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1  SMALL SCALE WATER RESOURCES DEVELOPMENT

1.1 Alternate Dual -Mode Working Systems for the Collection and
Use of Rainwater in High-Rise Buildings for Non-Potable
Purposes

Dr. Adhityan Appan
Nanyang Technological University, Singapore

Ho Hua Chan & Wong Hou Jin
Ministry of environment, Singapore

Abstract

In a country having alimited land of 631 km2 where more than 80% of the population livesin high-
rise buildings ,ways and means have to be found to maximize the collection of runoff. One such
method isto collect the rainfall from the roofs of high-rise buildings and to useit for non-potable
purposes only. As currently about 25% of potable water is being used for toilet-flashing purposes, the
purposed system could result in considerable savings in the use of potable water and pumping costs
incurred to store this water in roofs of the high-rise buildings. Earlier proposals have defined the
methodology of such systems but, in this paper, special emphasisis made establishing aworking
system that can be implemented in two different ways. In one of them, the alight sloping roof is built
on the roof dlab and roof water collected in arainwater tank and in the other, water collected in the
roof slab is directed to awater tank located in the floor below. The collected rainwater in both casesis
than distributed to all the water cists. Since there could be 8 limitation to the volume of the rainwater
tank due to structural constraints, the tank is also connected to the potable water tank but only receives
such water as and when there isinsufficient rainwater. As more than 45% of the buildings in the
location under study are 12 stories in height, the modified version of an existing computer model was
used and it was possible to determine that the optimum size of the tank should be 146 m3 and that
initially about 80% of the tank should be filled with potable water. Whenever the water level fell to
dead storage level potable water was to be pumped to about 34% of its volume. On the whole it was
calculated that 4% water savings in terms of domestic consumption could be effected. The proposa
with the tank on the roof slab was far cheaper, in terms of capital and running costs, and the collected
roof water was also cheaper than current potable water by about 25% The study established that a
dual-mode rainwater cistern system can be built into an exiting high rise building in Singapore and it
is aso economically aviable proposition.

1.2 Social Choice in Water Harvesting

Mr. F. Szidarovszky, Mr. A. Eskandari
University of Arizona, U.SA

Abstract

Social choice procedures are introduced and applied to solve a special water-harvesting problemin
northern Arizona. The methods include plurality voting, the Borda count, the Hare system, pairwise
voting, and dictatorship. These procedures are applicable in all cases when the alternatives are
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simultaneoudy ranked by the different decision makers. Since no quantification of the criteriais
needed, these methods have special importance. If the criteria cannot quantified, objective function
values are hard to get, or they are very uncertain, then these methods are the procedures to be applied.

KEYWORDS: water harvesting, social choice, multi-criteria decision making.

1.3 A Catchment Water Balance Model for Estimating the
Groundwater Recharge in the Arid And Semi-Arid Regions of
Iran

Dr. Esmaid Khazaie
University of Birmingham, UK

Abstract

This paper presents a new model of the rainfall-runoff-groundwater flow processes applicable to semi-
arid and arid catchmentsin the south east of Iran. The main purpose of the model isto assess the
groundwater recharge to aquifersin these catchments. The model takes into account the main
mechani sms contributing to groundwater recharge in the region and deals with the effects of spatial
variation in the hydrological processes by dividing the catchment into different regions of broad
hydrologic similarity. The model has been applied to the Zahedan catchment and the results from this
study are discussed briefly.

1.4 Rainwater Utilization in Arid Zone of Shiyang River Basin
Gansu Province, China

Prof. Gong Xlaochu, Mr. Wang Benjin, Mr. Chine Ziyong
Gansu Agricultura University, P.R. China

Abstract

Hexi corridor of Gansu Province belongsto arid region, with annual rainfall about 170 mm,
evaporation between 2113 mm and 3300 mm, and average temperature ranging from 5 to 10 degree.
Due to the favorabl e conditions of energy, sunshine and rich land resources, it is suitable to develop
agriculture in the region which is the commercial base of agriculture in the province. The paper
discussed and analyzes the farm irrigation in a case study of Wuwei county in Shiyang River basin.
Water resources include rainfall, stream flow and groundwater. Rainfall is the basic resource which
mainly occur in the mountain areas. It distribution in rime and space and its magnitude not only
control the water and glacier Status, but also directly influcncc the formation, distribution and
variation of runoff in the basin The study focuses on the conversion and reuse of surface and
groundwater. Meanwhile, the relationship between water resources features and agricultural
development is analyzed and some measures are proposed.
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1.5 Band-Sar: A Practice in Optimum Using of Water and Soil
Resources in an Arid Region

Mahmood Arabkhedri and Afshin Partovi
Soil Conservation and Watershed Management Research Center, . R.Iran

Abstract

In arid regions shortage of water resources forces farmers to use floodwater for crop production. There
are severa reports about floodwater harvesting from Asia, Africaand America. Flood irrigation also
has been practiced in Iran for many years. Traditional farms, called band-sar, can be observed in
central south and northeast Khorasan province (NE of Iran). Although the structure of band-sar is very
simple, it has many benefits such asincreasing soil moisture’s, crop production, groundwater

recharge, soil protection, and preventing water loss to kavirs and saline lakes.

In the present research, the band-sar systems are studied. In addition to filed observation, the
meteorological datais analyzed and the aerial photographs and topographic maps are interpreted. In
this paper, the result of climatic conditions, physiographic and soil propertied and classification of
band- sar are reviewed and a map of band-sar distribution is prepared.

1.6 Utilization of Rainwater Resources for Developing Dryland
Agriculture in the Gansu Province of China

Baoxiu Zheng
Gansu Provincial Bureau of Water Resources, P.R. China

Abstract

The Gansu province of Chinais an arid province, with serious soil and water losses. In particular, in a
rainfed area of 150000 km, water is the primary factor in agriculture. Furthermore, it istoo difficult to
provide enough water for the inhabitants and livestock. It is very important to solve the water problem
in this area. Based on the Research results and the engineering practices of rainwater catchment, since
the late 80's, this article describes the technical and economical feasibility of the utilization of
rainwater resources for agriculture in Gansu, and it aso sums up successful experiences and patterns.
This paper points out the fact that utilizing rainwater is the best way of development for the rainfed
agricultural areas. Experiments show that, in the area, with 250 to 400 mm precipitation, 80 to 130 m2
of artificially hardened field can provide drinking water for a 5-member family and livestock 135 to
270 m2 of lined field can provide water for supplemental irrigation of 0.067 ha of terraces. Theinpui,
will be only half of that of the water diversion or pumping projects, Henceforth, meeting the drinking
water demand as a priority consideration, the rainwater will also extend to develop the supplemental
irrigation for the, whole rainfed area, to enhance the life style, and to help proper utilization of natural
resources in the ecosystem.
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1.7 Religious Aspects of Using rainwater in the Quran

Salahi Esfahani
Payam Nur University, Saveh Center, |. R. Iran

Abstract

"Do you not see that God drives gently the clouds then joins them together, then piles them up (layers
over layers) then you see the rain coming forth from their midst?' (An-Nur: 43)

Glancing at the Holy Qur'an, one can understand that all the waters on the earth have originally poured
down from the sky (Al-Mu'minun: 18) and by Divine Will, some parts formed as land and some parts
as water and dwelling places. Therain which has come thereafter, being proportioned and accounted
for, with the difference that the origina waters formed from the first clouds which came into existence
in the sky and the rain coming thereafter, although coming from the sky (at atmosphere), have their
source in the waters on the earth. The waters flow in the form of streams, springs, and rivers, some
parts of which are exploitable in certain places (Az-Zumur: 21), after which streams (Ibrahim: 32) and
spring (Ya Sin: 34) came into existence. Some of the terrestrial phenomena which the Qur'an
encourages us to contemplate are rain, its conservation on the earth, its appearance in the form of
streams and springs, and other forms such as the seas which have appeared from the source of
rainwater (An-Nahl: 14, Al-Jasiyah: 12, and Bani-Isragl: 66). The appearance of plants has been said
to have originated from rainwater in more than 30 verses of the Qur'an (Al-Hijr: 19, AnNahl: 89), and
God has created various forms of plants from the rain. Verses 25-32 of Chapter Abasa refer to the
growth of grape, olive and date trees, and also abundant gardens of fruit and grass to be of the same
source. Also, the growth of specia plants and the relations between terrestrial and celestial

phenomena are considered in the article.

1.8 Sustainable Development in Arid Zone Rajasthan, India: The
Role of Rain Water Harvesting Systems

S. Ramanathan
URMUL Trust, India

Abstract

The development in post-independence Rajasthan (India) has led to a paradoxical situation. The state
led transformation to increase the productivity of the desert “waste” has led to shrinking and degraded
commons, land degradation and marginalisation of the poor. These is agrowing concern for the need
to identity sustainable alternatives to use its natural resources to meet the needs of the society. The
revival of rainwater harvesting and its integration with modern forms of water supply is considered by
many to be one such alternative. Rain water, harvesting is a cultura tradition in Rgjasthan, and was
the means to secure livelihood in the desert. However, the rainwater harvesting systems in Rajasthan
are now faced with major crisis. Their decline has been caused by many factors: chiefly the state
policies and programmes.

This paper argues that the ranwater harvesting systems are relevant even now. It argues that massive
inflow of water into the desert has created more problems than it has solved. It is argued here that the
conflict is not between the modern forms of water supply and the traditional rainwater harvesting
techniques. The need isfor a holistic approach to enable sustainable use of resources in the desert. For
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this purpose, the paper describes the different techniques of rain water harvesting prevalent in the arid
region, and as well as their management and use. On this basis, the paper shows the valuable lessons
they offer to the modem forms of water supply. It is aso pointed out that as the rain water harvesting
systems are not distinct units; it would be possible to integrate them with modern forms of water
supply. This would enable sustainable use of resources, ensuring safe minimum standards or safe well
being in the desert. As the experience of NGOs Rgjasthan has shown, it is possible to attain this only
by decentralized development involving the community. The paper concludes by examining the
ingtitutional options for the revival of rain water harvesting systemsin the arid regions of Rajasthan, in
the context of a constitutional amendment on democratic decentralization.

1.9 Cost-Benefit, Economic Analysis of the Seasonal Flood
Impacts on Water Supply: Taftan Region Case Study

Ali Khazai
Ministry of Jihad-e-Sazandegi, I. R. Iran

Abstract

The Taftan basins received more attention after the economic evaluation of a preliminary feasibility
study. The locality of the watershed basinsis about 60 Km from the Khash city. The annual
precipitation, varies between 150mm to 250 mm. Thus, inevitably the watershed basins have a
tremendoudly high, potential of better climate conditions in the Baluchestan province. Nevertheless
aridity is adominant characteristic for the climate of the province of Baluchestan province, with hot
humid summers and mild winters. Although there is considerable climatic variation from the Taftan
Watershed basins to other parts of the province, aridity is a common feature of thisdry tropical
environment. In thisregard, the surrounding area comprises of low-lying plains, where the low and
frontal ranges, Mirjaveh, Tahlub, Dasht-e-Khash, and Dasht-e-Gohar K oh are located. These consist
of very fertile soil and are a productive range of lands in the province, covering an area of
approximately 11,186 hectares. Due to slopes and heavy short-term rainfall during winter and spring,
destructive floods have occurred 7 to 10 times a year. According to the present evidences and
statistics, the entire project areais sparsely populated. 13 settlements with a population of about 710
families are usually located irregularly in the basins. Floods cause dramatic damages to the region, and
asamajor concern, have caused a decrease in depth and fertility of soil, in all the steep agricultural
and dry farming lands throughout the province. Surveying the Taftan, the watershed basins level of
economic development, social and economic status, aswel as, identifying torrent control and water
spreading and soil conservation measures, and the development of many villages in watershed basins,
recommended the Taftan watershed basins project. The project required a big investment, being quite
costly, with alengthy productivity. In other words, the practical performancesin the field of water and
soil conservation in various basins or geographical regions require heavy investments. The most
important point is that the productivity of such investments require alonger period of time. On the
other hand, a continuous maintenance of the project imposes heavy costs thereon. The above factors
total up an ultimate budget of 50 Milliard Rials within a period of 20 years. During the first two-year
plan, the cost of improvement of soil conservation, operations and construction works, amounted up to
1 Milliard Rias. The Taftan watershed basins project, practically started in the year 1993. The
operations from 1993 up to the end of 1995 included construction work such as those of small Stony
dams, using gabions (fences), building rock barriers, trenches and terraces on the counter lines of the
Taftan watershed basins. According to reports, loose rock dams with a height of 0.5-0.8 mand a
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length of 12,000 m; Gabion check dams with a height of 1.5-3 m, and alength of 800 m. Cement
masonry check dams, with aheight of 1.5-5 m and alength of 25 m, have been constructed.

1.10 The Role of NGOs in Community Water Resource
Development in Ethiopia

GrimaH. Michad,
Disaster Prevention And Preparedness Commission, Ethiopia

Abstract

The present paper isaimed principally at depicting the role of non-governmental (humanitarian)
organization, better known as NGOs, in the area of community water resources development in
Ethiopia and hence at sharing some of their experiences to