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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 a limited land of 631 km2 where more than 80% of the population lives in high-
rise buildings ,ways and means have to be found to maximize the collection of runoff. One such
method is to collect the rainfall from the roofs of high-rise buildings and to use it 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 emphasis is made establishing a working
system that can be implemented in two different ways. In one of them, the a light sloping roof is built
on the roof slab and roof water collected in a rainwater tank and in the other, water collected in the
roof slab is directed to a water tank located in the floor below. The collected rainwater in both cases is
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 is insufficient 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 proposal
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 also economically a viable proposition.

1.2 Social Choice in Water Harvesting

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

Abstract

Social choice procedures are introduced and applied to solve a special water-harvesting problem in
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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simultaneously ranked by the different decision makers. Since no quantification of the criteria is
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. Esmaiel 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 catchments in the south east of Iran. The main purpose of the model is to assess the
groundwater recharge to aquifers in these catchments. The model takes into account the main
mechanisms 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 Xlaohu, Mr. Wang Benjin, Mr. Chine Ziyong
Gansu Agricultural University, P.R. China

Abstract

Hexi corridor of Gansu Province belongs to 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 favorable 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 inf1ucncc 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, I. R.Iran

Abstract

In arid regions shortage of water resources forces farmers to use floodwater for crop production. There
are several reports about floodwater harvesting from Asia, Africa and 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 as increasing 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 data is 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 China is 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 is too 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 also 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. The input,
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, I. 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. The rain which has come thereafter, being proportioned and accounted
for, with the difference that the original 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-Israel: 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 special 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 a growing 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 cultural tradition in Rajasthan, 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 rainwater 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 is for 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 also 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 Rajasthan has shown, it is possible to attain this only
by decentralized development involving the community. The paper concludes by examining the
institutional options for the revival of rain water harvesting systems in 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 basins is about 60 Km from the Khash city. The annual
precipitation, varies between 150mm to 250 mm. Thus, inevitably the watershed basins have a
tremendously high, potential of better climate conditions in the Baluchestan province. Nevertheless
aridity is a dominant 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 this dry tropical
environment. In this regard, the surrounding area comprises of low-lying plains, where the low and
frontal ranges, Mirjaveh, Tahlub, Dasht-e-Khash, and Dasht-e-Gohar Koh 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 area is 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
as a major 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, as well 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 a lengthy productivity. In other words, the practical performances in 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 a longer 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 Rials. The Taftan watershed basins project, practically started in the year 1993. The
operations from 1993 up to the end of I995 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 m and a
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length of 12,000 m; Gabion check dams with a height of 1.5-3 m, and a length of 800 m. Cement
masonry check dams, with a height of 1.5-5 m and a length of 25 m, have been constructed.

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

Grima H. Michael,
Disaster Prevention And Preparedness Commission, Ethiopia

Abstract

The present paper is aimed 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 interested bodies and also propounding the
overall efforts (including merits and demerits) of these organizations in the sector. By so doing, it
would be possible to draw the attention of concerned parties and prompt them to lake the necessary
actions each of them are expected to.

There is no intention to cover in this paper the entire range of activities which NGOs have
accomplished in the water sector in the country. Instead, some agencies, which are believed to be
representative and have had more significant involvement in the sector, are identified and the
waterworks which they have carried out Over the last few successive years are shown to help the
readers draw some conclusion on the subject

The paper is divided into four major headings. The first one is an abstract which introduces the paper
just in short; and the second chapter gives brief accounts of Ethiopia including its physical and
socioeconomic settings; the third chapter outlines the central theme of the paper, namely the “water
role” of NGOs, in which are discussed the general background of NGOs, their involvement in water
sector, accomplishments of selected NGOs, common strategies/approaches applied by them and some
analytical comments on NGOs Water works. The fourth chapter forwards some recommendations for
the due consideration of the concerned agencies for better results and more fruitful contribution
towards the sector in the time to come ahead.

1.11 Water and Sustainability

Joseph Keve
Mumbai, India

Abstract

Water being one of the most important elements of nature, needs to be viewed, understood and used in
tandem with all other elements. The perspective and mode of collection, storage and utilization of
water have a direct impact on the health and well being of nature and all beings, present and future.
Several regions and communities all over the world, have created great imbalances in their situation
through indiscriminate and unsustainable ways of dealing with water and water sources. This paper
highlights the need to understand the linkage between various elements in nature the role water has
played through the centuries and traditions, and the problems that came along with industrialization,
recommends several principles and practices which could both correct some of the present imbalances
and also contribute to a more sustainable future for all of humanity and other beings. The paper
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1.13 Water Resources Development for Farming in Arid Regions: A
Natural Catchment System Case Study

Mohammad Reza Daneshvar (1)
Jihad Eng. Services Co., I. R. Iran

Mohammad Reza Ekhtesasi (2)
Desert Research Center (IDRC), I R. Iran.

Abstract

Due to lack of plant cover and large impenetrable mountainous lands in the center of Iran, a
considerable portion of the rainfall turns into runoff and eventually forms floods in the Kavir pits
(playa). It is possible to gather the runoff in order to use them in development of small productive
units of farming, animal husbandry, etc. During recent years, private enterprises have made small soil
dams, using cement blocks and tar, to gather runoff from a natural catchment of Taft, Yazd. It may
keep up to 8,000 m3. These pools can supply water to 12 Hectares of almond farms by drip irrigation,
eight poultry farms for breeding chicken, and for fish culture. This method could be applied for other
mountainous regions of central Iran, with the rainfall over 150 mm for the development of stable
employment units In this system, besides introducing special characteristics of these people’s
successful project, the runoff coefficient of the area under study was 13% and the curve number in
that catchment was calculated 95, which is good for simi1ar projects in other regions

1.14 Groundwater Availability Studies in Ghataprabha Sub-Basin in
India

P.K.Majumdar, B.K.Purandara
National Institute of Hydrology, India.

Abstract

Study of groundwater availability in Hukkero Taluk of Ghataprabha sub-basin of Krishna basin in
Karnataka State, India has been carried out. History or the ground water occurrence in the region has
reviewed as per the ,work done by State Department of Mines and Geology in the year 1975 and then
by Central Groundwater Board in the year 1980.Present situation is assessed through various analysis
including Pumping and Recovery tests, in a location where most of the failed wells have bean noticed.
Kumarswamy’s method of calculating well Rock Permeability has been preferred. Permeability values
ranges from 0.08 m / hr to 0.346 m / hr. Probable reasons have been discussed and remedial measures
have been suggested.

1.15 Storage Wells, Providing Water Resources in Small Scale

Alireza Arabinedjad
Abhar, I.R.Iran

Abstract

Storage wells are those wells that are excavated with large diameter and /or wide mouth. A Storage
well is constructed for rainwater collection and running water storage. The basic structure of the well
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is as a well with a largo diameter and medium depth of about 20-40 meters and has a body with holes
to make possible the flow of water into the well.

Inside these wells, various pumps are installed and used as required. Wells that are excavated with
these technical specifications, although from the point of rate of basic water supply is certainly
appropriate and satisfactory, but being used for some time, due to blockage of water entry holes, the
rate of water supply of the well decreases and they must be reconstructed and opened so that the well
could provide the required amount Of water.

For completion of storage wells, more research, studies and experiments were carried out and in the
year 1947, a well was excavated in the city of Bern in Switzerland more complete specifications and
required stipulations to provide drinking water. Such wells, due to their unique structure, were called
storage wells and then was renamed by a Swiss engineer by the name of Felman as the Felman wells.

From the time these wells were developed, a large number of them have been excavated in various
countries of the world. The average life of these wells is about 50 years, In our country, storage wells
were excavated and constructed at Sefidroud and Langar area 30 years ago in the Imam Zadeh
Hashem region, a district of Rasht province for the first time, in order to supply the city water. In
Esfahan, 8 of these wells have become operational to provide drinking water for plants. Excavation
and usage of such wells has been well ,worth and successful in supplying cities, mini-cities, large
industries and plants and factories with water and in recent years, excavation of storage wells for
regions where excavating has had some limitation as to geological conditions, have improved greatly.

The excavation of this well can besides collection of rain and other precipitations and their storage, be
one of the methods for supplying water to mountainous regions and regions which do not have vast
plains with alluvial-plain and in comparison with qanats where traditional methods are used in such
regions to supply water, has a storage and controlled manner and prevents waste or water at times not
required.

The importance of collection and retaining of snow and rainwater is specially important for human life
since man has lived on water. Water, in its natural cycle, has always been flowing in the form of
liquid, solid and gas and it has been mankind who has always been a guest to water, but unfortunately,
the guest has not always respected its host and has contaminated it, but with all these, the guests were
to go and the one who still remains is water.

In my paper titled “ Water, the alphabet of life” which I presented on drinking water in Ardabil I
wrote; The Dutch drink the same water that the Germans and the Swiss drank and then poured it into
the “Rhine” river or the coffee and tea that we drink today, can contain the water molecules that fed
thirsty dinosaurs millions of years ago “, our duty is to retain and project every drop of water running
in rivers and springs and not let drinkable, refined water and rivers to become contaminated by
poisonous material and microbes, children should in their turn try to protect and retain this water. I,
from this “ Holy scientific tribune” announce to the world that the first victims of contaminated water
today are the children and most causes of death in children is due to diarrhea and due to contaminated
water. In addition to protecting the Nation’s water, protecting the water itself and not wasting water is
the responsibility of all mankind. For these reason, for better storage and retainment of storage well
water and improvement of their usage, I recommend that water will be the most important and the
most life-giving element of the 21st century, this is true today, since a barrel of oil in the world
markets is worth 16 dollars, but a barrel of Coca-cola 70 dollars, a barrel of orange juice 108 dollars
and even higher is a barrel of mineral water at 190 dollars. I now quote a poem by” Sokhanvar” on
water;
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Water; purer than human soul

Water; in plains and gardens

Water; often comes down from the sky

Water; whatever I see is a sign of it

Water; every corner of the world, I see

Water; without, life meaningless

Water; this life always-happy stays

Water; cannot change its world, never

Water; expensive and more expensive but cheap

Water; sometimes river and sometimes spring

Water; comes of the mountain, it comes

Water; abundantly every where it is

Water; everywhere I see, everywhere

Water; no doubt it is of love

Water; love without it is not Water; the mirror of live, it is

Water; without water, love is not

Finally, everything is alive with water from the viewpoint of the Holy Quran.

2 FLOODWATER HARVESWTING AND ARTIFICIAL
RECHARGE OF GROUNDWATER

2.1 Assessment of Damages Sustained by the Gareh Bygone
Plain Flood Water Spreading Systems in the Deluge Of 1986

Dr. Ahang Kowsar
Fars Research Center for National Research and Animal Husbandry, I.R. Iran.

Abstract

An exceptional event during 2nd – 7th December of 1986 occurred in which some localities in
southern and central Iran received nearly 3 times their Mean Annual Precipitation (MAP), caused a
deluge which resulted in 424 deaths and a financial loss of US$ 1.714 billion in the affected areas.
The218.8mm of rain in the Gareh Bygone Plain(GBP), 1.5 times its MAP, produced 92 hours of flood
peaking at300 M3 S-1 on December 3rd, 1986. Although the Floodwater Spreading (FWS) systems
are usually designed to withstand flows with the return period of 15 years, the GBP system sustained
relatively small damages in this event, which had a recurrence interval of more than 100 years, less
than 2.5% of the earth banks were ruined, and about 20% of masonry drops collapsed in a completed
FWS system. Where masonry drops had not been installed in the gaps, 8.7% of the earth's banks were
washed away, and about the same amount was breached. Removal of the bed load from the inundation
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and conveyor-spreader canals, and restoration of the banks, cost about 30% of the market price of the
original earth-moving expenses. The cost of damage to the FWS systems amounted to 2.5% of the
losses that the deluge would have inflected, had it not been mitigated by these systems.

2.2 A Simulation Model of Flood Control in the Subsided Area

Yushiro Iwao, Koichi Kawazoe & S. M. R. Emami
Saga University, Japan

Abstract

Flooding is a problem of lowland are as which usually causes damage to the facilities and property. Its
estimation and control becomes Important especially in the lowland area. Heavy rainfall on July 2,
1990, produced a flood in the Saga plain, lowland in north of Ariake Sea in Kyushu Island, Japan.
This area is endangered by land subsidence due to withdrawal of groundwater. A simulation based on
the network model consists of six tanks developed to reproduce the actual flooding of the area. From
the achieved results it can be concluded that the comprehensive ability of drainage can be obtained by
such simulation and the real drainage capacity has been decreased by the land subsidence phenomena.
Finally, it can be concluded that the proposed model can be extended for controlling flood distribution
into the artificial recharge system of groundwater in arid regions.

2.3 Palygorskite Transport Through the Vadose Zone: A Progress
Report

Mehrdad Mohammadnia and Ahang Kowsar
Fars Research Center for Natural Resources and Animal Husbandry

Abstract

Desiltation of turbid floodwaters is a prerequisite for Artificial Recharge of Groundwater (ARG) in
the Gareh Bygone Plain (GBP) in southern Iran. Although sedimentation basins (SB) occupy
about80%, of the ARG systems, still, some of the suspended clay-sized particles in the percolating
water may theoretically move towards the water table and clog the Vadose Zone (VZ). Moreover,
probable alteration of clay species in the humid soil in the hot, dry environment of the GBP may
intensify the problem and shorten the useful life of the ARG systems. X-Ray Diffraction (XRD)
patterns and Transmission Electron Microscopy (TEM) of the ARG watershed rocks and surface soil
samples indicate the presence of chlorite, mica, smectite, and palygorskite (PG). Systematic sampling
of the VZ within and without the SB, and XRD and TEM analysis of the samples revealed
accumulation of PG in the phreatic zone of the control well which probably had been supplied by the
30 year flow of a qanat. The highest amount of PG was detected in a depth of 4.8 to 5.3 M where
probably the high percentage of silt +clay provided the needed tortuousity to trap the PG Particles.
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2.4 Mathematical Model for Determination of Inundated Area

Dr. Mohammad Ebrahim Banihabib
Soil Conservation and Watershed Management Research Center, I.R.Iran

Professor Muneo Hirano
Kyushu University, Japan

Abstract

Most damages and deaths take place when floods overflow riverbanks and inundated through the area
which human properties are located. Most of the available mathematical models for simulation of the
flood flow are based on one-dimensional approximation. There are fewer researches for the simulation
of the two-dimensional flood flow and most of them are not compared with experimental results. A
Numerical scheme is proposed to integrate divergent form of governing equations of two-dimensional
flow. Advantage of this scheme to the Ponce-Yabusaki schemes in using implicit scheme is described.
In this study, an attempt is made for verification of the model by experimental data. Perspective of
verification deliberately shows the quest in verifying the two dimensional behaviour of flood flow. A
proper case for verification is chosen on the desired circumstances. The flood of dam-break is chosen
for comparison. The simulation results are compared with experimental ones to verify the model. Two
sorts of comparisons are done. The simulated wave fronts of dam-break flood are compared with
experimental ones to confirm simulated spreading patterns of the flood at two various times. The
comparisons between simulation results and experimental ones are discussed and it is shown that the
results of model have good agreement with experimental ones. Finally, it is concluded that the
experiment verifies two-dimensional simulation of flood flow.

2.5 The Effects of Floodwater Spreading Project on Population
Mobility in the Gareh Bygone Plain

Dr. Khosrow Movahed
Jihad-e-Sazandegi, Shiraz

Abstract

Population mobility and migration within countries is one of the problems of recent years, especially
in developing countries where urbanization and rapid growth of larger cities has resulted in
burgeoning Squatter communities, unemployment and lack of public facilities. National government
and city administration have found it hard to cope. Various program have been designed to keep back
urban flow, to attract rural migrants by opening new lands, to resettle landless poor through highly
capitalized agricultural settlements, and to disperse activities through regional development. Land
development represents a practical solution to many developing countries.

In all of history, human beings have depended on water for the fundamental aspects of their lives. It
requires water resources to be developed to meet human needs for agriculture.

Water development planning is a grandiose plan to control water flow in a fiver basin. It means
stopping wealth running to waste; no longer wasting the rainwater. One way which could be adopted
to prevent this waste of runoff is floodwater spreading in a suitable region.
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The purpose of this paper is to find the effects of floodwater spreading on populi1tion mobility
referring to the Gareh Bygone Plain in Iran. The Gareh Bygone Plain was selected in January 1983
with the main objective of utilizing floodwater spreading systems.

To accomplish this purpose, this paper is organized as follows: after the introduction, the investigated
region is introduced. This is followed by explaining the methodology and empirical results of the
study and finally the conclusions are presented.

2.6 The Flood Runoff Utilization in Beijing

Huishibo Xie
Senchuan Tsinghua Univ., China

Zhang Jianxin
Beijing Hydraulic Bureau, China

Abstract

In this paper the water resources of Beijing. and its problems have been discussed. Using the
mathematical model and simulation, the influence of different groundwater depth on infiltration of
rainfall has been calculated and analyzed. Based on the rainfall-infiltration model, the calculation of
runoff and the runoff factor has been introduced. Furthermore, the Nash instantaneous unit hydrograph
method has been used in analyzing the runoff process. Finally, the paper applied the established
hydrological simulation in analyzing the potentiality of flood runoff utilization.

2.7 Profitability And Flexibility of Flood Spreading Systems in
Iran: The Case of the Gareh Bygone Project

Asadolah Bakhtiar, Dr. Ahang Kowsar, Sayyed Hamid Habibia
Fars Research Center for Natural Resources and Animal Husbandry, I.R. Iran.

Dr. Bahaddin Najafi
Shiraz University, I. R. Iran.

Abstract

A benefit-cost ratio method was used in the economic analysis of the flood spreading system executed
in the Gareh Bygone Plain, Iran. Its very high ratio (B/C=22) indicates that this system is a low cost
method in desert rehabilitating and artificial recharge of groundwater. Although its effectiveness is
very high, Its environmental damages are very low.

From interviews with the beneficiaries, some socio-economic effects of the project were studied.
Groundwater increase has brought forth the increase in irrigated areas, and has altered the rain-fed
farming into an irrigated one. Occupation of the peasants, who are mainly the Arab nomads, has
changed from a traditional animal husbandry to agriculture-animal husbandry. Employment and
income have increased, and the migration has decreased in the rural areas close to the project.
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2.8 Infiltration Ability Enhancement in Sedimentation Basins by
Sowbugs

Gholamreza Rahbar & Ahang Kowsar
Fars Research Center for Natural Resources & Animal Husbandry, I.R. Iran

Abstract

Turbid floodwater is the only resource available for artificial recharge of groundwater (ARG) in the
Gareh Bygone Plain, Iran. Disposition of the suspended load in the sedimentation basins (SB) is a
prerequisite for ARG where such waters are used. The crust formed on the soil surface by these
sediments substantially decreases the infiltration ability in the SB, thus reducing their effectiveness.
Although root channels and surface Cracks should increase infiltration, their total contribution to
drainage is insignificant Fortunately, invasion of sow bugs (Oniscus sp.), and a pest of Atriplex
lentifornis (Torr Wats), has dramatically improved the infiltration ability of the SB; their burrows,
with a diameter of 0. 7 and a depth of 40-6S cm, which number up to 10 m-2, provide an easy access
for water to reach the aquifer. The infiltration rate of the sowbug-invaded area, as determined by the
double ring method, was 7.3 cm/hr-1 as opposed to 1.7 cm/hr-1 for the control. Cautious introduction
of plants attractive to sow bugs is an environmentally sound method of extending the economic life of
ARG projects.

2.9 Mathematical Modelling of Shallow Water Flow in a Flood
Spreading System

Payman D.Arasteh, S. Reza Vahhadj
Soil Conservation and Watershed Management Research Center, I. R. Iran

Abstract

The purpose of this paper is to describe a simple and accurate model to simulate shallow' overland
flow in flood spreading basins. A quasi-two dimensional (Q-2D) model is developed because of
simplicity over 2D models and more accuracy over 1 D models. In Q-2D model the flow region is
divided into several parallel strips. The principle assumption is the negligibility of lateral slope of
spreading plains, which means there is no exchange of mass and momentum between flow stripes. A
computer program has been provided on the basis of finite difference technique to solve the governing
equations. Because of the lack of observation data in flood spreading systems, the model was used to
simulate the flow phases for more than 20 irrigation borders and was compared with their observed
data. Then the model was used to simulate the overland flow in a flood-spreading basin in Bisheh
Zard Basin, Fars Province, I. R. Iran, as a case study.

2.10 Optimal Distribution of Artificial Recharge and it Stability

Associate Professor Nozar Samani , M.Sc. Siavash Behrooz
Shiraz University, I.R.Iran

Abstract

A numerical model is used to examine the effects of various management programs on the optimal
distribution of artificial groundwater recharge in the Dariyan Plain, east of Shiraz, Iran. Minimizing
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A successful recharge project should follow the design criteria during both the construction and
operation stages. Overall, most of the designed parameters were in acceptable range in the Idje
project. Sediment accumulation and inundation of downstream farms could be prevented if water
intake is limited to the base flow of the karst springs.

2.13 Rainfall and Floodwater Harvesting through Storage in
Paleochannels

Prof. Wu Chen, Prof Yu Fenglan
Hebei Academy of Sciences, P.R. China

Abstract

It is reported that there are more than 300 paleochannels of the Yellow River, Zhanghe River,
Hutouhe River, Chaobaihe River and Luanhe River between 0-30m under the ground in the North
China Plain. They cover about 45000 km2, and are composed of fine sand, silt and silt clay from
lower part to upper part. Experiments make it clear that by direct rainfall penetration about 31% of the
total rainfall water can be stored underground. The groundwater recharge rate by rainfall penetration is
on the average 168,000 m3/d-km2.

Now in the North China Plain, the aim is basically reached to make the rainfall complete penetrate
underground without any flood disaster in condition of Up to 200mm/d precipitation. There is little
surface runoff into the sea in ample rain years. Most of the rainwater percolates into the underground
paleochannels or is contained in reservoirs, pools and canals. These make the prerequisite for making
good use of the rainfall resources.

2.14 An Unsaturated Flow Model for Evaluation of Flood-Spreading
Projects

M. Kouchakzadeh
The University of Tarbiat, I.R.Iran,

M. A. Banihashemi
The University of Tehran, I. R. Iran.

Abstract

Infiltration from the shallow flow which is dominant in flood-spreading projects, is an important
means of groundwater recharge in arid parts of the world. Soil moisture profile is changed in time,
based on the total soil water potential, soil characteristics, soil moisture content, overland flow depth
and other factors. These characteristics of soil profile can be modeled, using a few assumptions, by the
Richard’s equation, which is a nonlinear parabolic partial differential equation.

Richard’s equation, in its one dimensional form, is solved numerically, using finite difference method
in order to calculate the variation of soil suction with time. An implicit scheme with explicit
linearization is used to discretize the Richard’s equation. Applying the algebraic, discretized equation
in its general form to all nodes in the soil profile, resulted in a system of equations which is solved
using Thomas algorithm, (TDMA). The relationship between soil moisture content/potential and
hydraulic conductivity may be obtained either from tabular data prepared in advance for 20 groups of
soils (Rijtema 1969) in data files or by the empirical formulas defined in subroutines. The results are
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compared with the results of another numerical model called "chemf1o", and good agreement between
the two can be observed.

2.15 Predicting the Formation, Dissipation, and Shape of Mounds
Beneath the Artificial Recharge of Groundwater Basins

Fardin Boustani
The Islamic Open University (Daneshghah Azad), I.R. Iran

Ahang Kowsar
Fars Res. Center. For Natural Resources and Animal Husbandry, I.R.Iran

Abstract

Artificial recharge of groundwater (ARG) bas been recognized as a very important method in Iran.
The rise and fall of water table, and the shape of the mounds beneath the ARG basins, depend on the
size and shape of the recharge area, on recharge rate and its duration, and on aquifer characteristics.
To evaluate the quantitative effects of ARG on water table level several computer programs were
developed and compiled. These programs included analytical solutions of Bouwer for rectangular
basins, Glover and Hantush for circular and rectangular basins, Baumann for circular basins, and
Marino, and Rai and Singh for canals. These programs predict the rate of growth and the shape of
recharge mounds. Among these, the Hantush and Baumann methods for circular basins and Bouwer
method for rectangular basins, presented many limitations and disadvantages. The sensitivity of
mound dimensions in response to aquifer parameters is illustrated. The accuracy of the other methods
has been validated by executing them utilizing the observed data from a circular basin in Zeyaran,
Ghazvin, and a rectangu1ar basin in western Fresno County, California. Finally, the computer
programs have been extended and finalized to predict the shape of recharge mounds developed under
the multi-basin and multi-canal projects.

2.16 Evaluation of Artificial Groundwater Recharge Using
Mathematical Methods

A. Fatehi Marj
Soil Conservation and Watershed Management Research Center, I. R. Iran.

Abstract

Gareh Bygone floodwater spreading initiated in 1982 on the Gareh Bygone Plain, 50 km south east of
fasa Fars Province. Iran. The object of this study is to evaluate the project in terms of groundwater
recharge. Due to insufficient data on groundwater fluctuation, groundwater simulation was used in
evaluation of the project. Some limited data, like soil moisture in 3 sites of flood schemes, data on
wells in 1993 and approximation of the groundwater level in 1978, was used to validate numeric
models.

In order to estimate groundwater recharge, two mathematical models were applied. The average
annual recharge to the ground, and average annual discharge were estimated. The models applied are
three dimensional models of the MODFLOW, and one dimensional model of the SWATRE.
MODFLOW was also used in predicting the groundwater table for the next 6 years.
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2.17 Simulation of Ground Water Flow in an Artificial Recharge
System

Peyman D. Arasteh, S. Reza Vahhadj
Soil Conservation and Watershed Management Research Center, I.R.Iran

Abstract

Artificial recharge is a practice to transfer surface water into the ground water basin, by human being.
An artificial recharge system is designed with different objectives and by different methods. One of
the most important objectives is the use of stored water in dry periods and the most common method
of artificial ground water recharging is, the flood spreading. A surface water spreading system
particularly increases the infiltration opportunity time by decreasing the flow velocity and increasing
the surface storage.The variations of water table level and storage volume are identified by solving the
ground water flow equation.

In this paper, we consider the unsteady two dimensional ground water flow. For thia purpose a
computer program bas been written to solve the corresponding equation by finite element technique,
and partial discretization method was used to make into account the time dependent phenomena. To
verify the model, two analysis methods of Glover and Hantush was used, because of the lack of
observation data. Then the model was applied to simulate the growth of ground water mound below an
artificial recharge basin in Bishop Zard Basin, Fars Province, I.R.Iran as a case study.

3 WATER SUPPLY

3.1 Rainwater Catchment Systems: Development and Guidelines

Professor Yu-Si Fok
University of Hawaii at Manoa, USA

Abstract

Rainwater catchment systems (RWCS) have been in use for centuries. However, since most have been
developed by users with private funds, few public sector decision-makers acknowledge the
contribution RWCS have for water conservation and for water supply by including RWCS
construction guidelines in their building code. Due to the great progress in the environmental
protection movement and because public water supply systems have shown their inability in
Satisfying the ever-increasing demands for piped water, the need for RWCS development guidelines,
that take these factors, into consideration, becomes evident.

This paper aims to document existing RWCS guidelines; to report the current progress of RWCS
guideline development in Hawaii; to present problems related to the RWCS guideline development,
especially those problems related to the affordability of the RWCS development in Hawaii; and finally
to suggest ways for the establishment of universal RWCS development guidelines.

In summary, using the guidelines developed for Hawaii as an illustration, this paper points out the
importance of conducting it cost analysis on items included in the RWCS guidelines. To ensure that
they are complied socially and economically, guidelines must be user friendly and affordable.
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3.2 Operation of Zayandeh – Rud River–Reservoir System, Using
Uncertain and Variable Demand

Mohammad Karamouz
Amir Kabir University, Iran

S. Jamshid Moosavi
Jamab Consulting Engineers, Iran

Abstract

Most of the current models of reservoir operation assumed constant demand for water consumption,
whereas the demand in any specific month is changing from year to year duo to meteorological and
climate changes as well as changes in crop patterns, irrigation practice, etc.

In this paper, the need for considering variable water demand has been demonstrated, and ways and
means of incorporating variable demands in reservoir operation models have been investigated.
Comparisons have been made between the assumption of fixed and variable demands in developing
operating policies. The effectiveness and ability of these policies were tested in real time operation,
when the demand, in fact, is variable. The application of the proposed models and methodologies have
been implemented on the Zayandeh-rud river-reservoir system. The results of this study have shown
the significant value of using variable and uncertain demand in modeling river-reservoir systems.

3.3 The Optimal River Management by use of Stochastic TIDP
(Tracking Incremental Dynamic Programming) Model

Ki Ho Park
Kyungdong College, Korea

Muneo Hirano
Kyushu University, Japan

Abstract

The Stochastic Tracking Incremental Dynamic Programming (STIDP) model with Neural Network
which is suitable for analysis of operation policies of multi-purpose and multi-unit water resources
system has been developed in this Study. The proposed STIDP method deals with the optimization of
decision vectors and state vectors and the newly proposed formula is applied to a real river basin
system. Also the prediction of inflows of each reservoir and tributary is executed by use of stochastic
sub-routine of STIDP model. The two kinds of clear benefits are obtained from this application: the
increasing benefit of domestic, industrial, irrigation, power generation water supply to enhanced IDP
model and conventional DP model.
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3.4 Sacredness of Rain Water in The Iranian Culture and its
Harvesting for Drinking and Agricultural Purposes

A. A. Movahed Danesh
University of Tabriz, Iran.

Abstract

Rainwater has been given a holy place in ancient Iranian culture and religious beliefs, even more after
the flourishing of Islam. Rainwater is considered as a highly respectful gift from God, and polluting of
it, specially as rain water, has been condemned as sin. In ancient nomenclature for months, the most
rainy month of spring in Azerbaijan, is called "Nisan". From the viewpoint of etymology, the month
of Nisan is somehow related to the occurrence of continuous rainfall. Rainfall may completely remove
air pollutants, and used to be considered as a sacred, ever lasting, holy, and curing material for patients
in some regions. In the snowy region of Azerbaijan, snow as the special form of rain, used to be
collected in caves for subsequent use during the drought years. Melted snow used to be served for
drinking purposes. In southern parts of Iran, direct collection of rainfall used to be implemented by
applying a unique system known as the “Berkeh”, as the sole source for drinking water. A similar
method has been very successfully applied in Boshahr for the dry farming of grapes, figs, and some
other crops. The attraction towards a new technology, which presumably should have been done in a
logical combination with domestic technology, unfortunately took place separately. Even in some
cases, the new technology stands against the domestic one, and further causes its decline. In this
research study, by focusing on culture and beliefs, the holiness of rainwater and domestic technology
for its use in agricultural products, along with tillage technology for dry farming of grapes in Boshahr
(that was conducted by Prof. Movahed Danesh in Boshahr. 1990) will be presented regarding the
capability for updating and restoring of aforementioned technology.

3.5 The Promotion of Rainwater Catchment Systems in Botswana

G. R. Enyatseng
Botswana Technology Center, Botswana.

Abstract

Botswana has a semi-arid climate and only two rivers, the Okavango abnd the Chobe, which are
perennial. In many rural areas, there is a scarcity of water for drinking and washing purposes.
Rainwater catchment has been recognized by both governmental and non-governmental organizations
in Botswana, as having an important role to play in providing some of the country's water supply.
There is therefore, a need to provide simple and economical rainwater storage facilities that can be
constructed using locally available resources. Although imported galvanized steel tanks have been
commonly used in the past, they have seldom lasted well due to corrosion. Imported plastic thanks
have also been recently used, and have not lasted long. Reinforced concrete water thanks are
expensive and require complex formwork. Brick tanks have also been used, but have proved not to be
durable due to poor workmanship, and poor construction details.

A study was curried out in the early 1980s by the Botswana Technology Center (BTC), in order to
promote ferrocement water tanks which would be economical and durable. The technology was well
received by governmental institutions and other rainwater users, but unfortunately due to poor
workmanship and poor quality control, some of the ferrocement rainwater tanks constructed
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experienced leakage problems. A joint project between the Botswana Technology Center, and the
Rural Industries Innovation Center (RIIC), to conduct a training course in ferrocement tank
constructions for artisans in Botswana, and to field test a revised ferrocement tank design, is complete
and was carried out in 1994 over a period of 2.5 months, and in 1996 over a period of 5 .5 months.

3.6 Rainwater Harvesting for Drinking

S. J. Hashemian ,M. Radial, M. Hakimdjavadi
Institute of Water and Energy, I. R. Iran

Abstract

Five pilot scale amended watersheds were included in the studies conducted in Dastak, Bushehr from
locally available material from which their yield, durability and reliability were investigated. No
runoff could be collected from untreated sandy soil catchments. But, the amended catchments showed
a good yield of 50-80%. The five catchments were made of asphalt, polyethylene, paraffin wax,
concrete and mosaic tiled roof. Runoff collected from the asphalt treated catchment had a yellow
colour, but, the water quality of the rest were good. Polyethylene covered with gravel is damaged by
grass, thorns and foxes. The concrete catchment and mosaic tiled roof showed a better yield and was
considerably the most reliable catchment

3.7 Rainwater Catchment Systems and Rainwater Utilization in a
University

Isao Minami
Japan International Rainwater Catchment Systems Association, Japan

Ichiro Kita, Kunihiko Kitamura
Agricultural College, Ishikawa Prefecture, Japan.

Abstract

Comprehensive rainwater utilization can be realized through the introduction of rainwater catchment
systems in the new campus of the Faculty of Agriculture, Kinki University. For example, Tameike,
regulation pond against peak flood discharge and the laboratory of rainwater utilization in an artificial
desert.

The construction of the Agricultura1 Faculty of Kinki University in the Tomio area in Nara city, Nara
Prefecture was a very good chance to introduce various rainwater catchment Systems and laboratory
of rainwater utilization, which collects rainwater from the roofs of vinyl houses.

This paper shows an example of the comprehensive rainwater utilization namely rainwater storage for
drought, flood control, and set up of the new laboratory to study the rainwater utilization in an
artificial desert.
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3.8 An Evaluation of a Village Water Supply Scheme.

Wan Nor Azmin Sulaiman, Mohd Nasir Hassan, Mohd Kamil Yusoff, Muda Azizi
University Pertanian Malaysia, Malaysia

Abstract

In Malaysia, upland watersheds support more than 2,500 small community rural water supply
schemes. Almost 90% of the projects were implemented by the Malaysian Ministry of Health. This
paper presented the physical, technical, economic and social

aspects in the planning of a small rural water supply scheme in a village of about 1,320 inhabitants.
The source of data for this study was obtained from questionnaire, interviews and direct field
sampling. Environmental problems related to water quality and sustainable flow of water during peak
demand were identified to be the major one even though the system is technically efficient. Effective
watershed management strategies and future rehabilitation work in the water supply system were
proposed.

3.9 Utilization of Water for Recreational Purposes in Taiwan

Andrew Lo
Chinese Cultural University, Taiwan.

Abstract

Lack of adequate water supply is becoming a new challenging problem in many parts of Taiwan. The
extent of industrial development, the people’s living standards, and their economic abilities are all
higher than those in the 1980s. Every one of these factors represent a much higher demand for water.
The demand for residential, industrial, and agricultural water use, may be marginally provided by both
surface and groundwater supply. Water use for recreational purposes should turn to rainwater for
satisfying many of their needs. Among them, a pavement catchment system at a scenic park, farm
ponds for game fishing, and rainwater harvesting at a camping ground, have proven to be very
successful in providing recreationa1 water supply. This again adds to yet another potential multi-
faceted use of rainwater.

3.10 The Effects of Canal Sedimentation on the Adequacy of
Releases Through Their Head Regulators – Case Study

Salih Hamad Hamid
Irrigation Water Corporation, Sudan

Ahmed Babiker Abu Obieda
Hydraulic Research Station, Sudan

Abstract

Efficient management of irrigation water supplies, pamcu1arly in arid regions is becoming more and
more important as the demand for Water grows rapidly with the World's increasing population. An
essential part of conservation the accurate measurement and regulation of flow discharges. On the
other hand, the performance of flow regulators is subjected to changes over time both by external
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environment and changes within the system, unless periodic evaluation and adjustments are made.
Changes such as canal sedimentation can cause serious problems not only by reducing the canal
carrying capacity, but also extent to have considerable effect on the hydraulic performance of the
regulators. In this paper, the upper portion of the Rahad Irrigation System (RIS) comprising the main
Canal head regulator and the head reach, is taken as case study. The reach has been previously
surveyed by a team from the Hydraulic Research Station (HRS) and is found to have lost 43% in
average of its conveying section, mostly in the section sides. A negative change in the canal bed slope
is also detected. And here the performance of the head regulator under the above physical changes in
its downstream reach is investigated, stressing on its behavior during peak demand periods.

The head regulator is found to release only 58% of the maximum allowable design flow, even after the
upstream water level has been raised by 64 cm above the recommend design level, i.e. the flow is
largely controlled by the downstream channel conditions.

3.11 The Instrumentation and Field Testing of a Rainwater
Collector

Alan Fewkes
The Nottingham Trent University, U.K

Abstract

This paper describes the results from field testing a rainwater collector installed in a UK house for a
period of one year. The rainwater collected from the system was used for WC flushing. The capacity
of the collection or storage tank is critical in the design of such systems. Sizing models have been
proposed by researches. but none of the models appear to have been verified or refined using field
data.

The collected data was used to assess the sensitvity of the sizing model to the time interval of the
rainfall and WC flushing time series. The analysis confirms sizing models should be based on a
maximum time interval of one day. The refinement of models to utilize smaller time intervals such as
an hour does not result in a significant increase in accuracy.

Rainfall losses from the catchment area were modeled .The inclusion of rainfall loss parameters into
sizing models is required but a degree of latitude in three estimation is possible whilst preserving
model accuracy.

3.12 Urban Water Life Cycle Management in the Sydney Region

Dr. Simon Beecham, Mehdi H. Khiadani
University of Technology Sydney, Australia

Abstract

Sydney, the largest city' in Australia, is located on the east cost of the state of New South Wales
(NSW). The Sydney region has experienced enormous change in the relatively short time since
European settlement Resource management for the early settlers focused on exploitation radar than
conservation or management Ply since the 1960s has there been a community -wide concern for the
environment. Sydney’s air pollution was that lime described as potentially as bad as Los Angeles'. Our
reveres were described as grossly polluted and example of soil erosion were identified on a massive
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scale. Public concern at this stage centered on conservation and the Australian Conservation
foundation was established in I965. Its membership grew steadily from 1000 in 1967 to 13,000 in
1981 to 20,000 in 1991.

In the 1990s the emphasis has moved towards environmental management and its associated
responsibilities and accountabilities. Community expectations in this, as in many other areas, are
realized through public actions, voting patterns and, more recently, willingness to pay ( Sydney Water
Corporation, 1991)

This paper aims to identify some important environmental issues for the Sydney region. In addition,
the social, economic and technological factors that shape our current and future management options
are highlighted. For example, public education, appropriate pricing, and newly available water reuse
technology all influence our total demand for water supply.

A case study is presented to illustrate some of the main ideas. It describes the management of the
Hawkesbury-Nepean river basin. Which provides Sydney with 97% of its water supply.

3.13 Water Harvesting For Sustainability in the Indian Arid Zone of
Rajasthan

M. A. Khan, A. S. Faroda
Central Arid Zone Research Institute, India

Abstract

Increased demographic pressure and societal advancement result in acute water shortage for drinking,
agriculture and for industrial purposes. This problem is more sever in the Indian arid zone of
Rajasthan which is characterized by low and erratic rainfall, high evaporation rate, and low ground
water potential. Some of the most viable water harvesting Systems innovated for the sustenance of the
local population on a long term basis are the nadi, tanka, and khadin, In many areas, these systems got
relegated into relative insignificance with the introduction of a large scale centralized water supply
system. However, with an increase in water demand, the traditional systems have been revived and
structurally improved for better storage and management of rainwater. The other water harvesting
systems which have been found useful and adopted are anicut, gully plugs, Water harvesting dams,
water spreading, percolation tank, sub-surface barriers, and sand-filled dams.

Rainwater harvesting catchment is an integral component of any water harvesting system. The
catchment may be an impervious land, roof top or paved surface. Runoff efficiency of different types
of roof experimented at Jodhpur ranged from 33 to 85% of monsoon rainfall. In case of highly
permeable land surface, a catchment may be treated artificially using a suitable sealant. Among the
several water proofing materials used for catchment treatment, the Junta emulsion was found most
effective with 68% runoff efficiency, followed by sodium carbonate with 66% efficiency.
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3.14 Study on Reservoirs Storage Regulation for Effective Water
Utilization Using DPDP

Ichirokita, Konihiko Kitamura
Ishikawa Agricultural College, Japan.

Isao Minami
Japan International Rainwater Catchment Systems Association, Japan

Abstract

In Japan, the average annual precipitation is 1.800 mm. There are, however, many areas where people
suffer from water shortage for agricultural use, due to small amounts of precipitation in irrigation
periods, such as, coastal areas of Seto Inland Sea. Generally, in these areas, rainwater is stored in
small reservoirs called Tameike, and water is used intensively. When some reservoirs are located apart
from each other, there is an imbalance in water supply. It could be that some of them have abundant
storage, and others are short of storage because of different conditions, such as the state of rainfall
distribution. If some reservoirs have the surplus storage and it can be discharged to be shared among
the reservoirs in short of storage, which are connected through a canal, limited amount of water is
utilized more effectively. Dynamic programming (DP), has been one of the most powerful methods
fur optimization of the operation policy of complex water resource systems. Therefore, an attempt to
determine the optimal amount of the discharge for the regulation amongst the reservoirs connected to
each other, is made by Discrete Differential (DP), which can lead to the optimal solution more
effectively. Calculation results suggest that the limited amount of water can be utilized more
effectively, due to the regulation of storage among the reservoirs.

3.15 Economical Studies of Experimental Catchments Built For
Collection of Rainwater

M. Rad .S. J. Hashemian, M, Hakim-Javadi
Sharif University, I.R. Iran

Abstract

Six samples of catchment basin models were built in Dastak region in Bushehr to compare the
expenses and the catchment efficiency. Area and the slopes of the models were almost equal. For an
area of about l00 m2, the present value, initial and running cost, and the value at the end of their active
lives were calculated. The interest rate of 4% was used fur the calculation, the annual investment for 1
m2 was calculated for each model. In view of the average yearly precipitation, and the catchment
efficiency, the price of 1 m3 of rainwater collected, was calculated. For rural, dry areas, per capita
consumption of 30 Liter/day of water was calculated and compared for different possible catchments,
and the two methods of paraffin covered or cemented basins were the most efficient and economical
ways of providing water needs for most rural dry regions of southern Iran.
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3.16 Different Purpose of Rainwater Catchment in China and their
Environmental Effects

Li Lijuan
Institute of Geography, China

Zhang Guoyou
The Geographical Society of China, China

Abstract

In this paper, the types of rainwater utilization in China at present and their environmenta1 effects are
discussed. Considering the purpose of rainwater catchment, the three groups are: (a) Roof and
courtyard rainwater catchment for drinking purpose; (b) Measures of rainwater catchment in
nonirrigated agricultural area; (c) Catchment and utility of floodwater from urban surface. The
conclusions are as follows: (a) Rainwater catchment systems from roof and courtyard can make full
use of rainfall and supply constant, dependable and clean drinking water for local people. Meanwhile,
compared with large water works, rainwater catchment systems have features of small size and
scattered spatial distribution, so its negative effects on the environment are less, which is good for
conservation. (b) In the northern part of China, rainwater catchment system on sloping lands not only
kept water and soil from eroding, but improved crop production conditions, and also reduce sediment
into rivers and lightened the burden of flood protection. Deep ploughing and covering measures
increased water use efficiency and crop production output. (c) Besides, floodwater collection from a
city surface has more direct effects on environment. Floodwater collection can release water shortage
problems of the cities, less pressures on groundwater, and less flood hazard in cities. Moreover, after
some processes, floodwater can be used as the source in recharge groundwater. It can alleviate the
environmental issues related to groundwater. Floodwater can also be used for irrigating trees,
grasslands and flowers, or replenishing water bodies to keep delightful scenery in the city. (d)
Rainwater catchment system has high development potential in china. Rainwater catchment will be
also useful for supplying drinking water to the people who live scattered on the top of Limestone
mountains, small islands, and regions where the water quality is bad for drinking. In comparison to
transforming good water from long distances, rainwater catchment will be the only easy way to solve
this problem of shortage.

Rainwater catchments have a long history in China. Chinese people have compiled and developed
various forms of rainwater catchment. They made rainwater catchment an important, even, in some
cases the only source of drinking water, both for human consumption and livestock watering and as
production in some special areas. With rapid population growth and urbanization, water resource
shortages and environmental issues are becoming serious so many governments have their attention
drawn to rainwater catchment although it is an old technique. Rainwater

catchment cannot only complete the inadequacy of centralized water supplies, it also lessens existing
environmental issues to some places without adverse effects on environmental, since features of
rainwater catchments are small scale and scattered spatial distribution. Therefore, rainwater catchment
is an important way for utilization of sustainable water resources utilization in the 21-st century. The
authors sum up the purposes of rainwater catchment, and discuss their environmental effects in this
paper, based on present practices of rainwater catchments in China.


