & Sandstone 5 
8 Jel Lime & Lime-Sandstone 17 
9 Jbd Lime 4 

10 PJ dolomite 4 

11 DC Sandstone, Dolomite & Quaternary-
Sandstone 14 

12 gsh igneous granite 48 
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13 Ng2c Shale  & Sandstone 31 
14 Ev Andesite 12 
15 J Shale, Coal & Sandstone 141 
16 TRn Shale ،Lime & Sand 33 
17 cbt Dolomite, Lime, Sand-Shale 15 
18 

Very Low 
Pck Green Shale, Sandstone & Sillstone 27 

19 Ng1r Shale & Lime 105 
20 kb Shale & Marl 40 

Table 64. Permeability of geological formations around Zārch qanat (United State Geological Survey) U.S.G.S 

 

Type of Sediments 

Hydraulic 
conductivity 
(Meter Per 

Day) 

Grading 
Group 

Clay 1/0-001/0 - 
Silt-fine sand and Silt and Clay 1-2  

Mixed fine & coarse sand and clay 5  
Fine clay sand, homogenous very fine sand, clay and sand and gravel 7  

Clay sand, mixed sand, gravel and sand clay &  gravel 10  
Mixed fine and average sand with little clay, mixed clay sand with a 

little gravel, very fine sand with a little gravel 12  

Homogenous fine sand- mixed sand and sand clay and gravel-very 
fine sand and sand clay and a little gravel and cobblestone 15  

Mixed fine, average & coarse sand-mixed fine gravel and sand and 
sand clay 20  

Mixed fine & average sand- mixed fine grave and sand and 
cobblestone and clay 25 - 

Homogenous average sand, mixed cobblestone and fine & average 
sand and clay and fine sand 30  

Mixed fine sand and coarse sand with a little gravel 35  
Mixed average and fine sand and a little gravel, mixed cobblestone 

and sand and sand clay and a little gravel 40  

Homogenous coarse sand, mixed cobblestone and gravel and clay 
sand 50  

Mixed sand and gravel, mixed average and coarse sand and gravel 
and cobblestone 60  

Mixed cobblestone, fine and average gravel and sand 70  
Homogenous fine sand – mixed cobblestone and average and fine 

gravel 90  

Homogenous average gravel (in terms of dimensions) 110  
Homogenous coarse  gravel (in terms of dimensions) 120 - 

Homogenous cobblestone 130  

Table 65. Hydraulic conductivity of various sediments 
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Examining faults in the area 

Overall, the studied area, as a result of various tectonic activities, has different zones 
and structures the most important of which are: 

Northern and southern mountains and Taft-Ali Ābād fault zone 

Taft-Ali Ābād fault zone divides southern and south western mountains of Yazd into two 
major northern and southern sections. This fault has been made after Cretaceous and has 
brought about a large graben whose effects can be seen in areas surrounding Muhammad 
Ābād as a depression. As a result of tectonic activities, abundant folds and thrust belts have 
been made that include Precambrian formations up to the third era. 

Taft formation dates back to Cretaceous and is mostly located on huge igneous formations of 
Shir Kuh. The expansion of faults and fractures is very significant from the point of 
subterranean water, as northern, southern and western formations which form Shir Kuh, Ali 
Ābād, Nasr Ābād and…. are good places for penetration of precipitations. Therefore, water 
from fractures in the above-mentioned Mountains or Ali Ābād fault zone can be useful to fill 
aquifers of Yazd-Ardakān plain.   

Important faults in southern mountains 

In southern mountains of Taft-Ali Ābād zone, there are some faults which are mostly 
located along north-south direction and the most important ones are: 

Taft-Tezerjan fault 

This fault is in north-south direction and starts from north of Tezerjan valley and continues 
up to the west of Taft. This fault directs the rainfall in Shir Kuh to eastern and north eastern 
areas through a passage. 

Naein-Bafq fault 

This fault zone is one of the most important events in Iran's geology and an important 
tectonic one in the far most western and north western part of the studied area. This fault, 
which is considered as one of the active ones in Iran, is quite vast and its activities in upper 
Cretaceous have made some separate grabons. This fault has also interrupted formation of 
quaternary sediments and has an important role in creation of structural geology and 
magmatic in the area. This fault is right-slip and has a special impact on morphology of 
alluvial plains.   

Mehriz fault 

This north-south fault which is 22 kilometers long, with its reverse mechanism and right-slip 
horizontal component tilted to east has caused formation of conglomerate rocks of Behrook-
Madvar and Cheshme Gharbalbiz in Mehriz area. In Behrook mountains, northern-southern  
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grooves and slickensides have been created that make marl outcrops of Da're Zanjir 
formation and some masses in the north of Kamal Farm. This fault operates in water yielding 
sources of Dehno-Hassan Abad qanat and its hard formations and because of its permanent 
water yield during dry years, probably acts as a transmitter of water to the alluvian.    

Sar Yazd fault 

Inside outcrops of Mehriz in the south of Sar Yazd there are some cracks. Also in the west of 
Herafte village there are outcrops made of neogene conglomerates which are covered by 
blown sand. These outcrops are probably the horst of fault in the west. Stones coming out of 
qanat beside Yazd-Mehriz road indicate existence of andesite in the area and are also 
demonstrative of northern-southern activities. This fault plays an important role in 
transmission of water to Zārch qanat.  

Mehriz-Behrook fault 

This fault cuts the lime layer of Taft formation in Behrook Mountains in north-south direction 
and makes the eastern wall of Behrook Mountain. The depression in the east reminds us of a 
vertical movement. Along Yazd-Mehriz road and Mehriz-Anar, there is a linear strip of 
andesite which is probably made of the fracture over it. In the east of Yazd-Mehriz road, 
there are small and separated hills of andesite which are probably located along Mehriz-
Behrook fault.  

Northern and north eastern mountains 

The mountains of this area can be considered as horsts or large anticlines located in north 
west-south east direction. This section is mainly made of Cretaceous and Jurassic sediments.  

The structure of Yazd-Ardakān plain in the center 

Inside Palaeogene and neogene stones along Yazd-Ardakān road, there are some synclines 
and anticlines in north western-south eastern direction made as the result of movements in 
northern fault of Yazd. These structures are made following tectonic activities in Tertiary 
period. According to geological profiles made from Yazd plain, the synclinal structure has a 
mild slope and is made of lime related to Taft formation on which Zārch qanat is located.  

Earthquake 

The studied area is located in Gav Khoni center which is an inactive area and rarely 
earthquakes occur in it.  

According to table 70 most faults in the area are strike and right slip. The longest fault is the 
northern Yazd which is about 60 kilometers and is in north west-south east direction.  
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No. Name Mechanism of Faults Direction of Faults Length (km) Last Activities 

1 Taft-Tezerjan Strike Slip-Right lateral N10-20w 26 Quaternary 

2 Mehriz- Behrook Strike Slip-Right lateral N10E 35 Quaternary 

3 North of Yazd Strike Slip-Right lateral NW-SE 60 Quaternary 

4 Behrook Strike Slip-Right lateral N70W 20 Quaternary 

5 Mehriz Strike Slip-Right lateral N5E 6 Quaternary 

6 Saryazd Strike Slip-Right lateral N5E 20 Quaternary 

7 Taft Strike Slip-Right lateral N40-70W 21 Quaternary 

8 Taft Kuh Strike Slip-Left lateral N40W 9 Quaternary 

9 Dare Anjir Strike Slip-Left lateral N30-40W 8.5 Quaternary 

10 Bnadak Strike Slip-Right lateral N70-80W 7.5 Quaternary 

11 Laieed Strike Slip-Left lateral N10E 6 Quaternary 

Table 66. Specifications and mechanisms of main and subsidiary faults of the area 

 

The history of earthquakes in the area  

Earthquake which occurred up to 50 kilometers away from city of Yazd from 1999 to 2013 
and were registered by Geophysics Institute of Tehran University are mentioned in table 71 
and figure 18.4. According to these data, there have been 373 earthquakes in the area 272 of 
which were 1-1.9 magnitude in Richter scale and earthquakes bigger than 4 Richter have 
been zero. Consequently, the effect of earthquake surrounding Zārch qanat is so small. 

No. Earthquake Magnitude Number 
1 1-1.9 273 
2 2-2.4 75 
3 2.5-2.9 20 
4 3-3.4 4 
5 3.5-3.9 0 
6 4-4.4 1 
7 4.5-4.9 0 

Total 373 

Table 67. Earthquakes happening 50 kilometers away from Yazd from 1999 to 2013 
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Figure .1 Geological cross section surrounding mother well 

Water resources (hydrology and hydrogeology) 

Surface water: Due to lack of precipitation, there is no permanent river around Zārch qanat 
and the ones existing are mostly flash floods. There are just some temporary rivers coming 
from Shir Kuh. Therefore, there are no hydrometric stations in the area; however, the most 
important watershed of province which is very significant from the point of surface water is 
Fakhr Abad basin, which includes Banadak and Terezjan rivers. 

Examining aquifer in the area: 

This aquifer starts from around Fahraj and is an entrance to the aquifer in Yazd-Ardakān area. 
At the beginning it is a strip which later expands around Muhammad Abad and then 
continues to Siah Kuh desert. According to geological formations in the end of qanat, its 
mother well, wet zone, imbibitions in the empty area and the way water moves, the aquifer 
can be counted as "free". The watershed in Zārch qanat is alluvial plain. From geological 
point of view, the watershed of this qanat is an alluvial plain surrounded by Cretaceous lime 
and its cavity is filled by flood sediments in south, south west, west and east. The type of 
subterranean water storing is static  

 

and renewable. According to thickness and type of alluvian and condition of water yielding, 
the aquifer is divided into the following areas. 

Fahraj district: 

The thickness of aquifer in Fahraj is around 350-400 meters and as it neighbors neogene 
formations such as sand, gravel, clay and marl, the type and texture of alluvial formation is 
smaller than that of Muhammad Abad. Accordingly, water discharge of aquifer in Fahraj area 
is not a lot and as a result the contact made between water and formations will be more and 
will bring about unfavorable conditions from the point of quality. Salty branch mother well of 
Zārch qanat is dug according to previously mentioned conditions. 

Yazd and the suburbs:  

This area extends from Muhammad Abad to Zārch and is approximately 550 kilometrs large. 
The thickness of alluvian is much and some parts are granular and some others made of 
bigger grains. 
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Aquifer Qanat of  Zārch:  

This aquifier which is in fact between Palng Kuh-Behrook mountains is surrounded by Taft 
formation in south west and neogene formations in north. Alluvial aquifer extends along 
north west-south east and gets more granular as it approaches the mother well.   The depth of 
mother well is around 87 meters and water in the main well is about 80 meters from ground 
surface. In order to observe the volume and depth of water in shafts and qanat, 17 
observational wells are used. According to the plan, balance of subternean water movement is 
along qanat in south east-north west direction. The fluctuation of underground water from 
mother well to the outlet decreases from 1200 to 1100 meters. Qanat in the current mother 
well has a water level of 1197 meters and at the end about 1200 meters and in the wet zone 
level of water is around 1195 meters.     

 

Map 22. Water balance curve (2013) 

 

Seasonal or permanent run-off in the studied area 

As it was previously mentioned, there are no permanent rivers around Zārch qanat due to lack 
of precipitation. Considering the amount of rainfall and showers, this area has short term 
surface water mostly in years with high precipitation related to rivers of Shir Kuh basin such 
as Fakhr Abad and Manshad which have seasonal flow.  

The aquifers replenishing mother well of Zārch qanat  

Taft formation: 

This aquifer is made of lime formation of Taft and becuse it is soluble, it can extened. Faults 
and fractures can provide conditions for storing and transmting water to alluvial aquifers. In 
fact, these faults have made small and seasonal springs with limited, and sometimes a lot of, 
water yield and affect water transmissiom to adjacent formations.  
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Sangestan formations together with shale layers and granite masses of Shir Kuh have brought 
about conditions which can discharge stored water in the alluvial formations. 

Annual rainfall in Deh-e Bala is 325 milimeters and Manshad 375 and as snow comprises a 
part of the precipitation, it is expected that a remarkable amount of water penetrates into lime 
masses and pass through alluvial formations via cracks and fractures.   

Shir Kuh granite: 

As Shir Kuh granite does not have primary porosity, it can't store water and few resources 
stored in faults and fractures are transmitted and probably penetrated water joins resources 
under surface lime after a short circulation.  

Alluvial formation:  

These formations are result of upstream erosion and carried sediments surrounded by Taft 
formation and neogene formations. Depth of sediments is approximatly 350 to 400 meters 
and Zārch mother well is located in this aquifer. Water together with evacuated water of Mian 
Kuh basin are stored in this aquifer. The texture of sediments is average grains (t) and has 
average permeability (K) and transmission potential (s) and is made of gravel, sand, clay and 
marl. 

Examimg basins replenishing Zārch qanat mother well: 

Ebrahim Abad plain: 

This plain is one of the most important basins replenishing mother well of Zārch qanat in 
Fahraj area. As Ebrahim Abad plain is replenished by some other basins like Tazenj, Fakhr 
Abad, Banadak, Manshad and also Konj Kuh, it is an area with a good water pontential 
connected to Yazd-Ardakān basin through Pooze Dame. This area can be counted as the 
provider of water for Zārch qanat.  

 

Mehriz:  

This area is another significant basin to replenish Zārch qanat and it also replenishes some 
lower basins such as Sar Yazd, Herafte and Fahraj through mountains of Madvar and parts of 
Tang Chenar and Gerd Kuh basin.  

Existing water resources in the area: 

In order to mention water resources in Yazd-Ardakān plain and underground balance of Yazd 
plain, statistical data and information from Yazd Water Company were used. 

According to latest statistics, the studied area has 827 qanats, 49 springs, 1063 deep wells and 
255 semi deep wells. The total annual discharge from these water resources is 292.658  
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million cubic meters used for agricultural, drinking and industrial purposes which are 
respectively 460.07 and 35.33 and 96.19 million cubic meters. Table 72 demonstrates 
specifications for aquifer of Yazd-Ardakān plain.  

Name of 
Studied 

Area 

Deep Well Semi Deep well Total wells 
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Propulsion Average 
of 
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on 
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discharge 
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(1000m3) Diesel Disel 

Yazd-
Ardakān 1063 39.1 24 4599 272014 255 224 31 2984 20644 1318 292658 

Table 68 .Water resources in areas surrounding qanat and their distances 

According to a study carried out by Yazd Water Company in 2010, underground water in the 
plain is exploited through wells the number of which in the statistical period are shown in 
table 25.3 and figure 38.3.  According to table 25.3, 28 wells have been dug in different 
distances from Zārch qanat the nearest of which are 100 and 565 meters away named as 
Muhammad Hassan Baqery and Ziarat Gahe Shohada. 
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1 Khavidak 1388 264841 3520013 130 1377 7.8 drinking 169406.64 1026 2375 

2 Fahraj 1388 269384 3514443 160 1374 7 drinking 174938.4 1110 3400 

3 Khavidak 1388 265885 3515944 150 1376 8 Greenhouse 252288 2070 5150 

4 Fahraj 1388 270059 3517652 - - 0.5 agricultural 12700.8 2210 1000 

5 Khavidak 1388 265807 3519627 - - 30 Greenhouse 715392 1167 2150 

6 Fahraj 1388 269675 3517909 - - 30 agricultural 946080 2170 1150 

7 Khavidak 1388 265453 3517706 160 1387 15 Greenhouse 467856 1025 3940 

8 Fahraj 1388 270172 3514226 126  44 Greenhouse 1387584 16200 2800 

9 Fahraj 1388 270280 3514821 125 1369 28 Greenhouse 883008 2560 2400 

10 Fahraj 1388 269725 3516576 - - 1.5 Husbandry 5432.4 2340 2000 

11 Fahraj 1388 271388 3517520 110 1354 1.5 industrial purposes 9072 3570 100 

12 Khavidak 1388 266827 3518004 180 1338 35 Greenhouse 961632 1098 3000 

13 Fahraj 1388 270077 3518332 75  3 Green Area 37648.8 2280 565 

14 Fahraj 1388 270924 3515310 130 1355 5 agricultural 74520 3180 1600 

15 Fahraj 1388 271236 3520813 120 1365 14 industrial purposes 441504 15470 2000 

17 Fahraj 1388 266695 3517590 100 1367 2.3 Green Area 12088.8 1820 3400 

18 Fahraj 1388 270817 3521829 120 1386 6.5 industrial purposes 204984 15720 2450 

19 Fahraj 1388 270132 3520652 110 1370 6 industrial purposes 94608 7850 1220 

21 Fahraj 1388 271869 3519987 108 1371 6 industrial purposes 173750.4 14810 1870 

22 Fahraj 1388 268123 3518406 140 1381 12.2 drinking 40230.72 1788 1800 
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23 Fahraj 1391 268606 3517292 136 1373 1.3 industrial purposes 1404 5000 2300 

24 Fahraj 1391 268084 3517171 132 1373 6 industrial purposes 98496 - 2760 

25 Fahraj 1391 269009 3516513 150 1375 14 industrial purposes 30139.2 2500 2600 

26 Fahraj 1388 271019 3515868 105 1354 5 agricultural 136944 3500 1275 

27 Fahraj 1388 271359 3516134 105 1350 9 agricultural 214228.8 3340 830 

28 Fahraj 1391 270816 3514994 100 - 3.3 agricultural 13008.6 4500 1865 

Table 69. Specifications of Zārch qanat shafts 

 

 

Map 23. Water resources exiting in the areas surrounding Zārch qanat 

 

 

Quantity of water 

Annual balance of underground water (water yield) 

According to unit hydrograph, the average annual precipitation in plain from 1993 to 2013 is 
approximately 35 centimeters. A closer examination shows in this period water of aquifer 
annually declined 33.8 million cubic meters (chart 37).  



 The Persian Qanat                                                                             

662 
 

Appendix IV 
 

 

 

Chart 38. Unit hydrograph in Yazd plain 

 

Percentage of water decline of qanat in summer compared to spring 

According to statistics in table 74 and chart 38, the highest percentage of qanat water yield in 
summer compared to spring was 42 percent in 2013 and the lowest 4.2 percent in 2004. 

 

No. Date Discharge of Spring Discharge of Summer Percentage of Water Reduction in Qanat 

1 80 29 16.1 26.5 

2 81 13.2 11 16.7 

3 82 12.5 12 4.2 

4 83 14.6 10 31.5 

5 84 8.5 7 17.6 

6 85 4 3 30 

7 91 4 2.3 42 

Table 70. Water yield fluctuations of qanat in summer compared to spring 
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Chart 39: Water yield fluctuations of qanat in summer compared to spring 

 

Water level and depth of water in shafts and determining water level of qanat 

According to observations made, the depth of mother well is 87 meters and the water surface 
in main mother well of is 80 meters from the ground. In order to examine level and depth of 
water in the shaft and to control level of water, 17 cs have been used. Plan of underground 
water fluctuations will be mentioned in the following report.In table 75 and map 24 and 42.3, 
the underground water balance in September of 2013 for 17 observational wells is shown. 
According to underground plan, direction of stream is along qanat and south east- north west. 

No. x y Name Bench Mark Water Level Water Balance 
1 259585 3522055 Ekteshafi Deh-e no 1251.13 84.2 1167.0 
2 274247 3517747 Rakhsh Station 1271.63 63.4 1208.3 
3 266918 3509910 Taghi Abad 1325.07 97.4 1227.7 
4 269385 3512852 Fahraj-Saryazd Road 1294.21 105.3 1189.0 
5 259057 3530004 Jamshid Amannat 1231.21 70.1 1161.1 
6 276823 3506351 South East of Fahraj 1304.45 63.8 1240.7 
7 264562 3520889 Khavidak 1257.31 75.3 1182.0 
8 268077 3515532 Zob Ruy 1279.79 91.8 1188.0 
9 272377 3509973 Salsabil 1301.86 73.1 1228.8 
10 270293 3505997 Bahrouk Cement 1327.07 54.1 1273.0 
11 254118 3522457 Lale Town 1249.33 94.0 1155.3 
12 254955 3517088 Sadegh Abad 1265.68 91.6 1174.1 
13 260034 3517417 Madar Cah-e Qanat-e Gerd Faramarz 1272.26 94.2 1178.0 
14 263827 3516056 Dashti Farm 1284.1 100.6 1183.5 
15 264929 3503720 Harfte 1386.44 33.1 1353.3 
16 264363 3528270 Old Yazdgerd 1244.51 58.8 1185.8 
17 262105 3525704 New Yazdgerd 1241.09 65.4 1175.7 

Table 71. Specifications of observational wells surrounding Zārch qanat 
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Map 24.. Underground water balance in 2013 around Zārch qanat (mother well to outlet) 

In order to predict water table the monthly fluctuations of water surface in observational 
wells for 10 water years (from October 2003 to 2013) was analyzed.  The position of 
Piezometer in regard to current mother well and data related to water level in each well and 
average water fluctuation equations are presented in table 76. 

No. 
UTM 

Piezometer 
Piezometer 

Bench 
Mark 

Water Level in 
October 2013 Regression equation 

x y 

1 259585 3522055 Ekteshafi Deh-e no 1251.13 84.2 y=0/022x + 81/11 
2 274247 3517747 Rakhsh Station 1271.63 63.4 y=0/022x + 60/98 
3 266918 3509910 Taghi Abad 1325.07 97.4 y=0/022x + 96/8 
4 269385 3512852 Yazd-Fahraj Road 1294.21 105.3 y=0/027x + 101/3 

6 276823 3506351 South East of 
Fahraj 1304.45 63.8 y=0/024x + 63/09 

7 264562 3520889 Khavidak 1257.31 75.3 y=0/03x + 71/82 
8 268077 3515532 Zob o Rouy 1279.79 91.8 y=0/028x + 88/28 
9 272377 3509973 Salsabil 1301.86 73.1 y=0/012x + 72/01 
10 270293 3505997 Bahrouk Cement 1327.07 54.1 y=0/039x + 57/59 
12 254955 3517088 Sadegh Abad 1265.68 91.6 y=0/048x + 85/96 
14 263827 3516056 Dashti Farm 1284.1 100.6 y=0/033x + 96/73 
15 264929 3503720 Harfte 1386.44 33.1 y=0/028x + 24/8 
16 264363 3528270 Old Yazdgerd 1244.51 58.8 y=0/028x + 62/52 
17 262105 3525704 New Yazdgerd 1241.09 65.4 y=0/029x + 55/77 

Table 72. Average water fluctuation equation in the observational well 
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According to the results, water table of each well in various periods (future) in terms of long 
term fluctuations can be shown using regression analysis. Map 26 demonstrates water level of 
observational well, water balance plan in October of 2017 and its fluctuations compared to 
October of 2013. 

 

Figure 43.3: Regression equation predicting water level in Khavidak observational well 

 

Map 25. Underground water surface 
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Map 26. Underground water surface plan in 2013 

 

Map 27. Underground water surface plan in 2017 
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Map 28. Fluctuations in underground water surface in 2013 and 2017 

 

Examination of watershed of qanat and its surrounding lands 

As it was mentioned in the introductory report, Qanat of  Zārch has three main branches 
from Muhammad Abad to Fahraj and after joining the main branch passes through Yazd as a 
tunnel and gallery and finally appears in Zārch.  

Qanat of  Zārch is located in the center of Yazd-Ardakān plain and its mother well is 
replenished by basins connected to Mehriz, which has a good precipitation and water surface 
and mother wells of many qanats in Yazd plain are dug there. In fact, a long area of Yazd-
Ardakān plain is located above Qanat of  Zārch and can replenish the aquifer. Northern 
rivers of Shir Kuh such as Fakhr Abad, Manshad, Konj Kuh, Mehriz and Tang-e Chenar are 
also located above Qanat of  Zārch.   

Physical specifications of Zārch qanat watersheds: 

As it was mentioned, Qanat of  Zārch is located in Yazd-Aradakan plain and upstream 
watersheds play a significant role in its water yield. According to the plan of the area and 
upstream watersheds, physical specifications of important watersheds were drawn using 
topographic maps and the results are shown in tables 77 to 82.   
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No. Height Domain Superficial Level 
(km2) 

Collective Level 
(km2) 

Collective 
Percentage 

Collective 
Percentage 

1 1450-1600 23.44 23.44 35.0 35.0 
2 1600-1800 23.97 47.41 35.8 70.7 
3 1800-2000 4 51.41 6.0 76.7 
4 2000-2200 2.81 54.22 4.2 80.9 
5 2200-2400 3.28 57.5 4.9 85.8 
6 2400-2600 3.97 61.47 5.9 91.7 
7 2600-2800 2.09 63.56 3.1 94.8 
8 2800-3000 1.62 65.18 2.4 97.3 
9 3000-3200 1.62 66.8 2.4 99.7 
10 3200-3260 0.22 67.02 0.3 100.0 

Table 73 . Surface distribution according to height of Abbas Abad watershed 

No. Height 
Domain 

Superficial Level 
(km2) 

Collective Level 
(km2) 

Collective 
Percentage 

Collective 
Percentage 

1 1780-1800 0.07 0.07 0.4 0.4 
2 1800-2000 2.12 2.19 11.1 11.5 
3 2000-2200 2.44 4.63 12.8 24.2 
4 2200-2400 3.22 7.85 16.9 41.1 
5 2400-2600 2.25 10.1 11.8 52.9 
6 2600-2800 1.94 12.04 10.2 63.0 
7 2800-3000 1.53 13.57 8.0 71.0 
8 3000-3200 2 15.57 10.5 81.5 
9 3200-3260 1.94 17.51 10.2 91.7 
10 3200-3261 1.03 18.54 5.4 97.1 
11 3200-3262 0.5 19.04 2.6 99.7 
12 3200-3840 0.06 19.1 0.3 100.0 

Table 74 Surface distribution according to height of Rubazi temporary  river 

No. Height Domain Superficial Level (km2) Collective Level (km2) Collective 
Percentage 

Collective 
Percentage 

1 1720-1800  2.12 2.12 2.1 2.1 

2 1800-2000  19.19 21.31 18.7 20.8 

3 2000-2200  38 59.31 37.1 57.9 

4 2200-2400  32.75 92.06 32.0 89.8 

5 2400-2600  7.97 100.03 7.8 97.6 

6 2600-2800  1.69 101.72 1.6 99.3 

7 2800-3000  0.56 102.28 0.5 99.8 

8 3000-3268  0.19 102.47 0.2 100.0 

Table 75. Surface distribution according to height of Tang-e Chenar 
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No. Height 
Domain 

Superficial 
Level (km2) 

Collective 
Level (km2) 

Collective 
Percentage 

Collective 
Percentage 

1 1880-2000  0.25 0.25 0.5 0.5 
2 2000-2200  6.87 7.12 13.0 13.4 
3 2200-2400  15.19 22.31 28.6 42.1 
4 2400-2600  10.78 33.09 20.3 62.4 
5 2600-2800  8.34 41.43 15.7 78.1 
6 2800-3000  5.87 47.3 11.1 89.2 
7 3000-3200  3.62 50.92 6.8 96.0 
8 3200-3400  1.94 52.86 3.7 99.7 
9 3400-3541  0.16 53.02 0.3 100.0 

Table 76. Surface distribution according to height of Manshad-Da're 

 

No. Height 
Domain 

Superficial Level 
(km2) 

Collective Level 
(km2) 

Collective 
Percentage Collective Percentage 

1 1740-1800 0.87 0.87 1.5 1.5 
2 1800-2000 4.94 5.81 8.4 9.8 
3 2000-2200 5.81 11.62 9.8 19.7 
4 2200-2400 13.12 24.74 22.2 41.9 
5 2400-2600 18.37 43.11 31.1 73.1 
6 2600-2800 2.94 46.05 5.0 78.1 
7 2800-3000 6 52.05 10.2 88.2 
8 3000-3200 3.75 55.8 6.4 94.6 
9 3200-3260 1.6 57.4 2.7 97.3 

10 3200-3261 1.06 58.46 1.8 99.1 
11 3200-3262 0.37 58.83 0.6 99.7 
12 3200-3851 0.17 59 0.3 100.0 

Table 77. Surface distribution according to height of Konj Kuh 

 

No. Height Domain Superficial Level 
(km2) 

Collective Level 
(km2) 

Collective 
Percentage Collective Percentage 

1 1520-1600 8.15 8.15 2.4 2.4 
2 1600-1800 83.8 91.95 24.4 26.8 
3 1800-2000 29.52 121.47 8.6 35.4 
4 2000-2200 37.09 158.56 10.8 46.2 
5 2200-2400 39.12 197.68 11.4 57.6 
6 2400-2600 35.47 233.15 10.3 68.0 
7 2600-2800 33.27 266.42 9.7 77.7 
8 2800-3000 25.63 292.05 7.5 85.1 
9 3000-3200 18.56 310.61 5.4 90.5 
10 3200-3400 14.44 325.05 4.2 94.7 
11 3400-3600 11.74 336.79 3.4 98.2 
12 3600-3800 3.18 339.97 0.9 99.1 
13 3800-4000 2.58 342.55 0.8 99.8 
14 4000-4075 0.55 343.1 0.2 100.0 

Table 78. Surface distribution according to height of Fakhr Abad in Ebrahim Ābād 
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Chart 40. Altimetric and hypsometric of Abass Abad Mehriz watershed 

 

 

 

Chart 41. Anltimetric and hypsometric of Rubazi river watershed 
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Chart  42 . Altimetric and hypsometric of Tang Chenar watershed 

 

 

Chart  43  .Altimetric and hypsometric of Manshd-Da're watershed 

 

 



 The Persian Qanat                                                                             

672 
 

Appendix IV 
 

 

 

Chart 44. Altimetric and hypsometric of Konj Kuh watershed 

 

 

 

Chart 45. Altimetric and hypsometric of Fakhr Abad watershed 
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The effect of preciptaion on water yield: 

Qanat of  Zārch is an example of plain qanats. Plain qanats are usually longer and deeper 
than mountain ones and are replenished by vast and richer aquifers. Water yield in these 
qanats, unlike mountain ones, is not immediately affected by precipitation. Of course in the 
long run rainfall is a very significant factor determining water yield of qanats as precipitation 
and surface water can replenish aquifer. Below water yield of Qanat of  Zārch and 
precipitation in the area in a period of ten years (from 1993 to 2003) is presented.   

 

Chart 46. Water yield graph from 1993 to 2002 

 

Chart  47 . Precipitation graph from 1993 to 2003 

 

Quality of water 

As underground water passes over neogene stones in mountains of south and south west of 
Yazd-Ardakān plain (Shir Kuh) and as these stones include marl deposits, sandstone, 
conglomerate together with evaporates, the quality of qanat water is nevertheless not very 
much affected. Also granite stones of Shir Kuh and lime of Taft formation have not had 
unfavorable effects on the underground water. 
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However, it needs to be mentioned that mountains in north and north east of Yazd-Ardakān 
plain can have a negative effect on the quality of underground water.  

As previously mentioned, water in Ebrahim Abad and Khavidak is sweet, but because of 
some sediment on the way, its salty branch has "sweet and salty" water as said by local 
people. Today, water of Zārch qanat is used for agricultural purposes.  

 

Vegetation: 

The vegetation in this area is not so dense due to lack of rainfall, temperature fluctuation, 
high evaporation, lack of underground water and infertile soil. Plants have adapted 
themselves with dry weather of the area and can go without rainfall for a long time. There are 
some one year-old plants that have adapted themselves with the area as well.  

The plants in the area are strong and can bear lack of water and sand storms. It needs to be 
mentioned that vegetation in Fahraj and Khavidak can't be used for livestock, even for 
camels. 
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Hassan Ābād-e Moshi Qanat,Yazd 

Geology 

Yazd-Ardakān Basin is encompassed by two ranges of elevations, nearly oriented to 
northwest-southeast direction, which also includes scattered mountains located on the area. 
Generally, most of the elevations of the plain are located on the southern and southwestern 
part, and the major elevations of which are consisted of Shirkouh Elevations with a maximum 
height of 4,075 meters.  

As we approach the northern parts from the southern and southwestern areas of the region, the 
elevations get less extensive, ultimately leading to low lands and fields of Siahkouh Desert, 
with is made up of evaporate deposits and clay and marl. 

The highest point of the basin is the apex of Shirkouh, with a height of 4075 meters above the 
sea level and the boundaries of Siahkouh Desert form its lowest point, 970 meters in height. 
The average height is 1,565 meters, and approximately, 60% of the basin lies within a height 
of lower than 1,500 meters and the remaining 40% bear a height of exceeding 1,500 meters on 
the basis of area-to-height distribution. Yazd-Ardakān basin includes Mian Khouh, Ali Ābād-
e Pishkhouh (Taft), Yazd Ardakān, Aghda, Nodoshan and Sarv Sub-Basins.  

Yazd Ardakān Plain Basin measures about 11,775 square kilometers, made up of Shirkouh 
Elevations in the south and Kharanegh Elevations in the north, which are parallel to each 
other, embracing Yazd-Ardakān Plain.  

This basin is a major water source and a human, economic and industrial activity center of 
Yazd Province. The lowest elevation of the basin measures 965 meters in Siahkouh Desert 
and the tallest elevation measures 4,075 meters, belonging to Shirkouh Peak. An area of 4.1% 
of the said basin is lower than 1,000 meters, 55.5% of which is lower than 1,500 meters, and 
about 1.1% of which bears a height of more than 3,000 meters; therefore, the average height 
of Yazd-Ardakān Plain measures 1,566 meters. 
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Map 29. Geological Map of the Study Zone 

 

Geological Features 

Dehno-Hassan Ābād Qanat Basin 

Except for a small part of the area, incorporating the southern flank of the Mehriz Syncline, 
the other regions, including northwest and the northern flank of Mehriz Syncline are 
seemingly made up of a dynamic zone, resulting in dislocation of all rock units and their 
being faulting. It seems that a large fault with a strong mechanism is extended toward 
Khourmisz in the direction of northwest-southwest, passing through Sadegh Ābād and the 
syncline core. 

This fault is covered by deposits of alluvial plain at the syncline core and its tail passes beside 
the Eocene volcanic rocks, extending toward southwest. Units have small slope and are 
organized in the southern flank of the syncline; whereas, all rock units in the northern flank 
have steep slope and even build up some walls. 
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The oldest rocks creating basement rock of the region with Kahar formation is seen in Alborz 
and Paleozoic-related stratigraphic units, with continental platform-type facies sitting on 
them. 

Assynetic incident is accompanied by a slight discontinuity and is noticeable in its transition 
from Precambrian-related rocks to carbonate formation of Soltanieh in the farming region of 
Haji Hossein (Rostam Ābād). 

Due to the lack of sediments related to upper and middle Precambrian, Ordovician and 
Silurian, there is no Caledonian occurrences in the region and it is likely that the effect of 
erosion in the region has led to elimination of such deposits. Upper Permian was accompanied 
by shallow basin and protruding out of water as a result of climatic change; the consequence 
of which was leaving laterite, denoting a warm climate just like other regions of Iran. 
Supported by volcanism activities in the laterite horizons, volcanic layer was well exposed 
where the basin gets out of water due to the effect of tractive forces. 

Laterite horizon, together with camel dolomite, is seen in the western neighborhood, i.e., in 
Khazar Ābād, and unfortunately, acute dislocations, as well as tectonic activities, conduced to 
elimination of rocks. The consequence of late Cimmerian occurrence of the studied region 
faced magma struggles, ultimately leading to injection of penetrative granite and granodiorite 
mass of Shirkouh among the Shemshak Formation-related rocks, which is exposed in a broad 
stretch, indicating that the replacement time of granite magma of Shirkouh occurred after 
Lower Jurassic. Clastic rocks of the Lower Cretaceous existing at its base are progressively lie 
on the intrusive rocks of Shirkouh. Laramid-related movements, together with folding, 
erosion, transport and leaving conglomerate clastic deposits begin from Kerman, and then 
they are followed by settlement of the sedimentary-volcanic deposits of Lower to Middle 
Eocene. It seems that replacement of semi-deep masses among Cretaceous rocks in Nakhjir 
valley Region (Deh-e Balla China Mine) is also related to the foregoing. 

Existence of neogene clastic deposits on one hand, and lack of Upper Eocene-Oligocene-
affiliated deposits on the other hand might indicate Pyrenean occurrence in the region. It 
seems that this activity, which was accompanied by uplift and immediately followed by 
disintegration, left such neogene clastic deposits. 

Existence of slight slope (5%) in the immature conglomerate (equivalent of Kahrizak 
conglomerate) in the region denotes latest alpine movements, with slight mechanism in the 
studied region. 

Many faults may be seen in a single view, and all of them follow two dominant courses: faults 
in northwest-southeast direction, of right-strike-slip faults, and northeast-southwest left-slip 
faults which are younger than the first type faults. Geological profile shows the tectonic 
structure of Dehno-Hassan Ābād Qanat (figure2).  
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Figure  2. Geological Profile of Dehno-Hassan Ābād Qanat Course 

 

Geology Access Shafts and Galleries in the whole Qanat Course 

Generally the geology of the course is made up of three lithology sections, which are now 
reviewed from the mother well toward the outlet: 

- Lithology (Qt3): 

This unit of leveled areas is organized with a little relief and main galleries have 
generally left their deposits in this unit. Galleries are widely spread over its surface, 
which have crossed the plain step by step, and its soil is made up of fine grains and 
sometimes together with sand mixture. 

- Lithology (Qt2): 

It is formed out of coarse gravel, sand and cobblestone, resulted from disintegration of 
upstream lime elevations and transport by floodwaters. This lithology enjoys a high 
permeability (K) and good transmissibility (T). Mother well and access shafts have been 
dug in this lithology (photo13). 

 

 

Photo 13. Mother Well of the Qanat, Stream & Feeding Formations 
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Lithology (Qt1): 

Sediments is in this course are made up of sand and grit, together with clay particles and 
weathered andesite formation particles of Mehriz Zone. This lithology extends from Mehriz 
up to Bafgh road limits. 

Lithology (Qal): 

This lithology has been formed out of highly coarse-grain river sediments, including 
cobblestones, sand and gravel particles, and it displays very high permeability and 
transmissibility, as well as high potential of discharge, and it is considered one of feeding 
sources of the mother wells of qanats. The major mother well and other mother wells of 
Dehno-Hassan Ābād Qanat are beside and in vicinity of this type of lithology. 

 

Photo 14. Highly Coarse-Grain Texture in Vicinity of the Mother Well of the Qanat 

Lithology (Qc): 

This lithology is made up of clay particles, together with running sand, and it includes the end 
parts of the Qanat course (from Dehno area toward Hassan Ābād) (photo 15). Map 30 shows 
different parts of the Lithology of the Qanat course. 

 

Photo 15. Clay-Sand Texture of Qanat Tunnel at Dehno 
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Lithology (Qs): 

Sand sediments are deemed as important desert-environment sediments, which may be 
distinguished from the old sediments. Dunes are created mainly by strong winds, and their 
size and shape depend on the wind condition and the sand volume and type. These sediments 
extend in a good direction. They extend in the north and northeast of Yazd, especially 
Rastagh Region, alongside Badvand Road, northwest-southeast in form of crescent long hills, 
i.e., barchans, and dome-like hills, which are likely formed due to transformation of barchans 
and exist in various sizes. Sands are made up of quarts-feldspar particles and the low amount 
of minerals goes well with transformation and sorting. 

Lithology (Qs d): 

This unit of sand dunes has been created with a smooth and soft erodible surface, under 
which there is a mixture of clay and silt in the course of Qc Qanat course. 

Lithology (CU): 

Farming lands as well as residential lands have been spread on this unit. 

 

Map 30. Map of Soil Texture of the Qanat Course 
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Map 31. Geological Map of Dehno-Hassan Ābād Qanat 

 

Study of Permeability and Hydraulic Conductivity in Soil 

Soft formation (Alluvium): Permeability depends on factors like grading, compaction, 
porosity, saturation and lamination. Additionally, relative density in the soil aggregations and 
secondary structures in clay soils affect permeability. Permeability coefficient (K) may be 
determined by making use of table and graph, or laboratory or field permeability tests, or 
alternatively, in the laboratory, by constant head, falling head and rising head tests, or by 
through water percolation is soil tests (constant head, falling head and rising head) and/or by 
pumping tests, but, whereas this test is expensive and time-consuming and it is not possible to 
conduct such test on many qanats, and basically, such tests are not necessary to be conducted; 
therefore, permeability tables may be used for various applications, and with regard to the 
texture of mixed sand and gravel, mixed average and coarse-grain sand and cobblestone, the 
hydraulic conductivity (K) is assessed at 60 meters per day. 

 

Photo 16. Coarse-Grain Texture and Grading of Sediments at Pakaneh Abbas Ābād 
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Grading 
Group 

Hydraulic Conductivity 
(Per Day) Type of Sediments 

- 0.001-0.1 Clay 

𝑲𝟐 1-2 Silt-fine sand and Silt and Clay 

𝑲𝟑 5 Mixed fine & coarse sand and clay 

𝑲𝟒 7 Fine clay sand, homogenous very fine sand, clay and sand and 
gravel 

𝑲𝟓 10 Clay sand, mixed sand, gravel and sand clay &  gravel 

𝑲𝟔 12 Mixed fine and average sand with little clay, mixed clay sand with 
a little gravel, very fine sand with a little gravel 

𝑲𝟕 15 Homogenous fine sand- mixed sand and sand clay and gravel-very 
fine sand and sand clay and a little gravel and cobblestone 

𝑲𝟖 20 Mixed fine, average & coarse sand-mixed fine gravel and sand 
and sand clay 

- 25 Mixed fine & average sand- mixed fine grave and sand and 
cobblestone and clay 

𝑲𝟏𝟎 30 Homogenous average sand, mixed cobblestone and fine & average 
sand and clay and fine sand 

𝑲𝟏𝟏 35 Mixed fine sand and coarse sand with a little gravel 

𝑲𝟏𝟐 40 Mixed average and fine sand and a little gravel, mixed 
cobblestone and sand and sand clay and a little gravel 

𝑲𝟏𝟑 50 Homogenous coarse sand, mixed cobblestone and gravel and clay 
sand 

𝑲𝟏𝟒 60 Mixed sand and gravel, mixed average and coarse sand and gravel 
and cobblestone 

𝑲𝟏𝟓 70 Mixed cobblestone, fine and average gravel and sand 

𝑲𝟏𝟔 90 Homogenous fine sand – mixed cobblestone and average and fine 
gravel 

𝑲𝟏𝟕 110 Homogenous average gravel (in terms of dimensions) 

- 120 Homogenous coarse  gravel (in terms of dimensions) 

𝑲𝟏𝟗 130 Homogenous cobblestone 

Table 79. Hydraulic Conductivity of Various Sediments USGS (United States Geological Survey) 

 
Karst Hard Formation (Kt) 

Generally, permeability and underground water flow rate depends on the shape, quantity, 
distribution and inter-connection of cavities, i.e., the status of cavities is dependent on 
sedimentation mechanisms of carbonate rocks, as well as other numerous geological 
processes which have affected rocks upon formation and thereafter. We may conclude that 
various parts of an aquifer in carbonate rocks certainly have a high degree of hydraulic 
conductivity and porosity; nevertheless, we cannot necessarily conclude that the underground 
water in Karst formations have a high flow rate. Dye tracing is the common procedure for  
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determination of groundwater flow rate on formation and karst areas. No study has been 
conducted concerning permeability and groundwater flow rate in the region as yet. According 
to Ford & Williams (1989), with respect to the numerous experiments, groundwater flow rate 
tracing in karst ducts varies between 4.5 to 1450 meters per hour. 

Further, Millanowic (1981), on the basis of 281 dye tracing tests in karst ducts, determined 
groundwater flow rate between 7.2 to 1880 meters per hour. 

 

Review of Status of Faults 

Mehriz Fault 

This north-south oriented reverse fault, with a length of 22 kilometers is regarded as a right-
slip fault, with slop toward east, and has created Bohrouk-Madouar Conglomerate Ridge and 
Gharbalriz Spring in Mehriz Region. There is north-south fracture and a very clear 
slickenside in direction of the fault in the Bohrouk Mountain, which has created outcrop of 
marls of Zanjir valley formation and several fall-slide masses in the north side of Kamal 
Farm. The northern extension of the fault has led to dextral dislocation of Sadegh Ābād 
Anticline in Yazd. The dextral dislocation of this fault, with slope of 80-85 degrees toward 
east is seen at the north of Kamal Farm. There are faults in the south of this fault at Madouar 
Mountain and Gerd Mountain, which are likely its subsidiary branches. 

The aquiferous branches of Dehno-Hassan Ābād Qanat and upstream hard formations of the 
qanat make up the function limits of this fault, and in all likelihood this fault in the hard 
formation of the basin will take the role of transferring water to the alluvium during the 
drought years due to relative stability of water flow rate of the Qanat. 

Saryazd Fault 

There are some expansions and fractures in Mehriz andesite outcrop in the south of Saryazd 
and andesite rocks around it have experienced propylitic alteration. Further, in the west of 
Harofteh Village there are outcrops of neogene conglomerate, which are covered by dune 
sand. This outcrop is likely the uplift of the western part of the fault. Furthermore, the rocks 
brought out of the qanats in vicinity of Yazd-Mehriz Road indicates andesite rock is situated 
at the upper layers in this area, hence, existence and activity of northern-southern fault in this 
area. This fault plays no role in our discussion of the water transfer because it activity falls 
beyond these limits. 

Gharbalriz-Bohrouk Fault 

This fault is the most important effect on the water-bearing formation. The activity of this 
fault has led to pushing Kerman conglomerate (Pgk) over Taft Formation (Kt). The 
movement of this fault is dextral. The slope of this fault is about 80-85 degrees, extended 
toward east. 
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The study of joints on the lime of Taft shows that the length of these joints is 20 meters and 
expansion is about 8 to 10 centimeters and sometimes wider. There is a facture above the 
Gharbalriz Spring, with a length of 40 meters, coordinates of N25W80N, whose width varies 
between 20 to 60 centimeters, which are filled with iron oxides and calcites, and there are 
other strata with narrower expansions in parallel to it. There are joints with approximate 
coordinates of N15-20E/40-80-S which are in fact an aspect of a crushed zone. The length of 
these joints may reach 100 meters, with expansion of 2-3 meters. These two groups of joints 
cross each other in many points and may be seen especially at the Gharbalriz Spring location. 

The features of this fault, such as 80-85 degrees slope toward east, joints with lengths of 20 to 
100 meters with expansion of about 8 to 10 centimeters, and in some points from 20 to 60 
centimeters and sometime wider, the fracture observed to have a length of more than 40 
meters, and cross joint sets well indicate transfer of water though this fault to mother well 
area and the water-bearing section of the Qanat, and as a result of lacking pollutants in 
upstream water-bearing section of the Qanat, no pollution transfer through these faults has 
been reported. 

Mehriz-Bohrouk Fault 

This fault cuts the limestone layer of Taft Formation in Bohrouk Mountain in north-south 
direction and has created the wall of eastern hillside of Bohrouk Mountain. The graben of the 
eastern part of the fault reminds perpendicular dislocation. An andesite strip is extended 
along Yazd-Mehriz and Mehriz-Anar Road which might have been created by the fracture 
emanating from the above-said fault, and dislocated later. Small single hills of andesite are 
seen at the eastern side of Yazd-Mehriz which are in all likelihood are in the direction of 
Mehriz-Bohrouk Fault. The length of this fault is about 35 kilometers.  

Whereas this fault falls beyond the feeding limits and water-bearing part of the Qanat, it bears 
no remarkable effect on water transfer and pollution. 

Bohrouk Fault 

East-west and subsidiary Bohrouk Fault forms the northern boundary between Bohrouk 
Mountain and alluviums, and most likely has brought about left-handed dislocation of 
Gharbalriz-Bohrouk Fault.It is almost improbable that this fault have any impact on 
transference of water and pollution to the Qanat. 

Taft Tezerjan Fault 

This fault is deemed the most conspicuous north-south-oriented fault in Taft Basin which 
extends up to Mehriz Basin. The fault has a length of about 40 kilometers. There is an uplift 
of micro-diorite and gabbro in the direction of this fault and metamorphism is quite 
noticeable. This fault plays a role in the facture of Mehriz Basin. The activity of this fault is 
in the northwest and west section of the basin, and we cannot think of any role for it in 
respect of affecting water and pollution transference to the Qanat. 
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Seismic Review of the Region within the Bounds of Dehno-Hassan Ābād Qanat 

According to classification made by Pourkermani & Asadi (1995), Iran is divided to 27 
seismic states. As per this classification, the area under study is situated in Gavkhouni 
seismic state, which is an inactive region, and rarely a severe earthquake hit the said area. 
Using quaternary faults, factures and folds, we may evaluate the seismic strength of the faults 
in the respective area in three sections: Stratigraphy, Structural and Seismology. 

Stratigraphy 

Due to the action of caledionan orogenic phase in the region, there is no Ordovician and 
Silurian and events in the middle Cambrian, and the Hercynian orogenic phase prevented 
sedimentation in upper Devonian until before Permian. During late Cimmerian orogenic 
phase, central Iranian batholith was replaced and created unconformity at the base of 
cretaceous rocks. At the end of orogeny, advancement of Cretaceous Sea left the deposits of 
Sangestan and Taft Formation. Due to Laramid orogenic activity in early cretaceous, the 
region got out of water and its deposits folded and turned into faults. Unconformity at the 
base of Kerman red sandstone and conglomerate in Cenozoic Era was the end of Laramid 
orogeny, and thereafter overall advancement began; in the beginning of sedimentation cycle, 
Kerman conglomerate and clastic sandstones were initially settled followed by the thick lime 
unit of Taft Formation. 

Tectonic 

Regarding pressure movement of Arabian Plate at Zagros Thrust Zone, various degrees of 
tangential dislocation and compactness played a role in structural evolution of the region. 
Field information and surveys of structural elements reveals the active tectonic in the region. 
The faults in the region, reliefs such as dislocation of quaternary rock pressure deposits, fault 
scarps, including Gavan Valley and Zanjir Valley, Pressure ridges, like point of impact 
pressure of Taft-Feiz Ābād, Taft-Saleh Ābād and Bohrouk Faults indicate active tectonic and 
right-lateral shear horizontal component, together with strike slip regime with pressure 
components are emphasized. 

 
Figure  3. Pattern of the Region: Right-Lateral Shear 
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Seismology 

With respect to Table (84) and (85) and no record of earthquakes with a magnitude greater 
3.5 in Richter Scale and according to classification of seismic tectonic (Pourkermani & Asadi 
1995), we understand that the quaternary faults activities in the region are of creeping type, 
accompanied by mild accumulation of strain; therefore, the area under study is deemed as 
relatively low-activity in respect of zonal seismicity. 

 

No. Name Mechanism of Faults Heading side Length (km) Last Activities 

1 Taft-Tezerjan Strike Slip-Right lateral N10-20W 26 quaternary 
2 Mehriz-Behrook Strike Slip-Right lateral N10E 35 quaternary 
3 Gharbalbiz-Behrook Strike Slip-Right lateral N10E 22 quaternary 
4 Behrook Strike Slip-Right lateral N70W 20 quaternary 
5 Mehriz Strike Slip-Right lateral N5E 6 quaternary 
6 Saryazd Strike Slip-Right lateral N5E 20 quaternary 
7 Taft Strike Slip-Right lateral N40-70W 21 quaternary 
8 Taft kooh Strike Slip-Left lateral N40W 9 quaternary 
9 Dareh Zanjir Strike Slip-Left lateral N30-40W 8.5 quaternary 

10 Banadak Strike Slip-Right lateral N70-80W 7.5 quaternary 
11 Labid Strike Slip-Left lateral N10E 6 quaternary 

Table 80.Display of Specifications and Mechanism and Major  
and Subsidiary Faults of the Region 

 

Name Symbol Mechanism of Faults Length 
(km) 

Scale 
(Richter) Intensity Max. Horizontal 

Acceleration 
Taft-Tezerjan TTF Strike Slip-Right lateral 26 3.05 4.055 0.1061 

Mehriz-Behrook BF Strike Slip-Right lateral 35 3.2 4.25 0.1180 
Gharbalbiz-Behrook GBF Strike Slip-Right lateral 22 3.5 4.64 0.1492 

Behrook BF Strike Slip-Right lateral 20 2.9 3.86 0.08451 
Table 81. Prediction of Quantities for Quaternary Faults of 

the Region in Case of Occurrence of Earthquake 
 

Rainfall 

There is/are a synoptic station, four evaporation stations, two climatology stations and eleven 
rain gauge stations within the bounds and around the region, some of which are affiliated to 
Iranian Meteorology Organization and some are affiliated to the Ministry of Energy. Table 86 
shows the specifications of the Studied Stations. 

No. Station Type Longitude Latitude Height 
(m) Established Related 

Organization 

1 Research Center 
of Yazd evaporation 54º 22´ 31º 49´ 1283 66-67 Ministry of Energy 

2 Mohammad Ābād evaporation 54º 24´ 31º 46´ 1273 73-74 Ministry of Energy 

3 Deh-e Balla evaporation 54º 06´ 31º 35´ 2606 89-90 Ministry of Energy 
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4 Mahdi Ābād 
Bahaderan evaporation 54º 54´ 31º 20´ 1444 87-88 Ministry of Energy 

5 Fakhr Ābād rain gauge 54º 14´ 31º 36´ 1783 78-79 Ministry of Energy 

6 Manshad rain gauge  54º 13´ 31º 31´ 2214 89-90 Ministry of Energy 

7 Mehriz 1 rain gauge 54º 26´ 31º 35´ 1456 90-91 Ministry of Energy 

8 Taft rain gauge 54º 11´ 31º 54´ 1529 91-92 Ministry of Energy 

9 Yazd synoptic 54º 24´ 31º 54´ 1273 52-53 Meteorological org. 

10 Tang-e chenar rain gauge 54º 19´ 31º 23´ 2245 94-95 Meteorological org. 

11 Banadak Sadat rain gauge 54º 12´ 31º 34´ 2196 95-97 Meteorological org. 

12 Gerda Kooh rain gauge 54º 47´ 30º 31´ 1459 95-97 Meteorological org. 

13 Ali Ābād 
Chelgazi rain gauge 54º 16´ 31º 17´ 1955 96-97 Meteorological org. 

14 Mobarakeh rain gauge 54º 14´ 36 º 56´ 1596 96-97 Meteorological org. 

15 Tezerjan rain gauge 54º 10´ 31º 38´ 2153 94-95 Meteorological org. 

16 Ebrahim Ābād climatology 54º 20´ 31º 37´ 1612 97-98 Meteorological org. 

17 Sarv-e Ernan rain gauge 54º 10´ 31º 19´ 1990 96-97 Meteorological org. 

18 Mahriz climatology 54º 26´ 31º 35´ 1520 2002 Meteorological org. 

Table 82. Specifications of Meteorology stations used in Hassan Ābād Moshir Qanat 

No. Station 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 

1 Research Center of 
Yazd * * * * * * * * * * * * 

2 Mohammad Ābād * * * * * * * * * * * * 

3 Deh-e Balla * * * * * * * * * * * * 

4 Mahdi Ābād Bahaderan * * * * * * * * * * * * 

5 Fakhr Ābād * * * * * * * * * * * - 

6 Manshad * * * * * * * * * * * * 

7 Mehriz 1 * * * * * * * * * * * * 

8 Taft * * * * * * * * * * * * 

9 Yazd * * * * * * * * * * * * 

10 Tang-e chenar * * * * * * * * * * * * 

11 Banadak Sadat * * * * * * * * * * * * 

12 Gerda Kooh * * * * * * * * * * * * 

13 Ali Ābād Chelgazi * * * * * * * * * * * * 

14 Mobarakeh * * * * * * * * * * * * 

15 Tezerjan * * * * * * * * * * * * 

16 Ebrahim Ābād * * * * * * * * * * * * 

17 Sarv-e Ernan * * * * * * * * * * * * 

18 Mahriz - - - - * * * * * * * * 

*: Years with Statistics 
Table 83. Comparison of Statistical Period Length of the Studied Stations and Selection of a Common Statistical 

Period 
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1 Research 
Center of Yazd - - - - - - - - - - - - - - - - - - - - - - - * * * * * * * * * 

2 Mohammad 
Ābād - - - - - - * * * * * * * * * * * * * * * * * * * * * * * * * * 

3 Deh-e Balla - - - - - - - - - - - - - - - - - - - - - - * * * * * * * * * * 

4 Mahdi Ābād 
Bahaderan - - - - - - - - - - - - - - - - * * * * * * * * * * * * * * * * 

5 Fakhr Ābād - - - - - - - - - - - - - - - * * * * * * * * * * * * * * * * * 

6 Manshad - - - - - - - - - - - - - - - - - - - - - - - * * * * * * * * * 

7 Mehriz 1 - - - - - - - - - - - - - - - - - - - - - - - - - * * * * * * * 

8 Taft - - - - - - * * * * * * * * * * * * * * * * * * * * * * * * * * 

9 Yazd * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

10 Tang-e chenar - - - - - - - - - - - - - - - - - - - - - - - - - - - * * * * * 

11 Banadak Sadat - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * * * 

12 Gerda Kooh - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * * * 

13 Ali Ābād 
Chelgazi - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * * 

14 Mobarakeh - - - - - - - - - - - - - - - - - - - - - - - - - - - - * * * * 

15 Tezerjan - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

16 Ebrahim Ābād - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * * 

17 Sarv-e Ernan - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

 
Comparison of Statistical Period Length of the Studied Stations 

 and Selection of a Common Statistical Period (Continued) 
 



 The Persian Qanat                                                                             

689 
 

Appendix IV 
 

Runs Test 

 Bahaderan Deh-e Balla Fakhr Ābād Mohammad Ābād Mehriz  Manshad 

Test Valuea 63.0 306.5 140.0 56.5 69.0 398.0 
Cases < Test Value 13 10 13 14 9 10 

Cases >= Test Value 14 11 14 14 9 10 
Total Cases 27 21 27 28 18 20 

Number of Runs 16 11 17 15 11 13 
Z .400 .000 .793 .000 .243 .689 

Asymp. Sig. (2-tailed) .689 1.000 .428 1.000 .808 .491 

a. Median 

Runs Test 

 Research Center of Yazd Taft Yazd Tang-e chenar Banadak Sadat 

Test Valuea 51.6 156.0 48.8 211.3 298.5 
Cases < Test Value 10 14 6 7 6 

Cases >= Test Value 10 14 7 8 7 

Total Cases 20 28 13 15 13 

Number of Runs 10 16 6 10 7 

Z -.230 .193 -.561 .556 .000 

Asymp. Sig. (2-tailed) .818 .847 .575 .578 1.000 

a. Median 

Runs Test 

 Gerda Kooh Ali Ābād Chelgazi Mobarakeh Tezerjan 

Test Valuea 59.8 101.6 102.0 256.5 
Cases < Test Value 6 6 6 7 

Cases >= Test Value 7 7 7 7 

Total Cases 13 13 13 14 

Number of Runs 10 8 10 7 

Z 1.189 .022 1.189 -.278 

Asymp. Sig. (2-tailed) .235 .982 .235 .781 

a. Median 

Runs Test 

 Ebrahim Ābād Sarv-e Ernan 

Test Valuea 62.3 124.4 
Cases < Test Value 6 6 

Cases >= Test Value 6 7 

Total Cases 12 13 

Number of Runs 7 7 

Z .000 .000 

Asymp. Sig. (2-tailed) 1.000 1.000 

a. Median 
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Correlations  Bahaderan Deh-e Balla Fakhr Ābād Mohammad 
Ābād Mehriz 1 Manshad R.C. of 

Yazd Taft Yazd Tang-e chenar Banadak 
Sadat 

Bahaderan 
Pearson Correlation 1 .715** .657** .792** .763** .701** .738** .748** .638* .743** .743** 

Sig. (2-tailed) - .000 .000 .000 .000 .001 .000 .000 .019 .004 .004 
N 27 21 27 27 18 20 20 27 13 13 13 

Deh-e Balla 
Pearson Correlation .715** 1 .924** .730** .785** .960** .701** .648** .517 .873** .873** 

Sig. (2-tailed) .000 - .000 .000 .000 .000 .001 .001 .070 .000 .000 
N 21 21 21 21 18 20 20 21 13 13 13 

Fakhr Ābād 
Pearson Correlation .657** .924** 1 .671** .890** .925** .641** .616** .477 .827** .827** 

Sig. (2-tailed) .000 .000 - .000 .000 .000 .002 .001 .099 .000 .000 
N 27 21 27 27 18 20 20 27 13 13 13 

Mohammad 
Ābād 

Pearson Correlation .792** .730** .671** 1 .654** .683** .974** .819** .880** .889** .889** 
Sig. (2-tailed) .000 .000 .000 - .003 .001 .000 .000 .000 .000 .000 

N 27 21 27 28 18 20 20 28 13 13 13 

Mehriz 1 
Pearson Correlation .763** .785** .890** .654** 1 .788** .627** .685** .462 .655* .655* 

Sig. (2-tailed) .000 .000 .000 .003 - .000 .005 .002 .112 .015 .015 
N 18 18 18 18 18 18 18 18 13 13 13 

Manshad 
Pearson Correlation .701** .960** .925** .683** .788** 1 .665** .623** .509 .902** .902** 

Sig. (2-tailed) .001 .000 .000 .001 .000 - .001 .003 .076 .000 .000 
N 20 20 20 20 18 20 20 20 13 13 13 

Research 
Center of Yazd 

Pearson Correlation .738** .701** .641** .974** .627** .665** 1 .841** .903** .730** .859** 
Sig. (2-tailed) .000 .001 .002 .000 .005 .001 - .000 .000 .002 .000 

N 20 20 20 20 18 20 20 20 13 15 13 

Taft 
Pearson Correlation .748** .648** .616** .819** .685** .623** .841** 1 .761** .675** .806** 

Sig. (2-tailed) .000 .001 .001 .000 .002 .003 .000 .761** .003 .006 .001 
N 27 21 27 28 18 20 20 28 13 15 13 

Yazd 
Pearson Correlation .638* .517 .477 .880** .462 .509 .000 .003  .056 .003 

Sig. (2-tailed) .019 .070 .099 .000 .112 .076 13 13 13 13 13 
N 13 13 13 13 13 13 .730** .675** .541 1 .875** 

Tang-e chenar 
Pearson Correlation .799** .919** .874** .734** .699** .937** .002 .006 .056 0.000 - 

Sig. (2-tailed) .000 .000 .000 .002 .004 .000 .859** - - - - 
N 15 15 15 15 15 15 15 15 13 15 13 

Banadak Sadat 
Pearson Correlation .743** .873** .827** .889** .655* .902** .859** .806** .745** .875** 1 

Sig. (2-tailed) .004 .000 .000 .000 .015 .000 .000 .001 .003 .000 - 
N 13 13 13 13 13 13 13 13 13 13 13 

Gerda Kooh Pearson Correlation .869** .759** .743** .942** .653* .731** .936** .800** .865** .750** .790** 



 The Persian Qanat                                                                             

691 
 

Appendix IV 
 

Correlations  Bahaderan Deh-e Balla Fakhr Ābād Mohammad 
Ābād Mehriz 1 Manshad R.C. of 

Yazd Taft Yazd Tang-e chenar Banadak 
Sadat 

Sig. (2-tailed) .000 .003 .004 .000 .015 .004 .000 .001 .000 .003 .001 
N 13 13 13 13 13 13 13 13 13 13 13 

Ali Ābād 
Chelgazi 

Pearson Correlation .873** .946** .935** .828** .813** .911** .793** .714** .592* .924** .829** 
Sig. (2-tailed) .000 .000 .000 .000 .001 .000 .001 .006 .033 .000 .000 

N 13 13 13 13 13 13 13 13 13 13 13 

Mobarakeh 
Pearson Correlation .607* .653* .636* .836** .591* .671* .853** .923** .818** .586* .830** 

Sig. (2-tailed) .028 .016 .019 .000 .033 .012 .000 .000 .001 .035 .000 
N 13 13 13 13 13 13 13 13 13 13 13 

Tezerjan 
Pearson Correlation .232 .730** .670** .531 .363 .733** .477 .358 .346 .642* .789** 

Sig. (2-tailed) .425 .003 .009 .051 .203 .003 .085 .209 .246 .013 .001 
N 14 14 14 14 14 14 14 14 13 14 13 

Ebrahim Ābād 
Pearson Correlation .748** .684* .648* .751** .727** .710** .792** .646* .770** .760** .756** 

Sig. (2-tailed) .005 .014 .023 .005 .007 .010 .002 .023 .003 .004 .004 
N 12 12 12 12 12 12 12 12 12 12 12 

Sarv-e Ernan 
Pearson Correlation .835** .961** .931** .798** .740** .938** .758** .704** .539 .952** .849** 

Sig. (2-tailed) .000 .000 .000 .001 .004 .000 .003 .007 .057 .000 .000 
N 13 13 13 13 13 13 13 13 13 13 13 

Table 84. Matrix of Correlation among Data 
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Correlations  Gerda Kooh Ali Ābād Chelgazi Mobarakeh Tezerjan Ebrahim Ābād Sarv-e Ernan 

Research Center of 
Yazd 

Pearson Correlation .936** .873** .607* .232 .748** .835** 
Sig. (2-tailed) .000 .000 .028 .425 .005 .000 

N 13 13 13 14 12 13 

Taft 
Pearson Correlation .800** .946** .653* .730** .684* .961** 

Sig. (2-tailed) .001 .000 .016 .003 .014 .000 
N 13 13 13 14 12 13 

Yazd 
Pearson Correlation .865** .935** .636* .670** .648* .931** 

Sig. (2-tailed) .000 .000 .019 .009 .023 .000 
N 13 13 13 14 12 13 

Tang-e chenar 
Pearson Correlation .750** .828** .836** .531 .751** .798** 

Sig. (2-tailed) .003 .000 .000 .051 .005 .001 
N 13 13 13 14 12 13 

Banadak Sadat 
Pearson Correlation .790** .829** .830** .789** .756** .849** 

Sig. (2-tailed) .001 .000 .000 .001 .004 .000 
N 13 13 13 13 12 13 

Gerda Kooh 
Pearson Correlation 1 .845** .771** .540 .767** .801** 

Sig. (2-tailed) - .000 .002 .057 .004 .001 
N 13 13 13 13 12 13 

Ali Ābād Chelgazi 
Pearson Correlation .845** 1 .592* .830** .795** .985** 

Sig. (2-tailed) .000 - .033 .000 .002 .000 
N 13 13 13 13 12 13 

Mobarakeh 
Pearson Correlation .771** .592* 1 .443 .595* .575* 

Sig. (2-tailed) .002 .033 - .130 .041 .040 
N 13 13 13 13 12 13 

Tezerjan 
Pearson Correlation .540 .830** .443 1 .580* .881** 

Sig. (2-tailed) .057 .000 .130 - .048 .000 
N 13 13 13 14 12 13 

Ebrahim Ābād 
Pearson Correlation .767** .795** .595* .580* 1 .740** 

Sig. (2-tailed) .004 .002 .041 .048 - .006 
N 12 12 12 12 12 12 

Sarv-e Ernan 
Pearson Correlation .801** .985** .575* .881** .740** 1 

Sig. (2-tailed) .001 .000 .040 .000 .006 - 
N 13 13 13 13 12 13 
**. Correlation is significant at the 0.01 level (2-tailed). *. Correlation is significant at the 0.05 level (2-tailed). 

 

Table 85. Matrix of Correlation among Data (Continued) 
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No. Station Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun Jul. Aug. Sep. Annual 

1 Research Center of Yazd 0.6 4.1 6.7 11 7.5 9.6 7.3 3.2 0.8 0.2 0.3 0 51.2 

2 Mohammad Ābād 0.5 2.5 7.7 12 9.9 9.7 9.4 2.7 0.6 0.4 0.2 0 55.6 

3 Deh-e Balla 3.6 17.7 56.6 45.6 45.8 64.5 68.8 20.9 6.5 1.5 1.9 0.1 333.5 

4 Bahaderan 1.2 3 10.2 11.8 8.6 10 10.7 5.1 1.4 0.2 0.3 0 62.4 

5 Fakhr Ābād 1 5.4 22.9 25.9 25 26 22.7 8.9 2 0.2 0.4 0.1 140.5 

6 Manshad 2.9 12.7 66.8 62.6 63.2 63.1 62.6 15.2 5.5 0.3 2.6 0.1 357.5 

7 Mehriz 0.9 3.6 11.9 15.1 10.7 12.8 9.2 3.4 0.8 0 0.3 0 68.7 

8 Taft 2.4 8.7 21.8 27.2 25.5 32.5 22.3 7.1 1.5 1.2 0.1 0 150.2 

9 Yazd 0.3 3.2 11.1 12.1 6.3 8.7 5.7 1.7 0.5 0.4 0 0 50.1 

10 Tang-e chenar 0.6 4.1 6.7 11 7.5 9.6 7.3 3.2 0.8 0.2 0.3 0 51.2 

11 Banadak Sadat 0.5 2.5 7.7 12 9.9 9.7 9.4 2.7 0.6 0.4 0.2 0 55.6 

12 Gerda Kooh 3.6 17.7 56.6 45.6 45.8 64.5 68.8 20.9 6.5 1.5 1.9 0.1 333.5 

13 Ali Ābād Chelgazi 1.2 3 10.2 11.8 8.6 10 10.7 5.1 1.4 0.2 0.3 0 62.4 

14 Tezerjan 1.1 10.4 50.6 48.5 46.8 46.9 79.2 12.6 8.5 0.9 1.2 0.1 306.8 

15 Ebrahim Ābād 0.5 3.3 10.6 13.6 11.6 17.9 10.8 1.8 0.2 0.1 0.3 0 70.8 

16 Sarv-e Ernan 1.5 5 28.3 23 21.8 19.7 23.4 8.2 1.8 0 0.4 0 133 

Table 86. Average Monthly & Yearly Rainfall of Studied Stations 
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No. Station 
Autumn Winter Spring Summer Annual 

mm % mm % mm % mm % mm % 

1 Research Center of Yazd 11.4 2 28.1 54.9 11.3 22.1 0.5 0.98 51.2 100 
2 Mohammad Ābād 10.7 19.2 31.6 56.8 12.7 22.8 0.6 1.08 55.6 100 
3 Deh-e Balla 9.77 23.4 155.9 46.7 96.2 28.8 3.5 1.05 333.5 100 
4 Bahaderan 4.14 23.1 30.4 48.7 17.2 27.6 0.5 0.80 62.4 100 
5 Fakhr Ābād 3.29 20.9 76.9 54.7 33.6 23.9 0.7 0.50 140.5 100 
6 Manshad 4.82 23.0 188.9 52.8 83.3 23.3 3 0.84 357.5 100 
7 Mehriz 4.16 23.9 38.6 56.2 13.4 19.5 0.3 0.44 68.7 100 
8 Taft 9.32 21.9 85.2 56.7 30.9 20.6 1.3 0.87 150.2 100 
9 Yazd 6.14 29.1 27.1 54.1 7.9 15.8 0.4 0.80 50.1 100 
10 Tang-e chenar 4.11 22.3 28.1 54.9 11.3 22.1 0.5 0.98 51.2 100 
11 Banadak Sadat 7.10 19.2 31.6 56.8 12.7 22.8 0.6 1.08 55.6 100 
12 Gerda Kooh 9.77 23.4 155.9 46.7 96.2 28.8 3.5 1.05 333.5 100 
13 Ali Ābād Chelgazi 4.11 23.1 30.4 48.7 17.2 27.6 0.5 0.80 62.4 100 
14 Tezerjan 62.1 20.2 142.2 46.3 100.3 32.7 2.2 0.72 306.8 100 
15 Ebrahim Ābād 14.4 20.3 43.1 60.9 12.8 18.1 0.4 0.56 70.8 100 
16 Sarv-e Ernan 34.8 26.2 64.5 48.5 33.4 25.1 0.4 0.30 133 100 

Table 87. Average Seasonal Rainfall of Studied Stations 
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No. Station Height Average Yearly Rainfall 
(mm) 

1 Research Center of Yazd 1283 51.2 

2 Mohammad Ābād 1273 55.6 

3 Deh-e Balla 2606 333.5 

4 Bahaderan 1444 62.4 

5 Fakhr Ābād 1783 140.5 

6 Manshad 2214 357.5 

7 Mehriz 1456 68.7 

8 Taft 1529 150.2 

9 Yazd 1237 50.1 

10 Tang-e chenar 2245 222.4 

11 Banadak Sadat 2196 309.8 

12 Gerda Kooh 1459 97.7 

13 Ali Ābād Chelgazi 1955 123.2 

14 Tezerjan 2153 306.8 

15 Ebrahim Ābād 1612 70.8 

16 Sarv-e Ernan 1990 133 

Table 88. Rainfall and Elevation information of Selected Stations 

 

Our study showed that with regard to completion of statistics and length of statistical period 
of 25 years, the average monthly and yearly rainfall of all selected stations was calculated. 
Table 88 shows the average monthly & yearly rainfall of selected stations. 

Seasonal rainfall was specified with respect to the data set out in Table 89. Main rainfalls 
were received in winter. On average 22.6% of rainfall received in Fall, 52.8% in Winter, 
23.8% in Spring and 0.8% in Summer. 

 

Model Summaryb 

Model R R Square Adjusted R 
 

Std. Error of the Estimate 

1 .895a .802 .788 51.04570 
a. Predictors: (Constant), height 

b. Dependent Variable: p 

b. Dependent Variable: p 

Coefficientsa 

Model 
Unstandardized Coefficients Standardized 

 
 

B Std. Error Beta t Sig. 

1 
(Constant) -258.287 56.818  -4.546 .000 

height .234 .031 .895 7.525 .000 
a. Dependent Variable: p 



 The Persian Qanat                                                                             

696 
 

Appendix IV 
 

 

Map 32. Isohyetal Curves 

Average 
Monthly 

Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun Jul. Aug. Sep. 

4.9 7.4 27.8 32.4 33.1 37.8 41.2 9.5 3.3 0 2 0 

Table 89. Average Monthly Rainfall at the Basin 

 

Review of Short-Term Rainfall Density 

For the study of short-term rainfall intensities we obtained information from the Dept. of 
Studies of Yazd Water Company, and short-term rainfall intensities of Mahmoud Ābād 
Station in Yazd were regarded for plain areas and short-term rainfall intensities of Manshad 
Station were considered for mountain areas. Then, by making use of the information received 
from the said stations and Samada Software, we selected the best statistical distribution and 
assessment of short-term rainfall intensities, with various return periods. Tables (95) and (96) 
show rainfall intensities with 2-year, 5-year, 10-year, 25-year, 50-year, 100-year and 200-
year return periods. It is to be noted that the information of short-term rainfall intensities of 
Mahmoud Ābād Station in Yazd has been mentioned here solely for the purpose of 
comparison of plain areas with mountain areas, and short-term rainfall intensities of Manshad  
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Station were used for the assessment of the surface runoff which has an effective role in 
feeding Hassan Ābād Qanat. 

By using the data set out in the above-said tables, the rainfall intensity, duration & frequency 
curves for Mahmoud Ābād of Yazd and Manshad Stations were drawn. Graph No. (47) and 
No. (48) Show rainfall intensity, duration & frequency curves of the said stations. As it is 
seen, regarding short-term rainfall intensities of Manshad Station, some of them continued for 
duration of 12 hours, indicating high potential of runoff production in Manshad Region; 
while short-term rainfall intensity duration was 2 hours at maximum at Mahmoud Ābād of 
Yazd Station, not to mention its lower quantity. Additionally, the slope of the rainfall short-
term densities curves of mountain areas are very steeper than that of the plain areas, 
indicating lower rainfall intensity with increase in time. For calculation of rainfall intensity 
with varying return periods, was made use of the data set out in tables (95) and (96), and their 
mathematical model was assessed as detailed below and are shown in Tables (96) and (98). 

No. Station Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun Jul. Aug. Sep. Annual 

1 Mohammad 
Ābād 1 8 14 15 21 25 12 5 1 0 0 0 25 

2 Deh-e Balla 15 27. 5 60 56 40.9 63 81 28 7 6.5 6.3 0 61 

3 Bahaderan 8.5 13.5 17.5 24.5 14.4 17.1 10 4.5 1.5 1.5 0 0 24.5 

4 Yazd 2.8 12 20.1 21.3 10.9 26.9 11.9 3.8 4.4 3.8 0 0 26.9 

5 Ebrahim 
Ābād 0.6 8 13.5 21 18.5 29.5 10 4.5 2 1 0 0 29.6 

6 Mehriz 13.1 2.1 0.5 1.3 0 0 0 21.7 13.8 9.7 16.4 15.8 21.7 

7 Fakhr Ābād 10 21 42 49 42 39.5 59 20 21 5.5 5 2 59 

8 Manshad 21 43.5 130 82 98 96 79 29 41 2 6 1.5 130 

9 Taft 10 12 22 26 23 45 24 12 8 13 2 0 45 

Table 90. Statistics of Daily Max. Rainfall of Climatology Stations within the Research Bounds of Hassan Ābād 
Moshir  Figures in Millimeters 

Return Period 
Time /(min) 2 5 10 25 50 100 200 Distribution 

15 9.6 13.9 16.2 18.6 20.2 21.6 22.8 LN 

30 7 10.3 12 13.8 14.9 16 17 LN 

45 5.8 8.1 9.1 10.1 10.7 11.2 11.6 LN 

60 4.8 6.7 7.6 8.5 9 9.5 9.9 P 

90 3.2 4.9 6 7.1 8 8.8 9.5 P 

120 2.5 4 5 6.2 7 7.9 8.7 P 
 

Table 91.Short-Term Rainfall Intensities Duration of Mahmoud Ābād Station in Yazd 
LN: log Normal, P: log Pearson  
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Correlation Coefficient (R) Assessed Model 
Return Period 

 (T), yr 

R=0.98 𝐈 = −𝟔𝟏.𝟏𝟓𝐭−𝟎.𝟔𝟒 2 

R=0.98 𝐈 = 𝟕𝟕.𝟑𝟐𝐭−𝟎.𝟔𝟎 5 

R=0.99 𝐈 = 𝟖𝟎.𝟑𝟖𝐭−𝟎.𝟓𝟕 10 

R=0.99 𝐈 = 𝟖𝟐.𝟗𝟔𝐭−𝟎.𝟓𝟒 25 

R=0.98 𝐈 = 𝟖𝟑.𝟔𝟒𝐭−𝟎.𝟓𝟐 50 

R=0.98 𝐈 = 𝟖𝟐.𝟖𝟏𝐭−𝟎.𝟓𝟎 100 

R=0.97 𝐈 = 𝟖𝟐.𝟒𝟕𝐭−𝟎.𝟒𝟖 200 
*- I: Rainfall Intensity in terms of mm/h 
**- t: Rainfall Time in terms of Minutes 

Table 92. Relations in Assessment of Short-Term Rainfall Intensities Duration of Mahmoud Ābād Station in Yazd 

 

 

Chart 48. Curves of Intensities, Duration, and Frequency at Mahmoud Ābād Station in Yazd 

 

Return Period 
Time /(min) 2 5 10 25 50 100 200 Distribution 

15 22 34.3 43.5 56.3 66.6 77.8 89.5 P 

30 15 20.7 24.3 28.7 31.8 34.4 37.9 P 

45 12.5 17.1 20.3 24.1 27 29.9 32.8 P 

60 10.4 14.6 17.4 21 23.6 26.3 28.9 G 

90 8.3 11.2 13.2 15.8 17.7 19.6 21.6 P 

120 7.8 10.5 12.3 14.5 16.1 17.8 19.5 LN 
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180 6.7 9.3 11 13.1 14.8 16.4 18 LN 

360 5.4 5.7 9 10.9 12.3 13.7 15.2 LN 

720 3 5 6.5 8.5 10 12.1 13.8 LN 
Table 93. Short-Term Rainfall Intensities at Manshad Stations 

LN: log Normal, P: log Pearson, G: Gumbel 
 

Correlation Coefficient (R) Assessed Model Return Period 
(T), yr  

R=0.99 I  2 
R=0.97 I  5 
R=0.93 I  10 
R=0.89 I  25 
R=0.86 I  50 
R=0.82 I  100 
R=0.78 I  200 
*-I:  Rainfall Intensity in terms of mm/h 
**- t: Rainfall Time in terms of Minutes 

Table 94. Estimation Relations of Short-Term Rainfall Intensities at Manshad Station 

 

 

Chart 49. Curves of Intensities, Duration, and Frequency at Manshad Station 

 

Relative Humidity 

For the purpose of studying relative humidity in the studied region, initially the average daily 
relative humidity measured three times a day. Then, the average monthly relative humidity 
was estimated for the synoptic stations of Yazd, Evaporation Station of Mohammad Ābād 
and Deh-e Balla and Climatology Stations of Mahdi Ābād, Bahaderan, Ebrahim Ābād and 
Mehriz. The results show that the driest months are July and August and the most humid 
month is December.  
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Temperature 

Temperature is a meteorological parameter which plays a role in the climate, evaporation and 
transpiration in the region. Therefore, with regard to the data received from Synoptic Stations 
of Yazd, Evaporation Station of Mohammad Ābād and Deh-e Balla and Climatology Stations 
of Mahdi Ābād, Bahaderan, Ebrahim Ābād and Mehriz, the average min. temperature, 
average max. temperature, Average monthly temperature, min. absolute temperature and 
max. Absolute temperature at the above-said stations were investigated.  

 

Review of Relationship between Temperature and Elevation in the Studied Region 

With respect to the average monthly and yearly temperatures at evaporation and climatology 
stations at the studied region and the elevation of each of such stations, we estimated the 
relationship between average monthly and yearly temperatures. The mentioned relationships 
are as detailed below: 

 

Month Correlation Coefficient 
(R) Assessed Model 

Oct. r=0.93 y=28.48-0.005x 
Nov. r=0.95 y=21.60-0.005x 
Dec. r=0.93 y=12.69-0.003x 
Jan. r=0.95 y=10.68-0.003x 
Feb. r=0.95 y=14.14-0.005x 
Mar. r=0.95 y=20.35-0.006x 
Apr. r=0.99 y=25.60-0.006x 
May r=0.99 y=31.94-0.006x 
Jun r=0.97 y=38.90-0.008x 
Jul. r=0.97 y=41.32-0.007x 

Aug. r=0.96 y=39.23-0.007x 
Sep. r=0.90 y=34.20-0.005x 

Annual r=0.96 y=26.65-0.006x 

Table 95. 

With regard to the above-said relations and the average elevation of the basin, i.e., 1988.5 
meters, the average monthly and yearly temperatures of the basin may be calculated. 

 

Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun Jul. Aug. Sep. Annual 

18.5 11.6 6.7 4.7 4.2 8.4 13.6 20 23 27.4 25.3 24.2 14.7 

Table 96 .Average Monthly Temperature of the Basin 
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Evaporation 

For investigating evaporation, we used the data received from Evaporation Stations of 
Mohammad Ābād, Deh-e Balla, Mahdi Ābād, Bahaderan, Ebrahim Ābād and Mehriz. Such 
data are shown in Table 100. 

 

Station Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun Jul. Aug. Sep. Annual 

Mohammad 
Ābād 123 90 60 36 39 92.8 148.8 217 223.3 241.8 217 173.6 1662.2 

Mehriz 126 90 60 36 84 87 124 213.9 217 223.2 210.8 176.7 1645.6 

 
Table 97. Calculation of Evapotranspiration, by using  

Belani-Criddle Method (mm per month) 
 

According to data set out in Tables (98) through (99) and the relation (101), the 
Evapotranspiration (ETo) was calculated by making use of Hargreaves method; its amounts 
have been shown for Mohammad Ābād and Mehriz Stations in Table (102). 

 

Station Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun Jul. Aug. Sep. Annual 

Mohammad 
Ābād 266.5 164.4 99.32 98.5 131.5 197.3 293.0 382.4 445.0 466.4 467.3 349.5 3361.0 

Mehriz 218.2 129.3 78.6 73.2 110.3 182.5 239.5 303.9 363.2 394.9 363.4 299.3 2756.4 

 
Table 98. Estimation of Monthly Evapotranspiration, by making use of  

Hargreaves Method, in terms of millimeters per month 
 

Upon comparing figures obtained from Belani-Criddle Method and Hargreaves Method, 
Tables (101) and (102) with figures in Table (100), which shows the evaporation quantity out 
of the evaporation tank, we may see that it is more appropriate to follow Hargreaves Method 
for calculation of evapotranspiration. It is to be noted that for calculation of evaporation from 
the free water surface, the obtained evapotranspiration may be divided by coefficient 0.8. 

 

No. Station Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun Jul. Aug. Sep. Annual 

1 Mohammad 
Ābād 29.8 42.3 49.4 58.1 52 42.5 35.8 29.4 22.2 21.9 21.9 21.4 35.6 

2 Deh-e Balla 30.9 42.8 52.2 55.9 58.6 43.3 40.8 32.1 26.3 23.8 22.8 24.4 37.8 

3 Bahaderan 20.5 29.9 37.3 39.2 34.2 30 25.8 20.8 16 13.7 13.5 14.1 24.6 
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4 Yazd 21.6 34.5 48.5 50.1 46.9 33.3 30.8 24.1 17.2 16.1 15.7 15.9 29.6 

5 Ebrahim 
Ābād 27.4 42 56.7 57 50.9 37.8 34.7 26.8 19.2 17.8 20.3 21 34.3 

6 Mehriz 24.5 38.2 49.1 51.9 46.5 35.2 36.4 27.7 20 21 19.1 20 32.5 

 
Table 99. Statistics of Average Monthly Relative Humidity at Climatology Stations  

within the Studied Area of Hassan Ābād Moshir Qanat / Figures are in Percent 

 

No. Station Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun Jul. Aug. Sep. Annual 

1 Mohammad 
Ābād 12.4 6.1 0.5 -1.7 0.0 4.3 9.6 15.7 20.5 24.3 21.7 17.1 10.9 

2 Deh-e Balla 10.0 4.1 -0.1 -3.3 -3.0 0.9 5.0 10.2 13.1 17.8 16.5 14.5 7.1 

3 Bahaderan 9.7 4.8 -0.1 -1.8 -0.4 3.4 8.4 13.5 17.5 21.1 19 15.8 9.2 

4 Yazd 15.2 9 3.2 0.8 2 6.6 11.6 17.2 22 26 24 20.9 13.2 

5 Ebrahim Ābād 12.2 6.6 1.3 -1.4 0 4.4 9.6 15 19 22.5 20.9 17.6 10.6 

6 Mehriz 15 8.9 3.1 0.6 2.6 6.9 10.1 16.5 21 24.6 23.6 20.5 12.8 

Table 100. Statistics of Average Min. Temperature at Climatology Stations within 
the Studied Area of Hassan Ābād Moshir Qanat / Figures are in Centigrade Degrees 

 

 

No. Station Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun Jul. Aug. Sep. Annual 

1 Mohammad 
Ābād 30.4 22.8 14.8 12.9 14.7 19.8 25.2 31.6 36.5 40.1 38.8 34.0 26.8 

2 Deh-e Balla 20.7 13.1 9.1 6.7 6.6 10.0 14.7 21.1 22.8 28.4 26.9 25.4 17.1 

3 Bahaderan 29.2 22.2 15.1 11.6 12.7 18.9 24.1 30.2 34.8 38.2 36.8 31.1 25.8 

4 Yazd 30.7 23 15.8 13.4 15 20.6 25.4 31.6 36.7 40.3 39. 36.8 27.4 

5 Ebrahim Ābād 28.5 20.9 14.5 11.7 13.5 18.7 23.3 29.5 34.1 38.4 36.1 34 25.3 

6 Mehriz 29.4 21.7 14.1 11.3 14.4 20.2 23.5 29.7 34.7 38.6 37.3 34.7 25.8 

Table 101. Statistics of Average Max. Temperature at Climatology Stations within 
the Studied Area of Hassan Ābād Moshir Qanat / Figures are in Centigrade Degrees 

 

No. Station Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun Jul. Aug. Sep. Annual 

1 Mohammad 
Ābād 21.4 14.4 7.7 5.6 7.4 12.1 17.4 23.6 28.5 32.2 30.3 25.5 18.8 

2 Deh-e Balla 15.3 8.6 4.5 1.7 1.8 5.5 9.8 15.7 18.0 23.1 21.7 20.0 12.1 

3 Bahaderan 19.8 13.7 7.9 5.2 6.8 11.6 16.4 22.7 25.9 29.8 28 25.4 17.8 
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4 Yazd 23 16 9.5 7.1 8.5 13.6 18.5 24.4 29.3 33.2 31.5 28.8 20.3 

5 Ebrahim 
Ābād 20.4 13.8 7.9 5.2 6.7 11.5 16.4 22.2 26.5 30.5 28.5 25.8 18 

6 Mehriz 22.2 15.3 8.6 6 8.5 13.6 16.8 23.1 27.9 31.6 30.4 27.6 19.3 

Table 102. Statistics of Average Monthly Temperature at Climatology Stations  
within the Studied Area of Hassan Ābād Moshir Qanat / Figures are in Centigrade Degrees 

 

No. Station Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun Jul. Aug. Sep. Annual 

1 Mohammad 
Ābād 1 -6 -14 -14.5 - 18 -15 -7 -1 5 11 7 5 -18 

2 Deh-e Balla 9.5 -2.5 -4.5 -10 -9.5 -9.5 5 2 7.5 16 14 12.2 -10 

3 Bahaderan 3 -6.6 -12.8 -17.5 -14 -8 - 1.8 5 6 12 10.4 8 -17.5 

4 Yazd 5.2 -1.6 -6.8 -10.8 -9 -3.4 0.8 9 12.4 16.2 16.6 14.4 -10.8 

5 Ebrahim Ābād 0.8 -3.5 -9 -13 -12 -7.1 -2.2 5 10 14 14.6 11.6 -13 

6 Mehriz 8.6 0.2 -6.6 -9.4 -9 -5.8 -1 6.4 12.6 18.8 17.4 14.4 -9.4 

Table 103. Statistics of Min. Absolute Temperature at Climatology Stations within  
the Studied Area of Hassan Ābād Moshir Qanat / Figures are in Centigrade Degrees 

No. Station Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun Jul. Aug. Sep. Annual 

1 Mohammad 
Ābād 36.4 31.5 26 25 28 31 35 39.2 43.6 45 44.5 42 45 

2 Deh-e Balla 26 20.5 14.5 16 12.5 14.5 22.5 26 29.5 33 32.2 28.8 32.2 

3 Bahaderan 36.5 30 26 32.5 27.5 33.5 36 39 41.5 43.5 42.5 40.5 43.5 

4 Yazd 37 32 25.8 24.8 27.8 35.2 33.6 39.4 43.6 45.4 44.8 42 45.4 

5 Ebrahim Ābād 35 29.5 24 23 26 38 31 36.5 40.8 43 42 39.2 43 

6 Mehriz 35.6 30.8 23.4 23.6 26 33.8 30.8 37.2 43.2 42.4 42.5 40.6 43.2 

Table 104. Statistics of Max. Absolute Temperature at Climatology Stations within  
the Studied Area of Hassan Ābād Moshir Qanat / Figures are in Centigrade Degrees 

No. Station Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun Jul. Aug. Sep. Annual 

1 Mohammad 
Ābād 292.8 178.1 104.1 88.6 130.3 197.8 288.7 431.7 513 562.1 557.6 403.1 3748.3 

2 Deh-e Balla 178.9 100.3 60.4 43.4 48.6 133.3 187.7 226 241.5 292.2 275.1 242 2029.4 

3 Bahaderan 230.8 143.6 86.6 65.7 94.6 175.4 259.7 344.2 431.9 441.2 450.1 372 3096.1 

4 Yazd 264.8 156.2 62.5 19.4 9 112.2 263.6 361.7 463.5 518.4 486.5 399.5 3117.2 

5 Ebrahim 
Ābād 343.4 185.2 64.6 15 0 0 132.6 307.4 483.8 532.2 516.7 463.6 3044.4 

6 Mehriz 292.7 157.5 48.4 9.9 0 113.2 249.8 318.4 424.9 499.7 474.2 412.9 3001.6 

Table 105. Statistics of Average Evaporation at Evaporation and Climatology Stations within the Studied Area of 
Hassan Ābād Moshir Qanat / Figures are in Centigrade Degrees 
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Wind 

Within our research limits, i.e., Yazd Synoptic Station, Bahdoran, Ebrahim Ābād and Mehriz 
Climatology Stations, long-term statistics on wind are available. They measure and record the 
maximum velocity and direction of wind three times a day at 6:30, 12.30 and 18.30; the result 
of which is shown in Table (110). According to this table, the highest winds often blow in 
March, April and May. With respect to Wind Rose Plot of Yazd Synoptic Station, shown in 
chart 49, it is understood that the most frequent wind speed is 7 to 11 knots. 

 

Chart 50. Wind Rose Plot of Yazd Synoptic Station 

 

No. Station  Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun Jul. Aug. Sep. Annual 

1 Bahaderan 
m/s 10 10 14 16 20 20 20 14 10 10 8 8 20 

direction 
(Degree) 130 220 220 310 220 220 220 310 220 220 360 50 220 

2 Yazd 
m/s 17 16 35 19 22 25 25 24 30 23 22 20 35 

direction 
(Degree) 270 330 220 320 210 260 300 300 290 180 220 300 220 

3 Ebrahim 
Ābād 

m/s 14 20 20 20 20 20 20 20 20 20 14 14 20 

direction 
(Degree) 270 270 270 270 270 270 270 270 270 270 360 360 270 

4 Mehriz 
m/s 10 13 13 15 22 25 22 20 15 14 15 13 25 

direction 
(Degree) 30 210 210 180 210 150 240 250 10 180 320 360 150 

Table 106. Statistics of Maximum wind Velocity at Climatology Stations within  
Studied Area of Hassan Ābād Moshir Qanat – in terms of m/s 
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Effective Rainfall 

Regarding that the water of Hassan Ābād Moshir is use for agricultural purposes at two cities 
of Mehriz and Yazd and in which often garden-plot fruits, vegetables and alfalfa are 
cultivated. The ETc is different months of the year is determined as detailed below: Initially, 
with regard to estimation of ETc, using Hargreaves Method, the amount of which has shown 
in Table (110), and also the quantities of Kc in various months, the ETc was estimated for 
Mohamamd Ābād of Yazd and Mehriz which are shown in Tables (111) and (112). 

 Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun Jul. Aug. Sep. 

ETO 266.5 164.4 99.2 98.5 131.5 197.3 293.0 382.4 445.0 466.4 467.3 349.5 

Kc 0.4 04 0.4 0.4 0.4 0.4 0.4 0.4 0.5 1.15 1.15 0.6 

ETc 106.6 65.8 39.7 39.4 52.6 78.9 117.2 153.0 222.5 536.4 560.7 209.7 

Peff 0 0 1.9 3.5 3.7 5.3 7.6 0 0 0 0 0 

Table 107. Effective Rainfall at Mohamamd Ābād Station in Yazd in different months 

 

 Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun Jul. Aug. Sep. 

ETO 218.2 129.3 78.6 73.2 110.3 182.5 239.5 303.9 363.2 394.9 363.4 299.3 

Kc 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.5 1.15 1.15 0.6 

ETc 87.3 51.7 31.4 29.3 44.1 73.0 95,8 121.6 181.6 454.1 436.1 179.6 

Peff 0 0.4 2.8 3.5 3.4 7.1 6.0 0.7 0 0 0 0 

Table 108. Effective Rainfall at Mehriz Station in Different Months 

Regarding that the water of Hassan Ābād Qanat is consumed as drinking water in cities of 
Mehriz and Yazd, so by making use of quantity of monthly average rainfall and the monthly 
ETc quantities at Mohammad Ābād and Mehriz Stations, we can estimate the effective 
monthly rainfall quantity (P eff) according to the relation (3-1). It is to be noted that the  

 

Quantity D, has been considered 75 mm with regard to the type of soils in two respective 
regions; therefore, F(D)=1. 

With respect to the obtained quantities of Effective Rainfall (P eff), which have been shown 
in Tables (111) and (112), we can notice that at Mahmoud Ābād Station the effective rainfall 
is positive in five months, i.e., October, November, December, January and April and at 
Mehriz Station, seven months, i.e., September, October, November, December, January, 
April and May, and there is no rainfall in remaining months. 
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Water Sources (Hydrology and Hydrogeology) 

Survey of Aquifer at the Region 

According to the geological structure at Tarehkar Qanat and water intake in the permeable 
layer and the water movement factor in it, it may be deemed as an unconfined aquifer, and 
according to the hydraulic relation and the volume of Water harvesting from this aquifer, we 
may say that it is enjoying a proper water intake, transmissibility and discharge. The aquifer 
of Hassan Ābād Qanat is in form of a alluvial-valley aquifer, including alluvium and water-
bearing cones which have been created by the mountainous morphology, and geognostically, 
the aquifer is an alluvial plain which has been encompassed by Kerman conglomerate uplift, 
and its depth has been filed with sediments of floods of the valleys situated in the west, like 
Anar Valley, etc. Its groundwater reserve type, whether static or renewable, is deemed 
excellent; because, it bears a remarkable volume of renewable reserves. Regarding water 
inlets and outlets and its type of natural feeding and discharge, there are initially several inlets 
(from valleys) and an outlet from Miankuh Plain. 

Aquifer of Mother Well of Dehno-Hassan Ābād Qanat 

This aquifer which is in fact the southwestern flank of Sani Ābād-Mehriz Syncline was 
created itself out of Taft Formation. Karst corridors may develop in the Taft lime formation 
due to its solubility, and a good aquifer may develop out of inter-connections of karst 
corridors. Sangestan Formation lies under Taft Formation. Existence of shale layer on its 
upper part, and also presence of arcose sandstones in its formation prevent formation of 
aquifer in it. Shirkhouh granite masses lie under these formations. This masses do not have a 
proper water conductivity; they are dense and do not have much initial porosity. Only 
existence of fractures and faults may provide conditions for their having water reserve and 
transfer. Existence of such faults may contribute to the water transfer and feeding adjacent 
formations, especially alluvial formation of the region in which the mother well of the Qanat 
is situated. 

 

Survey of the Type of Aquifer of Mother Well of Dehno-Hassan Ābād Qanat 

Aluvial Aquifer (Qt2)  

This aquifer has been formed due to erosion of upstream elevations (Anar Valley, etc.) and 
transfer of sediments by the floods inundated this valley area, which is limited by the 
elevations of Kerman conglomerate formation. Sediments have low depths; down to 50 
meters, and the mother well of Dehno-Hassan Ābād Qanat is based in this aquifer. This 
aquifer is in fact where water is accumulated and the water reserve is formed due to upstream 
hard formation discharge. The texture of the aquifer sediments is made up of coarse grains, 
with high storage potential (S), permeability (k) and transmissibility (T), as well as sand and 
gravel particles and cobblestones. This aquifer is bounded by Kerman conglomerate, leading 
to trapping and enhancement of water storage in this aquifer. 
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Aquifer of Taft Formation (Kt) 

This aquifer has been formed by Taft formation and Karst corridors may further develop due 
to its solubility. Actually, interconnections of karst corridors form a good aquifer, and 
existence of fractures and faults may provide conditions for water storage and water transfer 
to the alluvial aquifer. Indeed, such faults cause creation of small and seasonal springs, with 
small or great discharge (Gharbalriz Spring) and have an impact on transfer of water and 
feeding its neighboring formations. 

Existence of Sangestan formation under this formation together with shale layers in its upper 
part, and also Shirkouh granite masses under this formation aquifer, which is quite compact, 
with no water conductivity, have provided conditions for discharge of water storage of this 
formation aquifer to the adjacent soft formation (Qt2). 

Sangestan Formation Aquifer (Ks) 

This formation lies under Taft formation (Kt) and existence of shale layers in its upper parts 
and also existence of arcose sandstone in it prevent formation of an aquifer in it. 

Granite Formation Aquifer (gsh) 

This granite mass is situated under Sangestan formation (Ks) and Taft formation (Kt). This 
mass bears no proper water conductivity and it is quite compact and it does not have much 
initial porosity. Only existence of fractures and faults may provide for conditions or water 
storage and transfer in them. Field evidences show that there are small and seasonal springs 
with a little discharge along some of these faults. Probably, there are such small springs in the 
depth, which play a role in supplying water in the soft formation (Qt2) and feeding the 
mother well of the Qanat. 

 

Survey of Feeding Source of Dehno-Hassan Ābād Qanat 

Underground Sources 

Regarding the average annual rainfall of 100 mm, and the rain falling on the hard and karst 
formation which is very porous and fractured and widely spread, and with respect to the 
permeability status of such formations, it is expected that the major portion of these rainfalls 
to penetrate into the formation and get discharged to the depths of the soft alluvial formation 
by network of joints and fractures. 

Feeding of Aquifer of Dehno-Hassan Ābād Qanat 

The limes of Taft Formation are extended from Shirkouh to Madouar Mountain, and 
precipitation constitute a most important and the major feeding of this limes, such that 
average rainfall at Deh-e Balla Station is 325 mm annually, and regarding that a part of the 
such precipitations is in form of snowing, it is expected that a remarkable percentage of the 
precipitated waters to penetrate the lime mass, and the southern flank of Sani Ābād-Mehriz  
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Syncline forms a major proper surface for the water absorption, because it has no steep slope, 
and further, existence of many fractures and advancement of karst-making processes have led 
to remarkable penetration of water in them, and it is strongly presumed the penetration 
portion is not less than 30%. 

As stated before, the granite of Shirkouh is not able to store water as the future of 
groundwater source, due to not having initial porosity, and a little source has been stored in 
the faults and fractures, and there is water is transferred at low quantities through passages in 
such faults. Therefore, it is likely that water penetrated into the granite situated at the 
elevations, joins the water sources existing in subsurface limes after a short traveling through 
the fractures. The water sources of the aquifer of the Qanat may be under the effect of 
penetrated waters from the northeastern flank of the syncline. Figure (1-1) shows the 
geological cross section of this section.  

 
Chart 51. Geological Cross Section AA’ 

 

Chart 52. Geological Cross Section of Mother Well of Dehno-Hassan Ābād Qanat 
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Sources of Surface Water 

Existence of overlooking valleys at the upstream part of the basin, including Anar Valley, 
plays an important role in collection of rainfalls and runoffs and even flood waters, in such a 
manner that according to a hydrological study the runoff discharge produces a volume that 
flood waters may be collected by construction of recharge weirs (available soil weir), and 
whereas the mother well of the Qanat basin is enjoying a proper physiography for penetration 
of runoffs, then, it may receive a significant portion of such runoffs. 

 

The Status of Water Resources Available at the Region and their Distance to the Qanat 

The following investigations were carried out for the purpose of determination of water 
resources in during the seasons of the years and also annual balance of groundwater, using 
respective statistical and information sources. In intended qanat is situated at the south and 
southwest of aquifer of Yazd-Ardakān Plain. According to the latest survey, there are 827 
qanats, 49 outlets and 1063 deep wells and 255 semi-deep wells this research area, yielding 
annual total discharge of 292.658 million cubic meters, which is used for agricultural, 
drinking and industrial consumptions, i.e., respectively 460.07, 35.33 and 96.19 million cubic 
meters, at this plain. Table (113) shows the specifications of the aquifer of Yazd-Ardakān 
Plain. 
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1063 39.1 24 4599 272014 255 224 31 2984 20644 1318 292.658 

Table 109. Specifications of the Aquifer of Yazd-Ardakān Plain 

 

Determination of Water Level and Depth in Shafts and Determination of Water Level 
at Qanat 

Upon inspection of the mother well at, we found the water level at the depth of 20 meters 
from the earth level. 
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Water Quantity 

Dehno-Hassan Ābād Moshir Qanat Basin, which is overlooking the mother well of the said 
qanat, is situated at Gharbalbiz Spring Area at Mehriz, and its outflow runoffs originate from 
elevations of Bakhtak and Madouar Mountains and they are guided toward mother wells of 
the main and subsidiary branches of Dehno-Hassan Ābād Moshir Qanat. With regard to the 
lime components of the geological formations of the region and proper permeability within 
Hassan Ābād mother wells area, availability of five main and subsidiary qanat branches 
caused penetration of the major portion of the outflow runoff from the said qanat basin into 
the aquifer of the region. As a result, taking measures to control floods and artificial recharge 
for the purpose of enhancing discharge of Dehno-Hassan Ābād Moshir are recommended. 

 

Physical Situation and Specifications of the Basin 

Dehno-Hassan Ābād Moshir Qanat Basin is situated between 31 degrees 20 minutes north 
through 31 degrees 53 north and 54 degrees 21 minutes east through 54 degrees 28 minutes 
east, with an area of 13.87 square kilometers. The summary of physiographic characteristics 
of the basin is presented in Table (114). 

 

No. Physiographic Characteristics Unit 

1 Area (Km2)  13.87 

2 Circumference (Km) 20.696 

3 Length of Main Gallery (Km) 8.98 

4 Max. Height (m) 2613 

5 Min. Height (m) 1686 

6 Average Height (m) 1988.5 

1 Slope of Main Gallery (%) 8.5 

2 Average Slope of the Basin (%) 19.9 

3 Time of Concentration/ California Method (h) 0.87 

4 Coefficient Shape of Basin 0.73 

Table 110. Physiographic Characteristics of the Basin 
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Table 111. Dehno-Hassan Ābād Moshir Qanat Basin Area 

 

Survey of Surface Flow Dehno-Hassan Ābād Moshir Qanat Basin  

Specifications of Hydrometric Station of the Region are shown in Table (116). 

No. Station Longitude Latitude Height (m) Established 

1 Deh-e Balla 54º 08´32˝ 31 º 38´17˝ 2177 1370 

2 Tezerjan 54 º 10´42˝ 31 º 36´16˝ 2098 1370 

3 Banadak Sadat 54 º 12´51˝ 31  º 34´44˝ 1971 1371 

4 Manshad 54 º 15´48˝ 31 º 35´31˝ 1812 1374 

5 Fakhr Ābād 54 º 15´01˝ 31  º 36´39˝ 1767 1370 

Table 112. Specifications of Hydrometric Station of Miankouh Basin 
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Survey of Average Monthly and Annual Discharge of Hydrometric Stations 

With regard to the statistics of monthly discharge at Hydrometric Stations, we extracted the 
average monthly and annual discharge of the said stations and the results are shown in Table 
(117). Maximum instantaneous discharge data at hydrometric stations are shown in Table 
(118). 

No. Station Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun Jul. Aug. Sep. Annual 

1 Deh-e Balla 0 3 99 511 1558 1540 409 102 10 3 0 0 353 

2 Tezerjan 0 0 0 88 274 290 163 45 20 4 0 0 82 

3 Banadak Sadat 0 0 4 182 340 768 349 208 111 2 0 0 164 

4 Manshad 0 0 0 30 374 1031 380 227 181 48 5 0 190 

5 Fakhr Ābād 0 0 2 29 1380 1510 420 200 100 20 0 0 230 

Table 113. Monthly Average Discharge at Hydrometric Stations (Lit/s) 

 

No. Station Water 
Year 

Date of 
record 

Max.  instantaneous discharge 
(m3/s) 

Volume of flowage 
(Mm3) 

1 Deh-e Balla 93-94 Dec. 1993 28.96 0.312 
2 Tezerjan 2001-2002 Mar. 2002 13.6 - 

3 Banadak 
Sadat 94-95 May. 1995 31.4 1.548 

4 Manshad 94-95 May. 1995 155.3 1.3 
5 Fakhr Ābād 2001-2002 Mar. 2002 28.9 1.072 

Table 114. Maximum Instantaneous Discharge (M3/s) 

 

No Method 
Average Height of 
annual flow water 

(mm) 

Average Volumes of 
annual flow water 

Mm3 

1 Statistical 34.9 7.2 

2 Khosla 115.6 23.8 

3 Justin 31.3 6.4 

4 Coutagine 275 56.6 

5 ICAR 3.7 0.762 

6 Turc 1.08 0.223 

7 Water-Budget 128.6 26.5 

Table 115. Average Volumes of Surface Flow at Fakhr Ābād Basin,  
Calculated by Using Various Empirical and Statistical Methods 
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Comparison of results of the said methods and the statistics and data available at Fakhr Ābād 
Hydrometric Station, which is recording statistics for more than 30 years, we understand that 
Table (119) is indicating more conformity of Justin method with the statistical method. 
Therefore, the average quantities of annual runoff of the basin of the studied area were 
calculated using Justin method. Tables (120) and (121) show average height of the annual 
runoff and the volume of the annual runoff, as well as the average monthly runoff height at 
the studied basin. 
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223307 16.1 0.15 19.9 14.7 199 1988.5 2613 1686 13.87 

 
Table 116. Average Runoff Height and Annual Runoff Volume at 

Dehno-Hassan Ābād Moshir Qanat Basin 
 
 

Month Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun Jul. Aug. Sep. 

Monthly 
Average Runoff 

(mm) 
0 0.7 2.3 2.7 2.7 3.2 3.3 0.7 0.3 0 0 0 

Table 117. Monthly Average Runoff Height at Dehno-Hassan Ābād Moshir Qanat Basin 

 

 
Group 

Intensity of Permeability 
(𝐜𝐦 𝐡𝐫� ) Textural class 

A 7.5-11.6 Cobblestone and Gravel 

B 3.8-7.5 Sandy Loam, gravel Clay 

C 1.3-3.8 Loam-clay loam with hard layer in Depth 

D 0-1.3 Clay, Salina Soil, Stone, Concrete, Shallow Soils, Asphalt Stone 

Table 118. Classification of Soils by Permeability 
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III I II 
100 100 110 
99 87 95 
98 78 90 
97 70 85 
94 63 80 
91 57 75 
83 45 65 
79 40 60 
75 35 55 
70 31 50 
65 27 45 
60 23 40 
55 19 35 
50 15 30 
45 12 25 
39 9 20 
33 7 15 
26 4 10 
17 2 5 
0 0 0 

Table 119. CN Quantity at Varying Humidity Conditions 
I: Dry    III: Humid 

Hassan Ābād/ CN: 81 
 

Calculated maximum flood quantities, with various return periods, are shown in Table (124). 
Further, flood quantities, with various return periods, are shown in Table (125). 

 
Table 120. Estimation of Maximum Flood, with Various Return Periods 

Calculation Hydrograph by S.C.S Method 
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Table 121. Estimation of Flood Hydrograph, with Varying Return Periods 

 

 

Chart 53. Flood Hydrograph, with Varying Return Periods 
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Survey of Discharge Records of Dehno-Hassan Ābād Qanat 

The seasonal discharge statistics of the Qanat as of February 02, 2005 up to February 20, 
2011 are shown in Table (126). These measurements are related to the discharge at the outlet 
of the qanat in Mehriz; discharge at the consumption points has not been measured in these 
years. 

 

No. Date of measurements Discharge 
(Lit/s) No. Date of measurements Discharge 

(Lit/s) 

1 Feb. 2004 232 14 May 2008 185.5 

2 May 2005 244 15 Aug. 2008 178 

3 Aug. 2005 198.5 16 Nov. 2008 172 

4 Nov. 2005 216 17 Feb. 2008 169 

5 Feb. 2005 243 18 Jun 2009 162 

6 May 2006 212 19 Aug. 2009 149 

7 Aug. 2006 217 20 Nov. 2009 142 

8 Nov. 2006 154 21 Feb. 2009 156 

9 Feb. 2006 163 22 May 2010 173 

10 May 2007 226 23 Sep. 2010 166 

11 Sep. 2007 210.5 24 Dec. 2010 159 

12 Nov. 2007 196.5 25 Mar. 2010 167 

13 Feb. 2007 189  
Table 122. Discharge Statistics of Dehno-Hassan Ābād Moshir Mehriz Qanat  

from 2005 through 2011 

 

Survey of Qanat Discharge Enhancement by Possible Development of End-Part of 
Qanat  

Survey of the discharge of Gharbalriz Spring (Table 127) shows that the Max. Discharge, i.e., 
1168 Lit/s is related to 2002 and Min. quantity, i.e., Zero (Dry), is related to the years 1989 
and 2000. 

 

No. Date of measurements Discharge 
(Lit/s) No. Date of 

measurements 
Discharge 

(Lit/s) 
1 May 1989 600 27 Nov. 1996 28 
2 Aug. 1989 111 28 Feb. 1996 30 
3 Nov. 1989 Dry 29 May 1997 320 
4 Mar. 1989 418 30 Jul. 1997 5 
5 May 1990 587 31 Feb. 1997 12 
6 Aug. 1990 6 32 May 1998 535 
7 Feb. 1990 103 33 Aug. 1998 85 
8 May 1991 626 34 Feb. 1998 170 
9 Aug. 1991 1 35 May 1999 1160 
10 Feb. 1991 503 36 Aug. 1999 160 
11 May 1992 1100 37 Nov.1999 47 
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12 Aug. 1992 196 38 Feb. 1999 108 
13 Nov. 1992 7 39 May 2000 47 
14 Feb. 1992 86 40 Aug. 2000 Dry 
15 May 1993 715 41 Nov. 2000 Dry 
16 Aug. 1993 132 42 Dec. 2000 2.5 
17 Nov. 1993 15 43 May 2001 94 
18 Mar. 1993 586 44 Aug. 2001 - 
19 May 1994 752 45 Dec. 2001 205 
20 Dec. 1994 420 46 Feb. 2001 480 
21 Feb. 1994 751 47 May 2002 1168 
22 May 1995 760 48 Aug. 2002 150 
23 Nov. 1995 50 49 Feb. 2002 357 
24 Feb. 1995 220 50 May 2003 685 
25 May 1996 928 51 Aug. 2003 46 
26 Sep. 1996 147 52 Jan. 2003 768 

Table 123. Discharge of Gharbalriz Spring, from 1989 until spring 2000 

 

Survey of statistics of Dehno-Hassan Ābād Qanat since 2004 shows that although wet year 
and dry year periods has had some impacts on the outlet discharge, generally the qanat has 
enjoyed a proper discharge, indicating that the qanat is enjoying a fairly stable feeding source 
due to superficial and deep karst formations of the region. Further, Dehno-Hassan Ābād 
Qanat has enjoyed stability and permanent feeding during the past years in comparison to the 
discharge statistics of Gharbalriz Qanat, because underground flows of the mother well area 
enjoy high a speed due to high transmissibility (T) due to coarse-grain texture and proper 
permeability (K), as well as base topographical slope (S), leading to discharge of rapid 
underground flows in the mother well area. 

 

Impact of Rainfalls 

Yazd has an Average rainfall of 110 mm per year, but Manshad Station, which is nearest 
station to the feeding area of the Qanat, shows rainfall of 320 mm; further, Shirkouh 
elevations and Madouar Mountain is a snow area in the region, such that, average rainfall of 
100 mm may be considered for Gharbalriz elevations; while Mohammad Ābād Station of 
Yazd receives an average rainfall of 60 mm. Statistics show that maximum rain falls in the 
months: January, February, March and sometimes in December. Usually, it has had 
maximum rainfall in March. The duration of rainfall (number of rainy and snowy days) in 
Madouar-Shirkouh elevations is long.  

Also, the statistics of Deh-e Balla Station, situated on the Shirkouh Elevations, show that 
maximum wind blows in April and February and minimum wind blows in October and 
September. The statistics of temperature shows that maximum and minimum annual average 
temperatures of mountainous areas are respectively 17 and 7 degrees centigrade. Average 
annual temperature of plain areas is 18 and mountainous area is 12 degrees centigrade, and 
Shirkouh has had the lowest temperature, which is typical of temperatures in elevations. 
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Generally, it may be said that a part of the qanat has warm and dry condition, but in its 
mountainous area, the temperature is low and humidity is high, hence it is enjoying mild 
weather. Indeed, Madouar formation aquifer is situated at mountainous area in which the 
major feeding is carried out. 

 

The Impact of Rainfall on Discharge Characteristics of Hard and Karst Formations of 
the Region 

According to the studies conducted in relation to the impart of rainfall on the discharge 
characteristics of hard and karst formations in karst organizations of Zagros in more than 
1000 wells (Monshadi 2008), it may be concluded that the discharge volume of wells is not 
related to the rainfall; factors such as difference of height of the well opening with the local 
base level of erosion, basin area of the well, thickness of saturation section of the well in 
respect of joints and water-bearing karst corridors and geological and tectonic situation cause 
existence of wells with high discharge in area with low rainfall, and on the contrary, wells 
with low discharge in areas with high rainfalls.  

Despite that, such conclusions may not be quite attested, because, many factors, including the 
role of determination of well digging and karst heterogeneity, has been ignored; nevertheless, 
concerning qanats, especially, Hassan Ābād Qanat, the discharge statistics of the Qanat 
shows that in spite of sparse rainfall and droughts in the recent years, fluctuations in the 
Qanat discharge show no remarkable reduction in its discharge 

 

Water Quality 

Microbial, Chemical and Physical Monitoring of the Water of Dehno-Hassan Ābād 
Qanat 

For the physical, chemical and biological survey of the water of Dehno-Hassan Ābād Qanat, 
parameters such as PH, EC, BOD, CL, NO3, NO2, TDS and COD, ammonia, heavy metals 
(cadmium, chrome, lead, zinc, iron & manganese), total coliform at four points and through 4 
procedures were tested. The results of such tests were analyzed according to the said times 
and the determined points for the survey of water quality and contingent pollution. Analysis 
of results was conducted by making use of SPSS software and drawing the relevant charts by 
Ms Excel software. T-Test procedure was used for comparison of means of each item with 
standards of drinking and agricultural water (comparison of mean with a fixed number). 
Analyses of tests and comparison with standards were conducted with regard to usage of the 
water of the Qanat at the sampling point.  

As it was mentioned before, using the qanat water as drinking water due to its high quality at 
Abbas Ābād, some people still supply the required water from Pakoneh (Payab) of Abbas 
Ābād, therefore, the results of this part were analyzed by comparing them with drinking and  
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agricultural water standards. The characteristic of qanat water at the respective areas were 
divided and assessed in physical-chemical and biological groups. The results of physical-
chemical and biological tests and the standards related to the drinking water have been shown 
in Tables 128 through 131. 

 

T
yp

e 

Parameters 
First 

Process 
(Dec.) 

Second 
Process 
(Feb.) 

Third 
Process 
(Apr.) 

Fourth 
Process 
(Jul.) 

Average 
Drinking 

water 
standards 

Agricultural 
water 

standards 

ph
ys

ic
al

-c
he

m
ic

al
 a

nd
 b

io
lo

gi
ca

l t
es

t 

pH 7.8 7.8 7.9 7.9 7.85 6.5-8.5 6.5-8.5 

EC (sµ /cm) 2552.9 905.9 1070.5 2329.8 1714.77 1500 3000 

TDS (mg/l) 1483 524 528 1559 1023.5 500 2000 

TH (mg/l) 690 344 650 652 584 - - 

TSS (mg/l) 82 29 147 50 77 - - 

BOD5(mg/l) 6.3 3 10 4.8 6.02 - 100 

COD( mg/l) 14.3 8.2 20.3 10 13.2 - 200 

CL( mg/l) 708.2 59.6 74.5 688.03 382.58 250 600 

NO3( mg/l) 3.5 3.5 3.6 6.9 4.37 50 - 

NO2 ( mg/l) 0.05 0.1> 0.1> 0.1> 0.1> 3 - 

SO4 ( mg/l) 112 134 170 110 131.5 400 300 

PO4 ( mg/l) 0.9 1 0.9 1.25 1.01 0.2 - 

Hg(ppb) 1> 1> 1> 1> 1> 0.1 0.1 

Cd (mg/l) 0.1> 0.1> 0.1> 0.1> 0.1> 0.005 0.01 

pb (mg/l) 0.1> 0.1> 0.1> 0.1> 0.1> 0 5 

Total coliforms 
(MPN) 110000 920 9300 460000 145000 0 1000 

fecal coliforms 
(MPN) 9300 350 1500 460000 117000 0 200 

Vibrio chlorea Negative Negative Negative Negative 0 0 0 

Table 124. Average Concentration of Studied Parameters at  
Sampling Station of the Outlet Hassan Ābād Qanat 

 
According to the Table 128, the PH levels at the outlet of Hassan Ābād Qanat are within 6.5-
8.5 which is deemed as a normal range, and there is no restriction concerning drinking and 
agricultural consumptions according to the standards as set by the US Environmental 
Protection Agency (EPA). The concentration of hydrogen ion in water sources for various 
consumptions is regarded as important in respect of water taste and corrosion. 
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According to the standards set by EPA, the water with TDS exceeding 500 mg/lit and EC 
more than 1500 µs/cm is not appropriate for drinking and industrial purposes, and the water 
with TDS exceeding 2000 mg/lit and EC more than 3000 µs/cm is not appropriate for 
irrigation. The average EC quantity of the sampling wells was 1714 µs/cm. Further, the 
average TDS quantity for the sampling wells was 1023 mg/lit. The One-Sample T-Test 
statistical analysis resulted in the PV of exceeding 0.05 obtained from of EC and TDS 
quantities between water of sampling wells and drinking and agricultural water standards, 
indicating no statistically significant difference with the standards. In other words, EC and 
TDS quantities at the sampling locations lie within the standard range of drinking and 
agricultural water.  

The trend of change in EC and TDS quantities in different mounts shows that they are lower 
in winter and spring in which rainfalls are higher, but TSS is higher is April, which is due to 
runoff emanating from higher rainfalls. 

The average chloride ion was 382 mg/l, which is appropriate for irrigation and agricultural 
consumptions according to EPA standards. Further, the One-Sample T-Test statistical 
analysis resulted in the PV exceeding 0.05, indicating their conformity with standards and 
that they pose no problem in respect of their consumption. 

The average COD quantity at the sampling locations was 13.2 mg/l. Through conducting 
statistical test it was observed that the COD quantities at the sampling places are conforming 
to the standards set by the Iranian Environmental Org. and the Food and Agricultural 
Organization, who determined the COD of 200 mg/l for irrigation and agricultural 
consumptions; therefore, currently, there is no restriction in utilizing the water of sampling 
wells for irrigation and agricultural consumptions. 

The average quantity of nitrite at the sampling locations was lower than 0.1 mg/l and the 
quantity of nitrate was 4.37 mg/l. Total ratios of nitrate and nitrite quantities to relevant 
guideline quantities never exceeded 1 which indicates proper quality of the sampled water in 
respect of drinking and agricultural purposes. The measured quantities of heavy metals were 
specified lower than the standard ones. 
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Average 
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water 
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pH 8.2 7.9 7.7 8.15 7.98 6.5-8.5 6.5-8.5 

EC (sµ /cm) 576.5 988.2 329.4 353 561.77 1500 3000 

TDS (mg/l) 277 579 157.4 184 299.35 500 2000 

TH (mg/l) 240 356 250 176 255.5 - - 

TSS (mg/l) 42 50 52.6 20 41.15 - - 

BOD5(mg/l) 5.7 4.5 8 4.4 5.65 - 100 

COD( mg/l) 11 7 14.4 9.96 10.59 - 200 
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CL( mg/l) 50.6 69.6 29.8 19.8 42.45 250 600 

NO3( mg/l) 2.5 7.1 2.5 1.9 3.5 50 - 

NO2 ( mg/l) 0.05 0.1> 0.1> 0.1> 0.1> 3 - 

SO4 ( mg/l) 49 155 33 28 66.25 400 300 

PO4 ( mg/l) 0.9 1> 1> 1.7 1> 0.2 - 

Hg(ppb) 1> 1> 1> 1> 1> 0.1 0.1 

Cd (mg/l) 0.1> 0.1> 0.1> 0.1> 0.1> 0.005 0.01 

pb (mg/l) 0.1> 0.1> 0.1> 0.1> 0.1> 0 5 

Total coliforms 
(MPN) 2400 1500 9300 240000 63300 0 1000 

fecal coliforms 
(MPN) 2400 930 1500 240000 61200 0 200 

Vibrio chlorea Negative Negative Negative Negative 0 0 0 

  
Table 125 Average Concentration of Studied Parameters at the Sampling  

Station at the Dehno-Hassan Ābād Qanat Junction 
 

According to the Table (129) the PH levels of water of Dehno-Hassan Ābād Junction are 
within 6.5-8.5 which is deemed as a normal range, and there is no restriction concerning 
drinking and agricultural consumptions according to the standards as set by EPA. 

The average EC quantity of the sampling wells was 562 µs/cm. Further, the average TDS 
quantity for the sampling wells was 300 mg/lit. The One-Sample T-Test statistical analysis 
resulted in the PV of exceeding 0.05 obtained from of EC and TDS quantities between water 
of sampling wells and drinking and agricultural water standards, indicating no statistically 
significant difference with the standards. In other words, EC and TDS quantities at the 
sampling locations lie within the standard range of drinking and agricultural water. 

The average chloride ion was 143 mg/l, which is appropriate for irrigation and agricultural 
consumptions according to EPA standards. Further, the One-Sample T-Test statistical 
analysis resulted in the PV exceeding 0.05, indicating their conformity with standards and 
that they pose no problem in respect of their consumption. The average COD quantity at the 
sampling locations was 10.6 mg/l. Through conducting statistical test it was observed that the 
COD quantities at the sampling places are conforming to the standards set by the Iranian 
Environmental Org. and the Food and Agricultural Organization, who determined the COD 
of 200 mg/l for irrigation and agricultural consumptions; therefore, currently, there is no 
restriction in utilizing the water of sampling wells for irrigation and agricultural 
consumptions. 
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T

yp
e 

Parameters 
First 

Process 
(Dec.) 

Second 
Process 

(Feb.) 

Third 
Process 
(Apr.) 

Fourth 
Process 

(Jul.) 
Average 

Drinking 
water 

standards 

Agricultural 
water 

standards 

ph
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l t
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pH 7.7 7.8 7.7 7.7 7.7 6.5-8.5 6.5-8.5 

EC (sµ /cm) 411.8 411.8 411.7 353 397 1500 3000 

TDS (mg/l) 175 251 157 170 188 500 2000 

TH (mg/l) 210 204 200 180 198 - - 

TSS (mg/l) 65 37 59 23 46 - - 

BOD5(mg/l) 9 1.5 9 10.4 7.5 - 100 

COD( mg/l) 14.7 4.1 20.9 19.9 15 - 200 

CL( mg/l) 13.5 27.3 24.85 21.1 21.5 250 600 

NO3( mg/l) 0.9 1 0.96 2.7 1.39 50 - 

NO2 ( mg/l) 0.06 0.1 0.1> 0.1> 0.1> 3 - 

SO4 ( mg/l) 29 36 30 24 29.8 400 300 

PO4 ( mg/l) 0.7 1 0.9 0.6 1> 0.2 - 

Hg(ppb) 1> 1> 1> 1> 1> 0.1 0.1 

Cd (mg/l) 0.1> 0.1> 0.1> 0.1> 0.1> 0.005 0.01 

pb (mg/l) 0.1> 0.1> 0.1> 0.1> 0.1> 0 5 

Total coliforms 
(MPN) 110000 200 23 2400000 627000 0 1000 

fecal coliforms 
(MPN) 110000 150 Negative 930000 260000 0 200 

Vibrio chlorea Negative Negative Negative Negative 0 0 0 

Table 126. Average Concentration of Studied Parameters  
at the Sampling Station at the Qanat in Mehriz 

 

According to the Table (130) the PH levels of water of Qanat in Mehriz are within 6.5-8.5 
which is deemed as a normal range, and there is no restriction concerning drinking and 
agricultural consumptions according to the standards as set by EPA. 

The average EC quantity of the sampling wells was 397 µs/cm. Further, the average TDS 
quantity for the sampling wells was 188 mg/lit. The One-Sample T-Test statistical analysis 
resulted in the PV of exceeding 0.05 obtained from of EC and TDS quantities between water 
of sampling wells and drinking and agricultural water standards, indicating no statistically 
significant difference with the standards. In other words, EC and TDS quantities at the 
sampling locations lie within the standard range of drinking and agricultural water.The 
average chloride ion was 21.5 mg/l, which is appropriate for irrigation and agricultural 
consumptions. Further, the One-Sample T-Test statistical analysis resulted in the PV 
exceeding 0.05, indicating their conformity with standards and that they pose no problem in 
respect of chloride ion. 
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The average COD quantity at the sampling locations was 15 mg/l. Through conducting 
statistical test it was observed that the COD quantities at the sampling places are conforming 
to the standards set by the Iranian Environmental Org. and the Food and Agricultural 
Organization, who determined the COD of 200 mg/l for irrigation and agricultural 
consumptions; therefore, currently, there is no restriction in utilizing the water of sampling 
wells for irrigation and agricultural consumptions. 

The average quantity of nitrite at the sampling locations was lower than 0.1 mg/l and the 
quantity of nitrate was 1.39 mg/l. Total ratios of nitrate and nitrite quantities to relevant 
guideline quantities was 0.06, which did not exceed 1, indicating proper quality of the 
sampled water in respect of drinking and agricultural purposes. The measured quantities of 
heavy metals were specified lower than the standard ones. Average total coliform at the 
sampling location was 627,000 MPN/100ml and the average fecal coliform in the well was 
260,000 MPN/100ml; therefore, statistically there is no significant difference between these 
two groups and the standards of drinking and agricultural water (PV< 0.05).  
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Process 
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Process 

(Feb.) 

Third 
Process 
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Average 
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water 
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water 
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pH 7.9 7.6 7.5 7.8 7.7 6.5-8.5 6.5-8.5 

EC (sµ /cm) 411.8 392.4 392.4 282.4 338 1500 3000 

TDS (mg/l) 146 219 146 172 171 500 2000 

TH (mg/l) 260 196 176 200 208 - - 

TSS (mg/l) 76 33 81 23 53 - - 

BOD5(mg/l) 7 0 3.5 3.1 3.4 - 100 

COD( mg/l) 16.5 2.1 7.6 6.6 8.2 - 200 

CL( mg/l) 15.2 24.8 79.5 21.5 35.25 250 600 

NO3( mg/l) 0.8 0.1> 1.4 4.2 2.5 50 - 

NO2 ( mg/l) 0.04 1.5 0.1> 0.1> 0.1> 3 - 

SO4 ( mg/l) 29 34 160 25 62 400 300 

PO4 ( mg/l) 0.4 1> 1> 0.6 1> 0.2 - 

Hg(ppb) 1> 1> 1> 1> 1> 0.1 0.1 

Cd (mg/l) 0.1> 0.1> 0.1> 0.1> 0.1> 0.005 0.01 

pb (mg/l) 0.1> 0.1> 0.1> 0.1> 0.1> 0 5 
Total coliforms 

(MPN) 3.6 Negative 110000 Negative 27500 0 1000 

fecal coliforms 
(MPN) Negative Negative 1500 Negative 375 0 200 

Vibrio chlorea Negative Negative Negative Negative 0 0 0 
Table 127. Average Concentration of Studied Parameters at the 

Sampling Station at the Qanat in Abbas Ābād of Mehriz (Continued) 
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According to the Table (131) the PH levels of water of Qanat in Mehriz are within 6.5-8.5 
which is deemed as a normal range, and there is no restriction concerning drinking and 
agricultural consumptions according to the standards as set by EPA. 

The average EC quantity of the sampling wells was 338 µs/cm. Further, the average TDS 
quantity for the sampling wells was 177 mg/lit. The One-Sample T-Test statistical analysis 
resulted in the PV of exceeding 0.05 obtained from of EC and TDS quantities between water 
of sampling wells and drinking and agricultural water standards, indicating no statistically 
significant difference with the standards. In other words, EC and TDS quantities at the 
sampling locations lie within the standard range of drinking and agricultural water. 

The average chloride ion was 35 mg/l, which is appropriate for irrigation and agricultural 
consumptions according to the standards set by EPA. Further, the One-Sample T-Test 
statistical analysis resulted in the PV exceeding 0.05, indicating their conformity with 
standards and that they pose no problem in respect of chloride ion. 

The average COD quantity at the sampling locations was 8.2 mg/l. Through conducting 
statistical test it was observed that the COD quantities at the sampling places are conforming 
to the standards set by the Iranian Environmental Org. and the Food and Agricultural 
Organization, who determined the COD of 200 mg/l for irrigation and agricultural 
consumptions; therefore, currently, there is no restriction in utilizing the water of sampling 
wells for irrigation and agricultural consumptions. 

The average quantity of nitrite at the sampling locations was lower than 0.1 mg/l and the 
quantity of nitrate was 2.5 mg/l. Total ratios of nitrate and nitrite quantities to relevant 
guideline quantities was 0.08, which did not exceed 1, indicating proper quality of the 
sampled water in respect of drinking and agricultural purposes. The measured quantities of 
heavy metals were specified lower than the standard ones. 

Average total coliform at the sampling location was 2750 MPN/100ml and the average fecal 
coliform in the well was 375 MPN/100ml; therefore, statistically there is no significant 
difference between these two groups and the standards of drinking and agricultural water 
(PV= 0.4). EPA has set the total coliform standard of drinking water equal to zero; and the 
recommended standard level for irrigation and agriculture is 1000 MPN/100ml; therefore, the 
water of Qanat at Abbas Ābād of Mehriz is not appropriate for drinking purposes, but is 
appropriate in respect of agricultural and bacteriologic regards. The results total coliform and 
fecal coliform explicitly show that the microbial quality is very good and even at an 
acceptable range for drinking purpose for the majority of the seasons. Regarding that the 
impact of rainfalls on the discharge of this qanat is rapid and typically the transfer of water is 
carried out through these faults and fractures to the mother well of the qanat; therefore, the 
qanat water may get polluted, but, it returns to normal after a while. As a result, there is 
microbial pollution in spring at Pakaneh of Abbas Ābād, and such water is not appropriate for 
drinking consumption. 
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The outlet of the Qanat in Abbas Ābād it seen that the water is consumed as drinking water, 
but, as it was mentioned before, it is likely to get polluted in some seasons. Proper and 
standard chlorination is recommended for drinking water consumption. 

Regarding that the whole region is divided into two parts: mountains and deserts, assessment 
of the result of the bacteriologic surveys shows that there is a low possibility of absorption of 
pollution in elevations and hillsides because of alluvial lands, hence, contributing to the 
pollution of groundwater sources. On the contrary, on the plain surface, groundwater 
penetrate in to the earth along the slope and with respect to the depth it travel, the major 
portion of microbial pollutions is eliminated, and at the plain downstream, the water is 
percolated into the earth. 

 

Survey of Quality of Water of Dehno-Hassan Ābād Qanat for Agricultural 
Consumption 

The results of the survey show that the maximum quality of sodium absorption is related to 
the outlet of the qanat at Hassan Ābād and its minimum quantity is related to Pakaneh of 
Abbas Ābād. With respect to SAR quantity and the electrical conductivity, the situation of 
each station was specified on the Wilcox diagram. With regard to variance of points at C2-S1 
and C3-S1 area, it may be judged that the qualitative status of water for agricultural 
consumption is placed at good and medium class. 

Study Area SAR EC Class Quality of Water for Irrigation 
purpose 

Qanat Mazhar in Hassan Ābād 
Moshir 1.8 1715 C3-S1 medium class 

Crossing of Dehno-Hassan Ābād 
Qanat 0.76 562 C2-S1 good class 

Qanat in Mehriz 0.41 397 C2-S1 good class 
Qanat Mazhar in Abbas Ābād 

Mehriz 0.33 338 C2-S1 good class 



 The Persian Qanat                                                                             

726 
 

Appendix IV 
 

 

Ebrahim Ābād Qanat 

Physiographic Studies 

The area of Ebrahim Abad Basin is 253.08 km2. The areas of the study basin and sub-basins 
of the Qanat and the length of the basin and sub-basins have been also specified in Table (1-
3). 

 

 

Map 33. The situation of working units of Ebrahim Abad Sub-Basin 

 

0BParameter 1BUnit 
2BBasin 

3BE1 E2 E3 E4 E5 E6 E7 E8 E9 E10 
4BArea (A) 5BKm2 

6B28.7 7B17.0 8B18.0 9B0.0 10B0.1 11B0.1 12B3.2 13B138.5 14B0.8 15B46.6 
16BPerimeter (P) 17BKm 

18B29.8 19B20.7 20B30.1 21B0.9 22B2.0 23B2.1 24B12.6 25B59.8 26B4.7 27B56.1 
28BBasin length (L) 29BKm 

30B10.5 31B7.8 32B10.7 33B0.3 34B0.7 35B0.7 36B4.8 37B15.0 38B1.6 39B18.2 
40Bروش گراويليوس (Cc) 41B-- 42B1.6 43B1.4 44B2.0 45B1.4 46B1.8 47B1.5 48B2.0 49B1.4 50B1.4 51B2.3 

Table 128. Physiographical Characteristics of the Qanat Basin and Relevant Sub-Basin 

Further, Map (33), showing the hypsometry of the region, was prepared for the purpose of 
investigating the area distribution of the basin. Table (133) shows maximum, minimum and 
average weight of the elevation and table (134) shows area distribution with respect to the 
elevation classes in each study basin. 
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Map 34. Hypsometry of the Qanat Basin 

 

Parameter Unit 
Basin 

E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 
Minimum 

height 

Meter 

1727.3 1715.6 1716.2 1739.1 1739.1 1741.3 1724.3 1724.3 1710.0 1679.2 

Maximum 
height 1928.6 1842.2 1896.2 1743.3 1750.6 1751.7 1769.5 2705.4 1733.9 2584.2 

Weighted 
average height 1819.2 1761.3 1814.6 1740.6 1745.8 1748.3 1742.7 1912.2 1722.5 1805.7 

Table 129. Max., Min., and Average Heights of Sub-Basins within the Project Area 

Basin U
ni

t
 

Elevation Total 
area 1700- 

1600 
1800-
1700 

1900-
1800 

2000 -
1900 

2100-
2000 

2200-
2100 

2300-
2200 

2400-
2300 

2500-
2400 

2500-
2600 

2700-
2600 

E1 

M
et

er
 

 996.54 1825.16 44.28        2865.98 
E2  1515.03 183.38         1698.41 
E3  573.18 1222.99         1796.16 
E4  3.48          3.48 
E5  10.30          10.30 
E6  14.84          14.84 
E7  322.71          322.71 
E8  4094.07 5293.50 1769.74 744.64 580.25 433.84 252.95 347.06 260.30 74.03 13850.37 
E9  84.22          84.22 
E10 1059.16 1965.79 668.47 478.02 196.33 127.77 82.95 51.93 25.74 5.02  4661.18 

Table 130. Area Distribution in respect of Elevation Classes in the Studied Sub-Basins 

Table (135) shows minimum, maximum and average slope, as well as slope distribution in 
respect of area in each basin, and slope variance on the surface of the study basin is presented 
in Map (35). 
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Parameter U
ni

t
 

Basin 

E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 

Minimum 
slope 

M
et

er
 

0.01 0.02 0.02 0.57 0.12 0.47 0.16 0.01 0.16 0.01 

Minimum 
slope 50.41 36.24 41.61 1.68 1.81 1.81 4.31 173.05 3.27 146.0 

Weighted 
average 
gradient 

5.42 2.43 3.91 1.08 1.22 1.07 0.91 16.00 1.35 12.53 

%0-2 464.8 1075.0 583.5 3.48 10.30 14.84 315.7 3335.5 73.47 2581.2 
%2-5 1286.6 458.7 768.8    6.99 3892.9 10.75 577.5 
%5-8 626.6 104.0 273.1     1132.5  182.8 
%8-12 276.7 32.0 115.0     688.1  101.5 

%12-20 150.4 16.0 49.6     934.4  157.4 
%20-30 41.4 11.8 5.1     852.9  168.5 
%30-60 19.46 0.91 0.99     2149.8  621.5 
%60<        864.4  270.80 

Total area 2866.0 1698.4 1796.2 3.48 10.30 14.84 322.7 13850.
4 84.22 4661.2 

Table 131. Slope and Slope Distribution in respect of the Study Area 

 

 

Map 35 .Ebrahim Abad Sub-Basin Slope 

 
Physiographic Characteristics of the Basin 
Ebrahim Abad Qanat is situated within elevation classes of 1600 to 1800 meters above the 
sea level, and the elevation class gradually deceases by approaching the outlet of the Qanat 
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and Ebrahim Abad. The map of the slope of the study area also shows that the main route of 
gallery is situated within a slope range of 0.0001% to 0.0003%. 
 
Geology 
Map (36) shows the satellite image of the region, together with the situation of the qanat 
route and Ebrahim Abad Qanat Basin. 
 

 

Map 36. Satellite Image of the Study area 

The studied region is based within the structural zone of central Iran. The oldest unit of this 
region is encompassed by dolomite limestone of Permian. They intersect with sedimentary 
rocks of tectonic Jurassic. Jurassic deposits, after dolomite limestone of Permian, are assessed 
as the oldest unit in the region, and have been folded and up lifted in the orogeny phase of 
the late Kimmerian. Red clastic deposits of early Cretaceous have sat on the Jurassic deposits 
as angular conformity with an approximate angular difference of 15 degrees. Then the sea 
advanced forward and left lime orbitoline-bearing deposits in Aptian-Cenomanian time. Due 
to activities equivalent to Laramie orogeny, Jurassic and cretaceous deposits were folded and 
semi-southern faults were created in the region, generally leading to protrusion of the region 
out of water. It was followed by dominant erosive period, and development of sedimentary 
Eocene red clastic deposits and occurrence of continental and subsea Eocene volcanism. The 
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consequence of Pyrenean orogeny at the end Eocene was epeirogeny, which led to up-lifting 
of the region and recession of sea water and change of sedimentation conditions, leading to 
settlement of clastic sediments of the red formation, with angle unconformity, on the Eocene 
units (E5). In the lower Miocene (Aquitanian) sea advanced forward and started its activities 
concurrent with volcanic sedimentation, and this process continued within the study area in 
the upper Miocene, and Miocene- Pliocene pressing movements caused folding, fracture, 
change of sedimentation conditions and tensile fractures, volcanism and strike-slip faults. 
Thereafter conglomerate deposits of Pliocene were formed, and quaternary-related 
movements left oldest units, especially deposits of plc1 and plc2 quaternary angular deposits. 
Upper Cambrian to upper Alpine orogenic movements played major a role in forming the 
structure of region. Most of folds in the region, except for sedimentary deposits Sakht Hesar 
Mountain, are extended in northeast-southwest and northwest-southeast direction, orienting 
in the same direction of Zagros and also western Alborz. Salafchegan-Khorhe Sheet was 
active by Kahak and Kahak-khorhe Faults, with a northwest-southeast direction, at least from 
upper Kimmerian orogeny until quaternary and it is divided into two Mesozoic and Cenozoic 
zones. 
 
1-1. Stratigraphy of the Study area 
1:10000 geological maps of Chehargoush in Salafchegan prepared by Geological Org. were 
used for the study of stratigraphic and petrologic specifications of the geologic formations of 
the study area of Ebrahim Abad Qanat. Stratigraphic units of the study area include a row of 
Paleozoic to quaternary rocks. Map (1-5) shows Rock- stratigraphic units in the region. 

 

 

Photo 17. A view of 
IK1  Unit in the Southeast Elevations of Ebrahim Abad 
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Photo 18. A view of PIC2 Unit in the East of Ebrahim Abad 

 

Photo 19. A view of Q2 around Ebrahim Abad 

 
Structural forms or geological structures, such as bedding, folds, faults, etc. are not only 
affect the general morphology of the region, but also play a significant role in other factors, 
including characteristics of the aquifer.  Geological structures of the area are dominantly of 
fault type, which are going be reviewed as follows: 
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- Faults 
Operating faults in the studied region has caused numerous fractures in the rocks of the 
studied region, hence increasing permeability. Map (38) shows the situation of faults in the 
region. The faults of the region include Kahak and Khourideh overthrust blocks and strike-
slip and normal faults. 

1) Sang Khourideh Overthrust Block: This fault brought Jurassic deposits on the 
cretaceous limestones, and it is extended in N120 direction; its slope is relatively 
steep, directed toward northeast direction. 

2) Khourideh- Kahak Reverse Fault: It has put Jurassic deposits on the cretaceous rocks 
in Kahak Village and a branch of those Jurassic rocks on the cretaceous rocks in 
Khourheh Village. This fault is approximately extended in N140 direction. 

3) Strike-Slip Faults: The above mentioned overthrust blocks have been cut by strike-
slip faults which are mainly extended toward northeast-southwest direction, and they 
are of right-slip and left-slip fault types; and the strike-slip fault in the south of 
Khourheh is most important of such faults, which has dislocated KC unit. 

4) Normal Faults: These faults have been formed with normal mechanisms in some 
locations within the study area, and they are the most frequent within the area related 
to the east of Ebrahim Abad. 
 

 

Map 37. Geology of the Region 
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Map 38. Situation of the Fault in the Studied Region 

 
2. Geology of Shafts and Gallery of the Qanat 
Upon surveying shafts and gallery of the Qanat, we also conducted a geological study of the 
shafts and gallery. Ebrahim Abad Qanat is deemed as a plain qanat which has been dug in 
alluvium, and except for passing through the intervals of sandstone, which are not that hard, a 
large portion of the qanat route has crossed alluvium. Ebrahim Abad Qanat passes through 
layers of clay, fine sand, gravel, coarse gravel, clay-sand cement and cobblestones. Map (39) 
shows the constituents of walls of shafts according to their situations. The shafts were studied 
from the gallery in order to determine the constituents of such shafts. Photo (20) shows the 
constituents of some shaft walls. The gallery of the Qanat was divided into three general 
sections of ceiling, wall and floor, at the same of mapping operation concerning the gallery of 
the Qanat, for the purpose of determining the constituents of the gallery. The Qanat was 
divided into 66 sections with respect to the change of the constituents of the ceiling, wall and 
floor. Tables (136) show constitutes of the ceiling, wall and floor of the gallery according to 
the section. Table (137) shows constituents of gallery wall of the Qanat. A view of 
constituents of the ceiling and wall of the Qanat is shown in photo (21). 
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Map 39. Constituents of walls of shafts according to the their situations 
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Photo 20. Constituents of walls of several shafts of Ebrahim Abad Qanat 

Downward: Image 1: Uniform clay/image     2: Coarse sand, cobblestone with clay cement/image     3: Sand with clay 
cement 
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Map 40. Constituents of wall of the gallery of the Qanat according to intervals 

 
Name UTM Constituents Gallery Qanat 

M
ai

n 
br

an
ch

 

X Y Cover Walls Bed 
412019 3784950 Sandstone Clay Sandstone 412035 3784961 
412035 3784961 Clay and sand Clay and sand Clay and sand 412063 3784978 
412063 3784978 Clay and sand Clay and sand Clay 412174 3785040 
412174 3785040 Clay and sand Clay and sand Clay 412491 3785193 
412491 3785193 Clay Clay Clay 413127 3785242 
413127 3785242 stone revetment Clay 413168 3785227 
413168 3785227 Clay Clay Clay 413701 3785030 
413701 3785030 sand Clay Clay 413725 3785025 
413725 3785025 Clay Clay Clay 413950 3784994 
413950 3784994 Sandstone Clay Clay 414037 3784964 
414037 3784964 Clay Clay Clay 414154 3784926 
414154 3784926 Sandstone Sandstone Clay 414358 3784860 
414358 3784860 Sandstone Sandstone Clay 414453 3784817 
414453 3784817 Clay Clay Clay 414833 3784655 
414833 3784655 Sandstone Sandstone Clay 414874 3784636 
414874 3784636 Clay Clay plaster Clay 414951 3784617 
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Name UTM Constituents Gallery Qanat 
M

ai
n 

br
an

ch
 

X Y Cover Walls Bed 
414951 3784617 Sandstone Clay and 

sand Clay 415060 3784590 
415060 3784590 Sandstone Clay Clay 415095 3784581 
415095 3784581 Sandstone Clay and 

sand Clay 415178 3784571 
415178 3784571 Sandstone Clay and 

sand Clay 415202 3784566 
415202 3784566 Clay and sand Clay and 

sand Clay 415272 3784551 
415272 3784551 Clay Clay Clay 415312 3784541 
415312 3784541 Clay and sand Clay and 

sand Clay 415579 3784565 
415579 3784565 Clay Clay and 

sand Clay 415685 3784558 
415685 3784558 Clay Clay Clay 415723 3784550 
415816 3784523 Clay and sand Clay and 

sand Clay 415816 3784523 
417500 3785058 Clay Clay Clay 417713 3784974 
417713 3784974 Sandstone Sandstone Clay and 

sand 418867 3784860 
418867 3784860 Clay and sand Clay and 

sand 
Clay and 

sand 419053 3784775 
418867 3784860 Clay and sand Clay and 

sand Clay 418867 3784860 
419053 3784775 undefined undefined undefined 422183 3785734 

Ghousheh 
branches 

417696 3785072 undefined undefined undefined 418239 3785854 
Ranab 

branches 
419554 3784744 undefined undefined undefined 420231 3784221 

Table 132. Constituents of Ceiling, Wall & Floor of the Qanat 
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Figure 7-5: Constituents of Ceiling & Wall of the Gallery of the Qanat 
 
 

3. Seismic Survey of the Region 

Seismic survey of the region shows that 117 earthquake have struck the Markazi Province 
since 1909, indicating low seismicity in Markazi Province. In a radius of 60 kilometers 
around the city of Arak, in which our study area is situated, there have been 72 earthquakes in 
the recent century; 50 such cases occurred in January and February 2012. The greatest such 
earthquakes measured 4.2 on the Richter scale. There have been three historical earthquakes 
in the region; one occurred around Doroud, another in northeast of Saveh and the latest was 
the Earthquake 1945 of Ashtian. This last earthquake, which is known as the Mountain 
Earthquake, measured 9.5MS. This case indicates that there a high probability of earthquake 
recurrence interval in the region, and the recent earthquakes are remarkable which need more 
surveys and investigation. To sum up, it may be generally said that the study area is deemed 
as a region of low seismicity. 
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Rainfall 

• Methodology 

These studies aim to investigate the climate of the region, generally, as well as to acquire 
information concerning changes in the atmospheric elements and also the impact of different 
climatic factors on the study area. To this end, regarding that there was a network of 
meteorological stations owned by the Ministry of Energy and the Meteorological 
Organization, we identified all meteorological stations around the study area and engaged in 
constantly monitoring them. Our collected statistics and data acquired from the precipitation 
stations, climatology stations, synoptic stations, and evaporation stations located within the 
study area. 
Such data include monthly rainfall at evaporation and precipitation stations and also daily 
rainfall at Arak Synoptic Station. Map (41) shows variance of the stations in the region and 
Table (137) shows the available statistics on rainfall for the selected stations. 
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Table 133. Specifications of Selected Stations 
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Map 41. Variance of Meteorological Stations in respect of the Study area 

 

 

Chart 54. Moving Average of 3 & 5-year Rainfall at Arak Station 

 
Annual and Monthly Rainfall at Qanat Basin 
We used the data from 10 stations set out in Table (138) for the purpose of studying the 
rainfall. Annual rainfall at the selected stations was fitted to various statistical distributions, 
the best distribution was selected and the annual rainfall quantity with different return period 
was calculated and was presented in Table (139). 
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Statistical year Ebrahimabad Davudabad Ashtian 
Water 
Affairs 
Arak 

Anang
rd Nangrd Malekabad Deh-e 

Namak 
Omarab

ad Arak 

1987-1986  157.7 171. 5 239.5 216.3 174.5 129.0 172.5 138.3 146.4 201.3 
1988-1987  164.7 179.5 247.5 339.9 181.0 146.0 246.5 232.1 211.3 326.9 
1989-1988  152.8 166 150.5 268.2 170.0 127.8 167.5 155.4 142.0 224.3 
1900-1989  194.7 213.5 221 301.4 208.9 196.0 237.0 186.3 203.0 265.6 
1991-1900  177.1 193.5 211 228.4 192.5 178.0 139.5 145.5 117.4 211.0 
1992-1991  319.2 354.5 340.5 470.9 324.4 398.0 353.5 350.8 305.1 485.8 
1993-1992  223.4 246 273 399.1 235.5 259.0 258.5 243.3 221.8 341.9 
1994-1993  267.6 296 291.5 364.6 276.4 275.1 273.3 220.6 234.8 311.6 
1995-1994  333.4 370.5 384.5 440.5 337.5 313.0 289.4 303.8 248.9 422.9 
1996-1995  212.8 234 240 413.5 225.7 281.0 334.7 298.2 288.6 415.4 
1997-1996  110.4 118 96 198.9 130.7 108.9 189.9 153.0 161.6 221.0 
1998-1997  194.3 213 284.5 285.6 208.5 207.7 276.7 114.5 237.8 281.3 
1999-1998  94.5 100 110.7 164.9 115.9 90.1 117.4 94.6 98.1 154.4 
2000-1999  130.5 140.8 184.5 221.9 149.3 148.0 181.7 170.1 154.5 224.2 
2001-2000  185.9 203.5 242.1 388.3 200.7 211.5 291.5 229.5 250.7 362.5 
2002-2001  270.5 241.5 284.9 385 248.2 238.5 284.8 239 244.9 318.2 
2003-2002  248.0 262 271.4 324.8 238.0 243.0 305.8 283 263.3 318.2 
2004-2003  198.0 271.5 334 376.8 258.8 268.5 291.9 341.8 251.1 373.2 
2005-2004  162.0 189.5 264.2 328.2 195.2 183.2 194.5 239.7 181.3 319.2 
2006-2005  196.0 190 252 287 191.0 199.4 223.2 179.5 145.4 279.3 
2007-2006  250.4 284.5 276.3 443.5 244.0 317.4 336.9 265.5 301.0 435.0 
2008-2007  93.0 117 133.3 197.5 106.4 118.7 164.5 147 125.9 190.8 
2009-2008  257.0 197.42 258.9 294.4 227.8 169.6 242.9 195.5 203.1 276.6 
2010-2009  272.5 215.64 243.3 249.6 210.6 219.5 249.9 223 216.6 303.0 
2011-2010  145.7 157.95 190.4 234.1 163.4 111.0 183.1 140 192.4 219.4 

Value maxim
um 

333.4 370.5 384.5 470.9 337.5 398.0 353.5 350.8 305.1 485.8 

Year 1373.0 1373.0 1373.0 1373.0 1373.
0 1370.0 1370.0 1370.0 1370.0 1370.

0 

Value Avera
ge 200.5 213.1 241.0 312.9 208.6 205.5 240.3 211.6 205.9 299.3 

Value Minim
um 

93.0 100.0 96.0 164.9 106.4 90.1 117.4 94.6 98.1 154.4 

Year 1386.0 1377.0 1375.0 1377.0 1386.
0 1377.0 1377.0 1377.0 1377.0 1377.

0 
Standard 
deviation 65.0 68.0 69.1 87.0 56.7 76.9 64.7 69.6 58.2 84.6 

Coefficient of 
Variation 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 

Table 134. Annual Rainfall Quantities at the Selected Stations in the Joint Statistical Period (mm) 
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200 368.0 388.4 390.3 537.1 354.6 403.5 399.1 390.9 355.8 517.2 
100 351.8 371.4 379.0 515.4 340.5 384.3 384.6 373.5 341.3 496.1 
50 334.1 352.9 366.0 491.7 325.0 363.4 368.6 354.6 325.4 473.0 
25 314.4 332.2 350.7 465.3 307.9 340.1 350.6 333.5 307.8 447.4 
10 283.8 300.3 325.6 424.5 281.3 304.0 322.3 300.8 280.5 4.7.7 
5 255.2 270.3 300.1 386.1 256.3 270.2 295.1 270.2 254.8 370.5 
3 228.5 242.4 274.7 350.5 233.0 238.7 269.3 241.6 231.0 335.8 
2 200.5 213.1 246.2 312.9 208.6 205.5 241.7 211.6 205.9 299.3 
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Table 135. Annual Rainfall Frequency at the Selected Stations (mm) 
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Map 2-4: Annual Isohyetal Map of the Study area 

 
 

Sub-basin Area band rainfall (h) Band rainfall (mm) Volume rainfall (m3) meanrainfall (mm) 

E1 
571.71 220-230 1.29 233.00 2293.26 230-240 5.39 

E2 
1561.97 220-230 3.51 225.80 136.44 230-240 0.32 

E3 1187.64 220-230 2.67 228.39 608.37 230-240 1.43 
E4 3.48 220-230 0.01 224.90 
E5 10.30 220-230 0.02 224.98 
E6 14.84 220-230 0.03 225.01 
E7 322.71 220-230 0.73 225.00 

E8 

6624.24 220-230 14.90 

239.09 

3465.13 230-240 8.14 
1252.87 240-250 3.07 
527.31 250-260 1.34 
500.01 260-270 1.33 
458.02 270-280 1.26 
215.37 280-290 0.61 
228.59 290-300 0.67 
418.33 300-310 1.28 
158.47 310-320 0.50 

E9 84.22 220-230 0.19 225.00 

E10 

1939.80 220-230 4.36 

236.85 

1530.56 230-240 3.60 
433.46 240-250 1.06 
369.81 250-260 0.94 
148.65 260-270 0.39 
97.96 270-280 0.27 
69.36 280-290 0.20 
46.91 290-300 0.14 
23.41 300-310 0.07 
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Study area 

12320.91 220-230 27.72 

236.09 

8033.77 230-240 18.88 
1686.33 240-250 4.13 
897.12 250-260 2.29 
648.66 260-270 1.72 
555.98 270-280 1.53 
284.73 280-290 0.81 
275.50 290-300 0.81 
441.74 300-310 1.35 
158.47 310-320 0.50 

Table 136. Annual Rainfall Height and Volume at the Study area 

 
(mm/hr) 

T/t(hr) 1.25 2 5 10 20 25 50 100 
0.25 10.5 16 24.1 29.4 34.5 36.1 41.1 46 
0.5 7.3 11.1 16.8 20.5 24 25.1 28.6 32 
1 5.1 7.8 11.7 14.3 16.7 17.5 19.9 22.3 

1.5 4.1 6.3 9.5 11.5 13.5 14.2 16.1 18 
2 3.5 5.4 8.1 9.9 11.7 12.2 13.9 15.5 

2.5 3.5 5.1 7.2 8.5 9.7 10.1 11.3 12.5 
3 3.1 4.6 6.4 7.6 8.7 9.1 1.01 11.2 

3.5 2.8 4.2 5.9 6.9 7.9 8.3 9.2 10.2 
4 2.6 3.8 5.4 6.4 7.3 7.6 8.5 9.4 

4.5 2.4 3.6 5 6 6.8 7.1 7.9 8.8 
5 2.3 3.3 4.7 5.6 6.4 6.7 7.4 8.2 

5.5 2.1 3.2 4.5 5.3 6 6.3 7 7.8 
6 2 3 4.2 5 5.7 6 6.7 7.4 

6.5 1.9 2.9 4 4.8 5.5 5.7 6.3 7 
7 1.8 2.7 3.9 4.6 5.2 5.4 6.1 6.7 

7.5 1.8 2.6 3.7 4.4 5 5.2 5.8 6.4 
8 1.7 2.5 3.6 4.2 4.8 5 5.6 6.2 

8.5 1.6 2.4 3.4 4.1 4.6 4.8 5.4 6 
9 1.6 2.3 3.3 3.9 4.5 4.7 5.2 5.7 

Table 137. 

 

Chart 55. Curve of Intensity Duration, Alternation in Arak 

For the analysis of atmospheric and climatic data and information, we need to know variance, 
quality and type of stations available in the studied region. We reviewed the stations in the 
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region, using the available maps at the synoptic, climatology and evaporation stations, and 
ultimately, we selected 4 stations for surveying temperature of the region. Due to the more 
stability of temperature in comparison to other atmospheric elements and also due to little 
change in temperature during successive years, we selected 10 years as our statistical period. 
Table (142) shows quantities of five parameters of the temperature. 
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 32.6 26.4 18.8 18.2 20.2 27.0 27.6 33.0 37.0 40.6 40.6 37.5 40.6 

 30.6 23.9 16.0 13.5 15.0 22.0 25.3 29.9 35.5 39.6 38.6 36.3 27.2 

 18.5 11.0 4.5 -1.1 -0.5 8.6 12.3 17.4 22.6 27.3 27.1 23.4 14.2 

 10.6 6.4 -1.9 -7.0 -15.9 -15.7 -4.9 -0.7 4.9 9.7 14.9 15.6 1.3 

 8.2 2.4 -5.6 -9.6 -30.0 -25.4 -8.6 -2.6 2.8 7.2 12.4 13.6 -30.0 

D
av

ud
ab

a
d 

 33.0 27.5 19.5 18.0 16.0 25.0 27.5 31.5 39.5 39.5 39.5 37.0 39.5 

 27.2 17.8 10.4 4.1 4.9 14.2 18.1 23.9 30.8 35.3 35.3 33.1 20.8 

 17.3 9.5 3.4 -2.1 -1.6 6.4 10.6 15.8 21.3 26.5 26.4 22.7 12.5 

 5.7 -0.2 -7.6 -15.5 -17.5 -3.0 2.2 7.0 10.4 16.2 16.9 11.3 1.2 

 1.0 -8.0 -11.0 -30.0 -28.0 -11.0 -4.5 2.0 5.0 0.9 12.0 5.5 -30.0 

A
sh

tia
n 

 28.0 21.0 17.0 13.2 15.0 20.0 21.2 26.2 31.2 36.0 34.0 36.0 36.0 

 21.4 12.0 5.4 2.4 2.3 9.2 12.6 18.5 24.9 29.7 29.5 27.0 16.2 

 15.4 0.8 2.1 -1.2 -1.3 4.6 8.2 13.6 19.5 24.6 24.5 21.5 11.6 

 10.5 4.0 -1.3 -4.9 -4.9 0.1 3.7 8.7 14.0 19.5 19.5 16.0 7.1 

 3.3 -7.0 -12.1 -19.2 -18.0 -10.2 -4.4 -0.2 7.0 12.3 2.0 10.0 -19.2 

 

 33.0 26.0 20.0 17.0 18.0 25.0 27.5 31.0 37.0 39.5 38.5 36.0 39..5  

 25.8 17.0 9.7 4.7 6.1 13.3 17.4 23.4 30.1 34.3 33.8 30.6 20.5 

 14.7 8.0 2.4 -2.5 -1.2 4.9 9.3 14.1 19.3 24.9 24.4 20.1 11.0 

 3.7 -1.1 -5.2 -9.8 -8.5 -3.5 1.2 4.9 8.5 15.4 15.0 9.5 2.1 

 -1.0 -11.0 -13.5 -29.5 -30.2 -13.0 -8.0 -1.5 1.5 8.5 8.5 1.0 -30.2 

Table 138. Quantities of five Temperature Parameters of the Selected  
Stations since their Establishment (Degrees Centigrade) 

• Wind Rose 
We made use of the data archived at Arak Synoptic Station for studying of wind rose. Wind 
rose gives a view of how wind speed and direction are distributed and can indicate the 
dominant wind directions and the direction of the strongest wind speeds. 
Table (143) shows frequency percentage of annual wind record archived by Arak Synoptic 
Station. We proceed with plotting monthly and annual wind rose of the said station, using 
WRPLOT Software. The Chart (55) shows monthly and annual wind rose. 

 

Direction 
Wind speed of 2 meters (Nat) 

Wind calm 2-5 >5 
Northern 337.5-22.5 

63.3 

0.52 2.18 
Northeast 22.5-67.5 0.57 6.41 
Eastern 67.5-112.5 0.39 3.18 

Southeast 112.5-157.5 0.11 1.79 
Southern 157.5-202.5 0.35 2.6 
Southwest 202.5-247.5 0.05 5.44 
Western 247.5-292.5 0.07 10.15 

North West 292.5-337.5 0.21 2.68 

Table 139. Frequency Annual Wind at Arak Synoptic Station (%) 
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Chart 56. Annual Wind Rose Plot of Arak Synoptic Station 
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Chart 57. (Continued): Wind Rose Plot – Period of Record: April – September / Arak Synoptic Station 
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Chart 58. (Continued): Wind Rose Plot – Period of Record: October – March / Arak Synoptic Station 

 
 
 



 The Persian Qanat                                                                             

751 
 

Appendix IV 
 

Water Resources 
Dourakhor or Moshk Abad regions are located within Anjedan to Ebrahim Abad in the east 
of the city of Arak, in Mighan Lake Basin. All of the water from floods and thawed snow 
from Haftad Gholeh Mountains find their way to several water ways and seasonal rivers, and 
they are directed toward Mighab Lake. In the study basin, i.e., Moshk Abad, a portion of 
water from Taftad Gholeh is transferred by seasonal rivers of Ebrahim Abad and Kheir Abad. 
Taftad Gholeh, is a protected region, with an area of 81,125 hectares and circumference of 
140 kilometers, covering about 2.7% of the Markazi Province area. This area is located at the 
distance of 25 km of the east of Arak, 30 km away from north of Khomein, 15 km away from 
Mahalat and 35 km distant from Delijan, and it is regarded as a sub-division of Arak and 
Mahalat cities in respect of governmental considerations.  
Taftad Gholeh region has been formed out of mountainous bodies which are situated in a 
spread of rolling hills and plains. Taftad Gholeh Mountains, with the highest peak of 2686 
meters, is the most important mountain range in this region. This region enjoys different 
vegetation and animal habitats due to its elevation variation. Barf Shodeh Mountain, with 
height of 2993 meter, is the highest peak in the region and its lowest point forms the northern 
plain of the region, with an estimated height of 1667 meters. Important mountains of the 
region include: Latehdar Mountain, Barzard Mountain, Ghonghal Mountain, Selehbahr 
Mountain, Karchan Mountain, Sibak Mountain, Ghader Mountain, Domshir Mountain, 
Chenar Mountain, Pahneh Mountain, and its well-known valleys include: Ali Khalil, 
Gazaldar, Baranzr, Ghazal, Chakak, Sibak, Kaftar Khoun, Dalkhouni, etc. 
A part of basin of this region is extended toward Moshk Abad Plain and the water from 
floods and sometimes from melted snow of the region flows to the mentioned plain and 
directed through the seasonal rivers. 
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Photo  21  .An image of Haftad Gholeh Elevations and the plain in which Ebrahim Abad Qanat has been dug 

 

 

Photo 22. an image of Mighan Desert, Main Drainage of the Region 
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Groundwater Studies 
 
Research Records of the Studied Region 
The most important previous reports on the groundwater of the region include updating 
studies of Water Resources Atlas, Water and Sustainable Development Consulting Engineers 
Group, Iran Water Resources Management Company, Yekom Consulting Engineers, and 
aggregate reports of the Research Project of acclimation to arid and semi-arid climates, 
Jamab Consulting Engineers Co. 
 
Survey of the status of Aquifer of the Region 
We used the results of statistical survey conducted in 2003-2004, data of water level of 
observation wells, discharge of Ebrahim Abad Qanat and the report of Atlas on the water 
resources balance for the year 2006-2007. Observation wells are used to determine the 
aquifer groundwater level fluctuations and the data from their statistical analysis may indicate 
information concerning the groundwater flow direction, hydraulic boundaries, surface water 
and groundwater exchange process, impact of geological organizations surrounding the plain 
on the groundwater system and hydraulic slope, feeding areas, volume of charge of 
groundwater, etc.  The available statistics and data indicate existence of 57 observation wells 
within the whole study area in Arak (4124). The levels of water of the existing observation 
wells have been measured since 1985-1986. The characteristics of observation wells within 
the study area and their situations have been shown in Table (144) and on Map (42) 
respectively. 
 

NO Location  
UTM Signs point height 

(m) X Y 

1 Ahangaran 
 P1 377553 3807251 1704.54 

2 Azad Marzabad P2 380601 3784218 1671.17 

3 Ebrahimabad 
 P3 411947 3785615 1686.5 

4 Astrvan P4 378499 3796607 1674.3 
5 Aman Abad(1) P5 401887 3763508 1727.08 
6 Aman Abad(2) P6 398310 3766811 1696.62 
7 Aman Abad(3) P7 403510 3768837 1712.2 
8 Eybak Abad P8 378789 3779130 16669.35 

9 Cheshmeh Khurzan 
road P9 413406 3789938 1715.32 

10 Rudbaran road- Khomeyn P  10  397910 3758322 1781.85 
11 Jownush P  11  375622 3813664 1735.5 
12 Cheqa P  12  387094 3773103 1683.51 
13 Hajji Abad P  13  391530 3770017 1674.85 
14 Horr Abad P  14  379872 3801102 1683.29 
15 Hlt Abad P  15  382509 3806380 1708.89 
16 Khlt Abad P  16  378379 3824278 1818.43 
17 Davud Abad P  17  393713 3794760 1677.06 
18 Deh-e Namak P  18  395906 3790134 1668.54 
19 Rahzan P  19  387355 3783718 1663.4 
20 Rudbaran P  20  400295 3760554 1753.07 
21 Kheyrabad P  21  411763 3777337 1696.56 
22 Omarabad(1) P  22  414973 3780381 1691.65 
23 Omarabad(2) P  23  415041 3784539 1698.21 
24 Zarrineh P  24  399580 3795729 1704.34 

http://www.yekom.com/index_f.asp
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25 Susanabad P  25  376565 3785522 1674.2 
26 Sahlabad P  26  406353 3790387 1687.08 
27 Sahlabad- Chah Chupani P  27  402452 3789007 1676.84 
28 Shams Abad P  28  388159 3805259 1726.72 
29 Shahsavaran P  29  410364 3780895 1678.3 
30 Shirvan P30 407591 3779480 1675.97 

31 Safar Abad 
 P31 394588 3805144 1751.76 

32 Taramazd P32 387742 3780222 1671.16 
33 Ghias Abad P33 370859 3806161 1749.9 
34 Farsi Jan P34 367522 3814065 1749.12 
35 Fathabad- Qasimabad P35 375051 3798465 1680.4 
36 Farahabad P36 391288 3803165 1718.67 
37 Farmahin P37 378408 3817401 1767.55 
38 Qanat-e-Naseri P38 382744 3775503 1706.54 
39 Karchan P  39  402329 3774972 1674.34 
40 Kazemabad P  40  378803 3828319 1863.17 
41 Gav Khaneh P  41  382193 3779631 1684.75 
42 Mobarakabad P  42  388625 3777600 1671.02 
43 Majdabad-e Kohneh P  43  382823 3825019 1858.26 
44 Majdabad-e Now P  44  383844 3815519 1779.72 
45 Mohammadiyeh P  45  375959 3788027 1675.43 
46 Moradabad-moshk-abad P  46  398711 3777422 1663.37 
47 Moradabad Miqan P  47  383049 3786191 1666.41 
48 marzijaran P  48  376465 3780021 1693.83 
49 Mzre gole hsar P  49  381126 3811253 1732.5 
50 Malek Abad P  50  397060 3772101 1673.48 
51 MutAbad P  51  393338 3773228 1668.53 
52 Mvyz Abad P  52  374521 3802081 1689.59 
53 Mehrabad P  53  370817 3785334 1728.82 
54 Michan P  54  373539 3737863 1688.46 
55 Nvazan P  55  370039 3795802 1742.17 
56 Vismeh P  56  385016 3796241 1669.75 
57 Haftad gholeh P  57  418822 3777025 1714.75 

Table 140. Characteristics of Observation Wells Dug within the Study area 

 
Geomorphically, Ebrahim Abad is extended along the covered plain, supplying groundwater 
to the village based in Mighan Desert’s margin. The mother well of this Qanat is almost 
situated on the boundary between epandage pediment and covered pediment, and the well 
sinker determined the most appropriate location for digging the mother well. 
Statistics of the year 2003 indicate there are six piezometers within the study area, and such 
number of piezometer is not enough to determine the phreatic surface contour lines. 
Additionally, such piezometers are far away from the studied Qanat and do not play a 
significant role in determining the phreatic surface and flow direction. Actually, we need 
information concerning mother well depth, slope of the gallery, and calculation of the length 
of the wet gallery to be able to determine the quantitative setback areas. We are going to 
continue by determining prerequisites, followed by setback area-determination method and 
presentation of results. 
 
 
 
 

https://www.google.com/search?biw=1280&bih=839&q=kazemabad&stick=H4sIAAAAAAAAAGOovnz8BQMDIzsHyyPGRiZugZc_7glLfWectObkNcYPjFxcwRn55a55JZkllUIPGbnYoEwBLj4pLv1cfYMM8zzLknINBql9jEIyXKL6yfk5OanJJZn5efo5-cmJIEax6Lua_3ZCWlzKyLKJxcWZxSWJeSXxRam5mXkpqUXF-ok5OaIMQCBkwWWIrDY7L788JzUlPTW-IDEvNadYvzgjvzQnJT43tQgoVp5ZkhGfUwrWqcTFmydlISR64fZDRS0hTuEMl1tvGxntBY9uOW4Uk3xYx4DBSvDWyhvLb-y42apwY9GNFUDm-tx6a1E7JRYOBgEmnikh7ve5HBukbyu1aLbob9xt8CR3EgDEralHJAEAAA&sa=X&ei=AvanVNmzCcK2UcqegLAL&ved=0CH4Q6RMwDw
https://www.google.com/search?biw=1280&bih=839&q=mobarakabad&stick=H4sIAAAAAAAAAGOovnz8BQMDIycHyyPGZiZugZc_7glL_WSctObkNcZPjFxcwRn55a55JZkllUKPGbnYoEwBLj4pLv1cfYMCi_LyrCQNBqkDjEIyXKL6yfk5OanJJZn5efo5-cmJIEax6Lua_3ZCWlzKyLKJxcWZxSWJeSXxRam5mXkpqUXF-ok5OaIMQCBkwWWIrDY7L788JzUlPTW-IDEvNadYvzgjvzQnJT43tQgoVp5ZkhGfUwrWqcTFy5UdISLqF7dOVkuI8-EJuYMzd7yxF5xR_bRf8vmtLAMGK-GbrTdW3Fh-Y-OtlQo3FoGZ63NNn4fZKbFwMAgw8bDE7hfu9GTv_LbtjZbeNZekqbXnHgMAedEc-SYBAAA&sa=X&ei=PvanVKqYEciuUfiXgagL&ved=0CHwQ6RMwDg
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Map 42 Situation of the Qanat, in respect of Mighan Desert  

and piezometers available at Ebrahim Abad Plain 

 

Depth of the Mother Well of the Qanat 
For the purpose of determining the depth of the mother well, we used the underground 
surface surveying data. In fact, the elevation figures of the ground surface were determined 
by surface surveying at the location of the mother well, and underground surveying 
determined the depth of the last open well. The depth of the mother well was determined with 
respect to the slope of the gallery and the distance between the last open well and the mother 
well. By leaner fitting on the depth curve of such shafts and determination of the equation of 
the fitted line, the depth of the mother well was estimated at about 49 meters. 
 

 

Chart  59 . Curve of the depths of shafts in respect of distance in direction of x axis 
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Slope of Gallery 
We conducted a survey within the accessible interval in order to determine the slope of the 
gallery. The average slope of the Qanat floor within the said interval is about 0.0035. This 
slope was generalized to the unknown interval of the Qanat and it was applied in the 
calculations. As it is shown in Map (43), the data of water surface related to piezometers in 
2001 at GIS environment were interpolated by using inverse distance weighting method in 
order to specify the water level in the whole aquifer, and then the map of slope of 
groundwater level was plotted as shown in map (44). The average slope of the groundwater 
level, resulted out of the data of the water level related to piezometers, determined at about 
0.0025, which lower that the slope of the gallery. 
 
 

 
Map 43. Interpolation between data of water level related to  

piezometers, using inverse distance weighting method 
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Map 44. The slope of the groundwater slope in the aquifer, resulted from groundwater level calculated by using 
inverse distance weighting method 

Length of Wet Gallery 
Ebrahim Abad Qanat has two live auxiliary branches in addition to its main branch. These 
two branches play a role in the supply of the water of the Qanat too. These two branches are 
known as Ranab and Ghousheh. The lengths of the wet galleries both branches are deemed 
vital parameters in determination of their interfaces. In this project of surveying Ebrahim 
Abad Qanat, the length of wet galleries of the main branch, as well as Ranab and Ghousheh 
Branches were respectively estimated at 2900, 700 and 250 meters, with regard to field 
inspections and expertise views. 
 
Hydraulic Conductivity of the Aquifer 
Field inspections of shafts and gallery of Ebrahim Abad Qanat indicate that the constituents 
of the region are made up of a mixture of fine and average sand, mixture of fine sand, grit and 
cobblestones and clay.  
 
Unit Hydrograph of the Plain 
As it was stated before, according to the statistical results of 2003-2004, and the report of 
Atlas on the water resources balance, the status of the Arak Aquifer was surveyed in the 
water year 2006-2007. Within the time interval of October 2006 until September 2007, the 
statistics of the water level of observation wells were used for plotting the unit hydrograph of 
the plain, and then, unit hydrograph was plotted for each observation well after calculation of 
Thiessen Level. It is to be noted that the conducted surveys are related to the area where the 
observation wells are located and bears statistics in this time interval. Chart (29) shows the 
unit hydrograph in the study area in Arak (4124) in the water year 2006-2007. With regard to 
the unit hydrograph in the time interval 2006-2007, maximum groundwater level in April 
2007 reached 1686.28 meters. Chart (30) shows the impact of rainfall on discharge of  
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Ebrahim Abad Qanat and the groundwater level. This chart shows that the discharge of 
Ebrahim Abad Qanat is highly under the influence of rainfall quantity. As it is seen in the 
following chart, increase in rainfall in the region, which is generally happens in late winter 
and early spring, leads to maximum discharge of Ebrahim Abad Qanat in March and April. It 
seems that the texture of soil in the wet gallery section of Ebrahim Abad Qanat is constituted 
of coarse particles, with high permeability and that the volume of the aquifer is limited so that 
the Qanat quickly reacts to rainfall. 
Chart (31) separately compares unit hydrography with discharge of Ebrahim Abad Qanat in 
the water year 2006-2007. As it is seen, groundwater level decreases with decrease in the 
Qanat discharge. 

 

 

Chart  60 . Unit Hydrography in the Study area in Arak 

 
Chart 61. Impact of Rainfall on Discharge of Ebrahim Abad Qanat and  

Groundwater Level in the Water Year 2006-2007 
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Chart 62. Comparison of Unit Hydrography with Discharge of 
Ebrahim Abad Qanat in the Water Year 2006-2007 

 
 
Changes in Groundwater Level 
According to the unit hydrography of the Plain, the water level decreased 44% in September 
2006-2007 in comparison to October. The direction of groundwater flow is from north, south 
and east toward west with respect to the groundwater level diagram plotted for the study area 
for April 2007 (the highest groundwater level in the studied time interval). Deserts are 
situated in hot, arid low plains. Within the study area of Arak Plain, Mighan Desert, in fact, 
acts as the playa and drainage of the Arak Plain and draws the groundwater flow direction 
and surface waterways toward itself. A survey of the map of groundwater flow direction 
shows that a portion of the flow direction is from Mighan Desert toward west and southwest 
of Arak. Map (45) shows the situation of observation wells, contour lines and the 
groundwater flow direction. 
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Map 45. Situation of observation wells, contour lines and the groundwater 
 flow direction in the aquifer of the study area in Arak 
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Hydrologic Budget 
• Hydro-Climatologic Budget of Hydrologic Basin of Ebrahim Abad 

Precipitation in a region of main entry is the Hydro-Climatologic Budget of such region. A 
part of this precipitation evaporates and the remainder is called effective rainfall, which is 
turned into runoff and enters the soil in form of deep percolation. 
 

zone Area (Km2) Runoffs(MCM) (MCM) Surface runoff (MCM) Penetration (MCM) 
Plain 136.92 31.38 27.52 1.53 2.34 

Elevations 116.15 28.57 24.31 1.71 2.55 
Total 253.07 59.96 51.83 3.24 4.89 

Table 141. 25-Year Hydro-Climatologic Budget (1986-1987  
through 2001-2002) at Hydrologic Basin of the Qanat 

 
• Groundwater Budget of Hydrologic Basin of Ebrahim Abad Qanat 

Table (146) summarizes the results of groundwater budge at elevations and plain of the 
Ebrahim Abad Qanat Basin. The area of the Ebrahim Abad Qanat hydrologic basin is 253.07 
square kilometers and includes a plain: 136.92 square kilometers, and elevations: 116.15 
square kilometers. 
 
Fundamentals of Groundwater Budget of Alluvial Aquifer 
Budget of Aquifer at Elevations 
Feeding through Precipitations (Rr): According to the results of long-term climatologic 
budget, 2.55 million square meters of water has been percolated into the elevations. 
 
Discharge from Well, Spring and Qanat: According to a statistical survey there are no 
wells, springs and qanats within the elevation area of Ebrahim Abad Qanat, hence their 
discharge equals zero. 
 
Feeding from the Water Returned from Exploitation Wells and Qanats: As there are no 
water sources in the aquifer of elevations at the hydrologic basin of Ebrahim Abad Qanat, 
returned water quantity also is equal to zero. 
 
Underground Inlet and Outlet (qout, qin): There is no hydrologic reason for entry of water 
from the neighboring area to the elevations of the Ebrahim Abad Qanat area; accordingly, 
this parameter was regarded as zero. Based on the budget balance and upon assuming lack of 
change in Aquifer reserve at elevations, because the budget period is long and the ratio of 
discharge quality to area of the aquifer at elevations is zero, we considered the underground 
outlet at elevations equal to 2.55 million square meters. This quality is fed to the aquifer of 
the plain of the basin. 
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Table 142. Summary of Groundwater Budget within the Plain and Elevations of hydrologic Basin of Ebrahim Abad 
Qanat 

Budget of Aquifer of the Plain 
Feeding through Precipitations (Rr):  
According to the results of long-term hydro-climatologic budget, 2.34 million square meters 
of rainfall water has been percolated into the plain. 

Feeding from the Water Returned from the Existing Qanats (RQS): 
Discharge of operable qanats within the aquifer of the plain, which is used for agricultural 
purposes, equals 0.525 million cubic meters per year. With regard to a percolation of 10% for 
the floor of the Qanat, and 25% of the transferred water at the surface of farms during 
farming period, the volume of the percolated water from Qanats is 0.204 million cubic meters 
per year. 

Feeding from the Water percolated from Surface Runoffs ( Rri ):  
Total inundations at elevations have to be regarded in order to determine the percolation from 
the surface currents and inundations, hence, enabling to determine contribution of the plain of 
the Ebrahim Abad basin. Assuming 2% of the inundations at elevations, 0.034 million cubic 
meters of the total volume of inundations at elevations (1.71 million cubic meters) is 
percolated into the plain. 

Underground Inlet and Outlet (qout, qin): 
As there was no data on the height of Phreatic Surface at aquifer, it was not possible to 
determine the plain underground inlet and outlet; but with respect to the hydrologic 
conditions of the plain, we considered inlet from the surrounding formations equal to the 
underground outlet of the elevations, i.e., 2.55 million cubic meters. Based on the budget  
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balance and upon assuming zero change during budget period (because it considered for a 
long period), the underground outlet of the plain was regarded as 2.38 million cubic meters. 

Discharge from Well, spring and Qanat: 
According to a statistical survey at the plain area within the Ebrahim Abad Qanat Basin, total 
discharge of groundwater is about 3.08 million cubic meters by exploitation wells and 0.525 
million cubic meters by the qanats. It is to be noted that there are no springs within the 
Ebrahim Abad Qanat Basin. 

Evaporation from the Groundwater Surface (DET): 
With respect to the surveys conducted in the Ebrahim Abad Qanat Basin, water very deep and 
no evaporation from the phreatic surface; therefore, the volume of evaporation from the 
groundwater surface was regarded as zero. 

Changes of Storage Volume:  
Whereas the budget period was regarded long, changes in water storage at this plain is 
regarded as zero. 

Status of Exploitation 
The exploitation from ground water resources within the study area in Arak was surveyed on 
the basis of the results of prepared statistics. Exploitation in the study area in conducted for 
various consumptions through artificial means (well and Qanat) or natural means (spring). 
Table (147) was prepared and presented according to these results. With respect to the table 
total discharge from the water resources in the study area is equal to 676.35 million cubic 
meters per year. 
 
 

Expenditure Well spring Qanat 

Agriculture Number 1881 0 396 
Discharge (MCM) 451.19 0 138.715 

Potable water Number 381 0 43 
Discharge (MCM) 67.747 0 7.34 

Industry Number 254 0 0 
Discharge (MCM) 11.357 0 0 

animal 
husbandry 

Number 0 0 0 
Discharge (MCM) 0 0 0 

other Number 494 0 0 
Discharge (MCM) 0 0 0 

Total Study Area  
Number 3010 0 439 

Discharge  530.294 0 146.056 
(MCM)    

Total discharge area studies (MCM) 676.35 
Table 143. Summary of Results of Statistical Survey on  

Groundwater Resources in the Study Area in Arak 

 

Survey of Feeding Source of the Qanat 
The only feeding source of Ebrahim Abad Qanat is the precipitation in the basin of the Qanat. 
For the survey of the impact of rainfall on the outlet discharge from Ebrahim Abad Qanat the 
statistics related to rainfall and outlet discharge from Ebrahim Abad Qanat was obtained in a 
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joint time interval from 2002 until 2010, and then Chart (62) was plotted according the 
available data. This chart shows that the discharge of Ebrahim Abad Qanat is highly under 
the influence of rainfall quantity. As it is seen in the following chart, increase in rainfall in 
the region, which is generally happens in late winter and early spring, leads to maximum 
discharge of Ebrahim Abad Qanat in March and April. It seems that the texture of soil in the 
wet gallery section of Ebrahim Abad Qanat is constituted of coarse particles, with high 
permeability and that the volume of the aquifer is limited so that the Qanat quickly reacts to 
rainfall. 
 

 

Chart 63. Comparison of Rainfall Quantity in the Basin of Ebrahim Abad with Outlet Discharge of this Qanat 

 
Survey of the Status of Qanats Existing in the Region and their Distances to Ebrahim 
Abad Qanat 
According to the existing statistics and data, the closest qanats which are situated in the 
setback area of Ebrahim Abad Qanat were specified by using ArcGis Software, and their 
distances to the gallery and outlet of Ebrahim Abad Qanat were calculated according to the 
situation of their mother wells and outlets. The neighboring qanats have an impact on the 
discharge rate of the respective qanat outlet according four factors: distance from the 
respective qanat, length of the wet gallery, depth of the shafts and slope of the gallery. The 
quality of the outlet discharge of the respective qanat is reversely related to the four above-
said factors. It is to be noted that the effect of the length of wet gallery of the adjacent qanat 
is twice as much as that of its depth (Asgharinia, et al, 2012), and whereas the slope of most 
qanat ranges between 0.002 to 0.005, the impact of this factor is lower than the rest of the 
said factors. Khalil Abad and Virzan Qanats are still operable, with discharge of 12 Lit/s and 
12.6 Lit/s respectively, which are situated parallel to Ebrahim Abad Qanat, extended from the 
end of its wet gallery, and discharging the aquifer. 
 
Survey of the Status of Springs Existing in the Region 
The distances from spring to qanat and outlet discharge rate of springs are deemed as factors 
affecting the discharge of the qanats. According to the available statistics on the study area, 
there is no spring in this area. 
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Map 46. The situation of water resources existing around Ebrahim Abad Qanat 

 

Survey of Stream and Waterways of the Qanat Basin 
For the purpose of surveying streams and waterways which pass through Ebrahim Abad 
Qanat, the whole axis of Qanat was practically surveyed and the waterways intersecting the 
qanat axis were studied. To this end, we used aerial photos and topographic maps. Map (47) 
shows the waterways and streams passing over Ebrahim Abad Qanat. Ebrahim Abad Qanat is 
a plain qanat and it passes through many streams and waterways at its initial parts. photo (23) 
shows a view of the Posht-e Ghabrestan River, situated near Ebrahim Abad Village. As it is 
specified in the image, both sides of the river at the Village, dykes and walls have constructed 
to protect the village from contingent floods.  Six waterways, which are rather large, intersect 
or are situated beside the Qanat axis; the Posht-e Ghabrestan River is the largest of these 
waterways. The said river is deemed as the main drainage of the basin of the Qanat. 

 

Photo 23. A view of the Posht-e Ghabrestan River, near Ebrahim Abad Village 
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Map 47. Streams and Waterways Intersecting Ebrahim Abad Qanat 

 
Discharge 
Survey of Records of Qanat Discharge during Past Seasons and Years 
We used data from Arak Regional Water Organization and also field studies for investigating 
records of Qanat discharge. Markazi Province Regional Water Company of has kept a record 
of the Qanat discharge measurement since 2001. According to such statistics and data, Qanat 
long-term discharge is about 41 Lit/s. 

For the purpose of studying changes in discharge in the past years, we surveyed the yearly 
discharge changes. According to the obtained data, there have been fluctuations in the 
discharge of Ebrahim Abad Qanat in last successive years. Since 2007 the Qanat has 
experienced an ascending trend in its discharge. 
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2001 75 64.8 59 56 49.1 52 48 49 52 58 55 59 56.4 75 48 
2002 72 61 41 33 31 29 26 26 32 38 50 54 41.1 72 26 
2003 68 61 52 43 35 30 25 22 24 26.8 33 38 38.2 68 22 
2004 57.4 51 41 38 37 35 34 40 42 45 48 50 43.2 57.4 34 
2005 52 45 38 32 28 30 28 24 25 28 32 32 32.8 52 24 
2006 41 38 22 21 21 23 26 31 49 50 52 52 35.5 52 21 
2007 55 53 41 35 34.5 32 32 36 43 47 58 62 44.0 62 32 
2008 48 32 25 23 21 21 21 23 26 35 45 52 31.0 52 21 
2009 55 48 43 38 35 32 31 35 40 43 46 48 41.2 55 31 
2010 51 48 40 34 28 25 23 35 42 54 68 71 43.3 71 43.3 
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2011 67 58 51 47 43 39 33 35 38 43 50 55 46.6 67 33 
2012 55 47 39 35 33 31 30 33 37 41   38.1 55 30 

Average 58.0 50.6 41.0 36.3 33.0 31.6 29.8 32.4 37.5 42.4 48.8 52.1 41.0   
Discharge 
maximum 75 64.8 59 56 49.1 52 48 49 52 58 68 71  75  

Discharge 
minimum 41 32 22 21 21 21 21 22 24 26.8 32 32   21 

Table 144 . Annual and Monthly Discharge of Ebrahim Abad Qanat 

 

 

Chart 64. Monthly Long-Term Discharge 

 

 

Chart 65. Annual Changes in the Qanat Discharge 
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Photo 24. Measurement of Water Discharge by the relevant Specialist 

With respect to the precipitation distribution in the region, as of November which is the onset 
of rainfall, until April, is the regarded as the wet season, and as of May until October is 
considered as the dry season. As it is seen in this chart, the highest decrease in the discharge 
of the Qanat, i.e., 25% decrease in the dry season, in comparison to the wet season was 
experienced in 2008. 

 

Chart 66. Ebrahim Abad Discharge Changes in the Wet and Dry Seasons (2001 – 2011) 

 

Chart 67. Decrease in Qanat Discharge in summer in comparison to spring (%) (2001 – 2011) 
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Map 48. Discharge Harvesting Locations 

Local discharging measurement 
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Discharge measurement point 48 50 48 46 42 38 
Average Discharge range 48 49 49 47 44 40 

Decrease  Discharge 0 2 -2 -2 -4 -4 
Distance between points(m) 0 2277 952 1733 1748 985 

 
 
 

 

Chart 68. Discharge of the Qanat at the Measurement locations (Lit/s) 
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Chart 69. Discharge Changes in Respect to the Distance of Water Movement in the Qanat Gallery 
 

Survey of Water Permeability and Rate in Soil 

Ebrahim Abad Qanat is situated almost perpendicular to the mountain axis, and it is extended 
along the covered pediment, such that the mother well lies within the epandage pediment and 
the outlet of the quant is in vicinity of the boundary between the covered pediment and playa 
(Mighan Desert). The upstream soil texture gets coarser as it approaches toward the outlet of 
the Qanat. As a result, permeability deceases from the mother well toward the outlet of the 
Qanat. Further, permeability in the depth of the soil decreases due to the density of layers and 
the fine-grained soil texture. Our field visits indicated that the outlet of the Qanat bears a soft 
clay texture on the surface of the ground, and it gets coarser, with a mixture of grit, clay and 
sand, as we get closer toward the mother well. Soil texture is quite heterogeneous from the 
surface toward the depth of aquifer, such that the floor is constituted of different layers of 
clay, grit and sand; clay and sand; sandstone and fine sand; grit and clay and sandstone. 
Percolation rates, according to different soil textures, have been mentioned in Table (149). 
 

 

Table 145. Percolation rate with respect to the soil texture (Source: Texas Council of Governments, 2003) 
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Map 49. Curve Number Index, at Average moisture Conditions at the Study Area 

 
Water Quality 
Biologic indices: phytoplankton, zooplankton and macrobenthos were used for surveying and 
assessment of the Qanat water quality 
 

 

Map 50. Situation of Pollutant Sources of the Qanat 
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According to our visits, Ebrahim Abad Village is the only human habitat within the study 
area of the Qanat. The outlet of the Qanat is situated inside the village. It is to be noted that 
currently, there are no in-operation industries within the study area of the project; therefore, 
no industrial pollution source is expected. 
Survey and chemical analysis of the Qanat water sources and their qualitative classification 
were conducted according to the existing standards in respect of irrigation, by three times 
sampling of the qanat water at four stations. With regard to the conducted field visits and the 
situation of the region in consideration of the land use and status of pollution sources, we 
added another point to our sampling locations. Therefore, physical, chemical, microbial and 
biologic parameters we sampled at four stations for the survey of qualitative status of the 
Qanat in respect of pollution sources. Map (51) shows the situations of sampling stations. 
Table (150) shows the tests results at stations, with a frequency of three repetitions. 

 

 

Map 51. Situations of Sampling Stations 
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Parameter Unit 

Station 1 Station 2 Station 3 Station 4 
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Temperature C 25.4 21.1 24.2 21 19.6 24.4 14 20.1 22.7 15 19.1 24.1 

PH - 7.23 8.2 7.63 8.1 8.2 7.83 8.46 8.3 8.19 8.45 8 7.83 

EC ΦS/CM 1232 1211 1154 1230 1208 1081 1247 1233 1155 1210 1203 1139 

TDS Mg/1 753.3 790 763.3 766.7 850 773.3 820 872 790 767 807 773.3 

TSS Mg/1 59 5 1 22 49 41 4 4 10 5 2 1 

TH Mg/1 183 134 173 206.5 1355 150 139 134.5 154 144.5 149 158 

Chloride Mg/1 79.21 164 161.2 102.7 167.4 160 179.3 163.4 162.2 140.8 163 165.7 

Na Mg/1 189 241.5 134.2 199 266 129 188.2 250 134.2 210 266 134.2 

Ca Mg/1 43.61 41.2 43.2 51.41 41 45 48.8 40 42.8 43.4 40.4 43.6 

Mg Mg/1 17.98 7.53 15.8 18.95 8.14 9.11 4.131 8.75 11.42 8.74 11.6 11.9 

Nitrate Mg/1 13 20 20 17 11 11 17 21 22 16 22 22 

Nitrite Mg/1 0.012 0.012 0.013 0.009 0.006 0.007 0.012 0.012 0.022 0.014 0.012 0.016 

Phosphate Mg/1 0.114 0.107 0.15 0.123 0.11 0.14 0.163 0.151 0.121 0.162 0.161 0.12 

Sulfate Mg/1 173.5 162.5 178 171 165 175.5 167.8 170. 181.5 167.3 171.5 173.5 

Carbonate Mg/1 5.7 6.2 3.1 6.54 6.2 6.2 13.3 6.2 6.2 12.09 12.4 3.1 

Bicarbonate Mg/1 217.1 232 134.2 197.1 238 237.5 242.2 232 244 247.1 231.8 219.6 

Potassium Mg/1 66.7 3.1 3.03 2.82 3.1 3 3.065 3.22 3 11.6 9.22 2.92 

Ammonia Mg/1 0.032 0.007 0.217 0.031 0.089 0.288 0.036 0.002 0.247 0.034 0.082 0.155 

Ammonium Mg/1 0.031 0.006 0.205 0.03 0.088 0.272 0.035 0.001 0.243 0.033 0.081 0.146 

BOD Mg/1 5.2 4.65 1.8 4.6 2.28 2.1 8.36 4.31 3.3 4.42 3.3 low 

COD Mg/1 28.7 17 13 21.1 45 23 25.5 15 17 14.4 14 1 

DO Mg/1 5.93 7.65 4.41 6.8 7.59 4.45 7.6 6.71 5.29 7.49 7.61 5.01 

Fecal 
coliform Total 

of 100 
mm 

53 2 <1100 53 12 <1100 >1100 6 fail >1100 9 <1100 

Total 
coliform 53 9 <1100 53 16 <1100 >1100 9 fail >1100 19 <1100 

Vibrio 
chlorea - * * * * * * * * * * * * 

Table 146. The Results of Conducted Tests at Four Stations 
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Chart 70. Wilcox Classification – April 
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Chart 71. Wilcox Classification – June 
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Chart 72. Wilcox Classification – August 

Station SAR EC class Water quality for agriculture 
1 59/7 1218 C3-S2 Saline- medium 
2 64/7 1021 C3-S2 Low Saline - good 
3 43/7 1029 C3-S2 Saline - medium 
4 73/7 1215 C3-S2 Saline -medium 

Chart 73. Water Quality Rating for Agricultural Consumptions at each Sampling Stations of Ebrahim Abad Qanat 
(Mean of Three Samplings) 
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Survey of Water Quality at Selected Station for Drinking Consumptions 
 
 
 

 

Chart 74. Schuler Diagram plotted for Station No. 1 (Average of three sampling periods) 
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Chart 75. Schuler Diagram plotted for Station No. 2 (Average of three sampling periods) 
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Chart 76. Schuler Diagram plotted for Station No. 3 (Average of three sampling periods) 
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Chart 77. Schuler Diagram plotted for Station No. 4 (Average of three sampling periods) 
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Parameters legend unit Standard EPA 
)2009(  

Standard WHO 
)2006(  

Standard Iran 
)1997  &1992(  

PH PH - 5/8 -  5/6  - 5/6 -9 
Total soluble salts TDS mg/L - - 2000 

Total Hardness TH mg/L - - 500 
Ammonia NH3 mg/L - - 5/1  
Calcium Ca mg/L - - 250 

Magnesium Mg mg/L - - 150 
Sodium Na mg/L 200 - 200 

Ammonium NH4 mg/L 5/0  - 5/0  
Sulfate SO4 mg/L 500 - 400 

Chloride Cl mg/L 250 - 400 
Nitrite NO2 mg/L 5/0  3 3 
Nitrate NO3 mg/L 50 50 45 

Total coliforms TC n/100mL - - 0 
Fecal coliform FC n/100mL - - - 

Arsenic As PPM 01/0  01/0  05/0  
 B PPM 1 5/0  1 

Cadmium Cd PPM 005/0  003/0  001/0  
Chrome Cr PPM 05/0  05/0  05/0  
Copper Cu PPM 2 2 1 

Iron Fe PPM 2/0  - 1 
Lead Pb PPM 015/0  01/0  05/0  

Manganese Mn PPM 05/0  4/0  5/0  
Mercury Hg PPM 002/0  006/0  001/0  

Nickel Ni PPM 02/0  07/0  - 
Silver Ag PPM - - 05/0  
Zinc Zn PPM - - 3 

Cyanide CN PPM 05/0  07/0  05/0  

Table 147. Standard-Bearing Qualitative Parameters and their Permitted Levels According to the Selected Standards 

 
NSF index calculated for 3 times sampling at 4 selected stations and on the basis of relevant 
calculation parameters are shown in Table (152). Survey of water quality at 4 stations during 
three times of sampling indicates that the samples in April and August may be classified as 
low quality water and in June it may be classified as average quality. 
 

St
at

io
n

 

Parameter 

WQI INDEX 

m
on

th
 pH temperature D.O BOD Total 

phosphorus Nitrate Fecal 
coliform 

1 23/7 4/25 93/5 2/5 114/0 13 53 63mean 

A
pr

il
 

2 1/8 21 8/6 6/4 132/0 17 53 62mean 
3 46/8 16 6/7 36/8 163/0 17 1100 54mean 
4 45/8 15 49/7 42/4 162/0 16 1100 56mean 
1 2/8 1/21 65/7 65/4 107/0 20 3 70mean 

Ju
ne

 

2 2/8 6/19 59/7 28/2 11/0 11 12 70mean 
3 3/8 1/20 71/6 31/4 151/0 21 6 66mean 
4 8 1/19 61/7 3/3 161/0 22 9 69mean 
1 63/7 2/24 41/4 8/1 15/0 20 1100 53mean 

A
ug

us
t

 

2 83/7 4/24 45/4 1/2 14/0 11 1100 53mean 
3 19/8 7/22 29/5 3/3 121/0 22 1100 52mean 
4 83/7 1/24 01/5 2/0 12/0 22 1100 56mean 

Table 148. The Results of NSF-WQI at each sampling station 
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Conducted surveys at 4 stations and through sampling for 3 times concerning water quality 
for irrigation purposes and the Wilcox Diagram indicate that the water quality is appropriate 
for agricultural activities. Further, on the basis of Shuler diagram, the water of Ebrahim Abad 
is rated as good to acceptable. Results of qualitative analysis of water according to NSF WQI 
in concerning all samplings for three times indicate average quality of water at all stations 
and sampling periods, with respect to this fact that there no surface water source in vicinity of 
shafts in the study area. 
 
Vegetation 

 For surveying the ecology of the region, we used the ecological data of the Haftad Ghaleh, 
regarding this region is situated within a protected area. 
 
This region, with an area of 97,437 hectares in Markazi Province, was declared as protected 
area in 1973. Haftad Ghaleh is a mountainous region, with rolling hills and plains in its 
northern and western parts, in vicinity of Mighan Desert. This region has temperate desert dry 
and semi-dry cold climates. Haftad Ghaleh, due to its topographic structure and varied 
climates, enjoys rich vegetational and biological diversity.  Map (52) show the situation of 
the project area in respect of the protected region at Haftad Ghaleh. 

 

Map 52. Situation of the Project Area in Respect of the Protected Region at Haftaf Ghaleh 

Total area of the rangelands of Markazi Province is estimated at 1.9 million hectares, which 
may be classified into three categories of good rangeland (5.26%), average to poor 
rangelands (63.16%) and very poor rangelands (31.58%). Herbs and brushes form the  
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vegetation of the region. Due to the unfavorable nature, there is no natural jungle in the study 
basin. The most important rangeland plants include wormwood, milk vetch, chicory, heather, 
peppermint, matthiola, clove, borage, soap plant, yarrow, acanthus, euphorbia, licorice, 
cactus, teucrium, echinops, alhagi camelorum, etc. the vegetation of the region enjoys a weak 
variation; most of  edible species and class I and II has gone extinct and the non-edible and 
fodder species have replace them. 
In some points, the soil has lost its vegetation due to high erosion and overgrazing and they 
have been left as soil stains and empty of vegetation. Irrespective of the vegetation of the 
region, the vegetation of the farmlands, including grains, summer fruits and vegetable, etc., 
may be divided into lower class (annual herbaceous species) and Middle Class (shrub) as 
detailed below: 

A) Lower Class (annual herbaceous species) 

Annual herbaceous species which have short life and they start growing in March and 
continue their growth up to May and provide the area with flourishing vegetation; but they all 
disappear in warm weather and the vegetation is only formed by only some perennial 
(shrubs). Annual herbaceous species, which are typical of the region, include Gramineae 
family species, such as Stipa Capensis. 
 

B) Middle Class (Shrubs) 

Shrubs may be found in most points of the study basin and they have had more growth on the 
hillsides. Astragalus sp is the typical shrub of the region. Further, peganum harmaial and 
alhagi camelorum have developed beside most of farms and roadsides as invasive species. 
Photo (25) shows a rangeland field at the study basin and Table (1-9) shows important 
rangeland species at the study basin. 
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Photo 25. A View of Rangeland Fields 

Family name Genus  Growth 

COMPOSITEAE Achillea Santolina Perennial forbs 

PAPILIONACEAE Alhagi Camelerum Perennial plant 

ASTERACEAE Artemisia Sieberi Plant 

PAPILIONACEAE Astragalus sojak Bush 

COMPOSITAE Cichorium Intybus Grass Perennial 

CONVOLVULACEAE Convolvulus Sp Plant 

BRASSICACEAE Descureania Sophia Bush 

COMPOSITAE Echinops SP Plant 

EUPHORBIACEAE Euphorbia Szowitsii Plant 

COMPOSITAE Gundelia Tournefortii Grass Perennial 

PAPILIONACEAE Medic ago Sp  

LABIATEAE Nepeta Pungens Grass Perennial 

LEGUNMINOSEAE Oborychis Sp Grass Perennial 

PAPAVERACEAE Papaver Sp Grass Perennial 

POLYGONACEAE Rbeum Sp Perennial plant 

LABIATAE Teucrium Polium Perennial plant 

COMPOSITEAE Scariola Orintalis Provender-Protection 

GRAMINEAE Stipa Capensis Gross annual 

CARYOPHYLLACEA Dianthus Sp Grass Perennial 
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BORAGINACECE Borago Officinalis Bush 

PLUMBAGINACEAE Acanthophyllum Sp Plant 

PAPILIONACEAE Glycymrhiza Glabra Grass Perennial 

LABIATAE Ziziphora Tenuior Bush 

BRASSICACEAE Descureania Sophia Bush 

Table 149. List of Important Rangeland Species at the Study Basin (Source: Pour Ab Consulting Engineers – 2012 – 
Vegetation Studies) 
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Qanats of Vazvan, Esfhan & Mazd Ābād Qanats, Meyme, Esfhan 

Since both qanats are situated in the same geographical position, the climatic report for both 
is presented jointly.  

The present climatic and meteorological study aims to give an estimate of influential climatic 
parameters needed for “Mazd Abad” of Meymeh master plan. These important climatic 
parameters affecting qanat’s water discharge consist of precipitation, temperature, wind, etc. 
which are briefly presented here.  

The city of Meymeh is situated in 51 degree East and 33 degree North and is 2000 m above 
sea level. The upper limits of this city is 1600 m away from Jushghan Road. The overall 
slope is from North to South and it lies 100 km in north of Isfahan.  

The relevant data are obtained from Meteorological Organization and Synoptic Stations of 
Energy Ministry, the following table provides their specifications. 

 

No. Station Station 
type Organization Height(m) 

Longitude Latitude 
minute degree minute degree 

1 Meymeh and 
Vazvan evaporation Ministry of 

energy 2013 11 51 26 33 

2 Moorche khort evaporation Ministry of 
energy 1694 29 51 4 33 

3 Mote evaporation Ministry of 
energy 1920 53 51 32 33 

4 Tiran evaporation Ministry of 
energy 1890 09 51 44 32 

5 Zafre Falavarjan evaporation Ministry of 
energy 1648 30 51 30 32 

6 Koohpaye evaporation Ministry of 
energy 1910 26 52 45 32 

7 Meymeh synoptic Meteorological 
org. 1980 10 51 26 33 

8 Eshen rain gauge Ministry of 
energy 2243 41 50 05 33 

9 Alzag rain gauge Ministry of 
energy 2518 20 51 35 33 

10 Varzaneh rain gauge Ministry of 
energy 1495 39 52 25 32 

11 Isfahan refinery climatology Meteorological 
org. 1673 33 51 43 32 

12 Khomeinishahr climatology Meteorological 
org. 1600 32 51 41 32 

Table 150. The specifications of selected synoptic stations in the region 

The mean of moving annual, three & five year precipitation data collected from Meymeh and 
Vazvan Evaporation Stations are displayed in table 155 and chart 3-16 & 3-17.  
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 Rainfall average 1-year 3-year average 5-year average 

1966-67 152.50 - - 
1967-68 230.50 210.00 - 
1968-69 247.00 201.67 178.40 
1969-70 127.50 169.67 189.70 
1970-71 134.50 157.00 158.00 
1971-72 209.00 138.50 140.10 
1972-73 72.00 146.17 160.00 
1973-74 157.50 152.17 195.50 
1974-75 227.00 232.17 186.40 
1975-76 312.00 234.17 194.60 
1976-77 163.50 196.17 216.70 
1977-78 113.00 181.50 213.50 
1978-79 268.00 197.33 173.10 
1979-80 211.00 196.33 165.70 
1980-81 110.00 149.17 174.50 
1981-82 126.50 131.17 145.60 
1982-83 157.00 135.67 112.50 
1983-84 123.50 108.67 143.60 
1984-85 45.50 144.83 156.60 
1985-86 265.50 167.50 162.40 
1986-87 191.50 214.33 158.80 
1987-88 186.00 161.00 182.20 
1988-89 105.50 151.33 148.20 
1989-90 162.50 121.17 165.70 
1990-91 95.50 179.00 180.40 
1991-92 279.00 211.33 186.40 
1992-93 259.50 224.67 197.70 
1993-94 135.50 204.67 229.30 
1994-95 219.00 202.67 192.40 
1995-96 253.50 189.00 173.50 
1996-97 94.50 171.00 176.00 
1997-98 165.00 135.83 142.30 
1998-99 148.00 121.17 120.30 

1999-2000 50.50 114.00 148.60 
2000-01 143.50 143.33 145.70 
2001-02 236.00 176.67 150.40 
2002-03 150.50 186.00 169.40 
2003-04 171.50 155.83 174.60 
2004-05 145.50 162.17 166.50 
2005-06 169.50 170.17 148.50 
2006-07 195.50 141.83 143.80 
2007-08 60.50 134.67 - 
2008-09 148.00 - - 

Table 151. Three and Five Year Means for Vazvan and Meymeh Evaporation Station 

3-15-  
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Chart 78. The annual, 3 & 5 year precipitation mean obtained from Vazvan and Meymeh Evaporation Station 

 

 

Chart 79. Fluctuations in annual precipitations at Meymeh-Vazvan Evaporation Station 
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As can be observed in the graphs, there are several dry and wet years in each periodic index 
for 5-year moving periods, so the selected index is acceptable. 

 

 

Chart  80 . - Annual precipitation gradient for the study zone 

 

Map 53. Isohyetal map; precipitation dispersion patterns for different elevations of the basin 

The data collected from Meymeh-Vazvan Stations were used to provide an estimate of annual 
precipitation rates for different return periods within the study zone. To do so, HyFa Software 
Program was run to analyze the data of annual precipitations, based on the dispersion of 
fittings, different return periods were calculated for different time intervals, and Pearson Log 
III was selected as the optimal distribution. Table 156 displays the annual precipitation rates 
for different return periods at the study zone.  
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Return period 2 5 10 25 50 100 200 
rainfall 166.7 224.6 252.6 279.1 294.0 305.7 315.1 

Table 152. annual precipitation rates for different return periods at the study zone 

To obtain monthly precipitation at the basin, the monthly precipitation data were obtained 
from Evaporation Station of Meymeh-Vazvan. Table 157 displays the mean of monthly and 
yearly precipitation plus the percentage of monthly rainfall in the overall annual precipitation. 
Chart 80 shows the precipitation pattern for different months of the year in this study zone.  

Ann. Sep. Aug. Jul. Jun. May Apr. Mar. Feb. Jan. Dec. Nov. Oct. month 
167.88 0.65 2.49 2.12 5.91 23.27 26.26 22.82 21.61 20.54 22.00 16.04 4.19 average 
100.00 0.39 1.48 1.26 3.52 13.86 15.64 13.59 12.87 12.23 13.11 9.55 2.49 Rainfall 

percentage 

Table 153. the average monthly and yearly precipitation plus its percentage at Meymeh-Vazvan Station 

Ann. Sep. Aug. Jul. Jun. May Apr. Mar. Feb. Jan. Dec. Nov. Oct. Month 

224.69 
0.87 3.33 2.83 7.91 31.14 35.15 30.54 28.92 27.49 29.45 21.46 5.60 Average 

Summer Spring Winter Fall Season 
7.03 74.19 86.95 56.52 Average 

Table 154. the average monthly, seasonal and yearly precipitation in the catchment area of the study zone (Meymeh) 
in mm 

Ann. Sep. Aug. Jul. Jun. May Apr. Mar. Feb. Jan. Dec. Nov. Oct. Month 

219.57 

0.85 3.25 2.77 7.73 30.43 34.34 29.84 28.26 26.86 28.78 20.97 5.47 Average 
Summer Spring Winter Fall Season 

6.87 72.50 84.96 55.23 Average 

Table 155. the average monthly, seasonal and yearly precipitation in the catchment area of the study zone (Vazvan) 
in mm 

As can be seen in the above table, the highest rate of precipitation occurs in winter and the 
lowest rate in summer.  

 

Chart 81. precipitation graph for different seasons at Meymeh catchment area 
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Chart 82. Precipitation graph for different seasons at Vazvan catchment area 

Return period(year) 
2 5 10 25 50 100 200 

19.03 29.50 37.88 50.25 60.86 72.77 86.15 

Table 156. displays the results of maximum daily precipitation for different return periods. 

Ann. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Parameter 

42.0 34.5 28.0 21.0 24.0 25.0 25.0 26.0 32.0 36.5 41.0 42.0 37.0 Absolute max. 

20.0 23.6 16.3 10.1 7.1 7.5 11.4 16.6 22.5 28.9 33.1 33.0 30.0 Maximum average 

12.8 15.2 8.8 3.4 0.5 0.6 4.3 9.7 15.5 20.9 25.3 24.8 25.1 Temperature average 

5.7 7.0 1.4 -3.4 -6.4 -6.4 -2.1 2.7 8.5 12.9 17.4 16.5 20.1 Minimum average 

-28.0 -2.0 -10.0 -14.0 -23.0 -28.0 -15.5 -7.5 -1.0 4.0 10.0 8.0 3.5 Absolute min. 

Table 157. The maximum daily precipitation for different return periods (mm) 

Temperature: 

To study the temperature of the study zone and based on its geographical position and 
climatic conditions, the data and information of all Evaporation and Synoptic Stations which 
were located within the study area were collected. These stations included: Meymeh & 
Vazvan, Moute, Morche Khort, Tiran, Zafre Falavejan, Kuhpaye and Meymeh. 
 
The average annual temperature of the study area was 10.5 centigrade. Table 162 and 82 
provide the results for all five heat indexes at Meymeh-Vazvan Station.  

Ann. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Parameter 

42.0 34.5 28.0 21.0 24.0 25.0 25.0 26.0 32.0 36.5 41.0 42.0 37.0 Absolute max. 

20.0 23.6 16.3 10.1 7.1 7.5 11.4 16.6 22.5 28.9 33.1 33.0 30.0 Maximum average 

12.8 15.2 8.8 3.4 0.5 0.6 4.3 9.7 15.5 20.9 25.3 24.8 25.1 Temperature 
average 

5.7 7.0 1.4 -3.4 -6.4 -6.4 -2.1 2.7 8.5 12.9 17.4 16.5 20.1 Minimum average 

-28.0 -2.0 -10.0 -14.0 -23.0 -28.0 -15.5 -7.5 -1.0 4.0 10.0 8.0 3.5 Absolute min. 

Table 158. The quantities of five temperature parameters for selected months of the years (Centigrade) at Meymeh-
Vazvan Station 
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Chart 83. temperature parameters fluctuations in a year at Meymeh Study Zone 

As can be observed, the temperature has a fluctuation range of 70 centigrade. The lowest 
registered temperature has been -28 and the highest has been 42 Celsius, the mean of annual 
temperature in the whole period was 12.8 centigrade.  

Wind  

Table 163 and 164  presents the average monthly fluctuations of wind speed (max, min and 
average) recorded at Meymeh Synoptic Station. Figure 3-30 also shows the monthly changes 
in wind speed at Meymeh Station.  

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Ann. Parameter 

315.0 308.6 315.0 289.3 315.0 327.9 135.0 128.6 289.3 302.1 315.0 257.1 315.0 Direction 

Pr
ev

ai
lin

g 
w

in
d

 

9.8 11.3 11.7 12.3 12.8 10.1 11.0 10.4 9.0 9.1 9.4 8.6 10.6 Speed 

24.9 26.4 25.5 24.3 26.1 20.6 20.1 18.9 19.4 21.5 22.0 22.5 20.4 Percent 

20.6 13.8 11.7 10.1 11.3 11.9 15.0 18.9 17.1 22.8 24.5 25.9 17.1 Percent  

Table 159. Wind parameters at the study zone on the basis of data collected from Meymeh Station 

Month Dec. Nov. Oct. Sep. Aug. Jul. Jun. May Apr. Mar. Feb. Jan. 
Maximum 3.55 3.86 4.38 4.53 4.43 5.20 5.35 5.46 5.46 5.66 5.25 4.02 
Average 3.09 3.19 3.55 3.96 3.86 4.53 4.58 4.99 5.10 4.79 4.32 3.50 
Minimum 2.57 2.68 2.83 3.40 3.19 3.76 4.17 4.07 4.63 4.12 3.50 2.88 

Table 160. Monthly fluctuations in wind speed at Meymeh Synoptic Station m/s 
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Chart 84 . Monthly and yearly changes in wind speed at Meymeh Synoptic Station (m/s) 

200 100 50 25 10 5 2 Return period 
43.76 42.17 40.66 39.21 37.39 36.05 34.22 Wind speed 
81.1 78.1 75.4 72.7 69.3 66.8 63.4 (km/hr) 
22.5 21.7 20.9 20.2 19.2 18.6 17.6 (m/sec) 

Table 161. maximum wind speed for different return periods at Meymeh Synoptic Station (Normal Log Distribution) 

Based on results obtained for the climatic conditions of the study zone and after calculating 
the aridity indices and estimating m and Q2, it was determined that the study zone is situated 
in a hyper-arid zone. Table 166 presents the results.  

Climate Type: Hyper-arid  

Climate type Q2 M (k) m (k) P (mm) 
Extreme hot desert 19.87 306.1 266.6 224.7 

Table 162 Climate classification by means of aridity indices for Meymeh Study Zone 

Climate type Q2 M (k) m (k) P (mm) 
Extreme hot desert 19.42 306.1 266.6 219.6 

Table 163. Climate classification for Vazvan study Zone 
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Chart 85. Climate classification by means of aridity indices for Meymeh Study Zone 

Climate classification by means of De Martin Method  

Name of climate De Martonne aridity coefficient boundry 
Arid >10 

Semi-arid 10~19.9 
Mediterranean 20~23.9 

Semi-humid 24~27.9 
Wet 28~34.9 

Highly wet <35 
 

Climatic limits by De Martin Methods  

Considering the average annual precipitation and temperature for Meymeh Study Zone, De 
Martin index is 10.95 which indicates that the study zone lies in a semi-arid region.  
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Chart 86. Climate of the study zone on the basis of De Martin Method 

Chart 86 displays the Ombrothermic Diagram for Meymeh study zone. According to this 
diagram, precipitation exceeds temperature from November to Mid-May, so this period can 
be regard as wet period and the remaining months are dry.  

 

Chart 87. Ombrothermic diagram for Meymeh Study Zone 
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Chart 88. Hythergraph for Meymeh Study Zone 

Air Masses 

The study results show that the study zone is affected by three air masses with different 
sources, each of these air masses creates different climatic conditions in the region, and they 
include: 
A- Mediterranean air  
B- Siberian High Pressure  
C- North and Northwest Air  
Map 54 displays the overall schema of these three wet air masses and their moving direction.   

 

Map 54. Overall schema of air masses and their direction 
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Physiography Studies  

• The study of Qanat’s Catchment Area and the farmlands in its territory  

Meymeh and Vazvan Study Zone is considered a sub-basin of Batlaq-e-Gavkhouni, located 
in central Iran. It lies at 50̊ 59̍ to 51̊ 30̍ East and 33̊ 15̍ to 33̊ 45̍ North.  

In terms of hydrological classifications, the study zone lies in the Central Plateau of Iran, and 
is a sub-basin of Gavkhouni salt marsh marked by 42 code. Gavkhouni is divided into 21 
study zones, one of which is this study area. It is bordered by Moute in North, Golpayegan in 
NW, Kashan in NW, Khaled Abad in east, Mourche-Khourt in south and SE, and Alavije-
Dahagh in SW. The study zone covers an area of 2098 km2, 1004 km2 of which is 
mountainous and Meymeh Plain covers the remaining 1094 km2.  

The study region leads to Kahrud Mountains in the east, Kolah Barfi, Karkas, Chal and 
Zamal Mountains in the north, and Takhte-Cha Niyaz, Varzineh, Ghale Kahriz Mountains in 
the west. The study zone has a NE to SW slope. There is no permanent river in this study 
zone, but there are several large floodways like Kamo, Joshqan, Robat, and Mahmud Abad 
which inundate during rainy days.  

The geographical coordinates of Meymeh Basin is 494757 & 531726 longitude and 3698332 
to 3728826 latitude covering an area of 548/56 km2. The gallery of this qanat is 33/36 km 
long and its maximum and minimum elevations are 3590 and 2017 m respectively. The basin 
covers an area of 124/37 km2 and the rivers originate from East, NE, North, South and SW 
Mountains. 

 

Map 55. The position of the study zone basin 

The following tables present the net and gross slope rates for the main water ways of the 
basin.  
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No Sub-basin Gross slope / main water way Net slope / main waterway 
1 Meymand Study Zone 3.5 3.1 

Table 164. Slopes of main waterways of upland basin 

 

Map 56. Main waterway of Meymand sub-basin 

No Sub-basin Gross slope / main water way Net slope / main waterway 
1 Vazvan Study Zone 3.5 2.3 

Table 165. slopes of main waterways of upland basin 

 

Map 57. Main waterway of Vazvan sub-basin 
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Chart 89. Histogram of Meymeh Basin Gradient at upland parts of the study zone 

Since Bransby Williams’s equation was more reliable than others, it was used to calculate the 
time of concentration. The following table displays the physiographic results for the Meymeh 
Basin. Table 170 also shows the hypsometry calculations for the study zone basin. Chart 90 
and 91 display the hypsometry graph and altimetry curve respectively while Chart 92 
illustrates the basin’s longitudinal profile.  

Basin Meyme’s field of study 
Basin area(Km^2) 548.56 

Basin circumference(Km) 124.37 
Main river’s length(km) 33.36 

Maximum height(m) 3589.78 

Minimum height(m) 
2017 

 
Average height(m) 2347.82 

Basin average slope(%) 6.72 
River average slope(%) 3.10 

River’s net slope(%) 4.45 
Geravelous coefficient 1.50 

Circular coefficient 0.45 
Form coefficient 0.49 

Equivalent rectangular width (km) 4.53 
Equivalent rectangular length (km) 55.9 

Maximum bump(m) 1573 

Concentrating time(hour) 
 

Kerpeach 3.21 
Giandotti 9.9 
California 3.22 

Bransby Williams 6.64 
Djuhanston and krus 1.45 

Table 166. physiographic features of the study zone basin 
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Basin Vazvan field of study 
Basin area(Km^2) 653.55 

Basin circumference(Km) 125.91 
Main river’s length(km) 42.96 

Maximum height(m) 3589.78 

Minimum height(m) 1974.10 
 

Average height(m) 2312.40 
Basin average slope(%) 6.32 
River average slope(%) 2.30 

River net slope(%) 3.55 
Gravelous coefficient 1.39 
Circular coefficient 0.52 

Form coefficient 0.35 
Equivalent rectangular width (km) 12.95 
Equivalent rectangular length (km) 50.45 

Maximum bump(m) 1616 

Concentrating time(hour) 

Kerpeach 4.25 
Giandotti 11.3 
California 4.24 

Bransby Williams 9.22 
Djuhanston and 

krus 1.84 

Table 167. Physiographic features of the study zone basin 

No
. 

Low level 
(m) 

Level to high altitude 
(m) 

Level of average height 
(m) 

Area(𝒌𝒎𝟐) Total Area (km²) 
frequenc

y 
percen

t 
frequenc

y 
percen

t 
1 2017 2100 2058.5 76.46 13.94 548.56 100.00 
2 2100 2200 2150 132.93 24.23 472.10 86.06 
3 2200 2300 2250 95.62 17.43 339.17 61.83 
4 2300 2400 2350 55.68 10.15 243.55 44.40 
5 2400 2500 2450 48.84 8.90 187.87 34.25 
6 2500 2600 2550 51.66 9.42 139.03 25.34 
7 2600 2700 2650 35.61 6.49 87.37 15.93 
8 2700 2800 2750 18.30 3.34 51.76 9.43 
9 2800 2900 2850 7.89 1.44 33.45 6.10 
10 2900 3000 2950 6.24 1.14 25.56 4.66 
11 3000 3100 3050 5.28 0.96 19.33 3.52 
12 3100 3200 3150 6.41 1.17 14.05 2.56 
13 3200 3300 3250 4.29 0.78 7.64 1.39 
14 3300 3400 3350 2.00 0.36 3.35 0.61 
15 3400 3500 3450 1.21 0.22 1.35 0.25 
16 3500 3589.781 3544.89 0.14 0.03 0.14 0.03 

Table 168. Hypsometry calculations for the study zone basin 

N
o.

 

Lowest height 
level(m) 

Highest 
height 

level(m) 

Average 
height 

level(m) 

Area (km^2) Cumulative 
area(km^2) 

frequency percent frequency percent 
1 1974.096 2000 1987.048 9.75 1.49 653.55 100.00 
2 2000 2100 2050 116.51 17.83 643.80 98.51 
3 2100 2200 2150 159.53 24.41 527.30 80.68 
4 2200 2300 2250 116.82 17.87 367.77 56.27 
5 2300 2400 2350 61.70 9.44 250.95 38.40 
6 2400 2500 2450 50.19 7.68 189.25 28.96 
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7 2500 2600 2550 51.75 7.92 139.06 21.28 
8 2600 2700 2650 35.60 5.45 87.31 13.36 
9 2700 2800 2750 18.30 2.80 51.70 7.91 
10 2800 2900 2850 7.89 1.21 33.41 5.11 
11 2900 3000 2950 6.24 0.95 25.52 3.90 
12 3000 3100 3050 5.27 0.81 19.28 2.95 
13 3100 3200 3150 6.40 0.98 14.01 2.14 
14 3200 3300 3250 4.28 0.66 7.61 1.16 
15 3300 3400 3350 1.99 0.30 3.33 0.51 
16 3400 3500 3450 1.20 0.18 1.34 0.21 
17 3500 3589.781 3544.89 0.14 0.02 0.14 0.02 

Table 169. Hypsometry calculations for the study zone basin 

 

Chart 90. Hypsometry graph for the study zone basin 

 

Chart 91. Altimetry graph for the study zone basin 
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Chart 92. Altimetry graph of Vazvan basin 

3-11-  

 

Chart 93. longitudinal profile of the main river of Meymeh Basin 
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Chart 94. longitudinal profile of the main river of Vazvan Basin 

Geology 

Based on the classification of Iran’s alluvial flats, the study zone is situated between the 
elevations of two tectonic flats of Uromiye-Bezman and Sanandaj-Sirjan. Uromiye-Bezman 
in Iran’s geological classification is considered as a part of Central Iran, in fact it is the arc 
magmatism of Zagros orogenic activities which is composed of volcanic rock fragments and 
igneous massifs penetrated into Eocene epoch up to now.  

 

Map 58. the position of Mazd Abad study Zone in the tectonic-sedimentary map of Iran 
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Stratigraphy  

There are a sum of sedimentary rocks, igneous and metamorphic exogenous rocks in 
Meymeh Plain. These rocks are of metamorphic rocks of Precambrian, Mesozoic, and 
volcanic igneous rocks and traces of Eocene to Pliocene and sedimentary rocks of 
Precambrian up to current epoch. Various formations mainly dating back to Triassic, 
Cretaceous, and Oligo-Miocene can be observed in the study zone. The alluvial deposits of 
recent epoch are mainly in the form of alluvial fan deposits, alluvial terraces and alluvial 
deposits on the flood ways and water ways, and at foothills and plains. 

 

Map 59. the position of Mazd Abad Qanat in the geology map of the region 

Geology of Qanat’s well shafts, galleries  

The deposits of the study zone date back to Quaternary Epoch. These deposits have formed 
medium to young and short terraces and the runoff waters have greatly affected them during 
their long history. 

These deposits have originated in the north and NE mountains of the region especially Sefid 
Kuh Mt. The overall compaction of these strata is weak therefore the boulders and blocks can 
be separated from the main stratum, the deposits have poor sorting and the alluvial deposits 
contain blocks of different sizes. The dimensions of terrigenous components forming the 
Quaternary deposits vary from silt sizes up to few centimeters. The rounding of these pieces 
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differ from Quaternary alluvial boulders, and the best rounding can be seen in deposits of 
streams. These sediments have poor hardening and sand and occasionally silt-clay can be 
observed between the boulders.  

The Mazd Abad Qanat lies in the alluvial formations of Joshghan alluvial fan. In the begging 
section of Qanat at the spot of Mazd Abad Barrage, after passing through new alluvial 
formations Qa1, the well shafts are excavated in the alluvial deposits Qt3 where the galleries 
are also situated.  

In the continuation of qanat’s course in the lower areas of the barrage, the galleries are 
situated in young and loose alluvial formation (Qa1) which is mainly composed of silt, sand 
and clay. This geological feature is a proof for the claim of locals about the frequent cave-ins 
in this part of the galleries.  

As was mentioned above, Mazd Abad Qanat passes through alluvial formation of Joshghan 
alluvial fans, so the law concerning the size distribution of sediment particles can be seen 
along the course of this qanat, that is why as we go farther away from the origin of qanat, the 
size of sediment particles decreases. 

 

 

Photo 26. A view of old hardened alluvium (Qt3) at the beginning of Mazd Abad Qanat 
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Photo 27. A view of old hardened alluvium (Qt3) at the beginning part of Surale Branch 

 

Photo 28. A view of old hardened alluvium (Qt3) at the beginning of Vazvan Qanat 

 

Photo 29. a view of loose and raveling alluvium (Qt3) at the lower parts of underground dyke of Vazvan Qanat which 
has been reinforced. 
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Faults of the region  

Meymeh Plain is situated between two tectonic flats of Uromiye-Dokhtar and Sanandaj-
Sirjan, therefore, the tectonic developments of the region are influenced by the predominant 
tectonic events of these two tectonic flats over the geological history of this region. The 
following tectonic flats are stretched in NW –SE direction.  

- Magmatic deposits of Uromiye-Dokhtar  
- Sanandaj-Sirjan Flat  
- Faulted and folded Zagros  

From the point of tectonic consideration, Meymeh Basin is a tectonic depression developed 
between Uromiye-Dokhtar & Sanandaj-Sirjan tectonic flats. This basin contains a thick layer 
of alluvium and alluvial deposits, which stretches from the mountains towards the center and 
southern parts of the Plain where its thickness reaches 200 meters.  
 

Faults 

A look at the position of Mazd Abad Qanat on geological maps shows that it lies within the 
limits of Quaternary deposits. The results of geological studies and the examination of extant 
maps indicate that there is no active fault potentially affecting this qanat here. Therefore in 
case of need for underground investigation and geophysical methods, the issue can be 
considered in future. 

Tectonic Earthquake of the Region    

According to the Seismic Map of Iran prepared on the basis of 2800 Building Code, the study 
zone lies in the relatively moderate earthquake zone in which its peak ground acceleration is 
0.35.   

Figure 3-64 displays Iran Seismic Zone. This map which has been prepared by International 
Earthquake Research Center, divides Iran into four seismic zones in terms of 75 year return 
periods equal to 50% probability in 50 years.   

1- Relatively low seismic risk zone (peak ground acceleration 0/2)   
2- Relatively moderate seismic risk zone (peak ground acceleration 0/25)  
3- Relatively high seismic risk zone (Peak ground acceleration 0/3)  

4- Very high seismic risk zone (peak ground acceleration 0/35)  
Based on the position of the study site in Iran’s Seismic Map which is presented in Map 60, 
Mazd Abad Qanat lies in a relatively moderate seismic risk zone (peak ground acceleration = 
2/5 ).  
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Map 60. Position of the study zone on Iran Seismic Map (International Earthquake & Seismic Engineering Research 
Center) 

Water Resources (Hydrology and Hydro-geology)  

The maximum elevation of the study zone is 3750 meter and the minimum is 1843 meters 
which gives an average height of 2690 meters. There is no permanent river in this study zone, 
but there are several large floodways like Kamo, Jushghan, Robat, and Mahmud Abad which 
transfer flood waters to the outside of basin (Morche Khort Basin). 

Water Tables in the Study Zone  

17 observation wells were dug in Meymeh Plain to study the condition of water tables. The 
results of well logs showed that the alluvium of Meymeh Plain is composed of sand, clay and 
boulder along with conglomerate strata. Moreover, the geophysical studies revealed that 
alluvium thickness varies in this study zone, for example the alluvium thickness in the 
northern and NE sections of the plain (Joshghan Alluvial Flat) is about 200 meters but as we 
move towards the center and southern parts of the Plain, this thickness drops to less than 120 
meters. The rocks of this basin bed are composed of calcareous, sand, schist, and marl units 
dating back to Mesozoic Epoch.  

A sample of these rocks can be observed in the excavation log obtained from deep wells in 
the area. For instance, well No. 5 (200 m deep) which is used for supplying potable waters in 
Meymeh City, its soil textures were mostly made of sand and clay up to the depth of 120 m, 
while they changed to marl calcareous rocks from 120 to 180 m deep, the last layers from 180 
to 200 m depth, were composed of aggregate. The depression caused by the movement of 
Qom-Zafreh Fault which passes through Jushghan area has transported a large sum of alluvial 
deposits in this depression.  

Field of study 



 The Persian Qanat                                                                             

809 

Appendix IV 
 

 

Map 61. - Isopach map of the study zone in Meymeh Plain (Adapted from the report prepared by Isfahan Water 
Company- Feb. 2008) 

Qanat’s water recharging source  

Map  62 and table 174 display water sources within Mazd Abad qanat limits and a summary 
of underground water sources of Meymeh Plain.  

Looking at the map of “water sources dispersion at Vazvan” shows that the boundary of 
Vazvan Basin which is fed by Jushghan River and other streams running in NE to SW 
direction before leading to Jushghan alluvial fan. It needs to be noted here that since Vazvan 
Qanat is situated at the low lands of Meymeh farmlands which are often irrigated by flood 
irrigation method, it is very likely that water draining of thee farmlands also have an effect on 
qanat’s feeding.  

Meymeh Basin  

Five observation wells were excavated in Meymeh Plain in 1983 to examine the level 
fluctuations of water tables, since that date, the number of observation wells has increased to 
17 and water measurement is done every month.  

The underground water level graphs show that water enters the basin from northern and NE 
sections of the basin. Isodepth contour curves show that the minimum water level exists in 
the eastern parts of Meymeh and Vazvan Cities and its maximum level exists in the center 
and northern parts of the plain. Figures 3-68 and 3-69 display the isopieze and isodepth 
graphs.  



 The Persian Qanat                                                                             

810 

Appendix IV 
 

 

Map 62. isopieze map of Meymeh study zone  
(Adapted from the report prepared by Isfahan Water Company- Feb. 2008) 

 

 

 

Map 63. isodepth contour curves of Meymeh study zone 
 (Adapted from the report prepared by Isfahan Water Company- Feb. 2008) 
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Chart 95 . long-term hydrograph for Meymeh Basin (from 1989 water year to 2008 water year) 

 

Existing water sources in the region and their distance from qanat  

There are 294 water sources in Meymeh, 42 percent of which are dug wells, 26 percent are 
qanats, 31 percent are springs and the remaining 1 percent belongs to surface waters.  

The annual water discharge of this plain amounts to 70.9 million m3. Figure 3-72 displays the 
dispersion of water sources at the study zone while table 174 provides statistics of 
underground waters of Meymeh Plain. 

 

Type of water resource 
Well Spring Qanat 

Plain Mountains Plain Mountains Plain Mountains 
quantity 121 2 55 36 73 3 

Annual discharge(𝟏𝟎𝟔𝒎𝟑) 33.18 0.26 6.55 10.92 14.98 0.94 
Annual discharge with seasonal 

coefficient(𝒎𝒎𝟑) 33.44 17.47 15.92 

Table 170. A summary of statistics for Meymeh underground waters 



 The Persian Qanat                                                                             

812 

Appendix IV 
 

 

Map 64. Water sources dispersion at the study zone 

The effect of precipitations  

Underground water storage in Mazd Abad and Vazvan Basin is directly dependent on 
precipitation rates. As was mentioned in the meteorological section of this report, the highest 
rainfall takes place in winter and the lowest amount occurs in summer.  

So considering the volume of annual rainfall in the region, qanat’s aquifer can be fed only in 
case there is a rainfall of minimum 15 mm in plain areas with a less than 5 5 percent slope 
during December to April, because in lands with more gradient, rain water turns into runoff 
water and does not penetrate the soil. Therefore, if there is only one rainfall of the above 
specification during these months (not less than 20 mm), it can be expected that 5 mm water 
will penetrate the ground and feed qanat’s aquifer.  

 

Water Quality  

Water Yield and Meymeh Aquifer 

Meymand study zone lies in an area of about 2098 km2, 1004 km2 of which is covered by 
mountains and 1094 km2 of it by Meymeh Plains. The area of alluvial aquifer is 509.3 km2. 
The long term hydrograph shows that the average annual water decline is about 0.23 m which 
considering the storage coefficient of 0.10 and the coverage area of the aquifer, the annual 
change of water storage will be equal to -17.1 million m3.  

Hydro-climatologic Budget of the Plain  

According to the data for hydro-climatologic budget presented in table, out of the total annual 
196.1 mm precipitation for the plain (on the basis of 36 year statistics), which is equal to  
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214.53 million m3, some 187.74 million m3 is evaporated, and 22.53 million m3 penetrates 
the ground and about 4.29 million m3 turns to runoff waters. In the mountain areas, the 
rainfall amounts to 242.8 mm (243.77 million m3), 177.51 million m3 of it evaporates, and the 
rest which is about 44.4 million m3 penetrates the aquifer and some 21.94 million m3 turns 
into surface waters.  

 
Plain 

area(km2) 
 

Rainfall(mm) 

Rainfall 
volume 
(Plain 
area) 

 

Real 
evaporation 

and 
perspiration 

Useful rainfall 

Superficial 
flow Penetration 

Plain 1094 196,1 214,53 187,74 4,29 22,53 
Mountains 1004 242,8 243,77 177,51 21,94 44,4 

Table 171. hydro-climatologic budget of Meymeh Plain 

Estimation of annual sub-basins runoff waters  

The amount of runoff waters and the hydrological units of the study zone were estimated by 
means of different methods. Table 176 displays the different rates obtained by different 
methods.  

Basin Justin India agricultural study center contain 
Meymeh 5.17 7.15 2.12 

Table 172. runoff waters by different methods (in million m3) 

The results of table 3-65 show that Justin Method provides much realistic results so 
considering the climatic, topographic, gradient, vegetation cover and land use conditions of 
the study zone, this method was used for the estimation of runoff waters.  

 

Monthly and Seasonal Water Discharge Regime  

To determine the monthly discharge regime, the runoff regime of the study zone was 
assumed to be identical with monthly precipitation regime, and based on that, the volume of 
monthly and yearly runoff waters was calculated the results of which are displayed in table 
177. 

Basin Sep. Aug. Jul. Jun. May Apr. Mar. Feb. Jan. Dec. Nov. Oct. Ann. 
Meymeh 44/0 67/1 30/2 14/2 26/2 38/2 74/2 43/2 62/0 22/0 26/0 07/0 53/17 

Table 173. the volume of monthly and yearly runoff waters of the study zone (in million m3) 

Review of qanat’s water discharge in the past seasons / years  

The following table presents the water discharge of Mazd Abad qanat in comparison with 
other regional qanats (by day and year) 
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No. Qanat name Qanat Length Madar-chah 
depth 

Momentary 
watering(liter 
per second) 

Annual 
discharge(𝒎𝟑) 

1 
2 
3 
4 
5 

Biar 
Tajreh Abianeh 

Chaqadeh 
MozdAbad 
Hamradeh 

7700 
300 

1050 
18000 

400 

44 
9 
6 
60 
40 

79 
4 
4 
84 
10 

2804000 
127000 

1435000 
4334000 
317000 

total 5 qanats 27450 139  6724000 
average Each qanat 5490 28  1345000 

 

Water Quality  

Chemical Quality of Meymeh Water Sources  

In order to investigate the chemical properties of the water resources in Meymeh Plain, a 
sample was taken from every 9 km2 for chemical analysis. Moreover, the PH and EC of most 
water sources were estimated at the place. The results show that Electrical Conductivity (EC) 
varies from 190 to 6690 micro Siemens / centimeter.  

The electrical conductivity increases as we move from foothills and catchment areas in the 
NE and E parts towards the center of the plain. The amount of Chlorine of the plain water 
resources varies from 7 to 1562 mg/lit, which increases at central parts of the plain. Table 178 
presents the chemical properties of water resources in the study zone.  

Water 
resource 

Electrical conductivity 
(microziemens in meter) 

Chloride 
(milligram in liter) 

Maximum Minimum Average Maximum Minimum Average 
Deep wells 6690 800 2445.92 1562 60.4 14.24 
Semi-deep 

wells 4520 500 2307 - - - 

Qanats 5170 200 1118.82 1154 14.2 4.82 
springs 3370 190 870.82 682 7 5.28 

Table 174. Comparison of chemical properties 

The role of geological factors on water quality  

There is no formation in the rock units of the study zone which may adversely affect water 
quality, however, the presence of marl layers in places where water gets in contact with them 
may partially decrease water quality and increase their sulfide ion content. The quality of 
water resource which come from hard water bearing formation or fed by them is relatively 
good and is suitable for drinking and irrigation purposes, but the water quality of the regional 
aquifers is not that much good. 

The electrical conductivity of aquifers varies from 900 to 6000 micro-Siemens / cm which 
increases as we move from the beginning section of the Plain (its northern area) towards its 
center.  
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Water Pollution Sources  

Chemical Properties of Qanat Water Resources and their Classification 

12 samples obtained from three stations located on Surale, Najg and Mazd Abad outlet were 
analyzed in terms of a wide range of physical, chemical and microbial qualitative parameters 
and the results were compared with national and international standards. Table 179 presents 
the overall quality analysis for 12 samples.  

 

N
o.

 Sign Unit 

First process 
Winter 2011 

Second process 
Spring 2011 

Third process 
Summer 2011 

Fourth process 
Fall 2011 
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1 PH mg/L 7.11 7.21 8.3 7.26 7.24 7.69 7.24 7.72 7.7 7.96 7.84 8 

2 COD mg/L 2 3 5 2 1 4 10 18 26 11 11 10 

3 BOD mg/L <10 <10 <10 <10 <10 <10 <10 <10 10 <10 <10 <10 

4 DO mg/L 3.32 3.94 3.98 2.35 2.45 2.65 0.66 0.84 0.9 1.90 3.3 4.83 

5 TDS mg/L 519 368 905 526 335 418 501 416 414 417 357 391 

6 EC mS/Cm 1.055 0.755 1.809 1.070 0.688 0.855 1020 0.851 0.847 1803 0.732 2930 

7 TSS mg/L 25 21 22 12 10 16 15 18 22 <10 <10 <10 

8 SO4 mg/L 99 117 220 116 84 91 100 75 110 105 105 100 

9 NO3 mg/L 10.3 7.7 14.9 9.9 9.6 10.5 3.2 3.6 7.2 8.8 14.7 13.9 

10 NO2 mg/L 0.029 0.035 0.029 0.025 0.028 0.036 0.055 0.048 0.091 0.058 0.048 0.034 

11 PO4 mg/L 1 0.9 1.1 1 0.7 1 1.1 1.8 1 0.3 0.6 0.2 

12 CN- mg/L 0.005 0.005 0.018 0.009 0.006 0.007 0.006 0.003 0.003 0.004 0.005 0.003 

Table 175. Quality results for six samples 
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 Sign Unit 

First process 
Winter 2011 

Second process 
Spring 2011 

Third process 
Summer 2011 

Fourth process 
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13 CL- mg/L 0.02 0.02 0.02 175 90 100 115 97 95 95 30 85 

14 TH mg/L 290 230 440 285 225 240 270 260 250 250 220 200 

15 Na mg/L 109 63.5 182 130.3 71.8 101.4 115 83 80 83 60 67.6 

16 Mg mg/L 20.8 17.6 17 21.2 16.5 18.5 29 19 19 39.5 35.5 37.6 

17 Ca mg/L 61 52 100.2 59 47.2 51.2 55 52 51 55.3 90.8 54.6 

18 Cd ppb <0.025 <0.025 <0.025 <0.02 <0.02 <0.02 <0.3 <0.3 <0.3 <0.025 <0.025 <0.025 

19 CO ppb <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 

20 Cr ppb <0.1 <0.1 <0.1 <0.06 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

21 CU ppb <0.09 <0.09 <0.09 <0.1 <0.1 <0.1 <0.1 <0.09 <0.09 <0.09 <0.09 <0.09 
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22 Fe ppb <0.12 <0.12 <0.12 <0.12 <0.12 <0.12 <0.12 <0.12 <0.12 <0.12 <0.12 <0.12 

23 Pb ppb <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

24 Mn ppb <0.055 <0.055 <0.055 <0.06 <0.06 <0.06 <0.06 <0.06 <0.06 <0.055 <0.055 <0.055 

Table 176. Quality results for six samples 

N
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 Sign 1 

First process 
Winter 2011 

Second process 
Spring 2011 

Third process 
Summer 2011 

Fourth process 
Fall 2011 
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25 Ni ppb <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 

26 Zn ppb <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <
0.018 <0.03 <0.02 

27 TC n/ 
100mL 7.3 2100 2400 15 9.7 460 150 360 150 150 2800 1100 

28 FC n/ 
100mL 7.3 2100 2400 15 9.7 460 15 360 75 75 1500 210 

29 

(Eltor) 
 Vibrio 
chlore

a 

- Minu
s 

Minu
s 

Minu
s 
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30 C - 15 13 14 15 13 14 16 14 15 16 14 15 

Table 177. quality results for six samples taken from Mazd Abad Qanat 

No.  
Sign 

 
Unit 

First process 
Winter 2011 

Second process 
Spring 2011 

Third process 
Summer 2011 

Fourth process 
Fall 2011 
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1 PH mg/L 7.16 7.61 6.93 7.04 6.86 7.25 7.22 7.44 
2 COD mg/L 41 18 14 3 21 28 19 18 
3 BOD mg/L 36 25 10 10 <10 11 <10 <10 
4 DO mg/L 3.26 3.65 2.95 2.2 1.04 1.01 3.86 4.69 
5 TDS mg/L 1067 1354 1495 1496 1041 1339 14.92 1497 
6 EC mS/Cm 2120 2650 2930 2930 2070 2630 2920 2930 
7 TSS mg/L 38 27 17 19 20 25 22 25 
8 SO4 mg/L 350 360 430 390 240 235 460 450 
9 NO3 mg/L 48.8 31.4 21.5 27.2 21.7 22 27.8 34.2 

10 NO2 mg/L 0.033 0.033 0.033 0.050 0.063 0.097 0.036 0.034 
11 PO4 mg/L 0.7 1.1 0.8 1.1 1.2 1.5 0.6 0.2 
12 CN- mg/L 0.028 0.007 0.018 0.007 0.010 0.011 0.014 0.015 
13 CL- mg/L 0.02 0.02 675 675 320 490 550 565 
14 TH mg/L 690 820 970 985 660 840 820 830 
15 Na mg/L 194 240 295.8 362.2 216 261 79.7 300 
16 Mg mg/L 19 22 54.4 53.3 38 50 116 116 
17 Ca mg/L 159 208 223 224.1 139 168 209.8 241.2 
18 Cd ppb 0.025 0.025 0.02< 0.02< 0.03< 0.03< 0.04 0.025< 
19 CO ppb 0.15 0.15 0.15< 0.15< 0.15< 0.15< 0.15< 0.15< 
20 Cr ppb 0.1 0.1 0.1< 0.1< 0.1< 0.1< 0.2 0.2 
21 CU ppb 0.09 0.09 0.1< 0.1< 0.1< 0.1< 0.1< 0.1< 
22 Fe ppb 0.12 0.12 0.12< 0.12< 0.12< 0.12< 0.12< 0.12< 
23 Pb ppb 0.5 0.5 0.5 0.5 0.5< 0.5< 0.5< 0.5< 
24 Mn ppb 0.055 0.055 0.06< 0.06< 0.06< 0.06< 0.55< 0.55< 
25 Ni ppb 0.15 0.15 0.15< 0.15< 0.15< 0.15< 0.15< 0.15< 
26 Zn ppb 0.018 0.018 0.02< 0.02< 0.02< 0.02< 0.18< 0.18< 
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27 TC n/ 
100mL 21000 15000 36 950 440 11000 270 210 

28 FC n/ 
100mL 21000 15000 20 950 73 11000 200 210 

29 
(Eltor) 
Vibrio 
chlorea 

- Minus Minus Minus Minus Minus Minus Minus Minus 

30 C - 14 15 15 15 15 15 14 15 

Table 178. Quality results for six samples taken from Vazvan Qanat 

The parameters considered at Vazvan Qanat included a complete set of physical, chemical 
and microbial parameters which were carried out on 8 samples taken from two select station 
on Vazvan qanat, and the results were compared with national and international standards. 
Table 182presents the overall quality analysis for 8 samples. 

Water Quality for Irrigation Purposes 

To investigate the suitability of water samples taken from Mazd Abad Qanat for irrigation 
purposes, Wilcox Graph was used. Tables 182 and 183 present the SAR and EC rates and 
chemical analyses for each of the samples. As can be seen in table 183, the water quality of 
Surale Branch (Station S1) belongs to very salty category (not suitable for irrigation) in 
stages 1, 2 and 3 whereas in the 4th stage, it is classified as “salty but suitable for agricultural 
activities” (C3S3).  

Water quality of Najg Branch (Station S2) was classified as salty –suitable for irrigation 
(C3S2) in 1st, 2nd and 3rd phases, but in the 4th phase, it was categorized as little salty-suitable 
for farming purposes (C2S2).  

The samples taken from Mazd Abad Qanat (Station S3) provided very salty results in 1st and 
4th sampling (C3S4) not suitable for farming, but the samples taken in the 2nd and 3rd stage 
were categorized as salty but suitable for farming purposes (C3S3).  
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Chart 96. Presents Mozd Abad Shuler Graph 

As can be observed in Chart95 and Table 183, water quality in all samples taken from 
Vazvan Qanat belongs to “very salty and unsuitable for farming” category. Based on Chart 
96 and 97, (Shuler Diagram for Vazvan Qanat), the quality of samples can be characterized 
as acceptable and suitable.  

No. Location of 
sampling 

Abbreviated 
sign SAR EC Water 

class 
Quality for 

farming 

1 First process-
Soorle branch S1-1 17.04 1055 C3-S4 Highly salty-

inappropriate 

2 First process-
Najag branch S1-2 10.76 755 C3-S2 Salty-usable 

3 First process-
mazhar S1-3 23.78 1089 C3-S4 Highly salty- 

inappropriate 

4 Second process- 
Soorle branch S2-1 20.58 1070 C3-S4 Highly salty- 

inappropriate 

5 Second process- 
Najag branch S2-2 12.72 688 C2-S3 Salty-usable 

6 Second process- S2-3 17.18 855 C3-S3 Salty-usable 
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mazhar 

7 Third process- 
Soorle branch S3-1 17.74 1020 C3-S4 Highly salty- 

inappropriate 

8 Third process- 
Najag branch S3-2 13.93 851 C3-S3 Salty-usable 

9 Third process- 
mazhar S3-3 13.52 847 C3-S3 Salty-usable 

10 Fourth process- 
Soorle branch S4-1 12.06 852 C3-S3 Salty-usable 

11 Fourth process- 
Najag branch S4-2 7.55 732 C2-S2 

Slightly 
salty-

appropriate 

12 Fourth process-
Mazhar S4-3 9.96 2930 C4-S3 Highly salty- 

inappropriate 

Table 179. water classification for farming purposes by sampling stations 

 

Chart 97. Wilcox Diagram for Vazvan Qanat 
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Chart 98. Shuler Graph for Vazvan Qanat 

Water Quality Classification by means of American National Sanitation Foundation 
(NSF) Water Quality Index (WQI)   

For four sampling stages taken from three select stations, NSF index was calculated and the 
results are presented in table 184. 

The examination of water quality for three stations carried out during four stages showed that 
based on NSF WQI index, the samples of all three stations had bad quality and their index 
ranged from 25 to 50.  
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Station 

Parameter 

WQI INDEX 
PH NO3 BOD DO F.coliforms phosphate Change in temp 

First process-surale 7.11 10.3 10 3.32 7.3 1 10 40.09 
(Relatively bad) 

First process-Najg 7.21 7.7 10 3.94 2100 0.9 12 30.02 
(Relatively bad) 

First process-after 
conjuction 8.3 14.9 10 3.98 2400 1.1 11 26.39 

(Relatively bad) 

Second process-
surale 7.26 9.9 10 2.35 15 1 10 38.62 

(Relatively bad) 

Second process-Najg 7.24 9.6 10 2.45 9.7 0.7 12 39.72 
(Relatively bad) 

Second process-
Mazhar 7.69 10.5 10 2.65 460 1 11 30.51 

(Relatively bad) 

Third process-surale 7.24 3.2 10 0.66 15 1.1 9 41.84 
(Relatively bad) 

Third process-Najg 7.72 3.6 10 0.84 360 1.8 11 32.56 
(Relatively bad) 

Third process-
Mazhar 7.7 7.2 10 0.9 75 1 10 35.63 

(Relatively bad) 

Fourth process-
surale 7.96 8.8 10 1.90 75 0.3 9 37.81 

(Relatively bad) 

Fourth process-Najg 7.84 14.7 10 3.3 1500 0.6 11 29.49 
(Relatively bad) 

Fourth process-
Mazhar 8 13.9 10 4.83 210 0.2 10 35.11 

(Relatively bad) 

Table 180. NSF WQI index for each station of Mazd Abad Qanat 

The water quality analyses carried out on samples taken from 2 stations of Vazvan qanat 
showed that according to NSF WQI index, the waters of this qanat belong to “very bad” and 
“bad” categories.  

Station 
Parameter 

WQI INDEX 
PH NO3 BOD DO F.coliform

s phosphate Change in 
temp 

First process-
Underground dam 

of Vazvan 
7.61 48.8 36 3.26 15000 0.7 11 23.60 

(Relatively bad) 

First process-
mazhar of Vazvan 7.16 31.4 25 3.65 21000 1.1 10 22.68 

(Relatively bad) 
Second process-

Underground dam 
of Vazvan 

6.93 21.5 10 2.95 36 0.8 10 35.63 
(Relatively bad) 

Second process-
mazhar of Vazvan 7.04 27.2 10 2.2 950 1.1 10 28.40 

(Relatively bad) 
Third process-

Underground dam 
of Vazvan 

6.86 21.7 10 1.04 73 1.2 10 31.79 
(Relatively bad) 

Third process-
mazhar of Vazvan 7.25 22 11 1.01 11000 1.5 10 24.29 

(Relatively bad) 
Fourth process-

Underground dam 
of Vazvan 

7.22 27.8 10 3.86 270 0.6 11 32.44 
(Relatively bad) 

Fourth process-
mazhar of Vazvan 7.44 34.2 10 4.69 210 0.2 10 35.26 

(Relatively bad) 

Table 181. NSF WQI index for each of the sampling stations of Vazvan Qanat 
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Conclusion 

The results of water quality analyses and Wilcox Graph showed that the quality of samples 
taken from three stations over 4 periods varies from salty but suitable for farming to very 
salty and unsuitable for irrigation. 

Moreover, on the basis of Shuler graph for Mazd Abad Qanat, apart from sample No. S3-4 
(sample taken at the outlet of Meymeh Qanat in the last stage of sampling procedure), which 
belongs to moderate to acceptable category, all other samples were in the category of good 
and acceptable.  

Water Quality for drinking purposes  

Out of the various qualitative parameters, the total coliform and fecal coliform of all stations 
were higher than the standards set for potable waters. Based on the studies conducted on the 
pollutants in the study area, the elements of lead, nickel and cadmium are not the likely 
contaminators to be found in the study area. As was mentioned earlier the concentration of 
some of these elements in underground water reservoirs can be attributed to geological 
conditions or the proximity of formation bearing these elements to the aquifer.  

The final results for water quality of Mazd Abad qanat carried out in four periods on samples 
taken from 3 stations showed that except total and fecal coliform, BOD, heavy metals such as 
lead and cadmium, other parameters were compatible with standards and there was no 
significant pollution.  

Vegetation Cover 

According to Pabo’s vegetation cover classification, Isfahan Province lies in Iran-Turani 
Floral Zone. This floral zone covers an area of about 92 percent of Iran and can be divided 
into semi-desert, steppe, semi steppe, high mountains and dry forests zones. The study zone is 
situated in steppe zone of Isfahan Province.  

This floral zone covers an area of about 36 percent of this province and its central parts have 
an annual precipitation ranging from 30 mm to 100 mm. The cities of Qamsar, Meymeh, 
Shahin Shahr, Kuhpaye, Isfahan, Tiran, Zarin Shahr, Shahreza, and parts of the northern 
section of Badrur lie in this floral zone. The predominant vegetation cover of this zone is 
Artemisia sieberi Besser. Tables 186 and 187 present a list of plant and tree species of the 
study zone whereas Photo 30 provides a view of vegetation cover at the study zone.  

No. Biological form Durability Scientific name Family 
1 Plant Perennial Allium ascalonicum Alliaceae 
2 Plant Perennial Allium latifolium Alliaceae 
3 Plant Perennial Allium sp Alliaceae 
4 Plant Perennial Ixiolirion tataricum Amaryllidaceae 
5 tree Perennial Pistacia khinjuk Anacardiaceae 
6 Plant Perennial Anchusa italica Boraginaceae 
7 Plant Annual Arnebia linearfolia Boraginaceae 
8 Plant Perennial Heliotropium aucheri Boraginaceae 
9 Plant Annual Heliotropium dolosum Boraginaceae 

10 Plant Annual Heliotropium sp Boraginaceae 
11 Plant Perennial Lappula barbata Boraginaceae 
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No. Biological form Durability Scientific name Family 
12 Plant Annual Nonnea caspica Boraginaceae 
13 Plant Annual Nonnea persica Boraginaceae 
14 Plant Annual Onosma microcarpa Boraginaceae 
15 Plant Annual Onosma microcarpa Boraginaceae 
16 Plant Annual Paracaryum intermedium Boraginaceae 
17 Plant Annual Paracaryum sp Boraginaceae 
18 Plant Annual Rochelia disperma Boraginaceae 
19 Plant Perennial Trichodesma aucheri Boraginaceae 
20 Plant Perennial Capparis spinosa Capparidaceae 
21 Plant Perennial Cleome coluteoides Capparidaceae 
22 Shrub Perennial Acanthophyllum bracteatum Caryophyllacea 
23 Shrub Perennial Acanthophyllum sp Caryophyllacea 
24 Plant Annual Arenaria serpyllifolia Caryophyllacea 
25 Plant Perennial Buffonia enervis Caryophyllacea 
26 Plant Annual Cerastium dichotomum Caryophyllacea 
27 Plant Perennial Dionthus crinitus Caryophyllacea 
28 Plant Perennial Dionthus orienithus Caryophyllacea 
29 Shrub Perennial Gypsophila acantholimoides Caryophyllacea 
30 Plant Perennial Gypsophila polyclada Caryophyllacea 
31 Plant Perennial Paronychia kurdica Caryophyllacea 
32 Plant Perennial Silene arbuscula Caryophyllacea 
33 Plant Annual Silene conoidea Caryophyllacea 
34 Plant Annual Vaccaria pyramidata Caryophyllacea 
35 Plant Perennial Aellenia glauca Chenopodiacea 
36 Plant Perennial Anabasis ophylla Chenopodiacea 
37 Plant Perennial Anabasis setifera Chenopodiacea 
38 Plant Annual Atriplex dimorphostegia Chenopodiacea 
39 Shrub Perennial Atriplex griffithii Chenopodiacea 
40 Shrub Perennial Atriplex leucocloda Chenopodiacea 
41 Plant Annual Atriplex tatarica Chenopodiacea 
42 Plant Annual Cerato carpus arenarius Chenopodiacea 
43 Plant Annual Chenopdium olbum Chenopodiacea 
44 Shrub Perennial Eurotia cerotoides Chenopodiacea 
45 Plant Annual Girgensohnia oppositifoia Chenopodiacea 
46 Plant Perennial Gundelia tournefotii Compositae 
47 Plant Perennial Helichrysum Compositae 
48 Shrub Perennial Hertia angustifolia Compositae 
49 Plant Perennial Lounaea acanthodes Compositae 
50 Plant Perennial Onopordon heteracanthum Compositae 
51 Plant Perennial Scariola orientalis Compositae 
52 Shrub Perennial Convolvulus arvensis Convolvulacea 
53 Plant Annual Descurainia Sophia Cruciferae 
54 Plant Annual Achillea santolina Compositae 
55 Plant Perennial Achillea sp Compositae 
56 Plant Perennial Acroptilon repens Compositae 
57 Plant Annual Anthemis odontostephana Compositae 
58 Shrub Perennial Artemisia aucheri Compositae 
59 Shrub Perennial Artemisia herba-alba Compositae 
60 Plant Annual Carthamus oxyacantha Compositae 
61 Plant Annual Centaurea depressa Compositae 
62 Plant Perennial Cichorium intybus Compositae 
63 Plant Perennial Lepidium latifolium Cruciferae 
64 plant Perennial Cynodon dactylon Gromineae 
65 Plant Perennial Iris songarica Iridaceae 
66 Plant Perennial Mentha longifolia Lobiatae 
67 Plant Annual Ziziphora tenuior Labiatae 
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No. Biological form Durability Scientific name Family 
68 Shrub Perennial Zataria multiflora Labiatae 
69 Plant Perennial Eremurus persicus Lilliaceae 
70 Plant Perennial Muscari neglectum Lilliaceae 
71 Plant Perennial Malva neglecta Malvaceae 
72 Shrub Perennial Prosopis stephaniana Mimosaceae 
73 Plant Perennial Alhagi camelorum Papilonaceae 
74 Plant Perennial Plantago major Pluntaginaceae 
75 Shrub Perennial Acantholimon sp Plumbaginaceae 
76 Shrub Perennial Atraphaxis spinosa Polygonaceae 
77 Plant Perennial Polygonum oridum Polygonaceae 
78 Plant Perennial Rheum ribes Polygonaceae 
79 Plant Perennial Peganum harmala Zygophyllaceae 

Table 182. Pasture plants within the study zone 

No. Scientific name   
1 Pistacia khinjuk 12 Atripelex procars 
2 Amygdalus scoparia 13 Caparis sp 
3 Pistacia – spp 14 Ducrasia stenocapa 
4 Pteropyrum aueheri 15 Zygophyilumatrielicad 
5 Acercincraseens 16 Ephedra intermed 
6 Rosa albicans 17 Lyciumdepressum 
7 Berberis integrima 18 Crealagus azarolus 
8 haloxylon 19 Pyrus psedopersica 
9 Tomarxramosissima 20 Caletropis procers 
10 Zygophyilumatrielicad 21 Hultemia persica 
11 Plesepis sp   

Table 183. Tree and bush species in the study zone 

 

Photo 30. A view of vegetation cover at the study zone 
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Qanat of Gowhar-riz (Gauhariz), Jupār, Kerman  
 
Geographical location and topography 

 
Jupar qanat and its catchment area are located in Kerman-Baghin study area, code 4906, in the 
southern area of Desert Basin in Anjyr-Saghand. Catchment area of Jupar qanat is 74.14km2 
with average height of 2650m above sea level, between geographical longitudes of 57o 04' and 
57o 09' and latitudes of 29o 56' and 30o 04' in altitude band of 1895 to 4025m above sea level. 
With a height of 4135m, Mount Jupar's peak is one of the highest peaks in Kerman-Baghin 
study area. Topography of the area is shown in figure 1-1. 

 

Map 65. Topographic map and location of Goharriz qanat and its branches 

Jupar region starts from Jupar mountain range in the south and includes steep limestone 
mountains of the area. Mount Jupar is about 3000m above sea level. Qanats built in Jupar 
plain, Mahan plain, and Kerman plain in the past are mainly stretched from the south to the 
north. Cities of Kerman and Mahan are located in Kerman-Baghin region and Kerman-Baghin 
Plains are fed by floodways in the East and south of the area, also joined Haft Kusk and Chari 
rivers inQariat-alarab study area, code 4907, flowinto the area. 

Stratigraphy of Jupar region 

In previous geological and stratigraphical studies, southern Kerman has been divided into 
five regions. One of the regions belongs to Rafsanjan geological belt. This geological zone is 
divided into three blocks, namely: Murad block in the North West of Kerman, Golbaf block 
(Guk) in the South East, and Jupar block in the South West of Kerman. In this block, Hajdak 
formation, Cretaceous facies, Kerman conglomerate, Eocene volcanics, sediments of 
Neogene and Quaternary alluvium outcrop. 
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Geology of Jupar 
This region is located in the most extreme southwestern corner of Kerman mapwith a 
geological scale of 1: 100,000. It is occupied by a series of limestone rock highlands 
(Cretaceous limestone) the lower parts of it is formed by evaporative deposition 

 

Photo 31. Images of Cretaceous microfossils in Jupar area 

The oldest rocks of the region are Lower Cretaceous orbitolinid limestones, some parts of 
them in the layers of gypsum shale sandstone, and other parts dolomited. The Lower 
Cretaceous is widespread in the region and shows itself within conglomerate rocks and red 
sandstones at the base. 

After a hiatus in the Cretaceous oligomucen sediments reigns of red conglomerate, sandstone 
and marl, gypsum-bearing parts of the northern and north-eastern region they occupy. These 
sediments are unconformably on the older rocks, and general trend is in the North West to 
South East. Structural and tectonic, Nai-band fault had a great role in the formation of the 
region. This fault zone has changed eastern areas of the regions and as a result has caused 
area's fault system. 

Jupar regional tectonics and Seismology 

  As noted above, the region is structurally located within the central Iran zone. In this area 
(Jupar) there is no important structural feature. The nearest linear structure which is causing 
tension is Dehshir-Baft or Nain-Baft thrust fault. The faults is located in the eastern part of the 
area and its main direction is northwest to southeast. Its function is wrench techtonic to slip 
into the upper Proterozoic stimulating relatively high activities in the Quaternary, that have 
caused Negar, Bardsir and Rafsanjan earthquakes in Kerman province. 
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It should be noted that Nain fault is part of southeast and central Iran thrust fault. Parallel 
faults affected by this linear structure are numerous, including Rafsanjan, Rine, Robat and 
Baghin and Davaran faults who have been active in the Quaternary. Ryan fault is limiting the 
southwest part of Jupar Mountains and along with Negar fault has caused subsidence and 
formation of Negar Plain and Kar Plain.  

On the eastern part, Jupar is affected by another linear structure, Golbaf or Gook fault. This 
fault is also wrench techtonic and is one of the most active faults of Iran that has caused 
Kerman and shahdad Golbaf earthquakes in recent years. Field studies show that in Jupar 
area most linear structures such as faults are in Northeast-southwest direction. That makes a 
right angle with two linear structures of Na'in fault in the west and Guk fault in the east. This 
indicates the presence of a shear zone in the study area. 

It is worth mentioning that there is a possibility that Baghin fault is buried under the 
sediments of the alluvial fans and rivers and Kerman and Jupar plains' sand dunes causing 
separation of the plains and mountains. This has created a control system for mother wells of 
qanats in the northern margin of Jupar Mountain photo 32. 

 To inspect the direction of stress in the region and determine general techtonic forces, 
physical features of faults at three stations were taken and after drawing Rose diagrams it was 
clear that most forces are in northeast-southwest direction photo 32. 

   

Photo 32. Rose scatter diagram, along the joints in Jupar-Istgah Yek area. 

 Geoelectrical Studies in Jupar 
To hydrological studies, Geoelectric studies have been done in large parts of Kerman by 
Kerman Regional Water Company. Same-resistance maps, profile sections explanations, and 
Geoelectrical data analysis of Mahan area and Kerman plain has been provided. 
About 20 soundings were performed in 3 profiles in Jupar area. The Geoelectrical study was 
based on Schlumberger model and electrical sounding that measured the apparent resistivity 
of the subsurface layers. Electrical conductivity of rocks and minerals depends on their 
lithological characteristics of the pores and the material that fills the pores. Generally, the 
factors that affect the electrical conductivity of rocks and thus electrical resistivity are: 

-The position of pores and their interrelationship. 
- The volume of pores and cracks in rocks 
- Electrical conductivity of water and solutes in the rocks and sediments. 
- The volume of pores that are filled with water. 
- Material of minerals in the rock 
- The volume of cement and texture of the constituent particles. 
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According to geoelectric interpretations in Jupar area at about 8 to 12 meters underground 
there is a layer with 1000 ohm impedance, which indicates the existence of heterogeneous 
rocks with low cementation (conglomerate and sand layers) at this depth. So, in the 
underlying layers apparent specific gravity decreases considerably and a change in the size of 
the pores can be seen. Due to the low permeability and high electrical resistivity, argillaceous 
limestones in the lower layers show a significant change. 
 

Geology of Goharriz qanat     
Goharriz consists of six qanats in the northern side of high Jupar Mountain and the total 
length of its qanats reach 3560m, which is composed of 129 wells. Geologically, this qanat is 
positioned on an alluvial fan with low height and moderate slope. Since the source of the 
alluvial fan deposits is the surrounding mountains and the climate is mild and dry in the 
region, at least in Quaternary, a little crushed material enter the area and, consequently, area, 
height and slope of the alluvial fan is little. 

Top of the fan is towards side of the mountain (South West) and the opening of the fan is 
towards North East, also part of Choopar city has been constructed on the distal parts of the 
fan (photo33). Most of the sediments of the alluvial fans is in the southwest of the study area 
and at the the mountain side, approximately at the place of mother well of qanat No.3 or 
Nakh Tel Sefid qanat, and has a thickness of about 46m. 

 To study the geological structures and draw the stratigraphic profile of each qanat 
proportional to the length of the qanat and the situation of the well shafts at leats six well 
shafts of each qanat was sampled and measured for thickness of the lithologies. Doing field 
inspections and comparisons between field data and geoelectric data, and drawing well shafts' 
stratigraphic horizon, qeological profile of each qanat was obtained (Figures14).  
 

 

Photo 33 . Overview of the alluvial fan and northern highlands of Jupar Mountain 
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Figure 15. Geological profile along the strand 1, Gavgerd well's gate, roobah (fox), Nakhl Tel Sefid, Haji Mohammad 
Noosh, Mahi Sefidkur 

 

Map 66. Situation of geological profiles in Goharriz qanat'sarea 
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Based on field, lithology and stratigraphy data regarding Jupar region and Goharriz qanat 
area, the sediments forming well shafts and qanat galleries are mainly of unconsolidated 
sediments of various sizesof particles from silt to pebbles. And in the lower part and gallery, 
limestone, marl and shale layers are exposed in some places. 

Sedimentological studies 
To evaluate characteristics and texture of unconsolidated sediments of the alluvial fan, 
sediments in the area were studied for their sediment grain size, grain shape and material of 
the particles. In general, for sedimentological studies in this area a total of 4 sites were 
sampled. Origins of these deposits indicate that flooding. Alluvial flood sediments of the 
Jupar alluvial fan sorted by standard sieve and different graphs were drawn. 
Grading study suggests that particles are not consistant and sediments and alluvium are made 
of particles of different diameters. Such sediments show moderate to poor permeability that 
proves their flooding origin (chart 98). 

 

Chart 99. Relative frequency histogram of distribution to particle diameter in samples 1 to 4 

Based on microscopic study of particles, sediments in the area have the following 
characteristics: 

- Particles with angular margins, which represents closeness to the origin and very low 
transport disruption. 

- Sphericity and roundness is low, therefore a sign of poor long-term contact with water. 
- Uniform particle shape shows that there is no change caused by erosion, location and 

sedimentation. 

Precipitation 
To study the annual rainfall in the area, data from the stations given in Table 188 was used. 

According to the statistical records of the selected stations, 39-year period (88-1349) was 
intended as the index period. In order to correct suspicious statistics the correlation between 
the annual precipitation of the station and annual precipitation of other selected stations was 
used. Using the correlations obtained, the annual rainfall of the selected stations was 
completed and the results for the index period are presented in Table 189. 



 The Persian Qanat                                                                             

832 

Appendix IV 
 

In map 67 Goharriz Jupar qanat's basin and in map 68 the location and distribution of 
meteorological, evaporation gaudging, and synoptic stations are shown. 

 

Map 67. Location of the catchment associated with the qanat 
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Map 68. Location of the selected meteorological, evaporation gaudging and synoptic stations 
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geographic coordinates Responsible 

organization station type station 
name No Height Width Length 

1754 30-15 56-58 Meteorological 
Organization Synoptic Kerman 1 

2800 29-30 57-08 Department of Energy Evaporation 
measure Chartagh 2 

1840 30-32-03 56-58 Department of Energy Meteorological Sarasiyab 
shesh 3 

1800 31-05 56-24 Department of Energy Meteorological Reyhan 
ravar 4 

2550 30-30-08 57-11 Department of Energy Meteorological Simakan 5 
2320 29-43 57-03 Department of Energy Meteorological Gariyolarab 6 

1970 30-11.6 55-52.8 Department of Energy Evaporation 
measure 

Muradiya 
Rafsanjan 7 

2300 29-45 56-34 Department of Energy Evaporation 
measure 

Godarzar 
Chvyyh 8 

2830 29-31 56-51 Department of Energy Evaporation 
measure Lalezar 9 

2000 31-24 56-17 Department of Energy Meteorological Kuhbanan 10 
2430 29-36 56-39 Department of Energy Meteorological Jafarabad 11 

2780 29-37 56-44 Department of Energy Meteorological Sange 
Sayyad 12 

1409 30-53 55-15 Meteorological 
Organization Synoptic Anar 13 

1380 30-54.7 55-49 Department of Energy Evaporation 
measure 

Ferdowsieh 
fogh 14 

1500 30-37 56-58 Meteorological 
Organization Meteorological Chatroud 15 

2300 30-22 55-24 Department of Energy Meteorological Pa Ghale 16 
1950 30-01-02 56-27-02 Department of Energy Meteorological Hajin 17 

1700 30-11 56-48 Department of Energy Evaporation 
measure Baghin 18 

1525 30-24 55-59-01 Department of Energy Meteorological rafsanjan 19 
1900 30-34-50 56-11-20 Department of Energy Meteorological Davaran 20 
2270 30-22 55-25 Department of Energy Meteorological Raviz 21 
2090 30-39-42 56-19-14 Department of Energy Meteorological Jorjagak 22 
2210 30-28-04 56-36-02 Department of Energy Meteorological Bibi hayat 23 
2200 30-25-03 56-32-02 Department of Energy Meteorological Orjas 24 
1450 31-01 55-58 Department of Energy Meteorological Series 25 
1660 30-46 56-32 Department of Energy Meteorological Zarand 26 

1400 30-45 55-50 Department of Energy Evaporation 
measure 

Jahan abad 
nugh 27 

1680 30-50-07 56-32-02 Meteorological 
Organization Climatology Zarand 28 

1780 30-18-03 57-05 Department of Energy Meteorological Kerman 29 

1605 30-18 56-03 Meteorological 
Organization Synoptic Rafsanjan 30 

2207 29-37 57-26 Department of Energy Evaporation 
measure Rhine 31 

1980 29-57 56-35 Meteorological Climatology Bardsir 32 

1858 30-01 55-26 Department of Energy Evaporation 
measure Khatoonabad 33 

1748 30-12 57-33 Department of Energy Evaporation 
measure Sirch 34 

Table 184. Geographical characteristics of the synoptic climatology, and precipitation stations in the area 
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OBSERVED & ESTIMATED ANNUAL PRECIPITION IN SELECTED STATIONS (1349-88)  unit:mm 

 Station KERMAN SIRCH SARE 
ASEYAB REHAN SIMKE GHARYATO

L 
 Code   SHESH RAVAR  ARABE 
Water Year 46-036 45-017 46-714 46-210 45-219 46-005 

1 49-50 101.0 203.8 87.1 160.3 257.9 142.0 
2 50-51 103.3 159.8 89.4 163.0 263.2 211.0 
3 51-52 104.5 144.4 90.6 164.4 266.0 145.5 
4 52-53 162.0 192.1 147.2 231.8 398.2 99.0 
5 53-54 150.0 213.0 135.4 217.7 370.6 129.0 
6 54-55 169.6 373.5 154.7 240.7 415.6 223.0 
7 55-56 100.2 162.5 86.3 159.4 256.1 139.0 
8 56-57 109.5 153.0 95.5 170.3 277.5 82.0 
9 57-58 165.2 126.0 150.3 235.5 405.5 245.0 

10 58-59 141.5 127.0 127.0 207.8 351.0 88.0 
11 59-60 135.2 166.0 120.8 200.4 336.6 110.0 
12 60-61 83.0 94.0 69.4 40.3 216.5 113.0 
13 61-62 177.4 77.0 162.4 365.5 433.6 158.0 
14 62-63 156.0 55.0 141.3 116.0 384.4 98.0 
15 63-64 137.0 79.5 122.6 177.0 340.7 142.0 
16 64-65 80.3 89.5 66.7 319.0 210.3 95.0 
17 65-66 153.6 92.0 138.9 315.0 378.9 167.0 
18 66-67 112.0 102.5 97.9 242.0 275.0 107.0 
19 67-68 79.3 128.0 65.7 171.0 178.0 114.0 
20 68-69 75.4 157.0 61.9 123.5 212.0 87.5 
21 69-70 139.9 185.5 125.4 170.0 441.0 126.0 
22 70-71 155.0 187.5 140.3 143.5 381.0 162.0 
23 71-72 200.3 200.5 177.0 261.5 646.5 162.0 
24 72-73 86.2 99.0 50.5 67.0 217.0 130.0 
25 73-74 228.5 149.5 212.7 309.6 414.0 267.0 
26 74-75 207.0 130.0 184.5 324.5 486.0 147.0 
27 75-76 123.7 129.0 150.5 175.5 297.0 124.0 
28 76-77 146.4 170.5 123.5 131.5 337.0 140.0 
29 77-78 127.2 105.0 125.0 207.5 312.0 122.0 
30 78-79 62.5 73.0 41.0 103.5 146.0 41.0 
31 79-80 104.2 50.0 101.0 76.0 206.0 79.0 
32 80-81 120.5 121.5 152.5 85.5 357.0 86.5 
33 81-82 100.5 149.5 117.5 126.5 288.0 131.0 
34 82-83 113.5 98.7 106.5 120.5 280.0 45.5 
35 83-84 146.0 298.0 42.0 181.0 318.0 146.0 
36 84-85 67.0 76.0 48.0 47.0 153.0 73.0 
37 85-86 130.5 150.0 104.5 143.5 307.0 98.5 
38 86-87 33.0 47.0 48.0 34.0 126.0 41.0 
39 87-88 122.0 128.0 109.0 116.0 246.0 139.0 
 Min. 33.0 47.0 41.0 34.0 126.0 41.0 
 Mean 125.9 139.6 112.1 175.5 312.5 127.1 
 Max. 228.5 373.5 212.7 365.5 646.5 267.0 
 S.D. 40.8 63.5 41.5 80.6 102.4 49.3 
 DOMAIN 195.5 326.5 171.7 331.5 520.5 226.0 
 CV.  (%) 32 45 37 46 33 39 
    data from meoteological station 
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OBSERVED & ESTIMATED ANNUAL PRECIPITION IN SELECTED STATIONS (1349-88) Unit:mm 
 Station MORADIYEH GODARE LALEZAR KUHBANAN JAFARABAD SANG 
 Code RAFSANGAN ZARGHOEIYEH    SAYAD 

Water Year 46-237 46-011 46-022 46-050 46-009 46-100 
1 49-50 123.0 103.0 46.5 140.6 105.5 157.5 
2 50-51 170.6 179.0 281.0 141.7 300.0 399.7 
3 51-52 65.5 96.5 87.0 142.2 106.0 158.1 
4 52-53 108.5 109.0 136.0 169.1 234.0 317.5 
5 53-54 109.5 148.5 163.2 163.5 265.5 356.8 
6 54-55 153.5 260.2 260.3 168.5 390.7 306.5 
7 55-56 129.5 111.3 170.6 180.0 140.0 173.0 
8 56-57 82.5 97.0 168.0 231.5 137.0 220.5 
9 57-58 131.5 185.0 318.0 167.0 236.5 344.0 

10 58-59 125.0 160.0 229.0 127.5 251.0 291.0 
11 59-60 147.0 179.0 276.5 95.5 242.0 356.5 
12 60-61 96.0 151.0 215.5 103.0 144.5 201.5 
13 61-62 239.5 173.5 261.0 207.5 129.0 318.5 
14 62-63 197.0 98.0 186.0 92.0 103.0 216.0 
15 63-64 180.5 122.5 238.0 98.0 95.0 203.0 
16 64-65 96.5 134.0 244.0 191.0 75.0 224.0 
17 65-66 137.0 173.0 256.0 299.5 157.0 231.0 
18 66-67 121.0 104.5 190.0 150.5 140.0 207.0 
19 67-68 92.5 120.5 163.0 142.5 140.0 176.0 
20 68-69 64.5 95.0 163.5 185.0 153.5 173.0 
21 69-70 113.5 214.5 314.0 151.0 233.0 230.0 
22 70-71 140.5 173.5 311.8 128.5 239.5 261.5 
23 71-72 169.0 300.5 265.4 231.0 276.0 231.0 
24 72-73 70.0 171.5 235.6 72.0 164.5 203.0 
25 73-74 200.5 339.5 367.2 170.0 240.5 284.0 
26 74-75 188.0 204.5 239.6 173.5 225.0 229.5 
27 75-76 108.7 197.0 170.6 117.0 185.0 151.5 
28 76-77 139.5 145.0 218.2 164.0 192.0 169.0 
29 77-78 146.0 148.5 187.0 254.0 182.5 134.2 
30 78-79 42.0 59.5 43.0 73.5 103.0 43.0 
31 79-80 102.2 101.8 145.6 114.5 134.1 131.0 
32 80-81 136.5 146.4 188.5 149.8 146.1 204.0 
33 81-82 169.0 206.8 224.7 158.0 211.0 239.0 
34 82-83 140.0 85.0 148.5 159.4 152.5 186.0 
35 83-84 124.0 101.0 223.0 125.0 281.0 258.0 
36 84-85 76.0 103.0 189.0 72.0 174.0 153.0 
37 85-86 83.0 143.0 254.0 173.5 222.5 218.0 
38 86-87 41.0 83.0 88.0 34.0 41.0 65.0 
39 87-88 102.0 177.0 221.0 128.0 198.0 220.0 
 Min. 41.0 59.5 43.0 34.0 41.0 43.0 
 Mean 124.7 151.3 207.4 149.9 183.2 221.6 
 Max. 239.5 339.5 367.2 299.5 390.7 399.7 
 S.D. 43.7 58.6 70.8 51.6 70.1 75.7 
 DOMAIN 198.5 280.0 324.2 265.5 349.7 356.7 
 CV.  (%) 35 39 34 34 38 34 
    data from meoteological station 
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OBSERVED & ESTIMATED ANNUAL PRECIPITION IN SELECTED STATIONS (1349-88) 

Unit:mm 
 Station ANAR

 
FERDOSIY

 
CHATRU

 
PAGHAL

 
HAJIN RAFSANG

  Code       
Water Year - 46-718 - 46-239 46-013 46-026 

1 49-50 61.0 62.6 242.5 254.9 93.5 68.4 
2 50-51 51.0 54.9 95.7 259.9 102.5 69.3 
3 51-52 39.0 45.6 41.0 262.5 73.8 69.8 
4 52-53 43.0 48.7 161.9 386.9 57.3 94.0 
5 53-54 78.2 75.9 153.6 360.9 91.5 88.9 
6 54-55 116.7 105.5 167.3 403.3 135.0 80.0 
7 55-56 98.8 91.7 99.0 253.2 72.0 95.0 
8 56-57 97.8 62.0 113.0 273.3 65.0 62.0 
9 57-58 96.7 126.0 164.2 393.8 129.0 126.0 

10 58-59 69.7 56.0 147.6 342.5 34.0 56.0 
11 59-60 77.7 54.0 143.2 328.9 91.5 54.0 
12 60-61 61.4 54.0 70.0 215.9 70.0 54.0 
13 61-62 122.6 119.0 141.5 478.0 164.0 119.0 
14 62-63 80.1 54.0 100.4 216.0 69.0 54.0 
15 63-64 69.8 51.0 304.8 332.8 102.0 51.0 
16 64-65 90.3 79.0 148.5 378.0 64.0 79.0 
17 65-66 128.3 134.0 156.4 341.0 145.0 134.0 
18 66-67 87.6 116.5 130.9 318.0 73.0 114.9 
19 67-68 62.3 88.0 100.2 251.0 40.0 41.6 
20 68-69 67.5 73.0 82.0 310.0 54.0 59.1 
21 69-70 110.8 76.0 154.2 239.0 81.0 88.7 
22 70-71 59.8 140.5 152.2 411.5 84.0 144.4 
23 71-72 127.9 109.3 235.5 764.0 110.0 113.4 
24 72-73 46.0 51.0 65.5 230.0 57.0 55.2 
25 73-74 115.6 104.7 179.0 411.0 98.0 88.8 
26 74-75 125.5 105.0 179.0 546.0 116.0 110.8 
27 75-76 50.5 41.0 145.0 212.0 104.0 86.5 
28 76-77 58.8 66.5 150.0 233.5 106.0 85.9 
29 77-78 104.7 89.5 122.0 315.5 105.0 90.4 
30 78-79 29.6 24.5 92.4 123.0 36.0 24.5 
31 79-80 55.3 38.5 121.5 103.0 72.5 57.5 
32 80-81 78.0 73.0 147.5 221.0 79.5 92.1 
33 81-82 41.6 39.0 117.0 196.0 64.5 55.2 
34 82-83 69.0 57.5 128.0 224.0 77.5 44.0 
35 83-84 88.0 77.0 163.0 340.0 96.0 83.0 
36 84-85 37.2 108.0 81.7 65.0 102.0 43.0 
37 85-86 47.3 66.0 125.2 196.0 73.5 63.0 
38 86-87 47.4 7.0 73.0 61.0 40.0 19.0 
39 87-88 58.0 53.0 78.0 109.0 113.0 77.0 
 Min. 29.6 7.0 41.0 61.0 34.0 19.0 
 Mean 75.7 73.8 135.2 291.3 85.7 76.7 
 Max. 128.3 140.5 304.8 764.0 164.0 144.4 
 S.D. 28.0 30.7 50.4 131.2 29.2 28.7 
 DOMAIN 98.7 133.5 263.8 703.0 130.0 125.4 
 CV.  (%) 37 42 37 45 34 37 
    data from meoteological station 
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OBSERVED & ESTIMATED ANNUAL PRECIPITION IN SELECTED STATIONS (1349-88)  
 

 
 Station DAVARAN RAVIZ GORGAF

 
BIBI 

 
ERGAS SIRIZ ZARAN

  Code        
Water Year 46-028 46-031 46-203 46-126 46-213 46-048 46-042 

1 49-50 107 240.4 184.1 X 159.8 76.7 105.2 
2 50-51 92.3 244.1 187.3 X 161.0 77.8 106.5 
3 51-52 74.7 246.0 189.0 X 161.6 78.4 107.2 
4 52-53 80.6 338.0 269.5 X 191.4 105.7 138.5 
5 53-54 132.3 318.8 252.7 X 185.2 100.0 132.0 
6 54-55 188.9 350.2 280.1 X 195.3 109.3 142.6 
7 55-56 162.6 239.1 183.0 X 159.4 76.4 104.8 
8 56-57 183.0 254.0 279.0 X 164.2 119.0 109.9 
9 57-58 187.0 343.1 136.0 X 193.0 77.0 140.2 

10 58-59 65.0 305.2 194.5 X 180.8 74.0 127.3 
11 59-60 73.0 295.1 263.5 X 177.5 76.0 123.9 
12 60-61 84.0 211.6 164.5 X 150.5 63.0 84.5 
13 61-62 191.0 330.0 301.0 X 190.5 126.0 183.0 
14 62-63 57.0 104.0 152.5 X 212.5 76.0 105.0 
15 63-64 95.0 193.0 169.0 X 71.0 79.0 108.5 
16 64-65 214.0 262.5 117.0 X 102.0 109.0 129.5 
17 65-66 206.0 481.0 244.0 X 166.5 159.0 183.5 
18 66-67 164.0 310.0 277.0 X 240.5 113.0 155.5 
19 67-68 130.0 288.0 208.5 X 275.0 111.0 98.0 
20 68-69 78.5 231.0 129.0 X 218.5 64.0 83.5 
21 69-70 290.0 237.0 258.0 X 291.5 60.0 129.5 
22 70-71 141.0 399.0 250.0 282.5 211.0 42.0 127.5 
23 71-72 151.5 479.5 408.0 444.0 334.7 181.0 197.5 
24 72-73 85.0 198.0 222.5 127.0 97.5 55.0 95.2 
25 73-74 139.0 431.0 366.5 368.0 132.5 123.0 120.2 
26 74-75 226.5 458.0 406.0 387.5 211.5 155.0 155.5 
27 75-76 151.0 235.5 228.5 267.0 97.5 51.0 120.2 
28 76-77 156.5 323.5 250.0 328.0 182.0 91.0 104.0 
29 77-78 151.0 333.5 276.5 315.0 162.3 107.0 140.0 
30 78-79 47.0 160.5 92.5 121.0 66.0 35.5 38.8 
31 79-80 85.0 138.5 154.2 153 101.0 58.0 81.6 
32 80-81 153.5 287.5 211.4 346.0 147.0 86.0 115.9 
33 81-82 123.5 282.5 253.0 303.5 141.0 86.5 101.5 
34 82-83 120.5 299.0 214.0 252.0 82.5 100.0 112.0 
35 83-84 124.0 363.0 215.0 306.0 147.0 92.0 127.0 
36 84-85 58.0 117.0 123.0 142.0 82.0 40.0 60.0 
37 85-86 103.0 273.0 271.5 252.0 151.0 83.0 115.4 
38 86-87 30.0 65.0 54.0 103.0 75.0 18.0 18.0 
39 87-88 110.0 204.0 203.0 257.0 117.0 129.0 104.0 
 Min. 30.0 65.0 54.0 103.0 66.0 18.0 18.0 
 Mean 128.5 278.7 221.5 264.1 163.7 88.8 116.2 
 Max. 290.0 481.0 408.0 444.0 334.7 181.0 197.5 
 S.D. 55.4 95.4 75.8 96.7 59.7 34.0 34.4 
 DOMAIN 260.0 416.0 354.0 341.0 268.7 163.0 179.5 
 CV.  (%) 43 34 34 37 36 38 30 

Table 185. Estimated and observed values for the annual precipitation at selected stations (Figures presented in mm) 
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Average annual rainfall in Jupar qanat's catchment area is 234.5mm and average annual 
rainfall in this qanat's outlet area is 147.8mm. The correlation between rainfall and and 
elevation of regional stations is presented in chart99,  and in chart100, map of the annual 
precipitation lines in the study area is drawn. 

 

Chart 100. Correlation between rainfall and altitude for all stations in the area 

Temperature 
To evaluate the temperature of the study area data from three Synoptic stations and two 
Climatology stations of IRIMO and nine evaporation gaudging stations of Ministry of Energy 
were used.Since the temperature change in different years was limited and in one area do not 
exceed certain limits, or go lower than a certain amount, the average temperature for more 
than 8 years is accepted as long-term. 

In table 190, statistics of long-term monthly average temperatures of the stations are 
presented in forms of absolute maximum, average maximum, average minimum and absolute 
minimum. In table 191 monthly and annual average temperature of the stations has been 
inserted. According to this table in all of the stations the hottest month of the year is July and 
the coldest month is January. 

Station Statistical characteristics 
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Absolute maximum maximum 35.0 28.0 28.0 27.0 26.2 31.6 35.0 38.4 41.0 42.0 41.6 39.0 
Average maximium 26.0 19.6 14.5 12.1 14.8 18.8 24.3 30.0 34.9 35.8 34.3 31.5 

medium 15.8 9.9 6.0 4.6 7.2 11.3 16.3 21.1 25.5 26.7 24.5 21.0 
Average 5.5 0.3 -2.6 -2.9 -0.3 4.2 8.5 12.2 16.4 17.4 14.6 10.7 

Absolute minimum -10.0 -15.0 -25.0 -30.0 -20.0 -10.2 -3.0 1.0 7.0 8.0 2.0 -1.0 

C
lim
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Absolute maximum 36.5 33.0 26.6 21.0 27.0 31.0 37.5 39.0 39.5 42.5 40.5 35.5 
Average maximium 22.8 17.9 13.4 10.0 12.5 15.7 22.1 27.0 31.0 32.7 31.1 28.0 

medium 13.8 8.7 4.9 2.1 4.4 7.8 14.1 18.4 21.8 23.5 21.5 18.6 
Minimum average 4.8 -0.5 -3.7 -6.1 -3.6 0.2 6.1 9.6 12.9 14.4 12.1 9.1 
Absolute minimum -3.5 -12.5 -20.0 -20.0 -17.5 -17.5 -6.6 -1.0 1.0 3.5 1.5 0.5 
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Absolute maximum 35.5 29.5 25.9 21.5 26.2 30.4 36.0 41.0 44.0 44.4 41.8 38.0 
Average maximium 26.7 20.4 15.3 12.3 14.0 18.3 24.7 30.4 35.2 36.8 35.6 32.1 

Medium 17.2 11.7 7.5 5.2 7.1 11.2 17.1 21.9 26.7 27.9 26.1 22.4 
Minimum 7.9 3.1 -0.4 -1.9 0.2 4.1 9.4 13.4 17.9 19.2 17.1 13.1 

Absolute minimum -9.5 -8.3 -17.0 -19.9 -13.0 -8.4 -1.8 -1.5 10.0 9.0 7.5 3.0 
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Absolute maximum 35.6 29.2 27.2 26.0 26.6 32.0 35.6 40.2 43.6 45.0 43.0 40.2 

Average maximium 27.8 20.7 16.1 13.5 16.4 20.7 26.4 32.1 37.3 38.5 36.8 33.4 
medium 19.2 12.6 8.6 5.8 8.5 13.2 18.4 23.7 28.3 30.2 28.1 24.4 

Minimum average 9.8 3.7 0.3 -1.5 0.8 5.5 10.3 15.2 19.1 21.0 18.3 14.4 
Absolute minimum -3.0 -7.0 -15.0 -16.8 -12.0 -7.0 -2.0 4.0 9.0 13.0 5.0 4.0 
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no

pt
ic

 R
af

sa
nj

an
 

Absolute maximum 34.0 28.2 27.4 23.4 27.2 31.4 34.0 39.4 42.6 43.0 41.6 38.0 
Average maximium 26.8 20.2 15.9 13.0 16.4 19.7 25.8 31.2 35.8 37.5 36.0 32.6 

Medium 19.0 12.9 8.8 6.7 9.7 13.0 18.7 23.7 28.1 30.0 28.2 24.6 
Minimum average 11.3 5.6 1.8 0.5 3.0 6.2 11.6 16.2 20.4 22.5 20.3 16.6 
Absolute minimum 2.8 -5.0 -10.4 -16.6 -7.4 -8.4 1.4 5.2 12.0 14.0 14.2 7.0 

Table 186. Monthly thermal Indices of the stations in oc 
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Absolute Maximum 37.0 37.0 28.0 27.0 27.0 29.0 32.0 36.0 42.0 44.0 48.0 43.0 

Average of 
Maximum 24.1 19.1 13.9 11.3 11.5 14.6 18.9 24.5 29.5 32.3 31.0 28.9 

Average 14.7 10.3 5.7 3.6 3.4 6.9 10.9 15.7 19.8 22.4 21.1 19.0 

Average of Minimum 5.3 1.4 -2.5 -4.2 -4.6 -0.8 2.9 6.8 10.2 12.5 11.4 9.0 

Absolute Minimum -5.0 -8.5 -
20.0 -24.5 -23.0 -17.5 -7.0 -1.0 2.0 2.5 2.5 1.0 

G
od

ar
d 

Z
ār
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ui
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Absolute Maximum 30.0 35.0 24.0 21.0 27.0 24.0 33.0 32.0 36.0 39.0 38.0 35.5 

Average of 
Maximum 23.1 18.5 13.2 9.8 9.7 13.0 18.6 23.3 28.0 31.0 29.9 28.1 

Average 14.9 10.7 6.1 3.6 3.8 6.9 11.2 15.5 20.0 22.7 21.6 19.5 

Average of Minimum 6.7 2.9 -1.1 -2.8 -2.1 1.7 4.6 8.5 12.1 14.4 13.2 11.0 

Absolute Minimum -5.0 -9.5 -
17.0 -18.0 -19.5 -18.5 -7.0 -4.4 -11.0 8.0 6.0 1.0 

K
uh
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na

n
 

Absolute Maximum 31.0 24.5 23.5 19.0 22.0 25.0 28.5 32.0 35.0 37.5 37.5 34.5 

Average of 
Maximum 24.9 18.5 13.5 10.1 10.1 14.0 19.0 25.5 29.2 32.5 30.7 29.6 

Average 18.7 12.8 8.1 5.2 5.2 8.9 13.7 20.0 23.8 27.6 25.4 23.6 

Average of Minimum 12.5 7.0 2.7 0.3 0.3 3.8 8.3 14.4 18.4 22.6 20.0 17.6 

Absolute Minimum 5.0 -0.5 -7.0 -12.0 -9.0 -6.5 0.5 8.0 12.0 14.5 10.5 10.0 

C
ha

rt
ag

h
 

Absolute Maximum 26.0 22.0 21.0 19.0 19.0 22.0 23.0 27.0 30.0 33.0 36.0 29.0 

Average of 
Maximum 19.3 14.4 9.2 6.3 5.8 8.9 13.8 19.6 24.2 26.9 25.7 22.8 

Average 10.6 6.0 1.7 -0.9 -0.8 2.6 6.9 11.3 14.8 17.3 16.4 13.8 

Average of Minimum 1.9 -2.1 -5.8 -8.1 -7.5 -3.7 0.0 2.9 5.4 7.7 6.6 4.3 

Absolute Minimum -9.0 -
12.0 

-
23.0 -30.0 -30.0 -31.0 -12.0 -5.0 -2.0 1.0 -7.0 -5.0 

Jo
rj

af
ak

 

Absolute Maximum 31.0 29.5 25.0 20.0 19.5 27.0 27.0 34.5 38.0 40.0 38.0 39.0 

Average of 
Maximum 23.9 18.1 11.8 8.4 8.9 13.5 18.3 25.0 29.8 31.9 30.2 29.2 

Average 17.0 11.7 6.3 3.0 3.4 7.3 11.8 18.0 22.2 24.6 23.8 21.9 

Average of Minimum 10.0 5.2 0.8 -2.4 -2.2 1.0 5.4 11.1 14.6 17.2 17.3 14.7 

Absolute Minimum 1.0 -6.0 -
13.5 -17.0 -18.0 -12.0 -5.0 4.0 1.5 6.5 5.5 3.5 

M
ur

ad
i

ya 

Absolute Maximum 32.0 31.5 27.0 22.0 22.0 28.0 33.0 38.0 39.5 39.5 38.5 39.0 

Average of 
Maximum 24.6 18.7 13.4 10.2 10.6 14.3 19.5 25.4 30.9 33.5 32.0 30.2 
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Average 18.1 12.8 8.2 5.2 5.4 9.2 14.0 19.7 25.1 27.6 25.9 23.5 

Average of Minimum 11.7 6.9 2.5 0.2 0.3 4.0 8.5 14.0 18.6 21.4 19.6 16.7 

Absolute Minimum -7.0 -5.0 -
10.0 -18.5 -12.8 -13.0 -5.0 -2.0 8.0 11.5 11.0 5.0 

Fe
rd

ow
si

eh
 

Absolute Maximum 37.5 31.0 27.0 25.5 25.5 31.5 36.5 37.0 41.5 47.0 44.0 41.5 

Average of 
Maximum 29.5 23.5 17.8 14.5 15.9 19.8 24.4 30.3 36.5 39.3 38.2 35.4 

Average 19.4 14.1 8.7 6.2 7.6 11.5 16.1 21.4 27.0 30.0 28.6 25.1 

Average of Minimum 9.3 4.9 -0.2 -2.0 -0.7 3.2 7.7 12.5 17.5 20.8 19.0 14.9 

Absolute Minimum -3.0 -5.5 -
10.0 -16.5 -16.0 -11.5 -4.0 4.0 7.0 12.0 9.0 6.0 

la
le
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r

 

Absolute Maximum 26.0 22.0 22.0 18.0 16.0 20.0 22.0 28.0 31.0 32.0 31.0 31.0 

Average of 
Maximum 19.1 14.6 9.5 7.0 5.9 8.5 13.6 19.0 24.0 26.2 25.4 23.8 

Average 11.2 6.7 2.8 0.3 -0.4 2.6 6.8 11.7 15.9 17.8 17.2 15.8 

Average of Minimum 3.4 -1.2 -4.0 -6.5 -6.7 -3.2 0.0 4.5 7.7 9.6 9.1 7.7 

Absolute Minimum -8.0 -
10.0 

-
21.0 -21.0 -22.0 -17.0 -11.0 -6.0 0.0 4.0 3.0 0.0 

B
ag

hi
n

 

Absolute Maximum 35.0 29.0 28.5 24.5 25.0 30.5 33.0 38.0 44.0 45.0 42.0 39.0 

Average of 
Maximum 27.0 21.3 15.3 11.9 13.1 17.6 23.6 29.5 34.3 36.3 34.0 32.3 

Average 18.2 12.9 7.7 5.8 7.1 11.0 16.5 21.5 25.7 27.8 25.4 23.5 

Average of Minimum 9.3 4.6 0.2 -0.3 1.1 4.4 9.4 13.5 17.1 19.3 16.8 14.7 

Absolute Minimum -3.0 -2.0 -
10.0 -9.5 -11.0 -10.0 -4.0 3.0 6.0 11.0 4.5 3.0 

Table 187.(continued): Monthly thermal Indices of the stations in oc 
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station name 

15.3 21.0 24.5 26.7 25.5 21.1 16.3 11.3 7.2 4.6 6.0 9.9 15.8 Synoptic of Kerman 

18.9 24.4 28.1 30.2 28.3 23.7 18.4 13.2 8.7 5.8 8.6 12.6 19.2 Anar of synoptic 

18.3 24.6 28.2 30.0 28.1 23.7 18.7 13.0 8.9 6.7 8.8 12.9 19.0 Rafsanjan of synoptic 

13.6 18.6 21.5 23.5 21.8 18.4 14.1 7.8 4.4 2.1 4.9 8.7 13.8 Bardsir of Climatology 

16.1 26.1 27.9 26.7 21.9 17.1 11.2 10.7 6.1 5.2 7.5 11.7 17.2 Zarand of Climatology 

9.6 15.8 17.2 17.8 15.9 11.7 6.8 2.6 -0.4 0.3 2.8 6.7 11.2 lalezar 

16.3 23.5 25.4 27.8 25.7 21.5 16.5 11.0 7.1 5.8 7.7 12.9 18.2 Baghin 

17.0 23.5 25.9 27.6 25.1 19.7 14.0 9.2 5.4 5.2 8.2 12.8 18.1 Muradiya 

13.0 19.0 21.1 22.4 19.8 15.7 10.9 6.9 3.4 3.6 5.7 10.3 14.7 Qariyat al-arab 

8.9 13.8 16.4 17.3 14.8 11.3 6.9 2.6 -0.8 -0.9 1.7 6.0 10.6 Chartagh 

13.2 19.5 21.6 22.7 20.0 15.5 11.2 6.9 3.1 3.6 6.1 10.7 14.9 Godard Zārchui-eh 

17.2 25.1 28.6 30.0 27.0 21.4 16.1 11.5 7.6 6.2 8.7 14.1 19.4 Ferdowsieh 

14.6 21.9 23.8 24.6 22.2 18.0 11.8 7.3 3.4 3.0 6.3 11.7 17.0 Jorjafak 

14.0 23.6 25.4 27.6 23.8 20.0 13.7 8.9 5.2 5.2 8.1 12.8 18.7 Kuhbanan 

Table 188. Monthly and annual average temperature in stations of the study area and its surrounding 
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Annual temperature gradient 
 
The annual average temperature in different altitudinal bands in the study area are 
summarized in Table 193 
  

Height  a.s.l .m Annual average temperature (oc) 
2000 15.1 
2500 12.1 
3000 9.1 
3500 6.1 

Table 189. The average annual temperature at different altitudes 

 

Chart 101. Annual mean temperature gradient in the study area 

 
The thermal regime 

The study of thermal regime in the study area, monthly changes in temperature in forms of 
absolute maximum, average maximum, average minimum and absolute minimum were 
plotted for the evaporation gaudging station of Ghariat-alArab that is close to the study area, 
(chart101). According to this graph, it is observed that the lowest temperature, -24.5°C has 
happened in January and maximum absolute temperature, 48 °C has been recorded in August.   

In general temperature fluctuations that reflect heat during the day are not significantly different in 
different seasons. 

The difference between absolute maximum and average of maximums and absolute minimum 
and average of minimums from year to year, which indicates the average difference in 
different months, in cold months is a little higher than other seasons. 
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Chart 102. Temperature regime of Ghariat-alArab evaporation gaudging station 

Wind 

 Since Kerman Synoptic station is near the study area, the data of this station was used as a 
reference. Measured monthly mean of wind speed is presented in Tables. Chart from this 
station show that annual average of wind speed in Kerman station at 10m height is 2.73m/s 
and monthly average of maximum wind speed atthis height is 3.77m/s, which corresponds to 
November. For height of two meters, these amounts in m/s are 2.17, 3.02 and 1.19 
respectively. 
Average monthly figures for Kerman station is provided in table 196 It is noteworthy that the 
mean wind speed in the tables is calculated by weight. In Table 197, the average seasonal 
wind speed coupled with the number of monitoring stations in different directions and quiet 
times have been recorded.  
Using the figures in this table, seasonal wind roses of Kerman synoptic station, were plotted 
which are shown in Chart 102. Kerman station is considered as an indicator of the wind. 
According to the figures in Table 197 and wind speed and direction that are plotted in wind 
roses we see that at Kerrman synoptic station, in autumn, winter and spring, wind direction is 
West and South West, and only in summer it is North and North East.  
The highest wind speed recorded annually in Kerman station is shown in Table 198, by 
embedding the log-normal distribution with three parameters on them in Chart 103, the 
maximum wind speed in meters per second in Kerman station is drawn and the results are 
shown in table below: 
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Return period(year) Wind speed Maximum (Meters per second) 
2 21.25 
3 23.46 
5 26.16 
10 29.89 
25 35.10 
50 39.32 

100 43.82 
200 48.63 

Table 190. Wind speed in different cycles at Kerman station (m/s) 

Year Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Annual 

1986 1.41 1.83 2.34 2.55 2.95 3.17 2.88 3.20 1.85 0.81 1.31 2.08 2.20 

1987 0.93 3.01 4.98 3.44 2.78 3.18 3.61 3.36 2.34 2.24 1.08 1.85 2.73 

1988 2.76 2.12 4.57 2.28 2.74 3.20 4.17 4.01 3.26 1.83 1.31 2.37 2.89 

1989 2.43 3.45 3.67 2.32 2.93 3.20 4.81 3.22 2.28 1.49 1.78 1.51 2.76 

1990 3.03 3.30 3.74 4.61 3.78 3.13 3.72 3.45 2.34 1.74 0.98 2.35 3.02 

1991 2.12 3.36 3.59 3.51 3.53 3.38 3.24 2.47 2.35 2.10 1.04 3.88 2.88 

1992 3.18 5.40 4.17 3.65 3.63 2.26 2.76 3.09 2.51 1.54 1.41 1.45 2.92 

1993 1.66 2.68 4.32 3.36 3.53 3.28 3.98 3.78 2.08 1.74 2.28 1.02 2.81 

1994 2.43 3.86 3.07 3.72 3.78 3.45 3.05 2.90 2.74 2.28 2.03 2.57 2.99 

1995 1.43 2.62 4.30 2.74 2.74 2.76 2.74 2.37 2.03 1.76 1.02 1.16 2.31 

1996 1.25 2.78 3.13 2.80 2.68 2.76 3.90 3.53 1.87 1.89 0.66 0.46 2.31 

1997 1.62 3.30 3.72 3.65 3.22 3.45 3.01 2.32 2.24 2.20 1.83 1.76 2.69 

1998 2.71 3.26 4.04 3.52 3.66 3.33 3.02 2.83 2.26 2.08 1.06 0.82 2.72 

1999 2.26 2.63 3.37 3.57 3.50 3.06 3.18 3.00 2.49 2.02 2.73 1.13 2.75 

2000 2.50 3.16 3.52 3.33 2.87 2.93 3.86 2.82 2.64 2.00 1.73 1.90 2.77 

Mean 2.12 3.12 3.77 3.27 3.22 3.10 3.46 3.09 2.35 1.85 1.48 1.75 2.72 

 
Year Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Annual 

1986 1.13 1.47 1.87 2.04 2.36 2.53 2.30 2.56 1.48 0.65 1.05 1.67 1.76 

1987 0.74 2.41 3.98 2.75 2.22 2.55 2.89 2.69 1.87 1.79 0.86 1.48 2.19 

1988 2.21 1.70 3.66 1.82 2.19 2.56 3.34 3.21 2.61 1.47 1.05 1.90 2.31 

1989 1.95 2.76 2.93 1.85 2.35 2.56 3.84 2.58 1.82 1.19 1.42 1.20 2.21 

1990 2.42 2.64 3.00 3.69 3.03 2.50 2.98 2.76 1.87 1.39 0.79 1.88 2.41 

1991 1.70 2.69 2.87 2.81 2.83 2.70 2.59 1.98 1.88 1.68 0.83 3.10 2.31 

1992 2.55 4.32 3.34 2.92 2.90 1.81 2.21 2.47 2.01 1.24 1.13 1.16 2.34 

1993 1.33 2.15 3.46 2.69 2.83 2.62 3.18 3.03 1.67 1.39 1.82 0.82 2.25 

1994 1.95 3.09 2.45 2.98 3.03 2.76 2.44 2.32 2.19 1.82 1.62 2.05 2.39 

1995 1.14 2.10 3.44 2.19 2.19 2.21 2.19 1.90 1.62 1.41 0.82 0.93 1.85 

1996 1.00 2.22 2.50 2.24 2.15 2.21 3.12 2.83 1.50 1.51 0.52 0.37 1.85 

1997 1.30 2.64 2.98 2.92 2.58 2.76 2.41 1.85 1.79 1.76 1.47 1.41 2.16 

1998 2.17 2.61 3.23 2.81 2.93 2.67 2.41 2.26 1.81 1.66 0.85 0.66 2.17 

1999 1.81 2.11 2.70 2.85 2.80 2.45 2.55 2.40 1.99 1.62 2.19 0.91 2.20 

2000 2.00 2.53 2.82 2.67 2.29 2.35 3.09 2.26 2.11 1.60 1.38 1.52 2.22 

Mean 1.69 2.50 3.02 2.62 2.58 2.48 2.77 2.47 1.88 1.48 1.19 1.40 2.17 

Table 191. Monthly mean of wind speed at two meters height at Kerman station (m/s) 
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Average speed in During the marbr   year: 42  name Station :Kerman 

mounth 
northwest western Southwest Southern southeast eastern Northeast Northern still 

weather 
NO Vm NO Vm NO Vm NO Vm NO Vm NO Vm NO Vm NO Vm 

Jan. 19 5 12 6 12 5 5 4 5 4 5 4 13 5 20 5 123 
Feb. 12 4 13 6 14 5 5 4 5 3 3 3 5 4 12 4 135 
Mar. 10 5 13 7 20 6 6 4 7 3 3 3 3 3 9 4 140 
Apr. 10 5 17 7 24 7 7 4 6 3 3 2 3 3 9 4 131 
May 11 5 23 8 28 7 9 4 6 4 4 3 4 4 11 4 94 
June 14 5 30 8 34 7 10 5 8 4 4 4 7 4 15 5 88 
July 16 5 29 7 27 7 9 5 7 4 5 4 9 5 15 5 85 
Aug 21 5 24 7 21 6 8 5 8 5 7 5 16 6 22 5 84 
Sep. 21 5 13 5 11 5 5 4 6 4 9 5 29 6 26 5 81 
Oct. 29 6 6 5 5 4 4 4 4 3 10 6 32 6 38 6 79 
Nov. 28 6 5 5 4 4 3 4 5 3 8 5 26 6 42 6 87 
Dec. 24 5 8 5 6 4 4 4 4 3 7 4 22 6 27 5 100 

Annual 213  190  205  75  71  67  167  246  1228 

Table 192. mean of wind speed and the number of monthly monitoring at Kerman station (m/s) 

season 
northwest western Southwest south Southeast eastern northeast northern still 

weather NO Vm NO Vm NO Vm NO Vm NO Vm NO Vm NO Vm NO Vm 

autumn 40.9 4.7 37.7 6.0 45.3 5.5 16.2 3.9 17.0 3.1 11.1 3.2 20.5 3.9 40.8 4.4 397.9 

Winter 33.8 5.1 43.1 6.6 57.4 6.0 18.8 4.0 17.9 2.9 9.3 2.7 10.6 3.2 30.5 4.3 313.3 

spring 57.6 5.2 66.1 6.4 58.9 5.9 22.2 4.6 20.4 4.4 20.5 4.6 53.4 5.6 63.5 5.2 250.4 

summer 80.2 5.4 18.5 4.8 15.5 4.3 10.1 3.7 13.8 3.1 25.1 4.9 79.1 6.0 106.8 5.4 266.6 

Table 1-10: Average wind speed and the number of seasonal monitoring at Kerman station 
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Chart 103.Seasonal wind roses of Kerman station 

 

Chart  104 . Distribution of the maximum instantaneous wind speed at Kerman station (m/s) 
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Velocity 
(m/sec) Month Year 

15 March 1951 
22 February & march 1952 
20 February & march 1953 
18 October 1954 
17 April 1955 
19 March 1956 
19 April 1957 
18 February & April 1958 
24 March 1959 
20 August 1960 
20 March 1961 
20 February 1962 
20 April 1963 
23 April 1964 

20 February & march & 
April 1965 

28 March 1966 
20 February 1967 
18 December 1968 
26 July 1969 
20 March 1970 
23 December 1971 
25 May 1972 
20 February 1973 
23 January 1974 
20 November 1975 
20 April 1976 
16 April 1977 
18 January 1978 
19 May 1979 
23 February 1980 
20 April 1981 
20 January & February 1982 
23 January 1983 
26 January 1984 
30 March 1985 
50 December 1986 
35 March 1987 
30 March 1988 
24 February 1989 
27 July 1990 
30 March 1991 
25 April 1992 
28 March 1993 
25 October & November 1994 
25 February 1995 
16 February 1996 
17 April 1997 
25 March 1998 

Table 193. Annual maximum wind speed recorded at Kerman station 

         

  
  

 

   
 

 
  

 



 The Persian Qanat                                                                             

848 

Appendix IV 
 

Effective rainfall 
Annual effective rainfall of the study area is listed in Table 199.  

Station Name Altimeter 
Height 

(m.a.s.l) 

Average annual 
rainfall 
(mm) 

Height calculated 
evaporation 

(mm) 

Ratio of evaporation 
To precipitation )Percent( 

Zarand 1660 2/116 4/110 95 
Rayn 2150 7/100 2/80 7/83 

KhatunAbad 1850 141 8/112 80 
Sirch 1700 6/139 7/97 70 

Kerman 1754 9/125 8/114 2/91 
Chaartaaq 2800 1/287 9/181 4/63 

Table 194. Summary of the results of calculationing actual evaporation using daily precipitation 

Area Extent 
Km2 

Average annual 
rainfall hight 

(mm) 

Height  calculated 
evaporation 

(mm) 

The average annual 
rainfall height 

(mm) 
Catchment 74.14 234.5 159.3 75.2 

Table 195 The rate of evaporation and effective precipitation in the study area 

Annual effective rainfall 

According to the report of Desert Atlas Studies in Anjir-Saghand, effective rainfall in the 
heights of Kerman-Baghin study area has been 51.5% in February and 48.5 in March and in 
the rest of the months, monthly rainfall is zero. As the annual effective rainfall is 75.2mm, 
38.7mm occurs in Bahman and the rest in March. 

Graphs for intensity, duration, and frequency of precipitation in the region 

Ministry of Energy's Sahebabad station, code 46-226, altitude 2580, the same altitude as 
Jupar qanat basin's average altitude, is the nearest permanent rain gaudging station to the 
study area after Kerman station.  
The station's graphs were used and the highest amount of showers was extracted and specific 
calculations were performed on them. Possible calculated intensities for intervals of 15 
minutes to 12 hours at 2 to 200-year cycles for Sahebabad station is provided in table. The 
above table shows that the heaviest rainfall in 15 minutes at a 2-year cycle is about16.9mm 
per hour and at a 50-year cycle is about 52.6mm per hour. 
These figures can be used for the study area. Also, in chart (104) rainfall intensity-duration 
graphs for different cycles lasting less than 24 hours is provided for the station. Below the 
chart, equation of intensity, duration, frequency, and corresponding coefficients, are 
presented for different cycles.  



 The Persian Qanat                                                                             

849 

Appendix IV 
 

 

Chart 105 . Intensity and duration at 2 to 200-year cycles for Sahebabad rain gaudging station. 

Surface waters 
Jupar qanat and its catchment area is located in Anjir-Saghand, the most southern catchment 
area of the Desert, in Kerman-Baghin study area, code 4906. 
Jupar qanat's catchment area of 74.14km2 with average height of 2650m above sea level is 
located between the longitudes of 57o 04' and 57o 09' and latitudes of 29o 56' and 30o 04' in 
altitude band of 1895 to 4025m above sea level. 4135m high, Mount Jupar's has one of the 
highest peaks in Kerman-Baghin study area. 
Kerman and Mahan cities are located in Kerman-Baghin study area and floodways in East and 
South of the study area, and joined Haft Kusk and Chari rivers inQariat-alarab study area, 
code 4907, feed Kerman-Baghin plain.The only river that has a significant base flow in the 
area is Sekonj River. And Tikeran (Mahan) River's base flow and Sarasyab water are in lower 
ranks are other floodways in Jupar qanat's catchment area are active only when there is 
significant rainfall and are dry for the rest of the year. 
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Map 69. Location of Goharriz Jupar qanat's catchment area 

Groundwaters 
According to the latest statistics, there are 1189 deep and semi-deep giving 266.56 million m3 
of water annually, 27 qanats giving 17.66 million m3 and three springs giving 7.253million 
m3. Average discharge of 21 lit/s is recorded for the qanats. About 84 percent of groundwater 
including wells, springs and qanats are used in agricultural sector, 14% for drinking, and 2% 
in industries. Kerman Plain is currently facing 45 million cubic meters water deficit annually 
because of drilling for large and indiscriminated usage of water resources and the plain's 
water level drops about 80cm every year. 
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Accordingly, half a century ago, exploitation regime of groundwater resources, was mainly 
through qanats. In Citron report published in1979 it is mentioned that there are 40 qanats in 
Kerman Plain. In 1983, 30 qanats were registered by Kerman Regional Water Company; it 
was the most comprehensive inventory to that time. Qanats in mountainous areas are still 
present including Goharriz, Jupar, Kosarkhayr, Vakilabad, etc. 
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Table 196. Overview of groundwater resources in Kerman-Baghin study area (1384). 
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Table 197. Statistics regarding deep and semi-deep wells in Kerman-Baghin study area (1384) 
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Chart 106. : utilization of groundwater resources in Kerman study area recorded in different years 

 

Chart 107. Share of different water uses in Kerman study area 

According to 2005-2006 statistics, there are 27 active qanats in Kerman plain. General 
information for these qanats is shown in the table of statistics for qanats in Kerman plain 
(Table 202). Chart107 and 108, shows the location of   wells and qanats in the study area 
compared to Goharriz qanat's location.  

  



 The Persian Qanat                                                                             

853 

Appendix IV 
 

 

Motherwell 
length 

Qanat 
length(m) 

Output 
(liter per second) 

Annual 
discharge UTMx UTM 

y 
Ye
ar PH Qanat name No

. 

85 15000 23 725328 520532 3321279 20
05 7.6 Ghatataghestan 1 

44 1000 16 504576 521400 3353891 20
05  Toroteh 2 

52 4000 11 346896 519048 3320748 20
05 7.4 Amir abad 3 

80 3000 6 189216 516176 3321675 20
05 7.5 Deh honeri 4 

65 6000 55 1734480 513493 3322456 20
05 8.5 Kosarkhiz 5 

60 3560 68 2144448 510926 3323653 20
05 8.6 Ghoharriz 6 

55 4000 32 1009152 514432 3324420 20
05 8 Pirzang 7 

36 1800 14 441504 510834 3325417 20
05 7.4 Karim abad 8 

9 400 6 189216 533034 3312658 20
05 8.4 Ali abad 9 

  37 1166832 543701 3317428 20
05 8.4 Tavakoli 10 

10 250 29 914544 531623 3310790 20
05 8.1 Abgarmoo 11 

32 6000 11 346896 538935 3314922 20
05 8.5 Dahanemahchal 12 

75 2000 3 94608 526794 3317820 20
05 7.3 Koshk langar 13 

20 2000 4.5 141912 510232 3325969 20
05 7.4 Ghasem abad 14 

80 3000 14 441504 525252 3354173 20
05 7.4 Allahabad yasaei 15 

6 8000 18.5 583416 498301 3330802 20
05 8.8 Hashoeieh 16 

45  15 473040 492380 3336901 20
05 8.7 Ebrahim abad 17 

100 6000 9 283824 534857 3323538 20
05 7.3 Dehno 18 

50 3000 9 283824 530675 3337731 20
05 7 Dastgherd 19 

10 200 11 346896 531425 3311119 20
05 8.4 Rogheno 20 

41 3500 1.5 47304 510704 3325382 20
05  Ghader abad 21 

50 5000 33 1040688 510908 3329963 20
05 8.1 Mahiabad 22 

36 800 0.5 15768 509516 3321066 20
05 7.2 Kahn chenar 23 

80 6000 28 883008 509642 3322994 20
05 8.4 Esmaeilabad 24 

85 6000 47 1482192 509452 3323159 20
05 8.4 Hojatabad 25 

42 8000 23 725328 511718 3324854 20
05 8.6 Hosainabad 

akhlaghi 26 

80 4000 35 1103760 532314 3343103 20
05 8.4 Hosainabad 

Neyzar 27 

100 15000 68 2144448    8.8 Max  
51.07692 4118 20.7407 654080    

7.99
2 Average  

6 200 0.5 15768    7 Min  

Table 198. Statistics for qanats in Kerman plain 
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Chart 108. Location of qanats in Kerman plain compared to Goharriz qanat's location 

Quantity of the water 

Table 203 shows information regarding hydrometric stations and Tables 205 to 1-24 show 
average monthly discharge of the rivers in Kerman-Baghin study area and its surrounding area 
at hydrometric stations. Map70 shows the locations of the selected hydrometric stations in the 
catchment area. 
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In table 204 years of data on hydrometric stations within and around Kerman-Baghin study 
area and rivers that enter the area is shown.  If you look at the above chart, you can see that 
the longest streamflow statistics around the study area is 50 years. It is for GodarZārchuiyeh 
Hydrometry station on the river Ab Bakhsa'e. Statistics for monthly discharge of rivers were 
reviewed and revised, and the lack of statistics was corrected through neighboring stations 
information, as well as the statistical correlation between monthly and annual discharge. 

 

Map 70. Location of the selected hydrologic stations in Desert catchment area in Anjir 
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Annual change of the discharge 
Amount of annual river discharge at gauging stations that are listed in tables 205 to 1-24, to 
show changes in annual streamflow in their catchment area this parameter is illustrated in 
Figures 1-28 and 1-29. Annual streamflow statistics and graphs indicate that relatively wet 
and dry years at different hydrological stations correspond. 

Equipments 
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h 

Sc
al

e 

H
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gh
t 

W
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th
 

L
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gt
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 + + 685 134
9 

243
0 29-36 56-40 Jafarabad Lalehzar Shore 

Rafsanjan 
46-
009 1 

+ + + 224 134
0 

260
0 

29-33-
48 

57-10-
42 Jiroft  

Haft Kusk 
Shore 

Rafsanjan 
46-
003 2 

+ + + 249 136
0 

210
0 

30-01-
36 

56-03-
24 Shahzade Abbass Givdari Shore 

Rafsanjan 
46-
023 3 

+ + + 114
4 

133
7 

225
0 

29-42-
12 

56-33-
30 GodarZārchu'iyeh 

 
Ab 

Bbkhsha 

Shore 
Rafsanjan 

46-
011 4 

 + + 358 133
9 

230
0 

29-38-
30 

57-01-
24 Golikotu   

Charlie 
Shore 

Rafsanjan 
46-
005 5 

+  + 377
8 

135
1 

193
0 

30-03-
12 

56-26-
36 Hjyn  

Lalehzar 
Shore 

Rafsanjan 
46-
013 6 

 
Suspend

ed + 26 134
6 

193
0 30-36 57-10 Band Holaku*  

Saidi Shore zarand 46-
017 7 

 
Suspend

ed + 34 135
9 

243
0 30-01 57-29 Dhane Kftary 

(Sekonj)* 
 

Squinch Shore zarand - 8 

Table 199. Information about hydrological stations around the study area 
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No. River-
Location 

Establishm
ent year 

61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 20
00

 01 02 03 04 05 06 07 08 

62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 20
00

 01 02 03 04 05 06 07 08 09 

1 Sekonj - 
Sekonj 1977                 + + + + + + +  +  + + + +  +    + + + + +         

2 Charlie -  
Golikotu 1960 + + + + + + + + + + + +  +   + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + 

3 
Givdari -  

Shahzade 
Abbass 

1981                     + + + + + + + + + + + + + + + + + + + + + + + + + + + + 

4 

Ab Bbkhsha 
-  

GodarZārc
hu'iyeh 

1958 + + + + + + + + + + + + + + + + + +  + + + + + + + + + + + + + + + + + + + + + + + + + + + + + 

5 Jiroft-Haft 
Kusk 1961 + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + 

6 

Jafarabad
 

Lalehzar 
 

1970             + +    +   + + + + + + + + + + + + + + + + + + + + + + + + + + + + 

7 
Hjyn  

Lalehzar 
 

1972            + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + 

8 
Saidi -  

Dhane 
Kftary 

1967       +   + +   + + + + + + + + + + + + + + +                     

Table 200. Annual data from hydrological stations in and around the study area based on the situation of the station in 2011 
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River: SAIDE           Station:BANDE HOLAKO                                  Monthly average discharge of the river m3/sec 
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* 1966 -67 0.01 0.00 0.10 0.01 0.09 0.18 0.29 0.32 0.19 0.14 0.10 0.09 0.13 
1967-68 0.03 0.03 0.03 0.03 0.03 0.05 0.04 0.05 0.02 0.05 0.04 0.02 0.03 

*1968-69 0.15 0.23 0.15 0.08 0.28 0.25 0.30 0.21 0.16 0.12 0.10 0.12 0.18 
*1969-70 0.06 0.07 0.06 0.07 0.00 0.13 0.28 0.09 0.08 0.11 0.09 0.06 0.09 
1970-71 0.01 0.01 0.01 0.01 0.02 0.01 0.02 0.02 0.02 0.02 0.02 0.01 0.02 
1971-72 0.01 0.02 0.02 0.02 0.01 0.05 0.11 0.12 0.09 0.08 0.05 0.04 0.05 

*1972-73 0.17 0.28 0.16 0.12 0.07 0.20 0.28 0.10 0.09 0.08 0.08 0.10 0.14 
*1973-74 0.00 0.00 0.04 0.04 0.00 0.09 0.32 0.03 0.05 0.09 0.08 0.05 0.07 
1974-75 0.03 0.03 0.09 0.17 0.13 0.26 0.45 0.56 0.56 0.43 0.37 0.33 0.29 
1975-76 0.10 0.06 0.06 0.05 0.06 0.06 0.40 0.36 0.30 0.34 0.32 0.34 0.21 
1976-77 0.33 0.30 0.12 0.06 0.13 0.20 0.29 0.08 0.09 0.05 0.03 0.02 0.14 
1977-78 0.05 0.04 0.04 0.34 0.03 0.23 0.21 0.15 0.14 0.09 0.06 0.11 0.12 
1978-79 0.07 0.11 0.02 0.07 0.08 0.12 0.23 0.23 0.18 0.13 0.12 0.09 0.12 
1979-80 0.07 0.07 0.06 0.02 0.10 0.38 0.60 0.56 0.34 0.23 0.19 0.07 0.23 
1980-81 0.08 0.11 0.17 0.41 1.25 1.18 0.39 0.40 0.19 0.15 0.21 0.13 0.38 
1981-82 0.08 0.07 0.05 0.02 0.29 0.24 0.35 0.38 0.37 0.15 0.09 0.07 0.18 
1982-83 0.29 0.76 0.23 0.19 0.26 0.33 0.55 0.78 0.32 0.31 0.14 0.06 0.35 
1983-84 0.06 0.06 0.13 0.15 0.06 0.11 0.34 0.30 0.31 0.26 0.27 0.24 0.19 
1984-85 0.09 0.02 0.16 0.38 0.08 0.06 0.08 0.08 0.06 0.04 0.03 0.04 0.09 
1985-86 0.03 0.02 0.01 0.05 0.05 0.36 0.58 0.50 0.24 0.22 0.19 0.15 0.20 
1986-87 0.10 0.13 1.78 0.22 0.12 0.21 0.54 0.47 0.33 0.08 0.05 0.07 0.34 
1987-88 0.06 0.05 0.04 0.20 0.12 0.21 0.25 0.28 0.17 0.14 0.13 0.10 0.15 
1988-89 0.05 0.03 0.07 0.03 0.02 0.01 0.38 0.06 0.07 0.04 0.04 0.02 0.07 

*1989-90 0.00 0.00 0.00 0.05 0.20 0.25 0.32 0.10 0.03 0.00 0.00 0.00 0.08 
*1990-91 0.00 0.00 0.00 0.07 0.63 1.42 2.31 1.24 0.19 0.01 0.01 0.00 0.49 
*1991-92 0.02 0.04 0.11 0.26 0.28 0.51 1.08 2.09 0.70 0.04 0.02 0.02 0.43 
*1992-93 0.02 0.02 0.12 2.15 2.43 3.81 3.98 2.61 1.26 0.26 0.11 0.03 1.39 
*1993-94 0.03 0.04 0.04 0.05 0.04 0.86 1.00 0.46 0.07 0.02 0.01 0.01 0.22 
*1994-95 0.14 0.18 0.29 0.39 0.51 0.86 1.16 0.92 0.49 0.27 0.22 0.18 0.47 
*1995-96 0.10 0.13 0.21 0.28 0.37 0.62 0.84 0.67 0.35 0.19 0.16 0.13 0.34 
MEAN 0.07 0.10 0.15 0.20 0.26 0.44 0.60 0.47 0.25 0.14 0.11 0.09 0.24 
MAX. 0.33 0.76 1.78 2.15 2.43 3.81 3.98 2.61 1.26 0.43 0.37 0.34 1.39 
MIN. 0.00 0.00 0.00 0.01 0.00 0.01 0.02 0.02 0.02 0.00 0.00 0.00 0.02 
S.D. 0.08 0.15 0.32 0.39 0.48 0.72 0.78 0.59 0.25 0.11 0.09 0.09 0.25 

PERC. 2.59 3.37 5.06 6.93 8.96 15.34 20.80 16.46 8.63 4.79 3.86 3.12 100 

Table 201. Average monthly and annual discharge of Saidi River at Bandholaku station 

River : SEKONG            Station:SEKONG                              Monthly average discharge of the river m3/sec 
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* 1966 -67 0.13 0.13 0.12 0.15 0.13 0.14 0.18 0.20 0.15 0.16 0.15 0.13 0.15 

1967-68 0.14 0.14 0.13 0.16 0.14 0.14 0.19 0.22 0.16 0.17 0.16 0.14 0.16 

*1968-69 0.14 0.14 0.13 0.16 0.14 0.14 0.19 0.22 0.16 0.17 0.16 0.14 0.16 

*1969-70 0.12 0.12 0.12 0.14 0.12 0.13 0.17 0.19 0.14 0.15 0.14 0.12 0.14 

1970-71 0.13 0.13 0.12 0.15 0.13 0.14 0.18 0.20 0.15 0.16 0.15 0.13 0.15 

1971-72 0.17 0.17 0.16 0.19 0.17 0.17 0.23 0.26 0.19 0.20 0.19 0.17 0.19 

*1972-73 0.13 0.13 0.12 0.15 0.13 0.14 0.18 0.20 0.15 0.16 0.15 0.13 0.15 

*1973-74 0.15 0.15 0.14 0.17 0.15 0.15 0.20 0.23 0.17 0.18 0.17 0.15 0.17 

1974-75 0.14 0.14 0.13 0.16 0.14 0.14 0.19 0.22 0.16 0.17 0.16 0.14 0.16 

1975-76 0.15 0.15 0.14 0.17 0.15 0.16 0.20 0.23 0.17 0.18 0.17 0.15 0.17 

1976-77 0.13 0.13 0.12 0.15 0.13 0.13 0.18 0.20 0.15 0.16 0.15 0.13 0.15 

1977-78 0.15 0.14 0.13 0.13 0.13 0.16 0.16 0.14 0.13 0.13 0.10 0.10 0.13 
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1978-79 0.12 0.13 0.13 0.13 0.13 0.13 0.14 0.15 0.17 0.18 0.16 0.10 0.14 

1979-80 0.15 0.14 0.12 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 

1980-81 0.13 0.13 0.13 0.13 0.11 0.12 0.18 0.18 0.15 0.23 0.25 0.22 0.16 

1981-82 0.22 0.23 0.19 0.18 0.15 0.17 0.16 0.17 0.17 0.16 0.15 0.16 0.18 

1982-83 0.10 0.10 0.14 0.14 0.14 0.13 0.13 0.13 0.14 0.14 0.14 0.14 0.13 

1983-84 0.15 0.15 0.15 0.14 0.13 0.13 0.13 0.04 0.03 0.03 0.03 0.03 0.09 

1984-85 0.13 0.13 0.12 0.15 0.13 0.13 0.18 0.20 0.15 0.16 0.15 0.13 0.15 

1985-86 0.16 0.22 0.16 0.19 0.19 0.19 0.29 0.27 0.27 0.25 0.23 0.18 0.22 

1986-87 0.14 0.14 0.13 0.16 0.14 0.14 0.19 0.22 0.16 0.17 0.16 0.14 0.16 

1987-88 0.14 0.10 0.08 0.45 0.14 0.15 0.16 0.65 0.15 0.12 0.12 0.12 0.20 

1988-89 0.14 0.14 0.14 0.15 0.14 0.15 0.20 0.37 0.15 0.15 0.15 0.13 0.17 

*1989-90 0.15 0.15 0.13 0.13 0.11 0.11 0.15 0.17 0.17 0.17 0.15 0.14 0.14 

*1990-91 0.15 0.14 0.12 0.12 0.23 0.19 0.52 0.28 0.28 0.34 0.29 0.25 0.24 

*1991-92 0.16 0.16 0.15 0.18 0.16 0.16 0.21 0.24 0.18 0.19 0.18 0.16 0.18 

*1992-93 0.20 0.20 0.21 0.22 0.23 0.24 0.27 0.34 0.28 0.30 0.30 0.26 0.25 

*1993-94 0.15 0.15 0.14 0.17 0.15 0.15 0.20 0.23 0.17 0.18 0.17 0.15 0.17 

*1994-95 0.19 0.19 0.18 0.22 0.19 0.20 0.26 0.30 0.22 0.23 0.22 0.19 0.22 

*1995-96 0.17 0.17 0.15 0.19 0.17 0.17 0.22 0.26 0.19 0.20 0.19 0.17 0.19 

1996-97 0.06 0.09 0.12 0.06 0.10 0.10 0.34 0.68 0.13 0.18 0.19 0.21 0.19 

1997-98 0.21 0.24 0.63 0.32 0.14 0.21 0.26 0.22 0.22 0.29 0.26 0.16 0.26 

1998-99 0.18 0.25 0.24 0.22 0.13 0.88 0.22 0.27 0.24 0.18 0.19 0.20 0.26 

1999-2000 0.25 0.33 0.32 0.26 0.26 0.25 0.23 0.21 0.13 0.08 0.11 0.11 0.21 

2000-01 0.14 0.15 0.15 0.17 0.16 0.13 0.13 0.10 0.10 0.09 0.08 0.07 0.12 

MEAN 0.15 0.16 0.16 0.17 0.15 0.17 0.20 0.24 0.17 0.18 0.17 0.15 0.17 

MAX. 0.25 0.33 0.63 0.45 0.26 0.88 0.52 0.68 0.28 0.34 0.30 0.26 0.26 

MIN. 0.06 0.09 0.08 0.06 0.10 0.10 0.13 0.04 0.03 0.03 0.03 0.03 0.09 

S.D. 0.03 0.05 0.09 0.07 0.03 0.13 0.07 0.12 0.05 0.06 0.05 0.05 0.04 

PERC. 7.28 7.60 7.72 8.41 7.21 8.21 10.21 11.88 8.36 8.76 8.35 7.39 100 

Table 202. Average monthly and annual discharge of Sankaj River at closed station of Sekonj 

River : CHARI      Station:GOLI KOTO      Code=46-005      Monthly average discharge of the river m3/sec 
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1961-62 0.07 0.09 0.19 0.20 0.18 0.06 0.07 0.30 0.02 0.02 0.01 0.01 0.10 
1962-63 0.02 0.02 0.12 0.15 0.09 0.05 0.05 0.05 0.02 0.01 0.01 0.01 0.05 
1963-64 0.02 0.06 0.13 0.76 0.50 0.52 1.90 1.50 0.17 0.12 0.13 0.20 0.50 
1343-65 0.22 0.15 0.30 0.46 0.35 0.86 2.12 1.38 0.29 0.19 0.20 0.21 0.56 
1344-67 0.21 0.23 0.40 0.48 0.20 0.15 0.10 0.04 0.08 0.05 0.05 0.06 0.17 
1345-68 0.07 0.08 0.13 0.17 0.09 0.11 0.43 1.39 0.06 0.05 0.06 0.05 0.23 
1346-69 0.02 0.10 0.33 0.59 0.51 0.12 0.31 1.13 1.01 0.08 0.11 0.12 0.37 
1347-70 0.14 0.22 0.27 0.35 0.19 0.28 2.69 0.32 0.06 0.04 0.08 0.15 0.40 
1348-71 0.12 0.13 0.39 0.34 0.19 0.05 0.05 0.05 0.03 0.03 0.02 0.03 0.12 
1349-72 0.03 0.03 0.05 0.19 0.14 0.10 0.05 0.09 0.06 0.02 0.03 0.01 0.07 
1350-73 0.04 0.04 0.20 0.30 0.24 0.25 4.53 6.70 0.89 0.34 0.35 0.42 1.21 
1351-74 0.36 0.32 0.32 0.27 0.18 0.18 0.08 0.08 0.03 0.00 0.00 0.01 0.15 

*1352-75 0.02 0.02 0.04 0.04 0.03 0.11 0.88 0.64 0.18 0.04 0.03 0.03 0.17 
1353-76 0.21 0.24 0.65 0.59 0.47 0.19 1.68 1.49 0.21 0.19 0.21 0.29 0.54 

*1354-77 0.97 0.57 1.52 0.56 0.50 0.92 4.03 0.85 0.36 0.22 0.66 0.20 0.95 
*1355-78 0.26 0.22 0.18 0.18 0.22 0.36 0.92 0.54 0.26 0.16 0.15 0.08 0.29 
1356-79 0.19 0.19 0.20 0.29 0.23 0.31 0.68 0.26 0.13 0.12 0.14 0.15 0.24 
1357-80 0.17 0.18 0.18 0.21 0.16 0.50 3.55 1.09 0.41 0.34 0.51 0.44 0.65 
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1358-81 0.41 0.31 0.33 0.43 0.31 2.27 8.00 1.54 0.30 0.39 0.51 0.43 1.28 
1359-82 0.32 0.31 0.32 0.22 0.38 2.21 2.61 1.66 0.53 0.56 0.61 0.49 0.85 
1360-83 0.43 0.37 0.42 0.33 0.21 0.27 1.58 0.97 0.24 0.19 0.24 0.24 0.46 
1361-84 0.22 0.21 0.13 0.21 0.22 0.60 1.90 1.96 0.35 0.20 0.23 0.29 0.55 
1362-85 0.25 0.23 0.26 0.28 0.16 0.13 0.40 0.13 0.09 0.09 0.08 0.08 0.18 
1363-86 0.11 0.14 0.22 0.31 0.22 0.16 0.22 0.25 0.14 0.13 0.14 0.12 0.18 
1364-87 0.10 0.12 0.16 0.21 0.30 0.37 1.54 0.50 0.09 0.09 0.07 0.16 0.31 
1365-88 0.13 0.16 0.81 0.59 0.43 0.83 1.80 0.94 1.19 0.39 0.44 0.45 0.68 
1366-89 0.17 0.24 0.29 0.28 0.29 0.68 0.96 0.57 0.11 0.33 1.06 0.21 0.43 
1367-90 0.09 0.12 0.20 0.21 0.32 0.24 0.94 1.00 0.15 0.14 0.14 0.13 0.31 
1368-91 0.12 0.17 0.17 0.22 0.38 0.18 0.32 0.18 0.07 0.06 0.07 0.09 0.17 
1369-92 0.07 0.09 0.11 0.30 0.39 0.98 1.92 0.39 0.13 0.18 0.19 0.17 0.41 
1370-93 0.21 0.16 0.19 0.27 0.35 0.50 1.80 3.00 1.20 0.44 0.60 0.50 0.78 
1371-94 0.40 0.40 0.40 1.90 3.70 5.70 6.10 4.70 1.20 0.80 0.60 0.40 2.18 
1372-95 0.50 0.50 0.50 0.40 0.50 1.10 3.72 1.20 0.40 0.50 0.30 0.20 0.82 
1373-96 0.86 0.40 0.70 0.26 1.35 0.47 2.55 0.39 0.36 0.23 0.21 0.20 0.67 
1374-97 0.24 0.30 0.35 0.35 0.35 2.47 2.57 0.85 0.39 0.35 0.35 0.40 0.74 
1375-98 0.53 0.30 0.38 0.28 0.32 0.27 0.60 0.57 0.13 0.15 0.14 0.18 0.32 
1376-99 0.27 0.29 0.41 0.82 0.32 0.66 2.38 1.08 0.35 0.28 0.19 0.17 0.60 
1377-

 
0.19 0.23 0.22 0.17 0.11 0.84 1.32 0.41 0.23 1.39 0.23 0.19 0.46 

2000-01 0.25 0.25 0.28 0.27 0.19 0.15 0.05 0.04 0.04 0.03 0.02 0.02 0.13 
2001-02 0.03 0.05 0.08 0.16 0.16 0.06 0.06 0.03 0.03 0.02 0.02 0.02 0.06 
2002-03 0.04 0.04 0.06 0.07 0.08 0.12 0.20 0.12 0.04 0.02 0.02 0.02 0.07 
2003-04 0.04 0.06 0.07 0.15 0.07 0.05 1.23 0.20 0.08 0.08 0.07 0.07 0.18 
2004-05 0.08 0.20 0.12 0.10 0.10 0.20 0.54 0.22 0.18 0.17 0.10 0.06 0.17 
2005-06 0.09 0.12 0.20 0.22 0.13 0.35 0.54 0.37 0.34 0.25 0.18 0.17 0.25 
2006-07 0.09 0.11 0.13 0.08 0.06 0.07 0.06 0.05 0.04 0.03 0.01 0.01 0.06 
2007-08 0.02 0.03 0.03 0.03 0.08 0.24 1.50 0.11 0.26 0.04 0.05 0.04 0.20 
2008-09 0.04 0.04 0.04 0.04 0.04 0.03 0.03 0.03 0.02 0.00 0.00 0.00 0.02 
2009-10 0.01 0.01 0.02 0.02 0.02 0.04 0.68 0.19 0.07 0.05 0.02 0.04 0.10 
MEAN 0.21 0.19 0.28 0.31 0.34 0.60 1.58 0.89 0.29 0.21 0.21 0.18 0.44 
MAX. 0.97 0.57 1.52 1.90 3.70 5.70 8.00 6.70 1.20 1.39 1.06 0.50 2.18 
MIN. 0.01 0.01 0.02 0.02 0.02 0.03 0.03 0.03 0.02 0.00 0.00 0.00 0.02 
S.D. 0.21 0.13 0.26 0.30 0.57 0.99 1.71 1.26 0.33 0.25 0.23 0.15 0.41 

PERC. 3.87 3.60 5.24 5.76 6.37 11.17 29.54 16.62 5.41 4.00 4.01 3.27 100 

Table 203. Average monthly and annual discharge of Chari River at Golikotu station 

River:HAFT KOSK        Station:JIROFTO    Code=46-003      Monthly average discharge of the river m3/sec 
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1961-62 0.13 0.13 0.16 0.21 0.21 0.12 0.15 0.87 0.20 0.13 0.12 0.12 0.21 
1962-63 0.12 0.13 0.21 0.18 0.14 0.16 0.23 0.29 0.25 0.16 0.13 0.11 0.18 
1963-64 0.11 0.13 0.21 0.47 0.43 1.07 3.12 3.68 0.74 0.27 0.23 0.19 0.89 
1964-65 0.19 0.19 0.40 0.27 0.36 0.84 1.36 1.98 1.19 0.28 0.19 0.17 0.62 
1965-66 0.16 0.17 0.23 0.28 0.20 0.19 0.20 0.21 0.15 0.10 0.10 0.08 0.17 
1966-67 0.06 0.06 0.22 0.14 0.17 0.45 0.84 2.51 0.84 0.32 0.16 0.14 0.50 
1967-68 0.14 0.13 0.16 0.23 0.23 0.21 0.55 1.85 2.53 0.50 0.42 0.31 0.61 
1968-69 0.27 0.27 0.31 0.31 0.27 0.46 2.29 1.77 0.70 0.24 0.15 0.14 0.60 
1969-70 0.15 0.12 0.14 0.13 0.15 0.16 0.25 0.28 0.15 0.16 0.08 0.29 0.17 
1970-71 0.07 0.08 0.08 0.16 0.19 0.24 0.70 1.01 0.38 0.23 0.19 0.07 0.28 
1971-72 0.08 0.08 0.15 0.14 0.14 0.29 5.57 7.99 3.63 0.90 0.31 0.38 1.67 
1972-73 0.31 0.30 0.33 0.39 0.30 0.26 0.45 0.34 0.19 0.08 0.03 0.05 0.25 
1973-74 0.07 0.10 0.23 0.17 0.16 0.56 4.44 3.22 0.88 0.24 0.15 0.14 0.87 
1974-75 0.14 0.11 0.08 0.16 0.20 0.36 1.84 3.03 1.68 0.54 0.29 0.25 0.73 
1975-76 0.40 0.24 0.20 0.20 0.41 0.88 2.78 3.38 2.13 0.80 0.39 0.32 1.02 
1976-77 0.31 0.26 0.21 0.22 0.26 0.43 1.12 0.66 0.32 0.20 0.18 0.10 0.36 
1977-78 0.07 0.08 0.13 0.19 0.18 0.34 1.16 1.18 0.31 0.15 0.12 0.10 0.34 
1978-79 0.07 0.08 0.10 0.13 0.18 0.91 4.20 3.39 1.92 0.45 0.30 0.29 1.01 
1979-80 0.30 0.29 0.26 0.21 0.23 2.54 5.42 3.96 1.41 0.57 0.49 0.23 1.33 
1980-81 0.20 0.19 0.18 0.19 0.33 1.95 3.74 4.95 1.34 0.63 0.71 0.32 1.24 
1981-82 0.20 0.19 0.19 0.20 0.22 0.33 2.66 4.98 1.38 0.49 0.25 0.17 0.95 
1982-83 0.96 0.63 0.55 0.50 0.51 0.85 1.57 3.44 1.79 0.49 0.71 0.33 1.03 
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1983-84 0.30 0.24 0.27 0.34 0.28 0.24 1.80 0.79 0.54 0.18 0.11 0.10 0.44 
1984-85 0.10 0.12 0.22 0.21 0.29 0.33 0.54 1.40 0.58 0.33 0.19 0.18 0.38 
1985-86 0.21 0.10 0.16 0.38 0.21 0.44 2.25 2.13 0.93 0.33 0.19 0.11 0.63 
1986-87 0.10 0.12 0.35 0.44 0.44 0.71 1.63 2.54 1.41 0.32 0.18 0.21 0.71 
1987-88 0.14 0.11 0.21 0.17 0.23 0.66 0.96 0.65 0.21 0.08 0.65 0.11 0.35 
1988-89 0.14 0.12 0.16 0.18 0.34 0.27 0.48 1.31 0.61 0.22 0.17 0.10 0.34 
1989-90 0.07 0.13 0.22 0.23 0.21 0.38 0.71 1.09 0.44 0.14 0.07 0.05 0.31 
1990-91 0.04 0.05 0.08 0.14 0.30 2.28 6.77 4.36 1.73 0.67 0.27 0.21 1.42 
1991-92 0.20 0.20 0.20 0.27 0.29 0.60 2.10 6.70 3.30 0.96 0.80 0.90 1.40 
1992-93 0.90 0.80 1.30 1.90 2.10 4.60 8.00 11.50 4.60 1.10 0.80 0.70 3.21 
1993-94 0.50 0.50 0.50 0.60 1.00 1.00 2.80 3.20 1.20 0.50 0.40 0.20 1.04 
1994-95 1.30 1.30 1.60 1.30 3.50 2.90 6.30 5.90 3.80 1.00 0.60 0.40 2.50 
1995-96 0.49 0.37 0.36 0.48 0.55 3.42 3.74 5.30 3.70 1.32 0.56 0.40 1.73 
1996-97 0.53 0.29 0.21 0.24 0.42 0.53 0.82 2.66 1.78 1.35 0.29 0.17 0.78 
1997-98 0.16 0.21 0.27 0.41 0.40 1.59 4.66 3.18 0.84 0.43 0.38 0.24 1.07 
1998-99 0.24 0.20 0.21 0.17 0.29 2.59 4.37 2.99 0.83 0.37 0.20 0.14 1.05 

1999-2000 0.32 0.35 0.28 0.18 0.33 0.20 0.13 0.13 0.08 0.03 0.03 0.03 0.17 
2000-01 0.03 0.05 0.14 0.18 0.16 0.10 0.11 0.09 0.03 0.02 0.02 0.02 0.08 
2001-02 0.02 0.02 0.04 0.17 0.18 0.14 0.65 0.78 0.35 0.11 0.05 0.04 0.21 
2002-03 0.06 0.08 0.07 0.12 0.12 0.17 3.72 2.07 0.57 0.22 0.13 0.05 0.62 
2003-04 0.05 0.06 0.08 0.11 0.13 0.23 0.75 0.53 0.28 0.16 0.10 0.08 0.21 
2004-05 0.11 0.12 0.14 0.27 0.30 0.61 1.59 1.82 0.83 0.26 0.20 0.18 0.54 
2005-06 0.21 0.22 0.21 0.18 0.16 0.23 0.25 0.27 0.18 0.08 0.03 0.04 0.17 
2006-07 0.03 0.04 0.05 0.13 0.23 0.31 1.69 1.07 0.43 0.23 0.12 0.06 0.37 
2007-08 0.04 0.04 0.05 0.29 1.06 0.28 0.31 0.38 0.11 0.04 0.03 0.03 0.22 
2008-09 0.02 0.02 0.02 0.11 0.14 0.10 0.16 0.21 0.10 0.08 0.07 0.07 0.09 
MEAN 0.23 0.21 0.25 0.30 0.41 0.84 2.25 2.58 1.19 0.41 0.27 0.20 0.77 
MAX. 1.30 1.30 1.60 1.90 3.50 4.60 8.00 11.50 4.60 1.35 0.80 0.90 3.21 
MIN. 0.02 0.02 0.02 0.11 0.12 0.10 0.11 0.09 0.03 0.02 0.02 0.02 0.08 
S.D. 0.27 0.23 0.29 0.32 0.59 1.02 2.04 2.36 1.15 0.34 0.22 0.17 0.65 

PERC. 2.54 2.28 2.74 3.23 4.47 9.09 24.37 27.93 12.84 4.41 2.91 2.12 100 

Table 204 Average monthly and annual discharge of Haftkush River at Jiroftu station 

River: LALEHZAR      Station:JAFARABAD     Code=46-009     Monthly average discharge of the river m3/sec 
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*1966-67 0.00 0.00 0.15 0.26 1.31 3.61 2.76 2.37 0.79 0.02 0.00 0.00 0.93 
*1967-68 0.00 0.01 0.26 0.57 0.61 2.06 1.85 1.35 0.21 0.03 0.00 0.00 0.58 
*1968-69 0.00 0.00 0.23 0.63 1.99 3.13 5.09 2.93 0.74 0.02 0.00 0.18 1.24 
*1969-70 0.39 0.21 0.57 1.07 1.13 1.10 0.94 0.24 0.03 0.00 0.02 0.00 0.47 
*1970-71 0.00 0.00 0.00 0.21 0.75 1.70 2.01 0.75 0.05 0.00 0.20 0.00 0.47 
*1971-72 0.00 0.00 0.00 0.14 0.34 1.78 12.34 12.34 2.75 0.62 0.24 0.37 2.62 
*1972-73 0.88 0.43 0.92 1.36 1.49 0.94 1.48 0.07 0.02 0.00 0.00 0.00 0.63 
1973-74 0.02 0.00 0.05 0.37 1.60 4.26 6.05 2.52 0.50 0.01 0.01 0.01 1.28 
1974-75 0.21 0.26 0.26 0.84 1.18 2.23 4.97 3.72 1.60 0.09 0.05 0.25 1.31 

*1975-76 0.27 0.18 0.32 0.44 1.32 3.34 10.32 10.84 4.42 0.83 0.64 0.33 2.80 
*1976-77 1.11 1.10 1.16 1.12 1.46 2.09 4.71 1.56 0.49 0.14 0.15 0.13 1.26 
*1977-78 0.37 0.39 0.58 2.33 2.40 2.99 2.63 1.08 0.13 0.02 0.00 0.00 1.06 
1978-79 0.05 0.22 0.67 0.51 1.43 3.44 8.90 5.02 1.93 0.05 0.06 0.20 1.88 

*1979-80 0.16 0.16 0.30 0.65 1.98 6.52 7.27 3.81 0.81 0.06 0.07 0.06 1.81 
*1980-81 0.43 0.38 0.76 0.90 2.54 6.78 4.17 4.01 1.50 0.23 0.34 0.43 1.86 
1981-82 0.38 0.32 0.60 0.90 1.83 4.20 6.97 5.16 1.50 0.00 0.00 0.00 1.82 
1982-83 0.35 0.49 0.01 0.87 0.97 5.17 6.45 5.99 2.37 0.00 0.00 0.49 1.93 
1983-84 0.43 0.21 0.48 0.78 0.81 0.52 4.60 0.68 0.06 0.03 0.03 0.03 0.73 
1984-85 0.03 0.06 0.54 0.52 2.26 1.06 0.54 1.02 0.17 0.03 0.02 0.03 0.52 
1985-86 0.01 0.02 0.25 0.65 0.66 4.05 5.50 1.74 0.40 0.01 0.01 0.04 1.11 
1986-87 0.03 0.05 2.83 2.90 2.32 2.44 5.11 2.60 1.50 0.04 0.07 0.07 1.66 
1987-88 0.13 0.15 0.53 1.05 1.15 3.13 1.98 0.21 0.10 0.03 0.01 0.04 0.70 
1988-89 0.03 0.04 0.09 0.58 0.41 1.37 1.33 0.82 0.16 0.08 0.05 0.01 0.41 



 The Persian Qanat                                                                             

862 

Appendix IV 
 

1989-90 0.01 0.01 0.16 0.41 1.50 1.80 1.72 0.44 0.06 0.02 0.01 0.01 0.51 
1990-91 0.01 0.01 0.03 0.31 2.00 5.40 7.25 4.04 0.66 0.00 0.00 0.00 1.64 
1991-92 0.00 0.00 0.34 1.09 1.30 2.10 6.80 12.90 7.60 0.36 0.12 0.14 2.76 
1992-93 0.13 0.12 1.10 12.80 12.40 17.60 18.30 17.40 10.30 0.63 0.13 0.12 7.56 
1993-94 0.11 0.14 0.23 0.40 0.40 7.60 4.90 3.50 0.20 0.12 0.10 0.10 1.47 

*1994-95 0.30 0.25 1.17 1.33 4.48 3.85 7.34 5.54 3.58 0.23 0.35 0.29 2.40 
1995-96 0.40 0.58 0.80 1.04 3.54 13.22 5.81 5.00 2.91 1.03 0.79 0.79 2.96 
1996-97 0.65 0.49 0.74 1.18 1.75 4.14 3.65 1.94 0.26 0.06 0.02 0.04 1.23 
1997-98 0.17 0.30 0.72 1.65 2.50 6.23 6.78 5.13 0.22 0.03 0.02 0.03 1.97 
1998-99 0.05 0.12 0.26 0.57 4.55 10.90 5.88 2.93 0.43 0.56 0.10 0.10 2.18 

1999-2000 0.18 0.15 0.26 0.65 1.39 1.13 0.27 0.05 0.01 0.01 0.01 0.01 0.34 
2000-01 0.02 0.03 0.10 0.32 0.32 0.50 0.43 0.25 0.13 0.06 0.02 0.02 0.18 
2001-02 0.02 0.02 0.05 0.28 0.44 0.69 0.79 0.23 0.01 0.01 0.01 0.03 0.21 
2002-03 0.03 0.04 0.15 0.27 0.40 0.65 9.10 2.60 0.60 0.25 0.22 0.15 1.22 
2003-04 0.26 0.22 0.21 0.57 0.92 0.77 0.58 0.35 0.27 0.20 0.12 0.04 0.37 
2004-05 0.01 0.01 0.10 0.77 1.69 2.23 4.96 2.67 1.01 0.04 0.03 0.02 1.13 
2005-06 0.14 0.52 0.53 1.07 0.67 0.50 0.40 0.09 0.01 0.01 0.00 0.00 0.32 
2006-07 0.00 0.01 0.04 0.15 0.66 1.28 4.09 1.53 0.25 0.02 0.01 0.01 0.67 
2007-08 0.01 0.03 0.08 0.28 0.42 0.22 0.15 0.05 0.00 0.00 0.00 0.00 0.10 
2008-09 0.00 0.01 0.03 0.04 0.04 0.17 0.51 0.10 0.02 0.00 0.00 0.00 0.08 
MEAN 0.18 0.18 0.43 1.04 1.70 3.46 4.60 3.20 1.18 0.14 0.09 0.11 1.36 
MAX. 1.11 1.10 2.83 12.80 12.40 17.60 18.30 17.40 10.30 1.03 0.79 0.79 7.56 
MIN. 0.00 0.00 0.00 0.04 0.04 0.17 0.15 0.05 0.00 0.00 0.00 0.00 0.08 
S.D. 0.25 0.22 0.50 1.92 1.95 3.54 3.70 3.81 2.05 0.24 0.17 0.16 1.25 

PERC. 1.11 1.10 2.66 6.39 10.45 21.22 28.17 19.60 7.23 0.85 0.58 0.65 100 

Table 205. Average monthly and annual discharge of Lalezar River at Jafarabad station 

River: AB BAKHSHA    Station: GODAREZĀRCHOEYEH    Code=46-011    Monthly average discharge of the river m3/sec 
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1955-56 0.0
 

0.60 0.98 1.00 1.30 1.60 3.10 1.17 0.82 0.20 0.26 0.29 0.94 
1956-57 0.0

 
0.37 0.75 0.75 0.85 0.78 3.65 2.31 0.83 0.31 0.42 0.18 0.94 

1957-58 0.4
 

0.32 1.52 0.81 0.85 0.87 1.55 1.50 0.35 0.13 0.06 0.26 0.72 
1958-59 0.1

 
0.11 0.46 0.60 0.55 0.61 0.39 6.52 0.14 0.01 0.00 0.00 0.80 

1959-60 0.0
 

0.03 0.30 0.60 0.68 0.60 0.58 0.34 0.10 0.04 0.00 0.00 0.27 
1960-61 0.0

 
0.00 0.00 0.51 1.21 4.61 5.86 4.31 0.86 0.06 0.04 0.26 1.48 

1961-62 0.2
 

0.13 0.46 0.73 4.28 3.80 4.09 2.82 1.61 0.11 0.11 0.25 1.55 
1962-63 0.4

 
0.32 0.68 0.74 0.68 0.44 0.35 0.13 0.06 0.01 0.00 0.00 0.32 

1963-64 0.0
 

0.00 0.16 0.28 1.39 4.05 2.10 2.53 0.84 0.02 0.00 0.00 0.94 
1964-65 0.0

 
0.01 0.20 0.44 0.47 1.61 1.43 1.06 0.16 0.02 0.00 0.00 0.45 

1965-66 0.0
 

0.00 0.30 0.82 2.56 3.97 6.45 3.70 0.93 0.02 0.03 0.20 1.58 
1966-67 0.2

 
0.15 0.39 0.70 0.77 0.75 0.64 0.16 0.03 0.01 0.00 0.00 0.31 

1967-68 0.0
 

0.00 0.00 0.14 0.51 1.13 1.34 0.50 0.03 0.00 0.00 0.00 0.30 
1968-69 0.0

 
0.00 0.00 0.29 0.69 3.65 25.09 25.10 7.63 1.26 0.48 0.76 5.49 

1969-70 0.7
 

0.37 0.78 1.15 1.26 0.79 1.23 0.14 0.02 0.01 0.00 0.00 0.54 
1970-71 0.0

 
0.00 0.00 0.51 0.65 9.24 14.70 9.30 1.72 0.05 0.04 0.04 3.02 

1971-72 0.2
 

0.17 0.38 0.89 1.44 3.72 8.04 6.48 1.61 0.08 0.10 0.40 1.97 
1972-73 0.5

 
0.30 0.71 1.23 3.04 5.49 20.74 19.93 7.62 1.91 4.51 1.11 5.66 

1973-74 1.4
 

1.42 1.50 1.45 1.88 2.69 6.08 2.02 0.69 0.18 0.19 0.17 1.64 
1974-75 0.4

 
0.45 0.67 2.72 2.78 3.50 3.04 1.25 0.15 0.02 0.00 0.00 1.24 

1975-76 0.0
 

0.48 1.33 1.62 2.80 6.00 11.98 4.81 2.59 0.10 0.12 0.36 2.68 
*1976-77 0.7

 
0.74 1.49 2.37 4.27 7.52 13.53 11.40 3.56 0.49 0.76 0.52 3.96 

1977-78 0.7
 

0.62 1.24 1.48 4.15 10.99 6.82 6.57 2.46 0.37 0.55 0.70 3.03 
1978-79 0.9

 
0.98 1.17 1.39 2.47 7.04 8.09 5.66 1.51 0.21 0.13 0.38 2.49 

1979-80 0.5
 

0.78 1.21 1.12 1.25 4.17 5.31 8.24 3.36 0.17 0.72 0.13 2.26 
1980-81 0.2

 
0.30 0.73 1.18 1.10 0.78 3.22 0.77 0.09 0.00 0.00 0.00 0.70 

1981-82 0.0
 

0.14 1.25 2.11 3.27 1.93 1.19 1.79 0.19 0.00 0.00 0.00 0.99 
1983-84 0.0

 
0.00 0.38 1.19 1.17 5.11 7.00 2.98 0.33 0.00 0.00 0.00 1.51 

1985-86 0.0
 

0.04 3.53 3.60 2.84 5.01 6.21 3.63 1.90 0.05 0.05 0.03 2.23 
1986-87 0.0

 
0.14 0.36 0.73 1.28 5.50 1.86 0.22 0.03 0.01 0.01 0.00 0.83 
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1987-88 0.0
 

0.00 0.02 0.95 0.63 1.14 1.54 1.49 0.21 0.05 0.00 0.00 0.50 
1988-89 0.0

 
0.00 0.03 0.50 1.88 2.40 3.05 0.93 0.24 0.03 0.01 0.00 0.75 

1989-90 0.0
 

0.00 0.00 0.54 4.74 11.05 16.85 9.03 1.38 0.06 0.04 0.03 3.64 
1990-91 0.1

 
0.30 0.79 1.90 2.11 3.80 8.00 15.50 5.20 0.27 0.14 0.16 3.22 

1991-92 0.1
 

0.18 0.84 15.5
 

17.50 27.50 28.70 18.80 9.10 1.90 0.80 0.20 10.05 
1992-93 0.2

 
0.31 0.34 0.37 0.30 6.70 7.80 3.60 0.58 0.14 0.10 0.08 1.71 

1993-94 0.4
 

0.39 1.81 2.07 6.96 5.98 11.40 8.60 5.56 0.36 0.54 0.45 3.72 
1994-95 0.6

 
0.74 1.59 2.70 4.58 18.70 20.28 11.00 7.50 0.83 0.80 0.68 5.82 

1995-96 1.0
 

1.12 1.73 2.16 2.66 5.94 6.52 4.64 0.86 0.20 0.07 0.08 2.24 
1996-97 0.2

 
0.55 0.99 1.83 3.38 7.80 8.58 4.40 0.23 0.07 0.03 0.03 2.33 

1997-98 0.0
 

0.27 0.38 0.60 4.00 25.02 10.50 4.58 0.42 0.86 0.13 0.12 3.90 
1998-99 0.2

 
0.25 0.41 1.44 2.10 1.52 0.48 0.15 0.04 0.01 0.00 0.00 0.54 

1999-2000 0.0
 

0.03 0.19 0.39 0.58 0.67 0.40 0.16 0.05 0.00 0.00 0.00 0.20 
2000-01 0.0

 
0.00 0.00 1.54 0.69 5.80 6.46 0.96 0.16 0.03 0.00 0.00 1.29 

2001-02 0.0
 

0.00 0.00 0.51 1.16 3.79 17.25 4.77 1.23 0.22 0.00 0.00 2.43 
2002-03 0.0

 
0.03 0.12 1.27 1.52 1.47 3.76 0.06 0.03 0.03 0.01 0.00 0.69 

2003-04 0.0
 

0.00 0.19 4.54 1.44 1.44 3.24 1.80 0.44 0.28 0.06 0.04 1.12 
2004-05 0.0

 
0.21 0.41 0.50 0.83 1.10 0.31 0.11 0.06 0.03 0.01 0.00 0.29 

2005-06 0.0
 

0.00 0.00 0.02 0.11 0.21 2.42 0.64 0.33 0.05 0.00 0.00 0.32 
2006-07 0.0

 
0.00 0.08 0.50 0.49 0.37 0.19 0.03 0.00 0.00 0.00 0.00 0.14 

2007-08 0.0
 

0.00 0.00 0.02 0.07 0.34 2.53 0.28 0.03 0.01 0.08 0.00 0.28 
MEAN 0.2

 
0.27 0.64 1.56 2.32 5.29 7.36 4.88 1.65 0.24 0.24 0.16 2.07 

MAX. 1.4
 

1.42 3.53 15.5
 

17.50 27.50 28.70 25.10 9.10 1.91 4.51 1.11 10.05 
MIN. 0.0

 
0.00 0.00 0.02 0.07 0.21 0.19 0.03 0.00 0.00 0.00 0.00 0.14 

S.D. 0.3
 

0.34 0.71 2.38 2.80 5.92 7.02 5.89 2.45 0.45 0.71 0.26 1.97 
PERC. 0.9

 
1.07 2.59 6.30 9.34 21.29 29.61 19.64 6.66 0.97 0.99 0.62 100 

Table 206. Average monthly and annual discharge of Abbakhsha'e River at GodarZārchu'iyeh station 

River: LALEZAR         Station:HAJIN      Code=46-013    Monthly average discharge of the river m3/sec 
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*1345-46 0.00 0.00 0.04 0.08 0.38 1.04 0.79 0.68 0.23 0.01 0.00 0.00 0.27 
*1346-47 0.00 0.00 0.06 0.14 0.15 0.50 0.44 0.33 0.05 0.01 0.00 0.00 0.14 
*1347-48 0.00 0.00 0.08 0.21 0.65 1.03 1.67 0.96 0.24 0.01 0.01 0.05 0.41 
*1348-49 0.08 0.05 0.13 0.24 0.26 0.26 0.22 0.06 0.01 0.00 0.00 0.00 0.11 
*1349-50 0.00 0.00 0.00 0.05 0.18 0.41 0.49 0.18 0.01 0.00 0.00 0.00 0.11 
*1350-51 0.00 0.00 0.00 0.07 0.17 0.89 6.16 6.09 1.85 0.31 0.12 0.18 1.34 
1351-52 0.27 0.31 0.49 0.81 0.68 0.28 0.34 0.29 0.27 0.25 0.22 0.21 0.37 
1352-53 0.25 0.25 0.32 0.54 0.50 1.09 0.82 0.46 0.21 0.20 0.20 0.20 0.42 
1353-54 0.06 0.05 0.09 0.23 0.37 0.95 2.07 1.73 0.41 0.02 0.02 0.10 0.51 
1354-55 0.14 0.07 0.17 2.95 0.73 1.32 5.00 4.81 1.84 0.46 1.09 0.27 1.58 
1355-56 0.37 0.36 0.38 0.37 0.48 0.69 1.56 0.52 0.16 0.05 0.05 0.04 0.42 
1356-57 0.11 0.12 0.18 0.71 0.73 0.91 0.80 0.33 0.04 0.01 0.00 0.00 0.32 
1357-58 0.00 0.12 0.33 0.40 0.70 1.50 3.00 1.20 0.65 0.03 0.03 0.09 0.67 
1358-59 0.12 0.12 0.31 0.92 1.22 2.53 3.82 2.75 0.86 0.11 0.13 0.08 1.08 
1359-60 0.18 0.15 0.31 0.37 1.03 2.75 1.69 1.63 0.61 0.09 0.14 0.17 0.75 
1360-61 0.22 0.24 0.29 0.35 0.62 1.75 2.01 1.41 0.38 0.05 0.03 0.09 0.62 
1361-62 0.32 0.41 0.56 0.71 0.43 0.61 0.40 0.27 0.23 0.21 0.27 0.28 0.39 
1362-63 0.30 0.33 0.33 0.35 0.31 0.31 0.92 0.83 0.44 0.34 0.37 0.30 0.43 
1363-64 0.24 0.25 0.43 0.76 0.68 0.45 0.29 0.60 0.30 0.28 0.27 0.23 0.40 
1364-65 0.16 0.25 0.29 0.42 0.42 0.87 0.91 0.32 0.23 0.17 0.37 0.17 0.38 
1365-66 0.19 0.18 1.59 0.63 0.43 0.39 0.30 0.28 0.21 0.22 0.22 0.20 0.40 
1366-67 0.13 0.19 0.28 0.38 0.41 0.39 0.25 0.33 0.21 0.17 0.18 0.14 0.25 
1367-68 0.15 0.16 0.17 0.23 0.26 0.25 0.27 0.60 0.19 0.18 0.14 0.20 0.23 
1368-69 0.20 0.27 0.27 0.29 0.39 0.40 0.50 0.30 0.16 0.14 0.12 0.12 0.26 
1369-70 0.13 0.14 0.18 0.18 0.69 2.53 3.58 0.33 0.24 0.16 0.14 0.14 0.70 
1370-71 0.16 0.19 0.20 0.60 0.50 0.46 0.44 2.70 0.22 0.12 0.10 0.09 0.48 
1371-72 0.09 0.09 0.10 7.00 12.20 6.80 3.70 1.30 0.30 0.20 0.20 0.20 2.64 
1372-73 0.14 0.16 0.15 0.22 0.28 3.60 1.40 0.75 0.24 0.20 0.20 0.20 0.62 
1373-74 0.56 0.61 0.64 0.27 0.38 0.25 1.97 1.40 0.20 0.12 0.12 0.11 0.55 
1374-75 0.07 0.19 0.40 0.59 0.67 1.93 2.75 0.73 0.74 0.41 0.21 0.15 0.73 
1375-76 0.22 0.28 0.34 0.44 0.59 0.63 0.38 0.38 0.29 0.29 0.27 0.25 0.36 
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1376-77 0.21 0.35 0.48 0.51 0.35 0.65 0.41 0.31 0.38 0.21 0.16 0.19 0.35 
1377-78 0.17 0.25 0.30 0.35 0.52 5.52 0.28 0.19 0.18 0.29 0.17 0.19 0.68 
1378-79 0.12 0.17 0.25 0.36 0.33 0.24 0.29 0.21 0.15 0.09 0.13 0.12 0.20 
1379-80 0.15 0.24 0.28 0.24 0.36 0.41 0.15 0.20 0.12 0.10 0.09 0.09 0.20 
1380-81 0.11 0.11 0.26 0.35 0.24 0.39 0.21 0.12 0.08 0.14 0.13 0.11 0.19 
1381-82 0.13 0.10 0.20 0.50 0.70 0.20 10.00 0.39 0.26 0.21 0.23 0.19 1.11 
1382-83 0.09 0.10 0.10 0.09 0.12 0.16 0.72 0.10 0.08 0.05 0.04 0.03 0.14 
1383-84 0.03 0.08 0.16 0.21 0.23 1.84 0.36 0.28 0.64 0.17 0.09 0.03 0.34 
1384-85 0.03 0.04 0.12 0.20 0.17 0.14 0.12 0.12 0.07 0.03 0.01 0.01 0.09 
1385-86 0.03 0.04 0.05 0.04 0.06 0.23 0.55 0.03 0.04 0.03 0.02 0.02 0.10 
1386-87 0.03 0.04 0.04 0.05 0.05 0.05 0.05 0.04 0.03 0.03 0.03 0.03 0.04 
1387-88 0.08 0.15 0.18 0.14 0.12 0.04 0.11 0.05 0.05 0.04 0.05 0.05 0.09 
MEAN 0.15 0.18 0.28 0.60 0.74 1.13 1.48 0.87 0.34 0.15 0.16 0.13 0.52 
MAX. 0.56 0.61 1.59 7.00 12.20 6.80 10.00 6.09 1.85 0.46 1.09 0.30 2.64 
MIN. 0.00 0.00 0.00 0.04 0.05 0.04 0.05 0.03 0.01 0.00 0.00 0.00 0.04 
S.D. 0.11 0.13 0.25 1.10 1.81 1.40 1.95 1.22 0.39 0.12 0.18 0.09 0.47 

PERC. 2.42 2.89 4.54 9.66 11.84 18.05 23.75 13.86 5.43 2.47 2.55 2.11 100 

Table 207. Average monthly and annual discharge of Lalezar River at Hajin gauging station 

River: GIVDARI        Station: SHAHZDEHABAS      Code=46-023     Monthly average discharge of the river m3/sec 
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*1345-46 0.01 0.02 0.06 0.13 0.23 0.21 0.33 0.23 0.11 0.02 0.01 0.01 0.11 
*1346-47 0.07 0.07 0.07 0.14 0.25 0.22 0.35 0.25 0.11 0.02 0.02 0.02 0.13 
*1347-48 0.07 0.04 0.07 0.13 0.55 1.28 1.47 0.68 0.24 0.11 0.06 0.04 0.39 
*1348-49 0.00 0.01 0.02 0.03 0.06 0.06 0.09 0.06 0.03 0.01 0.00 0.00 0.03 
*1349-50 0.00 0.00 0.00 0.02 0.03 0.03 0.05 0.03 0.01 0.00 0.00 0.00 0.01 
*1350-51 0.06 0.08 0.16 0.27 1.17 2.65 3.15 1.45 0.51 0.25 0.12 0.08 0.83 
*1351-52 0.00 0.01 0.02 0.04 0.08 0.07 0.11 0.08 0.04 0.01 0.00 0.00 0.04 
*1352-53 0.05 0.07 0.13 0.23 1.00 2.34 2.68 1.24 0.44 0.21 0.10 0.07 0.71 
*1353-54 0.06 0.08 0.16 0.27 1.17 2.73 3.14 1.45 0.51 0.24 0.12 0.08 0.83 
*1354-55 0.02 0.17 0.33 0.56 2.44 5.51 6.54 3.02 1.06 0.51 0.25 0.17 1.71 
*1355-56 0.05 0.06 0.12 0.20 0.88 2.06 2.36 1.09 0.38 0.18 0.09 0.06 0.62 
*1356-57 0.06 0.08 0.15 0.26 1.12 2.63 3.02 1.39 0.49 0.24 0.12 0.08 0.80 
*1357-58 0.06 0.08 0.16 0.27 1.18 2.76 3.17 1.46 0.52 0.25 0.12 0.08 0.84 
*1358-59 0.09 0.12 0.22 0.39 1.67 3.77 4.47 2.06 0.73 0.35 0.17 0.11 1.17 
*1359-60 0.07 0.10 0.18 0.32 1.37 3.19 3.67 1.69 0.60 0.29 0.14 0.09 0.97 
1360-61 0.08 0.12 0.10 0.25 1.86 3.02 1.98 0.71 0.17 0.06 0.03 0.03 0.69 
1361-62 0.07 0.18 0.18 0.34 0.67 2.85 1.81 0.92 0.25 0.19 0.29 0.21 0.66 
1362-63 0.03 0.03 0.06 0.11 0.10 0.25 0.60 0.28 0.26 0.10 0.01 0.01 0.15 
1363-64 0.02 0.02 0.35 1.21 1.56 1.12 0.79 0.37 0.05 0.02 0.02 0.02 0.46 
1364-65 0.02 0.06 0.65 0.47 0.29 2.32 3.80 0.38 0.06 0.01 0.01 0.01 0.67 
1365-66 0.01 0.03 9.93 2.79 1.15 1.36 1.64 0.66 0.36 0.13 0.09 0.06 1.50 
1366-67 0.05 0.07 0.09 0.42 1.37 2.40 1.28 0.16 0.09 0.05 0.03 0.02 0.49 
1367-68 0.03 0.04 0.23 0.77 0.17 0.50 2.00 0.53 0.10 0.09 0.06 0.06 0.38 
1368-69 0.06 0.10 0.19 0.56 3.10 1.63 1.02 0.33 0.14 0.04 0.02 0.02 0.59 
1369-70 0.03 0.03 0.06 0.12 1.47 6.07 4.18 0.97 0.21 0.06 0.05 0.07 1.09 
1370-71 0.07 0.10 0.11 1.40 1.40 1.21 2.73 3.15 0.96 0.17 0.09 0.07 0.96 
1371-72 0.07 0.08 0.23 10.30 14.80 7.10 4.00 1.10 0.50 0.30 0.25 0.17 3.20 
*1372-73 0.48 0.66 0.79 0.79 0.66 2.01 1.49 1.62 0.04 0.02 0.01 0.02 0.71 
1373-74 0.01 0.02 0.90 0.20 9.50 1.90 4.50 1.90 0.24 0.24 0.15 0.03 1.62 
1374-75 0.06 0.06 1.21 1.59 5.18 16.43 7.11 1.60 0.49 0.10 0.08 0.08 2.77 
1375-76 0.07 0.07 0.07 0.11 0.34 4.33 1.24 0.97 0.28 0.08 0.02 0.03 0.62 
1376-77 0.02 0.04 0.52 1.64 2.00 2.94 2.18 0.28 0.10 0.03 0.02 0.02 0.80 
1377-78 0.01 0.02 0.06 0.14 2.63 15.62 2.16 0.42 0.16 0.07 0.03 0.02 1.72 
1378-79 0.03 0.04 0.06 0.46 0.79 0.26 0.18 0.03 0.02 0.01 0.01 0.00 0.16 
1379-80 0.08 0.09 0.25 0.16 0.13 0.20 0.18 0.06 0.03 0.07 0.03 0.05 0.11 
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1380-81 0.10 0.11 0.27 1.03 0.66 1.83 1.16 0.52 0.15 0.09 0.05 0.02 0.49 
1381-82 0.10 0.10 0.10 0.30 0.70 1.50 2.96 0.36 0.23 0.05 0.01 0.00 0.53 
1382-83 0.03 0.41 0.82 1.70 0.99 0.63 0.73 0.40 0.31 0.07 0.03 0.03 0.51 
1383-84 0.11 0.17 0.49 2.40 1.03 3.04 0.60 0.23 0.24 0.07 0.03 0.01 0.69 
1384-85 0.02 0.01 0.04 0.14 0.12 0.10 0.21 0.09 0.02 0.01 0.01 0.01 0.06 
1385-86 0.01 0.01 0.06 0.08 0.83 1.07 2.54 0.56 0.23 0.06 0.02 0.01 0.46 
1386-87 0.02 0.02 0.05 0.10 0.13 0.13 0.09 0.04 0.02 0.01 0.01 0.01 0.05 
1387-88 0.01 0.01 0.01 0.01 0.02 2.60 3.05 0.37 0.08 0.02 0.00 0.01 0.51 
MEAN 0.05 0.09 0.46 0.76 1.55 2.65 2.11 0.82 0.27 0.11 0.06 0.05 0.74 
MAX. 0.48 0.66 9.93 10.30 14.80 16.43 7.11 3.15 1.06 0.51 0.29 0.21 3.20 
MIN. 0.00 0.00 0.00 0.01 0.02 0.03 0.05 0.03 0.01 0.00 0.00 0.00 0.01 
S.D. 0.07 0.11 1.50 1.62 2.63 3.41 1.71 0.77 0.25 0.11 0.07 0.05 0.67 
PERC. 0.62 0.96 5.17 8.60 17.51 29.84 23.78 9.22 3.03 1.28 0.73 0.52 100 

Table 208. Average monthly and annual discharge of Givdari River at Shahzade Abbas station 

 

Chart 109. Changes in annual streamflow at Chari-Golikotu, Haft Kusk-Jiroftu, and Givdari- shahzadeh Abbas 
stations 
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The estimated mean of annual 
streamflow in the catchment area 

without statistical information 
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1/69 22/7 0/053 0/715 74/14 - Qanat area Jupar basin 

Chart 110. Estimated annual average of surface flow based on Justin empirical methods 

Changes in monthly streamflow in Jupar basin 
To determine the monthly rate of change in surface flow in the study area a monthly 
discharge curve was drawn. To determine the monthly discharge using the data for the Chari 
River at Golikotu station, first, discharge curves of Chari River which is located adjacent to 
the study area for dry, medium, and wet years was drawn in Figures 1-32 to 1-34. Using these 
diagrams and by removing base discharge and determining percentage of discharge for the 
rest of the current, discharge per cent was applied to determine the percentage of Jupar basin. 
Percentage of change in monthly rates of discharge in Jupar catchment is shown Table 1-29 
and Figure 1-35. 
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Chart 111. Diagram for annual change of discharge and discharge chart for Chari River at Goligotu station, water 

year 2000-1 (an average year) 

 

Chart 112. Diagram for annual change of discharge and discharge chart for Chari River at Goligotu station, water 
year 1993-4 (a waterful year) 

A
nn

ua
ll

 

Se
p.

 A
ug

.
 Ju

l.
 Ju

n.
 M

ay
.

 A
pr

.
 M

ar
.

 Fe
b.

 Ja
n.

 D
ec

.
 N

ov
.

 O
ct

.
 

100 0.00 1.26 1.24 3.65 22.75 44.76 13.46 5.28 4.24 3.36 0.00 0.00 

Table 209. Percentage of monthly average discharge of the of Jupar qanat's catchment area 
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Chart 113. Percentage of monthly change in the discharge of Jupar qanat's catchment area 

Statistical information regarding Goharriz qanat's discharge 

Statistical information regarding Goharriz qanat goes back to 1962. According to these 
figures, between 1970 and 1976, the qanat's discharge was between 72 to 91lit/s. But the 
figures began to rise, and the discharge increased from 102lit/s in 1977 to 178.4lit/s in 1981. 
Then, again the discharge decreased and in 1990 it was78lit/s. After that, it increased to 
246lit/s in 1990. Finally, it decreased to its lowest amount in recent years, approximately 
60lit/s. 

 Fluctuations regarding the qanat's discharge show that different factors have affected it, 
including droughts, maintenance, dredging, and making new lines. At first this qanat had only 
one line, but in the course of time other lines were added to it. Now it has six lines, three of 
which still in use. These qanats are Darvazeh, Roobah, and telsefid. However, if sufficient 
precipitation falls in the higher altitudes, these qanats will have water. All in all, one of the 
main causes of fluctuations in the discharge of the qanat is precipitation. 

Average Discharge lit/s year Average Discharge lit/s year 
102 1992 91 1971 
126 1993 90 1972 
220 1994 86.5 1973 
225 1995 91.3 1974 
230 1996 73 1975 
237 1997 71.6 1976 
246 1998 87 1977 
217 1999 102 1978 
188 2000 117 1979 
159 2001 132 1980 
130 2002 148 1981 
100 2003 178.4 1982 
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90.5 2004 154 1983 
81 2005 160 1984 
71 2006 160 1985 
65 2007 120 1986 
60 2008 122.3 1987 
60 2009 94 1988 
60 2010 86 1989 
60 2011 82 1990 
  78 1991 

Table 210 . Average annual discharge of Goharriz qanat 

 

Chart 114. Annual changes in discharge of Goharriz Jupar's qanat 

 
Water level of the qanat 
 
For further studies, the water level was measured in mother well and the well shafts., 
according to the calculations maximum depth of mother wells is related to line 6 (Hosn 
Yousef) in which the water level measured at 50.03m; The minimum depth of the mother 
wells is that of Haj Mohamadnush, 30.32m. 
  
Slope of the lines of qanat 
 In order to calculate the slope of Goharriz qanat's six lines, the height of land at well shafts 
were used, then calculating the water level the slopes were obtained. According to the 
calculations, the average slope in the major line of Goharriz qanat, Telsefid, was 10% and in 
line one, 5%. 
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Qualityof Water 
 
Quality of Goharriz qanat's water 
Results of chemical analysis of Goharriz qanat's water is available since 1982, almost on a 
regular basis (Table 215). The results show that the quality of drinking water in Goharriz 
qanat is appropriate for both drinking and agriculture. The water comes from Jupar Heights 
with Cretaceous limestones and far from any pollutants. Chemical analyses during the last 
eight years show that the electric conductivity (EC) of the water has an average of 295 
miromohs /cm, maximum 319 and minimum 280. The average residual solids (TdS) in the 
analyzed samples were 192g/lit, the average chloride that plays a major role in making water 
salty was 0.43mEq and now it is 2.15mg/lit. 2 /15 milli  

SAR (Sodium Absorption Ratio) which plays an important role in agriculture is 0.107. 
Schuler diagram is drawn based on the results. Results show that in terms of drinking water 
Goharriz qanat's water is in the range of very good. Also, Willcocks diagram shows that 
Goharriz qanat's water is in the range of C2S1 (Chart115 to 117). 
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1 04/05/1382 295 197 7.6  2.4 0.6 0.3 m3.3 1.7 1.1 0.4  3.2 12.5 0.34 140 C2s1 

2 03/04/1383 287 173 7.4  2.4 0.4 0.2 3 1.7 0.9 0.2  2.8 7.14 0.18 130 C2s1 

3 06/05/1384 280 182 7.8  2.5 0.4 0  1 1.4 0.5  2.9 17.2 0.46 120 C2s1 

4 04/06/1385 291 189 8  2.2 0.6 0  1.3 0.8 0.7  2.8 25 0.68 105 C2s1 

5 25/06/1386 294 191 7.6  2.5 0.3 0.1 2.9 1.5 1 0.4  2.9 13.8 0.36 125 C2s1 

6 10/04/1387 302 196 6.6  2.3 0.8 0.3 3.4 1.1 2 0.3  3.4 8.82 0.24 155 C2s1 

7 08/05/1388 319 207 7.9  2.3 0.5 0.3 3.1 1.2 1.5 0.4  3.1 12.9 0.34 135 C2s1 

8 06/06/1389 296 192 7.2  2.5 0.3 0.4 3.2 1.5 1 0.7  3.2 21.9 0.63 125 C2s1 

Table 211. Results of Goharriz qanat's chemical analysis 
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Chart 115. Schuler diagram for Goharriz qanat 
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Chart 116. Willcocks diagram for Goharriz qanat 

 

Chart  117 . Annual changes of chemical elements in Goharriz qanat's water 
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Vegetation 

The climate is generally dry due to low rainfall and there is no natural or handmade (eg dams) 
water ecosystems there. Terrestrial ecosystems have little capacity to create forest and 
vegetation and dry climatic conditions prevail. Little vegetation such as mastic, cam, goat's 
thorn, yeah, Golkhunak, Tengri and figs have formed small shrub communities, the vegetation 
is present in the highlands south of Goharriz qanat known as Jupar heights. Kerman plain is 
located north of the qanat and its vegetation mainly consists of pistachio orchards and 
Tamarix trees. Total area of the land is 153,444 hectares.  
According to statistics, forest (wood) and vegetation are usually broken and scattered. 
Tamarix shrubs grow in relatively salty land of desert areas and inlight and sandy soil. They 
can tolerate harsh ecological conditions, 50oC heat in summerand -25oC coldness in winter. 
Tamarix fields can be seen on the fringe of the desert and sand dunes. The hills and dense 
shrubs can be seen that the distribution density of 45 trees per hectare as they appear. Their 
density can reach to 45 trees per Hectare. Their height can reach 2.5 meters. Cams are another 
shrub society that grows in arid areas and dunes.They can survive in harsh conditions with an 
annual rainfall of 50 mm and a temperature between 50OC and -30°C. 
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Qanats of Bam, Bam, kerman(Ghasem Ābād and Akbar Ābād) 

Geology 6F

7 
The main watershed basins of Iran are the areas adjacent to the Caspian Sea, the Persian Gulf, 
Oman sea, "Urumieh lake", Central Plateau regions, "Hamoon", "Jazmurian" and "Ghareh-
Ghurum", each comprising sub-basins such as "Bam-Narmashir" that is a Portion of the 
Iranian central desert's (Kavir) basin. This basin is located at 59.30 and 57.56 eastern 
longitude and 28.27 and 29.10 northern latitude. It is at an altitude of 1056 meters with 
northwest to southeast direction of groundwater movement. "Bam-Narmashir" sub-basin is 
160 km. long and some 50 km. Wide. Two parallel mountain ranges stretching from 
northwest to southeast have roomed the Bam aquifer in the middle. The southern slopes 
(Jabal-e-Barez Mountains) are main basin recharge spots with average annual precipitation of 
303 millimeters. The seasonal rivers flowing across this region are "Nessa" and "Fashkuh". 
The city of Bam has an average 55 millimeters of annual precipitation. Not having any access 
to permanent surface water source, groundwater is the only source ofthis city's water supply 
for domestic, industrial and agricultural use. As the record of Bam-Narmashir basin in 1998 
indicates, the averages amount water was from through the following means: 362.8 million 
cubic meters was supplied by 605 deep wells, 8.5 mm3 by 167 semi-deep wells, and 414 mm3 
through 326 Qanats. This totals to 785 mm3: % 95.7 going to agriculture, % 4.2 to domestic 
use, and 0.15 to industrial utilization.  

Regional geology:  

Tectonically speaking, Iran is situated in the intermediate zone of the Alps- Himalayan 
orogenic belt and is divided into some smaller units including central Iran as one of the most 
important ones comprising blocks of "Yazd-Posht-e-Badam", "Tabas" and "Lut".  

 
Map 71. Tectonic features of lran 

Source: Semsar Yazdi, A. A. Labbaf Khaneiki. M. et al. "Qanats of Bam ". 2006. p.118 

                                                      
1. Book: Semsar Yazdi, A. A. Labbaf Khaneiki, M. Dehghan Manshadi, B. 2005. "A Survay on The Qanats of 

Bam, from technical and engineering point of view". Tehran: Hlil Ab consulting engineer. pp 16-27 
Article: Semsar Yazdi, A. A. Labbaf Khaneiki, M. Dehghan Manshadi, B. 2006. " Qanats of Bam: An 
Engineering Perspective". Ansari, M.  Salamat, A. Salih, A. Sutton, J. Taniguchi, J. (eds.). Qanats of Bam 
A Multidisciplinary Approach. 2006. Tehran. UNESCO: Tehran Cluster Office. pp. 109-140 
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"Bam-Narmashir" basin confined by "Barez Mountain" in the south and west, and Kashit 
mount (Zangi-Ahmad) is in the north. "Barez" is a part "Sahand- Bozman" volcanic belt, and 
highest mountain in Kerman province. "Zangi Ahmad Mountains" includes volcanic rocks in 
the region.  

The fault of Bam is the most important tectonic structure of the region. The length of this 
right lateral fault, which has north-south direction, is some 50 km. "Anduhjerd" fault also can 
be considered an extension of this is the Bam region. The surface exposure of this fault is in 
an area located in the east of Bam and west of Baravat locally named "Afraz" where the 
ancient quaternary sediments have been deposited on younger layers. Consequently, the older 
quaternary deposits are morphological heights, cut by deep cannel systems. The western part 
of this plain (Afraz) is some 30 meters higher than the east (Figure 15). 

 
Figure 16. Schematic geological cross section of the Bam Region 

Source: Ansari, F.  Bolourchi, M. J. Entezam, I."Qanats of Bam ". 2006. p. 25 

 

 
Photo 34. Function of the Bam Faults as a mouocline between Bam and Baravat and creation of altitude difference 

where it is locally called Afraz. 
Source: Semsar Yazdi, A. A. Labbaf Khaneiki. M. et al. "Qanats of Bam ". 2006. p.119 
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Aerial photographs and satellite Images reveal the Bam fault as a north-south stretched of 
linear structures (Figure16) covered by young alluviums of the south detectable in the north 
merely by means of volcanic bedrocks named "Menbar" Mount.  

 
Figure 17. Satellite Image of the area displaying Bam & Golbaft faults 

Source: Semsar Yazdi, A. A. Labbaf Khaneiki, M. et al. "Qanats of Bam ". 2006. p.119 
 
 

According to the report of ICG (International center of Geo hazards)7F

8, Bam fault is the right 
lateral diverse dip slip. Bam lineation in Afraz is monocline and its eastern part enjoys sort of 
depression. This fault is the focal point of prosperity in Bam and in Baravat in particular, for 
the uplift caused by it, prevents the rapid outflow of the eastern aquifer's ground water.  

Despite the Basin's mild slope, appearances of Qanats are close to mother wells; qanats 
therefore are short in length. Mother wells are in the west of the faults, and end of qanats (the 
water appearance where water runs to the fields and to the city of Baravat) in the east.  

The two ranges of mountains northwest are situated in the north and south of Bam. The 
northern slopes are mainly made of volcanic rocks in the form of well bedded ash flows with 
"basaltic" and "andesite lava", partially containing gypsum veins pertaining to the Lut block 
of Eocene eruptions.  

Barez Mountains, highest picks in the province, located in the south of Bam, are igneous and 
sedimentary formations. The sedimentary layers include cretaceous, weathered marland are 
naceous limestone containing calcarenaceouse sandstones. The southern heights which are 
made of volcanic rocks are formed of volcanic ashes of Eocene andesite volcanic lava. These 
mountains have averages precipitation of over 300 mm annually much more than plains.  

                                                      
2. http://www.gsilran.orgiimages/bam.pdf/Bam earthquake report-ICG-I.pdf 

http://www.gsilran.orgiimages/bam.pdf/Bam
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Precipitation plays a vital role charge and recharge of aquifers. The northern heights do not 
have a considerable effect on water run offs and water tables, as are close to the surface and 
bring salinity to ground water and alt crust to the ground in north of Bam.  

 

Bam Earthquake and its impact on aquifer of region:  

Locations of prominent faults in Bam and the nearby regions, as well as the quake affected 
areas are shown in figure 17.  

 

Figure 18. . Characteristics of Bam and surroundings; prominent faults as well as the location and magnitude of 
earthquakes. Source: International institute of seismology and earthquake engineering (IIEES). 

Source: Ansari, F. Bolourchi, M. J. Entezam, I. "Qanats of Bam ". 2006. p.19 
 

This region has experienced many earthquakes, like many other parts of Iran. Even no 
previous earthquakes had been reported in Bam city before; southwestern Iran has been open 
to many earthquakes.  

The region of Bam, which is at the intersection of some north south stretched linear 
structures, is located in the northwest of the Lut block. Faults of Nayband, Char-Farsakh, 
Anduhjerd, Gook, Sarvestan and Bam are fall into this category.  

All faults in this region have been affected by this major earthquake. Golbaft earthquake of 
1981 happened when Gook Fault failed; followed by Syrej quake 49 days later which caused 
by a secondary faulting along the Gook fault or the activation of cryptic section of Kuhbanan 
fault. This can justify the previous quakes in syrej, mostly measuring above seven on the 
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Richter scale. The earthquake in 1988 in the north of Golbaft left twenty kilometers of 
faulting on the surface. Focal mechanism of these seisms shows their compression and 
lateral-slip features along Kuhbanan and Gook fault systems (map72). 

 
Map 72.The photo on the left shows the geographical features of the city of Bam and the right one concerns the recent 

earthquakes mechanism. The star indicates the Figure enters. 
Source: Semsar Yazdi, A. A. Labbaf Khaneiki, M. et al."Qanats of Bam ". 2006. p.121 

 

Bam earthquake happened at 5:26 am preceded by 4 foreshocks at 8:00 am and 12.00 the 
previous day, 10:30 pm the night before and eventually at 4:30 am, one hour before the 
tragedy. All 4 fore shocks accompanied frightening earthquake sounds.  

The centre of this quake measuring 6.5 on the Richter scale occurred at the depth of 8 km. 
The worst of destructions were from adjacent up to 3 km from the fault so that the areas 4 km 
from it were not considerably damaged. (photo35 and Figures18).  

 

 

Photo 35. Impaets of the earthquake on the roeks of northern Bam (Menbar mount): Volcanie rock fall (on the right) 
cracks in rocks left by the quake (left and down) 

Source: Semsar Yazdi, A. A. Labbaf Khaneiki, M. et al."Qanats of Bam ". 2006. p.121 
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Figure 19.The function of the fault in the earthquake (right-Iateral-dipslip) 
Source: Semsar Yazdi, A. A. Labbaf Khaneiki, M. et al."Qanats of Bam ". 2006. p.122 

 

The number of the Qanats damaged by the earthquake is rather small compared with 
buildings and houses destructed. Out of 60 Qanats in the cites of Bam and Baravat 5 were 
totally destructed. The rest were damaged partially suffered from partial collapse along the 
canals; this was because the main destruction was along the fault (north-south), whereas the 
main direction of the Qanats is usually east-west. Qanats, therefore, located at the main spots 
were ruined by the earthquake.  

Baravat Qanats were damaged by the earthquake most, as all Qanats passed major earthquake 
spots. Mother Wells and ventilation wells of these Qanats collapsed. Structure and 
morphology of the region played a significant role in the extent of damages to qanats. The 
east-west direction of qanats of Baravat qanats, located at both sides of the fault run through 
hard rocks lifted the ancient terraces of Pleistocene, due to the function of the fault photo36). 
This phenomenon caused qanats' walls and shafts to be more resistant where crossing the 
faults. The further from the fault to the west, more damage to qanat galleries are caused by 
younger alluviums (photo 37) eventually, hard inflicted significant damages.  

 

Photo 36.Stream ways cutting off the ancient alluviums in Afraz.  
(existence of some cracks in rocks and their collapse can probably been the result of the seism) 

Source: Semsar Yazdi, A. A. Labbaf Khaneiki, M. et al."Qanats of Bam ". 2006. p.122 
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Photo 37. Alluvinms in which the Baravat Qanats have been created. 

Source: Semsar Yazdi, A. A. Labbaf Khaneiki, M. et al. "Qanats of Bam ". 2006. p.123 

Considering the extent of loss of lives and properties, studying of impact of earthquake on the 
aquifer and monitoring the observation wells was not feasible for a long time. Nevertheless, 
since observation wells in the area were equipped with automatic water level control devices, 
surveying changes was possible later on.  

The last measure of water level in the observation wells dated back to November 2003. 
Survey also were carried out in December 2003 by Kerman Regional Water Authority 
disappeared after of the quake.  

Two of the observation wells in the Bam and Baravat were ruined after the earthquake and 
the first observation test after the earthquake was performed in February 2004, showing 
eccentric outcomes.  

 

Recovery Project of Bam Cultural Heritage (RPBCH)8F9  

The Recovery Project of Bam Cultural Heritage is a project of the Iranian Cultural Heritage 
and Tourism Organization (ICHTO) launched after the 2003 Bam earthquake.  

Precise data based on empirical research is essential for programme planning and 
implementation. The RPBCH aims to gather data and provide maps on the qanats of Bam. A 
critical goal is to locate the mother-well (madar-chah) and the 'mazhar' (outlet) of the Bam 
and Narmashir qanats on the Universal Transfer Mercator (UTM) reference map.  

This involves numbering a qanat and finding its corresponding mother-well and 'mazhar'. It is 
clear that the qanats extend beyond the Bam district, calling for cooperation across the region. 
Data obtainable from this map (map73) concern active qanats but there are many extinct 
qanats in the region for which no map has yet been drafted. The identification of these dry 
systems may shed light on the history of the city of Bam and the region. 

 

                                                      
3. Mokhtari, E. Brkhordar. A. A. "Qanats of Bm: A Cultural Perspective Recovery of Bam's Cultural Heritage". 
Ansari, M.  Salamat, A. Salih, A. Sutton, J. Taniguchi, J. (eds.). Qanats of Bam A Multidisciplinary Approach. 
2006. Tehran. UNESCO: Tehran Cluster Office. pp. 147-153 
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Map 73. Topographical map showing the exact location of qanats. The mother-well is at the centre of the red circle 
and the "mazhar" at the centre of the yellow one (see appendix for the full map.) 

Source: Mokhtari, E. Brkhordar. A. A. "Qanats of Bam ". 2006. p.149 
 

The RPBCH, with the support of local authorities and the Ministry of Jihad-e Agriculture, 
has been putting together a databank of information relating to qanats. This has been indexed 
in a database accessible through the following categories:  

− Name of the qanat;  
− UTM of the wells, 'mazhar';  
− Local of the qanat with reference to its local name;  
− Name of the owner;  
− Depth of the mother-well (according to MOJA);  
− Length of the qanat;  
− Use (irrigation, domestic etc);  
− Water output (lit/sec) and annual output;  
− UTM of the mid-depth well.  

The Foundation also produces three-dimensional topographical maps which enable 
researchers to study the qanats from the mother-well to the 'rnazhar' and assess the reasons 
for the selection of its location and its distribution patterns (Chart118). 
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Chart 118. Topography of Bam and Baravat lands as well as wells ofthe qanats 
Source: Mokhtari, E. Brkhordar. A. A. "Qanats of Bam ". 2006. p.150 

 
 
A topographical survey of the Bam and Baravat regions shows that the slope of the land is 
towards the east, which is why the qanats in this region extend from the west to the east 
(Figure19). The Foundation intends to incorporate data from aerial photos onto the map of 
new and ancient qanats for further information (map74). 
  

 
 

Figure 20. Three dimensional map of Bam showing faults in red and seasonal rivers in blue  
Source: Mokhtari, E. Brkhordar. A. A. "Qanats of Bam ". 2006. p.151 
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Map 74. Map including newer or destroyed qanats as well as gardens and seasonal rivers  
Source: Mokhtari, E. Brkhordar. A. A. "Qanats of Bam ". 2006. P.151 

 
 

Hydrology and Hydrogeology 9F

10 

1. Introduction  

The city of Bam is located 193 km south-east of its provisional centre, Kerman. The whole 
Region of Bam has an area of over 17,000 km2, of which less than 1/10th low altitudes 
flatland the rest is mountainous. This city is at an altitude of 940 m from the sea level and has 
an arid climate. The people of Bam are mainly farmers and date palms play a vital role in 
their lives and share the leading consumption of the irrigational water of the area. The 
following table indicates the agricultural production rate of Bam per hectare in 2002-2003. 

Product Cultivate area 
(hectares) 

Production rate 
( Metric tons) 

Garden Products 30,278 195,467 

Field Crops 23,490 205,641 

 

Ground water is the most reliable source of water supply. Nineteen Qanats irrigate Bam; all 
originate from the west and the north-west. These Qanats are called: Abbas-Ābād, Hafez-
Ābād, Salsabil, Najmieh, Mohammad-Ābād, Asad-Ābād, Rahmanieh, Masumieh, Pakom, 
Deh-Shotor, Kakh, Ghanbar-Ābād, Sheikhi, Sobhan-Ābād, Lengi-Fakhr-Ābād, Akbar-Ābād, 
Ameri, MahdiĀbād, Hassan-Ābād and Hossein-Ābād.  

A general overview of the aquifer in Bam:  

According to available records 170 kilometers of semi-confined aquifer is stretched across 
the middle areas of Bam-Narmashir plain, which had been confined, and groundwater flew in 
the form of artesian in the past besides the shallow unconfined aquifer.  

The water table had been accessible at the depth of 85 meters in the north and 32 meters in 
the south at the inlet section and about 3 meters at the outlet section in 1993-95 whereas this 
hydraulic balance is now disturbed due to the decline of the water table.  

                                                      
4. Semsar Yazdi, A. A. Labbaf Khaneiki, M. Dehghan Manshadi, B. 2005. "A Survay on The Qanats of Bam, 
from technical and engineering point of view". Tehran: Hlil Ab consulting engineer. pp 5-15 
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Generally speaking, sediment content in southern Bam-Narmashir basin is less than the north. 
The closer we get to the Barez mountainous; water table goes deeper then nearer to desert in 
the north. Based on an analysis carried out in summer 2002, the EC of Doulat-Ābād Qanat 
had been 297 micromous in centimeter while the Jahr-Sadat-Ābād Qanat suffered from an EC 
of 4,940 micromous in centimeter. One of the reasons indicating this phenomenon had been 
the movement of the groundwater due to hydraulic gradient. This gradient is 30 meters in one 
thousand meters for the south of Bam, the main input front. Eastern region of the Baravat 
fault where water runs towards Narmashir plain through considerable potential difference, the 
hydraulic gradient is 24 in one thousand meters. Also, the hydraulic gradient is 18 in one 
thousand around Rudab and Nessa Rivers' alluvial fans as the main recharge areas of the 
Narmashir basin and in central regions adjacent to Borj, HematĀbād, where Yusof-Ābād the 
area enjoys 306 m gradient in one thousand meters. Generally, ground water flows West-to-
East, Southwest-to-northeast and Northwest-to-Southeast.  

Bam-Narmashir groundwater characteristics:  

Bam-Narmashir sub-basin is located between two chains of mountains in the north and south, 
the recharge is basically carried out from the Barez ranges in the south. Although, northern 
chains do not play a considerable role recharge of aquifer; yet forms an underground wall, 
impounding the aquifer.  

Available records indicate that there is a semi-confined aquifer stretched in 170 km2 in 
central Bam-Narmashir basin. Reports also shows there had been some artesian wells here, 
although, the super gene unconfined aquifer is the prominent water source of the region. Due 
to the decline of the piezometric level, there is no considerable difference between the two 
aquifers, water table now.  

Exploratory drillings show the alluvium thickness in central and southern basin is about 200 
meters; this is much less in the north and in some spots completely degraded such as around 
the ancient Arg mound. Existence of some north-south faults by which the sub-basin aquifer 
of Bam-Narmashir is divided into smaller hydrological units of minor aquifers are features of 
this area. Four important faults are: Sarvestan-Abaraq, Bam, Fahraj Amerieh and Mehdi-
Ābād, which divides the region into five hydrological units. Sarvestan-Abareq fault is located 
in the north western of the basin and isolates the first hydraulic unit. The second hydraulic 
unit is situated between the Sarvestan-Abareq and Bam fault. As mentioned, the fault of Bam 
functions as a barrier preventing out-flows of the water from the area, where the city of Bam 
is situated. The third hydrological unit starts from the city of Baravat between the two faults 
of Bam and Fahr-Amerieh. The Mehdi-Ābād fault which is the boundary between the other 
two hydrological units is located in rather out-flows of the basin in the south-east.  

Abundance of Qanats is another important feature of the Bam basin that still comprises the 
main source of water supply. While Qanats nationally tap 12% of water from underground 
sources, in this region it supplies 52% of total water taped from water table.  

Qanats of Bam can be divided into two main categories according to their length and 
locations. The first group includes most Qanats in the basin, usually more than 5km and due 
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to the gentle slopes of the plains. The other group is those located on sides of the main faults, 
with shorter length. Some qanats of the city of Baravat and of Fahraj fall into this category.  

Regional faults, land formation and structure are the main factors in such a situation. As 
mentioned before, this fault has uplifted the western portions, which has eventually led to the 
accumulation of groundwater in this area. This has raised water table close to surface in the 
west, so that reached the same level as the eastern part.  

Estimation of water table balance in Bam:  

Bam region has an area of 2792.3 km2 including a network of observation wells and adequate 
conditions to perform the task.  

As the seven year hydrograph of the basin indicates, due to the province's exceptional 
precipitation in late 1992, water table throughout the basins, particularly in Narmashir and 
Rahmat-Ābād, increased considerably showing a high rise in the ground water level from the 
months of Mehr (October) to Bahman (March), then declined due to excess water tapped by 
wells.  

There has been a seven-year aquifer loss has been 0.78 meter across 2792.3 km2 from 
January 1993 to January 2000. According to this calculation, the total loss of the aquifer from 
September 1993 up to September 2000, had been 1.03 meters. Bam-Rahmat Ābād basin is 
recognized via the following features:  

1. The protrusions of Kuh-Shah, Oarestan and Chah-Rigan From the north.  

2. Alluvial fans of the rivers named Nessa, Ab-Barik, Gas Bahman as well as Rostam 
Ābād, Mir-Ābād and Ali-Charuk exploration wells in the south.  

3. The regions of Baravat, Haji-Ābād, Doulat-Ābād and RudMoshk in the west.  

4. The villages of Ali-Ābād, Deh-Esrnaeil and Oashtook in the east. 

 

Hydrodynamic Coefficients:  

To calculate the ground water balance of a basin, one needs the coefficient of hydraulic 
conductivity, which is accessible by using the results of the pumping tests carried out 
applying exploration wells.  

Some eleven-exploration wells were dug in 1972 for the first time and the pumping tests were 
set up in 1974 and 1980. Following that, pumping tests were carried out on eight new wells in 
1986. Four other wells were dug in "Rygan" and "Chah-degal" regions in 1994 the water of 
two of the wells was pump tested. Finally, in 2000. Pump tests were carried out on 25 wells 
the outcome of which was as follows:  
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x y Location Pumped well depth T m2 /day 

639595 3222170 Nartii 60 691 

654206 3224979 Dazestan BaJa 150 1131 

666630 3223881 Darcstan BaJa 150 831 

670555 3216494 Asadieh 250 1330 

663241 3208530 Dasht-Ābād 120 1560 

657031 3209079 Vakil-Ābād 120 1567 

640485 3203592 Dolat-Ābād 150 1127 

646429 3189359 Taj-Ābād 150 1646 

656008 3195050 Zarin-Ābād 120 1775 

664300 3199669 Kamranieh 200 1585 

670748 3207026 Zia-Ābād Asadieh 260 1538 

670742 3201871 Aziz-Ābād 180 1503 

681477 3195745 Zeid Ābād 150 881 

681065 3188303 Borie Dashtoeich 120 805 

686230 3199479 Firuz-Ābād Fahrai 100 2583 

688280 3194780 Ali-Ābād 60 796 

678855 3211600 Shur-Ābād-Nur Mohamad 170 1024 

657855 3225815 Darestan 150 790 

681260 3177617 Dolat-Ābād 50 1002 

691193 3185217 Asad-Ābād-Anzuri 90 1960 

703139 3187480 Arazie-Karim-Ābād 80 2458 

703466 3175222 Arazie-Rizan 100 2648 

713445 3177931 Baaher-Ābād- Poshte-Rig 120 2129 

693539 3170583 Hossein-Ābād-Shahkal 80 2174 

650068 3204535 Mohamad-Ābād-Sheikh 110 1520 

 

Regional ground water recharges sources:  

Various means of recharge of ground water in the Bam region are referred to in the following 
description:  

Precipitation direct infiltration  

Bam has an average annual precipitation of 240.5 millimeters of rainfall in mountainous 
slopes and 60.4 millimeters in plains. The short length of rainfall, scarcity of precipitation as 
well as high evaporation and dry winds in the desert are the main causes of inadequate 
recharge of aquifers in the region.  
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Fashkuh (Aduri) River  

The watershed of this river is located in the west of the Nessa Basin. The permanent flow of 
this river has been an average of 75.4 million cubic meters in a seven-year cycle not 
including the flood waters (1993-2000). Fifty percent of the river's water is recharged into the 
aquifer while its flood waters are partially carried through Dagh-Kohorak plain and 
eventually reach the Desert of Kavir Lut.  

A study on the artificial recharge of the Bam basin by this river was carried out in the past 
and eventually a levee benefiting from concrete walls and a spillway were constructed. This 
innovation increased the rate of recharge to 37.7 million cubic meters annually. 

"Nessa" River  

This permanent river originates from the southern slopes of this region and irrigates the 
Rudab farming lands and is recently led to the downstream village of "Terez" through 
concrete waterway. The village of "Terez" is the water distribution point. Diluvia regime of 
this river plays a vital role in the recharge of the aquifer in "Aziz-Ābād" and "Gonbaki". The 
average discharge of this river at "Yalkhari" station in balance periods is 6.149 per second 
whereas the annual discharge rate is 193/901 cubic meters except for the runoffs. The 
infiltration rate of constant regime of the river is an annual average rate of 77.6 million cubic 
meters.  

Due to the distance from the outflow of the plain, the runoffs scarcely penetrate into the river.  

In total, %40 of the river water is recharged across the balance area which can be detected 
due to water table management project carried out by which the aquifer has been affected to a 
considerable extent.  

Gas Bahman River  

It is the most important ephemeral stream running from February to May enjoying a 
discharge fluctuation of one to six cubic meters per second. The total discharge rate of this 
river is 25 million cubic meters except for the runoffs. This river recharges the outflow of the 
Bam basin and the inflow of "Rahmat-Ābād". No hydrometer station or measuring scales 
have been considered for this river.  

Farmland and stream water infiltration  

Streambeds and irrigated lands are the effective means of infiltrating some 175.5 million 
cubic meters of water estimated according to the following formula: 

m3/year 175435800 = 0/2 × 106 × 877/179 = RW  
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Estimation of the inflow  

The inflow of the balance area is mainly supplied by Tahrud, Fashkuh, Nessa, Gas Bahman, 
Kenar-ney and Ab-Barik rivers as well as the run offs of the south western slopes. To 
estimate the inflow, four zones of A, B, C and D have been considered.  

A: This area is located between the level lines of 960 and 980 in the north west of the inflow 
of the basin whose conductivity coefficient (T) was gained through the exploration well No. 
one, Jihad Sazandegi well, irrigating well of sufi-Ābād, fresh water well of sufi - Ābād. Then, 
the average hydraulic conductivity coefficient was calculated through the following relation: 

TM= 691 + 660 + 850 + 650 + 1500 + 1530 = 9,800 m2/day  

                                   6  

B: This area is located in the southwest side of the basin inflow between the level lines of 780 
and 800.  

The conductivity coefficient rate of the area has been calculated applying pumping expedition 
and discharge wells of Zarrin-Ābād, Taj-Ābād, Dowlat - Ābād, Mohammad - Ābād Sheikh, 
Vakil Ābād, Moshk and Ghasem-Ābād and then the average conductivity coefficient has 
been illustrated through the following formula.  

TM = 1775 + 1646 + 1520 + 1567 + 2155 + 2200 = 1880 m2/day 

6 

C: this area is situated in the south of the basin between 700 and 720 level lines. The 
conductivity coefficient rate of the area has been calculated applying pumping expedition and 
discharge wells of Arjomand, Mahidasht, Aziz - Ābād, Borj - e - Dashtu and Zeid Ābād. The 
following formula shows its average conductivity coefficient: 

TM = 2000 + 690 + 1503 + 750 + 881 + 805 = 1105 m2/day  

6 

D: The EC. Of the exploration and pumping wells of Hossein Ābād, Shahkol, Asad - Ābād, 
Anguri, Mir - Ābād, Rigan, RostanĀbād, Ali-Charak and Bagher - Ābād Posh - e - Rig has 
been calculated as follow:  

TM = 2174 + 1960 + 2200 + 2648 + 3830 + 2129= 24900 m2/day  

                                         6 

The area of "D" is located between the level lines of 580 and 600 whose upstream rivers 
comprising Nessa, Ab-Barik, Gas-Bahman and Jebale-Barez feed the aquifer. So, there is no 
water mining in this area. Fortunately, no observation or exploration wells have been created 
and due to the mother well limits no drilling has been done since 1980. Therefore, the 
extension of the level line adjacent to Rostam-Ābād and Mir Ābād observation wells has been 
taken into consideration.  
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Consequently, the estimation of the input is accessible by means of the following formula in 
that region: t ×T × n × a = Qm  

a : indicates the differences in balance line figures,  

n : the squares  

T: Ec 

t: estimated period. 

 

Zone n a T (m2/day t Qm 
A 10.5 20 980 365 106 × 75 

B 13.5 20 1810 365 106×178 

C 15.5 20 1105 365 106×125 

D 10.5 20 2490 365 106×191 

TOTAL 106×569 

 

As mentioned, the recharge in "A" and "B" zones is more than the other areas due to the 
proper water table management project in Gonbaki and Gaz-Bahman and Nessa River's inlet 
since 1994. Artificial recharge projects have also been carried out on Fashkuh River as well 
as Abareq recharge dams and the Tahrud downstream very conveniently. The impact of these 
projects on piezometer observation wells, Qanats and pumping wells should be taken into 
consideration. 

 

Regional groundwater discharge structures  

As mentioned, water is recharged by means of various phenomenons. However, it is 
discharged again through some structures, the most prominent of which are following:  

 

Discharge by Qanats and wells  

The water discharged by Qanats amounts to 457.2 million m3 and deep and semi deep wells 
420 million cubic meters (mm3) per year. So, a total figure of 877.2 million cubic meters is 
exploited. 

 

Ground water evaporation  

This phenomenon is more detectable at the marginal areas of Shur River (Dashtuk) due to the 
vicinity of water table to the surface which fluctuates from one to three meters. Considering 
the ten percent potential vapor-transpiration estimated 1800 millimeters annually according to 
Tork formula as well as 30 square kilometers of area, the evaporation rate of the region has 
been calculated as follows: 

El=1800 × 10
1000

 × 106 =5/4 × l06 m3/day  
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Discharge by Fahraj and Shur Rivers  

Fahraj River is fed by the basin aquifer as a drainage channel. The length of the river is 20 
km from the first seepage with an average width of 250 meters. Considering 1,800 millimeter 
annual evaporation, the total rate is as follows: 

E2=250 × 20 ×1800×106=9×106 m3/year  

Shur River plays the role of a groundwater spillway, and is extended to the margins of the 
basin in Deh-Reza, Chah- dugol and Lut-Zangi. This river is fed by the drainage of the area 
and escapes from the balance basin in the form of evaporation and penetration. It is 37 km 
long and 60 meters wide.  

Regarding the 1,800 mm rate of annual evaporation of this river, the following formula is 
gained: 

E3=60 × 37 × l800 ×106=4 × 106 m3/year  

Estimated total evaporation of the basin is as follows:  

E=EI+ E2+E3=5/4 × 106 + 9 ×106 + 4 ×106 =18/4 ×106 m3/year  

 

Groundwater and surface outflow of the basin  

In southern part of the region (Shur River) groundwater is partially conveyed through the salt 
desert (Lut-kevir). Examinations carried out on some of the pumping wells of the area 
suggests that, if the average transmissibility coefficient of the basin is 600 m2 per day, and 
thickness of saturation layer and deposit species with the output section width of 25 km and 
hydraulic gradient of 2.5 in one thousand, the following discharge can be estimated, as 
follow:  

Qout = 25000 × 25
1000

 × 600 ×  365 =13687500 m3/year 

The surface outflow of the basin is carried out by Shur and Fahraj Rivers. The average 
discharge of Shur River is estimated to be 75 and Fahraj River 15 liters per second. 
Consequently, 4.2 million cubic meters of water by Shur and about 0.7 million by Fahraj 
river which is a total amount of 4.2 million cubic meters of the water flowing towards the 
desert.  

 

An overview of the water balance of the basin  

The following equation indicates the estimated balance of the area:  

Rs + Rut + Rw = Ds + Du + Dw + E + /ΔV in which  

Rs = surface water infiltration  

Ru = inflow ground water  

Rw = irrigational and river water infiltration  
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Ds = basin outflow (runoffs and drainage)  

Du = Groundwater discharge  

Dw = Qanat and well discharge  

E = Groundwater evaporation  

ΔV = Groundwater fluctuations  

According to the above equation the following figure for a stretch of 2792/3 km. is gained:  

ΔV = -29.6 × 106 mm3 

As witnessed, 29.6 million m3 disturbs the hydraulic balance of the basin over mining in 
1999-2000. Statistics show that 187 new deep wells were dug in these regions in 1993-1994, 
whereas, 51 Qanats were abandoned simultaneously due to the decline of water table, lack of 
renovation and not being economical to dredge, their discharge of 483×106 m3 in 1993 
reduced to 457×106 m3 in 2000 and this declining trend still continues. Qanats are still the 
main sources of water supply in the region. Digging of deep wells jumped three times since 
1980 before restrictions on digging of deep wells were imposed by the parliament. 

The excess water tapped 1980 to 2000 was estimated to be 7 mm3 per year Bam hydrograph:  
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2792.3 52 730.61 730.64 730.75 73088 731 731.074 731.08 731.17 731.05 730.99 730.88 730.86 93-94 

2792.3 52 730.5 730.53 730.66 730.73 730.78 730.84 730.8 730.81 730.83 730.57 73076 730.81 94-95 

27923 52 730.61 730.67 730.68 730.75 730.75 730.8 730.81 730.78 730.72 730.63 730.51 730.52 95-96 

2792.3 52 730.34 730.41 730.48 730.56 730.6 730.65 730.39 73062 730.55 730.515 730.49 730.27 96-97 

2792.3 52 730.49 730.36 730.39 730.45 730.43 730.62 730.52 730.43 730.35 730.29 730.27 730.25 97-98 

27923 52 730.216 730.25 730.34 730.36 730.4 730.45 730.45 730.4l 730.33 730.35 730.35 730.37 98-99 

27923 52 729.83 729.797 729.952 730.137 730.146 730.13 730.412 730.396 730.346 730.302 730.292 730.258 99-2000 

Table 212.Bam hydrograph. 
Source: Semsar Yazdi, A. A. Labbaf Khaneiki, M. et al. "Qanats of Bam ". 2006. p. 116 

 
 

No. Name of Qanat  Mother well deep 
(m) 

Length 
(m) 

Discharge 
(l/s) 

Annual runoff  Volume 

m3 
1 Akbar Ābād 44 6900 168 5,298,048 
2 Nowruz Ābād 62 6900 188 5,928,768 

3 Ghasem Ābād 44 2300 158 4,982,688 

4 Saeid Ābād 44 5800 77 2,428,272 

5 Ghonād 59 4100 23 725,328 

6 Hāj ali 71 6200 6 189,216 
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7 Mohammad Ābād 44 2900 41 129,2976 

8 Mahdi Ābād 52 2900 53 1,671,408 

9 Kohneh 61 3800 54 1,702,944 

10 Hashr-Ābād 53 4800 93 2,933,848 

11 Gardoun 48 2700 41 1,292,976 

12 Rashidi-Barz 82 5800 11 346,896 

13 Hossein Ābād-Jahr 42 2100 90 2,838,240 

14 Hossein Ābād-Barz 51 2900 39 1,229,904 

15 Sharik Ābād 34 1900 53 1,671,408 

16 Kenaru-Jahr 109 2900 10 315,360 

17 Rashidi-Jahr 44 4900 18 567,650 

18 Vakil Ābād 66 5200 66 2,081,376 

19 Dolat Ābād 102 4200 33 1,040,688 

20 Mirzaei 41 4900 14 441,504 

21 Ghaem Ābād 49 7100 23 7,253,280 

22 Allah Ābād 52 6200 14 441,504 

Table 213. Specifications of Qanats of Bam 

 

A glance at the Qanats in Bam   

Bam basin presents suitable conditions for digging of Qanats, topography and aquifer 
characteristics being the main ones. This plain comprises alluvial layers of more than 150 
meters thick, which preserves a considerable amount of water in the form of water table. 
Drainage forms %50 of the basin where no mining activities are carried out and this equation 
between the plain and the drainage basin is of the advantages this region benefits from 
extensive alluvial fans in the west, south and southwest and convenient hydraulic gradient 
have caused very suitable conditions for Qanats. Northern mountains also are the focal point 
of the aquifer recharge. As mentioned, there are four major faults in the region to divide the 
ground water to five hydraulic units so that every group of Qanats is discharged by means of 
an independent unit. The faults along impervious layers have brought about relative stability 
of the aquifer. So the advance of a group of Qanats towards the other group with different 
hydraulic unit causes no problem. The following diagram indicates this claim:  
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Figure 21. general position of Qanats in Bam 

Source: Semsar Yazdi, A. A. Labbaf Khaneiki, et al. "Qanats of Bam ". 2006. p.117 

 

To have a picture of Qanats in Bam, the ranges of specifications of Qanats are as follow: The 
lengthiest Qanat in Bam is the Qanat of Badr-Ābād with the length suggested to be 18.3 km , 
and the shortest is the Qanat of Tidumich with some 32 m of length. Ferdows Gombaki Qanat 
with Mother Well being 5 meters deep has the lowest depth, and the well of Hossein-Ābād-
Abaraq with some 132m of depth is the deepest in the region. Range of discharge is between 
1 l/second in the Qanat of Morād-Ābād-Chadegal, and Qanat of Deh-Shotor with some 275 
l/second. Qanat of Dolat-Ābād- degombaki has the minimum of EC of (297) and of Jahr-
Saadat-Ābād has the maximum with 4,940 EC.  

The mentioned hydrological units are drained by Qanats and their water is partially recharged 
through farmlands and orchards. Qanats, therefore, do not inflict any damage the water table. 
However, accessible statistics do not promise a sustainable operation of this hydraulic system 
due to a high number of deep wells in spite of legal restrictions. So, the water table is 
declining, the mother well galleries are becoming longer so that up to 250 meters is the length 
increase of each Qanat per year. Nevertheless, about 170 Qanats have been abandoned by 
2002. The stockholders of these Qanats have applied for deep wells and some have received 
permits so far.Therefore, the Qanat discharge of 456408788 million cubic meters per year 
decreased to 338384657 in 2002. The average discharge of Qanats in Bam is 37.6 l/second 
while it enjoys considerable fluctuations owing to the aquifer recharge. The following chart 
illustrates this change from 1970 till 2001. There are different statistical data concerning the 
number of Qanats in Bam. In 1973 they were estimated 283 whereas in 1993 they were 
announced 451 qanats. This increase seems not to be reliable since a considerable number of 
Qanats dried up during these years. The statistical increase concerning the number of Qanats 
is based on two following evidences:  

1. In 1973 the mountainous Qanats had not been statistically included because they did not 
affect the basin water table very much (according to the concerned officials);  

2. All the Qanats in Rāyen were then added to this list.  
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Appendix V: Practitioners of Qanat (Local Moqannis) 

 

Interviews with Local Practitioners1 

Underground mining is one of the oldest jobs that humans started to do some 40000 years 

ago. "Underground mining involves quite a number of both technological and cognitive 

preconditions. To begin with, it requires a preparedness to enter an alien environment which 

most animal species avoid, or the behavioral flexibility to manage a perhaps genetically 

determined cortical response pattern to fear of caves. This already provides considerable 

insights into the level of conscious decision making required in this context. Next, most of 

the underground work presupposes the availability of artificial lighting, and there is some 

evidence of lamps and torches having been involved in these quests. It is also obvious from 

several of the sites that the mining activities must have been team work, involving at least 

two or three people, who no doubt had to co-ordinate various aspects of their efforts. We 

know that a variety of mining tools were involved at that very ancient time and we can 

assume that items such as pointed, perhaps fire hardened wooden wedges were prepared 

outside the cave. At a few sites there is evidence of the use of scaffolding. Which would 

imply even more planning? Some of the caves are of quite difficult access, and the sheer 

logistics of the mining operations conducted in them must have involved engineering skills 

of an order of magnitude few archaeologists would be currently prepared to credit any "pre-

Upper Palaeolithic" people with" (G.R. Morton, 1996).  

Tens of thousands of years of underground mining history accumulated a heritage of 

traditional know how which has been handed down from generation to generation. This 

traditional knowledge has been acquired through thousands of years of trail and error as 

well as through an intuitional cognition the ancient man had toward nature.  

This part is just a sample of documenting the knowledge and expertise of the traditional 

qanat masters who are on the verge of passing away. During the last decades, the advent of 

new technologies broke the chain of traditional know how which was once handed down 

from father to son. Nowadays it is very difficult to find a qanat master whose profession has 

been adopted by his son. The qanat masters' offspring see this profession as menial job and 

prefer to lead an easy life rather than make their father's job their busyness. Therefore 

documenting this tangible and intangible technical legacy, would protect it completely. The 

following interviews we had with some prominent qanat masters in the province of Yazd 

encompass the most frequent questions about qanat construction and maintenance. Also in 

this section some of moqannis from different Provinces are presented whom are the 

representatives of large number of moqannis in Throughout of this land. 

                                                           
1. Semsar Yazdi, A. A. Labbaf Khaneiki, M. "Veins of Desert: A Review on The Technique of Qanat/ Falaj/ Karez", 2010, 

Publisher: IWRMO (Iran Water Resources Management Organization)/ chapter 6/ pp. 227-300 
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Ali Moghani Bashiyan  

This great man who has complete proficiency in Qanat issues was born in 1926 in Ardakan 

which is a township in the province of Yazd. He does farming & animal breeding besides 

the Qanat work. He has worked in the province of Fars too. 

  

1. How do you know where to construct a qanat?  

The best place is near an extensive alluvial fan on a favorable slope; a good example is near 

Shirkooh Mountain, which bas an aquifer stretching from the foothills to the plain of Yazd 

Ardakan. The upslope qanats bring water onto the cultivated lands above the second group 

of qanats and so on. After finding the best spot, we sink three trial sbafts in a row 500-700 

meters apart; these reach the water table at varying depths and this means that we can 

estimate the hydraulic gradient and anticipate where the horizontal tunnel and the surface 

will intersect.  

 

2. What does the distance between the shafts depend on?  

The distance between the shafts depends on their depth; in most cases the distance between 

them is twice their depth, more if a well is sunk in hard soil and rocks. For example a 30 

meters well sunk in rock may be 70 or 80 meters away from the next well.  

 

3. What is the diameter of a well?  

A normal well is 60 cm in diameter, but a very deep well could be 90 cm to provide 

ventilation. It was common to use a pick axe with a 30cm handle to measure out the 

diameter of the well, rotating it on its pick like R compass to draft the circumference before 

digging.  

 

4. How do you dig shafts in a gallery running below the groundwater level?  

We dig downwards to prevent water from seeping into the well and accumulating. By 

digging overhead we ensure that water flows along the tunnel to the surface as soon as it 

seeps.  

 

5. How do you keep the gradient of the tunnel constant?  

The water level should always be up to our knee and when it goes above we know that the 

gradient has changed. The width of me tunnel should be about 60cm and the height should 

be 1.5 to 1.75 m high. 

 

6. How do you construct qanats that run on two different levels and intersect each other?  

No qanat should run under the water production section of another qanat otherwise the 

lower one would drain the available groundwater from the upper one. To determine whether 

a qanat cuts under the water production section we gouge a hole in the wall of the gallery to 

see if there is any seepage in it. If there is none we allow the lower qanat to keep making its 

way upslope. Sometimes we connect the two qanats with a well called a "gozare". 
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7. What is "tahsoo-bonsoo"?  

Sometimes the groundwater level sinks so fast that the qanat practitioners have no 

opportunity to extend the tunnel but have to deepen it. If the water table declines so far that 

even deepening the tunnel no longer works, they start to dig another tunnel under and 

parallel to the old one. They use the shafts of the old qanat to do this and the practice is 

known as "tahsoo-bonsoo".  

 

8. What is "raff"?  

"Raff" is a small niche dug into the wall of a tunnel to put our stuff in. 

  

9. What do you do when you come across a dangerous creature like a snake or scorpion, or 

even poisonous gas? 

Snakes are very common and we kill them if we find any. Apart from snakes there are few 

creatures in the active qanats. If we come across gas we dig two wells five meters apart and 

joined by short tunnels. These are called "jofte-badoo" and they facilitate the circulation of 

fresh air in the tunnel. They are not normally needed in the water production section.  

 

10. How do you protect a qanat from the flash floods?  

If a shaft has been sunk in the middle of a valley that is subject to seasonal flash floods, we 

have to protect it. First we line the wells with brick, stone and cement from the bottom to 12 

meters below the surface, where a concrete lid is installed. From here to the surface the well 

is filled up with cement, lime, clay or brick to prevent surface runoffs from leaking into the 

well. We always line the shafts to prevent them from crumbling.  

 

11. How do you reduce percolation in the water transport section?  

In sandy soils. We mix soft clay with water and knead this mixture before spreading it on 

the floor and trampling it to fill up and seal any tiny cracks. We call this practice "koor 

kardane cheshm-e zamin"-"blinding the earth's eyes". If there are many cracks we also use 

ceramic or concrete hoops. Most of the qanat masters avoid doing this laborious business 

unless they have no choice.  

 

12. What is "ab-harzi"?  

"Ab-harzi" means checking the tunnel to see if it is clear. It should be done once or twice a 

year but the intervals between "ab-harzis" depend on the type of ground the qanat cuts 

through as well as its length. To undertake this workers walk the tunnel from its exit point 

to its mother well. They take turns climbing down the qanat and walking along its tunnel 

until the job is finished. 

  

13. How can you save qanat water in winter when it is not needed for irrigation?  

In our region water is never left useless and it is not true that the qanat water is wasted in 

the winter. Instead it is used to fill reservoirs or irrigate particular crops. For example the 
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qanat of Sadr Abad is used to fill the reservoirs of Ardakan and the villages Tork Abad and 

Ahmad Abad while the water of the qanat of Nosrat Abad irrigates pistachio orchards. We 

use "goorabs", or traditional dams, to harvest seasonal runoffs and help them recharge 

aquifers. 

  

14. How can we revive qanats which have been abandoned?  

Unfortunately, there is no hope for such qanats unless all the pumped wells surrounding 

them are shutdown. There are also very few places to build new qanats as all the good 

places have been used.  

 

15. Which is more effective, extending or cleaning a qanat?  

That depends on the condition of the qanat, if it is in soft soil and therefore prone to 

collapse, then dredging is better.  

 

16. What is a "mirab"?  

The "mirab" is in charge of dividing the water among the farmers, an incredibly important 

position in arid land communities, so he must be of good character, honest and reliable. The 

farmers allocate a portion of their water shares to cover the wages of the "mirab" and his 

assistants - for example the "mirab" may claim an hour of irrigation time per week from a 

fanner in return for his services. The money that is collectively used to finance the qanat, 

which is called "nafaghe", is separate from the "mirab's" fees. 

  

17. What is "maghsam"?  

A "maghsam" is an outlet built across a ditch to divide water which is used where the output 

of a qanat is considerable and two or more villages are entitled to water.  

 

18. What if somebody does not want your qanat to run across his land?  

In the past it was impossible to stand up to powerful landlords but after land reform, when 

lands were redistributed among the peasants, a qanat could run across the lands of several 

small owners. Therefore it has become necessary to negotiate with several people while 

extending a qanat. If we don't succeed with everyone we have to file a complaint; in most 

cases the law is on our side, because every qanat has a bound in which nobody has the right 

to cultivate or build anything. The court may even force the owner or owners to sell us this 

land for a fair price. If a qanat is very deep it is not necessary to envisage a bound for the 

gallery. But we must still be careful not to damage the shafts by cultivating or building 

above them. 
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Hassan Karami  

This hard working practitioner was born in 1908 in Majumerd on the outskirts of Ashkezar, 

a township in the province of Yazd. He has worked in Qanats since he was 9 years old. His 

poetic nature attracts everybody. He has worked in Sistan & Bluchestan & Khorasan for 

many years.  

 

1. Why do qanats dry up?  

Ancient qanats from Zoroastrian times dried up naturally as the groundwater was depleted 

or because they were abandoned. Now the main reason is pumped wells. These should not 

be a problem if they are drilled far from the qanats but if they are within the boundary, they 

are very bad. In fact, if we are really concerned about qanats we should fill in the wells 

within the boundaries of qanats and wait for groundwater to filter into the qanats. But this 

process may take several years and we need to work on the qanats now. One of the most 

significant events as far as qanats are concerned was the land reform after the Revolution in 

1979. This led to the annihilation of qanats as landlords moved to the cities and no Longer 

cared about the qanats. The peasants who took over feudal lands could not afford to pay for 

the maintenance of the qanats, so many were abandoned.  

 

2. How can we preserve the qanats that are still active, for example mountainous qanats?  

First of all we should not drill any more wells nearby. For example in Ali Abad there are 

nine qanats which are still active because there are no wells nearby. In the past qanats were 

excavated so skillfully that they did not affect existing ones nearby. All qanats ran in the 

same direction and at the right level so that hundreds of qanats could exist side by side 

without damaging each other. Qanats that have become dry because of wells cannot be 

saved but those that still have water in them can be extended as this helps to prolong their 

productivity. 

 

3. Would it have been better to build 50 qanats than drill 100 wells in Yazd?  

No, there is no room here for new qanats and the water table bas dropped so much that we 

cannot reach the groundwater even at 100 meters. All we can do is to extend the existing 

qanats to increase their discharge, although the water they provide can no longer meet the 

needs of the growing population.  

 

4. Is it true that the qanat of "Ebni" is the oldest in Yazd?  

Yes. This qanat has rectangular wells, which shows that it is very old. We call such wells 

Zoroastrian wells because at the time that they were dug Iranians were Zoroastrian. 

Rectangular wells make it easier to find the right direction underground without navigation 

tools but they create more debris so after navigation tools were invented, people stopped 

digging rectangular wells. There are also rectangular wells in "Kasnaviye" and 

"Nosratabad".  
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5. What is a "rassi" and how is it used?  

A "rassi" is a wooden stick with two stones suspended from each end. The stick is placed 

over the mouth of the well pointing in the direction of the gallery and the stones are allowed 

to fall down the well so that the ropes form a plumb line. To keep the tunnel straight we put 

a light behind us and we turn back once in a while to check. If the light fades we are going 

in the wrong direction. 

 

6. What is the first thing which should be done to construct a qanat?  

First we dig two wells of the same depth with the bottoms parallel to the horizon. If the 

water seeping into the wells is of the same level, we have to dig a very long tunnel to bring 

the water to the surface, and we usually don't bother unless the qanat owners don't care 

about money. 

 

7. What is a "goorab"?  

A "goorab" is an earthen dam for harvesting water to recharge an aquifer. The word consists 

of "goor" which means grave, and "ab" which means water. A "goorab" should be built 

above the qanat's mother well. During the rainy season the runoff builds up behind the 

"goorab" and gradually seeps into the ground. Sometimes a "goorab" is more useful to a 

qanat than extending the tunnel. For example there are two "goorab" above the qanat of 

"Sadigh Abad" that constantly drain an eight liter per second, although its tunnel is never 

extended.  

 

8. Is it true that, the gradient of the tunnel should be 2:1000?  

The gradient can be 1:1000. If the tunnel is too steep, the tunnel may go over the water 

bearing zone without meeting groundwater and even if it does the water would flow so fast 

that it would erode the tunnel.  

 

9. How can you prevent winter water being wasted?  

Where the qanat cuts through hard soil, it is possible to build an underground dam - such as 

the one in Shahr-e Babak. This is a brick wall built across the tunnel where the water 

production section ends and the water transport section begins. There are four outlets sealed 

with bricks and when the farmers need water they just pull the bricks out. This technique 

cannot be used in qanats running through soft soil, because the buildup of water can damage 

the structure. In order to seal the floor of the qanar we spread a layer of soft sill on the floor 

of a tunnel and trample it under our feel so that the mud filled every crack. We try not to run 

a qanat across a river bed as the wells can be damaged by flash floods, but if there is no 

alternative then we seal the mouth of any well with a concrete lid and lime cement.  

 

10. How do you know if a place is suitable for qanat construction?  

First we check if there are any foothills to provide an appropriate gradient, for it is not 

possible to dig a qanat on flat ground. We can also see from the vegetation if there is a good 
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supply of groundwater and its quality. However the best indicator is a borehole. There is a 

poet who wrote that, "The value of hearing is never the same as that of seeing" and we can 

hear the underground water in a good spot. When we have found the right spot we dig to 

about 50cm below the water level. 

  

11. How do you designate the boundary of a qanat?  

There is no law determining the bound of a qanat as it depends on the type of soil it runs 

through and other factors such as its depth. For example if a qanat is in hard rock, we can 

dig another qanat just 200 meters away.  

 

12. How far apart do you dig the wells?  

In most cases the distance between the wells is equal to their depth. For example is a well is 

50 meters deep it is 50 meters away from the next well. The deepest well I have ever seen 

was 80 meters deep by the qanat of Sadr-Abad. The maximum distance between the wells 

can be twice their depth. If the wells are far away from each other, we have to dig the twin 

wells in order to ventilate the tunnel. The well is at least 78cm in diameter to allow room for 

the well digger. He will use a short handled pick for this work and will climb up and down 

the well using niches dug into the side of the well, forming a kind of ladder. Known as a 

"paraf".  

 

13. How many people are on a work team?  

There are always at least three people but this can go up to eight if the excavation of the 

tunnel and the wells is done at the same time: two people on the pulley, two for moving the 

debris, two for digging the tunnel and two for digging the wells. If the rock is hard, there are 

more people digging and fewer removing debris.  

 

14. What is the difference between the water transport and the water production sections of 

a qanat?  

There is no sediment on the tunnel walls of the water production section because of the 

seepage, but there is in the water transport section of the qanat. The length of the two 

sections depends on the type of soil through which the qanat is being dug; the softer the soil, 

the shorter the water production section. 

  

15. What types of pick do you use to excavate a qanat?  

We use L-shaped picks with sharp curved points and a wooden handle and these vary 

slightly with the kind of digging that we will be doing. We use a pick that weighs 2-3 kg 

and has a 40-50 cm handle to dig the end of tunnel. For dredging and cleaning up the 

bottom of the tunnel, another pick is used that weighs 3-6 kg and has a 90-100 cm handle. 

 

16. What about the buckets?  

In the past buckets were made of goatskin not of cow leather, because leather was so 

expensive. Nowadays we use rubber. A normal bucket is 25 cm wide and 60 cm deep. In 
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order to keep. The mouth of the bucket open we put a stick on rim, turn the rim back over 

the stick and sew it, so that the stick forms a ring. When we used leather the hides were 

soaked in a mixture of water and lime, before being tanned and then soaked in water and 

pomegranate skins. It cost us 0.1 cent for five tanned goatskins but the buckets tore every 10 

or 20 days, so we often had to buy new ones. 

  

17. And the lamps?  

Nowadays we use carbide lamps, but 60 years ago we used lamps fueled by castor, cotton 

seed or arugula oil. Animal fat was too expensive and produced more smoke. We would 

place a spare lamp in the tunnel on a special shelf in the wall of the gallery.  

 

18. What kind of rope do you use?  

The best one is "sazoo" a very strong rope made of palm fiber; a 20 meter long sazoo costs 

about 0.5 cents a meter. In the deeper wells we tie two or more ropes to each other to reach 

the bottom. We do not use cotton because it is not so strong and absorbs too much water.  

 

19. What is meant by "saboo"?  

A "saboo" is a small copper bowl with a tiny hole in the bottom that we float in a larger 

bowl of water. Water starts to fill the "saboo" and the time that it takes to sink is a unit of 

measurement for irrigation time. The time it takes to sink the "saboo" varies from place to 

place but in our region it is11 minutes. The person who regulates the "saboo" filling is 

known as the "saboo-kesh" and the person who oversees him is the "mirab". It does not 

matter if the "saboo-kesh" is illiterate as his job is to count how many times the bowl sinks 

in the water and record this on an abacus.  

 

20. Why is the ceiling of the tunnel arched and how do you line the tunnel with hoops?  

The arch means that we have to remove less debris. We line the gallery with ceramic hoops 

by fixing them to the walls and stuffing the gap between the hoop and wall with stones and 

rubble. Sometimes we have to chip sediment off the hoops with a small pickaxe. The hoops 

help to strengthen the walls and ceiling of the tunnel and they are made of baked clay or 

concrete.  

   

21. How many hours a day did qanat workers used to work? 

Those who were in charge of removing the debris and working with the windlass worked 

for 12 hours a day, even eating below ground. But the qanat master who dug the tunnel 

worked for six hours. The main reason that workers went up in the middle of their work was 

to pray. We used to eat barley bread and sometimes wheat bread. Sometimes the people on 

the surface put a loaf of bread in the bucket and this was all we had for lunch. When we 

were working far from town we would build a camp underground called a "bookan" and 

stay there until the work was finished.  
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22. What kind of clothes did the workers used to wear?  

We used to wear a simple white clothe made of canvas. It looked like a shroud and we used 

to say that as our work was so dangerous we were prepared for death! 

  

23. Have you ever had an accident at work?  

About 75 years ago, when I was working in the qanat of Haji Salih as a "gelkesh" 

(somebody in charge of hauling debris), part of the tunnel collapsed on top of me. I was 

lucky that my head remained out of the rubble. Despite the terrible pressure my body was 

under, I could still pull myself out. Another time I remember I was being pulled up the well 

and just as I grabbed the rope in the middle of the well I sensed something heavy rush past 

me almost touching my face. It was dark and I could not see anything but a few seconds 

later I heard a terrible thud from the bottom of the well. Later I learned that someone had 

knocked a huge boulder down the well by accident. Another incident was in the qanat of 

Ya'qoobi. I was told that somewhere in the tunnel the surface runoff was penetrating the 

qanat so I had to go down the well to fix the problem. When I was walking along the tunnel 

in search of the crack I sensed the ground shaking under my feet. I ran back and got out of 

the qanat as soon as possible. What I saw on the surface shocked me. There was an 

incredible flood rushing over the same part of tunnel that I had been in and moments after I 

had escaped to the surface, the place where I had been walking was swept away. Thank 

God, I was not there then.  
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Ahmad Zahedi  

Mr. Zahedi who is a veteran Qanat expert was born in. 1936 in Shamsi on the outskirts of 

Meybod. He apprenticed this career to his father some 50 years ago. He has worked in 

numerous Qanats in the province of Khorasan too. Ten people are practitioners in his 

household now. 

 

1. How do you decide where to construct the qanat?  

Broad alluvial valleys with thick sedimentary layers and solid bedrock are the best sites for 

qanats. We analyze the soil, as this affects the quality of the groundwater, and then sink the 

first well in the middle of valley where the two alluvial slopes meet. Then we wait until the 

groundwater has seeped into it.  

We monitor the seepage rate to make sure that the permeability of the surrounding layers is 

adequate to support a qanat, and if it is, we start to dig the next well and the horizontal 

tunnel. If the permeability is not adequate we abandon that well and sink another one 

elsewhere. Alluvial plains are also good qanat sites and we calculate the site for the first 

well by assessing the runoff from the foothills onto the flat land below. If we have to sink 

the well in a mountainous area, it has to be below 1500m so that we can channel the water 

to the surface against the steep gradient.  

It is important to determine the boundary (harim) of each qanat in a certain area to ensure 

that one does not drain water from another. In mountainous areas upstream qanats have a 

negative impact on downstream ones, and this is also affected by the type of soil 

surrounding the qanat. The more permeable the soil the larger the restriction area needs to 

be. The opposite is true on the plains where it is the downstream qanats that affect the 

discharge of those upstream. Another boundary issue occurs when a qanats run across 

farmland as those less than 10m below the surface are vulnerable to irrigation and runoff. If 

the qanat runs through sand and loam, there should be a margin of at least six meters from 

the tunnel to both sides; this can be reduced to four meters if the qanat runs through clay 

and heavy soil. If the qanat is more than 10m below the surface a margin of between six and 

8.5m in circumference should be left round the mouths of the vertical well shafts. 

  

2. What happens when a shaft has to be sunk on someone else's land?  

The landowner's consent is required or we can arrange to buy the land in question. 

Otherwise we have to bypass the land or, if this is impossible and the landowner still refuses 

to compromise, we can appeal to a court. If a qanat under a house or a river, we have to 

reinforce that part of tunnel with concrete. 

  

3. How do you calculate the length of a qanat and the distance between the shafts?  

The length depends on the surface gradient-the steeper the slope, the shorter the gallery of 

the qanat. The distance between the shafts depends on the type of soil and the depth of the 

shafts. The greater the permeability of the surrounding soil the closer together the shafts 

should be.  
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4. How do you dig the gallery so straight and true that it intersects the other shaft well at 

the bottom?  

We used to use a special tool called a "rassi". This is a wooden stick with two stones 

suspended from each end on two pieces of rope. The stick is placed over the mouth of the 

well pointing in the direction of the gallery and the stones are allowed to fall down the well 

so that the ropes form a plumb line. Nowadays we use a compass instead although we have 

to be careful to keep iron tools like pick axes and shovels away from the compass!  

 

5. Could you describe the branches of a qanat and what factors affect their length?  

A side branch (dastak) serves to increase the discharge of the qanat where necessary. Side 

branches vary in length from 10 to 200 meters and the longer ones also have vertical shafts. 

Most qanats have two side branches running in opposite directions, and no additional 

branches are dug while existing branches are in use.  

 

6. How wide are the wells?  

Wells are usually between 60 and 70cm in diameter, less in soft, porous soil slightly more 

(75cm) in hard soil. 

  

7. How high is the gallery?  

The average gallery is 1.25-1.4m high, but this depends on the tools we use. If we use a 

pickaxe, the water transport section of the gallery is 1.2 -1.25m high and 60cm wide and the 

water production section is 1.4m high and 60-75cm wide. But if we use compressor drills, 

the ceiling may reach 1.60m.  

 

8. How long is the water production section of a qanat?  

This depends on the earth surrounding the qanat and the gradient, which is usually 

0.9:1000m, but higher in mountainous areas; this section is usually 1km on the plains, but it 

rarely exceeds 200-400m in mountainous areas. The length also depends on the depth of 

aquifer - the deeper the aquifer, the longer the water production section. 

  

9. What does "tahsoo roosoo" mean?  

"Tahsoo" is the name given to a new tunnel that is dug underneath an existing one, which 

we call "roosoo", when the aquifer is so depleted that the water level sinks and threatens the 

integrity of the qanat. When this happens we first deepen the floor of the "roosoo" runnel to 

ensure groundwater flow, but if we have to dig more than 1.5ro we abandon the "roosoo" 

and dig a parallel "tahsoo". 

 

10. What do you do when the tunnel is blocked by geological formations?  

We dig round it unless it is so big that this is impossible, whereupon we have to abandon 

the planned route and dig another one.  
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11. What about poisonous gases in the wells or gallery?  

We dig two parallel shafts l-1.5m apart and which are connected by small tunnels at several 

points to ease the circulation of air.  

 

12. How do you stop the qanats from flooding?  

First we Line the wells with brick, stone and cement, and then cover the mouth with a 

concrete lid. In mountainous areas, where the wells could be sunk into the bank of a 

seasonal river, we would also build a floodwall along the river. Another solution is to block 

every other well at a depth of two meters.  

 

13. How do you prevent the shafts from collapsing?  

We line the shaft from the bottom to the top with stone, brick and cement and install metal 

rings inside and along the shaft. We also drive around metal mould into the well, and then 

we fill the space between the mould and the well with reinforced concrete and iron rods. 

Sometimes the gallery roof is weak and even caves in so we install concrete scaffolding 

rings to support the tunnel or, if the risk of a cave in is not too great, we line the sides and 

ceiling of the tunnel with pieces of rock.  

 

14. How do you waterproof the tunnel?  

If the tunnel is shallow, we remove the ceiling of the tunnel, line the floor with cement and 

build two walls along both sides. A new method is to use bentonite, 125kg:100m) and 

sometimes even plastic sheets, but these methods can only be used in tunnels which are not 

eroded. Sometimes an earthquake may cause cracks in the tunnel through which water can 

escape. When this happens we fill the cracks with very soft sand or clay. 

  

15. How often do you dredge the tunnel?  

Usually once every one or two years, unless the qanat runs through hard rock, when it's just 

once every 10 or even 20 years. The higher the density of resolved minerals in the water, the 

less often we need to dredge because the minerals form deposits that line the sides of the 

tunnel. We usually dredge the tunnel in the winter, when demand for water is low.  

 

16. What does "ab harzi" mean?  

"Ab harzi" means walking along a tunnel to make sure that there is no obstruction and we 

do it twice a year. 

  

17. What is meant by the "irrigation cycle"?  

Each farmer who has a right to qanat water possesses a particular share of this water which 

is determined on the basis of time. For example one farmer may be entitled to irrigate using 

qanat water for one hour and another for two hours and so on. The time taken for every 

eligible farmer to receive their quota of irrigation water is known as the "irrigation cycle" 

and it lasts from six to nine days in porous soils and between 12 and 16 days in heavy soils. 
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The units of time are called "jorreh" in xxx region - they are known by other names, such as 

"saboo", in other regions. The "jorreh" is 11 minutes, so 24 hours is equal to 128 "jorrehs". 

An irrigation cycle lasting 12 days is made up of 1,536 "jorrehs" and one "sahm" is equal to 

12 hours or 64 "jorrehs".  

 

18. What is the main reason for the deterioration of qanats?  

Qanats deteriorate because they are not managed properly and the shareholders do not care 

about rehabilitation and maintenance. But the drilling of deep wells is also having a very 

negative impact on qanats, mainly because they are being drilled within the qanat, 

boundaries.If a deep well has been sunk too near a qanat, the only thing that can be done is 

to fill the well up. But if it lies outside the boundary area of the qanat we can only monitor 

to ensure that it does not over pump groundwater or else deepen the tunnel and wells or 

extend the tunnel through the aquifer. When planning to sink a well, you need to remember 

that a qanat has to be extended every year. The well should be sunk downstream from the 

water production section of the qanat about 1500 meters away from the structure.  

 

19. How do you control the flow of water in a qanat in winter?  

If the tunnel has been dug in hard soil and is not at risk of collapse, we install a tap where 

the water production section ends and the transport section starts. In winter, when demand 

for water is lower, we rum off the tap to save the groundwater. If the tunnel is likely to cave 

in; we reinforce it first by lining it.  

 

20. How can you recharge aquifers?  

We build an earth dam or dike to collect the seasonal runoff to recharge aquifers. In 

mountainous areas, we build the darn about 150-200 meters upstream from the deepest and 

last well of the qanat so that the water trapped behind the dam will seep into the earth and 

increase the discharge. The dam must be far enough away from the qanat so that it does not 

affect its structural integrity.  

The softer the soil the greater the distance between the two structures. We also use 

abandoned qanats to recharge the aquifer by blocking the exit and directing the surface   

run-off into it through one of its shafts. The water seeps into the aquifer and replenishes the 

active qanats nearby.  

 

21. Can you regulate the discharge rate or does this only depend on precipitation?  

When it comes to deep qanats on the plains, we regulate the discharge by extending the 

gallery. But the rate of discharge of fluctuation rate of 10-20 percent in qanats on the plains, 

and 60-80 percent in qanats in mountainous areas.  

 

22. Given that qanat engineering is difficult and dangerous, how can we encourage people 

to stay in and even take up the profession?  

The government should provide incentives such as special insurance and pension schemes 

to qanat engineers, and there should be an annual ceremony in recognition of the profession. 
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Initiatives Like this will encourage people to stay in the profession and attract young people 

to the job.  

 

23. Which is more important, dredging or extending the tunnel?  

That depends on the qanat. We would first check the tunnel for cave ins or serious erosion 

and if we found signs of these we would dredge rather than extend the tunnel. Otherwise we 

would extend the tunnel to increase discharge but sometimes we do both.  

 

24. Nowadays is it worth maintaining qanats?  

Absolutely, Qanats are immensely valuable economically and technically important. 

Demand for water is growing and qanats provide water in an environmentally friendly and 

sustainable way. But today, because deep wells have depleted the water table, building a 

new qanat is almost impossible. The only option we have is to rehabilitate existing qanats 

through artificial recharge projects and to ban over-pumping.  

 

25. How many people make up a qanat construction team?  

A qanat construction team is between three and six people, depending on the length of the 

qanat and the depth of the wells.  

There are four distinct categories of qanat engineer: the "karshena", who decides where the 

qanat shall be dug and supervises the entire project; the "ostad kar" or master worker, who 

is in charge of digging; the "gelband", who collects the debris, and the "charkh kesh" who 

operates the pulley to haul the bucket up the well. If the well shafts arc far apart, another 

person, the "lashe kesh" is also added to the team to drag the bucket of debris along the 

tunnel to the nearest shaft and to tie the bucket to the pulley rope. 

 

26. What tools do you use?  

We use a pickaxe, pulley, rope, shovel, oil or carbide lamp, electric fan, compass and plumb 

line to dig the qanat and we use the pulley and well wheel to haul the debris from the tunnel. 

There are different types of pickaxe depending on the use. To dig at the end of the tunnel 

use a pick weighing 2-3kg with a handle 40-50cm long; for dredging the tunnel we use a 

pick weighs up to 6kg with a handle up to a meter long. The type of pickaxe also depends 

on the soil, for hard soils we use one which has a short, thick point, rather like the beak of a 

sparrow and we use a pick with a long, thin point in soft soils. The handles are about 40-

50cm long if they are to be used for sinking a shaft and 50-60cm if they are to be used for 

digging a tunnel and 90-l00cm if they are to be used for removing obstructions from the 

bottom of a tunnel. The leveling tools we use are two wooden poles 1.5m long with a square 

base and a hole in the middle with a plumb line in it. The steeper the gradient, the shorter 

the distance between the two poles. 

 

27. What about the pulley?  

In general the diameter of the pulley is around four meters, but that depends on the depth of 

the shaft. The deeper the shaft, the greater the diameter of the pulley. We reinforce the legs 
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of the pulley by digging holes on both sides of the mouth of shaft and putting the legs into 

the holes and filling them up with stone and dirt. We use cotton, palm fiber, steel wire and 

plastic for the rope-obviously the deeper the shaft, the thicker the rope and the stronger the 

material that it's made of. We use steel wire for the electric pulleys. In the past we used a 

kind of bucket of tanned skin of sheep. But now it has been abolished and substituted with 

rubber bucket.  

 

28. How do you light the tunnel?  

In the past the only way to light the tunnel was to use a lamp like a small bowl full of 

vegetable oil in which there was a wick. But now we use a carbide lamp or electricity. 

  

29. What facilities do you have to insure the welfare of workers?  

There is a tiny chamber built into the side of the shaft about two meters below the surface 

where the qanat engineers can rest or change their clothes. There is a similar space at the 

bottom of deep shafts to provide shelter from debris falling from the bucket as it is being 

pulled up. In this regard; we also hold a round wooden plate above our heads like an 

umbrella to protect ourselves. 

 

30. How do you measure the volume of discharge? 

We level the bottom of ditch so that its gradient is zero and fix a wooden frame that 

channels the water through it. We calculate the volume of water passing through the frame 

and from that we can estimate the discharge rate. Some experts can also visually estimate 

the volume of water although this is not always accurate.  

 

31. What does a "mirab" do?  

The "mirab" is responsible for managing access to qanat water and for collecting the dues 

from shareholders in a qanat which are then used to pay for maintenance of the structure. He 

is a respected member of the community who is elected by all shareholders.  

 

32. What about the "abyar"?  

The "abyar" oversees the irrigation of crops and makes sure that water is allocated fairly. 

Shareholders may come to an understanding about hiring an "abyar", sometimes more if the 

qanat is large, or they may decide to manage this themselves.  

 

33. How do you calculate the wages of people who manage qanats?  

A group of farmers who irrigate their lands during a twelve hour period have a head named 

a "sartaq". Who is not paid cash but who can receive excess water remaining at the end of a 

24 hour period. But the "mirab" can receive a wage derived from a percentage (5-10 

percent) of water shares and if he is assigned to collect money for the renovation of the 

qanat, he can keep five percent of the total collected. Qanat expert gets paid according to the 

time he spends checking the tunnels and other engineers are paid for their work. 
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34. What happens if a shareholder refuses to contribute to repairs to a qanat?  

Everyone has contributed a sum proportionate to their shares in the qanat and someone who 

refuses to do so may risk having some of his shares confiscated. If a shareowner has rented 

out his share, we charge the tenant instead.  

 

35. What is "maqsam"?  

The word "maqsam" refers to the place where water is distributed. If the qanat has enough 

water it would all be allocated as normal but if there is a water shortage we collect the 

discharge in the pool before distributing water to the shareholders. If the output of the qanat 

is such that it can be divided among several shareholders at once, we build a "maqsam" 

across the flow.  

 

36. What are the terms used to measure the discharge of a qanat?  

We measure water flow by liters per second; one "qafiz" equals nine liters per second; one 

"charkh" equals seven "qafiz"; one "kar" or "jow' equals 20-25 "qafiz", and this is enough to 

irrigate directly with no need for a maqsam'. 

  

37. Can we use abandoned qanats to dispose of wastewater? 

Yes, but with the permission of its all owners. Then we block its exit and direct the runoffs 

into its gallery. This procedure can help preserve our groundwater.  
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Mohammad Ali Fayyaz  

This deceased practitioner who was about 100 years old in 2001 is one of the most 

proverbial well diggers of the province. He inherited this profession from his father & was 

very eager to convey his verbal knowledge through others. 

  

1. How do you decide where to construct the qanat?  

We look at the distance of the site from the mountains and the rivers, focusing on deep 

valleys. Our decision is based on gut feeling and experience, and when we have chosen the 

spot we dig a borehole to make sure that the water is fresh. We also study water surrounding 

the area and if it is fresh and good it is likely to be good in the qanat as well. 

  

2. How long is the water transport section of a qanat?  

The length of water transport section (khoshke kar) depends on the surface slope; if the 

gradient is steep, the water transport section will be relatively short. The same applies to the 

water production section (tare kar), but in reverse. 

  

3. How do you know if a borehole has been sunk into a good reservoir of water?  

We first dig 50cm below the ground and then study the mud, as an experienced qanat 

engineer can tell from this whether there is groundwater or not. The soil also tells us how 

deep to dig the qanat; if it is soft and porous, we dig a steeper gallery so that the water flows 

faster with less seepage. 

  

4. How do you calculate the length of a qanat and its exit?  

The length of the qanat from the first well to the exit is based on the surface slope. To 

calculate the gradient we use a tool consisting of two posts with a rope between them. 

  

5. What does the distance between the wells depend on?  

It depends on the depth of the wells; a well 50m deep should be 100m away from the next 

well no matter whether it has been sunk in the water transport or water production section. 

A qanat master engineer may decide to change this distance; if the distance between the 

wells exceeds 100m, we have to make the ceiling of the tunnel high enough for two workers 

to drag the debris along the tunnel. 

  

6. How do you find the right direction while digging a tunnel?  

Nowadays we use a compass, but in the past we used a plumb line made of a stick with two 

stones on ropes tied to each end. We placed the stick in the mouth of the well so at the 

bottom the stones would be orientated towards the right direction. The person in the tunnel 

held a light just behind one of the stones so that there was only one shadow on the opposite 

wall, and this pointed the workers in the right direction.  
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7. How wide should a well be and how do you climb down and up it?  

A well is usually 70-80cm in diameter, so that the worker can wield the pickaxe. We climb 

up and down the well using a rope or steps dug into the side of the well.  

 

8. How high should a tunnel be?  

The tunnel is about a meter high and between 60 and 70 cm wide. If the worker wants to 

speed up digging, he will dig a tunnel 60cm wide although it would be more difficult for 

him to pass through. 

 

9. If a tunnel runs through a water bearing zone, how do you dig the well?  

We use a method of digging called "devil-kant". If a water-saturated layer of soil lies above 

a tunnel, it is obvious that we cannot dig a well through it, because the water would seep 

into the well and fill it up. "Devil-kani" involves digging the well from the tunnel to the 

surface so that water pours into the tunnel and drains out.  

 

10. What is the gradient of the gallery?  

The average gradient is 0.8/1:1000m, though the qanats in mountainous areas are steeper 

than the ones in the plains. The lower the gradient in the gallery, the sooner the gallery and 

the earth surface intersect. 

  

11. What does "tahsoo-bonsoo" mean?  

"Tahsoo-bonsoo" is the method used is to correct the direction of the tunnel when the exit 

point of the qanat is different from the plan. Then we dig another tunnel from the planned 

exit point to the actual exit point, so that the new tunnel channels water according to plan. 

 

12. How do you deal with blockages or dangerous gases in a tunnel?  

Today we use electric drills but in the past we had to go through an exhausting process of 

digging through it, often going through several picks in the process and using two workers 

digging together. When it comes to gas, we used to hold a piece of canvas on to our mouth 

and nose. Another method is to dig two parallel shafts about a meter apart but linked at 

different points to improve air circulation. We use electric fans today bur we used to use 

leather bellows linked by a hose to the surface. Another option was to drop sand, vinegar 

and lime into the well.  

 

13. How do you waterproof the water transfer section of a qanat?  

To prevent seepage if a qanat runs through porous soil we cover the tunnel floor with soft 

clay mud and trample it so firmly that water can no longer seep through it.  

 

14. What is meant by the "irrigation cycle"?  

When qanat water eventually appears on the surface people take turns irrigating their farm 

lands with it. A rotation period depends on the number of people requiring water, the crop 
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and the amount of water available. It may be eight days for one crop but some crops, like 

onions, consume more water and so farmers may agree to reduce the period to half. The 

units of measurement vary from region to region. Here we use a scale known as "saboo" or 

"tasht", which equals ten minutes of irrigation time. We measure it with using a copper 

bowl with a tiny hole in its bottom that floats on the surface. The bowl takes ten minutes to 

fill with water and that unit of time is called "saboo" or "tasht" 

  

15. Why are qanats drying up and how can you rehabilitate those that have been 

abandoned?  

Apart from deep wells, the main reason is that qanats are being abandoned by their owners 

because of quarrels between them and farmers over the money needed to repair them. 

Therefore we need to find out how much a dried up qanat will cost to rehabilitate before we 

try to do so, and that means finding out why it dried up in the first place. We need to make 

sure that there is a good supply of groundwater, and we should watch out for the boundaries 

of other qanats, 

 

16. How can you control the flow of water in qanatsin the winter?  

I don't think that it is right to block a qanat in winter to stop water being wasted as the 

buildup of water can cause the tunnel to collapse. Also, damming the surface streams can 

help replenish groundwater resources, because runoffs trapped behind the dam can seep into 

ground and recharge the aquifer. Artificial recharge dams are very useful, especially if they 

are built upstream from the qanat. The effectiveness of the dam depends on its size as well 

as the texture of soil. A dam should be 500m from the qanat, and no more.  

 

17. Can deepening ever make a qanat (especially a mountainous one) independent of 

precipitation?  

Precipitation affects the discharge of a qanat whether or not the qanat is mountainous, 

though drought affects the qanat on the plain less than the mountainous one. To reduce the 

effect of drought, we extend the tunnel to drain a larger area of the water bearing zone, and 

construct dams to collect melt water and replenish the aquifer. Dredging is another 

procedure to save existing water, but extending can increase the discharge of a qanat.  

 

18. Does it make economic sense to maintain and rehabilitate qanats?  

It is better to rehabilitate a qanat than drill a deep well if the qanat is not beyond repair. A 

well requires fuel, maintenance of its motor and other inputs whereas a qanat flows as long 

as gravity permits. A deep well is like false tooth, but a qanat is your own tooth that 

matches your body. 

 

19. How often do you have to remove the mineral sediment that builds up on the walls of the 

tunnel?  

We have to remove the sediment in the water transport section but not in the water 

production section, because there is no build up of sediment where groundwater seeps into 
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the tunnel. So the presence of sediment can be used to determine the boundary of the water 

transport section. We strip the sediment from the walls of the tunnel just before it becomes 

so narrow so that nobody could pass through it.  

 

20. How many people make up a qanat construction team? 

 Qanat construction cannot be done by a single person; at least two people are needed, more 

if you want to speed up the work. If the wells are far away from each other, we need five 

people, of whom two drag the debris along the tunnel, two dig the tunnel and the last person 

operates the well wheel to pull up the buckets of debris. If the qanat is deep, we add another 

person to help pull up the debris.  

 

21. Given that qanat engineering is difficult and dangerous, how can we encourage people 

to stay in and even take up the profession?  

One way is to make it public that our job is valuable and useful. Once the mullahs used to 

do this; they used to preach in the mosques that our job deserved respect not only in this 

world but also in the next. This encouraged people to take an interest in qanat-related work 

in spite of the danger. Another way to encourage qanat practitioners is to raise their wages.  

 

22. What tool s do you use?  

We use something called a "chapar" to protect us if the sides of a well start crumbling. It 

looks like an umbrella made of wood. Workers also wear a white hat padded with cotton. 

We use several types of shovel and pickaxe to dig the tunnel-a pickaxe for the tunnel, a 

heavy pickaxe for digging the well and an even heavier pick (that is four times heavier than 

the tunnel pick) for dredging the bottom of the tunnel. This pick has a long handle so that 

we can work in water whereas the pick that we use to dig in hard rock has a short, thick 

point like a sparrow's beak. We use a well wheel to pull the debris from the well.  

This tool has been in use for centuries and consists of two vertical crosses with the arms 

linked by four horizontal poles and a rope coiled round it. There are two types of well 

wheel; the large one that is used in water bearing zone, and the small one that is used to 

hoist dry debris. Four meters of rope coils once around the well wheel so we can estimate 

the depth of a well by counting the rounds of the well wheel. We use different types of rope, 

but the best is known as "sazoo", which is made of palm fibre. This is strong, durable and 

does not rot in water. However some people have started to use rope made of cotton, steel 

wire and plastic. We have a special measuring tool called a "ragham", a wooden frame that 

we use to measure the discharge. 

 

23. How do you reinforce the stands of the well wheel over the shaft?  

To determine the position of the stands somebody takes three small stones and drops one of 

them in the middle of the well. He spreads his arms and drops the other two stones at the 

same time and uses that to determine the position of the well wheel. We gouge two holes in 

both sides of the mouth of shaft across from each other and put the stands into the holes and 

tamp them with stones and dirt. 
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24. How do you light the tunnel?  

We used to use a small bowl full of vegetable oil in which there was a wick. But this was 

replaced by the carbide lamp. We used to hang the lamp from the wall at shoulder level to 

the left and right while digging a tunnel. Digging a well does not need any light, and a 

skilful worker can dig even in the dark. 

  

25. What do an "rnirab" and an "abyar" do?  

A "mirab" is responsible for distributing water. He should be a wise Muslim and known and 

trusted by everybody; he can be dismissed by the qanat owners if he makes a mistake. The 

"abyar" channels the water from ditch to ditch to irrigate the farms. These two receive 

wages, but being "mirab" is a privilege. The wages are not paid from the "nafaghe", which 

is the money collected by owners to fund the repair and maintenance of the qanat, but they 

receive tips and gifts.  

 

26. What do you do with owners who refuse to pay their share? 

If somebody refuses to pay his share, he may be deprived of his right of irrigation. But if he 

is bankrupt or in need somebody else would pay his share for him. The "maqsam" is a place 

where water is distributed. If the qanat does not have enough water, we collect its discharge 

in a pool before distributing it to the shareholders. If there is more than enough and can be 

distributed among several shareholders at the same time. We build a "maqsarn" across the 

flow.  

 

27. How do you finance the maintenance of qanat?  

In the past the landlord would finance the construction of a qanat and the farmers would 

rent the water. But in many cases owners overcharged the farmers and the additional sum 

went to the maintenance of qanat. If a qanat needed to be extended. The renters had to 

contribute additional funds. The amount of money each farmer had to pay was in proportion 

to the shares of water he rented.  

 

28. How do you determine the limits of a qanat when another qanat is to be constructed 

nearby?  

The boundaries of a qanat depend on the characteristics of the son through which the qanat 

is to be dug and the depth of the shaft. The Length is between four and 8.5m, a distance 

known as "kolangandaz", which means "throwing the pickaxe". In the past a qanat engineer 

would stand by the well and throw the pickaxe and the spot where it fell marked the 

boundary of the qanat. When a qanat is dug below other qanats, the boundary is larger 

otherwise the new qanal would drain all the water. The boundary area of a qanat running 

through cultivated Lands is three meters and it is forbidden to sink a deep well upslope from 

the qanat. 
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29. Should we use abandoned qanats to dispose of urban wastewater?  

No! Never! People are entitled to their qanats, and no one has the right to appropriate qanats 

for public profit without the permission of the owners.  
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Fallah and Nejati  

Mr.Nejati who comes from the township of Abarkuh was born in 1941 & has always worked 

with his old friend Mr.Asad Gholi Fallah. They have inherited this profession from their 

fathers. 

  

1. How do you locate a water bearing zone in a desert?  

There are many signs - for example the type of plants and soil, and signs of a river bed - that 

indicate the presence of groundwater. When we have found the spot we dig a borehole, the 

"gamaneh" and then we measure the water seeping into the well, as well as the quality of 

the water itself. If this is adequate, we sink the other wells and the tunnel.  

 

2. Does the water transport section differ in length according to the season, and is it 

possible to measure discharge because of differences in seepage?  

The water transport section lengthens during a drought. As for measuring the discharge, we 

know that we lose about 25 percent of the discharge along the tunnel, although this varies 

slightly depending on the type of soli and the age of the qanat, The lower the water loss, the 

older the qanat. 

  

3. How do you determine the length of a qanat and locate its exit?  

First we calculate the difference between the levels of water in two wells, then we work out 

with a leveling tool by how much the spot where the borehole has been dug is higher than 

the spot where the gallery is to exit. This is how we know the exact location of the exit of 

the qanat. The shafts of the qanat vary between 60 to 100 meters; although if there are 

poisonous gases in the gallery, we have to dig the shafts nearer to each other.  

 

4. What is a "dastak" and what 1S a "harang"?  

"Dastak" refers to the two side branches leading from the two sides of a main tunnel to 

bring more water to the gallery. When a large rock blocks the tunnel, we bypass it by 

digging above it and the waterfall that results from the water reaching this point is called a 

"harang".  

 

5. What is the diameter of the shaft and what are the dimensions of the tunnel?  

Round wells are 80cm in diameter and rectangular ones are 60*120cm. It is easier to work 

in a rectangular well than a round one, because you can go up and down on one side of the 

well, while the bucket of debris goes up and down on the other. But round wells are more 

resistant to cave-ins. The tunnel is usually 1.5m high and 60cm wide, to allow men and 

water to pass along it, with an average gradient of 20:1000, or enough to maintain constant 

water depth. The roof forms a crescent to channel water down the sides of the tunnel. If we 

are digging a tunnel through water bearing rock, we use a tool called a "rassi" to find the 

point where we begin to dig up to the surface, an action called "devil".  
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6. What does "tahsoo-roosoo" mean? 

When an aquifer is depleted we have to lower the floor the gallery to the new level of water 

table. If we have to dig more that 1.5m, we abandon that tunnel and dig a parallel tunnel 

under it. The old tunnel is called a "roosoo" and the new one is called "tahsoo".  

 

7. What do you do if you notice harmful gas in the qanat?  

Nowadays we used electric fans to ventilate the tunnel and the well, but in the past we used 

leather bellows attached to a hose leading to the surface. Another way was to drop a mixture 

of sand, vinegar and lime into the well to displace the gases.  

 

8. How do you prevent surface runoff from entering the qanat?  

We line the gallery with ceramic rings called "kavals" as well as limestone, and build a 

protective wall up to two meters high around the shaft and also cover it and cover around 

and over the mouth of the shaft.  

 

9. How long is the irrigation cycle?  

In Abarkooh the irrigation cycle lasts between 12-15 days; in most other regions it was 12 

days but qanat owners have extended this to 15 days to maximize their profit. There are 

different words to define the units of time that divide the irrigation cycle. In Abarkooh, the 

word "tashte" is used to mean a 10 minute period of irrigation, and the word "habbeh" is 

used for an hour of irrigation time. 

  

10. Can we store winter rainfall in qanats?  

I don't think that damming the water is good for qanats because of the buildup of pressure 

on the walls. It is better to allow the water to drain out all the time - it is never wasted 

because even in the winter we have Lands that need irrigation. We need to preserve our 

qanats because they are better for the environment and more sustainable than pumping 

wells. They are expensive to construct, but the benefits they bring to the land and rural 

communities more than offset the cost.  

 

11. Which is more important, dredging a tunnel or extending it?  

Dredging of course, because unless the tunnel is clear, water will not flow no matter how 

much extension work is done. When a tunnel is filled with debris we use a frame to 

reinforce the sides and ceiling and then pull the debris out. Mineral deposits, caned "shaa", 

also build up on the sides of the tunnel and have to be removed periodically. 

  

12. How big is the qanat construction team?  

Normally four people make up a qanat construction team, of whom two work on the surface 

and the others underground. But we will add more if we need to.  
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13. What tools and equiprnent do you use?  

We use a heavy pickaxe weighing about l0kg. Which is called abgirkani and a lighter one 

weighing 4kg called a "kolang-e pishkarkani", Other kinds of pick are also used - these 

include the "bargbidi" and "soozani". We also use a well wheel called a "charkh-e chah" 

that consists of two vertical crosses whose arms are linked by four horizontal poles with a 

rope coiled round it attached to a bucket-or to one of the workers. We fix the well wheel to 

the ground by digging two holes 30cm deep on both sides of the well and putting the stands 

of the well wheel in these and tamping them with stones and dirt. We rotate this wheel to 

bring debris or people to the surface. There are two types; a large one used in a water 

bearing zone, and a small one used to hoist the dry debris. The bucket, called a "dalv", is 

made of leather; we hem the mouth with a round stick so that it is kept open and day we 

soak it in a lime solution to stop it shrinking. Traditionally we used rope made of palm fiber 

called "sazoo", which is strong but needs to be kept wet, but nowadays we use cotton, which 

'is more expensive and not as strong.  

 

14. How do you light the tunnel?  

In the past the only way to illuminate the tunnel was to use a small bowl full of vegetable 

oil in which there was a wick. But now we use a carbide lamp. We hang the lamps 

alternately on the left and right walls of the tunnel at shoulder level. Of course we don't 

need lamps when we dig the well. 

  

15. What does the 'mirab' or 'sartaq' do?  

In Abarkooh we don't have these positions; here the "dashtban" is in charge of the 

distribution of water among the farmers. He is someone who is trusted by everyone to 

distribute the water fairly. He used to be paid at harvest time; be would go to the central 

threshing area and spread a cloth on the ground so that people could give him a portion of 

their harvest. Nowadays be is paid in cash.  

 

16. What does "nafaqe" mean?  

The "nafaqe" was a special fund the landlords spent on qanats. Sometimes it was a form of 

tithe, portions of the harvest of qanat users that was stored in an "anbar-e nafaqe". But now 

the word "nafaqe" refers to a sum of money collected from all the shareholders of a qanat to 

repair, extend and maintain the qanat. If someone refuses to or cannot pay his share, he can 

borrow money from another shareholder or sell his share.  

 

17. What do you do jf you have to cross someone's farm while digging a qanat?  

We try to get permission but if a landowner tries to stop us with no reason; we carry on 

regardless-the law is on our side. 

  

18. What is the protected vicinity of a well?  

This is the area around the well that cannot be dug or used. It is known as "kolang andaz" 
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and it is an area of around five meters, or the distance that someone could throw a pickaxe, 

around the well.  

 

19. Can you run waste water pipes along dry qanats?  

Yes, in fact it is a good idea use of dry qanats to carry sewage as long as a sealed pipe is 

used to protect the groundwater. We also use dry qanats to get rid of urban runoff as long as 

it does not pollute the aquifer.  
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Sayed Jalal Hashemi  

This veteran practitioner who has born in 1944 lives in Rezuanshahr has worked in Qanacs 

since 50 years ago. His ancestors have alJ been Qanat practitioners. He has worked in. 

Golestan: & Lo res tan provinces for a long time. 

  

1. How do you know where is suitable fOT digging a qanat?  

All we need is to know if where we are going to dig the qanat has an appropriate gradient or 

not. 

  

2. After you figure oul where to construct the qanat, what is the next step?  

The next step is to sink a trial well to see how deep the groundwater is. We can predict 

where the exit point would be by knowing the depth of aquifer. It would be up to a skillful 

qanat master to locate a trial well which should be at least 1500-3000 meters away from the 

nearby qanats.  

 

3. How do you know which part of a tunnel is the water transport section?  

Wherever lacks the seepage is called water transport section.  

 

4. How do you rate the discharge of a qanat by sinking a trial well?  

To make sure that a qanat would drain a good supply of groundwater, we manage to sink 

another trial well just 1000 meters upslope from the first one. If we content ourselves with a 

trial well, it would be likely the well would hit a small confined supply of water misleading 

us. To prevent such a mistake, we prefer to sink another trial well to see if there is a reliable 

groundwater resource being worth spending too much time and labor. In case the amount of 

seepage in the two trial wells is the same, we can continue with the work, otherwise we had 

better give it up and find another site. I should say that the trial well is sunk 0.5 meter below 

the water table to see how long it would take the seeping water to fill up this part of the 

well. Doing so, we can predict the output of the qanat.   

 

5. How do you calculate the length of a qanat?  

I want to explain this by giving an example. Imagine we have sunk a 30 meter deep trial 

well, and we are to dig the other wells every 50 meters until the exit point. To keep the 

tunnel horizontal, we measure the surface gradient, so that the bottoms of all the wells 

would be on a line parallel to horizon. Therefore, we may consider the depth of the next 

well 29 meters and so on.  

 

6. What does the distance between the wells correlate with?  

The distance between the wells correlates with their depth. In most cases the distance 

between two particular wells is twice their depth. In the past. If we wanted to dig through a 

ground giving off harmful gases, we had to sink the wells much closer together in order to 

better ventilate the tunnel. But at the present time. the modern devices have made it possible 
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to consider the wells farther, even with the presence of the harmful gases. 

  

7. How much should a well be in diameter?  

A well is usually 80 centimeters in diameter, which may be decreased to 70 centimeters in 

order to speed up the work.  

 

8. How high should a gallery be?  

The height of the gallery varies from 1 to 1.5 meters. The minimum height is 1 meter, so 

that the worker has enough room to work in a sitting position. The water production section 

is constructed higher than the water transport section. 

  

9. How do you know when a qanat should be cleaned?  

That depends on whether the qanat is prone to collapse or not. The softer the ground 

through which the gallery cuts, the shorter the intervals between the cleanings. In case a 

flash flood can rush into a qanat, it would be inevitable to clean the qanat. In sum, the best 

way to know if it is necessary to clean a qanat is Ab-Harzi which means checking the 

gallery to see if there is any obstruction or not. Ab-Harzi can be done by four workers out of 

which two workers climb down a well and walk along tunnel while two other workers are 

keeping pace with them on the surface. When the two workers walking on the surface reach 

the next well, they send a rope down the well to haul the workers to the surface, and they 

swap over. While walking down the tunnel, the workers scan all over the conduit to spot 

any likely blockages or uneven places.  

 

10. Could you explain what an irrigational cycle is?  

An irrigational cycle is a rotation period during which the shareholders are supposed to rake 

turns irrigating their lands with the water of their qanat. For example, if the irrigational. 

Cycle of a particular qanat is 16 days, it means that each shareholder bas the right to 

appropriate the water just once every 16 days. The duration of the irrigational cycle varies 

from area to area with the geological conditions as well as the cropping pattern. As an 

instance, in case of porous soils into which water can seep quickly, the irrigational cycle 

tends to be shorter, so the plants can better cope with the shortage of water. Whereas a 

heavy clay ground lets the cycle be longer, because such a soil can keep water enough to 

retain the crop until the next irrigation. 

  

11. Given the present situation, do you think it makes economic sense to build a new qanat?  

Yes, it is still possible to go around building qanats, though the cost of this job is much 

higher than what done in the past.  

 

12. Are the existing qanats worth preserving at the present time?  

Yes, they are, for several reasons. One, all the qanats have long constructed and deserve to 

be treated as cultural heritage. Two, all the qanats can drain out groundwater just by the 

force of gravity with no need for any fuel or energy. Three, the water of qanat can be 
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purified while flowing down the tunnel and coming in contact with soil.  

 

13. We know that most of the qanats are subject to obstruction due to the buildup of the 

sediments, how often do you remove his sediment from the tunnel?  

That depends on water quality and topographical condition. The qanats. running in 

mountainous areas leave more sediments than those running in plains, because the faster the 

water flows, the more sediment would be left. 

  

14. What is a "Maqsam" like?  

If two or more villages or agricultural areas are entitled to a particular qanat, a special 

structure named maqsam is built across the canal immediately after the water reaches the 

surface. In fact a Maqsam is a small dam with two or several outlets either of which directs 

water to a particular area. By means of a maqsam, it is possible to distribute water among 

the areas.  

 

15. We know there is a custom of collecting money for qanat. What portion of this money 

comes from the owner and what portion comes from the renter?  

There are 5 or 6 experts who gather once a year to decide the amount of money everybody 

should contribute. Those who use the water are obligated to take part in covering the 

expenses of the qanat, and Mirab is in charge of collecting this sum. If a qanat is landlord 

owned, a part of the money is up to the landlord to pay, and the rest should be paid by the 

peasants, otherwise the peasants are committed to pay the whole money on their own.  
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Abbas Nasiri  

Haj Abbas Nasiri was 73 in 2001. His forefathers have all been practitioners for- five 

generations. Mr. Nasiri has apprenticed this career to his father and uncle some 62 years 

ago. He has worked in Qanats in Yazd, Isfahan, Fars, Kerman) Hormozqan; Khorasan and. 

A.zerbaijan too.  

 

1. How do you know where is more suitable for the building of a qanat?  

We can find the best place from the condition of soil as well as the shape of the surrounding 

mountains. For example the sandy and lime soils can better keep groundwater. Also the 

discharge of the surrounding qanats can tell us if there is a good supply of groundwater here 

or not. Altogether the master workers are quite familiar with the region in terms of having 

groundwater. For example everybody knows that the further you get away from the plain of 

"Aqda" toward Isfahan, the less chance you have to find a good supply of groundwater. 

Therefore locating a qanat depends on the master's ability to make use of his experiences in 

finding the best spot.   

 

2. What do you do after you achieve the best place?  

We start to dig a trial well 80 centimeters in diameter to find out how deep the water 

bearing zone is. Taking into account where this water is to be directed, if the trail weU is 

too deep, you have to give it up, because if you get started on the horizontal tunnel from the 

bottom of such a deep well, the groundwater will not turn up at the right place.  

 

3. How do you know if a qanat will have a satisfactory discharge or not from its trial well?  

As 1 told you, the trial well should reach the groundwater at an appropriate depth. After we 

reach the groundwater, we keep going down until the seepage is too much that we cannot 

continue. Now an experienced worker can estimate the output of this qanat from the amount 

of seepage. If you have to haul a bucket of water along with 10 buckets of debris, it means 

that the trial well is short of water and the work is not promising. But if you haul 10 buckets 

of water along with a bucket of debris, your qanat will have a good discharge, When we 

estimate the discharge of a qanat from its trial well, we take into account the length of the 

tunnel along which the water will flow, because it is inevitable to have some loss along the 

water transport section. All we can do to reduce the waste of water is to apply a kind of soft 

clay to the floor of tunnel in order to seal the tiny cracks through which water may escape.  

 

4. How do know how long the qanat would be, after finishing its trial well?  

It is easy to estimate the length of a qanat and its exit point from the depth of its trail well 

and the surface slope. For example if the trial well is 50 meters deep and the surface 

gradient is 20cm per 100m, then the qanat would be 25 km long. To more accurately 

estimate the surface gradient. We use a very simple tool consisting of two 1.2 meter tall 

poles with a rope tied to the top of both. We hold the two poles away from each other in 

vertical position, and then we move down one end of the rope until the rope is quite 
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horizontal. Imagine we have a 50m long rope whose one end has been moved down just 

10cm, so the surface gradient would be 1/500.  

 

5. How far the shafts should be from each other?  

That depends on the type of soil m which the shafts are sunk as well as the depth of qanat, 

In general the distance between the shafts should be twice as much as their depth. Note that 

if the soil gives off too much gas, we have to envisage some additional shafts to facilitate 

ventilation.  

 

6. How do you correct the direction of the tunnel In cast of any deviation?  

If a tunnel deviates from the expected direction, there are two ways to put it right:  

A) Dastak Zadan   B)Kaje Kardan  

Dastak Zadan is a term for the procedure of bypassing a missed shaft. The picture below 

shows a tunnel deviating from the way to the shaft number 2. In this case we keep on 

digging up the tunnel in a round way to the shaft 3, but we connect this lateral tunnel to the 

shaft 2 In order to make use of the shaft 2 through which the debris can be hauled to the 

surface. Kaje Kardan refers to the procedure of correcting a wrong direction. The following 

picture shows a deviation from the expected direction, but the wrong tunnel has been put 

right by being tilted toward the shaft 2.  

 

7. How high should the gallery be?  

The height of the gallery depends on the method of digging and the type of ground. If the 

gallery is dug by compressor drill, the gallery should be high enough so that the machine 

has enough room to work. In this case the gallery should be at least 2 meters high. Also if 

the shafts are so far away from each other, the gallery should be relatively high to offset the 

lack of ventilation. If we have to dig through a huge rock, we do not dig the gallery higher 

than 80 centimeters.  

 

8. In case a tunnel runs below a saturated Layer, how you can get the shaft to such a 

tunnel?  

Just by digging a Devil that is the method of digging a well from down to up. If a water-

saturated layer of soil lies above a tunnel, it is obvious that we cannot dig a well through it, 

because the water would seep into the well and fill it up. Devil involves digging the well 

from the tunnel to the surface so that water pours into the tunnel and drains out.  

 

9. Is there any method to guess the quality of water before digging a trial well?  

It is obvious that in a brackish ground our qanat will bring salty water which may be of use 

to some crops such as barley, but bitter water is completely useless. 

 

10. If there would be another qanat on your way. How do you pass it?  

If the two qanats are at the same level. We have no way but building an inverted siphon 

called "Shotor Galoo". At this point we dig a "U" shaped tunnel to avoid intersecting 
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another tunnel. Water flowing in one end of this siphon simply forces water up and out the 

other end. This is especially important in qanat systems which must be routed under rivers, 

other qanats or other deep obstructions. But in case two qanats pass at two different levels 

and through a soft crumbling ground, all we should do is to seal the ceiling of the lower 

qanat with brick, stone and cement.  

 

11. Could you explain the advantages of a trial weli?  

The first advantage is to find out about the quantity and quality of the future qanat. The 

second is to specify the vicinity of the qanat to make sure that nobody else would go around 

building another qanat in this vicinity. Besides if the workers need any water for drinking, 

they can use this well.  

 

12. What remedy do you have for the problem of harmful gases in qanat?  

There may be two kind of gas in a qanat: the first one is a gas that suddenly rushes into the 

tunnel and overruns everywhere immediately. The best sign of being such a gas is a light 

going out. As soon as we notice our light is going out, we get out of the qanat. This kind of 

gas is temporary and vanishes after a while. To find out if the gas is gone or not, we tie a 

burning light to a rope and send it down the well, if the light is out it means that we should 

still wait for the gas to disappear.  

Another kind of gas is that we call Gaz-e Damz, when we dig through the ground, we may 

come across an area that constantly emits this gas that does not put out our light especially 

in small quantity. When we find it hard to breathe we notice that there is such a gas in the 

tunnel. There are some ways to get rid of this gas, for example pouring some damp sand 

down the shaft. This practice makes the air in the tunnel circulate. To do so, we can burn a 

ball of dry thorns and drop it down the well. We may pour some vinegar into the shaft as 

well.  

 

13. How do you prevent the surface floods from rushing into the shafts?  

The first way is to block the shafts by means of clay, Lime and brick at a spot 2-3 meters 

below the earth surface. As you know, when we haul the excavated materials to the surface, 

we dump them around the mouth of well to build a barrier against the flash floods. This 

barrier works to protect the shafts from the seasonal runoffs; unless the fury of water is so 

much that we have to seek a better solution. In this case we had better build a wall with 

cement and brick around the mouth of the shaft. This wall should be so strong that it does 

not give way easily under the fury of water.  

 

14. When do you decide to clean a qanat?  

Every qanat needs to be dredged once in a while, because the runnel may crumble and as a 

result some dirt and silt may accumulate on the floor and gradually obstruct the qanat, the 

sediments may worsen the situation as well. It depends on the condition of soil and the 

amount of discharge to determine how often a particular qanat requires to be cleaned. 

Besides, when we are in the process of extending a qanat, it is necessary to clean the 
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downstream, for the water is do muddy that some deposits are inevitable. Also, if a flood 

can penetrate the qanat somehow, we have to fix all the destructions it has brought about. 

  

15. Could you explain what an irrigation cycle is?  

An irrigation cycle is a rotation of irrigational rights during which the farmers take turns 

directing the water of a qanat to their farm lands. For example if an irrigation cycle is 8 

days, you have the right to use the water of qanat just once every 8 days. The length of an 

irrigation cycle is dependent on the prevailing cropping pattern in the region. For example if 

the most parts of the area has been devoted to the cultivating of vegetables or fruit trees, the 

irrigation cycle would be 8 days, because the longer intervals may damage such plants 

which should be watered more frequently.  

 

16. Based on what scale you divide water among the shareholders?  

In terms of the pumped wells, we use Hour to calculate the time of irrigation. but in terms of 

qanats it is common to use the term Jorreh as a unit of time. Each Jorreh equals 11 minutes 

calculated by a traditional water clock (clepsydra) consisting of two bowls. 

The smaller bowl has a tiny hole at its bottom. When this bowl is placed on the water 

surface, water starts to enter the bowl through its hole until the bowl is filled up. It takes II 

minutes (or a Jorreh) for the bowl to sink in water. Note that there is a person named as 

Tayyare Gardan who is in charge of checking up on the small bowl to see if any residue has 

been lest on the rim of the tiny hole. He passes a thread through the hole of the bowl and 

moves it forth and backward gently in order to clean the rim of the bole, because even a 

little sediment can decrease the water coming in and It would be to some of the 

shareholders' detriment.   

 

17. In your opinion, what are the main causes for the annihilation of qanats?  

The first cause is the lack of cooperation and coordination between the shareholders. Some 

of the shareholders refuse to contribute to collect the money needed to repair or maintain 

their qanat, so those who may contribute would lose their motivation to keep spending 

money on the matter from which others would profit with no pain. Therefore the qanat will 

be left deserted. The second cause that deserves to be mentioned is the pumped wells that 

have mushroomed in the recent decades. Many of these wells have been drilled in the bound 

of the qanats which never compete with the electric or diesel pumps. A drought may 

aggravate the problem as well, where an aquifer is short of recharge. 

  

18. Could you explain what a "Goorab" is?  

Goorab is an earth dam or dike to collect the seasonal runoff to recharge aquifers. In 

mountainous areas, we build the dam about 150-200 meters upstream from the deepest and 

last well of the qanat so that the water trapped behind the dam will seep into the earth and 

increase the discharge. The dam must be far enough away from the qanat so that it does not 

affect its structural integrity. Also, damming the surface streams can help replenish 

groundwater resources, because runoffs trapped behind the dam can seep into ground and 
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recharge the aquifer. Artificial recharge dams are very useful, especially if they are built 

upstream from the qanat.  

 

19. Does the deepening of qanat work to reduce the fluctuation of its discharge from year to 

year?  

I don't think so. If you want to deepen a qanat, you have to do this business along its tunnel 

all the way. Who can repeat such an exhausting labor every year keeping pace with the 

groundwater table constantly going down? So to keep the discharge steady, you had better 

extend the tunnel horizontally through the water bearing zone. 

  

20. What we can do to rehabilitate the qanats that have dried up because of the pumped 

welJs drilled in their vicinity in the recent decades?  

All you can do is to extend these qanats to reach a new supply of groundwater as long as 

there would not be any other pumped wells on your way. 

  

21. We all know that you are involved in a very dangerous job, how one can encourage 

your colleagues not to give up this profession?  

This profession has been passed from father to son, but now our sons no longer want to 

keep up their father's job, for they have no insurance despite lots of dangers they have to 

deal with. 

  

22. Taking the present situation into account, does it make economic sense to keep 

maintaining the qanats?  

Sure! For this system provides a constant energy-free discharge as well as some job 

opportunities. Also, the water coming through a qanat is more useful to the crops than the 

water being extracted through a pumped well. My own experience shows that in case a farm 

is irrigated by the water of a qanat produces more crops than when irrigated by the water of 

a pumped well. I think. It is attributable to the minerals and microelements that water brings 

along running through many types of soil in a qanat,  

 

23. Is it right to use the existing qanats to replenish the aquifer?  

Just in terms of the dry qanats, you can direct the flood to the shafts.  

 

24. How often should a qanat be cleaned to remove the sediments from on its floor and 

sides?  

That depends on the type of soil the qanat cuts through and the minerals dissolved in water, 

so you may find a qanat that does need to be cleaned sooner than once every ten years. 

Actually, the faster a flow, the more the water would leave sediments in the tunnel.  

 

25. How do you measure the volume of a flow?  

To do so, we have a scaled frame. First of all, we level the bottom of the ditch just where we 

are to measure the flow, because to get an accurate result the slope should be zero and water 
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moves very slowly through the scaled frame. Now with the help of the marks engraved on 

the frame we can measure how much water if flowing.  

 

26. How do you designate the bound of a qanat?  

The extent of the bound varies from qanat to qanat. It depends on the type of soil a 

particular qanat cuts through.  

 

27. What if you have to dig across a farm land or a property?  

We have no way but negotiating with the owner of the land to come to an understanding. 

We need about 5 square meters of his land for the digging of each shaft, and then we put a 

price on the area we need. We do our best to agree on the price and settle the problem. if we 

failed to persuade the owner, we have to request a court to intervene.  

 

28. How far from a qanat it is possible to drill a pumped well?  

It is okay to drill a pumped well somewhere downstream from the exit point of the qanat, 

for this spot has nothing to do with the water supply being drained by the qanat. No doubt 

the drilling of such a well upslope from the mother well of the qanat can inflict a great 

damage on the discharge of the qanat, because the pump sucks out the groundwater even 

before it reaches the gallery of the qanat.  

 

29. Is it right to use the abandoned qanats to convey?  

If we can seal the tunnel so firmly that no sewage can leak out, it's okay, but in my opinion 

we had better let go of this idea, because in any way there is a risk of polluting the 

groundwater.  
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Ali Moghani Bashiyan 

1926 

 

 Province: Yazd 
 Born City: Ardakān 

 Age: 88 

 Occupation: Qanat Master & Practitioner of 
Qanat   

Source: Semsar Yazdi, A. A. (2010) 

 
 

 

 

 

Hassan Karami 

1908 

 

 Province: Yazd 
 Born City: Majoumard 

 Occupation: Qanat Master & Moqanni (Digger) 

 
Source: Semsar Yazdi, A. A. (2010) 

  
 

 

 

 

Mohammad Ali Fayyaz 

1902 

 

 Province: Yazd 
 Born City: Yazd 

 Occupation: Practitioner of Qanat 

 
Source: Semsar Yazdi, A. A. (2010) 

 
 

 

 

 

Mohammad Hossein Nejati 

1941 

 

 Province: Yazd 
 Born City: Abarkouh 

 Age: 73 

 Occupation: Moqanni (Digger) 
 

Source: Semsar Yazdi, A. A. (2010) 
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Mohammad Hossein Dehghani (Koular) 

1925 

 

 Province: Yazd 
 Born City: Taft 

 Age: 89 

 Occupation: Practitioner of Qanat, Qanat 
Representative & Mirāb (Water manager) 

 
Source: Semsar Yazdi, A. A. (2010) 

 

 

 

 

 

Ali Ranjbar Bafghi 

1926 
 

 Province: Yazd 

 Born City: Bāfgh 
 Age: 88 

 Occupation: Moqanni (Digger) 

 
Source: Semsar Yazdi, A. A. (2010) 

 
 

 

 

 

Mirza Mohammad Nemati 

1900 

 
 Province: Yazd 

 Occupation: Qanat Master & Moqanni ( Digger) 

 
Source: Semsar Yazdi, A. A. (2014) 

 

 

 

 

 

Abbas Nasiri 

1928 

 

 Province: Yazd 
 Born City: Sadough 

 Age: 86 

 Occupation: Qanat Master & Moqanni (Digger) 
 
Source: Semsar Yazdi, A. A. (2010) 
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Ahmad Zahedi 

1936 
 

 Province: Yazd 

 Born City: Taft 
 Age: 78 

 Occupation: Qanat Master & Moqanni (Digger) 

 
Source: Semsar Yazdi, A. A. (2010) 

 
 

 

 

 

Habibollah Hamamiyan 

1940 
 

 Province: Yazd 

 Born City: Tabas 
 Age: 74 

 Occupation: Qanat Master & Moqanni (Digger) 

 
Source: Semsar Yazdi, A. A. (2010) 

 
 

 

 

 

Asadollah Hamamiyan 

1942 

 

 Province: Yazd 
 Born City: Tabas 

 Age: 72 

 Occupation: Qanat Master & Moqanni (Digger) 
 

Source: Semsar Yazdi, A. A. (2010) 

 
 

 

 

 

Mashallah Dehghanpoor Farashah 

1947 

 

 Province: Yazd 
 Born City: Taft 

 Age: 67 

 Occupation: Qanat Master & Moqanni (Digger) 
 

Source: Semsar Yazdi, A. A. (2010) 
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Mohammad Reza Fayyaz 

1932 
 

 Province: Yazd 

 Born City: Yazd 
 Age: 82 

 Occupation: Practitioner of Qanat 

 
Source: Semsar Yazdi, A. A. (2010) 

 
 

 

 

 

Asad Gholi Fallah 

1951 

 

 Province: Yazd 
 Age: 63 

 Occupation: Moqanni (Digger) 

 
Source: Semsar Yazdi, A. A. (2010) 

 

 

 

 

 

Mohammad Abolhassani 

1941 

 

 Province: Yazd 
 Born City: Meybod 

 Age: 73 

 Occupation: Qanat Master 
 

Source: Semsar Yazdi, A. A. (2010) 

 
 

 

 

Ali Mohammad Hatami 

1939 
 

 Province: Yazd 

 Born City: Rezvanshāhr 
 Age: 75 

 Occupation: Qanat Master & Moqanni (Digger) 

 
Source: Semsar Yazdi, A. A. (2010) 
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Javad Hatami 

1949 

 
 Province: Yazd 

 Born City: Rezvanshahr 

 Age: 65 
 Occupation: Qanat Master & Moqanni (Digger) 

 
Source: Semsar Yazdi, A. A. (2010) 

 

 

 

Hossien Dehestani 

1944 

 
 Province: Yazd 

 Born City: Ardakan 

 Age: 70 
 Occupation: Qanat Master 

 
Source: Semsar Yazdi, A. A. (2010) 

 

 

 

Habibollah Dehghani Firouzabadi 

1957 

 
 Province: Yazd 

 Born City: Meybod 

 Age: 57 
 Occupation: Qanat Master  

 
Source: Semsar Yazdi, A. A. (2010) 

 
 

 

 

 

 

 

 

 

 

 

 

Sayed Jallal Hashemi 

1944 

 
 Province: Yazd 

 Born City: Rezvānshahr 

 Age: 70 
 Occupation: Qanat Master & Moqanni (Digger) 

 
Source: Semsar Yazdi, A. A. (2010) 
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Abdolhossein Dashti Khouideki 

1936 

 
 Province: Yazd 

 Age: 78 

 Occupation: Contractor of Pishkār-e Qanat 
 

Source: Semsar Yazdi, A. A. (2014) 

 

 

 

Golamali  Dashti Khouideki 

1905 
 

 Province: Yazd 

 Occupation: Contractor & Moqanni (Digger)  
 

Source: Semsar Yazdi, A. A. (2014) 
 

 

 

 

 

 

 

 

 

 

 

 

Ali Akbar Baghiyan 

1923 

 

  Province: Yazd 
 Occupation: Mirāb (Water manager) & Member 

of Qanat Council 

 
Source: Semsar Yazdi, A. A. (2014) 
               

 

Abbas Vakili 

1930 

 
 Province: Yazd 

 Age: 84 

 Occupation: Member of Qanat Council 
 

Source: Semsar Yazdi, A. A. (2014) 
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Mohammad Ghaderiyan 

 
 

 Province: Yazd 

 Occupation: Sbookesh (Water distributor) 
 

Source: Semsar Yazdi, A. A. (2014) 

 

 

 

Mohammad Houri 

 
 

 Province: Yazd 

 Occupation: Sbookesh (Water distributor) 
 

Source: Semsar Yazdi, A. A. (2014) 

 

 

 

 

 

 

 

 

 

 

 

Fattah Sardari  

 

 

 Province: Yazd 
 Occupation: Master of Lāyroobi  

(Tunnel cleaning ) 

 
Source: Semsar Yazdi, A. A. (2014) 

             

 

Mohammad Hossein Ebrahimi 

1938 

 

 Province: Yazd 
 Occupation: Mirāb (Water manager) &  

Ex-Member of Qanat Council 

 
Source: Semsar Yazdi, A. A. (2014) 
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Golam Reza Sardari Zarchi 

1933 
 

 Province: Yazd 

 Occupation: Moqanni ( Digger) 
 

Source: Semsar Yazdi, A. A. (2014) 

 

 

 

Mohammad Sharifi (Hassan Habib) 

 
 

 Province: Yazd 

 Occupation: Moqanni ( Digger) 
 

Source: Semsar Yazdi, A. A. (2014) 

 
 

 

 

 

 

 

 

 

 

Beman Ali Baghiyan 

 

 

 Province: Yazd 

 Occupation: Moqanni ( Digger) 

 
Source: Semsar Yazdi, A. A. (2014) 
             

 

Hossein Sedighi 

 

 
 Province: Yazd 

 Occupation: Moqanni (Digger) 

 
Source: Semsar Yazdi, A. A. (2014) 
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Sheikh Mirza Hassan Vakili 

 
 

 Province: Yazd 

 Occupation: Mirāb (Water manager) 
 

Source: Semsar Yazdi, A. A. (2014) 

 

 

 

Gholam Reza Nasiri 

 
 

 Province: Yazd 

 Occupation: Mirāb (Water Manager) 
 

Source: Semsar Yazdi, A. A. (2014) 

 
 

 

 

 

 

 

 

 

 

Abbas Ali Amirbeyki 

 

 
 Province: Yazd 

 Occupation: Mirāb (Water manager) 

 
Source: Semsar Yazdi, A. A. (2014) 

             

 

Beman Ali Sardari 

1962 
 

 Province: Yazd 

 Age: 52 
 Occupation: Moqanni (Digger) & Member of 

Qanat Council 

 
Source: Semsar Yazdi, A. A. (2014) 
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Rajab Sharifi 

 
 

 Province: Yazd 

 Occupation: Mirāb (Water manager) 
 

Source: Semsar Yazdi, A. A. (2014) 

 

 

 

Ahmad Babaei 

 
 

 Province: Yazd 

 Occupation: Mirāb (Water Manager) 
 

Source: Semsar Yazdi, A. A. (2014) 

 

 

 

 

 

 

 

 

 

 

Alibeman Zare Zarchi 

1941 

 

 Province: Yazd 
 Age:73 

 Occupation: Mirāb (Water manager) 

 
Source: Semsar Yazdi, A. A. (2014) 

             

 

Mirza Mohammad Vakil Zarchi 

1935 
 

 Province: Yazd 

 Age: 74 
 Occupation: Mirāb (Water manager) & Member 

of Qanat Council 

 
Source: Semsar Yazdi, A. A. (2014) 
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Abbas Vakili 

1925 
 

 Province: Yazd 

 Occupation: Member of Qanat Council 
 

Source: Semsar Yazdi, A. A. (2014) 

 

 

 

Ali Hatami 

1950 

 
 Province : Yazd 

 Age: 64 

 Occupation: Moqanni (Digger) 
 

Source: Semsar Yazdi, A. A. (2014) 

 
 

 

 

 

 

 

 

 

 

 

Ali Reza Vakili 

 

 

 Province: Yazd 
 Occupation: Mirāb (Water manager),  

Ex- Representative & Member of Qanat Council 

 
Source: Semsar Yazdi, A. A. (2014) 

             

 

Sayed Mohssen Eghbali 

 

 
 Province: Yazd 

 Occupation: Qanat Representative  
 
Source: Semsar Yazdi, A. A. (2014) 
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Mehdi Hatefi Ardakani 

1969 
 

 Province: Yazd 

 Age: 45 
 Occupation: Moqanni (Digger) 

 
Source: Semsar Yazdi, A. A. (2014) 

             

 

Mr. Najafzadeh 

 
 

 City/ province: Baladeh/ Khorāsān-e Jonubi 

 Occupation: Moqanni (Digger) 
 

Source: ICQHS Archive 

             

 

Ahmad Ghadiri (Ahmad Mahmoud) 

1928-2010 

 

 City/ province: Jupār/ Kermān 
 Occupation: Mirāb (Water manager) 

 
Source: ICQHS Archive 
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Appendix VI: Laboratory Documents 
 

Water was and always will remain mankind's most vital element. One of the major studies 

and protective measures related to documentation and conservation process for qanats is 

laboratory methods. In some cases, depending on the specific circumstances of each qanat, 

laboratory tests measures for monitoring, documentation and protection of qanats.  In this 

chapter some reports of the laboratory tests and the relevant results have been pointed out.     

In some cases these tests have been done in order to dating and documenting of objects found 

in archaeological excavations in qanat of Qasabeh and  also chemical tests according to water 

quality of Gowhar- riz qanat of Jupār, Kermān.  

Some of these tests and relevant report are as bellow:  

 Metallographic report of 3 metal objects from excavated area of Qasabeh qanat; 

 Radiographic report of Qasabeh qanat; 

 Dating report of clay and sediment samples from the archaeological excavations 

borough from Qasabeh qanat; 

 Physic-chemical tests report of Gowhar- riz qanats water, Jupār, Kermān; 

Most of these reports and tests have been done by Research Center for Conservation of 

Cultural Relics and also scientific laboratories which are involved in a variety of laboratory-

based investigations within biological, chemical and physical areas.  

Determining the age of excavated objects through the different tests such as Metallography 

has led to the obvious results about the antiquity of qanats and also documentation. The study 

of the physical structure and components of metals founded from Qasabeh qanat excavation 

area has been mentioned in the report. These reports carry out sampling, testing, measuring, 

recording and analyzing of results as part of a scientific team. Technicians provide all the 

required technical support to the best results.  

Petrography use to identify mineral components in potteries which are founded during 

archeological excavations and also Thermo luminescence (TL) dating is the determination, by 

means of measuring the accumulated radiation dose. As a crystalline material is heated during 

measurements the process of thermo luminescence starts. Thermo luminescence emits a weak 

light signal that is proportional to the radiation dose absorbed by the material. These tests also 

have done on the excavated potteries from Qasabeh qanat.  

These information have been analysis and the results are represent in different reports. Some 

of these reports are brought here.   

http://en.wikipedia.org/wiki/Metal
http://en.wikipedia.org/wiki/Pottery
http://en.wikipedia.org/wiki/Pottery
http://en.wikipedia.org/wiki/Radiation
http://en.wikipedia.org/wiki/Thermoluminescence
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Laboratory Test Result of Qasabeh Qanat 

Source: ICQHS Archive 
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Laboratory Test Result of Qasabeh Qanat 
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Laboratory Test Result of Qasabeh Qanat 
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Laboratory Test Result of Qasabeh Qanat 

Source: ICQHS Archive 
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Laboratory Test Result of Gowhar-riz (Jupār) Qanat 

Source: ICQHS Archive 
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Laboratory Test Result of Gowhar-riz (Jupār) Qanat 

Source: ICQHS Archive 
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Laboratory Test Result of Gowhar-riz (Jupār) Qanat 

Source: ICQHS Archive 
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Laboratory Test Result of Gowhar-riz (Jupār) Qanat 

Source: ICQHS Archive 
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Laboratory Test Result of Gowhar-riz (Jupār) Qanat 

Source: ICQHS Archive 
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Laboratory Test Result of Gowhar-riz (Jupār) Qanat 

Source: ICQHS Archive 
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Appendix VIII: Sample Studies on Tourism Plan 

 

As it has mentioned in chapter 5, Tourism Master Plan for qanat route, including the 

rehabilitation and reorganization plans for each qanats which is under plan by Cultural 

Heritage, Handicrafts and Tourism projects in collaboration with other organizations. In this 

section as a brief survey, a sample of the study projects has been provided according to Qanat 

of Qasabeh. 

Proposal for the Development of a Resort Camp in Qasabeh Qanat 

This plan is made of two components:  

- Qasabeh Qanat’s Garden Route: It covers the distance from the city up to the qanat’s pāyāb 

(access corridor).  

- Desert of Qasabeh Qanat: It begins at pāyāb and continues up to the qanat’s mother well.  

Pāyāb as a linking point which connects these two sections plays a key role in this project. 

These two sections are divided into several subsections which are described below:  

Qasabeh Qanat Garden Route 

Access Roasd: At a distance from the city, we enter a road which leads to Qasabeh gardens 

and farmlands. These fields and gardens are the results of our ancestor’s hard works in their 

strife to build and maintain qanat and access water in this dry and desert region. The 

immediate impression of this view among the visitors should be this question “what is the 

cause of all this lush vegetation in the heart of desert”?  

In this section of the tour, the visitors are acquainted with the events and products of qanat 

and necessary steps are taken for their longer stay in the area. In fact, this part of the plan 

aims to attract people and encourages them to visit Qasabeh Museum. The way qanat is 

connected to the city is of paramount importance because the road which leads to qanat is the 

first charm that can attract the tourists. The following features can make this access road 

outstandingly different from other urban roads.  

1. Lush greenery of the road, the row of trees along the road and running water;  

2. The selection of suitable and rather different cobbles which can affect cars’ speed as 

well. This road can be designed in such a way that it may pass along the main streets of 

the city for a temporary pause at road junctions to allow tourists take a look at 

passersby; 

3. Selection of a symbol or mark for qanat and placing it at the entrance of the access road.  

Living Quarters: After passing through the gardens and fields and in search of all this lush 

vegetation in the center of desert, tourists get to a roundabout where the road from city to 

qanat ends to. This roundabout lies at a spot where the tourist camp gets separated from the 
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main road. It is the first sub-section of the garden route where the lodging quarters are 

situated.  

Two separate lodging places have been proposed in this plan, one is in the form of tents set 

up in the camp which can be rented to visitors and the second one is in the form of motels 

which provide better services to people of higher income.  

Walking Path: This is a roofed walking path of 300-350 m long which starts at the camp and 

passes by a renovated ancient mill on its way and finally gets to the bazaar (market place). 

(Different materials are used for the awnings of this walking path to keep the burning sun off the 

visitors). This awning will probably have a tent like design. Various garden fruits and 

products like saffron and also handcrafted products will be offered for sale in the traditional 

market place of this camp.  

At the end of this market place, there are restaurants and arbors. Water stream widens here 

and by designing proper lighting and water jets a refreshing environment for relaxation of 

visitors is created here. Due to the attraction of this section of the route, it will always be 

open and active during the year and it will provide customers for other sections of the project 

as well. At the continuation of the route, the tourists enter the gardens and finding their way 

through the branches and bushes get to qanat’s outlet. There is a tea house built near the 

outlet.   

Stagecoach Path: The stagecoach stop is located near the qanat Pāyāb where tourists can get 

on a stagecoach to reach to qanat’s outlet through gardens and fields. The end point of this 

road is the border between the desert and gardens marked by a definite sharp contrast called 

“Manzargah” (Landscape). At this key spot, a plan for the building of a mansion in the style of 

ancient Iranian palaces has been proposed. This mansion is situated on a location where by 

standing on its porch, the contrast between lush greenery and barren desert can be clearly 

observed, a view which will remind us of the wonderful job our ancestors have done in the 

creation of this paradise in the heart of desert. 

The second floor of this mansion will act like an observatory for the tourists to watch the 

starry sky at nights. It is planned to place astronomical instruments in a room to enable 

interested individuals to observe the sky, a facility which adds to the magnificence of this 

building more than ever. Other spaces for restaurant and the holding of live music concerts 

are also planned in this mansion. This mansion will be built near the present Pāyāb where the 

entrance to qanat museum is located. 

Qasabeh Qanat Desert  

This section begins at the present Pāyāb of qanat and finally leads to the qanat’s mother well. 

In fact, this section aims to introduce qanat technology to visitors which consists of the 

following sub-sections:  

Qanat Museum: The first sub-section of Qasabeh desert is its museum. To see and get 

familiar with the structure of qanat, visitors will be taken to the galleries. For this purpose, a 

section of qanat’s galleries which is presently out of service (due to the cave-ins of this section, a 
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bypass has been made near it) is very ideal for this objective. The visitors not only enjoy being 

in a completely different setting with its unique climatic condition, but also get curious to 

know more about qanats. So it can be said that this route serves two purposes:  

Firstly: A better and deeper familiarity with this marvelous structure by taking the visitors 

inside the underground tunnels (galleries). 

Secondly: Milder climatic conditions inside the galleries which will provide a break for the 

visitors. The temperature of the galleries is much lower than the outside temperature therefore 

it will be more pleasant for the visitors. The water inside the galleries adds to the air humidity 

and makes it more pleasant compared with the dry weather outside.This abandoned gallery 

will be restored in such a way to be a complete replica of qanat’s galleries, in other words, an 

attempt will be made to imitate the sections in accordance with real dimensions and lighting 

patterns. It needs to be noted that considering the number of tourists who visit the galleries, 

only a small section can retain its actual dimensions and other corridors need to be widened 

for an easy travel of visitors. There will be signs and models along this 400-700 m 

passageway displaying paintings, photos, documents, maps, aerial pictures, etc of qanat 

which give information about qanat, its components, history, construction methods, etc. What 

motivates us to use more models here concerns their ease of understanding by all walks of 

life even children. As the underground tunnels get narrower or wider, and as the sections 

change, spaces can be planned for film kiosks, tea house, handcraft shops, small models for 

qanat-related instruments, (winch, jār, shovel...) restaurant, along this passageway which 

encourages the visitors to keep going on.  A sense of variety can also be created along this 

rather long passageway (400-600 m) by different lighting and emotional experiences 

associated with water. The accompanying appendix provides a schemata of the events 

designed for the visitors on their way along the galleries. The lights infiltrating through the 

restored well shafts gives a realistic sense to the visitors.  

Well Shafts 

At the end of this museum, the visitors get out to the surface and travel the route of well 

shafts up to the mother well by car. On their way to the source of qanat, visitors will see 

desert, its vegetation cover and get in touch with its harsh climatic conditions. The numerous 

small and large mounds which signify the presence of dug wells will help the visitors better 

realize the difficulties and appreciate the will power of their ancestors. 

Mother Well:  

The visitors finally get to the mother well which is one of the most significant components of 

this qanat. A model representing the individuals involved in this project, excavation tools and 

the reconstruction of a mard khāneh near this mother well are among the features which are 

planned to be conducted here. As the last step, and in order to familiarize the visitors with the 

grandeur of this 300 m deep mother well, facilities can be designed to take interested 

individuals for a visit inside the mother well. A big tent will also be provided for the 

temporary resting of the visitors. After a short break, cars will take the visitors to the city and 

thus this tour comes to an end.  
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Y:3776197.67168         X: 621642.45697 : UTM جهت شمال رقوم   E:58  19  8.5          N: 34  07  10.4 : GPS رقوم  1محدوده شماره    

  پالن درخت

Plan of tree 

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground بيد: درخت شاخص 

 معبر اصلي

 مسيردرختان سمت چپ 

 جويدرختان سمت چپ 

 بيد: درخت شاخص

 بيد: درخت شاخص

  پالن درخت

Plan of tree 

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  پالن درخت

Plan of tree 

  پالن درخت

Plan of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  نماي درخت

Elevation of tree 

  پالن درخت

Plan of tree 

  :Willow           Name                                       بيد: نام

    Salix alba        Scientific  Name: Salix alba  :نام علمي

                    Salicaceae       Family: Salicaceae  :خانواده

               Salicales                      Order: Salicales: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

       Age(Year):146                              146):سال( سن

                  Height: 9m                            متر 9 :ارتفاع

                 Environment: 4.60m        متر 60/4: تنه محيط

  متر46/1: قطر در ارتفاع برابر سينه

                        Diameter in chest height: 1.46 m                   

      

 :L                        L- 100- 1 Tree  code -100 -1:شناسه درخت

   :GPS   N:34  07  9.3        E:58  19  6.8    GPS  code:رقوم 

 UTM:       Y: 3776197.93640 UTM  code:  X: 621662.95194رقوم 

      m        1623 :Altitude                     متر1623: ارتفاع از سطح دريا

            General slope of the area: ± % 3         % ±3:شيب عمومي منطقه

              

  Distance  from  previous  tree:7m متر  7:فاصله از درخت قبلي

        Distance  from  next  tree:9m متر 9: فاصله از درخت بعدي

  :Tree  diseases                  بيماري خاصي مشاهده نگرديد: بيماريهاي درخت

  Elements of Range ::                              عناصر شاخص محدوده

  مترسمت راست ابتداي معبر  100عدم وجود درخت در  -اولين بخشاب

               Number of trees:  7                                                                   7: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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    Appearance                                  تاج متقارن -تاج پوشش متراكم :مشخصات ظاهري
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Y:3775716.49522         X: 622312.34194        : UTM               جهت شمال رقوم    E: 58  19  34.4          N: 34  06  54.5          : GPS رقوم   11محدوده شماره    

 معبر اصلي

 چنار: درخت شاخص جوي در مسيردرختان 

 جوي در مسيردرختان 

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  پالن درخت

Plan of tree 

                Number of trees:  34                                                                34: عداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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    Appearance                                  تاج متقارن -تاج پوشش متراكم :مشخصات ظاهري

  :plantain          Name                                     چنار: نام

         Scientific  Name:         platanus orientalis :علمينام 

                platanaccac       Family: platanaccac  :خانواده

               - :Order                                              -: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

           Age(Year): 72                            72): سال( سن

                 Height: 20m         متر                  20 :ارتفاع

                 Environment: 1.70m        متر 70/1: تنه محيط

  متر54/0: قطر در ارتفاع برابر سينه

                        Diameter in chest height: 0.54 m                   

      

 :L                     L- 100- 11 Tree  code -100 -11:شناسه درخت

   :GPS   N:34  06  54.5    E:58  19  34.4      GPS  code:رقوم 

 UTM:       Y: 3775716.49522 UTM  code:  X: 622312.34194رقوم 

      m        1622 :Altitude                      متر1622: ارتفاع از سطح دريا

            General slope of the area: ± % 3         % ±3:شيب عمومي منطقه

              

  Distance  from  previous  tree:2m متر  2:فاصله از درخت قبلي

        Distance  from  next  tree:4m متر 4: فاصله از درخت بعدي

  :Tree  diseases                  بيماري خاصي مشاهده نگرديد: بيماريهاي درخت

  Elements of Range ::                              عناصر شاخص محدوده

  قرارگيري دو جوي در دو طرف معبر
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  سازمان ميراث فرهنگي، صنايع دستي و گردشگري 

Iranian Cultural Heritage. Handicrafts & tourism organization      
  ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي اداره كل

Administration of Cultural Heritage, Handicrafts and Tourism of  
 Southern Khorasan                                                                            

 

  

Y:3774079.76820         X: 619122.32450        : UTM               جهت شمال رقوم    E: 58  17  29.1          N: 34  06  2.7          : GPS رقوم   40محدوده شماره    

 نماي كلي درخت شاخص

 جوي مسيردرختان  جوي مسيردرختان 

 درختان مسير جوي چنار: درخت شاخص

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  پالن درخت

Plan of tree 

  :plantain          Name                                     چنار: نام

         Scientific  Name:         platanus orientalis :نام علمي

                platanaccac       Family: platanaccac  :خانواده

               - :Order                                              -: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

                     Number of trees:    31                                                            31: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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23  6 -  1 1  -  -  -  -  -  

 Appearance                              متقارنناتاج  -متراكمنيمه تاج پوشش  :مشخصات ظاهري

           Age(Year): 105                         105):سال( سن

                 Height: 27 m        متر                  27 :ارتفاع

                 Environment: 2.50 m        متر 50/2: تنه محيط

  متر79/0: قطر در ارتفاع برابر سينه

                        Diameter in chest height: 0.79 m                   

      

 :L                     L- 100- 40 Tree  code -100 -40:شناسه درخت

   :GPS   N:34  06  2.7    E:58  17  29.1      GPS  code:رقوم 

 UTM:       Y: 3774079.76820 UTM  code:  X: 619122.32450رقوم 

      m        1617 :Altitude                      متر1617: ارتفاع از سطح دريا

             General slope of the area: ± % 5         % ±5:شيب عمومي منطقه

              

    Distance  from  previous  tree:6 mمتر 6:فاصله از درخت قبلي

        Distance  from  next  tree:3 mمتر 3: فاصله از درخت بعدي

  :Tree  diseases                بيماري خاصي مشاهده نگرديد: بيماريهاي درخت 

  Elements of Range ::                              عناصر شاخص محدوده

  قرارگيري دو جوي در دو طرف معبر
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  سازمان ميراث فرهنگي، صنايع دستي و گردشگري   

Iranian Cultural Heritage. Handicrafts & tourism organization            
  اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي  

Administration of Cultural Heritage, Handicrafts and Tourism of         

 Southern Khorasan                                                                                 

 

 

  

Y:3772805.37516         X: 618472.00231        : UTM               جهت شمال رقوم    E: 58  17  03.1          N: 34  05  21.6          : GPS رقوم   56محدوده شماره    

 جوي مسيردرختان 

 درختان مسير جوي

 جوي مسيردرختان 

 درختان معبر اصلي

 چنار: درخت شاخص

  :plantain          Name                                     چنار: نام

         Scientific  Name:         platanus orientalis :نام علمي

                platanaccac       Family: platanaccac  :خانواده

               - :Order                                              -: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

                     Number of trees:     21                                                           21: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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3  14 -  - 4  -  -  -  -  -  

    Appearance                              متقارنتاج  -تاج پوشش متراكم :مشخصات ظاهري

                 Age(Year): 84                        84):سال( سن

                 Height: 20 m        متر                  20 :ارتفاع

                          Environment: 2 m        متر 2: تنه محيط

  متر63/0: قطر در ارتفاع برابر سينه

                        Diameter in chest height: 0.63 m                   

      

 :Tree  code 56 -100                                  100 -56:شناسه درخت

   :GPS   N:34  05  21.6    E:58  17  2.8      GPS  code:رقوم 

 UTM:       Y: 3772805.27856 UTM  code:  X: 618464.31400رقوم 

      m        1615 :Altitude                      متر1615: ارتفاع از سطح دريا

             General slope of the area: ± % 5         % ±5:شيب عمومي منطقه

              

    Distance  from  previous  tree:3 mمتر 3:درخت قبليفاصله از 

        Distance  from  next  tree:7 mمتر 7: فاصله از درخت بعدي

  :Tree  diseases                بيماري خاصي مشاهده نگرديد: بيماريهاي درخت 

  Elements of Range ::                              عناصر شاخص محدوده

  قرارگيري دو جوي در دو طرف معبر

  

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  پالن درخت

Plan of tree 
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 سازمان ميراث فرهنگي، صنايع دستي و گردشگري 
Iranian Cultural Heritage. Handicrafts & tourism organization               

 اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي
 Administration of Cultural Heritage, Handicrafts and Tourism of        
 Southern Khorasan                                                                                 

 
 

  

Y:3772471.15792         X: 617861.01868        : UTM                جهت شمال رقوم    E: 58  16  39.1          N: 34  05  11.0          : GPS رقوم   63محدوده شماره    

 جوي مسيردرختان 

 

 درختان مسير جوي

 جوي مسيردرختان 

 

 معبر اصلي

 چنار: درخت شاخص

 معبر اصليدرختان 

 

 :plantain          Name                                     چنار: نام
         Scientific  Name:         platanus orientalis :نام علمي

                platanaccac       Family: platanaccac  :خانواده

               - :Order                                              -: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

              
  

  
  

 

 

                                   Number of trees:       29                                                          29: تعداد درختان

 سرو سنجد اقاقيا كاج گردو سپيدار نارون توت چنار بيد
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- 25 1 - 3 - -  --  -

 Appearance                              متقارنناتاج  -متراكمنيمه تاج پوشش  :مشخصات ظاهري
  

                Age(Year): 88                         88):سال( سن

                 Height: 20 m        متر                  20 :ارتفاع

                 Environment: 2.10 m        متر 10/2: تنه محيط

  متر66/0: قطر در ارتفاع برابر سينه
                        Diameter in chest height: 0.66 m                   

      
    

    

       

 

 :Tree  code            63 -100                    100 -63:شناسه درخت

  :GPS   N:34  05  11.8    E:58  16  39.4      GPS  code:رقوم 
 UTM:       Y: 3772495.89622  UTM  code:  X: 619868.39924رقوم 

       m        1613 :Altitude                      متر1613: ارتفاع از سطح دريا
              General slope of the area: ± % 6         % ±6:شيب عمومي منطقه

              

 

    Distance  from  previous  tree:5 mمتر 5:فاصله از درخت قبلي

        Distance  from  next  tree:7 mمتر 7: فاصله از درخت بعدي

 :Tree  diseases                بيماري خاصي مشاهده نگرديد: بيماريهاي درخت 
 Elements of Range :            :                  عناصر شاخص محدوده

 قرارگيري دو جوي در دو طرف معبر
 

 نماي درخت
Elevation of tree 

 Elevation  of  trunkنماي تنه     

 

 نحوه استقرار در زمين
Placement on ground 

 پالن درخت
Plan of tree 
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  سازمان ميراث فرهنگي، صنايع دستي و گردشگري 

Iranian Cultural Heritage. Handicrafts & tourism organization      
  اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي

Administration of Cultural Heritage, Handicrafts and Tourism of  
 Southern Khorasan                                                                            

 

  

Y:3774866.46695         X: 619937.54751        : UTM               جهت شمال رقوم    E: 58  18  01.3          N: 34  06  27.9          : GPS رقوم   25محدوده شماره    

 معبر اصلي بيد: درخت شاخص

 درختان مسير جوي جوي مسيردرختان  جوي مسيردرختان 

  معبر اصلي بيد: درخت شاخص
             Age(Year):167                       167): سال( سن

                          Height: 9m                     متر 7 :ارتفاع

            Environment: 5.30m            متر 30/5: تنه محيط

   متر 67/1: سينهقطر در ارتفاع برابر 

                       Diameter in chest height: 1.67 m                    

 

 Distance  from  previous  tree:7m      متر7:فاصله از درخت قبلي

            Distanc  from  next  tree:7mمتر7: فاصله از درخت بعدي

   :Tree  diseasesتنه كامال توخالي                              :درختبيماريهاي 

  Range of elements:                               :عناصر شاخص محدوده

در  چنارو  بيد شناسايي دو درخت كهنسال -قرارگيري دو جوي در كنار هم

  اين محدوده

 :Tree  code         25 – 100                      100 -25:شناسه درخت

   :GPS   N:34  06  26.5        E:58  17  58.8  GPS  code:رقوم 

 :UTM:   X: 619784.04061       Y: 3774822.52767  UTM  code رقوم

      m        1621 :Altitude                      متر1621: ارتفاع از سطح دريا

            General slope of the area: ± % 3         % ±3:شيب عمومي منطقه

              

  :Willow           Name                                       بيد: نام

    Salix alba        Scientific  Name: Salix alba  :نام علمي

                    Salicaceae       Family: Salicaceae  :خانواده

                Salicales                      Order: Salicales: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

                   Number of trees:  24                                                               24: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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19  3  -  - 2  -  -  - -  -  

    Appearance                             متقارنتاج نا  -نا متراكم تاج پوشش :مشخصات ظاهري

  نحوه استقرار در زمين

Placement on ground 

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  پالن درخت

Plan of tree 
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  سازمان ميراث فرهنگي، صنايع دستي و گردشگري 

Iranian Cultural Heritage. Handicrafts & tourism organization         
  اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي

Administration of Cultural Heritage, Handicrafts and Tourism of      

 Southern Khorasan                                                                               

 

 

   

Y:3772087.06015         X: 617199.34630        : UTM               جهت شمال رقوم    E: 58  16  13.1          N: 34  04  58.8          : GPS رقوم   72محدوده شماره    

 جوي مسيردرختان 

 درختان مسير جوي

 درختان معبر اصلي جوي مسيردرختان 

 چنار: درخت شاخص

 درختان معبر اصلي

  :plantain          Name                                     چنار: نام

         Scientific  Name:         platanus orientalis :نام علمي

                platanaccac       Family: platanaccac  :خانواده

               - :Order                                              -: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

                     Number of trees:          9                                                          9: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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    Appearance                                 تاج متقارن -متراكمتاج پوشش  :مشخصات ظاهري

                Age(Year): 118                     118):سال( سن

                 Height: 19 m        متر                  19 :ارتفاع

                 Environment: 2.80 m        متر 80/2: تنه محيط

  متر89/0: قطر در ارتفاع برابر سينه

                        Diameter in chest height: 0.89 m                   

      

 :Tree  code            72 -100                    100 -72:شناسه درخت

   :GPS   N:34  04  58.6    E:58  16  13.0      GPS  code:رقوم 

 UTM:       Y: 3772080.86776  UTM  code:  X: 617196.85990رقوم 

      m        1613 :Altitude                      متر1613: ارتفاع از سطح دريا

             General slope of the area: ± % 6         % ±6:شيب عمومي منطقه

              

 Distance  from  previous  tree:10 mمتر 10:فاصله از درخت قبلي

     Distance  from  next  tree:10 mمتر 10: فاصله از درخت بعدي

  :Tree  diseases                   بيماري خاصي مشاهده نگرديد: بيماريهاي درخت

  Elements of Range ::                              عناصر شاخص محدوده

  قرارگيري دو جوي در مجاورت يكديگر

  

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  پالن درخت

Plan of tree 



 

  

               جهت شمال

 مسير جوي

 معبر اصلي

 جوي مسير

Y:3770694.84997         X: 615975.80268 : UTM رقوم

مسير جوي

رقوم    E:58  15  24.7          

 جوي مسيردرختان 

 چنار: درخت شاخص

          N: 34  04  14.1 : GPS رقوم      92محدوده شماره     

  نحوه استقرار در زمين

Placement on ground 

 Elevation  of  trunkنماي تنه     

  نماي درخت

Elevation of tree 

  پالن درخت

Plan of tree 

  نحوه استقرار در زمين

Placement on ground 

 Elevation  of  trunkنماي تنه     
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  سازمان ميراث فرهنگي، صنايع دستي و گردشگري 

Iranian Cultural Heritage. Handicrafts & tourism organization 
  اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي

Administration of Cultural Heritage, Handicrafts and Tourism  
 Southern Khorasan                                                                            

 محدوده شماره 

نماي تنه     نماي تنه     

                                                                      8 :Number of trees        

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون
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    Appearance                                    تاج متقارن -تاج پوشش متراكم

                                     plantain          Name:  

Scientific  Name:         platanus orientalis

 platanaccac       Family: platanaccac                

                                              Order: -               

Magnoliophyta     Division: Magnoliophyta         

 Distance  from  previous  tree:20mمتر  20

    Distance  from  next  tree:25mمتر 25: 

  :Tree  diseases                بيماري خاصي مشاهده نگرديد

                           :  : Elements of Range  

وجود درختان جوان در اين  -قرارگيري دو جوي در مجاورت يكديگر

  شروع باغستان سفلي

                                100- 92   Tree  code: 

N:34  04  13.2      E:58  1    GPS  code:   

   Y: 3770629.97552 UTM  code:  X: 615994.08675   

      m        1609 :Altitude                      متر1609

%         8 % ± :General slope of the area            

                        Age(Year): 152           

               Height: 22m             متر              

                 Environment: 3.60m        متر

  متر 14/1: قطر در ارتفاع برابر سينه

Diameter in chest height: 1.14 m                   
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سازمان ميراث فرهنگي، صنايع دستي و گردشگري 

Handicrafts & tourism organization     
اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي

, Handicrafts and Tourism of 
                                                               

                                       8: تعداد درختان

نارون  توت  چنار  بيد
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تاج پوشش متراكم :مشخصات ظاهري

                     چنار: نام

         platanus orientalis :نام علمي

platanaccac :خانواده

               -: راسته

Magnoliophyta: شاخه

20:فاصله از درخت قبلي

: فاصله از درخت بعدي  

بيماري خاصي مشاهده نگرديد: بيماريهاي درخت 

:                           عناصر شاخص محدوده

قرارگيري دو جوي در مجاورت يكديگر

شروع باغستان سفلي - محدوده

                              100 -92:شناسه درخت

GPS   15  24.1:رقوم 

UTM:   0629.97552رقوم 

609: ارتفاع از سطح دريا

 ±8:شيب عمومي منطقه

              

         152): سال( سن

متر               22 :ارتفاع

متر 60/3: تنه محيط

قطر در ارتفاع برابر سينه
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Y:3775951.39722         X: 621179.28758        : UTM               جهت شمال رقوم    E: 58  18  50.3          N: 34  07  2.6          : GPS رقوم   6محدوده شماره    

  پالن درخت

Plan of tree 

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

 چنار: درخت شاخص

 معبر اصلي

 در مسير جوي چپدرختان 

 در مسير جوي چپدرختان  در مسير جوي چپدرختان 

 معبر اصلي

             Age(Year): 126                       126 ):سال( سن

                    Height: 20m                       متر 20 :ارتفاع

                   Environment:3 m              متر 3: تنه محيط

  متر 95/0: قطر در ارتفاع برابر سينه

  Diameter in chest height: 0.95 m                         

    

    Distance  from  previous  tree:3m متر 3:فاصله از درخت قبلي

        Distance  from  next  tree:7 mمتر 7: فاصله از درخت بعدي

         :Tree  diseasesبيماري خاصي مشاهده نگرديد :بيماريهاي درخت 

  Elements of Range ::                              عناصر شاخص محدوده

 قرارگيري جوي در دو طرف محدوده

 :L                         L- 100- 6 Tree  code -100 -6:شناسه درخت

   :GPS   N:34  07  2.6      E:58  18  50.3    GPS  code:رقوم 

 :UTM:     X: 621179.28758      Y: 3775951.3972 UTM  code رقوم

      m  1623 :Altitude               متر            1623: ارتفاع از سطح دريا

            General slope of the area:±  % 3        % ±3 :شيب عمومي منطقه

              

  :plantain          Name                                     چنار: نام

         Scientific  Name:         platanus orientalis :نام علمي

                platanaccac       Family: platanaccac  :خانواده

               - :Order                                              -: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

               Number of trees:  28                                                              28: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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                                  Appearance متقارننيمه تاج  درخت شاداب با :مشخصات ظاهري



 

 

Zahra Rezaei Malakouti 
Kazem Mokhtarnia 
 

Summer 2014 

Identify Trees in Shah Joy knows FerdoIdentify Trees in Shah Joy knows FerdoIdentify Trees in Shah Joy knows FerdoIdentify Trees in Shah Joy knows Ferdowwwwssss  
  

  

  

  سازمان ميراث فرهنگي، صنايع دستي و گردشگري 

Iranian Cultural Heritage. Handicrafts & tourism organization      
  اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي

Administration of Cultural Heritage, Handicrafts and Tourism of  
 Southern Khorasan                                                                            

 

  

Y:3774813.22160         X: 619869.03370        : UTM               جهت شمال رقوم    E: 58  17  58.6          N: 34  06  26.2          : GPS رقوم   26محدوده شماره    

 چنار: درخت شاخص

 حسينيه  -معبر اصلي

 جوي مسيردرختان 

 جوي مسيردرختان 

 چنار: درخت شاخص درختان مسير جوي

            Age(Year): 152                        152): سال( سن

                       Height: 18 m                   متر 18 :ارتفاع 

                       Environment: 3.60m  متر 60/3: تنه محيط  

  متر 14/1: قطر در ارتفاع برابر سينه 

                     Diameter in chest height: 1.14 m                    
 

 Distance  from  previous  tree:10m متر 10:فاصله از درخت قبلي

        Distanc  from  next  tree:10mمتر10: فاصله از درخت بعدي

   :Tree  diseasesبيماري خاصي مشاهده نگرديد              :بيماريهاي درخت

  Range of elements::                               عناصر شاخص محدوده

در  چنارو  بيد شناسايي دو درخت كهنسال -قرارگيري دو جوي در كنار هم

  قرار داشتن حسينيه در اين محدوده -اين محدوده

 :Tree  code         26 – 100                       100 -26:شناسه درخت

   :GPS   N:34  06  26.2        E:58  17  58.6  GPS  code:رقوم 

 :UTM:   X: 619869.03370      Y: 3774813.22160  UTM  codeر��م 
      m        1621 :Altitude                      متر1621: ارتفاع از سطح دريا

           General slope of the area: ± % 3         % ±3:شيب عمومي منطقه

              

  :plantain          Name                                     چنار: نام

         Scientific  Name:         platanus orientalis :نام علمي

                platanaccac       Family: platanaccac  :خانواده

               - :Order                                              -: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

                     Number of trees:  21                                                              21: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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 Appearance                               متقارننيمه تاج  -تاج پوشش متراكم :مشخصات ظاهري

  نحوه استقرار در زمين

Placement on ground 

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  پالن درخت

Plan of tree 
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Y:3771999.82561         X: 617120.96568        : UTM               جهت شمال رقوم    E: 58  16  10.0          N: 34  04  56.0          : GPS رقوم   73محدوده شماره    

 جوي

  درختان مسير 

 جوي

   مسيردرختان 

 جوي

 ريشه هاي درختان

 چنار: درخت شاخص

   مسيردرختان 

 جوي

  :plantain          Name                                     چنار: نام

         Scientific  Name:         platanus orientalis :نام علمي

                platanaccac       Family: platanaccac  :خانواده

               - :Order                                              -: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

                     Number of trees:        10                                                         10: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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    Appearance                                 تاج متقارن -تاج پوشش متراكم :مشخصات ظاهري

                Age(Year): 118                     118):سال( سن

                 Height: 20 m        متر                  20 :ارتفاع

                 Environment: 2.80 m        متر 80/2: تنه محيط

  متر89/0: قطر در ارتفاع برابر سينه

                        Diameter in chest height: 0.89 m                   

      

 :Tree  code            73 -100                    100 -73:شناسه درخت

   :GPS   N:34  04  54.1    E:58  16  07.9      GPS  code:رقوم 

 UTM:       Y: 3771940.63228  UTM  code:  X: 617067.86954رقوم 

      m        1613 :Altitude                      متر1613: ارتفاع از سطح دريا

             General slope of the area: ± % 6         % ±6:شيب عمومي منطقه

              

 Distance  from  previous  tree:11 mمتر 11:فاصله از درخت قبلي

        Distance  from  next  tree:4 mمتر 4: فاصله از درخت بعدي

  :Tree  diseases                بيماري خاصي مشاهده نگرديد: بيماريهاي درخت 

  Elements of Range ::                              عناصر شاخص محدوده

  قرارگيري دو جوي در مجاورت يكديگر

  

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  پالن درخت

Plan of tree 
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Y:3775410.94286         X: 620355.99010        : UTM               جهت شمال رقوم    E: 58  18  17.9          N: 34  06  45.4          : GPS رقوم   17محدوده شماره    

 معبر اصلي

 جوي مسيردرختان 

 جوي مسيردرختان 

 بيد: درخت شاخص

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  نماي درخت

Elevation of tree 

  پالن درخت

Plan of tree 

           Age(Year): 146                         146): سال( سن

                  Height: 9m                            متر 9 :ارتفاع

                  Environment: 4.60m        متر 60/4: تنه محيط

  متر46/1: قطر در ارتفاع برابر سينه

                        Diameter in chest height: 1.46 m                   

      

 :Tree  code 17 -100                               100 -17:شناسه درخت

   :GPS   N:34  06  45       E:58  19  17.3      GPS  code:رقوم 

 UTM:       Y: 3775398.42528 UTM  code:  X: 620340.77504رقوم 

      m        1622 :Altitude                      متر1622: ارتفاع از سطح دريا

            General slope of the area: ± % 3         % ±3:شيب عمومي منطقه

              

  Distance  from  previous  tree:9m متر  9:فاصله از درخت قبلي

        Distance  from  next  tree:9m متر 9: فاصله از درخت بعدي

  :Tree  diseases      تنه ميان تهي -درون پوسيدگي شديد: بيماريهاي درخت

  Elements of Range ::                              عناصر شاخص محدوده

  شناسايي دو درخت كهنسال بيد  -قرارگيري دو جوي در كنار يكديگر

  

  :Willow           Name                                       بيد: نام

    Salix alba        Scientific  Name: Salix alba  :نام علمي

                    Salicaceae       Family: Salicaceae  :خانواده

                Salicales                      Order: Salicales: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

      Number of trees:  44                                                               44: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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 Appearance                             متقارننا تاج  -متراكم نيمه تاج پوشش :مشخصات ظاهري
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Y:3774291.59398         X: 619306.73026        : UTM               جهت شمال رقوم    E: 58  17  36.4          N: 34  06  9.5          : GPS رقوم   36محدوده شماره    

 درختان مسير جوي
 معبر اصلي

 بيد: درخت شاخص جوي مسيردرختان  جوي مسيردرختان 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  پالن درخت

Plan of tree 

  :Willow           Name                                       بيد: نام

    Salix alba        Scientific  Name: Salix alba  :نام علمي

                    Salicaceae       Family: Salicaceae  :خانواده

                Salicales                      Order: Salicales: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

                    Number of trees:  25                                                               25: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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 Appearance                          متقارنتاج غيرنا - غير متراكم تاج پوشش :مشخصات ظاهري

           Age(Year): 200                        200): سال( سن

                           Height: 7 m    متر                  7 :ارتفاع

                 Environment: 6.30 m        متر 30/6: تنه محيط

  متر2: قطر در ارتفاع برابر سينه

                        Diameter in chest height: 2 m                         

    

 :L                     L- 100- 36 Tree  code -100 -36:شناسه درخت

   :GPS   N:34  06  9.2    E:58  17  36.5      GPS  code:رقوم 

 UTM:        Y: 3774282.38555 UTM  code:  X: 619309.40962رقوم 

      m        1619 :Altitude                      متر1619: ارتفاع از سطح دريا

            General slope of the area: ± % 5         % ±5:شيب عمومي منطقه

              

   Distance  from  previous  tree:9 mمتر 9:از درخت قبليفاصله 

        Distance  from  next  tree:9 mمتر 9: فاصله از درخت بعدي

  :Tree  diseases            درون پوسيدگي                      : بيماريهاي درخت 

  Elements of Range ::                             عناصر شاخص محدوده

  تنه دو شاخه درخت شاخص -قرارگيري دو جوي در دو طرف معبر
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Y:3771919.00677         X: 617063.01116        : UTM               جهت شمال رقوم    E: 58  16  07.7          N: 34  04  53.4          : GPS رقوم   74محدوده شماره    

 معبر اصليدرختان 

 جوي مسيردرختان  درختان مسير جوي

 نماي كلي درخت شاخص

 چنار: درخت شاخص

 معبر اصليدرختان 

  :plantain          Name                                     چنار: نام

         Scientific  Name:         platanus orientalis :نام علمي

                platanaccac       Family: platanaccac  :خانواده

               - :Order                                              -: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

        Number of trees:       7                                                               7: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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    Appearance                                  تاج متقارن -تاج پوشش متراكم :مشخصات ظاهري

               Age(Year): 126                      126):سال( سن

                Height: 20 m        متر                  20 :ارتفاع 

                         Environment: 3 m        متر 3: تنه محيط 

  متر95/0: قطر در ارتفاع برابر سينه 

                        Diameter in chest height: 0.95 m                   

      

 :Tree  code            74 -100                    100 -74:شناسه درخت

   :GPS   N:34  04  51.9    E:58  16  06.4      GPS  code:رقوم 

 UTM:      Y: 3771872.38926   UTM  code:  X: 617030.26544رقوم 

      m        1613 :Altitude                      متر1613: ارتفاع از سطح دريا

             General slope of the area: ± % 6         % ±6:شيب عمومي منطقه

              

 Distance  from  previous  tree:11 mمتر 11:فاصله از درخت قبلي

     Distance  from  next  tree:11 mمتر 11: فاصله از درخت بعدي

  :Tree  diseases                   بيماري خاصي مشاهده نگرديد: بيماريهاي درخت

  Elements of Range ::                              عناصر شاخص محدوده

  قرارگيري دو جوي در مجاورت يكديگر

  

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  پالن درخت

Plan of tree 



 

  

رقوم Y:3770558.05894         X: 615874.9339 : UTM               جهت شمال

 معبر اصلي

 جوي مسير

 جوي مسير

رقوم    E:58  15  20.7          

معبر اصلي

مسيردرختان 

مسير
 چنار: درخت شاخص

          N: 34  04  09.7 : GPS رقوم      94محدوده شماره     

  نماي درخت

Elevation of tree 

  پالن درخت

Plan of tree 

  نحوه استقرار در زمين

Placement on ground 

 Elevation  of  trunkنماي تنه     
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  سازمان ميراث فرهنگي، صنايع دستي و گردشگري 

Iranian Cultural Heritage. Handicrafts & tourism organization 
  اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي

Administration of Cultural Heritage, Handicrafts and Tourism  
 Southern Khorasan                                                                            

 محدوده شماره 

نماي تنه     

                                     plantain          Name:  

Scientific  Name:         platanus orientalis

 platanaccac       Family: platanaccac                

                                              Order: -               

Magnoliophyta     Division: Magnoliophyta         

                                                    10       :Number of trees                     

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون
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-  -  -  -  -  -  -  

    Appearance                              تاج متقارن -تاج پوشش متراكم

   Distance  from  previous  tree:7mمتر  

     Distance  from  next  tree:10mمتر 10: 

  :Tree  diseases                  بيماري خاصي مشاهده نگرديد

                           :  : Elements of Range  

وجود درختان جوان در اين  -قرارگيري دو جوي در مجاورت يكديگر

  باغستان سفلي

                                100- 94   Tree  code: 

N:34  04  9.1      E:58  15    GPS  code:   

   Y: 3770539.42002 UTM  code:  X: 615862.34411   

      m        1609 :Altitude                      متر1609

 %         8 % ± :General slope of the area           

                         Age(Year):148           

               Height: 22m             متر              

                 Environment: 3.50m        متر

  متر 11/1: قطر در ارتفاع برابر سينه

Diameter in chest height: 1.11 m                   
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سازمان ميراث فرهنگي، صنايع دستي و گردشگري 

Handicrafts & tourism organization     
اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي

, Handicrafts and Tourism of 
                                                               

                     چنار: نام

         platanus orientalis :نام علمي

platanaccac :خانواده

               -: راسته

Magnoliophyta: شاخه

                                      10: تعداد درختان

نارون  توت  چنار  بيد
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-  7  3  

تاج پوشش متراكم :مشخصات ظاهري

 7:فاصله از درخت قبلي

: فاصله از درخت بعدي

بيماري خاصي مشاهده نگرديد: بيماريهاي درخت

:                           عناصر شاخص محدوده

قرارگيري دو جوي در مجاورت يكديگر

باغستان سفلي - محدوده

100 -94:شناسه درخت

GPS   5  20.2:رقوم 

UTM:   0539.42002رقوم 

609: ارتفاع از سطح دريا

 ±8:شيب عمومي منطقه

              

             148): سال( سن

متر               22 :ارتفاع

متر 50/3: تنه محيط

قطر در ارتفاع برابر سينه
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  سازمان ميراث فرهنگي، صنايع دستي و گردشگري 

Iranian Cultural Heritage. Handicrafts & tourism organization       
  اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي

Administration of Cultural Heritage, Handicrafts and Tourism of  
 Southern Khorasan                                                                             

 

  

Y:3775410.94286         X: 620355.99010        : UTM               جهت شمال رقوم    E: 58  18  17.9          N: 34  06  45.4          : GPS رقوم   17محدوده شماره    

 معبر اصلي بيد: درخت شاخص

 جوي مسيردرختان  جوي مسيردرختان 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  نماي درخت

Elevation of tree 

  پالن درخت

Plan of tree 

           Age(Year): 111                        111): سال( سن

             Height: 10m                             متر 10 :ارتفاع

                Environment: 3.50m         متر 50/3: تنه محيط

  متر11/1: قطر در ارتفاع برابر سينه

                        Diameter in chest height: 1.11 m                   

      

 :Tree  code                 17 -100               100 -17:شناسه درخت

   :GPS   N:34  06  45        E:58  18  17.3     GPS  code:رقوم 

 UTM:       Y: 3775398.42528 UTM  code:  X: 620340.77504رقوم 

      m        1622 :Altitude                      متر1622: درياارتفاع از سطح 

            General slope of the area: ± % 3         % ±3:شيب عمومي منطقه

              

  :Willow           Name                                       بيد: نام

    Salix alba        Scientific  Name: Salix alba  :نام علمي

                    Salicaceae       Family: Salicaceae  :خانواده

                Salicales                      Order: Salicales: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

  Distance  from  previous  tree:7m متر  7:درخت قبلي فاصله از

        Distance  from  next  tree:9m متر 9: فاصله از درخت بعدي

  :Tree  diseases                            درون پوسيدگي: بيماريهاي درخت

  Elements of Range ::                              عناصر شاخص محدوده

  شناسايي دو درخت كهنسال بيد -قرارگيري دو جوي در كنار يكديگر

  

  Number of trees:  44                                                               44: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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35  8 1  -  -  -  -  -  -  -  

 Appearance                             متقارن نا تاج -متراكم نيمه تاج پوشش :مشخصات ظاهري
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  سازمان ميراث فرهنگي، صنايع دستي و گردشگري 

Iranian Cultural Heritage. Handicrafts & tourism organization      
  اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي

Administration of Cultural Heritage, Handicrafts and Tourism of  
 Southern Khorasan                                                                            

 

  

Y:3773195.70069         X: 618887.44164        : UTM               جهت شمال رقوم    E: 58  17  19.5          N: 34  05  34.1          : GPS رقوم   50محدوده شماره    

  چنار: درخت شاخص

 معبر اصلي

 معبر اصليدرختان 

 جوي مسيردرختان 
 جوي و پل

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  :plantain          Name                                     چنار: نام

         Scientific  Name:         platanus orientalis :نام علمي

                platanaccac       Family: platanaccac  :خانواده

               - :Order                                              -: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

                     Number of trees:    8                                                                8: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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3  4 -  - 1  -  -  -  -  -  

 Appearance                                   متقارنناتاج  -تاج پوشش متراكم :مشخصات ظاهري

              Age(Year): 93                         93): سال( سن

                         Height: 18 mمتر                    18 :ارتفاع

                 Environment: 2.20 m        متر 20/2: تنه محيط

  متر70/0: قطر در ارتفاع برابر سينه

                        Diameter in chest height: 0.70 m                   

      

 :Tree  code 50 -100                               100 - 50:شناسه درخت

   :GPS    N:34  05  32.5    E:58  17  18.5     GPS  code:رقوم 

 UTM:        Y: 3773146.09303 UTM  code:  X: 618862.43631رقوم 

      m        1617 :Altitude                      متر1617: ارتفاع از سطح دريا

            General slope of the area: ± % 5         % ±5:شيب عمومي منطقه

              

 Distance  from  previous  tree:14 mمتر 14:فاصله از درخت قبلي

    Distance  from  next  tree:10 mمتر 10: فاصله از درخت بعدي

  :Tree  diseases             بيماري خاصي مشاهده نگرديد    : بيماريهاي درخت

  Elements of Range :    :                          عناصر شاخص محدوده

  اين محدوده وجود اكثر درختان جوان در -تك جوي 

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  پالن درخت

Plan of tree 
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  سازمان ميراث فرهنگي، صنايع دستي و گردشگري 

Iranian Cultural Heritage. Handicrafts & tourism organization        
  اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي

Administration of Cultural Heritage, Handicrafts and Tourism of    
 Southern Khorasan                                                                              

 

  

Y:3775859.92742         X: 621013.90945        : UTM               جهت شمال رقوم    E: 58  18  43.8          N: 34  06  59.7          : GPS رقوم   8محدوده شماره    

  پالن درخت

Plan of tree 

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

 بيد: درخت شاخص

 معبر اصلي

 جوي مسيردرختان  جوي مسيردرختان 

 بيد: درخت شاخص

 درختان مسير جوي

             Age(Year): 143                       143): سال( سن

                         Height: 10m                    متر10 :ارتفاع

            Environment: 4.50mمتر               50/4:محيط تنه

  متر 43/1: ر در ارتفاع برابر سينهقط

  Diameter in chest height: 1.43m                                      

    

 Distance  from  previous  tree:4m     متر 4:فاصله از درخت قبلي

         Distance  from  next  tree:5mمتر 5: فاصله از درخت بعدي

       :Tree  diseases   بيماري خاصي مشاهده نگرديد :بيماريهاي درخت

  Elements of Range ::                              عناصر شاخص محدوده

  مجاورت دو جوي راست و چپ در كنار يكديگر

 :Tree  code 8 -100                                    100 -8:شناسه درخت

   :GPS   N:34  06  59.7      E:58  18  43.8    GPS  code:رقوم 

 :UTM   :   X: 621013.90945   Y: 3775859.92742  UTM  code رقوم

      m       1623 :Altitude                      متر 1623: ارتفاع از سطح دريا

            General slope of the area:±  % 3        % ±3 :شيب عمومي منطقه

              

  :Willow           Name                                       بيد: نام

    Salix alba        Scientific  Name: Salix alba  :نام علمي

                    Salicaceae       Family: Salicaceae  :خانواده

               Salicales                      Order: Salicales: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

                 Number of trees:   48                                                              48: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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33  2  8  - 5  -  -  - -  -  

 Appearance                         متقارنتاج نيمه  -نيمه متراكمتاج پوشش  :مشخصات ظاهري



 

               جهت شمال

 معبر اصلي

 معبر اصلي

Y:3767467.31612         X: 612496.87473 : UTM رقوم

معبر اصلي  معبر اصلي

رقوم    E:58  13  57.5          

  چنار: درخت شاخص

          N: 34  02  30.7 : GPS رقوم      97محدوده شماره     

 معبر اصلي

  نحوه استقرار در زمين

Placement on ground 

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  پالن درخت

Plan of tree 
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  سازمان ميراث فرهنگي، صنايع دستي و گردشگري 

Iranian Cultural Heritage. Handicrafts & tourism organization 
  اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي

 Administration of Cultural Heritage, Handicrafts and Tourism  
 Southern Khorasan                                                                            

 محدوده شماره 

نماي تنه     

                                     plantain          Name:  

Scientific  Name:         platanus orientalis

 platanaccac       Family: platanaccac                

                                              Order: -               

Magnoliophyta     Division: Magnoliophyta         

                                                              54 :Number of trees        

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون
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-  -  -  10  -  -  -  

    Appearance                                  تاج متقارن -تاج پوشش متراكم

 Distance  from  previous  tree:35mمتر  35

    Distance  from  next  tree:55mمتر 55: فاصله از درخت بعدي

  :Tree  diseases                  بيماري خاصي مشاهده نگرديد

  Elements of Range :      :                        عناصر شاخص محدوده

پايان  - درختانبيرون زدگي ريشه  - وجود درختان جوان در اين محدوده

100                                100- 97   Tree  code: 

N:34  03  28.4      E:58  13    GPS  code:   

   Y: 3767395.61609 UTM  code:  X: 612425.92096   

      m        1609 :Altitude                      متر1609

 %         8 % ± :General slope of the area           

                     Age(Year): 165            

               Height: 19m             متر              

                 Environment: 3.90m        متر

  متر 24/1: قطر در ارتفاع برابر سينه

Diameter in chest height: 1.24 m                   
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سازمان ميراث فرهنگي، صنايع دستي و گردشگري 

Handicrafts & tourism organization     
اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي

, Handicrafts and Tourism of 
                                                               

 

                     چنار: نام

         platanus orientalis :نام علمي

platanaccac :خانواده

               -: راسته

Magnoliophyta: شاخه

                                        54: تعداد درختان

نارون  توت  چنار  بيد
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25  12  7  

تاج پوشش متراكم :مشخصات ظاهري

35:فاصله از درخت قبلي

فاصله از درخت بعدي  

بيماري خاصي مشاهده نگرديد: بيماريهاي درخت 

عناصر شاخص محدوده

وجود درختان جوان در اين محدوده

  باغستان سفلي

100 -97:شناسه درخت

GPS   3  04.7:رقوم 

UTM:   67395.61609رقوم 

609: ارتفاع از سطح دريا

 ±8:شيب عمومي منطقه

              

            165): سال( سن

متر               19 :ارتفاع

متر 90/3: تنه محيط

قطر در ارتفاع برابر سينه
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  سازمان ميراث فرهنگي، صنايع دستي و گردشگري 

Iranian Cultural Heritage. Handicrafts & tourism organization       
  اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي

Administration of Cultural Heritage, Handicrafts and Tourism of  
 Southern Khorasan                                                                            

 

  

Y:3775812.73572         X: 620937.64391        : UTM               جهت شمال رقوم    E: 58  18  40.8          N: 34  06  58.2          : GPS رقوم   9محدوده شماره    

  پالن درخت
Plan of tree 

  نماي درخت
Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين
Placement on ground 

 معبر اصلي

 آسياب جوي مسير

 بيد: درخت شاخص
 بيد: درخت شاخص

           Age(Year): 121                        121): سال( سن

                       Height: 9m                        متر 9 :ارتفاع

                Environment: 3.80 m   متر        80/3: تنه محيط

    متر 21/1: قطر در ارتفاع برابر سينه

 Diameter in chest height: 1.21 m                                          

 

 Distance  from  previous  tree:3m    متر 3:فاصله از درخت قبلي

          Distance  from  next  tree:3mمتر 3: فاصله از درخت بعدي

        :Tree  diseases درون پوسيدگي                    :بيماريهاي درخت

  Elements of Range :                              :عناصر شاخص محدوده

  جفت جوي -واقع شدن آسياب در اين محدوده

 :R                         R- 100 -9 Tree  code -100 -9:شناسه درخت

   :GPS   N:34  06  58.2      E:58  18  40.8    GPS  code:رقوم 

 :UTM:   X: 620937.64391       Y: 3775812.73572  UTM  code رقوم

      m       1623 :Altitude                      متر 1623: ارتفاع از سطح دريا

            General slope of the area: ± % 3        % ±3 :شيب عمومي منطقه

              

  :Willow           Name                                       بيد: نام

    Salix alba        Scientific  Name: Salix alba  :نام علمي

                    Salicaceae       Family: Salicaceae  :خانواده

               Salicales                      Order: Salicales: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

                Number of trees:  31                                                               31: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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22  2  3  2 2  -  -  - -  -  

    Appearance                              متقارنتاج نا  -نامتراكمتاج پوشش  :مشخصات ظاهري
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  سازمان ميراث فرهنگي، صنايع دستي و گردشگري 

Iranian Cultural Heritage. Handicrafts & tourism organization      
  اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي

Administration of Cultural Heritage, Handicrafts and Tourism of  
 Southern Khorasan                                                                           

 

  

Y:3775301.00627         X: 620190.83059        : UTM               جهت شمال رقوم    E: 58  18  11.4          N: 34  06  41.9          : GPS رقوم   19محدوده شماره    

 بيد: درخت شاخص

 معبر اصلي
 جوي در مسيردرختان 

 جوي در مسيردرختان 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  نماي درخت

Elevation of tree 

  پالن درخت

Plan of tree 

  :Willow           Name                                       بيد: نام

    Salix alba        Scientific  Name: Salix alba  :نام علمي

                    Salicaceae       Family: Salicaceae  :خانواده

                Salicales                      Order: Salicales: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

                  Number of trees:  42                                                                42: عداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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36 3  2  1  -  -  -  -  -  -  

 Appearance                         متقارننيمه تاج  -متراكمنيمه تاج پوشش  :مشخصات ظاهري

           Age(Year): 121                        121): سال( سن

                  Height: 7m                            متر 7 :ارتفاع

                  Environment: 3.80m        متر 80/3: تنه محيط

  متر21/1: قطر در ارتفاع برابر سينه

                        Diameter in chest height: 1.21 m                   

      

 :Tree  code  19 -100                            100 -19:  شناسه درخت

   :GPS   N:34  06  41.2     E:58  18  11.5     GPS  code:رقوم 

 UTM:       Y: 3775279.47686 UTM  code:  X: 620193.66778رقوم 

      m        1622 :Altitude                      متر1622: ارتفاع از سطح دريا

            General slope of the area: ± % 3         % ±3:عمومي منطقهشيب 

              

  Distance  from  previous  tree:7m متر  7:فاصله از درخت قبلي

        Distance  from  next  tree:8m متر 8: فاصله از درخت بعدي

  :Tree  diseases                  تنه ميان تهي - درون پوسيدگي: بيماريهاي درخت

  Elements of Range ::                              عناصر شاخص محدوده

  وجود مسجد در اين محدوده -قرارگيري دو جوي در كنار يكديگر

  



 

 

   

               جهت شمال

 جوي مسير

 جوي مسير

 جوي

Y:3771660.45269         X: 617832.94483        : UTM رقوم

مسيردرختان 

مسيردرختان 

جوي

رقوم    E: 58  15  58.6          N

 درختان مسير جوي

N: 34  04  45.1          : GPS رقوم   78محدوده شماره  

: درخت شاخص

  سپيدار

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  پالن درخت

Plan of tree 
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  سازمان ميراث فرهنگي، صنايع دستي و گردشگري 

Iranian Cultural Heritage. Handicrafts & tourism organization 
  اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي

Administration of Cultural Heritage, Handicrafts and Tourism   

 Southern Khorasan                                                                           

 محدوده شماره 

نماي تنه     

                                                    12       :Number of trees                     

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون
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- 3  -  -  1  -  -  

    Appearance                                متقارنناتاج  -متراكمناتاج پوشش 

                         Age(Year): 66                

                 Height: 22 m        متر                 

                 Environment: 2.10 m        متر

  متر66/0: قطر در ارتفاع برابر سينه

Diameter in chest height: 0.66 m                   

                    100- 78            Tree  code: 

N:34  04  44.1    E:58  1      GPS  code:   

    Y: 3771629.26912 UTM  code:  X: 616802.56942 

      m        1612 :Altitude                      متر16

 %         7 % ± :General slope of the area             

    Distance  from  previous  tree:7 mمتر

        Distance  from  next  tree:7 mمتر 7

  :Tree  diseases                بيماري خاصي مشاهده نگرديد

                              :: Elements of Range  

  قرارگيري دو جوي در مجاورت يكديگر

                                  poplar             Name:  

 populous alba Scientific  Name: populous alba     

 Salicaceae       Family: Salicaceae                    

Malpighiales                 Order: Malpighiales         

Magnoliophyta     Division: Magnoliophyta         
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Iranian Cultural Heritage. Handicrafts & tourism organization        
اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي

, Handicrafts and Tourism of    
                                         

                                      12: تعداد درختان

نارون  توت  چنار  بيد
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تاج پوشش  :مشخصات ظاهري

              66):سال( سن

متر                  22 :ارتفاع

متر 10/2: تنه محيط

قطر در ارتفاع برابر سينه
                                           

      

          100 -78:شناسه درخت

GPS   5  57.4:رقوم 

 UTM:   1629.26912رقوم 

1612: دريا ارتفاع از سطح

 ±7:شيب عمومي منطقه

              

متر 7:فاصله از درخت قبلي

7: فاصله از درخت بعدي

بيماري خاصي مشاهده نگرديد: بيماريهاي درخت 

:                              عناصر شاخص محدوده

قرارگيري دو جوي در مجاورت يكديگر

  

                     سپيدار: نام

 populous alba:نام علمي

Salicaceae :خانواده

Malpighiales: راسته

Magnoliophyta: شاخه
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  سازمان ميراث فرهنگي، صنايع دستي و گردشگري 

Iranian Cultural Heritage. Handicrafts & tourism organization        
  اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي

Administration of Cultural Heritage, Handicrafts and Tourism of   
 Southern Khorasan                                                                             

 

  

Y:3775780.11442         X: 620887.87893        : UTM               جهت شمال رقوم    E: 58  18  40.1          N: 34  06  59.0          : GPS رقوم   10محدوده شماره    

  پالن درخت

Plan of tree 

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

 بيد: درخت شاخص

 درختان سمت چپ جوي معبر اصلي

 درختان سمت چپ جوي

            Age(Year): 114                        114): سال( سن

                         Height: 12 m                  متر 12 :ارتفاع

               Environment: 3.60m       متر    60/3: تنه محيط

    متر 14/1: قطر در ارتفاع برابر سينه

 Diameter in chest height: 1.14 m                                          

     

 Distance  from  previous  tree:6m     متر 6:فاصله از درخت قبلي

         Distance  from  next  tree:7mمتر 7: فاصله از درخت بعدي

        :Tree  diseases درون پوسيدگي                    :بيماريهاي درخت 

  Elements of Range :                              :عناصر شاخص محدوده

  قرارگيري دو جوي در دو طرف معبر

 :L                     L- 100 -10 Tree  code -100 -10:شناسه درخت

   :GPS   N:34  06  59.0      E:58  18  40.1    GPS  code:رقوم 

 :UTM:   X: 620887.87893       Y: 3775780.11442  UTM  code رقوم

      m       1623 :Altitude                      متر 1623: ارتفاع از سطح دريا

            General slope of the area: ± % 3        % ±3 :شيب عمومي منطقه

              

  :Willow           Name                                       بيد: نام

    Salix alba        Scientific  Name: Salix alba  :نام علمي

                    Salicaceae       Family: Salicaceae  :خانواده

               Salicales                      Order: Salicales: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

              Number of trees:  38                                                               38: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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31  5  -  - 1  -  -  - 1  -  

 Appearance                               متقارنتاج نا  -نا متراكمتاج پوشش  :مشخصات ظاهري
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  سازمان ميراث فرهنگي، صنايع دستي و گردشگري 

Iranian Cultural Heritage. Handicrafts & tourism organization      
  خراسان جنوبياداره كل ميراث فرهنگي، صنايع دستي و گردشگري 

Administration of Cultural Heritage, Handicrafts and Tourism of  
 Southern Khorasan                                                                            

 

  

Y:3772915.18273         X: 618629.53768        : UTM               جهت شمال رقوم    E: 58  17  09.3          N: 34  05  25.1          : GPS رقوم   54محدوده شماره    

 چنار: درخت شاخص

 جوي

 جوي مسيردرختان  جوي مسيردرختان 

 درختان مسير جوي درختان معبر اصلي

  :plantain          Name                                     چنار: نام

         Scientific  Name:         platanus orientalis :نام علمي

                platanaccac       Family: platanaccac  :خانواده

               - :Order                                              -: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

                     Number of trees:    26                                                              26: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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1  11 -  - 14  -  -  -  -  -  

 Appearance                               تاج متقارن -متراكمنيمه تاج پوشش  :مشخصات ظاهري

              Age(Year): 93                         93): سال( سن

                         Height: 27 mمتر                    27 :ارتفاع

                 Environment: 2.20 m        متر 20/2: تنه محيط

  متر70/0: قطر در ارتفاع برابر سينه

                        Diameter in chest height: 0.70 m                   

      

 :Tree  code 54 -100                               100 - 54:شناسه درخت

   :GPS    N:34  05  23.2    E:58  17  07.1     GPS  code:رقوم 

 UTM:        Y: 3772855.94821 UTM  code:  X: 618573.89336رقوم 

      m        1617 :Altitude                      متر1617: ارتفاع از سطح دريا

            General slope of the area: ± % 5         % ±5:شيب عمومي منطقه

              

   Distance  from  previous  tree:4 mمتر 4:فاصله از درخت قبلي

        Distance  from  next  tree:9 mمتر 9: فاصله از درخت بعدي

  :Tree  diseases             بيماري خاصي مشاهده نگرديد    : بيماريهاي درخت 

  Elements of Range :    :                          عناصر شاخص محدوده

  درختان جوان در اين محدودهوجود اكثر  –) دو جوي( بخشاب

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  پالن درخت

Plan of tree 



 

 

   

               جهت شمال

 جوي مسيردرختان 

 چنار

Y:3771529.62193         X: 616716.64439        : UTM رقوم

 درختان مسير جوي

چنار: درخت شاخص

رقوم    E: 58  15  54.0          N

 جوي

 بيد: درخت شاخص

N: 34  04  40.9          : GPS رقوم   80محدوده شماره  

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  پالن درخت

Plan of tree 
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  سازمان ميراث فرهنگي، صنايع دستي و گردشگري 

Iranian Cultural Heritage. Handicrafts & tourism organization 
  اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي

Administration of Cultural Heritage, Handicrafts and Tourism   

 Southern Khorasan                                                                               

 محدوده شماره 

                                     plantain          Name:  

Scientific  Name:         platanus orientalis

 platanaccac       Family: platanaccac                

                                              Order: -               

Magnoliophyta     Division: Magnoliophyta         

                                                    6            :Number of trees        

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون

U
lm

us
 

bo
is

si
er

i
 

Po
pu

lu
s 

al
ba

 Ju
gl

an
s 

re
gi

a
 Pi

nu
s 

el
da

ri
ca

 R
ob

in
ia

 
ps

eu
do

ac
ac

ia
 

E
la

ea
gn

us
 

an
gu

st
if

ol
ia

 C
up

re
ss

us
 

ar
iz

on
ic

a
 

- -  -  -  -  1  -  

    Appearance                                  تاج متقارن -تاج پوشش متراكم

                     Age(Year): 122                

                 Height: 22 m        متر                 

                 Environment: 2.90 m        متر

  متر92/0: قطر در ارتفاع برابر سينه

Diameter in chest height: 0.92 m                   

100                    100- 80            Tree  code: 

N:34  05  40.1    E:58  15      GPS  code:   

    Y: 3771504.69441 UTM  code:  X: 616693.88129 

      m        1612 :Altitude                      متر1612

 %         7 % ± :General slope of the area             

 Distance  from  previous  tree:10 mمتر 10

     Distance  from  next  tree:11 mمتر 11: 

  :Tree  diseases                   بيماري خاصي مشاهده نگرديد

                              :: Elements of Range  

  قرارگيري دو جوي در مجاورت يكديگر

نماي تنه     
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                     چنار: نام

         platanus orientalis :نام علمي

platanaccac :خانواده

               -: راسته

Magnoliophyta: شاخه

                                     6: تعداد درختان

نارون  توت  چنار  بيد
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تاج پوشش متراكم :مشخصات ظاهري

                122):سال( سن

متر                  22 :ارتفاع

متر 90/2: تنه محيط

قطر در ارتفاع برابر سينه

                                           

      

100 -80:شناسه درخت

GPS   5  53.1:رقوم 

 UTM:   1504.69441رقوم 

12: ارتفاع از سطح دريا

±7:شيب عمومي منطقه

              

10:فاصله از درخت قبلي

: فاصله از درخت بعدي

بيماري خاصي مشاهده نگرديد: بيماريهاي درخت

:                              عناصر شاخص محدوده

قرارگيري دو جوي در مجاورت يكديگر
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  سازمان ميراث فرهنگي، صنايع دستي و گردشگري 

Iranian Cultural Heritage. Handicrafts & tourism organization      
  اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي

Administration of Cultural Heritage, Handicrafts and Tourism of  
 Southern Khorasan                                                                            

 

 

Y:3774180.44643         X: 619044.16771        : UTM               جهت شمال رقوم    E: 58  17  26.1          N: 34  06  0.6          : GPS رقوم   39محدوده شماره    

 بيد: درخت شاخص

 جوي مسيردرختان 

 جوي مسيردرختان 

 بيد: درخت شاخص

 معبر اصلي

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  نماي درخت

Elevation of tree 

  پالن درخت

Plan of tree 

  :Willow           Name                                       بيد: نام

    Salix alba        Scientific  Name: Salix alba  :نام علمي

                    Salicaceae       Family: Salicaceae  :خانواده

                Salicales                      Order: Salicales: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

                    Number of trees:  23                                                               23: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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    Appearance                                متقارنتاج نا -تاج پوشش متراكم :مشخصات ظاهري

          Age(Year): 143                         143): سال( سن

                             Height: 9 mمتر                    9 :ارتفاع

                 Environment: 4.50 m        متر 50/4: تنه محيط

  متر43/1: قطر در ارتفاع برابر سينه

                        Diameter in chest height: 1.43 m                   

      

 :R                     R- 100- 39 Tree  code -100 -39:شناسه درخت

   :GPS    N:34  05  59.1    E:58  17  24.7     GPS  code:رقوم 

 UTM:        Y: 3773967.45351 UTM  code:  X: 619010.97783رقوم 

      m        1619 :Altitude                      متر1619: ارتفاع از سطح دريا

            General slope of the area: ± % 5         % ±5:منطقه شيب عمومي

              

   Distance  from  previous  tree:7 mمتر 7:فاصله از درخت قبلي

        Distance  from  next  tree:7 mمتر 7: فاصله از درخت بعدي

  :Tree  diseases          درون پوسيدگي                        : بيماريهاي درخت 

  Elements of Range ::                             عناصر شاخص محدوده

  قرارگيري دو جوي در دو طرف معبر
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Iranian Cultural Heritage. Handicrafts & tourism organization       
  اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي

Administration of Cultural Heritage, Handicrafts and Tourism of  
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Y:3775633.70847         X: 620670.88615        : UTM               جهت شمال رقوم    E: 58  18  30.3          N: 34  06  52.5          : GPS رقوم   12محدوده شماره    

 معبر اصلي بيد: درخت شاخص

 بيد: درخت شاخص پل ساخته شده از تنه درختان  جوي در مسيردرختان 

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  پالن درخت

Plan of tree 

  :Willow           Name                                       بيد: نام

    Salix alba        Scientific  Name: Salix alba  :نام علمي

                    Salicaceae       Family: Salicaceae  :خانواده

                Salicales                      Order: Salicales: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

                 Number of trees:  30                                                               30: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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    Appearance                                  تاج متقارن -تاج پوشش متراكم :مشخصات ظاهري

          Age(Year): 100                       100):  سال( سن

                  Height: 9m                            متر 9 :ارتفاع

                  Environment: 3.14m        متر 14/3: تنه محيط

  متر1: برابر سينهقطر در ارتفاع 

                        Diameter in chest height: 1 m                         

    

 :R                     R- 100- 12 Tree  code -100 -12:شناسه درخت

   :GPS   N:34  06  52.5      E:58  18  30.3    GPS  code:رقوم 

 UTM:       Y: 3775633.70847 UTM  code:  X: 620670.88615رقوم 

      m        1622 :Altitude                      متر1622: ارتفاع از سطح دريا

            General slope of the area: ± % 3         % ±3:شيب عمومي منطقه

              

  Distance  from  previous  tree:7m متر  7:فاصله از درخت قبلي

        Distance  from  next  tree:3m متر 3: فاصله از درخت بعدي

  :Tree  diseases                  بيماري خاصي مشاهده نگرديد: بيماريهاي درخت

  Elements of Range ::                              عناصر شاخص محدوده

  وجود پل هاي ساخته شده از  -قرارگيري دو جوي در دو طرف معبر

  تنه هاي درختان بر روي جوي ها
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Iranian Cultural Heritage. Handicrafts & tourism organization     
  ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبياداره كل 
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Y:3775143.45350         X: 620156.96463        : UTM               جهت شمال رقوم    E: 58  18  10.0          N: 34  06  36.8          : GPS رقوم   21محدوده شماره    

 چنار: درخت شاخص

 معبر اصلي

 جوي مسيردرختان 
 چنار: درخت شاخص

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  پالن درخت

Plan of tree 

           :Age(Year)):                                    سال( سن

                 Height: 19 m        متر                  19 :ارتفاع

                 Environment: 2.10m        متر 10/2: تنه محيط

  متر66/0: قطر در ارتفاع برابر سينه

                        Diameter in chest height: 0.66 m                   

      

 :Tree  code 21 -100                                100 -21:شناسه درخت

   :GPS   N:34  06  54.5    E:58  19  34.4      GPS  code:رقوم 

 UTM:       Y: 3775716.49522 UTM  code:  X: 622312.34194رقوم 

      m        1622 :Altitude                      متر1622: ارتفاع از سطح دريا

            General slope of the area: ± % 3         % ±3:شيب عمومي منطقه

              

  Distance  from  previous  tree:7 m متر  7:قبليفاصله از درخت 

        Distance  from  next  tree:7 mمتر 7: فاصله از درخت بعدي

  :Tree  diseases                  بيماري خاصي مشاهده نگرديد: بيماريهاي درخت

  Elements of Range ::                             عناصر شاخص محدوده

در  چنارشناسايي دو درخت كهنسال بيد و  -قرارگيري دو جوي در كنار هم

  اين محدوده

                     Number of trees:    57                                                             57: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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 Appearance                                    تاج متقارن -تاج پوشش متراكم :مشخصات ظاهري

  Distance  from  previous  tree:7 m متر  7:فاصله از درخت قبلي

        Distance  from  next  tree:7 mمتر 7: فاصله از درخت بعدي

  :Tree  diseases                  بيماري خاصي مشاهده نگرديد: بيماريهاي درخت

  Elements of Range ::                             عناصر شاخص محدوده

در  چنارشناسايي دو درخت كهنسال بيد و  -قرارگيري دو جوي در كنار هم

  اين محدوده

  :plantain          Name                                     چنار: نام

         Scientific  Name:         platanus orientalis :نام علمي

                platanaccac       Family: platanaccac  :خانواده

               - :Order                                              -: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

           Age(Year): 88            سال           88 ):سال( سن

                 Height: 19 m        متر                  19 :ارتفاع

                  Environment: 2.10m        متر 10/2: تنه محيط

  متر66/0: قطر در ارتفاع برابر سينه

                        Diameter in chest height: 0.66 m                   

      

 :Tree  code 21 -100                                100 -21:شناسه درخت

   :GPS   N:34  06  35.6    E:58  19  09.03    GPS  code:رقوم 

 UTM:       Y: 3775106.17301 UTM  code:  X: 620132.58311رقوم 

      m        1621 :Altitude                      متر1621: ارتفاع از سطح دريا

            General slope of the area: ± % 3         % ±3:شيب عمومي منطقه

              

                     Number of trees:    57                                                             57: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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 Appearance                                    تاج متقارن -تاج پوشش متراكم :مشخصات ظاهري

  Distance  from  previous  tree:7 m متر  7:فاصله از درخت قبلي

        Distance  from  next  tree:7 mمتر 7: فاصله از درخت بعدي

  :Tree  diseases                  بيماري خاصي مشاهده نگرديد: بيماريهاي درخت

  Elements of Range ::                             عناصر شاخص محدوده

در  چنارشناسايي دو درخت كهنسال بيد و  -قرارگيري دو جوي در كنار هم

  اين محدوده
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  سازمان ميراث فرهنگي، صنايع دستي و گردشگري 

Iranian Cultural Heritage. Handicrafts & tourism organization      
  اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي

Administration of Cultural Heritage, Handicrafts and Tourism of  
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Y:3775781.38915         X: 618959.88301        : UTM               جهت شمال رقوم    E: 58  17  23.6          N: 34  06  58.0          : GPS رقوم   40محدوده شماره    

 بيد: درخت شاخص

 معبر اصلي

 جوي مسيردرختان 

 جوي مسيردرختان 

 بيد: درخت شاخص

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  پالن درخت

Plan of tree 

  :Willow           Name                                       بيد: نام

    Salix alba        Scientific  Name: Salix alba  :نام علمي

                    Salicaceae       Family: Salicaceae  :خانواده

                Salicales                      Order: Salicales: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

                    Number of trees:  27                                                              27: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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    Appearance                                متقارنتاج نا -تاج پوشش متراكم :مشخصات ظاهري

           Age(Year):165                         165 ):سال( سن

                     Height: 7 m        متر                  7 :ارتفاع

                 Environment: 5.20 m        متر 20/5: تنه محيط

  متر65/1: قطر در ارتفاع برابر سينه

                        Diameter in chest height: 1.65 m                   

      

 :R                    R- 100- 40 Tree  code -100 -40:شناسه درخت

   :GPS   N:34  05  56.6    E:58  17  21.7      GPS  code:رقوم 

 UTM:       Y: 3775737.65040 UTM  code:  X: 618911.75007رقوم 

      m        1617 :Altitude                      متر1617: ارتفاع از سطح دريا

             General slope of the area: ± % 5         % ±5:شيب عمومي منطقه

              

  Distance  from  previous  tree:7 mمتر 7:فاصله از درخت قبلي

        Distance  from  next  tree:5 mمتر 5: فاصله از درخت بعدي

  :Tree  diseases                خاصي مشاهده نگرديدبيماري : بيماريهاي درخت 

  Elements of Range ::                              عناصر شاخص محدوده

  قرارگيري دو جوي در دو طرف معبر
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Iranian Cultural Heritage. Handicrafts & tourism organization            
  اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي  

Administration of Cultural Heritage, Handicrafts and Tourism of         
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Y:3772770.42986         X: 618387.85631        : UTM               جهت شمال رقوم    E: 58  16  59.8          N: 34  05  20.5          : GPS رقوم   57محدوده شماره    

  مسير جويدرختان 

 جوي مسيردرختان  درختان مسير جوي

 درختان مسير جوي

  : درخت شاخص

  سپيدار

  :poplar             Name                                  سپيدار: نام

     populous alba  Scientific  Name: populous alba :نام علمي

                    Salicaceae       Family: Salicaceae  :خانواده

         Malpighiales                 Order: Malpighiales: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

                     Number of trees:      17                                                           17: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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 Appearance                              تاج متقارن -متراكمنيمه تاج پوشش  :مشخصات ظاهري

                Age(Year): 79                         79):سال( سن

                 Height: 27 m        متر                  27 :ارتفاع

                 Environment: 2.50 m        متر 50/2: تنه محيط

  متر79/0: قطر در ارتفاع برابر سينه

                        Diameter in chest height: 0.79 m                   

      

 :Tree  code          57 -100                     100 - 57 :شناسه درخت

   :GPS   N:34  05  19.5    E:58  17  58.2      GPS  code:رقوم 

 UTM:       Y: 3772739.11232 UTM  code:  X: 618347.23845رقوم 

      m        1615 :Altitude                      متر1615: ارتفاع از سطح دريا

    General slope of the area: ± % 5         % ±5:شيب عمومي منطقه

              

 Distance  from  previous  tree:10 mمتر 10:فاصله از درخت قبلي

     Distance  from  next  tree:10 mمتر 10: فاصله از درخت بعدي

  :Tree  diseases                   بيماري خاصي مشاهده نگرديد: بيماريهاي درخت

  Elements of Range ::                              عناصر شاخص محدوده

  قرارگيري دو جوي در دو طرف معبر

  

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  پالن درخت

Plan of tree 



 

 

               جهت شمال

 جوي

 درختان مسير جوي

 جوي مسيردرختان 

Y:3771367.67330         X: 616575.08994        : UTM رقوم

درختان مسير جوي

درختان 

رقوم    E: 58  15  48.4          N

  بيد: درخت شاخص

 جوي

N: 34  04  35.7          : GPS رقوم   82محدوده شماره  

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  پالن درخت

Plan of tree 
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  سازمان ميراث فرهنگي، صنايع دستي و گردشگري 

Iranian Cultural Heritage. Handicrafts & tourism organization 
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Administration of Cultural Heritage, Handicrafts and Tourism   
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 محدوده شماره 

نماي تنه     

                                                    13       :Number of trees                     

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون
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    Appearance                                    تاج متقارن -تاج پوشش متراكم

                         Age(Year): 111            

                 Height: 13 m        متر                 

                 Environment: 3.50 m        متر

  متر11/1: قطر در ارتفاع برابر سينه

Diameter in chest height: 1.11 m                   

100                    100- 82            Tree  code: 

N:34  04  35.6    E:58  15      GPS  code:   

    Y: 3771364.68806 UTM  code:  X: 616582.81744 

      m        1612 :Altitude                      متر1612

 %         7 % ± :General slope of the area             

 Distance  from  previous  tree:10 mمتر 10

     Distance  from  next  tree:11 mمتر 11: 

  :Tree  diseases                   بيماري خاصي مشاهده نگرديد

                              :: Elements of Range  

  قرارگيري دو جوي در مجاورت يكديگر

                                       Willow           Name:  

 Salix alba        Scientific  Name: Salix alba    

 Sali       Family: Salicaceae                    

                      Order: Salicales                

Magnoliophyta     Division: Magnoliophyta         
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                                      13: تعداد درختان

نارون  توت  چنار  بيد

Sa
lix

 a
lb

a
 

Pl
at

an
us

 
or

ie
nt

al
is

 M
or

us
 a

lb
a

 

bo
is

si
er

i
 

6  3 1  

تاج پوشش متراكم :مشخصات ظاهري

              111):سال( سن

متر                  13 :ارتفاع

متر 50/3: تنه محيط

قطر در ارتفاع برابر سينه
                                           

      

100 -82:شناسه درخت

GPS   5  48.7:رقوم 

 UTM:   1364.68806رقوم 

12: ارتفاع از سطح دريا

±7:شيب عمومي منطقه

              

10:درخت قبليفاصله از 

: فاصله از درخت بعدي

بيماري خاصي مشاهده نگرديد: بيماريهاي درخت

:                              عناصر شاخص محدوده

قرارگيري دو جوي در مجاورت يكديگر

  

                      بيد: نام

Salix alba :نام علمي

Salicaceae :خانواده

               Salicales: راسته

Magnoliophyta: شاخه
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  سازمان ميراث فرهنگي، صنايع دستي و گردشگري 

Iranian Cultural Heritage. Handicrafts & tourism organization     
  ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبياداره كل 

Administration of Cultural Heritage, Handicrafts and Tourism of 
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Y:3775143.45350         X: 620156.96463        : UTM               جهت شمال رقوم    E: 58  18  10.0          N: 34  06  36.8          : GPS رقوم   21محدوده شماره    

 چنار: درخت شاخص

 معبر اصلي

 جوي مسيردرختان 
 چنار: درخت شاخص

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  پالن درخت

Plan of tree 

           :Age(Year)):                                    سال( سن

                 Height: 19 m        متر                  19 :ارتفاع

                 Environment: 2.10m        متر 10/2: تنه محيط

  متر66/0: قطر در ارتفاع برابر سينه

                        Diameter in chest height: 0.66 m                   

      

 :Tree  code 21 -100                                100 -21:شناسه درخت

   :GPS   N:34  06  54.5    E:58  19  34.4      GPS  code:رقوم 

 UTM:       Y: 3775716.49522 UTM  code:  X: 622312.34194رقوم 

      m        1622 :Altitude                      متر1622: ارتفاع از سطح دريا

            General slope of the area: ± % 3         % ±3:شيب عمومي منطقه

              

  Distance  from  previous  tree:7 m متر  7:قبليفاصله از درخت 

        Distance  from  next  tree:7 mمتر 7: فاصله از درخت بعدي

  :Tree  diseases                  بيماري خاصي مشاهده نگرديد: بيماريهاي درخت

  Elements of Range ::                             عناصر شاخص محدوده

در  چنارشناسايي دو درخت كهنسال بيد و  -قرارگيري دو جوي در كنار هم

  اين محدوده

                     Number of trees:    57                                                             57: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد

Sa
lix

 a
lb

a
 

Pl
at

an
us

 
or

ie
nt

al
is

 M
or

us
 a

lb
a

 

U
lm

us
 

bo
is

si
er

i
 

Po
pu

lu
s 

al
ba

 Ju
gl

an
s 

re
gi

a
 Pi

nu
s 

el
da

ri
ca

 R
ob

in
ia

 
ps

eu
do

ac
ac

ia
 

E
la

ea
gn

us
 

an
gu

st
if

ol
ia

 C
up

re
ss

us
 

ar
iz

on
ic

a
 

50  7  -  - -  -  -  - -  -  

 Appearance                                    تاج متقارن -تاج پوشش متراكم :مشخصات ظاهري

  Distance  from  previous  tree:7 m متر  7:فاصله از درخت قبلي

        Distance  from  next  tree:7 mمتر 7: فاصله از درخت بعدي

  :Tree  diseases                  بيماري خاصي مشاهده نگرديد: بيماريهاي درخت

  Elements of Range ::                             عناصر شاخص محدوده

در  چنارشناسايي دو درخت كهنسال بيد و  -قرارگيري دو جوي در كنار هم

  اين محدوده

  :plantain          Name                                     چنار: نام

         Scientific  Name:         platanus orientalis :نام علمي

                platanaccac       Family: platanaccac  :خانواده

               - :Order                                              -: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

           Age(Year): 88            سال           88 ):سال( سن

                 Height: 19 m        متر                  19 :ارتفاع

                  Environment: 2.10m        متر 10/2: تنه محيط

  متر66/0: قطر در ارتفاع برابر سينه

                        Diameter in chest height: 0.66 m                   

      

 :Tree  code 21 -100                                100 -21:شناسه درخت

   :GPS   N:34  06  35.6    E:58  19  09.03    GPS  code:رقوم 

 UTM:       Y: 3775106.17301 UTM  code:  X: 620132.58311رقوم 

      m        1621 :Altitude                      متر1621: ارتفاع از سطح دريا

            General slope of the area: ± % 3         % ±3:شيب عمومي منطقه

              

                     Number of trees:    57                                                             57: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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50  7  -  - -  -  -  - -  -  

 Appearance                                    تاج متقارن -تاج پوشش متراكم :مشخصات ظاهري

  Distance  from  previous  tree:7 m متر  7:فاصله از درخت قبلي

        Distance  from  next  tree:7 mمتر 7: فاصله از درخت بعدي

  :Tree  diseases                  بيماري خاصي مشاهده نگرديد: بيماريهاي درخت

  Elements of Range ::                             عناصر شاخص محدوده

در  چنارشناسايي دو درخت كهنسال بيد و  -قرارگيري دو جوي در كنار هم

  اين محدوده
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  سازمان ميراث فرهنگي، صنايع دستي و گردشگري 

Iranian Cultural Heritage. Handicrafts & tourism organization      
  اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي

Administration of Cultural Heritage, Handicrafts and Tourism of  
 Southern Khorasan                                                                            

 

  

Y:3774525.27816         X: 619513.91503        : UTM               جهت شمال رقوم    E: 58  17  44.3          N: 34  06  17          : GPS رقوم   31محدوده شماره    

 جوي مسيردرختان  معبر اصلي

 جوي مسيردرختان 

 چنار: درخت شاخص درختان معبر اصلي

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  پالن درخت

Plan of tree 

                     Number of trees:    15                                                             15: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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3  10 -  -  2  -  -  -  -  -  

 Appearance                                    تاج متقارن -تاج پوشش متراكم :مشخصات ظاهري

  Distance  from  previous  tree:9 mمتر 9:فاصله از درخت قبلي

        Distance  from  next  tree:9 mمتر 9: فاصله از درخت بعدي

  :Tree  diseases                بيماري خاصي مشاهده نگرديد: بيماريهاي درخت 

  Elements of Range ::                             عناصر شاخص محدوده

  قرارگيري دو جوي در دو طرف معبر

  :plantain          Name                                     چنار: نام

         Scientific  Name:         platanus orientalis :نام علمي

                platanaccac       Family: platanaccac  :خانواده

               - :Order                                              -: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

           Age(Year):105                         105): سال( سن

                 Height: 22 m        متر                  22 :ارتفاع

                 Environment: 2.50 m        متر 50/2: تنه محيط

  متر79/0: قطر در ارتفاع برابر سينه

                        Diameter in chest height: 0.70 m                   

      

 :R                     R- 100- 31 Tree  code -100 -31:شناسه درخت

   :GPS   N:34  06  17      E:58  17  44.3      GPS  code:رقوم 

 UTM:       Y: 3774525.18067 UTM  code:  X: 619506.22810رقوم 

      m        1619 :Altitude                      متر1619: ارتفاع از سطح دريا

            General slope of the area: ± % 4         % ±4:شيب عمومي منطقه

              

                     Number of trees:    15                                                             15: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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3  10 -  -  2  -  -  -  -  -  

 Appearance                                    تاج متقارن -تاج پوشش متراكم :مشخصات ظاهري

  Distance  from  previous  tree:9 mمتر 9:فاصله از درخت قبلي

        Distance  from  next  tree:9 mمتر 9: فاصله از درخت بعدي

  :Tree  diseases                بيماري خاصي مشاهده نگرديد: بيماريهاي درخت 

  Elements of Range ::                             عناصر شاخص محدوده

  قرارگيري دو جوي در دو طرف معبر



 

 

  

               جهت شمال

 جوي مسيردرختان 

Y:3772420.65682         X: 617764.24559        : UTM

 درختان مسير جوي

درختان 

 درختان معبر اصلي

: UTM رقوم    E: 58  16  35.3          

 جوي مسيردرختان 

درختان مسير جوي

درختان معبر اصلي

          N: 34  05  9.4          : GPS رقوم   65محدوده شماره  

  : درخت شاخص

 چنار

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  پالن درخت

Plan of tree 
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  سازمان ميراث فرهنگي، صنايع دستي و گردشگري 

Iranian Cultural Heritage. Handicrafts & tourism organization 
  اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي

Administration of Cultural Heritage, Handicrafts and Tourism   

 Southern Khorasan                                                                               

 محدوده شماره 

                                     plantain          Name:  

Scientific  Name:         platanus orientalis

 platanaccac       Family: platanaccac                

                                              Order: -               

Magnoliophyta     Division: Magnoliophyta         

                                                    12       :Number of trees                     

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون
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- 2  -  -  -  -  -  

    Appearance                              تاج متقارن -تاج پوشش متراكم

                         Age(Year): 97                

                 Height: 20 m        متر                 

        Environment: 2.30 m                 

  متر73/0: قطر در ارتفاع برابر سينه

Diameter in chest height: 0.73 m                   

                    100- 65            Tree  code: 

N:34  05  08.9    E:58  1      GPS  code:   

   Y: 3772404.80745 UTM  code:  X: 617728.555769 

      m        1613 :Altitude                      متر16

%         6 % ± :General slope of the area             

 Distance  from  previous  tree:15 mمتر 

        Distance  from  next  tree:5 mمتر 5

  :Tree  diseases                  بيماري خاصي مشاهده نگرديد

                              :: Elements of Range  

  قرارگيري دو جوي در مجاورت يكديگر

نماي تنه     
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سازمان ميراث فرهنگي، صنايع دستي و گردشگري 

Iranian Cultural Heritage. Handicrafts & tourism organization        
اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي

, Handicrafts and Tourism of    
                                         

  

                     چنار: نام

         platanus orientalis :نام علمي

platanaccac :خانواده

               -: راسته

Magnoliophyta: شاخه

                                      12: تعداد درختان

نارون  توت  چنار  بيد
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تاج پوشش متراكم :مشخصات ظاهري

              97):سال( سن

متر                  20 :ارتفاع

        متر 30/2: تنه محيط

قطر در ارتفاع برابر سينه
                                           

      

          100 -65:شناسه درخت

GPS   16  33.9:رقوم 

 UTM:   2404.80745رقوم 

1613: ارتفاع از سطح دريا

% ±6:شيب عمومي منطقه

              

15:فاصله از درخت قبلي

5: فاصله از درخت بعدي

بيماري خاصي مشاهده نگرديد: بيماريهاي درخت

:                              عناصر شاخص محدوده

قرارگيري دو جوي در مجاورت يكديگر
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  سازمان ميراث فرهنگي، صنايع دستي و گردشگري 

Iranian Cultural Heritage. Handicrafts & tourism organization      
  اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي

Administration of Cultural Heritage, Handicrafts and Tourism of  
Southern Khorasan                                                                            

 

  

Y:3775057.17542         X: 620083.23741        : UTM               جهت شمال رقوم    E: 58  18  7.08          N: 34  06  34.03          : GPS رقوم   22محدوده شماره    

 درخت شاخص

 معبر اصلي

 جوي در مسيردرختان 

 بيد: درخت شاخص

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  پالن درخت

Plan of tree 

  :Willow           Name                                       بيد: نام

    Salix alba        Scientific  Name: Salix alba  :نام علمي

                    Salicaceae       Family: Salicaceae  :خانواده

                Salicales                      Order: Salicales: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

                  Number of trees:  76                                                               76: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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57  11  4  - 4  -  -  - -  -  

 Appearance                         متقارننيمه تاج  -متراكمنيمه تاج پوشش  :مشخصات ظاهري

          Age(Year): 143                         143): سال( سن

                   Height: 9 m        متر                  9 :ارتفاع 

                 Environment: 4.50 m        متر 50/4: تنه محيط

  متر43/1: قطر در ارتفاع برابر سينه

                        Diameter in chest height: 1.43 m                   

      

 :Tree  code                               22 -100 100 -22:شناسه درخت

   :GPS   N:34  06  33         E:58  19  06.07   GPS code:رقوم 

 UTM:       Y: 3775025.11858 UTM  code:    X620057.76376رقوم 

      m        1621 :Altitude                      متر1621: ارتفاع از سطح دريا

            General slope of the area: ± % 3         % ±3:شيب عمومي منطقه

              

 Distance  from  previous  tree:10m متر 10:فاصله از درخت قبلي

    Distance  from  next  tree:11 mمتر 11: فاصله از درخت بعدي 

  :Tree  diseases                   درون پوسيدگي                  : بيماريهاي درخت

  Elements of Range :        :                      عناصر شاخص محدوده

در  چنارو  بيدشناسايي دو درخت كهنسال  -قرارگيري دو جوي در كنار هم

  اين محدوده
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  سازمان ميراث فرهنگي، صنايع دستي و گردشگري 

Iranian Cultural Heritage. Handicrafts & tourism organization      
  اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي

Administration of Cultural Heritage, Handicrafts and Tourism of  
 Southern Khorasan                                                                            

 

  

Y:3775722.05489         X: 618896.57261        : UTM               جهت شمال رقوم    E: 58  17  21.1          N: 34  05  56.1          : GPS رقوم   41محدوده شماره    

 نماي كلي درخت شاخص

 معبر اصلي

 چنار: درخت شاخص جوي مسيردرختان  جوي مسيردرختان 

 معبر اصلي

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  پالن درخت

Plan of tree 

  :plantain          Name                                     چنار: نام

         Scientific  Name:         platanus orientalis :نام علمي

                platanaccac       Family: platanaccac  :خانواده

               - :Order                                              -: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

        Number of trees:  27                                                                27: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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21  5 1  - -  -  -  -  -  -  

 Appearance                                    تاج متقارن -تاج پوشش متراكم :مشخصات ظاهري

           Age(Year): 105                         105): سال( سن

                 Height: 27 m        متر                  27 :ارتفاع

                 Environment: 2.50 m        متر 50/2: تنه محيط

  متر79/0: قطر در ارتفاع برابر سينه

                        Diameter in chest height: 0.79 m                   

      

 :R                     R- 100- 41 Tree  code -100 -41:شناسه درخت

   :GPS   N:34  05  54.0    E:58  17  18.6      GPS  code:رقوم 

 UTM:       Y: 3773808.38652 UTM  code:  X: 618856.64881رقوم 

      m        1617 :Altitude                      متر1617: ارتفاع از سطح دريا

             General slope of the area: ± % 5         % ±5:شيب عمومي منطقه

              

 Distance  from  previous  tree:10 mمتر 10:فاصله از درخت قبلي

       Distance  from  next  tree:4 mمتر 4: فاصله از درخت بعدي 

  :Tree  diseases                بيماري خاصي مشاهده نگرديد: بيماريهاي درخت  

  Elements of Range ::                              عناصر شاخص محدوده

  قرارگيري دو جوي در دو طرف معبر
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Y:3772651.22499         X: 618217.61759        : UTM                جهت شمال رقوم    E: 58  16  53.1          N: 34  05  16.7          : GPS رقوم   59محدوده شماره    

 جوي مسيردرختان 

 

 درختان مسير جوي

 معبر اصلي مسيردرختان 

 

 معبر اصلي مسيردرختان  چنار: درخت شاخص

 

 :plantain          Name                                     چنار: نام
         Scientific  Name:         platanus orientalis :نام علمي

                platanaccac       Family: platanaccac  :خانواده

               - :Order                                              -: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

              
  

  
  

 

 

                                   Number of trees:          8                                                           8: تعداد درختان

 سرو سنجد اقاقيا كاج گردو سپيدار نارون توت چنار بيد
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- 3 1 - 4 - -  --  -

   Appearance                               تاج متقارن -تاج پوشش متراكم :مشخصات ظاهري

               Age(Year): 85                         85):سال( سن

                 Height: 20 m        متر                  20 :ارتفاع

                 Environment: 2.70 m        متر 70/2: تنه محيط

  متر85/0: قطر در ارتفاع برابر سينه
                        Diameter in chest height: 0.85 m                   

      
    

    

       

 

 :Tree  code 59 -100                              100 - 59 :شناسه درخت

  :GPS   N:34  05  16.2    E:58  17  52.1      GPS  code:رقوم 
 UTM:       Y: 3772635.50234 UTM  code:  X: 618192.18253رقوم 

       m        1615 :Altitude                      متر1615: ارتفاع از سطح دريا
  General slope of the area: ± % 5         % ±5:شيب عمومي منطقه

              

 

 Distance  from  previous  tree:15 mمتر 15:فاصله از درخت قبلي

        Distance  from  next  tree:7 mمتر 7: فاصله از درخت بعدي

 :Tree  diseases                   بيماري خاصي مشاهده نگرديد: بيماريهاي درخت
 Elements of Range ::                              عناصر شاخص محدوده

 دو جوي در دو طرف معبرقرارگيري 
 

 نماي درخت
Elevation of tree 

 Elevation  of  trunkنماي تنه     

 

 نحوه استقرار در زمين
Placement on ground 

 پالن درخت
Plan of tree 
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Y:3776074.56453         X: 621413.43713        : UTM               جهت شمال رقوم    E: 58  18  59.5          N: 34  07  6.5          : GPS رقوم   3محدوده شماره    

  پالن درخت

Plan of tree 

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground معبر اصلي 

 مسيردرختان سمت چپ  بيد: درخت شاخص

 معبر اصلي

 بيد: درخت شاخص

 Age(Year):108                                   108):سال( سن

                       Height: 8m              متر          8 :ارتفاع

            Environment: 3.40m            متر 40/3: تنه محيط

   متر08/1: قطر در ارتفاع برابر سينه

                      Diameter in chest height: 1.08 m                     

     

 :L                        L- 100- 3 Tree  code -١٠٠ -٣:شناسه درخت

   :GPS   N:34  07  6.5        E:58  18  59.5    GPS  code:رقوم 

 :UTM:      X: 621413.43713      Y: 3776074.56453 UTM code رقوم

      m           1623 :Altitude                  متر 1623: ارتفاع از سطح دريا

            General slope of the area:±  % 3        % ±3 :شيب عمومي منطقه

              

   Distance  from  previous  tree: 7m متر 7:فاصله از درخت قبلي

          Distance  from  next  tree:7mمتر 7: فاصله از درخت بعدي

  :Tree  diseases                   بيماري خاصي مشاهده نگرديد: بيماريهاي درخت

  Elements of Range :   :                           عناصر شاخص محدوده

 قرارگيري جوي در دو طرف محدوده

  :Willow           Name                                       بيد: نام

    Salix alba        Scientific  Name: Salix alba  :نام علمي

                    Salicaceae       Family: Salicaceae  :خانواده

               Salicales                      Order: Salicales: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

                            Number of trees:    7                                                                7: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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5  -  2  -  -  -  -  -  -  -  

 Appearance                              تاج متقارن -متراكمنيمه تاج پوشش  :مشخصات ظاهري



 

  

رقوم Y:3771034.28938         X: 616271.57430 : UTM               جهت شمال

 معبر اصلي

 معبر اصلي

  

رقوم    E:58  15  36.4          

معبر اصليدرختان 

معبر اصليدرختان 

  چنار: درخت شاخص

 چنار: درخت شاخص

          N: 34  04  25.0 : GPS رقوم       87محدوده شماره     

  نماي درخت

Elevation of tree 

  نحوه استقرار در زمين

Placement on ground 

 Elevation  of  trunkنماي تنه     

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نماي درخت

Elevation of tree 

  نحوه استقرار در زمين

Placement on ground 

 Elevation  of  trunkنماي تنه     

  نماي درخت

Elevation of tree 

  پالن درخت

Plan of tree 
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 محدوده شماره 

نماي تنه     نماي تنه     نماي تنه     

                                                        5           :Number of trees                     

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون
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    Appearance                                    متقارنتاج  -تاج پوشش متراكم

                                     plantain          Name:  

Scientific  Name:         platanus orientalis

 platanaccac       Family: platanaccac                

                                              Order: -               

Magnoliophyta     Division: Magnoliophyta         

 Distance  from  previous  tree:25mمتر  25

    Distance  from  next  tree:40m متر 40: 

  :Tree  diseases                  بيماري خاصي مشاهده نگرديد

                             :: Elements of Range  

قرارگيري مدرسه در اين محدوده  -قرارگيري دو جوي در مجاورت يكديگر

                                100- 87   Tree  code: 

N:34  04  23.2      E:58  15    GPS  code:   

   Y: 3770978.33935 UTM  code:  X: 616231.24557   

      m        1611 :Altitude                      متر1611

 %         7 % ± :General slope of the area            

                        Age(Year): 190            

               Height: 27m             متر              

                 Environment: 4.50m        متر

  متر 43/1: قطر در ارتفاع برابر سينه

Diameter in chest height: 1.43 m                   
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سازمان ميراث فرهنگي، صنايع دستي و گردشگري 

Handicrafts & tourism organization     
اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي

, Handicrafts and Tourism of 
                                                               

                                          5: تعداد درختان

نارون  توت  چنار  بيد
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1  3  1  

تاج پوشش متراكم :مشخصات ظاهري

                     چنار: نام

         platanus orientalis :نام علمي

platanaccac :خانواده

               -: راسته

Magnoliophyta: شاخه

25:فاصله از درخت قبلي

: فاصله از درخت بعدي 

بيماري خاصي مشاهده نگرديد: بيماريهاي درخت

:                             عناصر شاخص محدوده

قرارگيري دو جوي در مجاورت يكديگر

  و در مجاورت چنار

100 -87:درختشناسه 

GPS   5  34.8:رقوم 

UTM:   0978.33935رقوم 

611: ارتفاع از سطح دريا

 ±7:شيب عمومي منطقه

              

             190): سال( سن

متر               27 :ارتفاع

متر 50/4: تنه محيط

قطر در ارتفاع برابر سينه
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Y:37748965.95193         X: 620032.37904        : UTM               جهت شمال رقوم    E: 58  18  05.05          N: 34  06  31.09          : GPS رقوم   23محدوده شماره    

 چنار:درخت شاخص

 معبر اصلي

 جوي مسيردرختان 

 چنار: درخت شاخص

 چنار: درخت شاخص
            Age(Year): 105                        105): سال( سن

                       Height: 25m                    متر 25 :ارتفاع 

                      Environment: 2.50      متر 50/2: تنه محيط 

    79/0: قطر در ارتفاع برابر سينه

                    Diameter in chest height: 0.79                         
 

 Distance  from  previous  tree:10m متر 10:فاصله از درخت قبلي

      Distance  from  next  tree:11mمتر 11: فاصله از درخت بعدي

   :Tree  diseases بيماري خاصي مشاهده نگرديد             :بيماريهاي درخت

  Rane of elements:     :                            عناصر شاخص محدوده

در  چنارو  بيدشناسايي دو درخت كهنسال  -قرارگيري دو جوي در كنار هم

  اين محدوده

 :Tree  code         23 – 100                      100 -23:شناسه درخت

   :GPS   N:34  06  31.00    E:58  18  05.02  GPS  code:رقوم 

 :UTM:   X: 620031.64570       Y: 3774963.16987  UTM  code رقوم

      m        1621 :Altitude                      متر1621: ارتفاع از سطح دريا

            General slope of the area: ± % 3         % ±3:شيب عمومي منطقه

              

  :plantain          Name                                     چنار: نام

         Scientific  Name:         platanus orientalis :نام علمي

                platanaccac       Family: platanaccac  :خانواده

               - :Order                                              -: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

                    Number of trees:  52                                                               52: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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 Appearance                               متقارننيمه تاج  -تاج پوشش متراكم :مشخصات ظاهري

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  پالن درخت

Plan of tree 
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Y:3772575.21137         X: 618051.96043        : UTM               جهت شمال رقوم    E: 58  16  46.6          N: 34  05  14.3          : GPS رقوم   61محدوده شماره    

 درختان مسير جوي جوي مسيردرختان 

 جوي مسيردرختان 

 چنار: درخت شاخص

 جوي مسيردرختان 

  :plantain          Name                                     چنار: نام

         Scientific  Name:         platanus orientalis :نام علمي

                platanaccac       Family: platanaccac  :خانواده

               - :Order                                              -: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

                     Number of trees:      19                                                           19: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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    Appearance                                   تاج متقارن -تاج پوشش متراكم :مشخصات ظاهري

           Age(Year): 105                         105):سال( سن

                 Height: 22 m        متر                  22 :ارتفاع

                 Environment: 2.50 m        متر 50/2: تنه محيط

  متر79/0: قطر در ارتفاع برابر سينه

                        Diameter in chest height: 0.79 m                   

      

 :Tree  code           61 -100                     100 -61:شناسه درخت

   :GPS   N:34  05  13.6    E:58  17  44.7      GPS  code:رقوم 

 UTM:       Y: 3772553.03996 UTM  code:  X: 618003.53649رقوم 

      m        1615 :Altitude                      متر1615: ارتفاع از سطح دريا

             General slope of the area: ± % 5         % ±5:شيب عمومي منطقه

              

 Distance  from  previous  tree:10 mمتر 10:درخت قبليفاصله از 

     Distance  from  next  tree:11 mمتر 11: فاصله از درخت بعدي

  :Tree  diseases                   بيماري خاصي مشاهده نگرديد: بيماريهاي درخت

  Elements of Range ::                              عناصر شاخص محدوده

  قرارگيري دو جوي در دو طرف معبر

  

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  پالن درخت

Plan of tree 
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Y:3772306.34645         X: 617491.40012        : UTM               جهت شمال رقوم    E: 58  16  24.6          N: 34  05  05.8          : GPS رقوم   68محدوده شماره    

 جوي مسيردرختان 

 درختان معبر اصلي
 جوي

 چنار: درخت شاخص

 درختان معبر اصلي

  :plantain          Name                                     چنار: نام

         Scientific  Name:         platanus orientalis :نام علمي

                platanaccac       Family: platanaccac  :خانواده

               - :Order                                              -: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

        Number of trees:           9                                                          9: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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    Appearance                                   تاج متقارن -تاج پوشش متراكم :مشخصات ظاهري

                Age(Year): 97                         97):سال( سن

                 Height: 20 m        متر                  20 :ارتفاع

                 Environment: 2.30 m        متر 30/2: تنه محيط

  متر73/0: قطر در ارتفاع برابر سينه

                        Diameter in chest height: 0.73 m                   

      

 :Tree  code            68 -100                    100 -68:شناسه درخت

   :GPS   N:34  05  5.8    E:58  16  24.5      GPS  code:رقوم 

 UTM:       Y: 3772306.31452  UTM  code:  X: 617488.83722رقوم 

      m        1613 :Altitude                      متر1613: ارتفاع از سطح دريا

             General slope of the area: ± % 6         % ±6:شيب عمومي منطقه

              

 Distance  from  previous  tree:10 mمتر 10:درخت قبليفاصله از 

     Distance  from  next  tree:11 mمتر 11: فاصله از درخت بعدي

  :Tree  diseases                   بيماري خاصي مشاهده نگرديد: بيماريهاي درخت

  Elements of Range ::                              عناصر شاخص محدوده

  قرارگيري دو جوي در دو طرف معبر

  

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  پالن درخت

Plan of tree 
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Y:3774913.48697         X: 620001.01459        : UTM               جهت شمال رقوم    E: 58  18  03.8          N: 34  06  29.4          : GPS رقوم   24محدوده شماره    

 جوي مسيردرختان  درختان مسير جوي درختان مسير جوي

 بيد: درخت شاخص بيد: درخت شاخص جوي مسيردرختان 

           Age(Year): 127                         127):سال( سن

                          Height: 9m                     متر 9 :ارتفاع 

                       Environment: 4m            متر 4:محيط تنه 

                  متر 27/1: قطر در ارتفاع برابر سينه 

                     Diameter in chest height: 1.27 m                    
 

  Distance  from  previous  tree:7m   متر 7:فاصله از درخت قبلي

         Distance  from  next  tree:7mمتر 7: فاصله از درخت بعدي

   :Tree  diseasesوجود حفره اي ميان تنه  -ميان پوسيدگي :بيماريهاي درخت

  Range of elements:                               :عناصر شاخص محدوده

در  چنارو  بيدشناسايي دو درخت كهنسال  -قرارگيري دو جوي در كنار هم

  اين محدوده

 :Tree  code         24 – 100                      100 -24:شناسه درخت

   :GPS   N:34  06  28.4      E:58  18  02.00  GPS  code:رقوم 

 :UTM:   X: 619955.28698       Y: 3774882.09674  UTM  code رقوم

      m        1621 :Altitude                      متر1621: ارتفاع از سطح دريا

           General slope of the area: ± % 3         % ±3:شيب عمومي منطقه

              

  :Willow           Name                                       بيد: نام

    Salix alba        Scientific  Name: Salix alba  :نام علمي

                    Salicaceae       Family: Salicaceae  :خانواده

                Salicales                      Order: Salicales: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

                  Number of trees:    41                                                             41: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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 Appearance                         متقارننيمه تاج  -متراكمنيمه تاج پوشش  :مشخصات ظاهري

  نحوه استقرار در زمين

Placement on ground 

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  پالن درخت

Plan of tree 
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Y:3772524.93267         X: 617973.12928        : UTM               جهت شمال رقوم    E: 58  17  43.5          N: 34  05  12.7          : GPS رقوم   62محدوده شماره    

 درختان مسير جوي

 درختان معبر اصلي

 چنار: درخت شاخص

 درختان معبر اصلي

 درختان معبر اصلي

  :plantain          Name                                     چنار: نام

         Scientific  Name:         platanus orientalis :نام علمي

                platanaccac       Family: platanaccac  :خانواده

               - :Order                                              -: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

        Number of trees:    12                                                              12: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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    Appearance                                   تاج متقارن -تاج پوشش متراكم :مشخصات ظاهري

           Age(Year): 105                         105):سال( سن

                 Height: 20 m        متر                  20 :ارتفاع

                 Environment: 2.50 m        متر 50/2: تنه محيط

  متر79/0: قطر در ارتفاع برابر سينه

                        Diameter in chest height: 0.79 m                   

      

 :Tree  code 62 -100                                100 -62:شناسه درخت

   :GPS   N:34  05  13.7    E:58  17  42.9      GPS  code:رقوم 

 UTM:       Y: 3772555.54307 UTM  code:  X: 617957.36692رقوم 

      m        1615 :Altitude                      متر1615: درياارتفاع از سطح 

     General slope of the area: ± % 5         % ±5:شيب عمومي منطقه

              

    Distance  from  previous  tree:6 mمتر 6:فاصله از درخت قبلي

        Distance  from  next  tree:6 mمتر 6: فاصله از درخت بعدي

  :Tree  diseases                بيماري خاصي مشاهده نگرديد: بيماريهاي درخت 

  Elements of Range ::                              عناصر شاخص محدوده

  قرارگيري دو جوي در دو طرف معبر

  

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  پالن درخت

Plan of tree 
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Y:3776014.55327         X: 621298.90519        : UTM               جهت شمال رقوم    E: 58  18  55.0          N: 34  07  4.6          : GPS رقوم   5محدوده شماره    

  پالن درخت

Plan of tree 

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

 معبر اصلي

 در مسير جوي درختان  در مسير جوي درختان  بيد: درخت شاخص

 معبر اصلي

              Age(Year):117                         117 ):سال( سن

                  Height: 7m                            متر 7 :ارتفاع

              Environment: 3.70m متر           70/3: تنه محيط

 متر 17/1: قطر در ارتفاع برابر سينه

                      Diameter in chest height: 1.17 m                     

    

   Distance  from  previous  tree: 4m متر 4:فاصله از درخت قبلي

         Distance  from  next  tree:4mمتر 4: فاصله از درخت بعدي

                             :Tree  diseasesدرون پوسيدگي: بيماريهاي درخت

  Elements of Range ::                              عناصر شاخص محدوده

  قرارگيري جوي در دو طرف محدوده

 :R                         R- 100- 5 Tree  code -100 -5:شناسه درخت

   :GPS   N:34  07  4.6        E:58  18  55.0    GPS  code:رقوم 

 :UTM:      X: 621298.90519     Y: 3776014.55327 UTM  codeرقوم 

      m       1623 :Altitude                       متر1623: ارتفاع از سطح دريا

            General slope of the area:±  % 3        % ±3 :شيب عمومي منطقه

              

  :Willow           Name                                       بيد: نام

    Salix alba        Scientific  Name: Salix alba  :نام علمي

                    Salicaceae       Family: Salicaceae  :خانواده

               Salicales                      Order: Salicales: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

               Number of trees:  39                                                              39: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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    Appearance                             تاج متقارن -متراكمنيمه تاج پوشش  :مشخصات ظاهري
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Y:3775511.47768         X: 620508.45379        : UTM               جهت شمال رقوم    E: 58  18  23.9          N: 34  06  48.6          : GPS رقوم   15محدوده شماره    

 مسير دو جوي

 بيد: درخت شاخص جوي در مسيردرختان  اصليمعبر 

 مسير دو جوي

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  نماي درخت

Elevation of tree 

  پالن درخت

Plan of tree 

  :Willow           Name                                       بيد: نام

    Salix alba        Scientific  Name: Salix alba  :نام علمي

                    Salicaceae       Family: Salicaceae  :خانواده

                Salicales                      Order: Salicales: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

                    Number of trees: 45                                                                45: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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    Appearance                                  تاج متقارن -تاج پوشش متراكم :مشخصات ظاهري

           Age(Year): 95                            95): سال( سن

                  Height: 9m                            متر 9 :ارتفاع

                           Environment: 3m        متر 3: تنه محيط

  متر95/0: قطر در ارتفاع برابر سينه

                        Diameter in chest height: 0.95 m                   

      

 :Tree  code      15 -100                          100 -15:شناسه درخت

   :GPS   N:34  06  48.6    E:58  18  23.9      GPS  code:رقوم 

 UTM:       Y: 3775511.47768 UTM  code:  X: 620508.45379رقوم 

      m        1622 :Altitude                      متر1622: ارتفاع از سطح دريا

            General slope of the area: ± % 3         % ±3:شيب عمومي منطقه

              

  Distance  from  previous  tree:7m متر  7:فاصله از درخت قبلي

        Distance  from  next  tree:9m متر 9: فاصله از درخت بعدي

  :Tree  diseases  وجود حفره درتنه        -ميان پوسيدگي: بيماريهاي درخت

  Elements of Range ::                             عناصر شاخص محدوده

و چنار  بيدشناسايي دو درخت  -قرارگيري دو جوي در كنار يكديگر

  كهنسال در اين محدوده
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Iranian Cultural Heritage. Handicrafts & tourism organization      
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Y:3774397.58950         X: 619405.33586        : UTM               جهت شمال رقوم    E: 58  17  40.3          N: 34  06  12.9          : GPS رقوم   34محدوده شماره    

 بيد: درخت شاخص

 معبر اصلي

 جوي درختان سمت چپ جوي

 بيد: درخت شاخص

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  پالن درخت

Plan of tree 

  :Willow           Name                                       بيد: نام

    Salix alba        Scientific  Name: Salix alba  :نام علمي

                    Salicaceae       Family: Salicaceae  :خانواده

                Salicales                      Order: Salicales: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

                    Number of trees:      24                                                           24: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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    Appearance                                  متقارنتاج  -تاج پوشش متراكم :مشخصات ظاهري

          Age(Year): 127                         127): سال( سن

                       Height: 7 m    متر                   7 :ارتفاع 

                          Environment: 4 m        متر 4: تنه محيط

  متر27/1: قطر در ارتفاع برابر سينه

                        Diameter in chest height: 1.27 m                   

      

 :L                      L- 100- 34 Tree  code -100 -34:شناسه درخت

   :GPS   N:34  06  11.4    E:58  17  38.0      GPS  code:رقوم 

 UTM:        Y: 3774350.63861 UTM  code:  X: 619346.98707رقوم 

      m        1619 :Altitude                      متر1619: ارتفاع از سطح دريا

            General slope of the area: ± % 4         % ±4:شيب عمومي منطقه

              

   Distance  from  previous  tree:7 mمتر 7:درخت قبليفاصله از 

        Distance  from  next  tree:9 mمتر 9: فاصله از درخت بعدي

  :Tree  diseases                درون پوسيدگي                   : بيماريهاي درخت 

  Elements of Range ::                             عناصر شاخص محدوده

  قرارگيري دو جوي در دو طرف معبر
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Y:3772208.78405         X: 617325.99966        : UTM               جهت شمال رقوم    E: 58  16  18.1          N: 34  05  02.7          : GPS رقوم   70محدوده شماره    

 جوي مسيردرختان 

 معبر اصليدرختان 

  سپيدار: درخت شاخص

 معبر اصليدرختان 

 معبر اصليدرختان 

  نماي درخت

Elevation of tree 

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  پالن درخت

Plan of tree 

  :poplar             Name                                  سپيدار: نام

     populous alba  Scientific  Name: populous alba :نام علمي

                    Salicaceae       Family: Salicaceae  :خانواده

         Malpighiales                 Order: Malpighiales: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

                     Number of trees:       17                                                          17: تعداد درختان

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون  توت  چنار  بيد
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    Appearance                               تاج متقارن -تاج پوشش متراكم :مشخصات ظاهري

                Age(Year): 60                         60):سال( سن

                 Height: 19 m        متر                  19 :ارتفاع

                 Environment: 1.90 m        متر 90/1: تنه محيط

  متر60/0: قطر در ارتفاع برابر سينه

                        Diameter in chest height: 0.60 m                   

      

 :Tree  code            70 -100                    100 -70:شناسه درخت

   :GPS   N:34  05  2.7    E:58  16  18.1      GPS  code:رقوم 

 UTM:       Y: 3772208.78405  UTM  code:  X: 617325.99966رقوم 

      m        1613 :Altitude                      متر1613: ارتفاع از سطح دريا

             General slope of the area: ± % 6         % ±6:شيب عمومي منطقه

              

    Distance  from  previous  tree:4 mمتر 4:فاصله از درخت قبلي

     Distance  from  next  tree:15 mمتر 15: فاصله از درخت بعدي

  :Tree  diseases                   بيماري خاصي مشاهده نگرديد: بيماريهاي درخت

  Elements of Range ::                              عناصر شاخص محدوده

  قرارگيري دو جوي در مجاورت يكديگر
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  ر

Y:3775511.47768         X: 620508.45379        : UTM جهت شمال رقوم    E: 58  18  23.9          N: 34  06  48.6          : GPS رقوم   15محدوده شماره    

 معبر اصلي چنار: درخت شاخص

 جوي مسيردرختان 

 جوي مسيردرختان 

 درختان مسير جوي

 Elevation  of  trunkنماي تنه     

  نحوه استقرار در زمين

Placement on ground 

  نماي درخت

Elevation of tree 

  پالن درخت

Plan of tree 

                 Number of trees:  45                                                               45: تعداد درختان
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    Appearance                                  تاج متقارن -تاج پوشش متراكم :مشخصات ظاهري

  :plantain          Name                                     چنار: نام

         Scientific  Name:         platanus orientalis :علمينام 

                platanaccac       Family: platanaccac  :خانواده

               - :Order                                              -: راسته

         Magnoliophyta     Division: Magnoliophyta: شاخه

          Age(Year): 109                        109): سال( سن

              Height: 25m                            متر 25 :ارتفاع

                  Environment: 2.60m        متر 60/2: تنه محيط

  متر82/0: قطر در ارتفاع برابر سينه

                        Diameter in chest height: 0.82 m                   

      

 :Tree  code     15 -100                          100 - 15:شناسه درخت

   :GPS   N:34  06  48.6     E:58  18  23.9     GPS  code:رقوم 

 UTM:       Y: 3775511.47768 UTM  code:  X: 620508.45379رقوم 

      m        1622 :Altitude                      متر1622: ارتفاع از سطح دريا

            General slope of the area: ± % 3         % ±3:شيب عمومي منطقه

              

 Distance  from  previous  tree:12m متر 12:فاصله از درخت قبلي

        Distance  from  next  tree:10متر 10: فاصله از درخت بعدي 

  :Tree  diseases                   بيماري خاصي مشاهده نگرديد: بيماريهاي درخت

  Elements of Range ::                             عناصر شاخص محدوده

 چنارو  بيدشناسايي دو درخت  -قرارگيري دو جوي در كنار يكديگر

  كهنسال در اين محدوده



 

  

               جهت شمال

 معبر اصلي

 جوي مسيردرختان 

 جوي مسيردرختان 

Y:3770769.43797         X: 616028.72346 : UTM رقوم

درختان 

درختان 

رقوم    E:58  15  26.8          

 چنار: درخت شاخص

 نماي كلي درخت شاخص

          N: 34  04  16.5 : GPS رقوم      91محدوده شماره     

  نحوه استقرار در زمين

Placement on ground 

 Elevation  of  trunkنماي تنه     

  نماي درخت

Elevation of tree 

  پالن درخت

Plan of tree 
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Summer 2014 

  سازمان ميراث فرهنگي، صنايع دستي و گردشگري 

Iranian Cultural Heritage. Handicrafts & tourism organization 
  اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي

Administration of Cultural Heritage, Handicrafts and Tourism  
 Southern Khorasan                                                                            

 محدوده شماره 

نماي تنه     

                                                           4           :Number of trees        

  سرو  سنجد  اقاقيا  كاج  گردو  سپيدار  نارون
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    Appearance                                    تاج متقارن -تاج پوشش متراكم

                                     plantain          Name:  

Scientific  Name:         platanus orientalis

 platanaccac       Family: platanaccac                

                                              Order: -               

Magnoliophyta     Division: Magnoliophyta         

 Distance  from  previous  tree:20mمتر  20

    Distance  from  next  tree:20mمتر 20: 

  :Tree  diseases                  بيماري خاصي مشاهده نگرديد

                            :  : Elements of Range  

وجود درختان جوان در اين  -قرارگيري دو جوي در مجاورت يكديگر

                                100- 91   Tree  code: 

N:34  04  14.5      E:58  1    GPS  code:   

   Y: 3770707.23402 UTM  code:  X: 615980.77789   

      m        1609 :Altitude                      متر1609

 %         8 % ± :General slope of the area           

                        Age(Year): 156           

               Height: 22m             متر              

                 Environment: 3.70m        متر

  متر 17/1: قطر در ارتفاع برابر سينه

Diameter in chest height: 1.17 m                   
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سازمان ميراث فرهنگي، صنايع دستي و گردشگري 

Handicrafts & tourism organization     
اداره كل ميراث فرهنگي، صنايع دستي و گردشگري خراسان جنوبي

, Handicrafts and Tourism of 
                                                               

                                        4: تعداد درختان

نارون  توت  چنار  بيد
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3  1  -  

تاج پوشش متراكم :مشخصات ظاهري

                     چنار: نام

         platanus orientalis :نام علمي

platanaccac :خانواده

               -: راسته

Magnoliophyta: شاخه

20:فاصله از درخت قبلي

فاصله از درخت بعدي  

بيماري خاصي مشاهده نگرديد: بيماريهاي درخت 

:                            عناصر شاخص محدوده

قرارگيري دو جوي در مجاورت يكديگر

  محدوده

                              100 -91:شناسه درخت

GPS   5  24.9:رقوم 

UTM:   0707.23402رقوم 

609: ارتفاع از سطح دريا

 ±8:شيب عمومي منطقه

              

                   156): سال( سن

متر               22 :ارتفاع

متر 70/3: تنه محيط

قطر در ارتفاع برابر سينه
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Comprehensive Management of Qanats  

Due to certain circumstances of qanat system that contains a wide range of 
backgrounds such as cultural, historical, technological, social and economic 
approaches, an integrated and comprehensive strategy has been considered with 
a comprehensive management system that focus on traditional qanat 
management system as a focal point and supporting the relevant state 
organizations through the indirect connection.  

Qanat Traditional management by the local council based on the long 
experience, traditional knowledge and methods are the most effective 
management system that is designed by owners and beneficiaries.   

Ministry of Agriculture, Ministry of Energy and Cultural Heritage Handicrafts 
and Tourism Organization as governmental organizations are cooperating with 
each other through the MOU to implement integrated management for qanats 
with specific and clear duties. The role of states has been clear through this 
MOU to cooperate with local qanat councils. ICHHTO is responsible for 
preservation and legal protection, promotion and presentation. Ministry of 
Agriculture is cooperating in the field of conservation and restoration efforts 
and Ministry of Energy (National Iranian Water Museum) is responsible for 
investigation and water monitoring (qanats and their catchment).  

Thanks go to the above mentioned collaboration; an efficient team work has 
been formed for managing qanats.  

According to MOU and agreement between governments agencies, with 
emphases based on qanats traditional management, cooperating with the 
traditional management through the consistent participation in conservation 
programs, maintenance and development of qanats and its traditional 
knowledge. There are also provincial MOU between regional water company, 
agricultural offices, ICHHTO provincial offices and city councils in all 
providences.  

All eleven proposed qanats are considered in the specific MOU in each 
province, copies of all MOU are in attachment.  
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Khorāsān-e Razavi Province 

- Qasabeh Qanat 
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Khorāsān-e Jonubi Province 

- Baladeh Qanat 
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Yazd Province 

- Hassan Ābād-e Moshir Qanat 

- Qanat of Zārch 
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Markazi Province 

- Ebrāhim Ābād Qanat 
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Esfahan Province 

- Qanat of Vazvān 

- Mozd Ābād Qanat 

- Qanat of the Moon 
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Kerman Province 

- Qanat of Gowhar-riz, Jupār 

- Ghāsem Ābād Qanat 

- Akbar Ābād Qanat 
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Buffer Zone of Qanat is the area specified for protecting the 
qanat and its water-supplying system against possible natural, 
environmental, cultural and landscape damages.

Its limits include the watershed (which affects feeding the water 
table), the hydraulic and quality boundaries of qanat as well as 
the waterways. Buffer zone is delineated by taking into account 
body, environmental, natural and landscape values.

Note: in regions where the qanat course passes through urban 
fabric and residential areas, 50 meters on either side of qanat axis 
(a total width of 100m) has been considered as the buffer zone.

1. Any activities endangering qanat life such as digging deep or 
semi-deep water wells, intervention in the watershed system also 
harming the natural, cultural-historical landscape and habitat of 
the region is strictly banned.

2.  Construction of industrial and semi-industrial facilities as well 
as expansion and addition of attachments to existing structures 
depends on obtaining permit from ICHHTO
3.  Body development of towns and villages located within the 
buffer zone must be based on regional programs, pilot projects as 
well as on detailed and master plans.
4.  Gathering garbage, construction debris, wastewater, pollutants 
as well as industrial trash, agricultural residues and livestock 
droppings is forbidden.
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Qasabeh Qanat 

Date:  2015 7

LEGEND

Iranian Cultural Heritage, Handicrafts & Tourism Organization
( ICHHTO )

The Persian Qanat
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Qasabeh Qanat 

Regulation 
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Geographical Coordinates of the Buffer zone
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654796 3791917
653868 3789920
652786 3787148
652335 3785771
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655243 3802017
655619 3801670
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637724 3781896
638097 3783466

Reference:
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Core Zone

The Core Zone is an area specified for conservation of the physical structure of 
qanat including well shafts, gallery, soil mounds produced around well shafts as 
well as other elements dependent on qanat and its conservation boundaries

The following technical factors have been taken into account for determining the 
core zone: water-wells depth, soil fabric, gallery depth, local geology, distances 
between well-shafts and other things having an influence on the physical 
structure of qanat.

Clause: in regions where the qanat course passes through urban fabric and 
residential areas, 15 meters on either side of qanat axis (a total breadth of 30m) 
has been taken as the core zone

1- Any developmental activities such as constructions, building of facilities, 
power transfer lines, installation of poles, constructing and extending any 
kind of roads, explorations, minings or any other activities resulting in the 
potential damage or destruction of the core zone and/or harming its 
authenticity and integrity as well as endangering its body, environmental, 
natural and landscape characteristics are prohibited.

2-  Digging wells and constructing relevant attachments such as: the pump 
house, water or wastewater canals, etc… is strictly forbidden.

3- Any changes in land use and in the function of constructions are banned.
4- Any changes in the exploitation style of farmlands including: their 

conversion to gardens or cultivation of species harming qanats is 
prohibited.

5- Dividing and enlarging non-agricultural constructions and lands within 
the area is illegal pending the written permission of ICHHTO

6- Any activities such as growing crops, animal husbandry or livestock 
grazing which might result in hurting or damaging the ecological capacity 
of the core zone of the monument and/or harming  its body, 
environmental, natural and landscape characteristics and values are 
prohibited. 

Note: continuance of agricultural activities in lands within the core 
zone is allowed on condition that they do not harm the qanat

7- Amassing garbage, construction rubble, wastewater, pollutants as well as 
industrial scraps, agricultural residues and livestock droppings is 
forbidden.

Geographical coordinates of Core Zone

A3Regulation 
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A3
The area covers lands irrigated by qanat water. They constitute a 
large part of the cultural landscape of qanat. The cultural 
landscape is an expanse of the geographical space in which traces 
and signs of human interaction with environment via qanat 
technology can be observed and distinguished.

1- Any activity resulting in interfering and harming the tangible 
and intangible cultural heritage related to the monument (its 
water division system included), nature and landscape of 
qanat is prohibited.

2- Functional change in irrigated lands is forbidden.
3- Dividing and enlarging lands depends on acquiring 

permission from ICHHTO.
4- Piling garbage, construction debris, wastewater, pollutants as 

well as industrial wastes, agricultural residues and livestock 
droppings is not allowed.

5- Activities such as: organizing, improving, façade-making and 
restoring present constructions without the written permission 
of ICHHTI is illegal.

Agricultural Demand Area

Regulation 

Geographical Coordinates of the Agricultural Demand Area
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The area covers lands irrigated by qanat water. They constitute a 
large part of the cultural landscape of qanat. The cultural 
landscape is an expanse of the geographical space in which traces 
and signs of human interaction with environment via qanat 
technology can be observed and distinguished.

1- Any activity resulting in interfering and harming the tangible 
and intangible cultural heritage related to the monument (its 
water division system included), nature and landscape of 
qanat is prohibited.

2- Functional change in irrigated lands is forbidden.
3- Dividing and enlarging lands depends on acquiring 

permission from ICHHTO.
4- Piling garbage, construction debris, wastewater, pollutants as 

well as industrial wastes, agricultural residues and livestock 
droppings is not allowed.

5- Activities such as: organizing, improving, façade-making and 
restoring present constructions without the written permission 
of ICHHTI is illegal.

Geographical Coordinates of the Agricultural Demand Area
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Core Zone

The Core Zone is an area specified for conservation of the physical 
structure of qanat including well shafts, gallery, soil mounds produced 
around well shafts as well as other elements dependent on qanat and its 
conservation boundaries

The following technical factors have been taken into account for 
determining the core zone: water-wells depth, soil fabric, gallery depth, 
local geology, distances between well-shafts and other things having an 
influence on the physical structure of qanat.

Clause: in regions where the qanat course passes through urban fabric 
and residential areas, 15 meters on either side of qanat axis (a total 
breadth of 30m) has been taken as the core zone

1- Any developmental activities such as constructions, building of 
facilities, power transfer lines, installation of poles, constructing 
and extending any kind of roads, explorations, minings or any other 
activities resulting in the potential damage or destruction of the 
core zone and/or harming its authenticity and integrity as well as 
endangering its body, environmental, natural and landscape 
characteristics are prohibited.

2-  Digging wells and constructing relevant attachments such as: the 
pump house, water or wastewater canals, etc… is strictly 
forbidden.

3- Any changes in land use and in the function of constructions are 
banned.

4- Any changes in the exploitation style of farmlands including: 
their conversion to gardens or cultivation of species harming 
qanats is prohibited.

5- Dividing and enlarging non-agricultural constructions and lands 
within the area is illegal pending the written permission of 
ICHHTO

6- Any activities such as growing crops, animal husbandry or 
livestock grazing which might result in hurting or damaging the 
ecological capacity of the core zone of the monument and/or 
harming  its body, environmental, natural and landscape 
characteristics and values are prohibited. 

Note: continuance of agricultural activities in lands within 
the core zone is allowed on condition that they do not harm 
the qanat

7- Amassing garbage, construction rubble, wastewater, pollutants as 
well as industrial scraps, agricultural residues and livestock 
droppings is forbidden.

Geographical coordinates of Core Zone
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Buffer zone of Qanat is the area specified for protecting 
the qanat and its water-supplying system against possible 
natural, environmental, cultural and landscape damages.

Its limits include the watershed (which affects feeding the 
water table), the hydraulic and quality boundaries of 
qanat as well as the waterways. Buffer zone is delineated 
by taking into account body, environmental, natural and 
landscape values.

Note: in regions where the qanat course passes through 
urban fabric and residential areas, 50 meters on either 
side of qanat axis (a total width of 100m) has been 
considered as the buffer zone.

1. Any activities endangering qanat life such as digging 
deep or semi-deep water wells, intervention in the 
watershed system also harming the natural, 
cultural-historical landscape and habitat of the region is 
strictly banned.

2.  Construction of industrial and semi-industrial facilities 
as well as expansion and addition of attachments to 
existing structures depends on obtaining permit from 
ICHHTO
3.  Body development of towns and villages located 
within the buffer zone must be based on regional 
programs, pilot projects as well as on detailed and master 
plans.
4.  Gathering garbage, construction debris, wastewater, 
pollutants as well as industrial trash, agricultural residues 
and livestock droppings is forbidden.
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Buffer zone of Qanat is the area specified for protecting the qanat and 
its water-supplying system against possible natural, environmental, 
cultural and landscape damages.

Its limits include the watershed (which affects feeding the water table), 
the hydraulic and quality boundaries of qanat as well as the waterways. 
Buffer zone is delineated by taking into account body, environmental, 
natural and landscape values.

Note: in regions where the qanat course passes through urban fabric 
and residential areas, 50 meters on either side of qanat axis (a total 
width of 100m) has been considered as the buffer zone.

1. Any activities endangering qanat life such as digging deep or 
semi-deep water wells, intervention in the watershed system also 
harming the natural, cultural-historical landscape and habitat of the 
region is strictly banned.

2.  Construction of industrial and semi-industrial facilities as well as 
expansion and addition of attachments to existing structures depends on 
obtaining permit from ICHHTO
3.  Body development of towns and villages located within the buffer 
zone must be based on regional programs, pilot projects as well as on 
detailed and master plans.
4.  Gathering garbage, construction debris, wastewater, pollutants as 
well as industrial trash, agricultural residues and livestock droppings is 
forbidden.

Buffer Zone
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Evaluation of the nomination of “The Persian Qanat” 

 (Islamic Republic of Iran) for inscription on the World Heritage List    

 

This report concerns the ICOMOS letter of GB/AS 1506 dated 22 September 2015 on 

additional information for the nomination of the Persian Qanat. Hereby the state party 

expresses its deep gratitude for the ICOMOS cooperation in the field of cultural heritage. The 

detailed report is prepared aimed at clarifying the aspects mentioned in the letter as well as 

relevant PDF files.  

Additional information for clarification on:  

- Serial approach 

- Integrity 

- Conservation 
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Additional Information, The Persian Qanat (Iran)  

 

About further elaboration on the rationale of the serial nomination and the specific choice of 

the 11 Qanats:  

  

All different aspects of the Persian qanats which represent outstanding universal values of this 

unique structure have been discussed in part 2 and 3 of the nomination dossier and here is a 

brief explanation of the rationale for selecting the eleven specific qanats. 

Though a very long time has elapsed since its invention by Iranians, qanat is still bringing 

prosperity to many regions of Iran and the livelihood of many people still depends on them 

despite all the major advances being made in the field of water engineering. That is why among 

important criteria according to which these eleven qanats were singled out mention can be 

made of their vitality, efficiency and operability as well as the continuation of their social life 

from way back until present. 

 

As mentioned in the nomination dossier of the Persian Qanat, Qanats of Iran enjoy great variety 

in accordance with climatic and cultural conditions, technology as well as their age. Taking 

into special consideration the viability of the chosen qanats, these eleven nominated qanats 

have been selected based on the process of historical development, geographical variation and 

technical evolution and diversity depending on different aspects which are interwoven with 

qanat. 

In fact, each of these Qanats is the best and most perfect representation of similar Persian 

qanats in terms of technological, historical, social, cultural and economic aspects.  

Each qanat as a component of the Persian Qanat, contributes to the Outstanding Universal 

Values of this phenomenon as a whole in different aspects of the Persian qanats that are 

summarized and categorized in the following groups to show the specific role of each selected 

qanat:  

 

Geographical and climatic aspects:   

As qanats pass through geological formations and face different climates, conditions and 

obstacles, efforts of their owners to solve existing problems have led to the accumulation of 

knowledge in terms of qanat construction over time.  

 

Historical aspects:  

Dispersion of primary settlements on alluvial fans of the inner plateau, kavir and desert 

margins of Iran has an intimate relationship with the pattern of its qanat system distribution. 

Not only these preindustrial constructions have been important in the evolution of Iranian 

culture and civilization but also have constituted an important Iranian contribution to the 

development of water management systems in other parts of the world (Spooner, 1982). 
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Technical and architectural aspects:   

There are many wonders revolving around the qanat from both technical and architectural 

points of view. Galleries of Persian qanats excavated in lran total a length of about 400,000 

kilometers which seems unbelievable but represents a masterpiece of human creative 

ingenuity. Qanats of Iran are extended structures and sometimes their length reaches tens of 

kilometers. Most probably the deepest and the longest qanats of the world exist in Iran. Various 

methods of leveling and different parts of qanats like bookan besides specific techniques such 

as devwil kani and qomesh are among remarkable and extraordinary techniques used in qanat 

construction. 

 

Cultural aspects:  

The Persian qanat bears exceptional and unique testimony to the cultural traditions that have 

evolved in Iran and the world during its evolution. The manifestation of the Persian Qanat has 

been evident in the various cultural and social aspects of the society, such as human settlement, 

management system and also intangible heritage. The traditional water management addresses 

measures taken by local farmers for water division regulation, irrigation related subjects and 

preservation of water resources which in their turn have led to many related cultural events. 

 

Intangible aspect:  

Actually the system of qanat is something beyond a simple technique aimed at extracting 

groundwater because it also underlies many social and economic structures in these arid and 

semi-arid areas, promoting cultural and social life in the course of history. In a traditional 

context, the technology of qanat and agricultural systems are in a perfect harmony with special 

intangible features. The Persian Qanat is directly and tangibly associated with events and living 

traditions, ideas, beliefs as well as literary works. The Persian Qanat has always played an 

important role in production and life, and its magnificence is also manifest in Persian culture, 

art and literature.  
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Agricultural demand area, Ghāsem Ābād & Akbar Ābād Qanats, Bam  

 

All the approaches taken to choose the nominated qanats are intended to highlight and 

introduce the outstanding universal values of this amazing traditional subterranean engineering 

in the serial nomination of the Persian Qanat. 

All eleven nominated qanats that are located in different parts of the Iranian plateau, especially 

in its central and eastern parts, are the best representatives and indicators of the most 

outstanding characteristics of Iranian qanats enjoying the most prominent features of Persian 

qanats in accordance with above mentioned approaches. Thus all together they represent the 

evolution of qanat technology and its utilization systems in the context of climate, culture and 

geographical diversity of Iran.  

Each of these eleven qanats which are exemplars of the best Persian qanats, reflects the 

continuing social, cultural and economic life from the Achaemenid era up to now. 

Central cities of Iran like Yazd, Kerman, Markazi and Isfahan beside the eastern provinces of 

Khorāsān-e Razavi and Khorāsān-e Jonubi boast valuable qanats which not only enjoy 

authenticity and antiquity but also have special engineering and technical characteristics. All of 

these qanats can represent outstanding universal values of Persian qanat from a historical and 

innovational point of view. 

Some qanats serve as a prototype of various species for other qanats. They have noticeable 

characteristics such as: a long history and a sophisticated technology as well as the unique 

creativity and knowledge used in each of them.   

The deepest mother well is reported to be about 300 m in Qasabeh Qanat of Gonābād. Various 

ingenious techniques such as qomesh, dewil kani and other remarkable techniques in addition 

to complex structures like bookan and mard khāneh as well as their historical advanced 

traditional management and water distribution system are among tangible and intangible 

values of this amazing structure. 



  

Qasabeh Qanat with the deepest mother well 

 

 

As a wonderful phenomenon, the Baladeh Qanat has its special role in the Persian Qanat 

history. Baladeh has a complex technology of water transfer with its simple Persian qanat 

structure. The intelligent process of water transfer in 

is completely different from other qanats of Iran. Without doubt this complex system

managed smartly from ancient times until present days. This traditional management system 

creates a unique landscape in this arid region i.e. 2283 hectares of green area. Moreover, its 15 

branches and the system of Shāhjoy have made this system d

why this system is called the ensemble Qanat of Baladeh. Among measures taken in the field of 

water transport within the complex field of human endeavor is the traditional planting of trees 

on both sides of Shahjoy in order to provide shade for the canal.

 

  Qanat of Baladeh ensemble  

 

Qasabeh and Baladeh Qanats are examples selected from eastern parts of the Iranian plateau 

where annual water surpluses are absent and water streams only flow for very short periods of 

time following heavy rainfalls. Furthermore, the combination of the above mentioned qanats 

within the same geographic area has created an exceptional cultural landscape as part of the 

outstanding universal value of the Persian qanat which is appropriately represented by these 

qanats.   
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 Qanat of Baladeh ensemble  

 

Zārch and Hassan Ābād-e Moshir qana

central Iran which has an arid climate because it is located upon the so

earth. The longest recorded qanat, is Z

well depth of 90 meters and more than a thousand shafts. Hassan 

famous for its high discharge because of its fault resource in limited area.

the main factor for constructing a Persian garden in Mehriz region. Zarch has an 

in the urban structure of Yazd and its various historical districts. Its exceptional structure and 

special techniques are parts of the outstanding universal values of the Persian qanats which are 

indicated by these qanats. 

 

Qanat of Zārch, Yazd 

 

Ebrāhim Ābād Qanat is another representative coming from the central plateau of Iran. This 

area has also dry climate and is situated in a semi

mother well and other shafts in Ebr

technology used in the Persian Qanat. The conical form of the wells is unique in this qanat. The 
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traditional and advanced method of digging its wells is yet another aspect of ingenuity in this 

qanat.  

The other three qanats that are exc

semi-desert area of Isfahan with Zayande

Both of the extraordinary qanats of Vazv

underground dam and an exclusive landscape.

example that can prevent unwanted discharge by simply constructing an underground dam 

across the tunnel. This method shows a different aspect of the technology and innovation used 

in the field of outstanding universal values of Persian qanats.  

 

Mozd Ābād Qanat, Meyme, Esfahan 

 

The terrain on which Ardestān stands is surrounded by desert and mountain from both sides. It 

is believed that the city has been founded during the Sassanid period and was strongly fortified 

in the 10th century. The Qanat of the Moon in Ardest

representative from architectural and technological points of view as well as from a historical 

evaluation perspective. This qanat enjoys two galleries running parallel but not at the same 

level; hence it is called a two-stage qanat. 
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traditional and advanced method of digging its wells is yet another aspect of ingenuity in this 

The other three qanats that are exceptional samples of Persian Qanat are located in the 

desert area of Isfahan with Zayande-rud River passing through it.  

Both of the extraordinary qanats of Vazvān and Mozd Ābād are unique in that each has an 

underground dam and an exclusive landscape. This underground dam provides a convincing 

example that can prevent unwanted discharge by simply constructing an underground dam 

across the tunnel. This method shows a different aspect of the technology and innovation used 

ersal values of Persian qanats.   

stands is surrounded by desert and mountain from both sides. It 

is believed that the city has been founded during the Sassanid period and was strongly fortified 

in the 10th century. The Qanat of the Moon in Ardestān with its double gallery is another 

esentative from architectural and technological points of view as well as from a historical 

evaluation perspective. This qanat enjoys two galleries running parallel but not at the same 

stage qanat.  
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Agricultural demand area, Qanat of the Moon, Ardestān, Esfahan 

 

Qanat of Gowhar-riz (Gauhariz), Jupār in Kerman with a significant discharge of 240 liters per 

second is another representative of the Persian Qanat. This qanat is unique in having six active 

branches, which is attributable to the fact that a hard impermeable layer intercepts the main 

channel so that it cannot be extended forward. When the water of qanat reaches the surface, it is 

directed to some dividing outlets named maqsam and at this spot the water is divided into six 

parts, each of which goes to a particular area. The irrigated area of this qanat covers more than 

1000 hectares belonging to 500 shareholders. Beside all these superb technological aspects, 

different intangible elements related to this qanat are among the most important aspects of 

outstanding universal values of Persian qanats.   

The number of qanats and their total discharge in Bam is unique throughout Iran. Ghāsem 

Ābād and Akbar Ābād are two young qanats of Bam which are extraordinary in terms of their 

discharge because the roots of qanat are located in Baravāt and Bam fault. 

Bam as a symbol of man’s victory over a hostile environment can also be considered as unique 

in its own case. The complex management of underground irrigation system in Bam results in 

an unbelievable agricultural land use network in harmony with its built area. 
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Ebrāhim Ābād Qanat 

 

In conclusion, engineering masterpieces and traditional expertise, cultural values, traditional 

water management system, the unquestionable contribution of qanat to sustainable 

development and other outstanding values of the Persian Qanat have made it the most 

important technological development in the history of irrigation in Iran. These values have 

resulted in the whole conservation and maintenance of Persian Qanats through a traditional 

management system and public participation. The diversity of innovations as well as the 

historical evolution of the eleven nominated qanats together represents outstanding universal 

values of the Persian Qanat. 

Actually the eleventh nominated sites have been selected to represent the sophistication and 

technological achievements of remaining operational irrigation systems in Iran. These 

nominated qanats are extraordinary examples of the Persian qanat from northern, southern, 

eastern and western parts of the Iranian plateau, especially the desert area of its central zone 

and all together represent outstanding universal values of the Persian qanat. Each of them is an 

example of the particular kind of qanat technology corresponding to a specific geography.       

Various technical methods used regarding different environments in qanat construction are 

significant and act as outstanding values. Ingenious techniques include identifying the aquifer 

and specifying the route and exit point of qanat both underground and above the surface. 

All qanats mentioned in the dossier serve as the best representatives and indicators of the most 

outstanding characteristics of Iranian qanats. 
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Integrity  

Clarify on why the areas of settlement and agriculture are not included in the property:  

 

Two different issues can be brought up in this regard:  

1- Usually, the limits of each property are recognized by specific boundaries. 

Because the area of agricultural lands are constantly changing based on the 

discharge, annual precipitation and the local community agreements, these 

settlement and agriculture have considered with specific regulations in specific 

boundaries. Meanwhile, the Qanat technology has been created independent of 

farm lands and gardens which benefit from Qanats based on local agreements. 

The owner of qanat water, up to the discharge of water, can allocate it to various 

agricultural purposes including gardens. 

 

2-  An example of core zone and buffer zone delineation in this case is the Aflaj 

nomination dossier of Oman that has been ratified by the world heritage 

committee in 2006, ref:1207. Therefore that case has been considered for 

determining the core and buffer zones of the qanat. 
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Conservation  

Could the State Party clarify whether there is a comprehensive inventory of all the structures 

(rest houses, cloak rooms, water reservoirs, hammams, watermills) that are associated with 

each nominated qanat?  

  

To answer this question, it should be mentioned that each nominated Qanat has been 

documented and has a comprehensive inventory of all the structures of its own that are listed as 

below: 

Qanat City, Province Āb anbār 

(water reservoir) 

hammam Āsiyāb 

(Watermill) 

rest houses and 

cloak rooms 

Qasabeh  Gonābād,  

Khorāsān-e Razavi 

1 - 3 1 

Baladeh, Ferdows,  

Khorāsān-e Jonubi 

6 - 12 1 

Zārch,  Yazd, Yazd 8 8 1 1 

Hassan Ābād-e 

Moshir  

Yazd, Yazd 8 - 5 1 

Ebrāhim Ābād  Arāk, Markazi 1 1 - 1 

Vazvān Esfahan  1 - 1 1 

Mozd Ābād Meyme, Esfahan 1 - 6 1 

Moon  Ardestān, Esfahan 1 - 2 1 

Gowhar-riz  Jupār, Kerman 1 - - 1 

Ghāsem Ābād & 

Akbar Ābād 

Bam, Kerman  - - - 1 

   

Āsiyābs: 

Qasabeh:Āsiyāb-e Bālā, Āsiyāb-e Miyun, Āsiyāb-e Pāeen, Āsiyāb-e Miyānrāh Ghozhd-DizĀbād and Āsiyāb-e 

Miyānrāh Barghiun-Kohne howz, Āsiyāb-e Miyānrāh Ghozhd-Diz Ābād and Āsiyāb-e Miyānrāh 

Barghiun-Kohne howz 

Baladeh : Khoshkān-e Bālā, Khoshkān-e Pāeen, Haji Khan, Sarkar, Mirza, Mollā, Borjdar, Haji, Darughe, Mollā 

Hussein, Seydak and Ghazi 

Zarch: āsiyāb-e Vazir 

Hassan Ābād-e Moshir : Āsiyāb-e Abbās Ābād, Dosangi, Anjirak, Mirza Nasrollah and Mullāshah 

Vazvān: Āsiyāb-e vazvan 

Mozd Ābād: Āsiyāb-e Bālā, Āsiyāb-e Hadj Nosrat khan, Āsiyāb-e Hadj Mohammad Gholi, Āsiyāb-e Peleh/ Peri, 

Āsiyāb-e Ravieh, Āsiyāb-e Hadj Zein al-Ābedin. 

Moon: Āsiyāb chi watermill known as Ali Āfarin watermill, āsiyāb-zireh watermill, Kenār watermill, 

āsiyā-kharabeh or Sayyid Mo'men.  

Āb anbārs:  

Baladeh: Seyedi (reconstructed), Ghalleh, Kushk Bazar, Ostad Abdollah (reconstructed), Sardasht, Talar 

Zarch: Hassan Baghaypur, Shabāz (Shahed baz), Darvāze Mehriz, Masjed-e Jāmé, Shah Abulghāsem, Sayyid 

Golesorkh and Janat Ābād 

Hassan Ābād-e Moshir : Hassan Ābād, Maryam Ābād, Yaghubi, Gonbad-e Sabz, Sarsang, Fahadān, Kushk-e no 

Ebrāhim Ābād: Haj Reza Qoli 

 

Hamāms:  

Zarch: Shah kamal, Darol-shafa, Fut, Gazorgah, Mahal-e Tal, Kaz-khan ali, Nou, Goduk.  

Ebrāhim Ābād: Mahal-e bālā hammam 
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ICOMOS email dated 13 October 2015:  

And also to answer the question posed in the ICOMOS e-mail dated 13 October 2015 about 

Deh Luran qanat, it can be pointed out that although Deh Luran Plain is a microcosm of 

Mesopotamia, and is regarded as a very important site for the study of a variety of processes in 

cultural evolution with emphasize the canal system for irrigation, but as it was mentioned 

before, the main factor playing in the selection process of the nominated Persian Qanats, was 

their being alive and functioning.  

Moreover, the most important characteristic of the Persian Qanat has always been its social 

life. Since the spirit of the Convention is compatible with human social and cultural dynamics, 

viability of qanats as well as vitality of communities that benefit from them are regarded as 

outstanding universal values and serve as impressive key criteria in the selection process. 

 



 

 

 

 

 

 

 

Ms. Gwenaelle Bourdin 

Director 

Evaluation Unit 

ICOMOS 

Subject: ICOMOS Interim Report on the Persian Qanat  

 

Dear Ms. Bourdin, 

 

Thank you very much for your letter of GB/AS 1506 dated 15 January 2016 concerning the 

submission of your Interim Report on the nomination dossier of the Persian Qanat.   

Let me first; take this opportunity and thank you and other members of ICOMOS as well 

as the World Heritage Panel for your and their devoted and constructive activities regarding the 

implementation of the World Heritage Convention and its relevant Operational Guidelines. 

I am pleased to note that ICOMOS is satisfied with the cooperation of our Delegation 

with regard to the meeting of December 2015. However I can also not escape from the feeling 

that we may have not been able to fully understand each other’s point of views during the said 

meeting and that might be the reason for your interim report not having met our expectations. I 

am therefore sending to you, attached to this letter, a rather short but, in our views, 

comprehensive report covering both the analysis of the points raised by the World Heritage 

Panel and our detailed reflections on them, including the demonstration of Outstanding 

Universal Value, the rationale behind the selection of the Qanats and the comparative analysis, 

the establishment of the series within a wider region, the Persian characteristics of the Qanats 

and thus the justification, the proposed criteria justifying the inscription, etc.  

Therefore and based on the high importance that the State Party put upon this particular 

nomination as well as high level of confidence we practice on the justification and arguments 

made we request for an urgent and immediate meeting between ICOMOS’s concerned bodies 

and experts and our delegation so that the matter can further be discussed and accordingly a 

more proper decision be made. 

 

Thanking you in advance and looking forward to hearing from you. 

 

Sincerely, 
 

Mohammad Hassan Talebian 

Deputy for Cultural Heritage and the Secretary for the Iran’s World Heritage  

Iranian Cultural Heritage, Handicrafts and Tourism Organization 

 

 

 

 

 
 

Islamic Republic of Iran 

Iranian Cultural Heritage, Handicrafts & Tourism 

Organization-ICHHTO 

Deputy for Conservation, Revitalization and Inscription 

 

Cultural Heritage, Handicrafts & 

Tourism Organization, Azadi av. 

Tehran, Iran, 

P.O. BOX: 13445-719 

Tel. # +98-21 66084577 

Fax # +98-21 66027418 

 

 

Reference: 882/50/3153 

Date: 25 February 2016  

In the name of God 



 

 

 

 

 

 

 

 

CC: 

 

 His Excellency Mr. Masoud Soltanifar, Vice-President of the Islamic Republic 

of Iran and the President of the Iranian Cultural Heritage, Handicrafts & 

Tourism Organization, Tehran.  

 

 His Excellency Dr. Ahmad Jalali, Permanent Delegate of the Islamic Republic 

of Iran to UNESCO, Paris, France  

 

 Ms. Esther Kuisch-Laroche, Director, UNESCO Tehran Cluster Office, 

Tehran, Iran  

 Dr. Nasiri, Head of the Iranian National Commission of UNESCO, Tehran.  

 

 Ms. Ladan Tehrani, Head of the Department of International Affairs, Iranian 

Cultural Heritage, Handicrafts, and Tourism Organization, Tehran, Iran 

 

 Dr. Farhad Nazari, Director General, Inscription of Cultural, Natural, and 

Historical Heritage on Inventories, Iranian Cultural Heritage, Handicrafts, and 

Tourism Organization, Tehran, Iran.   

 

 Ms. Firoozeh Salari, Assistant director of Department for Preparation of 

World Heritage Nomination Dossiers, Tehran. 

 

 

Islamic Republic of Iran 

Iranian Cultural Heritage, Handicrafts & Tourism Organization 

Deputy for Cultural Heritage 
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Evaluation of the nomination of “The Persian Qanat” 

 (Islamic Republic of Iran) for inscription on the World Heritage List 

 

This report concerns the ICOMOS letter no. 1506 GB/AS, dated 15th January 2016, on the 

ICOMOS interim report for the nomination of the Persian Qanat. Hereby the State Party 

expresses its deep gratitude for the ICOMOS cooperation in the field of cultural heritage. The 

detailed report is prepared aimed at clarifying the aspects mentioned in the letter. 
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Additional Information II, on “The Persian Qanat” (Iran)  

 

 

Referring to letter no. 1506 GB/AS of ICOMOS, dated 15th January 2016, concerning the 

assessment of the nomination dossier of the Persian Qanat, items mentioned by ICOMOS can 

be classified within the following subjects: 

 

1- Reasons for the selection of these eleven qanats and attributes or characteristics of the 

Persian Qanat 

2- Comparative analysis in a wider area 

3- Outstanding Universal Values of qanat 

4- Integrity of the property 

 

Despite the fact that all of these items on the whole describe one entity, answering one item 

involves overlaps with other items too; however, this report endeavours to address directly the 

questions brought up in the letter of ICOMOS and, by grouping the topics, broader 

explanations have been provided. 

 

 

1- How have the 11 components been selected? 

Contrary to expectations, no quantitative models have been used for selecting these qanats 

because usage of quantitative models for the selection of qualitative elements is problematic. 

Because qanat is a complicated qualitative model with tangible and intangible ingredients and 

elements, no systematic model can be used in the selection process. Instead, a selection 

framework was provided by interviewing local authorities, experts and wise men followed by a 

screening method and description of factors related to the Persian Qanat characteristics. The 

framework has been set up in order to select a few samples out of a large number of qanats in 

order to clarify the concept of the Persian Qanat. Based on the designated criteria, qanats across 

the country were screened in several phases. As a matter of fact, qanats were studied and 

analyzed according to such criteria before being evaluated. Therefore qanats not meeting the 

specified factors were eliminated and only eleven qanats reached the final phase of selection. 

Selection factors were specified based on comprehensive investigations using past experiences 

of qanat master workers as well as field studies conducted by experts from various 

organizations, such as the Ministry of Power, Ministry of Agriculture, and the International 

Center for Qanat and Historic Hydraulic Structure, as well as the Iranian Cultural Heritage, 

Handicrafts and Tourism Organization (ICHHTO). Selection factors include: 

 

1- Operability and vitality of qanats as well as their prominent social-economical role 

in the formation and continuation of life in the region; 

2- Historical and developmental process of qanat; 

3- Specific creativity and technology of each qanat within various climatic and 

geographical regions of Iran; 

4- Persistence of tangible elements and intangible values of qanat; 
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5- Selection of the most outstanding and the most perfect
11

 specimen from each 

topographical region of the central plateau of Iran; 

6- Relative integrity of qanats regarding their physical structure and water quality. 

 

The two main factors contributing to the selection of qanats were their historical development 

process and their technological evolution. Generally, qanats have similar functions and 

structures, but what makes the Persian Qanat distinct from many other counterparts is its 

technological diversity within the geographical limits of Iran. This characteristic has been 

achieved gradually thanks to creativity in design, innovation in methods and initiative 

managerial systems which evolved with the passage of time. 

The evolution of qanats in Iran has taken place in both tangible and intangible aspects. Also, 

geographical and topological characteristics and requirements have generated technologies 

specific to each region. As a result, 37,000 living qanats of Iran were qualified for the selection 

process and the most prominent and comprehensive representative of each qanat type was 

selected aimed at demonstrating that out of such technological diversity, a single entity can 

issue clarifying the concept of the Persian Qanat at a global scale. 

On the whole, qanats which typically had similar functions without any prominent values were 

eliminated from the selection process. However, in one region of Iran, as shown in figure 2, 

special geographical conditions dictated the creation of the most outstanding qanats concerning 

relevant tangible elements and intangible values. 

In this desert area covering the central plateau of Iran, an abundance of qanats boasting the 

most technological diversity is seen. However, finally only 11 qanats were chosen showing the 

overall form and character of the Persian Qanat, so that together they can exemplify the 

technological diversity and the evolutional process of qanats in a desert environment. These 

special specimens have been selected from southern, eastern, western, northern and central 

parts of the area appropriately introducing the concept of the Persian Qanat in a chainlike 

manner so that elimination of each one of them decreases the consistency of the concept. In 

fact, individual characteristics of these qanats serve as the linkage between outstanding values 

of the Persian Qanat and its concept. 

 

  

                                                           
1
 Meaning the most perfect from a tangible elements and intangible values point of view 
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On the other hand, the recognition of the significance of the Persian Qanat and its key role in 

the desert climate of the Iranian plateau by the General Conference of UNESCO has led to the 

creation of the International Center for Qanats and Historic Hydraulic Structures in the Iranian 

city of Yazd.  

 

 
The approval of the General Conference of UNESCO for the creation of the International Center for 

Qanats and Historic Hydraulic Structures in Yazd 
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2- Why is each component needed to demonstrate the Outstanding Universal 

Value of the series as a whole? 

The proposed eleven qanats have been selected in such a way that each one of them can 

represent the character of the Persian Qanat and also can play a role in expressing the proposed 

criteria. In other words, each proposed criterion indicates at least one nominated qanat and each 

qanat is evidenced by the proposed criteria. Each qanat of the series plays a vital role in 

showing the evolution process and the technological diversity of the Persian Qanat, as well as 

its specific traditional management in water distribution and other intangible values. For 

example, one component of qanat demonstrates human ingenuity in using water bodies so that 

in one area better exploitation of underground water resources has resulted in creativity for the 

construction of double-floor qanats, such as qanat-e Moon. Also, human ingenuity has been 

displayed in the initiative of building underground dams for Vazvan and Mozad-abad qanats. 

The same creativity is seen in the construction of the deep qanat of Qasabeh, which also attests 

to the historical precedence of the Persian Qanat in the serial nomination. Qanat-e Qasabeh is 

the oldest living component of the series, verifying the role of qanats in various aspects of 

qanat civilization, which together with riverside civilization contributed to the generation and 

manner of trading as well as cultural interactions and settings at the periphery of the Iranian 

plateau. From this point of view, each of the other ten qanats belonging to later historical 

episodes shows the timeline of the Persian Qanat. Likewise, other qanats such as Baladeh, with 

its complicated and innovative system of water transfer and distribution, as well as qanat-e 

Gowhar-riz-e Jupār in Kerman, play their individual roles in expressing various intangible 

points inherent in the concept of the Persian Qanat. On the other hand, Zarch and Hasan-abad-e 

Moshir qanats respectively have the greatest length and highest water quality among the 

components. These qanats also exhibit a good example of the harmonic and systematic 

relationship between qanat and urban/rural life. Human life and qanat flow are closely 

interwoven in Iranian desert cities in all respects because of the multifunctional nature of 

qanats. Ebrahim-abad Qanat as well as the two young qanats of Bam (Akbar-abad and 

Qasem-abad) not only prove the continuance of qanat construction until today, but also boast 

particular technological initiatives, like the conical shape of water well bars, water supply from 

faults and the proximity of water well bars. 

Natural characteristics of the geographical sphere within which Iranian deserts are located and 

from which the qanat civilization has emerged have made the form of qanats different from 

other parts of the world. Construction and utilization of qanats has continued in this area since 

the Achaemenid era accompanied with technological developments until now. Each 

component of the nominated serial property shows part of the outstanding values of this 

historical-technological phenomenon; these values cannot be portrayed in just a single qanat 

because they have been spread in proportion with the desert area of the central plateau of Iran. 

However, together they are able to display the gradual evolution of qanats during the course of 

history within the specific topography of desert. As illustrated in the selected components, the 

Persian Qanat has an exclusive form (whether structural or non-structural) in different parts of 

the Iranian plateau, so that only when these components are placed alongside one another the 

general form of the Persian Qanat is obtained. Overall, these eleven components can give an 
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impression of the concept of the Persian Qanat. In fact, each qanat acts as a link of the chain 

reflecting the character of the Persian Qanat in order to demonstrate a more perfect picture of it. 

The eleven selected qanats together represent the values of the Persian Qanat. These values are 

generally divided into two groups of tangible and intangible values and are studied as such. 

Tangible values are mostly the physical and structural attractions of qanats. Although qanats 

may seem similar concerning their structures and overall functions, their technical and 

managerial details are quite different from each other. These differences are related to the 

geographical circumstances of various regions. The geometrical form of water wells and 

galleries, depth and length of qanats, types of ancillary structures, etc. are all under the 

influence of geological conditions and regional soils. Moreover, even social, economic and 

production circumstances affect qanat shapes. As a result, in these regions very long or very 

deep qanats are occasionally seen; also in some parts qanats with rectangular water wells, with 

subterranean dykes or with two floors can be found. Such diversity gives meaning to the 

Persian Qanat within the geographical expanse of Iran. The same diversity exists regarding 

intangible values in each component of the nominated series. It should be pointed out that qanat 

is not merely a technology because it also serves as an appropriate bed for culture-making, and 

as such has played a key role in the history of the central plateau of Iran. Non-physical 

attractions and intangible heritage are also considered as various manifestations of this culture. 

Structural features of qanats, which are substantially different from other water resources, have 

led to the appearance of a special kind of production system. Qanats have a vulnerable structure 

which needs constant maintenance and supervision. On the other hand, the water coming from 

qanats is limited in volume. These two main qualities have resulted in collaboration, 

cooperation, and sophisticated systems of water distribution. Subsequently, society and culture 

were born because all of these technical features and their economic results led to the 

emergence of distinctive social structures and cultural attributes which can collectively be 

called the Qanat Civilization. 

 

3- In what way does the typology of Persian qanats differ from other types of 

traditional irrigation and water management systems? 

The nomination of a property called the Persian Qanat can be understood better in reference to 

the central plateau of Iran, where qanats were an important system of survival in this arid zone. 

As a matter of fact, the climatic conditions of the region not only have resulted in the qanat 

construction initiative but also have been conducive to its technological diversity and 

development. These circumstances have led to the appearance of a form of qanat which has 

been called the Persian Qanat in this dossier.  

Furthermore, the Persian Qanat boasts features concerning traditional irrigation systems and 

the management of water division and distribution that make it distinct from other water 

resources and other qanats. One of these features is the usage of water clocks. The irrigation 

system of the Persian Qanat is based on time, which is quite different from most other qanats 

which are based on water volume or the movements of the stars. As fully discussed in the 

nomination dossier, the time-based water distribution system of the Persian Qanat is not similar 

to the water management of other water resources like rivers, which use volume units for water 

distribution. Even the qanats of some countries utilize the volume distribution of water, which 

limits the number of qanat stakeholders and users, unlike the scheduled system in which no 
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such limitation exists. This method is still used in the qanat water distribution of Iran because it 

is a highly efficient system and, irrespective of the number of farmlands and stakeholders, is 

quite precise and equitable so that even in modern times it has been followed for water 

distribution in other water resources too, such as in water wells. On the other hand, similar to 

the presence of diversity in the technology of the Persian Qanat, there exists diversity in 

division, distribution and time adjustment for qanat water utilization. A special capability of 

water distribution management of the Persian Qanat is variability in its time measurement unit, 

which can range from a few seconds to several hours. It is noteworthy that the concept of time 

in Iran and the geographical domain under the influence of the Persian culture has been adopted 

from irrigation and measuring the duration of the water supplied from qanats. 

Therefore, one of the most important intangible values of qanat is its system of traditional 

management of water which has evolved the best way possible to guarantee the longevity of 

qanat. In this managerial system, efficiency in using qanat water has been substantially 

increased so that any dispute over water share is decreased proportionally. The traditional 

management system of qanat water consists of three main elements: ownership and legal 

issues, water distribution units and water distributers’ organization. As a result a specific 

managerial organization is created which is not seen in other water resources. As mentioned 

previously, water distribution units also play a key role in the traditional management system 

of qanat water. Water distribution units can be divided into three main groups known as 

volume units, land units and time units, among which the last one functions in Iranian qanats. 

This quality alone can distinguish qanats from other water resources. In arid and semi-arid 

regions of Iran the equitable distribution of water among farmers is of the utmost importance. 

This has led to the formation of special social institutions so that having a proper understanding 

of them greatly helps in planning for development projects regarding water in those regions. A 

variety of time units are used by local residents in order to measure the water share of each 

farmer exactly. These units are measured by solar or water clocks or by other natural indicators 

which have different names and forms in various places. Generally, time measurement is 

regarded as a very important factor in qanat management systems and if they operate in dry or 

semi-dry areas, a specific intricacy appears in them. As a matter of fact, one of the merits of 

scheduling is that it can increase the number of shareholders in accordance with the time unit 

deployed. Finally the water distributers’ organization addresses social and occupational 

relations of those involved in the management structure of qanat water. In most villages, an 

individual called moallef or meerab in Farsi is usually in charge of accounting matters or the 

registration of shares. The traditional management system of qanat water can be deemed to be 

one of the most important attractions of qanat because it has made feasible the equitable public 

access to qanat water in addition to the optimization of water consumption and increasing its 

output. 
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Regarding the comparative study, the following question has been raised: 

4- In relation to the comparative analysis, how does the series stand out within 

the wider region? How are these and/or other distinguishing features 

characteristic particularly and only to the Persian Qanat and not to other qanats 

in the wider region? 

Qanats can be found in other parts of the world as well. Indeed, it is one of the water 

management systems that human societies have developed where needed. In the case of Iran or 

Persia, the question is not to debate whether or not the Persians have the oldest qanats in the 

world. Rather the question is that Iran, within that particular region, has developed a great 

variety of qanats in different contexts. It is also known that during antiquity, the systems of 

qanats that developed here were also introduced to some neighboring regions. It is on this basis 

that the nomination presents a typological analysis, showing the great innovation that is present 

in this particular area. Speaking of the Persian Qanat does not mean that there are no qanats 

elsewhere; rather it focuses on the wealth of invention that is relevant to the development of 

qanats from Persian antiquity even to present-day Iran. Persian Qanat is not a single concept 

pertaining to a unique phenomenon; however, Persian Qanat can be considered a jigsaw puzzle 

whose pieces consist of different qanats with various characteristics. One can make a 

distinction between Persian Qanat and qanats in other countries by this broad variety of qanats 

in Iran. For example, in Iran you can find some qanats in thick alluvial fans while some other 

qanats obtain water from karst aquifers or fault systems. Some qanats enjoy double galleries, 

some qanats are extremely deep and some are tens of kilometers long. Some qanats operate 

watermills and some qanats run beneath the cities and towns, providing the dwellers with an 

opportunity to obtain access to the underground water flow by building payabs (the traditional 

stepped access way). This variety has been taken into account when the 11 qanats have been 

singled out for their nomination. This variety is the most important trait that makes the Persian 

Qanat stand out as a specified relic with its own identity. The variety of different pieces of the 

Persian Qanat jigsaw puzzle has much to do with the various climatic and geological 

conditions across the Iranian plateau. In fact, the variety of natural conditions throughout this 

region has reflected itself in the diversity of qanats which spread all over different climates, 

altitudes, geological formations, etc. The maps below compare the variety of natural conditions 

in Iran and Oman, for example, which can justify the broad variety of intangible and tangible 

features of qanats across Iran.            

 
Comparison of climatic maps of Iran and Oman 
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Comparison of geological maps of Iran and Oman  

 

As seen in the nomination dossier of the Persian Qanat, comparative studies have been 

conducted within a wider area considering various aspects. Characteristics of the Persian Qanat 

compared with other regions having such a technology, as well as comparison with similar 

technologies for water exploitation, can be seen in pages 270-285 of the property dossier. 

Apart from Iran, the countries of Oman, China, India and Spain are among the important qanat 

holding countries. Qanat systems in these countries enjoy some other characteristics which 

differentiate them from the Persian Qanat. These four countries can be taken as good examples 

which prove how geographical differences determine such a wide variety in qanat technology. 

 

Oman: in Oman there are three types of qanat (aflaj): ghaili, daudi and aini. Among these three 

systems, only the daudi aflaj is similar to qanats of Iran. Ghaili qanats are in fact water 

transferring systems which obtain water from permanent streams in wadis and convey them to 

the beneficiary lands. This type of qanat makes up 48 percent of the qanats in Oman. The other 

type is called Aini, which bears much resemblance to the previous type, except that Aini qanats 

obtain water from natural springs, whereas ghaili transfers the wadi water. Aini qanats make up 

some 28 percent of the total number of qanats in Oman. In other words, 76 percent of the total 

number of qanats in Oman is quite different from the Persian Qanat, which is dependent on the 

infiltration of groundwater from a hydrological point of view. Only Daoudi qanats in Oman, 

which make up 24 percent of their qanats, are similar to Persian Qanat in some respects. For 

example, the hydrological mechanisms of both Daoudi and Persian qanats are similar, but they 

still show some differences in having some special characteristics which have something to do 

with the geographical conditions in Oman and in Iran. For example, wells deeper than 200 

meters are very rare in Oman, or serial watermills working with qanat water, twin wells or 

double galleries are not commonplace in Oman, unlike in Iran.   

 
Qanats in Oman 
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China: In China, the total number of the active qanats amounts to less than 1000, which are 

concentrated in the Province of Xinchiang, whereas Iran enjoys some 37000 qanats which 

spread all over a vast area in the Iranian plateau. Therefore this huge number of qanats in Iran 

and accordingly their geological distribution across the country gives rise to a variety of 

tangible and intangible values of the Persian Qanat. Apart from this fact, the most outstanding 

difference between Persian and Chinese qanats has something to do with the relationship 

between qanats and the urban fabric. Almost all the cities and towns in the arid and semi-arid 

regions of Iran are teeming with qanats running across and beneath the urban fabric. Many of 

these qanats meander through the city, establishing a special connection between qanat and 

city. The position of qanat in the Iranian cities has opened up an opportunity for the city 

residents to make the most of this underground water flow by building such structures as 

payab, cistern, watermill, sardab, ice house, fountain and pool. The city residents deployed 

their traditional architectural skill in building those structures which embody the subtle 

relationship between qanat and city. Therefore, this relationship could also add an aesthetic 

value to the Persian Qanat, which is manifested in the qanat-related structures in the urban 

spaces. In China a relationship between qanat and city could not be established to such an 

extent, and so we cannot find this variety of architectural values associated with qanats there. 

 

 
Qanat Structure in China 

 

Among the characteristics of the Persian Qanat, mention can be made of the influence of qanats 

on desert urban planning in Iran and the integration of qanat structure with the urban design. 

Actually, in this part of the Iranian desert, cities are built by combining the underground 

structure of qanats with the urban structure designed above the ground. An example is Yazd 

City in which qanat is part of the urban design. Also the relation between qanat, architectural 

structures and urban infrastructures constitutes part of the cityscape. In fact, the role of qanats 

in creating and developing desert cities is one of the characteristics of the Persian Qanat. 

 
City section of Yazd  

 

As seen in cross-sectional view of Yazd, the city and its qanat have together formed the 

underground and above the ground landscape. This is one of the characteristics of the Persian 

Qanat which is located within the urban structure and constitutes the basis for urban design. 
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India: In the historical city of Bidar in India, water has always been a subject on which the 

engineers could exhibit their genius for such hydraulic structures as embankments, water 

towers, cisterns, canals, kariz (qanat), etc. and a possibility for the kings to show off their 

majesty through building splendid fountains, pools, waterfalls, and brooks. Water used to be 

the cornerstone of a civilization which had to deploy a great deal of ingenuity in adapting itself 

to the fickle climatic conditions of this region, where monsoons pour down torrential rains and 

dry seasons dehydrate the land. In the course of history, these people had to adjust to water 

fluctuations, on one hand, and to live up to each other’s demand for water on the other hand. In 

such a context, the kariz (qanat) system in Bidar is unique and has resulted from a systematic 

relationship between humans and their environment. Kariz and water reservoirs combine as a 

unique structure. The wells have been dug in a relatively large size as well as below the level of 

kariz tunnels in order to store water when kariz water dwindles or dries up; a hybrid of kariz 

and water reservoir. Therefore, the characteristics of Indian qanats are almost unprecedented in 

Iran, because the Indian qanats are mostly dug through laterite geological formations which 

can absorb and store a considerable amount of water during the torrential monsoon rainfall. By 

contrast, the Persian Qanat does not have the same intensive fluctuation in its water as do 

Indian qanats, so there is no trace of a combination of qanat and cistern in Iran, unlike India. 
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Spain: climatic conditions in southern Europe, including Spain, entail another version of qanat 

which is different from the Persian Qanat, especially in terms of their function. Most of the 

European qanats were once used to supply drinking water to human settlements and now this 

technique has been phased out in the wake of the modern water supply technologies, whereas 

the Persian Qanat is mostly used for irrigation in the lands where climatic conditions do not 

allow the crops to fend for themselves and feed only on the natural rainfalls. Unlike the 

European qanats, the Persian Qanat is not only an object of history, but it is still in active use 

and plays a vital role in local economies. The other differences between the Persian Qanat and 

the Spanish qanat emanate from the variety of geographical conditions across Iran which has 

led to a remarkable diversity of qanats. This diversity has made up the mosaic of the Persian 

Qanat with different pieces such as deep qanats, long qanats, qanats with underground dams, 

qanats with double galleries, qanats with fault water, qanats in alluvial fans, qanats with 

subsequent watermills, etc.   

 

 

 
Spain’s Qanat 
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Section of yazd city, Qanat and dependant structures 

 

 

Qanats in comparison with other water related structures 

For both purposes – the protection of water for humans and the protection of humans against 

water – people in ancient times came to invent varieties of technologies, each of which enjoys a 

long history of utilization and a deep impact on human culture. One can classify all the water 

related technologies and structures into 4 groups, which are: 

1. Technologies for obtaining water 

2. Technologies for transferring water 

3. Technologies for storing water 

4. Technologies for warding off water. 

 

Regarding the comparison between the form and features of the Persian Qanat with other 

regions having a technology similar to qanat, relevant details can be seen on pages 286-306 of 

the dossier. Additionally, because the present status and quality of qanats of Iran are considered 

as one of their characteristics, therefore all things related to the features, forms and character of 

the Persian Qanat are compared with qanats located in other regions. These characteristics 

include diversity in technology, physical specifications of qanats within the desert area of Iran, 

water output rate of the Persian Qanat and the number of Iranian qanats including those which 

are still living and running. Generally speaking, qanat distribution across Iran is more 

widespread than in any other country in the world. The results of comparison of the Persian 

Qanat character with other qanats concerning their total number, the number of living qanats 

and the rate of water outflow can be seen in diagrams on page 300 under the topic of 

comparative studies. It can be concluded that the Persian Qanat stands far above its 

counterparts located in the wider area regarding the number of active qanats as well as their 

huge outflow.  



17 

 

 

 
Technological diversity has also been shown in the above picture. It can be seen that beside other things, 

diversity has shaped the distinctive characteristics of the Persian Qanat just like a jigsaw puzzle. 
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Mills, payabs, cisterns, āb-bar bridges, moqassems and water-well houses are among other 

various structures affiliated to qanats. They have also been considered in comparative studies 

with other qanats of the world. It should be pointed out that photos or drawings of all of these 

elements have been provided in the dossier. 

On the whole, the most significant characteristic of the Persian Qanat which makes it distinct 

from other qanats across the globe is its diversity in tangible and intangible values. These 

values have been put beside each other like a jigsaw puzzle completing the image of the Persian 

Qanat. As a matter of fact, such diversity does not exist for all parts of this jigsaw puzzle in 

other countries. Moreover, the qanat technology of Iran has evolved in a systematic style 

boasting advanced engineering. For this reason the engineering literature of the Persian Qanat 

has a very long history. As an example, in a book entitled:“Extraction of Hidden Waters” 

which wasen written by Haseb Karaji around a thousand years ago the techniques of qanat 

engineering are discussed. Also, another book by Alqani dating from the same period was 

written about legal affairs concerning qanats. Such a rich and old literature is absent in other 

countries and this also verifies the technical and cultural significance of qanats in Iran. 

Over the course of hundreds and even thousands of years the emergence and growth of a major 

civilization in many arid and semi-arid regions of Iran was realized thanks to qanat technology. 

Qanat is a historical technology and the result of centuries of knowledge and experiment 

accumulation during its evolution. Moreover, it is also quite environmentally friendly because 

water extraction via qanats never causes the destruction of valuable water and soil resources. 

The social importance of the Persian Qanat also adds to the prominence of the property because 

the extraction and distribution of water among shareholders is effected through the complex 

system of qanat management which invigorates a sense of public cooperation and coordination. 

As for the fact that in dry parts of Iran water is the most precious ingredient of production, 

many philanthropic activities and charitable institutions function through qanats such as 

endowed water shares. In Iran qanats create a kind of human ecology within which all the 

ingredients coexist in an orderly and permanent relation. The qanat civilization is actually a 

hardworking, patient, peaceful and contented civilization. According to Pinda and Berbia, the 

qanat culture can only be compared with the cultural space of Petra and Wadi Ram registered in 

2008 as an intangible human cultural heritage. Finally, it must be said that the Persian Qanat 

cannot be considered only as a property with museum and historical value, because even in this 

day and age many rural areas of the country still rely on qanat waters for their agricultural 

activities. All of these characteristics contribute to the introduction of the Persian Qanat as a 

distinctive phenomenon.   

Regarding the questions raised about OUVs of the Persian Qanat because of the relation 

between these criteria and the issue of integrity discussed in the letter, relevant explanations 

have been provided. 
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5- Outstanding Universal Value of the property according to criteria (i), (ii), (iii), 

(iv), (v) and (vi). The qanat as an expression of a living cultural tradition (criterion 

(iii)) or the qanat as an expression of human interaction with the environment 

(criterion (v)) could not be sufficiently expressed - in the sense of integrity - by a 

site selection focused on the channeled qanat features. In relation to the issue of 

Integrity, the nominated property includes neither the water catchment areas nor 

the irrigated areas dependent on the nominated qanats. 

 

The following explanations are provided in order to clarify the nominated area and its 

conservation buffer zone. Full understanding of the nominated area is conducive to a better 

view about maintaining qanat integrity. The areas presented have been delineated accurately in 

order to preserve and introduce the entirety and integrity of qanats. 

The zones colored in red, green and blue on the maps provided are: 

1- The red zone or the qanat core contains the underground structure from the mother well 

as far as maz’har.  This area not only includes the body of qanat but also encompasses 

part of the catchment area directly affecting qanat and specifies its borders with other 

qanats. During the field visit of the ICOMOS representative, the catchment borders of 

qanats were shown by local people and master workers to be specified so as to respect 

the catchment area of adjacent qanats. Therefore, according to the traditional 

knowledge of qanat master workers, the area has already been included within the 

nominated property. 

2- The green zone shows farmlands irrigated by qanat water. 

3- The blue zone is the area containing regional water resources. 

Zones 1 and 2 form the nominated property and zone 3 includes the limits of all water resources 

of the region. They are in accordance with the national laws of Iran as well as with strict 

regulations set in the national registration and WH nomination dossiers so they are under a 

systematic plan of conservation. For this reason, the area does not belong to a particular qanat 

or water resource. Also, due to the large size of the bed of water resources, several villages and 

settlements are located within this area so it is not appropriate to include it into the nominated 

property. Moreover, other water resources existing in the region have a share in the area too. 

In this relation, a comparison between the Persian Qanat and Aflaj qanat of Oman (the 2009 

revision) is as follows. As a matter of fact this is the only experiment endorsed by ICOMOS 

and the World Heritage Committee as reflected in the official website of UNESCO. Seemingly 

all natural and historical aspects as well as the entirety of the property have been taken into 

consideration in it.  

As seen here, the entity introduced as the Persian Qanat incorporates the main underground 

structure of qanat as well as all the architectural elements pertaining to its main structure. 

Parts of the catchment area highlighted in blue and designated as the buffer zone do not belong 

merely to the nominated qanat because within the area a network of streams produced during 

rainfalls as well as other local qanats also exist. In other words, the water resources of this area 

are shared by other qanats and they have a water-share. As a result, these parts are not regarded 

as parts of the main body of qanats. The main body or structure of nominated qanats consists of 
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those parts colored in red. This part is actually the upstream in Aflaj of Oman which has also 

been used in the Persian Qanat including the qanat body and part of its drainage area. 

Farmlands shown in green, like the case of Aflaj in Oman, have been included within the 

nominated area aimed at the conservation and longevity of qanats, but they are not considered a 

parts of the qanat body. The area guarantees the continued utilization of qanats. On the whole, 

all the elements indicating qanat integrity have been preserved well in each qanat. Moreover, in 

order to guarantee qanat conservation, a vast part of the regional catchment area has been 

designated as the buffer zone. All of these arrangements attest to the importance of keeping 

intact the integrity of the Persian Qanat through which its OUVs are maintained and 

introduced. 

A comparison of the nominated area in Aflaj, Oman and the Persian Qanat is shown in the 

following maps:    

 

 
 



The Core Zone is an area specified for conservation of the physical structure of 

qanat including well shafts, gallery, soil mounds produced around well shafts as 

well as other elements dependent on qanat and its conservation boundaries

the upstream part of the nominated property, the starting and finishing points, 

the shari'a respectively. The below-ground sections are delineated by a strip of 

c 250 m immediately overlying them. These are linear features ( in some caes 

branched) and they are almost entirely below ground

The following technical factors have been taken into account for determining the 

core zone: water-wells depth, soil fabric, gallery depth, local geology, distances 

between well-shafts and other things having an influence on the physical structure 

of qanat.

Clause: in regions where the qanat course passes through urban fabric and 

residential areas, 15 meters on either side of qanat axis (a total breadth of 30m) 

has been taken as the core zone

Agricultural 

Demand Area

The area covers lands irrigated by qanat water. They constitute a large part of the 

cultural landscape of qanat. The cultural landscape is an expanse of the 

geographical space in which traces and signs of human interaction with 

environment via qanat technology can be observed and distinguished.

Downstream Area 

(Agricultural demand area)

the downstream part of the nominated property include the cultural system of 

the falaj, such as watchtowers, mosques, old bulidings, washing facilities, open 

irrigation structures, and their associated structures, palm groves, sundials and 

auction buildings which are an integrated part of the agricultural demana area
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Buffer Zone of Qanat is the area specified for protecting the qanat and its water-supplying system 

against possible natural, environmental, cultural and landscape damages.

Its limits include the watershed (which affects feeding the water table), the hydraulic and quality 

boundaries of qanat as well as the waterways. Buffer zone is delineated by taking into account body, 

environmental, natural and landscape values.

Note: in regions where the qanat course passes through urban fabric and residential areas, 50 

meters on either side of qanat axis (a total width of 100m) has been considered as the buffer zone.
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