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Extended abstract

Introduction

The qanat, as one of the most remarkable hydraulic and architectural
achievements of ancient Iran, has histor-ically ensured the sustainability of
settlements and agricultural systems in arid and semi-arid regions. Its com-
plex structure—comprising underground galleries, vertical shafts, and
surface outlets—reflects a unique inte-gration of engineering ingenuity and
environmental adaptation. Despite extensive research on qanats in cen-tral
and desert regions of Iran, the ganats of northwestern Iran, particularly those
in East Azerbaijan, have re-ceived limited attention. Esfahlan Village near
Tabriz, recognized as the most ganat-rich rural settlement in the province,
provides a distinctive case for studying gqanat typology in a cold and
mountainous context.

This study seeks to analyze and classify the architectural and functional
characteristics of Esfahlan’s qanats to address the question: “What is the
architectural structure of the qanats in Esfahlan, and how does it com-pare to
other types across Iran? ” The research aims to fill a notable gap in qanat
typology studies in north-western Iran and to contribute to the broader
understanding of traditional hydraulic systems in different geo-graphical
settings.
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Materials and Methods

This applied research employs a descriptive—analytical approach. Data collection involved three stages:
(1) library and documentary studies to establish a typological framework; (2) field surveys and interviews
with local experts to document qanat features; and (3) GIS-based spatial analysis of satellite images
(SAS.Planet) to examine qanat distribution and structure. Quantitative data were collected for all 32
qanats in Esfahlan, including length, mother well depth, seasonal discharge, and structural form. Five
representative qanats—Pachenar, Hoseinabad, Zolmar, Bala-Cheshmeh, and Sara-Baghcheh—were
examined in detail.

Results and Discussion

Results show that the Esfahlan qanats are mainly foothill-type with parallel and sequential layouts. They
are fed by permanent underground water sources with low but stable discharge rates. Structurally, they are
short, deep, and simple, featuring cylindrical mother wells and shafts and circular tunnels, often
accompanied by heranj (open channels) and small reservoirs. The average length of the qanats is 1,296
meters, the mean moth-er well depth is 37.76 meters, and the average discharge is 4.78 L/s in the wet
season and 3.64 L/s in the dry season. Collectively, they irrigate approximately 170 hectares of orchards
and supply about 90% of the vil-lage’s agricultural water.

The typological analysis demonstrates that Esfahlan’s qanats are a localized response to the region’s
geomor-phological and hydrological conditions. Their parallel and sequential alignment ensures efficient
groundwater recharge and irrigation distribution. Compared to the long and shallow ganats of central Iran,
Esfahlan’s qanats exhibit shorter lengths, deeper shafts, and more stable year-round discharge due to
favorable geology and rainfall. The absence of lining (kool-gozari) reflects the stability of local soil and
rock formations, high-lighting resource-efficient construction.

Conclusion

Esfahlan’s qanats represent a sustainable and adaptive architectural system that integrates environmental
conditions with indigenous hydraulic knowledge. They not only serve agricultural and domestic needs but
also shape the spatial and cultural identity of the settlement. Protecting these qanats through
documentation, maintenance, and community-based management is crucial for ensuring sustainable water
use and preserving cultural heritage. Integrating modern technologies such as GIS monitoring and remote
sensing can further sup-port their conservation and management as climate change intensifies water
scarcity challenges.
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2015)
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An open-channel section of the qanat system extending from the Haraj
outlet toward agricultural lands, where ganat water is distributed
among farmlands. (Aghaei et al., 2005)
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used to prevent collapse of qanat shafts (Safinejad, 2017).
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Sholat refers to unconsolidated, water-bearing sandy soils that >
have high permeability and very low mechanical resistance. Sholat
During excavation, they are inherently unstable and prone to
collapse; such soils are technically termed sholat (Siavoshi,
2015).
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When the excavation of a qanat shaft continues upward and the glos
shaft is completed as a bifurcated form, it is referred to as Dushakh
dushakh. This configuration is created to increase water
abstraction, in which two branches extend from the main shaft
(Siavoshi, 2015).
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The transitional zone between dry working conditions and wet Leys-e Ab
working conditions in a qanat, where moisture content (Water

increases, is called leys-e ab. This term is equivalent to water Seepage Zone)

seepage or water leakage (Siavoshi, 2015).
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are impermeable on all surfaces, allowing water to enter the

qanat channel from all directions (Safinejad, 2017).
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A section of the qanat in which, due to the dryness of the tunnel Khoshk-kar
walls, the surrounding area is referred to as a dry working zone. (Dry Zone)
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(Siavoshi, 2015) 055 oo Jeog 0,55 4 sloaly b LL

Payab refers to a stairway-like access corridor that connects the Pﬁyéb

ground surface to the qanat tunnel in a stepped manner,
providing human access to the watercourse (Siavoshi, 2015).



The distance between two consecutive vertical shafts along a

(Siavoshi, 2015) .o ls ol ey |, old 5 o Jgie e 90 oy alold

Poshteh

qanat alignment is called poshteh (Siavoshi, 2015).
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it (Papoli Yazdi et al, 2009)
- r" i Gurab refers to a series of basins, or in fact earthen check dams,
_| I constructed with variable dimensions upstream of the qanat

s
Gurab

mother well. During the rainy seasons, floodwaters generated

from the surrounding highlands were directed toward these

gurabs, where they were temporarily impounded and
accumulated (Papoli Yazdi et al., 2009).
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Fig 1. Longitudinal Section and Structural Components of A Qanat (Haeri, 2007)
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Average furnace dimensions
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Qanats excavated in mountainous river i
Mountainous
catchments generally have short lengths,
. . Qanats
relatively deep mother wells, and high
discharge rates.
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. . . Classification Based
Qanats constructed in the piedmont areas of Piedmont
} ) on Geography of the
mountains usually have long lengths, (Foothill) L
. construction site
moderately deep mother wells, and relatively Qanats
low discharge.
Ll
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) : Classification
2ilse obj B lawgie (ol g o5 ol b Based on
anats excavated in plains are characterized b . i
Q p Y Plains Qanats Geographical
long lengths, deep mother wells, and moderate Setting
to high discharge.
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Qanats that appear sequentially in aerial g ‘
anats S oLl
photographs. sleol Ll
Qanats that are observed parallel to each other ’ Class1ﬁcat10r'1 Based
. s Parallel Qanats on Spatial
in aerial imagery.
Arrangement
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Qanats that converge toward a common area as Convergent
seen in aerial photographs. Qanats
Wgd o A e ol 5l ol g5 SR
These qanats are supplied by groundwater. Groundwater-
Fed Qanats T lese o
sy, Sl ASa) Sopoarl s lesits L ol g5 00 s Classification Based Classification
) .. Sl
Wgd oo 4dsS ’ on Water Source Based on Water
. o River-Fed
These qanats are directly or indirectly fed by
Qanats

river water through infiltration

LB Slognss gl
Classification
of Qanats
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These qanats are supplied by infiltration from Wetland-Fed
surface water bodies such as lakes or wetlands Qanats
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Qanats with a discharge of less than 25 liters Low-Discharge
per second Qanats
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Qanats with a discharge between 25 and 100 Disch Classification Based
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liters per second & on Discharge Rate
Qanats
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Qanats with a discharge exceeding 100 liters High-Discharge
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These qanats carry water only during wet ol ols

seasons, and their discharge varies
significantly.
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These qanats have continuous and relatively
stable discharge throughout the year.

Seasonal Qanats

osle
Perennial
Qanats

Classification Based
on Discharge
Stability
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Qanats constructed for extracting groundwater

for consumption.
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Qanats or qanat networks designed to distribute

water across different locations.
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Qanats constructed to enhance groundwater

recharge and help lower the groundwater table

decline in a region.
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Water Supply Qanats
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Water Distribution Qanats
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Transfer Qanats
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certain distance; locally, this type is known as
Saqeh ganats.
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Consist of a single underground tunnel with a Simple Qanats
series of vertical shafts.
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Instead of a single tunnel, these qanats have Two-Level Qanats
two horizontal tunnels at different elevations, ol oLl
one above the other. Only one such ganat has

been identified so far, known as the Moon Classification

Qanat in Ardistan, where the two levels do not Based on

intersect. Structural

3,90 90,0 L plac ol> b ol jobe o> slhls slaclid

Qanats with several mother wells or two or

Configuration

more branches. Multi-Branch Qanats

0,08 slael o2 jgloee g 515 G 40 0,65 g0
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Twin Qanats

Two qanat systems running parallel within the
same catchment.
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Qanats constructed with successive breaks in

St d t
slope and reductions in tunnel length, epped Qanats

implemented stepwise along the qanat course.
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Size of the Qanat
Medium Gallery (Tunnel

Cross-Section)
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The mean depth of the qanat gallery ranges Average Depth Depth of Vertical
between 10 and 20 meters below ground Shafts
surface
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The mean depth of the qanat gallery exceeds 20
meters below ground surface. Deep
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In some regions, mother wells are conical in i
h Conical
Shape. el'}:)_»u
5l JSs slailginl o) ol jole 25T " Mother Well
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In most cases, mother wells have a cylindrical o
f Cylindrical
orm.
This type of shaft has been observed in the
Kerman region. Rectangular alw
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In most regions of Iran, shafts are cylindrical in Lo Iyl o,
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Elliptical cross-sections are used to reinforce Elliptical
the gallery.
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Circular cross-sections are used for reinforcing Gallery (Kureh)
Circular
the gallery.
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Egg-shaped cross-sections are employed to
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water mills
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Qanats that include a dam structure within their Associated
Dam Structures
system.
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Access passageways constructed to reach the Payab
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ganat gallery.
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Basins constructed upstream of the mother well )_
for collecting floodwater runoff. Gurab
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Fig 2 Aerial map of the village of Asfahan
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Table 4 Mean Qanat of Esfehalan
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Average length of the Average depth of the Average flow rate in the wet Average flow rate in the dry
ganat( meters) mother well( meters) season (liters per second) season (liters per second)
1296 76/37 78/4 64/3
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Figure 3. Distribution map of the qanats of Esfehalan village
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Table5. Taxonomy of the Pachnar Qanat
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Table 6. Images of the Pachenar Qanat
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pool and channel, along with an image of the

section
mosque.
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Table 7. Taxonomy of the Housinabad Qanat
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Table 9. Taxonomy of the Zolmar Qanat
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Table 10. Images of the Zolmar Qanat
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Table 11. Taxonomy of the Bala Cheshmeh Qanat

Sy sloo sl I3>1 0,8 S8 gl -
s e e el el s Slee o Ll i
Associated Form of Components
P Structural Performance Water Geography
Structures components of a qanat
S
laalo g ol ol i )
obigS Jsbo oSt Fei 2
o sl lya £ glaslyoss
o)l L: oz T sl SHlee tslabe
D ¢ opls 0,65 ot S ol oels Foot of th
oes no Small Simple Water supply Subterranean; oot oL Hhe
have Mother well and furnace low-lying; mountain; parallel
cylindrical pipes :
y' PP Short length perennial
Circular furnace
Great depth

dodz YU LS polai NY Jguo

Table 12. Images of the Bala cheshme Qanat
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Table 13. Taxonomy of the Sara Bagcheh Qanat
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Table 14. Images of the Sara Baghcheh Qanat

Images taken of the qanat's outlet and pool
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Google Maps aerial view of the pool and ganat path
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Table 15. Summary of the Qanat building in Asfahance
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