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Abstract

Uneven spatial and temporal distribution of precipitation, high rate of evaporation, arid and semi-arid climate, evaporative geological formations such as gypsum and salt domes in southern as well as desert areas of Iran make it impossible to maintain the surface and ground water supply. The only means to harvest water is century-old system called abanbar. The main objective of this paper is to investigate abanbars as a traditional method of water harvesting. I will discuss architectural, structural, geo-technical, hydrological, and hydraulic aspects of various types of abanbars and methods of constructing and maintaining them.
 Introduction

By research and study on the environment of the present and past communities, one can define the significance and role of water in the development of the area. From the beginning of the history, human beings usually have chosen places for their habitation that had enough water.

The rate of water resources usage of an area is dependent on the climatic conditions, and also the condition of the science and technology in that area. For example, in some places one can obtain underground water by digging some wells and qanats. In the other places, the water supply is provided by using the surface waters such as rivers, and streams. But in some arid lands like Iran, about two-thirds of the country has an arid or semi-arid climate. Consequently, in the absence of enough precipitation, the level of water table is so deep that is not economical and feasible to obtain water by digging wells and qanats. Also the quality of groundwater due to evaporative geological formations are not suitable for drinking. The only system that can maintain the water supply for the community is the rainwater harvesting system which is called abanbar. Abanbar is a structure that can store the surface runoff resulting from precipitation. Unfortunately, due to population growth, increasing community water consuming demand, the modern technology, and some hygiene problems are the main reasons for abanbar deterioration during last several decades. This is unfortunate that these systems of water harvesting are being forgotten and that they are not considered effective as much as in the past. In this paper, besides the introduction of abanbars, an attempt has been made to have a more careful look at the system and its problems, and to present some solutions for existing problems. In other words, the objective is to find a solution to integrate these systems with modern technologies to save the most effective means of water harvesting in desert areas. 
Geographical Scattering or Dispersion of Abanbars in Iran

Iran as a vast country with 1,648,000 square kilometers, has two mountain ranges: in the north stretching from west to east and in the west stretching from northwest to south. In the central part of the country, there are two big deserts (Lout and Dasht–e-kavir). The climatic condition of the country varies from fair to arid with average precipitation of around 2,000 mm/year in the north and about 25 mm/year in desert areas. The high amount of evaporation in desert areas and lack of surface waters such as rivers, streams and non-suitable quality of groundwater for municipality use due to evaporative geological formation are the main reasons for construction of abanbars in some part of Iran. 

The geographical distribution of abanbars, are mostly in Persian Gulf, Fars and Hormozgan provinces and in desert areas mostly in Yazd, Kashan, and Semnan.

The followings are the main reasons why the abanbars are constructed and used in the past in those regions. 

 - Shortage of water and existence of a lot of problems in water supply; 

 - Existence of underground water resources with undesirable quality and the need to provide water with a better quality;

-Lack of surface water due to high temperature, a hot and warm climate and a high rate of evaporation; 

-Many limitations in water transferring, also the poor economy of the community and the necessity of having a cheap system for water harvesting;

 -Usage of abanbar as a system for improving water quality requirements.

- Various kinds of abanbars
 Abanbars with regarding to their applications, are categorized in three groups which are as follows:

a-Agricultural-desert Abanbars, 

b-Urban- rural Abanbars,
c-Road Abanbars
· Design Criteria

 Several main parameters, which should be considered in design of abanbars, are as follows: 

1- Population studies

Usually the volume and the number of abanbars are evaluated by the population, which is predicted in a design period. The capita per day water consumption can be calculated by using the statistical studies and other factors, which are discussed later. 

2- Climatic conditions and the rate of precipitation.

3- Hydrologic and the hydraulic design criteria.
In order to perform the hydraulic design of abanbars, at first the hydrologic design factors should be defined. These factors are as follows:

 - The duration of rainfall 
 - Intensity of rainfall

 - Average annual temperatures and the rate of evaporation and transpiration.

 - The area of the rainwater catchment (of the abanbar)

 - Land coverage of the rainwater catchment.

 - Air humidity content.

An abanbar is made of reservoir, faucet, stairs, vent, doorway, decorative parts, related structures around the abanbars, canals for collection of rainwater and directing to the abanbars and settling chambers. 
 - Reservoirs 
 The reservoir is the place where water will be stored and it is the most important part in construction of abanbars. Of course the shape and size of urban, desert and road abanbars are relatively different. For example in desert abanbars, the shape is circular and rectangular. The circular shapes have a diameter in the range of 2-6 meters and height the same as the diameter. But in rectangular shapes, the dimensions are 2×2×2 and 2×4×2 meters.
In urban-rural abanbars, the most popular shape of reservoirs is circular and also the size of these reservoirs is bigger than the desert abanbars. The diameter of these abanbars is in a range of 5-16 meters, and the height is the same as diameter. In some provinces like Yazd there are some abanbars with a volume of 3200 cubic meters. The biggest abanbar in Iran is located in Bander-e-Lengheh in Hormozgan province, which has 28 meters diameter with 15 meters height.

- Faucet

 The faucet is a big brass one, which is connected to the reservoir. In two sides around the faucet there are some places for sitting and resting.

- Stairs
 There are different methods to access the water in abanbars. The most popular way is to use stairs and faucet. But in desert-agricultural abanbars, the usage of a rope and bucket is more common.

 - Vent

 This part is used in abanbars as a way of ventilation and improving the water quality conditions. Since in arid lands, the hot climate has an adverse effect on water quality, the constructors were so clever to consider this matter and chose an effective way of air circulation. 

- Doorway 
The doorway not only is as a guide to the stairs and the access way but also shows some information about the constructors and the people who endow the abanbars.

- Decorative parts

Constructors of abanbars create decorations on the doorway cover for some different reasons. On one part, expressing their feelings and the other part, making a buffer to the wind, which by an abrasive action can decay the abanbar’s walls. 

- Related structures to the abanbars

Usually, beside the abanbars, there are some places which are used by people for friendly discoursing and some activities as well. For example in Yazd City, these places are used as a mosque for praying. In desert abanbars, these places are considered for resting and having a lunch or something like that.

- Canals for collection of rainwater and directing to the abanbars
 These canals are usually constructed with a rectangular, trapezoidal or circular cross section. These canals should be constructed so that it will be able to convey the maximum probable runoff.

- Settling Chambers 

Avoiding the transportation of a large volume of sediment (sand, silt, and so on), some settling chambers are constructed in the course of runoff flow that with a short retention time can settle a great deal of suspended solids.

- Abanbars damages and deterioration

 There are many factors, which are responsible for abanbar damages and deterioration. These can be classified as, design aspects, structural aspects and social-cultural aspects.

1- Design aspects

 There were some designers that were not qualified to construct abanbar. Design of the abanbar domes is the most important part; unfortunately inaccurate design has been the major cause of abanbar destruction. At the present time, the process of design, is the same as past, considering a positive and scientific look and integrating modern technology is evident.

2- Structural aspects

Construction of abanbars with some materials, like sarooj (fly ash and lime mortar) and stones is a popular method. But in some cases, usage of some materials such as soil and lime mortar, and so on, has caused damages to these structures.

3- Social - Cultural aspects
The problem of water-born diseases is the main reason of creating negative social-cultural attitudes about the abanbars. Namely, in evidence of dangerous water parasites such as, Guinea worm (dracunculus mediensis), intestinal infectious diseases and some aesthetic aspects have caused a lot of social- cultural negative trends to the abanbars, Nowadays, construction and maintenance of abanbars in big cities is abandoned.

Environmental aspects

Environmental problems related to abanbars are considered from different viewpoints.

- Health aspects

- Physical pollution [thermal, noise and radiation]

- Chemical pollution [pH, gases, dissolved solids, different elements,]

- Biological pollution [bacteria, viruses, parasites, protozoa]

- Aesthetically pollution [odor, test, color, turbidity, …]

Physical pollution

The problem of physical pollutants such as thermal, noise and radioactive emission in the abanbars are not very serious, but it is logical that the catchment area of the abanbars site be surveyed completely. Thermal and noise pollution are not commonly seen in the abanbars.

Chemical pollution

Dissolving of different compounds such as sodium, calcium ferrous and manganese salts may cause some severe changes in the water quality. Some gases are mainly produced from the solution of these compounds in the water.

Biological pollution
Some well-known water-born diseases such as Vibrio, Typhoid, Paratyphoid, Dysentery, and different kinds of parasitic diseases such as Guinea worm, Amobiasis, Giardiasis and Shiglosis are a part of a large collection of water-born diseases which should be considered in an abandoned abanbars. The water from an abanbars should meet the water quality and health standards.

Among the different water-born diseases, which are considerable, Guinea worm disease, is the most incident one, and has been the main reason for not using the water as well as in the past. At the time of taking water from the abanbars by the buckets, and pouring water on the legs and hands of the people who are carrier of this parasite, the life cycle of the parasite can be completed and the possibility of affecting others is great. At the present time, the authorities of health centers have done some provisions to disinfect the water and isolate the direct contact between the water and the consumers.

Aesthetic pollution

Pollution of waters by different kind of pollutants can change the color, taste of water, and cause odors, which in fact, changes the aesthetic aspects of abanbars.

Social aspects

In Iran, abanbars are effective means of rainwater harvesting. This system of harvesting socially has the following advantages:

-Providing the water demand of society by a cheap and easy system.

-Decreasing the rate of immigration from the area.

-Creating positive effects on the psychological and physiological behaviors.

-Strengthening of the friendly relationships among the people, by forming a gathering around the abanbars and exchanging views.

Economical aspects
Abanbars also play an important role in the sustainable development of the economy of the area. The water that is obtained from the desert-agricultural abanbars can be used in watering the plants and trees and has made the market of agricultural products brisk. This matter, besides the direct profits has a great deal of indirect economical advantages.

On other hand, providing potable water for the community decreases the price of water. This system of water collection is much cheaper than other expensive systems such as dams and deep wells. 

Religious-political aspects

As previously mentioned, construction of mosques and other public gathering places around the abanbars has instructive effects on the morality of the communities.

Cultural aspects

Every thing has its own specifications and these specifications are the criteria for the building of a societal culture. Abanbars as a vital necessity has its own culture and it is obvious that the culture makes an impression on the social-cultural behavior of the people.

Concluding remarks

 Abanbars are the most effective way of rainwater harvesting in some places in Iran, especially in places with very low amount of precipitation, lack of stream and river flow and lack of suitable ground water resources. The social, cultural and economical feasibility of these systems proved its usefulness during last several decades. The only disadvantage with this system is the hygiene problems associated with its use. Integrating this system of water collection with modern technologies optimizes the proper use and that is one way to save abanbar systems as a sustainable water resources development.
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