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Abstract—A passive system "Qanat" is collection of some
underground wells. A mother-well was dug in a place far from the
city where they could reach to the water table maybe 100 meters
underground, they dug other wells to direct water toward the city,
with minimum possible gradient. Using the slope of the earth they
could bring water closeto the surface in the city. The source of water
or the appearance of Qanat, land slope and the ownership lines are
the important and effective factors in the formation of routes and the
segment division of lands to the extent that making use of Qanat as
the techniques of extracting underground waters creates a channel of
routes with an organic order and hierarchy coinciding the slope of
land and it also guides the Qanat waters in the tradition texture of salt
desert and border provinces of it. Qanats are excavated in a specified
distinction from each other. The quantity of water provided by
Qanats depends on the kind of land, distance from mountain,
geographical situation of them and the rate of water supply from the
underground land. The rate of underground waters, possibility of
Qanat excavation, number of Qanats and rate of their water supply
from one hand and the quantity of cultivable fertile lands from the
other hand are the important natural factors making the size of cities.
In the same manner the cities with several Qanats have multi central
textures. The location of citiesis in direct relation with land quality,
soil fertility and possibility of using underground water by excavating
Qanats. Observing the alowable distance for Qanat watering is a
determining factor for distance between villages and cities.
Topography, land slope, soil quality, watering system, ownership,
kind of cultivation, etc. are the effective factors in directing Qanats
for excavation and guiding water toward the cultivable lands and it
also causes the formation of different textures in land division of
farming provinces. Severa divisions such as orderly and wide, in-
orderly, thin and long, comb like, etc. are the introduction to organic
order. And at the same time they are complete coincidence with
environmental conditions in the typical development of ecologica
architecture and planning in the traditional cities and settlements
order.
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|. INTRODUCTION

RAN is a water short supply land and our predecessors have

been using so many ways to supply water for cities and
farms without any kind of modern technology or pumping
system, one of which has been using Qanat. Qanat technology
which isinvented by Iranian pitmen ages more than five or six
thousand years and its age equals Iran’s old history and is
known since ancient times [1]. To achieve Qanat technology
including design, preparing plans, discussions, operation and
establishment has been known as one of the most important
work of engineering history of Iran and world. Because, by the
use of this technology some very important problems of water
provision are solved in better way:

a) Dueto the limits of the time in capturing energy sources,
the water in hillsides of mountain were flowed into cities and
villages of plain lands using the natural flow and gravity force
of earth.

b) Prevention of water vaporization especialy in hot and
dry and less water lands. The covered tunnels of Qanat
particularly earthen tunnels prevented water waist to a high
degree. Recently in Iran water channels are made of cement to
prevent the penetration of water to soil on its way.

¢) Keeping water clean of surface pollutants and keeping it
cool till it reaches to earth surface.

d) The immunity of underground tunnels against surface
damages. In most battles the invaders destroyed everything on
their way but Qanat has remained safe after all.
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surface river

» Groundwater —ganat

Fig. 1 Precipitation of Iran in Comparison to theworld

This paper will present examples, of Iranian cities at the
central Kevir parts of Iran, taking into account the function of
the Qanats as the mgjor factors in the establishment of the
settlements.

I1. QANAT STRUCTURE AND SPECIFICATIONS
Qanat is composed of an open opening and an underground
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tunnel like vessel and some vertical shafts whichnect the
underground base shaft with earth surface in diffepoints.
Apart from transferring the excavated material mesthe
the sub-shafts do the ventilation operatioh
underground channels and considered as connectiyg to
dredging, repair and visiting inside the Qanat. Ti&n parts

tunnel,

of Qanat are:

a) The first shaft: This shaft is first dug, sasithe deepest
one and the farthest from the water appearing point

b) The appearing point: This is point water thenelmmeets
the ground at a low point and the water flows onthe

ground.

c) Shafts: There are well shafts that dug vertjctdl take

out the soil of the tunnel and for the ventilation.

d) The tunnel: A long underground tunnel that earrihe
collected water to the ground, the tunnel has d sidpe [2].

Fig. 3 Appearance (left) and Excavation (rightyn
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I1l.  QANAT CLASSIFICATION

Based on the length, Qanats are classified asdadgshort
Qanats. Qanat conditions in Iran is also functibrweather;
the more the annual rain the less the length ofa@aand the
less the depth of mother shaft and vice versa [3].

A.Short Qanats

In mountain foot and hillside the slope of eartmisre and
the impenetrable layers and penetrable layersrarego each
other due to the earth slope. The lengths of th@asats

usually do not exceed some hundred meters and their

prosperity in different years is a variable of rkawel.

B.Long Qanats

In plain land the impenetrable layers have smolmpesand
are located parallel to penetrable layers; to obtlaé path of
impenetrable layer some hundred meters of base sheaiild
be excavated to reach the first point of impenddrédyer. To
achieve a suitable and enough level of water piavisve
should proceed hundreds of meters in impenetralyter [path.
Thus, the length of such Qanats may be more thas o€
kilometers. Such classification could be basedhendepth of
base shaft from earth surface and classify Qamatutface
and deep Qanats. Another important classificatiobased on
the water provision of Qanats; the stable or camtirvater
provision Qanats and varying and seasonal watevigion
Qanats [4].

IV. ENVIRONMENTAL, GEOGRAPHICAL AND CLIMATIC
FEATURES OF THEKEVIR AND MARGIN OF THEKEVIR AREAS
IN IRAN

The largest field of water — shed on Iran is thetizg Kevir
plateau, specifically the Kevir-e-Lute. the centrdevir
plateau is characterized by the very low rate affall, poor
plants coverage, salty soil, very hot temperaturettee not
days of the gear, dramatic difference in tempeeahgtween
nights and day, the high heat of the radiationhef $un, the
relative dryness of the air, and very sparse pdioulaThe
central plateau of Iran is also formed of varioigddfs with
different sizes and forms different climatic comatits, and
different rate of the rain fall. In all parts ofetiplateau, as one
goes toward the center of the field, the soil gtarhecomes
tiny until it leads to the center of Kevir with swps or
permanent salty lakes such as the salty lake of ,Qonthe
Swamps at Ardakan and Bafq cities (Kevir Areaj)sltvorth
noting that the living traditional settlements dependent on
farming. These farming fields are watered by theds that
drain water from the sand and big granule dispmsiti

2415-1734
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Fig. 6 Environmental capacity approach in compatttesnent

V.DETERMINING FACTORS IN FORMATION ESTABLISHMENT,
AND LOCATION OFKEVIR AREA CITIES IN IRAN

A.The Function of Underground Water Resources asobne
the Natural Factors in the Formation of the CitiaKevir
Areas

Most of the settlements in the central part of I
located on the margins of Kevir and on the mounsiiles at
the Alborz and Zagros mountain ranges. The settiesnare
centralized cities with dense texture and at varidistances.
The water supply of these settlements is provitieodugh the
underground water resources brought into use byQdueats

[5].

B.The Function of Waters Supply Systems Technologg as
Artificial Factor to Determine the Forms of the i€& in Kavir
Areas

The use of the Qanats as a technique of extracting

underground water resources, the method of leatliagvater
onto the farming fields and the cities from the evdiead of a
Qanat to the farming fields, and altogether in ardrichy
formulate the roads system, among the cities inkareas.

C.The Function of Qanats in the Systems of Estabéstim
and Location of the Cities in Kevir Areas in Iran

Their function related to: a) The ground slope gdgraphy
and b) The composition & fertility of the soil.

The cities in Kevir areas in Iran are located omsapecial
ground at specific distances. The slopes of thergtand its
topography have been significant factors to help people
extract from underground resources via Qanats tosee for
the agricultural purposes. These factors have méed the
location of the cities. Moreover, the compositiord dertility
of the soil have determined the lands for farmingaich the
lives of the people depend. This factor has alsenbe
significant in the establishment of the cities. fgiere, the
cities are establishes where the slope of the grolas
allowed the People to supply water and the feytiit the soll
has tempted to start cultivating the land. Consetjyiethe
people have settled their lives on the clay sogeaund and
they have dug Qanats in the big granule sediméhts [
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D.The Functions of Qanat in the Form of the Citie&avir
Areas

This type of function includes:

a) The amount of the Qanat water supply and théadst
of extracting water from underground Resourcesiaddding
three items: the texture of the cities; the passage and the
roads, network among the cities; The Size of thie<i

b) The density and the sparseness of the Qanatatinber
of the Qanats).

¢) The direction of the Qanats.

d) The form of the Qanats.

e) The permitted spaces to construct Qanats

E.The Texture of the Cities
Qanats are determining factors in blocking the gdotor

the agriculture purposes. The blocking systems loé t‘;: Z

agricultural lands have been affected by an orgamiter
which is compatible to the condition of the grourtte
irrigation system, the possibility of constructi@pnats and
the amount of their water supply [7]. The orderiofthe
blocking systems of the grounds has been the bagie rural
settlements and, consequently, of the Kevir ar€asre were
three major production systems in the traditiongnian
civilization:

a) The production system based on grazing fields.

b) The production system based on the river watdrthe
rainfall.

¢) The production system based on Qanats.

d) The production system based on grazing fieldsbeen
used in the Northeast of Iran.

e) The production system based on the river wedertdeen
dominant around the Persia Plateau, including Metsopia,
Khuzestan, and some parts of the Middle Asia.

f) The production system based on the Qanats hiatedx
inside the Persia plateau and all around the ded#érserts is
Iran.

g) The production system based on grazing fieldisrasers
produced some regular blocking forms narrow and kires.

These forms were used for the large fields withdrsibpes
or some flat fields. In this kind of blocking syste the urban
centers were far from the farming fields causing thrge
segments of the grounds for the cities. The owngrsystem
of feudalism is the result of this kind of blockiegstems. The
production systems based on the Qanats produceguiar
form of blocking with small size scales. These fermere
used for the fields with sharp slopes and for #renfng fields
with the dense cultivation systems. The farminddfewere
close to the dwelling centers of the people, caysithe small
segments of the grounds for the cities [8].
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Fig. 7 Urban texture of Zavareh and its relatioQtmats

The dwelling places were densely located and weas the
farming fields. The petty landowner — ship was tasult of
this kind of blocking systems. The blocking formg the
farming fields were, directly or indirectly, chambénto the
dwelling lands. Since this replacement took plam=eding to
the legal procedures, the irrigation canals affédtee size,
shape, and the form of the urban constituents.

The farming fields that have Qanats with low amoaht
water supply are divided into small irregular laridsorder
that the irrigation can be easy. The urban texaffected by
the irregular order of blocking the lands, is capsmtly
having an organic checkered geometry. The farmielgld
with Qanats producing a high amount of water wewddd
into large blocks, and the texture of the cities farmed very
regularly.

Comb Blocking System  Multi-direction Blocking System

Fig. 8 Blocking system types for farming fields édon Qanat
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F.The Size of the Cities

The Size of the Cities in Kevir area of Iran isedily
dependent on the amount of water in the centrakmshéec
basin, the rate of the rainfall and the water nes®rin the
highlands, the depth of the underground water messy the
slope and also thgenetrating forces of water into the grot
as well as the capability of extracting the waldre amoun
of the water supply by the Qanats is an importactdr in
determining the size of the cities.

When the rate of the water supply hardly mee
requirements of the population, the constructiorth& new
houses reached its limit and the expansion of itiyestoppec
physically. These villages and cities must remaked in
terms of size, due to the limitations in the watapply

= AT T

Fig. 9The establishment of Mehriz City (Kevir Area), Ir@nan
ecological environme

G.Density and Sparseness of Qanats

The density and sparseness of the Qanats are gwificant
factors in the morphology of the urban structuiidsey affeci
the cities to be centralizes or spread in large ardasthe
Qanats are close to one another, the urban sedbecsme
denser and denser, and as the Qanats are far &cmather
the parts of the cities sparse over large areas.dlleys ant
passageway$po, are shaped accordingly: some narrow, i
winding valleys and some regular, wide, and stitaigiads

[9].
H.Density and Sparseness of Qanats

The slope of the round and the topography of thd kave
been determining factors in the construction direction of
the Qanats. The direction of the farming lands acwbrdingly
the direction of the dwelling sections of the dtiare
influenced by the direction of the Qanats. Thistdads sc
important that it influences the climate. In thées wherethe
grounds as a nortbeuth slope, for instance, the Qanats
directed from the north to the south. The irrigat8ystem an
the dwelling sections of the cities as well asrbeds system
had followed the same pattern. This orientatiombsiously
observed in the dominant form of the ¢

I. The Form of the Qanats

The structure of the villages that use the watppbed by
Qanats is very dense and centered at a point. dindgteis the

pointed nature of the Qanats water that providedrakzed
and spotike structures. The cities, consequently, are &t
with only one core of dwelling or multi core of #ements

J. The Distance Relation between Rural Places
between Qanats

The Distance between the Rural Places are affdmtdtie
Distance betweem@anats. The southern parts of the Alk
Mountain and the northern parts of the Iran ceriKalir is a
borderline on which many densely populated places
located. The cities are located at a special distdrom the

mountain and in an organic ordeo keep the permitted space

between the Qanats is a determining factor fordiséance
between the cities. The improper frontage of twon&s
causes the water supply from them grows less asul [Ehe
permitted space for the two Qanats is 500 metershe
alluvial fields and 1500 to 2000 meters in the drgas. Th
frontage usually varies for the various areas

VI. CONCLUSION

Qanats (viable water management system) neec-term
maintenance and depend on eliminating activitieg trarm
the ecologicaintegrity of the system and the catchment i
as well as the viability of social mechanisms thkdws the
system to function, without compromising the proemt
historical and cultural values of the system. Depeient may

be necessary for sustainaly as cost of labour and material

increase and as opportunities for improving livognditions,
health and growth potential ari

The production system of Qanat is such that wabenes
out of earth only by gravity force of earth andhwito othel
help or costing. Regarding present shafts and Qamatsan
deduce that the water coming out of Qanat costapdrethar
the other. Qanat water is consistent and doesutatieen it is
highly needed for agriculture and planting purposéke
underground watr sources last longer and have long time
even though it comes out of earth independentlyite
consumption. Thus, Qanat has lots of advantagesoahyda
few of them mentioned her

The urban and rural places in Kevir margin areas
located ad formed according to some principles
appropriate for the environmental conditions. Then&ls, a
the natural factors, have had major functions ire
establishment systems, the size and form of tHescifThe
dense structure of the cities, the fing fields and gardens
surrounding them, the roads systems designed angaalthe
organic order and irregular blocking of the grouadd the
size and form of the cities are all determinedh®ysystems ¢
Qanats. Thus, any change and developmenthese areas
should be in accordance to the ecological capaciifethe
nature and to the water and Qanats. The designimt
planning new cities on these areas should be duldoward ¢
permanent living and from ecological point of vieAvproper
employnent of the local underlying structures will leadthe
decrease of the expenses and finally to a pers
development.
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