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. Thehistoric city of Yazd, recognised for its unique earthen architecture and

Revise Date intricate, Qanat systems, represents a masterpiece of human adaptation to

07 May 2026 harsh desert environments. For centuries, the symbiotic relationship between
architectural ) typologies, urban morphology, and traditional water
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02 June 2026 management systems - gugranteeq the structura} and environmental
sustainability. of"this historic fabric. However, rapid urban development,
alongside recent radical shifts in water consumption patterns and wastewater

Keywords: disposal methods, has severely disrupted this historical equilibrium. The
widespread introduction of modern plumbing without adequate concurrent

Urban aqiiifers;

: o sewage networks has led to an over-reliance on local soak pits (absorption
g’a‘;’;ﬁ:ﬁzt’%r‘f‘g”e”ts;"g \NGHS). The continuous and concentrated discharge of effluent into the
Historiefubric of Yazd: \ ubsoil crea.tes. critical threats to the stru'cturall stqblllty of adobe and
Cultural heritage masonry buildings, as well as the underlying historical Qanat networks.
conserva on Objective: Consequently, the primary objective of this research is to

\ comprehensively investigate the destructive impacts of soak pits on
traditional earthen structures and groundwater resources in Yazd.
Furthermore, the study aims to formulate effective, indigenous-based
strategies for the physical conservation, mitigation of structural degradation,
and long-term durability of this invaluable architectural heritage.
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Materials and Methods

To achieve the research objectives, a descriptive-analytical methodology was adopted, deeply rooted in the
context of architectural conservation and heritage management. The research framework combines
qualitative analysis with empirical site assessments. Initially, comprehensive library studies and historical
document analyses were conducted to trace the evolution of water management and its structural
implications in Yazd. Subsequently, systematic field observations were carried out across vulnerable zones
within the historic fabric to document physical anomalies, such as rising damp, structural cracking, and
foundation settlement linked to subsoil saturation.

To complement the physical survey, semi-structured interviews were conducted with local conservation
experts, master builders (Me’mars), and traditional Qanat practitioners (Moqannis). This qualitative data
was pivotal in understanding the indigenous knowledge regarding soil behavior, historical drainage
techniques, and the historical threshold of environmental resilience. The gathered data was then triangulated
to analyze the cause-and-effect relationship between wastewater infiltration and architectural degradation.

Results and Discussion

The findings clearly indicate that the transition from traditional, low-volume water use t\in:dern, high-
volume consumption has drastically increased the hydraulic load on‘the historic subsoil. Thésconcentrated
discharge of wastewater into soak pits, coupled with reduced overall soilspermeability due to widespread
asphalt paving and dense urban development, has severely altered the hydrological &%ce.

From an architectural and structural perspective, this subsoil saturation Antensifies several modes of
deterioration. The primary consequence is the manifestation of severe rising damp (capillary action) within
adobe walls, which introduces soluble salts into the structural matrixl.j%‘\e subsequent cycles of salt
crystallization and hydration lead to the spalling of renders, loss“of material cohesion, and ultimate
structural weakening of load-bearing earthen walls. Furthermore;, the localized saturation of the loess and
silty soils beneath building foundations drastically reducesgtheir load-bearing capacity, resulting in
differential foundation settlement and hazardous structural cracking.

Simultaneously, the research highlights severe impactsyon the\Qanat infrastructure. The continuous seepage
of wastewater destabilizes the Qanat galleries, leading to localized_collapses and the severe degradation of
groundwater quality. The studylalso identifies that the lack of ‘an integrated and cohesive water and
wastewater data management system, among municipal ‘and heritage authorities has severely limited the
implementation of effective damage-mitigation planning and preventive conservation strategies.

Conclusion

The physical sustainability of Yazd’s historic fabric is inextricably linked to the management of its subsoil
hydrology. The study concludes that an ower-reliance on standard modern soak pits is fundamentally
incompatible with.theleonservation of adobe architecture and historic Qanats. To mitigate these pressing
threats, a series.of targeteds, context-sensitive interventions are proposed. First, strict regulations must be
implemented.regarding the‘location, capacity, and depth of soak pits in relation to historic foundations and
Qanat routes. Second, the%@talization and integration of traditional architectural solutions, such as the use
of ventilation drainageschannels (Néakash), are recommended to passively manage subsoil moisture and
prevent capillary rise. Finally, the establishment of a continuous, multi-disciplinary monitoring system—
tracking ‘subsoil moisture levels, structural movement, and aquifer quality—is essential. By implementing
these integrateg\g)nservation strategies, it is possible to strengthen the structural and environmental
resilience of the historic fabric, safeguard the quality of the aquifer, and ensure the holistic sustainability of
Yazd’s uniqueyarchitectural and hydrological heritage.
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Table 2. Research Flowchart: Analytical Path to Investigate the Impact of Qanat Wells on the Canal
System and Historical Fabric of Yazd.
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Fig S. Schematic eross-section illustrating the hazards associated with contemporary wastewater.
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The concentration of large volumes The prevention of Moisture penstration into
of surface nmoff from streets into 2 ground moistare the interior spaces of
smgle point imposes additional evaporation due to the waditionzl buildings leads
hydraulic pressure on the walls of paving of pathways has to the bulging of plasters
the absorption well. resulted in the and the deterioration of
x ' mtensification of mterior decorations,
Through capillary 5 subsurface moisture while also creating a
action, ground levala favorable environment
molsture penetrates for the proliferation of
into the upper harmful insects.
portions of walls,
causing skirting
boards to have the
opposzite of their o
mtended effect by
channelinzthe | [N | L : e
moisture to higher . P - =
levels for
evaporation.

(M
With soil saniration, the
resulting reduction in
ground bearing capacity,
coupled with the
mcreazad laterzl preszure
exerted on the well
walls, can lead to wall
collapse; in such a case,
the potentizl for
significant damage or
even the complete
destruction of a structure

cannot be ruled out. ‘
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Fig 7. Schematic cross-section of alleys in the historic district of Yazd.
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