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1 RAINWATER HARVESTING STRUCTURES &
TECHNOLOGIES IN DIFFERENT GEO-HYDRO-
THERMO REGIMES

1.1 Roof Top Rain Water Harvesting System In Deccan Plateau
Region, Andhra Pradesh, India.

R. Amarnath Babu
(M.Tech in Environmental Management), Hydrologist in Action for Food Production
(AFPRO) (AFPRO Field Unit — V1, Hyderabad, Andhra Pradesh)

Abstract

Rain Water Harvesting is the age old traditional practice which is being practiced from the birth of
human civilization. Like other living organisms man cannot survive without water. This made him to
think and invent on different types of harvesting structuresin order to obtain potable water. From the
decades onwards with new technol ogies and globalization the structures focused are on dams,
reservoirs, canals, irrigation tanks, percolation tanks etc. But, with the increasing population (human
and animal) and with diseases related to water, it has become incessant practice to provide safe
drinking water. In continuation to this above practice, a project on Roof top rain water harvesting
structure with a study was implemented to provide safe drinking water to the community and to
identify the best possible technol ogy with respect to the specific region. In this paper, it coversthe
components that can be taken under the rain water harvesting structure, geographical area, availability
of the water quantity, its quality and water demand. It also covered about the design parametersin
which the flexibility and community management can promote and accordingly the design was
modified. The main conclusion of this paper was the acceptance of the community about the
technology, its design considerations and about the promotion of this technology in the water scarcity
and pollutant regions. Finally, the study revealed that, it requires awareness (Psychologica awareness)
about the utilization of direct rain water with a primary filter unit, chalenge of social and community
acceptance, maintenance and time involvement for effective utilization and the water available at the
door step with an amount of Rs. 1.30/- per liter.
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1.2 Effects Of Different Rain Harvest Methods In Hilly Area Of The
Northern Loess Plateau

ZHENG Dawsei
WANG Yantian

ZHANG Jianxin
China Agricultural University, Beijing, 100094

DUAN Yu

TUO Debao
Inner Mongolia Academy of Agricultural and Animal Husbandry Sciences, Huhehaote,
010031

Abstract

Field rain harvest is the effective way anti-drought sowing in the northern dryland farming area,
particularly in the hilly area of the Loess Plateau. Experiments include contour, intercropping of ridge
and furrow, contour with interval of rain harvest slopes. Contour is built by making aridge in the first
year and levd plowing it in severa years. The size of ridge is with the height of 20cm and the width
of 35~40cm, and the furrow width is 40~45cm. There are four treatments of different ratios between
the rain harvest interval and that of cropping: 1:1, 2:1, 3:1 and 4:1. Besides, different plastic covering
treatmentsin millet field with: the normal film, filterable film and liquid film were designed. The
latter could melt for filtering water when it rains and recover to avoid evaporation when it becomes
dry.

Comparing the effects of different field rain collecting measures, water content of the top soil in
intercropping plot increases 1.5 to 3.1 percentage points than that of CK after a 12mm rain, and also
increases 2.1 to 3.9 points after 10 clear days without any rain. It increases 1.5 t0 2.9 pointsand 2.1 to
3.9 points respectively in the contour plot. The effects are stronger after middle and heavy rains, e.g.
after a 32.3mm heavy rain, the water content increases 4 points comparing that of CK in the top 30cm
soil and 5 pointsin the 30 to 50cm soil layer which is close to that of contour plot.

Water contents in the top 30cm soil in the cropping interval of contour with different ratio to therain
harvest interval are 14.4%, 15.0%, 15.6% and 16.3% respectively, and increase as the ratio increases.

Indoor experiments showed that after a 3mm rain, water began to penetrate into the filterable film.
Theliquid film also began to melt, and formed again to avoid evaporation after sprinkle stopped 20
minutes later. But the conjunctive effects decreased and even disappeared after 3 to 4 times of
spraying. Therefore, 3 mm isthe critica value of effective rain for both filterable and liquid film.

After 3 times of spring rain, moisture in the plot with filterable film and liquid film increased 1.2~1.5
and 1.0~4.3 points respectively in the top 50cm soil, and keeping above the critical water content of
millet emergence.

Key words: hilly areas of the Loess Plateau, field rain harvest methods, film material of rain harvest,
increase of soil moisture
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1.3 P 1+2: Rainwater Harvesting Program for Livestock and
Agriculture in the Brazilian Semi-Arid Tropics

Johann Gnadlinger
President of the Brazilian Rainwater Catchment and Management Association (ABCMAC)
Rua Henrique Rocha, 411, Centro 48905-120 Juazeiro, Bahia, Brazil johanng@abcmac.org.br

Abstract

P1+2 (Program One Piece of Land and Two Types of Water) is an example of “Mainstreaming
Rainwater Harvesting” in the context of integrated water management in the Brazilian Semi-Arid
Tropicsin both policy and practice. P1+2 signifies that every rural family should own one piece of
land (1), large enough to produce food and live in a sustainable way and, two (2) types of water, one
for human consumption and the other one for food production. With 100,000 cisterns constructed, the
provision of drought-proof drinking water for one million households is already underway. There
remains to ensure water security for livestock raising and agriculture. Besides the use of green water
conserving technologies such as contour tillage, vegetative soil protection and use of manure, other
experiences have been devel oped that provide a guaranteed water supply for agriculture, which
include cisterns for supplemental irrigation of vegetable gardens, for poultry raising and beekeeping,
shallow wells, rock cisterns for water for livestock, subsurface dams, rainwater catchments diverted
from roads, etc. After a survey of positive experiences of these techniques carried out by NGOs and an
identification of conditions for their implementation, it is hoped that the Brazilian Government will
include P1+2 in different development programs.

1.4 Rainwater Harvest By Tank Cascades In Sri Lanka —Was It A
Technically Adapted Methodology By The Ancients?

Gangadhara, K.R.

Jayasena, H.A.H.
Department of Geology, University of Peradeniya, Peradeniya, Sri Lanka
cjayasena@pdn.ac.lk ; +94-0812-389156.

Abstract

Since 3rd century BC, sustainable water management was portrayed in the dry zone of Sri Lankafor
approximately 1500 years. Maps show more than 15000 tanks (“wew") scattered in thisrolling flat
terrain. Mgjority were in some state of existence and either fully or partially operational. The
objectives of this study are to examine the effectiveness of rainwater harvesting in the evolution of
tank cascade system (TCS) and the sociotechnical criteria associated with sustainability. The study
uses 4633 tanks from the Deduru Oyariver basin and adjacent areas, which shows apparent increase
with lower rainfall regimes. A new sequencing method was introduced with a number assigned to the
tank along the longest axis of the catchments. The log (number of tanks) vs. sequence shows a
negative linear relationship. Thisisnot only true for all 4633 tanks, but also for tanksin individual
catchments. The regression coefficients calculated for rainfall regimes vary from -0.210 (1200-
1300mm) to-0.653 (1800-1900 mm). The resultsindicate that the ancient engineers did not build
tanks haphazardly; instead a tank ordering method had been in use under strict sociotechnical
guidelines. Thiswas the basis for effective micro basin rainwater harvesting and sustainable water
management.
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Key words: Rain water harvest, cascade tanks, sequence, dry zone, Deduru Oya, Sri Lanka,
sustainable, water management, ancient, sociotechnical

1.5 Mainstreaming Rainwater Harvesting As Resource For
Conjunctive Use

M. A. Khan

Pratap Narain
Central Arid Zone Research Institute, Jodhpur-342003, India E-mail: makhan@cazri.res.in

Abstract

The Indian state of Rajasthan is awater scarce region due to its geographical setting and unfavourable
climatic features. Although the average annual precipitation is 16.43 million hectare meters but its
spatial and temporal occurrenceis highly erratic. Frequent drought in one or other partsis a common
climatic phenomenon in the State. It is evident that the present approach of high-tech water
development for food and drinking water security is no longer adequate to overcome projected future
water scarcity problem. Therefore, there is a need for mainstreaming rainwater harvesting systems
with present approach of water resources devel opment projects such as dams and reservoirs to bring
sustainability in water sector. In Rajasthan, tradition of rainwater harvesting, storage and utilization
such asjhalara, bawari, nadi, tanka, roof water harvesting and khadin have been in vogue to quench
thrust of human, animal and crops. Surveys carried out in western Rgjasthan reveal that 43 % of the
rural drinking water supply is sourced fromnadi, 35 % from tanka, 15 % from wells/tube-wells and
only 8 % from other sources. Some of these traditional structures have been improvised by Central
Arid Zone Research Institute (CAZRI), Jodhpur and novice designs demonstrated and multiplied in
village situation for conjunctive use.

1.6 Rain Water Harvesting In Hills Of Sirmour, Himachal Pradesh

A.K.Manchand
Pankaj Mittal

H.L.Thakur
HAREC,CSK HPKV Dhaulakuan.HP INDIA anirudh_3322@hotmail.com

Abstract

The mountains and the hills are the natural catchments for rain water. District Sirmour has an average
annual rainfall of 1670mm and more than 80percent of this is received during kharif season. The
excess water during kharif season goes as runoff and crops face drought like situation many times. So
National Watershed Devel opment Programme was introduced at Dedag with the main objectiveto
harvest rain water and recycleit. Dedag islocated at longitude 77° 24’ E and latitude 30° 50'N with
height varying from 1600-2348 meters above mean sealevel in Sirmour HP .The project has 570 ha of
effective areafrom five villages supporting 145 families, with irrigation restricted to only 15 % of
area. The survey revealed that top priority of farmers was Water harvesting and recycling. So different
water harvesting modul es were demonstrated in the watershed through participatory approach.
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1. Water harvesting from Base or Surface flow-The water source at Sanio contributed 20-25 thousand
liter water per day under normal situation but the discharge increased to 85-90 thousand liter per day
during rainy season .Thislarge volume resulting from rainfall was not harvested properly and was
going waste as surface flow. So, to harvest every drop of water, it was taken to tanks for storage and
then supplied through pipe lines thus reducing all type of delivery losses. This module has benefited
55 families by irrigating 10 ha of land and, increasing productivity of Potato, Peas and Garlic by 25
%.The harvested water is also used for animals and domestic use.

2. Runoff harvesting system at Dedag-The runoff, resulting from rain, seepage from hillock and
discharge from spring, having peak discharge of 20-25 thousand liters per day, has been harvested,
The water at this site is diverted to one side in a open channd and collected in two big tanks. This
harvested water has benefited 20 families by providing irrigation to 4-5 ha of land and beside this, the
farmers are also using this water for domestic purpose.

3. Roof Water harvesting —The areas with no natural catchments have been demonstrated for roof
water harvesting system. In this module roofs of three houses have been selected as catchments for the
harvest of rain water and they are expected to contribute 2.75 lac liter water annually as roof water
yield, which will benefit 6-7 families by providing irrigation to 2-3 ha of land after rainy season.

4. In situ rain water harvesting-soil moisture conservation practices are main concept in this module
and farmers are getting good result out of it.

Water Resource Management In Marwar Region Of Rajasthan
M. Mehta

A. Awasthi
Jal Bhagirathi Foundation

Introduction

The Marwar region of the Thar Desert in Rajasthan comprises seven districts viz., Jodhpur, Jaisalmer,
Barmer, Nagaur, Pali, Jalore and Sirohi. It is the most densely populated arid region in the world. The
total population of the Marwar region is 12.2 million inhabiting a geographical area of 1,35,519 sq.
km. (Census of India 2001). The population density varies from 84-90 persons per sq km as against 3-
4 persons/ sq km in other deserts of the world. Apart from this, the cattle population is al'so very high
with adensity of 80 cattle per sq km. Thus, there is enormous pressure on the natural resources such
as water and fodder.

1.7 Towards An Improvement Of Water Management In Regions
Of Water Scarcity

Luiz Rafael Palmier
Federal University of Minas Gerais; Av. do Contorno 842/809; 30110-060, Belo Horizonte,
MG; Brazil; +55.31. 3238-1003, palmier@ehr.ufmg.br

Abstract

A key characteristic of water is its extreme events of floods and droughts, which have been
challenging the human population in severa regions of the world. Nowadays, however, besides
drought related problems, human population is also facing water scarcity due to an increasein the
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water demands - increase in population and per capita consumption - and a generalized decrease in
water quality. Therefore, water resources management in water scarce regionsis of crucial importance
for water assessments, water allocation, design and management of water resources and environmental
systems. The issues of optimal planning and policy decisions considering floods and water scarcity
have been receiving growing attention in recent years. The need for a broader approach which
incorporates an integrated view of strategies, policies, plans, specific projects and other measures of
social and ingtitutional character iswell recognised today. Theideato cope with floods by following
procedures and methodol ogies applicable to the Environmental Impact Assessment process has been
recently proposed. In this paper this proposal is extended to water management in water scarce regions
emphasising the importance of comprehensive approaches and alternatives to alleviate scarcity.

Keywords: Water scarcity management strategies; environmenta impact assessment

1.8 Sweet Water Harvesting In Brackish Formations Using
Traditional Wisdom — A Case Study

R. K. Pandey

Sunil Simon
NRM, Action for Food Production (AFPRO), New Delhi, India, e-mail: pd@afpro.org,

website: www.afpro.org

Abstract

Indiais avast country having diversified geo-hydro-thermo regimes, agro-climatic zones and complex
geological and geo-morphological setups spread across Northern Himalayas to Southern most part of
Keralaand from eastern border of Indiato Pakistan border in the west. This disparity in nature has
resulted in drastic quantitative and qualitative variations in severa characteristics of natural resources.
Thisis most ubiquitously noticed in the availability of water in any region depending on the prevailing
favorable and unfavorable hydro-geological conditionsin that region.

The unconsolidated sedimentary formations constituted by several layers of alternate clay ,sand ,
loamy clay ‘kankar’ zones from top sub—surface layer to greater depths creates conducive conditions
for formation of good yielding aquifer which can store significant amount of fresh potable water. The
aquifer zone of fine to coarse sand if present at a shallow depth of 5— 30 m above or below the thick
impervious layer of sticky clay ‘kankar’ zone can yield fairly decent quantity of water depending on
the thickness of the aquifer layers and the rain water replenishing conditionsin that region.

The indo-gangetic plain stretching from Himalayan foot-hillsto Bihar and parts of Bengal qualify as
examples of presence of good aguifer zones in un-consolidated sediments of Pleistocene to recent age,
whereas the conditions of the same age are adversein aluvial formations of coastal marshy regions,
which have high concentration of salinity due to sea water intrusion.

This paper describes a case-study of human ingenuity to devise a simple solution using the traditional
acumen and indigenous technol ogy to a major and critical problem encumbering the masses. Itisa
narrative of the efforts seen to effect by the people of asmall village located in a coastal marshy
region of Kutch district of Gujarat state.
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1.9 Rooftop Rainwater Harvesting In Remote Rural Schools: An
Approach For Global Replication

Bunker Roy
Globa Rain Water Harvesting Collective

Abstract

Thetraditiona practice of collecting rainwater where it falls has been revived to provide inexpensive
drinking water for thousands of people. Rainwater harvesting has been carried out for generationsin
many areas around the world, including Colombiain South America, the Atlas Mountainsin North
Africa, the Himalayas and the deserts of Ragjasthan in Asia and the remote Pacific island of Fiji.

Rural communities have the traditional skills and technical competence to collect rainwater. Asthey
often cannot wait for Government action, a practical solution isthat they come together to contribute
labour and materials to construct their own rainwater harvesting structures. In the process, they
collectively decide how much they are prepared to pay for the water that will be under their own
ownership and management.

The innovative aspect of the Barefoot College rooftop rainwater harvesting programme is the
application of a centuries-old technology to benefit whole communities in schools, dispensaries and
other public places so that everyone, including men, women and children from both rich and poor
families and different castes have access to drinking water from a single source.

During the 20 years during which this project has been implemented more than 550 rooftop rainwater
collection systems have been constructed and it has been repeatedly demonstrated that, especialy in
drought prone areas or where the groundwater is saline, rooftop rainwater harvesting is the only
sustainable alternative for ensuring continued access to safe drinking water.

1.10 Utilization Of Available Water Resources In Uttaranchal: An
Appraisal Of Current Status At The District Scale

V. N. Sharda

P.R. Ojasvi
Director and Sr. Scientist (Eng.), respectively, Central Soil & Water Conservation Research &
Training Institute, 218, Kaulagarh Road, Dehradun 248195

Introduction

The study on water as a natural resource isinclusive of its hydrologic components and extraction
demands imposed by human and animal population. A hydrologic analysis covering both the supply
and demand factorsis extremely important for planning and decision making for sustainable
development of water resources in the hill regions. The utilization of available water depends upon the
magnitude of infrastructure development in aregion. The infrastructure may include wells,
handpumps, tubewells, piped supply, tanks, lift schemes, springs, infiltration wells, canals etc. The
policies for investment and management of water resources, therefore, have to take into account the
current utilization pattern and future requirements for development depending upon the water demand
estimates.
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A study was undertaken for the assessment of present status of water availability and its utilization
pattern based on the different sources of water supply inoperation in district Tehri- Garhwal. The
water sources are broadly classified as natural sources and man-made mechanical sources.

1.11 Rainwater Harvesting Structures & Technologies In Different
Geo-Hydro-Thermo Regimes & Agro Climatic Zones — A Case
Study

Sivaraman K.R.

Senior Geophysicist, PWD (Groundwater Wing — Retired) Government of Tamilnadu,
Puzhuthiwakkam, Chennai 600091, Tamilnadu. Phones: 91 44 2242 1467 & 093810 41637.
E-Mail Id. sivaraman_kr2004@yah0o.co.in & sivaraman_kr@rediffmail.com

Abstract

Traditional Water Harvesting is an age-old concept in India and met both the needs of domestic and
irrigation, but we have to adopt appropriate techniques to suit for different Geohydro- thermo Regimes
and Agro Climatic Zones, otherwise, adopting water-harvesting methods may turnout to be afutile
exercise. Consequent to the highly erratic seasonal rainfall in India, to prevent the high runoff, which
goes to the sea and to other environmentally affected areas, it is mandatory to adopt Rain Water
Harvesting Techniques. Even after the construction of much number of dams all over the world, still
more than 50 to 60% of the rainwater goes as a waste and reaches the ocean, due to adequate capacity
of these dams and water bodies. Y et there are deficit for water in major parts of the world. Mining of
groundwater through deep bore wells/ open wells; deplete the groundwater level to an unimaginable
horizon. Government yet to over come this aspect. Isit a problem to deal with the people themselves?
There is one thing common in both mega cities and remote villagesin India, and why not, the same
problem in most of the countries in the world, the water scarcity? Where we have gone wrong in
formulating the right water policy? For finding solution, which suits our sub continent, appropriate
technology has to be adopted very carefully with the threats and thrusts on various irrigation projects,
and right approach by implementing the "Old Traditional India's Water Harvesting Techniques' in a
more Scientific Way, which helps to conserve the surplus water during rainy season, with certain
limitations.
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1.12 Rainwater Harvesting For Home Gardens In Dry Zone Of Sri
Lanka

P. A. Weerasinghe
Faculty of Agriculture, Rgjarata University of Sri Lanka Puliyankulama, Anuradhapura, Sri

Lanka. arunis0@yahoo.com

T.N. Ariyananda
Lanka Rain Water Harvesting Forum 28/3A, Subhadrarama Mawatha Nugegoda, Sri Lanka

tanuja@sltnet.lk
C.S. Weeraratna
Sugarcane Research Institute Telawala Road Ratmalana, Sri Lanka csweera@sltnet.lk

Abstract

A study was conducted on how harvested rainwater in low cost surface runoff tanks would improve
theincome level of householdsliving in the dry zone area of Sri Lanka. To collect rain water, low cost
ferro cement surface runoff tanks with 5 m3 capacity were built at the bottom of the land towards the
slope, where the runoff rainwater flows through the contours into the tank. Three cropping patterns
were introduced, ie. one crop planted between contour bounds, mixed crops planted on the same
contour and N- Fixing trees (i.e. Gliricidia) planted on the contour. The contouring the land helped to
direct water to the tank aswell asto control erosion. Results showed that the three different cropping
patterns used had no significant difference in amount of water collected in tank or to the income
increase by cultivation. However, regardless of the cropping patterns 100% of income increase was
observed in Mahain compare with theincome prior to the project intervention. Due to availability of
water, farmers started cultivate in Y ala 2004 which they have not done in past. Farmers used excess
tank water not only for cultivation but also to generate income by other means eg. brick making.
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2  SOCIO-ECONOMIC AND ECOLOGICAL IMPACT OF
RAINWATER HARVESTING; ISSUES OF FINANCIAL
VIABILITY AND SUSTAINABILITY

2.1 Rainwater Harvesting And Its Safety In Maldives A Pilot Study
Conducted In Laamu Atoll Gan, Maldives - 2005

Aleem-Amu Abdul
Maldives Water and Sanitation Authority, Male, Rep. of Maldives

Abstract

This report discusses the findings of a pilot study conducted in Laamu atoll, Gan, Maldives. The study
was carried out to assess the issues surrounding the safety of rainwater harvesting and identify key
areas where communities must focus in order to keep rainwater safe for drinking.

Maldives receive 1980 mm of rainfall per annum and rainwater harvesting is practiced widely
throughout the nation. However, over the years, concerns have been raised on the hygiene aspects and
safety of the collection systems and the overall quality of the rainwater. Twenty samples were selected
randomly from Laamu Gan and data was collected using questionnaires, taking samples and doing
bacteriological analysis.

Theresultsreveal that 45 percent of the household rainwater storage is contaminated. The results also
indicate that 40 percent of the household roofs show evidence of faecal contamination and 65 percent
of the households do have a problem of cats, either by their accessto roof or being in the vicinity of
the house. To reduce exposure to disease risks the report recommends the implementation of a water
safety plan for rainwater, and ensure awareness through education and campaigns, aimed at
empowering households and communities to keep their rainwater harvesting systems safe.

The report provides some information about Maldives and rainwater harvesting. It then concentrates
on the survey, firstly by providing background information on the study population, aims and
objectives, methodol ogy, results and ends with a discussion, recommendations and conclusions.

2.2 Need For Groundwater Utilization And Management In
Aurangabad City, Maharashtra

S.M.Deshpande
Junior Geologist, Groundwater Surveys and Development Agency, Shivajinagar, Pune 411
005

Abstract

Aurangabad city is famous for its water supply schemes of historical importance. Initially the town
received its water supply from springs or wells, connected with small underground masonry pipes.

These systems were designed to supply sufficient water through out the year. The city still depends
upon some of these sources and of thesefour are still in aworking order.
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However, with increasing popul ation and urbanization the geographical area of the city has also
increased manifold, demand supply cal culations were to be regularly revised. The water supply

network has been upgraded accordingly and new dependable source from the Jayakwadi Major

Irrigation Project has been tapped to fulfill the demand.

Dueto rainfal variability Jayakwadi reservoir isfacing problems of assured inflow and is not getting
filled up to the capacity every year. This ultimately is affecting water supply of the city and also
causing distress among farming communities. Besides this, tremendous amount of energy is required
for pumping, which isincreasing the cost of water supply to the city. In view of these facts and
considering the availability of groundwater resources within city limitsit is now very essential to think
about development and management of groundwater dependant sources to supplement the city water
supply.

Thereis scope for groundwater based water supply schemes, as around 18 Mm? of groundwater
resource are available and is economical than the surface water. The domestic requirement of around
40-50% of the present population can be catered though groundwater. Geology of the city is favorable
for artificial groundwater recharge, hence groundwater management measures like rainwater
harvesting by different ways and means are very much essential.

2.3 Rainwater Harvesting: Impact On Society, Economy &
Ecology

Radha R. Goyal
Research Scholar, Dept. of Civil Engineering, IIT Delhi, Hauz Khas, N. Delhi — 110016.

Bharat Bhushan
Senior Engineer, Triune Projects, New Delhi

Abstract

A sufficient, clean drinking water supply is essential to life but millions of people throughout the
world do not have accessto this basic necessity. Even after the intensive efforts of Engineers,
Planners, Builders, Governmental and Non Governmental Organizations (NGOs) to bring potable
water to the poorer people of the world, the situation is still dire. There could be various reasons for
that for e.g. Cost, Climate, Technology, Hydrology, Socia and Political reasons.

In developing world like India, Sri Lanka, Kenya, China, Thailand, Tanzania, where the hundreds of
millions of people depends on rainwater for their domestic water needs and rain is not aregular
phenomenon throughout the year, rainwater harvesting (RWH) is the only possible choice, which can
solve their problem of water scarcity but unfortunately it is often overlooked by planners, engineers
and builders due tolack of information. It has been estimated that almost 25 - 35% of total rainwater
islost in the form of surface run-off and causes flooding in downstream areas and soil erosion.
Conserving this water will not only solve the problem of water shortage for their crop production and
other household needs but it will aso reduce soil erosion and protect the environment. “ Surface
tanks’, "pathaha (recharging structures)”, “wells’, “bore holes’ etc. are some of the commonly used
traditional methods in dry areas. Although domestic roof water harvesting (DRWH) isalso in practice
in many countriesin two forms, namely, “Informal DRWH” and “Formal DRWH”, but are used rarely
on asignificant scale dueto either they produce a small amounts of not-very-clean water or adopted
with subsidies, which can’t be afforded by poor householdsin villages. So there is a need of
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development and assessment of very low cost domestic roof water harvesting (VLC DRWH)

technol ogies, which can meet the water needs of poor households in devel oping countries. In order to
assess the potential for a considerable expansion of DRWH usage by the poor, we have to ascertain
the underlying economic viability of this mode and understand impediments to its use. We have to
demonstrate how far it can give potable, reliable and of course affordable water.

This paper includes the existing technologies, avail able for harvesting the water, which are either
capital intensive (economically not viable) or technically complex and are environmentally and
socially inappropriate, along with the new technological aternatives and their social (such as gender
issues influencing the adoption and use of rainwater harvesting systems), ecological (effect onlocal
biodiversity and crop production, ground water levels and soil erosion) and economic (such as
willingness to pay, seasonal variationsin water costs etc.) implications . The better rainwater
harvesting practices/ technologies, which are driven by a clear understanding of the specification, can
conserve the biodiversity in home gardens by promotion of agro forestry systems.

2.4 Rainwater Harvesting In The Uk — A Solution To Increasing
Water Shortages?

Cath Hassdll
ech20, 5, Roseberry Gardens, London, N4 1JQ, UK cath.hassell@ech20.co.uk

Abstract

Average water usein the UK is 150 litres per person per day. Just 22% properties are metered and
most households pay a fixed rate regardless of water used. In England and Wales water is privatised.
Water saving measures are proving hard to introduce as consumers see no monetary return on devices
purchased. Large profits made by some water companies further mitigate against customers
willingness to save water.

Rainfall varies from 550 mm a year to 3000mm with the bulk of the population living within areas
whererainfall isjust 600-800mm ayear. Rainfall is spread throughout the year at afairly uniform
monthly rate. Rainwater harvesting reduces potable water demand and prevents surcharging of storm
water drains.

The south and east of the UK are under water stress, which will worsen due to hotter summers and
increased development in these areas. As 55% of treated water is used in households the UK
Government under their Sustainable Building Strategy suggest that a 25% reduction in potable water
use is necessary. This 25% reduction can be partly met by more efficient appliances. However the
remainder will need to be met by other means with rainwater harvesting being seen asthe most likely
option.
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2.5 People Perception And Acceptance Of Rainwater Harvesting
In A Coastal Area In Bangladesh

Md. Rezaul Karim
Department of Civil Engineering, Khulna University of Engineering & Technology (KUET),
Khulna-9203, BANGLADESH (email: rezaulmd@yahoo.com)

Anwar a Begum Shelly
Director, Caritas Fisheries Program, Prokal pa Bhaban, Pallabi, Mirpur, Dhaka-1221

Michel Biswas
Regional Director, Caritas Khulna, Rupsha Stand Road, Khulna-9100.

Abstract

Rainwater harvesting is one of the feasible options of fresh water sources in the coastal areas of
Bangladesh and recently alot of initiatives and programme were undertaken to promote and install
rainwater harvesting systems both in the coastal and arsenic affected areas in Bangladesh. People
perception and acceptance of rainwater harvesting in a coastal area was assessed through a detail
guestionnaire survey, which provides useful information regarding the knowledge and awareness of
key issues related to water supply, purpose of water uses and availability from the existing sources,
peoples attitude towards rainwater harvesting and other alternative sources, rainwater harvesting
technique and water usages, roof material of the houses of the households and problems related to safe
drinking water in the study area. A total of 168 persons randomly selected were interviewed,
representing different groups of the people like teacher, farmer, caretaker and housewife. From the
survey, it revealsthat rainwater harvesting is the most preferable source of water for drinking and
cooking. A high portion of uses expressed their satisfaction with rainwater harvesting systemsin their
community and users involvement in operation and maintenance, which indicating high community
interest and acceptance of rainwater harvesting inthe study area.

2.6 Drinking Water Source Sustainability And Groundwater
Quality Improvement In Rural Gujarat

IndiraKhurana

External Advisory Servicesto Water and Sanitation Management Organisation (WASMO) 3w
Floor, Ja Sewa Bhavan, Sector 10-A, Gandhinagar - 382 010, Gujarat, INDIA; ph: 079 2324
7170; 2324 7171 e mail: indirashok@vsnl.com

Manmohan Sehgal

External Advisory Servicesto Water and Sanitation Management Organisation (WASMO) 3w
Floor, Ja Sewa Bhavan, Sector 10-A, Gandhinagar - 382 010, Gujarat, INDIA; ph: 079 2324
7170; 2324 7171 e mail: manmohansehgal@indiatimes.com

Abstract

In spite of impressive coverage over the last few years, several villages covered under rural water
supply programmes have fallen back to ‘not covered’ statusin Gujarat. Clearly sustainability of water
supply sources and systems devel oped is a problem. Poor groundwater quality is an emerging problem
aswell.
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Over the last few years, in-village water supply systemsin 82 water-stressed villages in the Ghogha
region of Bhavnagar district of Gujarat have been created using amodel partnership approach that
ensures sustainability of the created water infrastructure through complete community involvement,
and, sustainability of the drinking water source through back up of local water sources by bulk water
transfer and water resource management through rainwater conservation. The project, Community-
managed Ghogha regional water supply and sanitation project is funded by the government of the
Netherlands and facilitated by the Water and Sanitation Management Organisation (WASMO), an
autonomous body set up in 2002 by the government of Gujarat to promote decentralised, community
driven, owned and managed invillage drinking water supply systems.

This paper describes the water problems and rainwater conservation interventionsinvolved in
ensuring drinking water security in the Ghogharegion. It provides learning for other rura drinking
water supply systems and stresses the role of using rainwater for recharging the groundwater for
drinking in addition to irrigation purposes.

2.7 Sustainability Of Watershed Projects: A Case Of Punjab
Shivalik, India

Dr. Upendra Nath Roy

Abstract

Integrated watershed management approach has emerged a holistic approach for the sustainable
development of rural based communities in the countryside. Several successful experimentsin all
parts of the country have shown the path in this direction. The peopl€’ sparticipation isthe key to
devel opment based on such projects because it deals mainly with the common property resources like
forest, water and land. The major components of development through watershed approach can be
broadly categorized as ecological sustainability, economic sustainability and social sustainability. All
the components are mutually dependent on each other however the peopl€e's participation isthe critical
dimension to sustain the devel opment process.

The sustainability of the watershed project depends on the ecological and technical parameters like
construction of water harvesting structures; soil and water conservation measures etc. Similarly, the
economic parameters are like the benefits to the masses in comparison to the cost in terms of water
and irrigation security, food security, fodder security and ensured employment through agriculture.
But the major contribution is from peopl€ s participation or social sustainability of the project. If
peoples’ participation is achieved it can lead to better implementation of the project; growth of the
project and maintenance of the created infrastructures on sustainable basis. The present paper would
focus and try to measure ecological, economic and social sustainability of 6 selected project villages
in Punjab Shivalik. It would try to develop a Sustainable Development Index for 6 selected watershed
villages developed by different watershed development agenciesincluding World Bank.



Proceedings of the 12" International Conference on Rain Water Catchment Systems: Abstracts

2.8 Economics Of Rainwater Harvesting In The On-Farm
Reservoir For Integrated Rainfed Farming System In Eastern
India

L axmi NarayanSethi
Sudhindra N. Panda

L. P. Pholane
Agricultural and Food Engineering Department, Indian Institute of Technology, Kharagpur-

721302, India snp@iitkgp.ac.in

Abstract

Eastern India continues to lag behind other parts of the country in production and productivity of
crops including rice because most of itsrainfed areas (70% of cultivable land) lack in supplemental
irrigation (Sl) facilities. A substantial quantity of runoff islost to the Bay of Bengal as surface
drainage, which could be harvested in cropped field with different dyke (weir) heights and aso in the
on-farm reservoirs (OFRs) (lined and unlined) for meeting Sl requirement of crops and fish culture.
So, atechno-economic feasibility study on rainwater harvesting and recycling processes was
undertaken at the field scale. Two years (2002-2003) of field studies on monsoon rice, winter mustard
and three fish varieties (in the OFR) were conducted in 18 plots (40 m x 20 m) including the OFR of
square shaped pyramidal type (8.94 x 8.94 x 2.4 m). The benefit cost ratio (BCR) of the OFR system
for alife period of 25 years was estimated and compared with the plots without the OFR. The BCR of
the lined OFR with monsoon rice and fish integration system was 1.54 for 0 cm; 1.65for 5cmand 1.8
for 10 cm weir heights, whereas for the unlined OFR, the BCR was 2.83 for 0 cm; 2.7 for 5 cm and
2.66 for 10 cm weir heights. The BCR for rice-fish-mustard integration system with the lined OFR
was 2.73 for 0 cm; 2.66 for 5 cm and 2.63 for 10 cm weir heights, whereas for the unlined OFR, the
BCR was 4.23 for 0 cm, 3.79 for 5 cm and 3.27 for 10 cm weir heights. Hence, integrated farming
with the OFRs was found to be cost effective for increasing the agricultural productivity of rainfed
ecosystem in eastern India.
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3 WATER LAWS & POLICY: PROBLEMS, PROSPECTS
AND CONSUMER PERSPECTIVE IN RAINWATER
HARVESTING AND MANAGEMENT OF GROUND
WATER

3.1 Innovative Policy Interventions To Increase Domestic Rain
Water Harvesting In Urban Areas

Tejwant Singh Brar
Research Scholar, Architecture and Planning Department, |1 TR, Roorkee

R.K. Jain
Associate Professor and Former Head, Architecture and Planning Department, |1 TR, Roorkee

Deepak Khare
Associate Professor, Department of WRDM, IITR, Roorkee.

Abstract

In the context of the burgeoning water crisisin urban India, the technology of Rain Water Harvesting
holds great promise in some of the water deficit cities of India. The technology is simple, cost
effective and sustainable. An integrated system of rainwater harvesting can be designed for a city, in
which RWH at the domestic and neighbourhood level can be combined with other rain water
harvesting techniques at the city level for recharging the aguifer which will augment the net
availability of fresh water for consumption. This paper draws attention to the need to change building
byelaws to augment artificial Recharge of ground water based on roof top rainwater harvesting

The paper also suggests that an appropriate regulatory and incentive mechanism can be devel oped by
the city governments to operationalise the technol ogy.

Key words: Domestic Rooftop Rain Water Harvesting (DRRWH), Recharge of ground water,
Building bye laws.

3.2 Rainwater Harvesting For Residential Irrigation: How
Sustainable Is It In Urban Context?
Bhakti Lata Devi
Basant M aheshwari

Bruce Simmons
School of Environment & Agriculture, University of Western Sydney, Locked Bag 1797,
Penrith South DC, NSW 1797, AUSTRALIA bhakti.lata@scholar.uws.edu.au

Abstract

In Australia, Irrigation of landscapes accounts for about 40% of the total urban water demand (ABS,
2003) and 20-50% of the total household demand (SWC, 2004, Loh & Coghlan, 2003) Water utilities
in Australia, while facing the recent spate of drought, have sought to promote rainwater harvesting to
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residential water usersin abid to reduce the potable water demand by residential landscapes. In this
paper we examine various options avail able within an urban system with a view to understanding the
place of rainwater tanks as a sustainabl e aternative to potable water supply. The paper concludes that
improvement of water use efficiency is more cost effective way of managing the residential irrigation
demand. However, the costeffectiveness of rainwater tank is maximised by connecting it to indoor
water uses and by ensuring that the rainwater tanks are installed in areas that are faced with
stormwater and flooding issues, where the tanks double up as stormwater detention tanks reducing the
peak hydraulic load on the downstream stormwater infrastructure. Rainwater tanks are more cost
effective in new developments as compared to retrofitting them in existing houses in urban areas that
have awater supply infrastructure aready built-into the system. This paper will assist policy makers
to put rainwater tanks in proper perspective when developing policies for sustainable water
management in an urban context.

3.3 State Water Laws/Policy Vs. Communityawareness On Water
In Natural Catchments Areasmanagement Issues

Ujjal Hazarika

Abstract

The present water availability scenario that exists in the country has brought about the famous water-
diamond paradox into the picture and it may finally turn out not to be so. The use value of water was
never undermined, but its about time that even its exchange value is given due importance as a serious
policy and governance issue. Fresh water today is a scarce resource, and it is being felt the world over
and especialy so in many parts of India. The reality of alooming water crisisin various regions of our
country cannot be ignored any more. India has beennotorious of being poor in its management of
water resources and as a policy areawe need to focuson these management practices and review them
in order to mitigate the crisis. The demand for water is already outstripping the supply. Mgority of the
population in the cities today are groundwater dependent. In spite of the municipal water supply, itis
not surprising to findpeople using private tube wells to supplement their daily water needs. Asaresult,
the groundwater table isfalling at an alarming rate. Extraction of groundwater is being done
unplanned and uncontrolled. This has resulted in Hydrological imbal ance, Deterioration in water
quality and rise in energy requirements for pumping. This as a policy issue needs an integrated and
holistic treatment to all available water resources and adaptation of better management practices with
better efficienciesin order to meet the requirement of the water demands of our country as awhole.

3.4 Rainwater Harvesting — An Alternate Water Resources In
Taiwan

Kwong Fai Andrew Lo
Immediate Past President, International Rainwater Catchment Systems Association (IRCSA)
Department of Natural Resources Chinese Culture University Taipei, Taiwan. E-mail:

ufab0043@ms5.hinet.net
Abstract

In recent years, rainwater harvesting system has becoming more and more important in Taiwan. It is
very effective in providing water supply, disaster prevention, alternative water source, and does not
create water right conflicts. Over the years, rainwater harvesting has emerged from the past limited
small and large farm pond use, and expanded to providing water supply for widespread agricultural,
industrial, and residential uses. Establishment of rules and regulations along with incentive programs
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is being implemented step-by-step to further promote rainwater harvesting. This paper describes first
the current status of water resourcesin Taiwan, followed by a narrative of rainwater harvesting
development trend. It also introduces the current status of rainwater harvesting and its application
results. Finally, the future prospect as well as the present incentive programs will be introduced.

3.5 River Interlinking And Rainwater Harvesting: A Comparison In
Indian Perspective

D. Mohan

Reader, Environmental Engineering Division, Civil Engineering Department Institute of
Technology, Banaras Hindu University, Varanasi — 221005 (INDIA).
devmohan9@yahoo.com; devmohan9@bhu.ac.in

S. Sarkar
Undergraduate Student, Civil Engineering Department, Institute of Technology Banaras
Hindu University, Varanasi — 221005 (INDIA). sam_itan@rediffmail.com

Abstract

To overcome the major problems of droughts, water scarcity and floods in different parts of India, a
massive river interlinking project has been considered for implementation by the Government of India
recently. The project also proposesto irrigate additional lands, meet the domestic water requirements
and generate electricity. The investment for the project, even before the completion of feasibility
studies, is estimated at about Rs. 5,60,000 crores. The drawbacks of this project include possibility of
induced seismicity, ecological disasters at micro-, meso- and macro-scalesin addition to other
tremendously-adverse environmental impacts. A better engineering solution to these problems may be
obtained by using rainwater harvesting. Rainwater harvesting has been successfully used in many
parts of Indiafor domestic purposes and irrigation. Rainwater harvesting can aso help in flood
severity mitigation to a very large extent in flood-prone areas and also for groundwater recharge and
thus, can lead to prevention of droughts. This paper presents a comparative analysis of river
interlinking and rainwater harvesting as applicablein India

3.6 Barriers To Rainwater Harvesting In An Aboriginal Community
In South Australia
Meryl Pear ce-Chur chill
Eileen Willis

Tom Jenkin
School of Geography, Population and Environmental Management, Flinders University GPO
Box 2100, Adelaide, 5001, South Australia, Australia meryl.pearce@flinders.edu.au

Abstract

This paper exposes the barriers to rainwater harvesting for domestic use in Koonibba Aboriginal
community. Although the community is supplied with a potable mains supply, when asked about their
water supply the community said ‘ There is no water’; this being areflection of their dry domestic
rainwater tanks as a result of a season of decreased rainfall, and aso highlights their preference for
drinking rainwater rather than the mains supply which has atotal dissolved salt content of 891 mg/L.
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In the past, and in addition to domestic rainwater harvesting, rainwater was collected for potable use
from the roofs of a conglomeration of administrative buildings; in years with adequate rainfall it
provided water to the community for several months. When an upgraded, potable, mains water supply
became operationa in 1997, the rainwater harvesting system was disconnected from the system by the
project managers. The community is eager to reinstate the rainwater harvesting system to dleviate
pressure on the aquifer system and lower the salinity of the mains supply, however, concerns over the
microbiological quality of the rainwater, and questions of institutiona responsibility for managing the
rainwater harvesting systems are hindering its progression.

3.7 Integrated Water Resources Strategies

David B. Stacey
Elizabeth Mann

John Petrie
Black & Veatch Ltd, Grosvenor House, 69, London Road, Redhill, Surrey RH1 1LQ, UK

i@
Abstract

Asthe demand for water continuesto increase, the development of sound national, regional and
community water resources strategies is becoming of paramount importance.

In devel oping a sustainable water resources strategy, a number of elements will normally need
eval uation—water supply, augmentation and conservation options, the maintenance or improvement
of water quality and the management of water demand.

The emphasisin water sector planning is often given to developing water supply solutions rather than
to augmentation of resources or management of demand but, increasingly, these are becoming
fundamental and integral features of awater resources strategy.

Augmenting existing resources, through water harvesting for instance, introducing water conservation
measures and managing demand may prove to be particularly important, particularly where the
vulnerable and poorer sections of the community are at a disadvantage. Their introduction, however,
often has political and socia implications.

The authors discuss these issues in the paper and the role of stakeholder involvement in strategy
devel opment.
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4 FRAMEWORK FOR MAINSTREAMING RAINWATER
HARVESTING & MANAGEMENT IN RURAL, URBAN &
INDUSTRIAL SECTORS

4.1 A Brief Study Of The Technologies Of Accumulating And
Utilizing Rainwater In China

Wang Yingjun
The Agricultural Department of Hebei Province, China, 050011

Summary

Chinais an ancient civilized country of the world. The nature outlook of ‘combining nature and
mankind into one' forms the bad ¢ skeleton of the prosperity and development of the Chinese
nationality, and what' s more, the farming culture of * distinguishing the winds and utilizing the water’
created by the ancient people has aso become a glorious part of the world civilization long time ago.
This article begins with the creation of the farming culture and the ancient civilization by Shennong,
introduces systematically the history of development of the Chinese agriculture in different basins,
analyses the historical origins between the Chinese civilization and the farming culture, discusses the
current situation and the direction of development of the modern rainwater accumulation agriculture.
Key words: farming culture, humid farming, dry farming, accumulation and utilization of rainwater

4.2 Women Groups Harvest Rainwater And Influence National
Policy A Ugandan Case Study

Charles Rwabambari
Centre for Community Solidarity P.O.Box 195 Mbarara, Uganda rwabambari_c@yahoo.com

HansHartung
FAKT-Consult Kanalstr.23 97990 Weikersheim, Germany hansfhartung@aol.com

Abstract

Rainwater harvesting has started in Oruchinga Valley, Southwest Uganda, in an important way after
1993. It was the participation of an NGO representative in arainwater workshop in neighbouring
Kenyathat marked the beginning. People in the area got owly interested reinforced by an exchange
visit and assistance in building demonstration tanks. Women saving groups were supported by small
donor funds. Rainwater harvesting met area demand and spread more and more. \Women groups are
now forming federations to get a stronger voice and negotiate with the administration. They were able
to influence politicians on the local up to government level. Government considers rainwater
harvesting now as a viable option for water supply and will include it into its national water policy.
The paper wants to show how rainwater harvesting started from small beginnings. It grew into abig
campaign in meeting the real demand of people in the highlands of Oruchinga Valley with no or bad
groundwater and no surface water nearby. Impacts for rainwater harvesting are described. Once
rainwater harvesting as a non-conventional source of water supply is being practiced and appreciated,
it isimportant to go steps further in order to establish it as recognised option within the national water
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policy. Only thiswill lead to further spread and thus contribute to reach the Millennium Devel opment
Godls.

4.3 Homestead Watershed Management: A Forgotten Traditional
Water Wisdom Of Kerala State, India

Dr. Jos C Raphael
Secretary, Rain Centre Kizhakepuram, Aranattukara P.O Trichur, Kerala State India Pin 680
618 Phone; 0487 2384958 9447016400 Email: joscraphael@sancharnet.in

Human settlement pattern in Keralais peculiar in comparison with the other states of India. Generally,
Indian human settlements are in the form of cluster of housesin the villages whereas such clusters are
not common in Kerala. Here the people have separate homesteads with clear cut boundaries made up
of vegetative fencing or some constructions/ compound walls. Kerala receives 3000 mm rainfall
average per year and it has nearly 180 to 200 open wellsin asquare Kilo Meters. Still Keralaface
acute water shortage in the summer stands like a paradox. What troubled the Kerala waters? Kerala
homesteads were self reliant with homestead open wells and ponds. Now the things altogether
changed after the year 1983in which Keralafaced sever draught in the recent history.

Reasons behind Water Scarcity in Keralaare numerous. Increased population density always being
named the chief responsible factor for water scarcity though the state receives the bountiful of rain
more than its requirements. Traditional agricultural practices at local level is athing of past in many
parts of Kerala especially in rural —urban continuum parts of the state. Our ancestors were keen
enough to conserve the rainwater they get in their own homestead garden soil. And this has been
changed up side down to “flush out” all rainwater from their homestead compounds resulting
inadequate water in their homestead open wells particularly in summer. The compound walls with
rainwater ‘flush out holes are very common in many houses. Ornamental bricking around the house
premises instead of traditional cow dung mix flooring become impediments to percolation of
rainwater at the homesteads.

Nuclear family system requires separate homesteads that fragmented many cultivable lands into small
pieces of 0.10 to 0.20 acres. These fragmented lands of agriculture turned housing habitats give little
scope for the water conservation practice of traditional agriculture. Keralites give less attention for
various water conservation measures practiced by their ancestors for the last five decades. The
modernisation and government water supply systems made them dependent upon government water
supplies. The ponds were leveled to sell off their land and perennial open wells often converted to
deep tailet pits to accentuate the agony. And no new pond making or new tank spaceis created.
Leveling of paddy fields for house constructions destructed natural eco systems and this destruction
necessitated the uncontrolled sand mining from rivers for house and other construction works.
Consequently, open wells near to the rivers depleted and further, leveled paddy lands gave scope for
floods aswell. Thisinvites troubles for Kerala Waters.

Farmer’s collective efforts in the form of cleaning ponds, building minor earthen check dams across
the streams at the end of monsoons and other similar activities are now termed as the duties of local
governments. Aslocal governments have been entrusted with enough powers and funds for such
activities, farmers neither interested in such activities nor local governments may do it keenly or
timely. The reasons for such negligence could be multifarious.
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Lavish water habits of Keralitesiswell known asthey get rain for nearly six months from Juneto
November from South West and North East Monsoons. They think about water scarcity and
conservation during summer and the subject will be in deep s umber once mid summer shower falsin.
This has been happening almost every year that pave the way for crores of draught assistance and
flood assistance from central government and millions from International Development Agencies as
loans due to the sheer water illiteracy of Keralites. Often the Contractors, bureaucracy and full time
political activists reap the benefits of such ass stance than the people.

4.4 The Role Of Rain Centres In Promoting Rainwater Harvesting
In Urban Areas.

Dr. Sekhar Raghavan
(Ashoka Fellow), Director, Rain Centre, 4, 3 Trust Link Street, Mandavelipakkam, Chennai
600 028, INDIA Tel.No. 91 44 2461 6134 Email: sekarl479@yahoo.co.in

Introduction

Rain is the predominant source of al the fresh water on this planet. Harvesting rain is thus one crucia
means of sustaining both our surface and sub-soil water sources. That this has been historically well
understood throughout rural Indiais evident from numerous traditional water harvesting systems put
in place long years ago and still in operation. On the other hand, urban Indiato date has not only taken
water for granted but has exhibited little interest in rainwater harvesting (RWH), despite its potential
to help sustain groundwater sourcesin the urban milieu either indirectly, by using harvested rainwater
to lessen the need for pumping groundwater, or directly, by injecting the harvested water into the
aquifer.

60% of Indiais expected to be living in towns and cities by 2025. Municipal authorities are finding it
more and more difficult to meet the water needs of this bourgeoning urban population. A classic
exampleisthe coastal city of Chennai (Madras), one of the four major metropolises of India and the
capital of the state of Tamil Nadu. Inadequate supply of municipal water over the last two decades has
forced the populace to relentlessly tap groundwater for its needs. This over-exploitation has resulted in
the sharp depletion of the groundwater table and to deterioration of its quality aswell. In Chennai's
coastal suburbsin particular, seawater has already intruded into the coastal aquifers, rendering
groundwater quite saline.

Many other cities, both in Indiaand el sewhere, are already facing a similar situation or heading
towards it. India, with its bounteous monsoon rains, can substantially alleviate the problem by
artificial recharge of the groundwater in areas like Chennai, where the underlying sandy soil and
aquifer structureis suitable for such purposes. That is, after rainwater has been gathered by efficient
and cost-effective RWH structures throughout the city, it can be systematically injected into the soil
by means of equally cost-effective wells and other infiltration structures. Urban rainwater harvesting
is of amore recent origin than rural water harvesting, and new designs will have to be devel oped for
the urban context, particularly for RWH systems that are primarily concerned with aquifer recharge.
But progress made to date in Chennai indicates that such changes are indeed feasible, cost-effective,
and potentially quite effective in other similar urban locations.

Almost all mgjor citiesin India suffer from the dual problems of flooding during monsoon months and
water scarcity during non-monsoon months. Thisis probably true of several other cities around the
world. While shrinking of open spaces and indiscriminate paving activity indulged in by both the
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society and state has been responsible for flooding of cities, over exploitation of groundwater sources,
not making any sincere attempts by the residents and the government to harvest rainwater and the
apathetic attitude of urban residents towards water in general and RWH in particular are some of the
reasons for water scarcity.

Optimum Tank Capacity For Rain Water Harvesting Systems In Home Gardens

C.M .Navaratne

Senior Lecturer, Department of Agricultural Engineering, Faculty of Agriculture, University
of Ruhuna, Mapalana, Kamburupitiya. E-mail: champa@agricc.ruh.ac.lk Tel: 9441 2292200
Fax: 9441 2292384

K.D.N.Weerasinghe
Dean, Faculty of Agriculture, University of Ruhuna, Mapalana, Kamburupitiya. E-mail:
kdnw@ageng.ruh.ac.lk Tel: 9441 2292382 Fax: 9441 2292384

L.N.N.Jayasuriya
Senior Lecturer, School of Civil And Chemical Engineering, RMIT University, Melbourne
Australia E-mail: jayasuriya@rmit.edu.au

Abstract

Sri Lankaisatropical agricultural country, which is situated between 5° and 10° north latitude and
between 79 and 82° east longitude with a total land area of 65,610 km?. The hazards associated with
the tropical environment similarly influence for crop production in Sri Lanka. The average rainfall and
average temperature of the country vary from 900 — 5100 mm and from 20 — 34°C respectively. The
distribution of the rainfall pattern of the country indicates the bimodal pattern with the uneven
distribution of rainfall timely and spatially. It makes both rainless periods and excess of rainfall
periods, which adversdly affects the growth of the crop, and the ultimate result isthereduction in
yield. Therefore the major irrigation schemes have been developed on priority basis since 500 B.C to
optimize the crop production, which were mainly aimed for the paddy cultivation and the large-scale
up-land crop cultivations.

On the other hand, Sri Lankan Agriculture is dominated by smallholders. Nearly 73% percent of
agricultural lands belong to smallholdings. The land holdings of them are usually small, about 0.1- 0.4
ha per family (Waragoda, 2002). Usually they have a multi-storied, mixed cropping system in the
vicinity of the house. It is called as home gardening and there can be both perennial and annual crops
around the house. The rural women’s endeavor isto maintain and improve their home gardensin order
to cope with the problems posed by the malnutrition. Hence, output generated by the home gardens
can improve the diet of the family and their health situation as well asit derives additional income for
the wellbeing of the family. A well-devel oped home garden is a stable and partly self-generating
ecosystem. Since home gardens in up lands are dearth with inadequate water resource, rural women
compel to shed extra energy for irrigating their home gardens or if it is not so, leaving it barren.
Therefore, rainwater harvesting through roofs during wet periods enabling to irrigate crops during dry
periods within the same area, is one of productive optionsin order to deal with their grievance on
water scarcity. If this could be practiced, it would save the water and eliminate the risk of water
shortage that affects the cropping seasons. The roof water harvesting for domestic and agricultural
uses have been a common practice in developing countries.
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4.5 Piloting The Delivery Of Domestic Roofwater Harvesting
Systems In Bushenyi And Mbarara Districts In Western
Uganda

Grace Nakanjakko

Gloria Kamugasha K arungi
Uganda Rainwater Association Plot 27 Clement Hill Road P.O.Box 34209 Kampala, Uganda
Tel.: +256 41 340201/31 276766 Email: urwa@searnet.org ; nakanjakko@agric.mak.ac.ug

Abstract

In March 2003, the Uganda Ministry of Water, Lands and Environment (MWLE) through the
Directorate of Water Development (DWD) commissioned a study to develop a national strategy for
development of rainwater harvesting for households, communities and institution water supply. The
study mainly focused on the assessment of socio-economic and gender aspects of rainwater harvesting
and the factors affecting its acceptability and sustainability in 8 districts selected from different
regionsin Uganda. The study revealed that there is a potential demand for rainwater harvesting in
several areas, with the major limitation being affordability of appropriate facilities. As part of the
overall strategy development process, a pilot programme was implemented in Mbarara and Bushenyi
Districts to yield information on the viability of mainstreaming domestic roof water harvesting into
community water supply systemsin water stressed areas of the country by working through Non-
Governmental Organisations delivering services in the water and sanitation sector. The implementing
NGOs worked through existing ingtitutional structures to mobilise and sensitise the community and
equip them with hands on training in construction of domestic roof water harvesting systems at
selected beneficiary households.

4.6 Rainwater Harvesting Is The Way To Enhance Water Use
Efficiency In Rainfed Area

Zhu Qiang

Li Yuanhong
Gansu Research Ingtitute for Water Conservancy 120 Gaolan Road, Lanzhou 730000, China

zhug70@163.com

Abstract

Rain-fed area occupies about 60% of the total cultivated land in China. To raise crop yield, the key is
to enhance the use efficiency of rain. For this, in the past decades, people has made many efforts,
including cultivation measures, terracing land to retain more rainfall, breeding crop varieties to better
adapting to the climate, etc but the WUE remained at alevel of lessthan 0.5 kg/m®. Since mid 1990's
the rainwater harvesting (RWH) has been used to supply irrigation water in the dry farming areas of
northwest Gansu province in China. Water application is taken place at the critical crop growth
seasons with very limited quantity, amounting to only 1/10 of the crop water requirement and is about
1/20 to 1/7 of that with the conventional irrigation system. However the effect is promising.
Experiment and demonstration projects showed that crop yield increased by 20-80%, and WUE
increased by 30-220% for wheat and 250-500% for corn. The water supply efficiency (WSE) of the
RWH system was 2-2.5 kg/m?® for wheat and 3.6-4.6 kg/m® for corn. Reasons of the high WUE and
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WSE are due to adoption of the deficit irrigation principle and applying highly efficient irrigation
methods. A new formulais devel oped for the upgraded dry farming agriculture: “RWH Irrigation +
Conventional Rainfed Practices’. The RWH irrigation technique may bring the rainfed agricultureto a
new level and even a breakthrough.

4.7 Using Media To Popularize Rwh Our Experiences

Shree Padre
Journalist Post Vaninagar Via Perla 671 552, Kasaragod Dt., Kerala, India Ph: (08251)
287234; (04998) 266148 E-mail: shreepadre@sancharnet.in ; yespee@gmail.com

Since 1988, we have been running a unique farm magazine, Adike Pathrike in Kannada. Unlike other
farm magazines, Adike Patrike carries only reliable, time-tested information provided by practicing
farmers. It highlights need-based, practical information picked up directly from farmers' fields. In
1996, we started a feature series on RWH. Success stories that have implementable, low-cost methods.

It was not easy to gather information for the series. Concept of Rainwater Harvesting & Watershed
Development was almost unknown then. There were only hand counts of success storiesin the
country. Everybody was under the impression that common men couldn’t do anything to mitigate
water scarcity. The government departments concerned couldn’t suggest simple methods of
augmenting water that a commoner can afford. The genera impression was that it is only huge
government money & big dams only could provide water safety.

What started as a ‘ feature series' in our magazine slowly grew into a campaign. Ours was athree —
pronged approach. Publication of success stories in the magazine, slide shows for interested groups on
invitation and publication of books for sale (9 in Kannada, 1 in English). Even today, RWH books
written by us happen to be the only ones in Kannada, and more importantly, written for laymen.

4.8 Rainwater Conservation From The Roof In Hyderabad, Ap,
India

M M Sharma

ICRISAT, Patancheru P O, 502324 AP: Residence Address: 19, Hastinapuri Colony,
Sainikpuri PO, 500094. Tel Office 040-30713170, Mobile: 9849021472, Tel Resi. 040-
55172220, E-mail: murli.sharma@cgiar.org

Hyderabad has serious water problems like other Indian cities, largely because urban populations have
increased much faster than anticipated. Water, because of its importance as a natural resource for both
domestic and industrial use, is alimiting factor in the quality of life. The public’ s expectations from
the Government to improve the water supply are very high. It is essential to understand that water, as a
precious natural resource, cannot be created. The key isto manage it in whatever manner possible.

The Government does not have a magic wand to solve this problem, and devel oping dependable
sources is time-consuming, technically difficult and expensive. But the problem of guaranteeing a
sufficient supply of clean water istoo serious an issue to be left to the Government alone. The public
also needs to step forward to help manage water and create awareness for its proper use.

Water inflow to Hyderabad' s two important drinking water reservoirs, Osman Sagar and Himayat
Sagar, has gradually reduced over the years because of urbanization in the catchment areas. It is
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therefore essentia that thisloss of water be compensated through the efficient management of
rainwater in urban areas.

In Hyderabad, the protected water supply meets about 40% of domestic water requirements. The
remainder is met by ground water. Practically every household has adug well or bore well. The
distance between two bore wellsin most areasis as close as 30-60 feet. Due to poor recharging and
excessive drawing, most dug wells in city area have gone dry. The water table accessed by the much
deeper bore wells has lowered considerably, and in several areas of the city bore wells go dry as early
as January, long before onset of the monsoon. In several colonies, the depth of new bore wellsis over
700 feet, adepth unheard of 10 years ago in Hyderabad. As the water table goes down, so does the
quality of water and its chemical constituents. Nature provides ground water for our need, not our
greed! The Deccan Plateau is no exception. Deep bore wells are unlikely to yield sufficient water to a
family, who may wind up spending more and more money digging to greater depths, harvesting water
of increasingly poor quality. All too frequently, water is actually lost when it flows through cracksin
the bore well column, and then is accessible to no one.

What is the answer to this dilemma? In a single word, rainwater!
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5 RAINWATER QUALITY, SANITATION AND
HYGIENE ASPECTS

5.1 Tank Sludge As A Sink For Bacterial And Heavy Metal
Contaminants And Its Capacity For Settlement, Resuspension
And Flocculation Enhancement

Anthony T. Spinks
Dunstan, R.H.

Coombes, P.
Dept. of Biol. Sciences, School of Environmental & Life Sciences, The University of
Newcastle, Callaghan 2308 AUSTRALIA anthony.spinks@gmail.com

Berghout, B.
Hunter Water Corporation, AUSTRALIA

Kuczera, G.
School of Engineering and Built Environment, The University of Newcastle, Callaghan 2308
AUSTRALIA, s

Abstract

Tempora changesin water quality as well as variationsin water quality at points along rainwater
harvesting systems have reveal ed the existence of a number of incidental water treatment mechanisms,
termed here the ‘treatment train’. Analysis of dudge samples from six rainwater tanks located in urban
areas on the Australian East Coast found extremely high concentrations of a number of key
contaminants, identifying tank sludge as an important sink for contaminants and a key aspect of the
water quality treatment train. The potential for resuspension of the sludge during rain events could
result in an extreme compromise of tank water quality. Lead levelsin the dudge from the six tanks
varied in concentration between 520— 7070 ppm, representing a magnification of 34 000 — 360 000
times that detected in the respective water columns. Elevated bacterial concentrations and a number of
macroinvertebrate species were observed within the dudges. The distribution of sludge in each tank
was quantified and analysed with the results indicating that while the quantity of dudge in different
areas of the tanks varied significantly, the elemental and bacterial composition did not. Experiments to
determine rates of settlement and flocculation capacity were carried out on two different tank sludges,
representing two common types of tank sludge. Rates of settlement differed remarkably between the
two sludges as measured by total bacterial counts and spectrophotometrically. The most common type
of dudge, ‘type A’, required only 30 minutes before complete re-settling had occurred, whereas ‘type
B’ sludge required 7 days. Sampling of the water column in the five tanks in the days following rain
events showed that water quality decreased immediately after arain event and improved over the
subsequent seven days.
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5.2 Slow Sand Filtration Within Rainwater Tanks

CeliaWay

Terry Thomas
University of Warwick Engineering Department, Coventry, CV4 7AL, UK
c.m.way@warwick.ac.uk, t.h.thomas@warwick.ac.uk

Abstract

Slow sand filtration is along-established technique for improving the biological and physical quality
of water. In its standard formwater is passed at about 200mm/hour down through a bed of sand about
1 metre deep. For use inside a household rainwater tank however we require a much cheaper and
therefore shallower filter and we must accommodate the intermittent flow corresponding to water
being drawn off for afew minutes several times aday. A tenth-scale model of such afilter was built in
the laboratory and used to show that very shallow sand filters (aslittle as 5cm deep) are effective even
when they are operated very intermittently —reductions in faecal coliform count of about 95% were
obtained. Some field tests in Uganda then followed which confirmed the effectiveness of the
technique. The paper describes the findings and also examines how slow-sand filtration could actually
be incorporated in rainwater tank design.

5.3 Rainwater Harvesting: An Integrated Approach For The
Provission Of Safe Water From Cisterns

Taha Mohammed Taher
Civil Engineering Department,Water and Environment Center, Sana a University P.O. Box
14636, Sanaa Y emen e-mail: tmtahiri @y.net.ye

Abstract

The tremendous growth of population in Y emen, the more consumption of potable water, and the
rapid development in the agricultural sector in the past 25 years, resulted in depletion and shortages of
water resources potentials and sustainability. Water shortages and scarcities in mountainous areas are
more severe than in plain areas. Mountainouse villages practice rainwater harvesting for centuries
where they have dvel oped magnificant systems which some of them still available to the moment.
Therefore, rainwater harvesting is one of the options for many communities facing serious water
supply shortages by providing an improved water source qualitatively and quantitatively. The
improvements of the health, social and financial conditions of the population are the main objectives
of the rehabilitation of the old systems. It isimportant that in order to rehabilitate or develop new
systems, comprehensive studies on the health and environmental issues such as environmental factors,
technical measures, effective anitation and hygiene practices should be introduced integrally. This
paper describes briefly these issues and outlines their impacts on the community.

Key Words: Water Harvesting, Cisterns, Hygene, Drinking Water, Environment
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5.4  Balancing Microbial Quality And Corrosion Potential Of
Instantaneous, Solar, And Storage Hotwater Systems
Supplied By Harvested Rainwater In The Urban Environment

Anthony T. Spinks
Dunstan, R.H.

Coombes, P.
Dept. of Biol. Sciences, School of Environmental & Life Sciences, University of Newcastle,
Callaghan 2308 AUSTRALIA, anthony.spinks@gmail.com

Kuczera, G.
School of Engineering and Built Environment, University of Newcastle, Callaghan 2308
AUSTRALIA,

Abstract

The acceptability of the quality of hotwater supplied by harvested rainwater in the urban environment
has been the subject of much debate in many developed countries as aresult of attempts to maximise
usage of harvested rainwater in order to improve city water-cycle management. Debate has centred
around the issues of the microbiological quality of the heated rainwater, since many tank water
samples fail drinking water guidelines due to the presence of Index Organisms, and the potential
acceleration of hotwater system corrosion. The problem is complicated by the availability of a number
of different types of hotwater systems including instantaneous, solar-powered, and conventional
storage hotwater tanks. 27 rainwater tanks and associated hotwater systems from two major Australian
cities were repeatedly tested over a period of 24 months for the index and indicator bacteria E. cali,
total coliform, Heterotrophic Plate Counts and Pseudomonas, along with physicochemical parameters
and avariety of heavy metals. The results showed that while temperature was a significant factor for
determining the microbiological quality of heated rainwater, all hotwater systems achieved large
reductions of E. coli (>98%) and HPC (62-99.99%). Lead and copper were found in increased
concentrations in the hotwater of the solar powered systems. However, elements thought to be
possibly associated with hotwater system corrosion, such as zinc and iron, were not found to be
increasing.

5.5 Removal Of Heavy Metals From Rainwater In Vertical Flow
Biofilters Conditioned With Sulphate Reducing Bacteria
(SRB).

A.l.Rafida

P.J. Sallis

Environmental Engineering Group, School of Civil Engineering and Geosciences, University
of Newcastle upon Tyne, Newcastle upon Tyne NE1 7RU, UK.
Abdulsalam.Rafida@ncl.ac.UK

Abstract

This project investigated the efficiency of a simple, sustainable, technology for the removal of heavy
metal contaminants from rainwater, and its potential for use in devel oping countries where harvested


mailto:anthony.spinks@gmail.com
mailto:Abdulsalam.Rafida@ncl.ac.UK

Proceedings of the 12" International Conference on Rain Water Catchment Systems: Abstracts

rainwater has unacceptable levels of heavy metal contamination. The research focused on
characterising the effect of the carbon to sulphate ratio (C:SOs 7), and heavy metal (mainly Zn and Pb)
concentration, on the efficiency of Zn and Pb removal in vertical flow biofilters (VFB) conditioned
with sulphate reducing bacteria (SRB), and fed with rainwater containing different levels of heavy
metals. The laboratory-scale VFB were operated at a temperature of 30°C under anaerobic conditions
using various support materials (media) in the reactors, including plastic pall-rings, to promote the
development of SRB biofilms. Samples were taken at various depths and SRB were enumerated in all
VFB by the multiple tube/ MPN method. Electron microscopy (EDX mode) was used to assess the
presence of Zn and Pb precipitatesin reactor solids. Further analysis of the solids fraction was carried
out by X- ray diffraction in order to characterise the chemical structure of inorganic compounds
containing these two elements. The experiment continued for 126 days and the results indicated a
C:S0, ™ ratio of approximately 1:1 gave optimum performance with up to 80% efficiency for metal
removal. X-ray diffraction confirmed that Zn was present mostly in form of Zincite (ZnO) and
Smithsonite (ZnCOs), whereas Pb was present in form of Lead Fluoride Silicate Sul phate
(Po(SiO4)3(SO4)sF2) and Pyromorphite (Pbs(PO4)sCl) . Additionally, both zinc and lead were present
in the solids as metal sulphides ZnS and PbS.

Key words— Sulphate Reducing Bacteria, SRB, Zinc, Lead, Biofilm, Biofilter.

5.6 Quantifying The First-Flush Phenomenon

D. Brett Martinson

Terry Thomas
Development Technology Unit School of Engineering, University of Warwick, Coventry —
CV4 7AL, UK d.b.martinson@warwick.ac.uk

Abstract

Removing the first millimetres before rainwater is diverted to a store is a much-used method for
ensuring high water quality in rainwater harvesting systems. Such first-flush systemsrely on theinitial
rain to partly wash the roof before runoff water is allowed in the store. While there is dmost universal
acceptance that thisis beneficial, there is no agreement on just how much water should be diverted or
indeed whether the diversion should be based on volume, depth or rainfall intensity.

This paper presents an analysis of first-flush based on theory used for calculating dirt loads in urban
drainage. The first flush-phenomenon is found to match that theory, which resultsin the rule-of-thumb
“contamination is halved for each mm of rainfall flushed away”.
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5.7 Rainwater Quality Assessment In A One-Family Building In
The Southeast Of Brazil

André Teixeira Hernandes
S0 Carlos Federal University (UFSCar) R. Alberto Coselli, 611 — Ribeirania - 14096-210
Ribeiréo Preto — S30 Paulo — Brazil athernandes@keynet.com.br

Simar Vierade Amorim
Séo Carlos Federal University (UFSCar) Rodovia Washington Luis (SP 310), km 23.5—- CEP
13565-905 Sao Carlos - Sao Paulo — Brazil simar@power.ufscar.br

Abstract

Human beings have been collecting rainwater from thousands of years, in avariety of ways, be
naturally or artificially. Ensuring an uninterrupted, safe and suitable water supply is a mankind’ s goal
that requires a great amount of effort besides being essential to its own subsistence. With popul ations
gathering in cities, it was necessary to conceive large scale public water supply systems, becoming the
main resource to deliver potable water to the buildings. On the other hand, the fast growth of urban
centers and the changesin its population’s lifestyle are putting water resources under almost

unbearabl e stress. The coming back to the habit of using rainwater in small scale (individua or semi-
collective) is seen as a positive solution which meets the new circumstances and needs. The big public
systems are highly trustworthy whereas water quality (potability aspects) is considered, due to the
devel oped technology supported by the whole society. Could we guarantee the same quality for the
small systems?

The first stage should be to identify the physicochemical and microbiological characteristics of
rainwater in a collection system. Its characteristics are strongly affected by regional aspects, either by
climate or by techniques and materials used. The rainwater collection system of a prototype residence
in southeast of Brazil was monitored qualitatively and quantitatively. The characteristics of the water
were pointed out and its several uses were accommodated with the available regulatory requirements.
This paper is meant to show the results of a monitoring research. In Brazil the usage of rainwater is
neither described in the present code of laws nor common practice in residential buildings. The system
above mentioned was conceived for the water to be used in toilet flushing and other maintenance
activities that do not require potable water. With resultsin handit will be possible to recommend
specific indications to the use of rainwater in Brazilians buildings, at the environmenta and current
circumstances of the studied matter at issue.
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5.8 An Overview Of A Decade Of Research Into The Quality Of
Rainwater Supplies Collected From Roofs

Peter J Coombes
Hugh Dunstan
Anthony Spinks
Craig Evans

Tracy Harrison
School of Environment and Life Sciences, University of Newcastle Callaghan, 2308, Australia
p.coombes@newcastle.edu.au

Abstract

A research program into the quality of water supply from rainwater tanks over the last decade at the
University of Newcastle in Australia has provided insights into water quality processes operating in
rainwater tanks. A rainwater treatment train has been identified that includes processesin first flush
devices, rainwater tanks and hot water services including the action of biofilms and heat death of
bacteriain hot water services. The need for continuing scientific endeavour to improve understanding
of thisimportant water source is highlighted.

5.9 Recommendations For Improving Rain Water Quality, (A
Study Conducted In 2 Districts In Sri Lanka)

Tanuja Ariyananda
Director, Lanka Rain Water Harvesting Forum 28/3A, Subararam Lane, Nugegoda, Sri Lanka,
tanuja@sdltnet.lk

Abstract

Rainwater harvesting has gained popularity in rural areas of Sri Lankaduring the last few years. A
number of water supply projects, some with foreign funding, have included rainwater harvesting as a
technical option in their planning. The technology has been disseminated by Lanka Rain Water
Harvesting Forum and has been successfully taken on by the government sector as well as the non-
government sector throughout the country. The attraction of the rainwater harvesting system is the low
cost, simple design and construction technology, its independence from a central system, accessible
and easily maintained at household. However, studies have found that for drinking and cooking people
still prefer to use known groundwater to unknown rainwater. Reluctance to drink rainwater collected
from the rooftop is thought to be a perception of water quality. Quality of rainwater collected depends
on when it is collected (after the first rain), how it is stored as well as method of use.

In order to recommend and to convince the people as well as the implementers on the quality of rain
water, a comprehensive, systematic survey of quality was conducted in 2 dry zone districtsin Sri
Lanka, whereitis extensively practised at household levels. The different types of rain water
harvesting tanks in these districts were identified and selected for testing biological, chemical,
physical quality of collected rain water as well as presence of mosguitoes and other insectsin the
tanks over one year period.
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Thetank systems that were studied are Ferro cement above ground, Ferro cement partial underground
tank and brick under ground tanks of 5000 liters capacity. In both districts a drinking water well was
sampled as the other available source of drinking water for comparison of quality.

This study compares rain water quality collected in different types of rain water tanks in two districts
in Sri Lanka and gives recommendation for improving quality of rain water and ensure long term
popularisation of rain water systems.

5.10 Consumption Of Tank Rainwater And Influence Of Recent
Rainfall On The Risk Of Gastroenteritis Among Young
Children In Rural South Australia

Jane S. Heyworth

Trenna Rowe
School of Population Health The University of Western Australia 35 Stirling Highway
Crawley WA 6009 Australia Jane.Heyworth@uwa.edu.au

Abstract

Background: The proportion of households that use tank rainwater as their main source of drinking
water is similar to the proportion using reticulated public mains suppliesin South Australia. However,
little is known about risk to health from consuming rainwater.

Aims:. (1) To determine whether the risk of gastroenteritis among children who drank tank rainwater
differed from that of children who drank treated public mains water. (2) To investigate whether recent
rainfall affected thisrisk.

Methods: A cohort study of 1,016 four- to six-year-old children who drank rainwater or treated mains
water in rural South Australiawas undertaken in 1999. Parents kept a daily diary of their child's
gastrointestina symptoms and water consumption for a period of six weeks. Data on respiratory
illness and other risk factors for gastroenteritis were also collected.

Results: No increase in risk of gastroenteritis was observed among children who drank rainwater
consumption compared with treated mains water. The adjusted odds ratio for gastroenteritis associated
with rainwater consumption compared with mains consumption was 0.84 (95% confidence interval:
0.63- 1.13).

Conclusions: Y oung children who were regular consumers of tank rainwater, were at no greater risk of
gastroenteritis than those who drank treated public mains water.
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5.11 Water Safety Plans For Rainwater And Greywater Reuse

Godfrey S.
Project Officer — Water and Environmental Sanitation, UNICEF, Bhopal

Kumar, P.
Assistant Project Officer — Water and Environmental Sanitation, UNICEF, Bhopal

Swami, A.
Water Quality Consultant — Dhar, Madhya Pradesh

Wate, SR.
Deputy Director and Head of EIRA Division —NEERI, Nagpur

Dwivedi,H.B. 1
Senior Manager — NCHSE, Jhabua

Introduction

The Stockholm harmonised framework provides health-based guidelines for both water and
wastewater seefigure 1 (Fewtrell, L., et al. 2001). Central to this harmonised framework is the WHO
third edition (2004) Guiddines for Drinking Water Quality (GDWQ) (WHO 2004). The launch of the
third edition of the GDWQ in September, 2004 outlines a fundamental change in approach to water
quality (WHO 2004). Central to these changes are Water Safety Plans (WSPs). The WSPs move away
from sole reliance on results from end product testing of water and towards a process of quality
assurance and preventative risk assessment and risk management founded on health based risk targets.
The launch has been described by the Chair of the International Water Association as: ‘the most
significant water-related public health development since the introduction of chlorine and that The
Guidelines requirement for drinking water safety plans should be incorporated in regulations across
theworld’ (Michael Rouse, Chair of IWA).

Thethird edition of the World Health Organisation Guidelines for Drinking Water Quality states that:
“The most effective means of consistently ensuring the safety of a drinking-water supply isthrough
the use of a comprehensive risk assessment and risk management approach that encompasses al steps
in water supply from catchment to consumer” (WHO, 2004 pp 48)
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6 TECHNOLOGICAL AIDS FOR RAINWATER
HARVESTING

6.1 The Possible Integration Of A GIS Based Metholodology With
The Existing Community Rainwater Harvesting Plan Of Hauz
Khas Apartment, New Delhi (India)

Shakti Prakash

Y.P. Abral
Society for Conservation of Nature 40, SFS, Hauz Khas, Aurovindo Marg New Delhi-110016
Email : shaktitiwari @yahoo.com , ypabrol @vsnl.com

Abstract

India's capital, New Delhi, originaly located between the Ridge and the river Y amuna, has now
sprawled in all directions, without taking into account its hydrological and hydro-geological aspects. It
has been experiencing a severe water crisisfor the last several decades or so as against the
requirements of 775 MGD of water, it is getting 640 MGD every day. In terms of consumption of
water, 93% domestic consumers consume 86% of water, commercia consumers those are just 6%
consume 10% of water and 1% industrial consume 4% of water, i.e. 660 MGD or 2996 MLD. This
demand & supply gap isaharsh redlity in amost in the entire urban spatia entities of the capital,
Hauz K has apartments located at Sri Aurovindo Marg; New Delhi is not an exception A gradual
decline in groundwater has been reported in the apartment for the last severa years along with scanty
municipal water supply. Rainwater harvesting is the best option to augment not only the supply but
also the appropriate and sustainable recharge to groundwater level. The present paper proposes the
development and integration of a GIS based methodology with existing community rainwater
harvesting planning including cost estimates for the construction of 14 recharge wells, plan layouts for
diverting stormwater to recharge wells, precautionary measures to be taken to ensure good water
quality aong with specifications of civil worksinvolved for rainwater harvesting in the apartment
which fallsin a sedimentary terrain with alternating layers of clay, clayey sand and sandy clay. The
total rainwater harvesting potential inside the apartment from different catchments [(rooftop, paved
areas & roads, unpaved (parks & open spaces)] has been estimated as 18,986.8 cubic meters. Itis
estimated that the rain water harvesting and recycling within the apartment would totally eliminate the
existing demand-supply gap by the year 2021 as Delhi's endowment of rainwater is about 611 mm of
rain per year with atotal land area of 1,486 sq km which means ongoing water scarcity can be
minimized even with 50 per cent efficiency of the rainwater harvesting systems.

Keywords: Rainwater harvesting, GIS based methodology, recharge well, stormwater, bivariate
categorical comparison
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6.2 Two Within-Field Rainwater Harvesting Measures And Their
Effects On Increasing Soil Moisture And Crop Production In
North China

Jianxin Zhang
Shanxi Meteorological Bureau, Taiyuan, China, 030002

Dawel Zheng
Y antian Wang

Yanhua Su
College of Resources and Environment, China Agricultural University, Beijing, China,
100094;

Yu Duan
Agricultura Institute of Inner Mongolia Autonomous Region, Huhehaote, China, 010030

Abstract

Two within-field rainwater harvesting measures are introduced in this paper. Thefirst oneiscalled
gradually constructed contour terrace, the second one is called contour ridge and furrow planting. The
experiment shows that soil moistures under the two measures are observably higher than that of the
control after all types of rain (moderate or light rain; heavy rain) and under long rainless condition.
But if a heavy rain comes soon after several anterior heavy rains, then effects of the two measures on
harvesting rain and increasing soil moisture will be less obvious. These two measures also have
obvious effects on increasing crop production, the contour ridge and furrow planting can increase crop
production by 74.2%, and gradually constructed contour terrace can increase crop production by
37.1%.

Key Words: Rainwater harvesting, Gradually constructed contour terrace, Contour ridge and furrow
planting, Soil moisture, Crop production

6.3 Rainwater Harvesting And Artificial Recharge Of Groundwater
In Watersheds Of Chhattisgarh State, India— A Case Study
N C Gautam
SD Tripathi
C Bhanu Prakash
NVN Suresh

Dinesh Kar

Speck Spatial Tech Limited, Hyderabad, India guatam.nc@speckspatial tech.com,
tripathi.sd@speckspatialtech.com, bhanuprakash.c@speckspatialtech.com,
suresh.n@speckspatialtech.com, dinesh.k@speckspatialtech.com

Abstract

Groundwater is a precious resource with limited extent. Indiscriminate use resultsin fast decline of the
resource. Integration of remotely sensed data and field survey data on a GIS platform provides
convergent analysis of diverse data sets for decision making in groundwater management.
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Speck Spatial Tech Limited (SST) adopted a multi-disciplinary approach for developing a
comprehensivetaol for planning watershed development through artificia recharge of ground water
and rainwater harvesting in 2500 sq km area spanning across 3 districts in Chhattisgarh state, India. In
total thirty two (32) watersheds of various sizes (ranging from 16 sq km to 248 sq km) fallingin
Mahanadi basin were delineated. The study involved detailed surveys on natura resources,
understanding hydrology of aquifers, evaluation of quality and quantity of ground water, analysis of
socio-economic fabric, water demand assessment and its impact on ground water reserves. An
integrated analysis on a GIS platform was carried out to identify sites suitable for artificial recharge
and rainwater harvesting. Water resource development plan was generated for each identified site,
describing type of recharge structure, detailed engineering design, cost benefit analysis and
monitoring guidelines. Details of survey, analysis and results were presented in the form of
Watershed-wise Detailed Project Reports (DPRs). Rampur watershed (code 4G2C1r1) is discussed
under the present case study to explain the methodology and results.

Key words. watershed, groundwater, artificial recharge, rainwater harvesting, remote sensing and GIS,
field surveys, comprehensive devel opment plan

6.4 Low-Cost Inlet Filters For Rainwater Tanks

D. Brett Martinson

Terry Thomas
Development Technology Unit School of Engineering, University of Warwick, Coventry —
CV4 7AL, UK d.b.martinson@warwick.ac.uk

Abstract

Inlet filters are a common method for enhancing water quality in rainwater harvesting systems. They
range from cheap cloth or gravel filtersto complex and expensive multi-stage systems. Field
experience has shown, however that filters often suffer from alack of maintenance so self-cleaningis
an advantage. Filters can clean themselves by dividing the water stream into two components; the first
and largest isthe clean water passed to the tank, the second much smaller component can be used to
carry away suspended particul ates.

This paper reports the results of a series of laboratory tests on the abilities of very smplefiltersto
remove particulates from roof run-off water. The low-cost (<$5) filters tested were of stretched cloth:
two cloth types were usad. Self-cleaning and plain (debris-retaining) filter designs were compared.
Each filter was tested with a standard (published) contaminant load based on sand and Polyethylene
sheet “leaves’ under avariety of representative flowrates.

Filter performance indicators are
1. hydraulic efficiency —the fraction of water transmitted
2. cleaning effectiveness —the fraction of particulates removed from the flow.

Theinitid tests showed that self-cleaning by using a sloping surface works satisfactorily and that
simple clath filters have a comparabl e performance to sophisticated filters found in German rainwater
harvesting systems. However the German test configuration used was found to poorly represent roof
run-off water in tropical countries and will be changed for continuing tests to be performed on
refinements to the crude filters reported here.
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6.5 Application of Remote Sensing and GIS in Groundwater
Prospects Mapping & Siting Recharge Structures

Anand Kumar
Development Alternatives 111/9-Z, Kishan Garh Vasant Kunj New Delhi —110 070, INDIA
Email : anandbhu@gmail.com akumar3@devalt.org Website : www.devalt.org

Introduction

Groundwater isamost important natural resource of the earth and is required for drinking, irrigation
and industrialization. The resource can be optimally used and sustained only when quantity and
quality of groundwater is assessed. It has been observed that lack of standardization of methodol ogy
in estimating the groundwater and improper tools for handling the same, leads to miscal cul ation of
estimation of groundwater. It is essential to maintain a proper balance between the groundwater
guantity and its exploitation. Otherwise it leadsto large scale decline of groundwater levels, which
ultimately cause a serious problem for sustainable agricultural production. A possible solution for
such prablemsis micro level planning, and use of standard methodology for assessing the
groundwater. In recent years micro level planning has gained acceptance, since it can be locally
applied and readily managed by self-sufficient rural governance. Groundwater resources are dynamic
in nature as they grow with the expansion of irrigation activities, industrialization, urbanization etc. As
itisthe largest available source of fresh water lying beneath the ground it has become crucial not only
for targeting of groundwater potential zones, but also monitoring and conserving this important
resource. The expenditure and labour incurred in developing surface water is much more compared to
groundwater, hence more emphasisis placed on the utilization of groundwater which can be

devel oped within a short time. Besides targeting groundwater potential zonesit is also important to
identify suitable sites for artificia recharge usage cycle. When the recharge rate cannot meet the
demand for water, the balance is disturbed and hence calls for artificial recharge on a country wise
basis (Sameena et al. 2000). With the increasing use of groundwater for agricultural, municipa and
industrial needs, the annual extraction of groundwater is far in excess of net average recharge from
natural resources. Consequently, groundwater is being withdrawn from storage and water levels are
declining resulting in crop failures, seawater intrusion in coastal aquifers, land subsidence etc.

V agaries of monsoon and indiscriminate development of groundwater often result in declining trend
of groundwater levels. There is an urgent need for artificial recharge of groundwater by augmenting
the natural infiltration of precipitation into subsurface formation by some suitable method of recharge.
Artificial recharge is one method of modifying the hydrological cycle and thereby providing
groundwater in excess of that available by process. Advent of Satellite remote sensing and
Geographical Information System (GIS) has opened new vistas for groundwater studies. Thisis due to
the fact that earth observing devices, both on space craft as well as on aircraft provide most up-to-date,
accurate, unbiased and detailed spectral, spatial and temporal information on conditions of natural
resources.

This paper addresses the strategies for an integrated approach of remote sensing and GIS for
groundwater targeting, management and conservation of groundwater resources that ensures optimum
and judicious use of groundwater and in identification of artificial recharge sites.
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6.6 GIS Based Water Balance Study Of Koyna River Basin-India

Kamble Baburao Dashrath
Remote Sensing and GIS Asian Institute of Technology, Klong Luang, Pathumthani 12120,
Thailand Email- baburaokamble@yahoo.com

Abstract

Partitioning of rainfal into evapotranspiration and runoff is strongly affected by landuse and
vegetation digtinctively. Generdly, trees use more water than pastures and crops in the Koyna (Upper
Krishna) Basin. This study describes the implementation of asimple water balance model inaGIS
framework for calculating annual water balance of Koyna (Upper Krishna) Basin in India. The models
require only catchments percentage forest cover and mean annual rainfall. This study the water
balance model, its input data and the process required to prepare those data. The study utilizes average
mean rainfall data Estimated mean annual catchments and vegetation cover data under different
landuse conditions for the basin. Water yields agreed with measured stream. Flow data for medium to
high rainfall catchments within the Koyna Basin. However, the model tended to overestimate water
yield for low rainfall catchments. The model was used to evaluate likely impact of the clearing of
native vegetation in the Koyna basin on water yield; the results showed that there was significantly
excess water yield from most of the catchments within the Basin. This study showed that the GIS
version of the water balance model could be used as a practical tool for ng the effect of major
vegetation changes on mean annual catchments water yield.

6.7 Ferrocement Water Storage Tanks for Rain Water Harvesting
in Hills & Islands

P.C. Sharma

Retd. Head, Material Sciences & Project Leader NDWM Projects, Structural Engg. Research
Centre Ghaziabad (India) Consultant, Rain Water Harvesting & Concrete Technology Editor
New Building Materials & Construction World 165 Jullena, Adjacent Escorts Heart Institute,
New Dehi-25, E-mail: nbmcw@vsnl.com

Rain water harvesting has a specia importance for hill areas and idands as it can solve the drinking
water problem of population living there. Since water recharging into ground is difficult and an
immediate existing need for drinking water can be met by storing it in suitable and safe storage
structures during rain. This stored water is consumed during dry spells. Familiesresiding in these
areas (mostly in scattered locations) can harvest Rain water using their roof tops and court yards,
easily and successfully.

As an active participating research ingtitution in the National Drinking water Mission (RGNDWM
now) programme of Govt. of India, Structural Engg. Research Centre Ghaziabad devel oped and
demonstrated severa types of Ferrocement Structures like tanks upto 25000 Itr. Cap, filters,
checkdams, underground water barriers, etc. for Rain Water harvesting schemes. Simple, easy to learn
and Practice techniques for casting and installing F.C. Tanks and filters were devel oped and
demonstrated in many NDWM, unicef and 35 point action plan projectsin H.P., U.P. hills, Assam,
Nagaland, Manipur, Meghalaya, M.P., Rgasthan, A.P., Andamans & Lakshdeep etc.
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The paper presents details for construction techniques for F.C. Tanks upto 10000 litre capacity, F.C.
Filters suitable for Roof top R.W.H. Systems for individual households, schools, community Bldgs
etc. for solving Drinking water problem in hills and islands.

Water storage Tank and Filters are the two major cost components of a Roof water harvesting and
storage system. The other requirement are Roof, Gutters, Inflow Pipe, bypass. Tanks can be
congtructed in Rectangular, Cylindrical or Spherical shapes using steel, Reinforced cement concrete,
Fiber Reinforced plastics. Brick/stone masonary, Ferrocement etc. Studies carried out during NDWM,
Unicef and 35 point action plan projects have confirmed that Ferrocement Tanks are the lowest cost
optionsin urban and rural sites. Apart from cost the fast construction speed is an added advantage.

6.8 Water Resources Development — Role Of Remote Sensing And
Eographical Information System

K.H.V. DurgaRao
Water Resources Division, National Remote Sensing Agency, Department of Space, Govt. of
ndia, Balanagar, Hyderabad 500 037Phone: 040 23884534, durgarao_khv@nrsa.gov.in

V. Venkateswara Rao
Geo-engineering Department, College of Engineering, Andhra University, Visakhapatnam

P.S. Roy
Deputy Director, RS& GIS AA, NRSA, Balanagar, Hyderabad, Ph:04023884211,
psr@nrsa.gov.in

Abstract

Availability of water varies spatially and temporally. Idea of damming the rivers facing lot of
objections from the environmentalists. In this context, devel oping water resources by constructing
small water conservation structures is gaining momentum in recent years. In the present study, a user
interactive Spatial Decision Support System (SDSS) has been developed for identifying suitable sites
for water resources devel opment. Basic guidelines provided by the Integrated Mission for Sustainable
Development (IMSD) and the technical guidelines suggested by the Indian National Committee on
Hydrology (INCOH) for identifying suitable sites for water harvesting structures have been used in
the knowledgebase of the developed SDSS. Dehradun and its environs have been taken up as a study
areato identify suitable sites for water harvesting structures using the developed SDSS. Various
resource and thematic maps such as landuse / landcover, soil textural, topographic slopes, etc. have
been prepared using remote sensing and GI'S techniques. These layers have been fed into the
developed SDSS and analysed using the decision rules. Sites for water harvesting structures such as
check dams, farm ponds, groundwater recharge, etc. have been identified in the study area.
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6.9 Deriving A General Operating Policy Of A Multiple Reservoir
System Using A Combination Model Of Optimization And
Artificial Intelligence Techniques — A Case Study In The Mae
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Abstract

A Threestage combination is proposed in this study to derive ageneral operating policy for amultiple
reservoir system operation. The reservoir operation datais divided into two sets based on different
periods. A combination model of genetic algorithm (GA) and discrete differential dynamic
programming (DDDP), called GA-DDDP, is proposed and devel oped in the first stage to derive
optimal operating policies using the first set of data. The optimal operating polices obtained from the
first stage are then supplied as the training patterns to an artificial neura network (ANN) in the second
stage to derive a general operating policy. During atraining process proceeds, the networks are
evaluated by a simulation model in the final stage to investigate their performance for another set of
data.

The applicability of the combination technique is evaluated through application to a multiple reservoir
system of the Mae Klong system in Thailand. The performance of the operation is evaluated by
minimizing the total irrigation deficits during the operation period. The results obtained in the study
show that the combination model performs satisfactorily on deriving areservoir general operating
policy. The general operating policy obtained by this method is considered tentative and can be
improved again after actual operation of the system startsthat the additional reservoir data are
collected and added to the model.
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