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ABSTRACTRACT

Rain water cistern systems have been used for domestic water supply
as early as 200C B.C. in the Middle East. They are developed to suit various
life styles of their users in different environmental conditions.

By an unplanned coincidence, the First International Conference on
Rain Water Cistern Systems was organized by the write during the beginning
of the International Drinking Water Supply Decade (1981-1990). Subsequent-
1y, a2 series of conferences was followed. This paper reviews recent pro-
gress in rain water cistern systems' planning, design, development and
management in some Pacific and Asian countries. 5o that their efforts to
meet the water Decade's godal:to provide all people with safe water in suf-
ficient quantity and means to safely dispose of human waste, can be assess-
ed. Proceddings of the 1st, 2nd, and 3rd International Conference on Rain
Water Cistern Systems are the main reference:sources. Successful case stu-
dies are analyzed for the possible application to island countries in the
Pacific. '

INTRODUCTION

According to Reid (1982) rainwater was stored in cisterns for
domestic water supply as eariy as 2000 B.C. in .the Middle East and
perhaps, the catchment systems are as old as dugwells in human
households. They were built in various forms to suit the needs of the
users in different environmental settings with local tools and materials as
reported by Ozis (1982), Gordillo, et al (1982), Shata (1982), Crasta et al
(1982), Hassanizadeh (1984) and Weiner (1987). This is pert of the human
effort to support life and to improve their living conditions with & domestic
water supply. '



Rainwater catchments were reportedly used in regions with annual
rainfall of 200 mm or less according to Hassanizadeh (1984) and Weiner
(1987). Perhaps rainwater catchment systems should be stressed as a
practical method for providing drinking water supply in such zones. The
rationale for this can be explained by examining the relationship between
rainfall, catchment area, storage capacity, daily water demand and
available supply. According to Fok et al (1980, 1982) (Figyre 1), if a
storm produced 25.4 mm of rain, a catchment area of 200 m wogld be
needed to catch 5 m” of rainwater. Or, ifga cistern has 41.5 m" of water
stored and the daily consumption is 0.77 m", it would support the demand
for 54 days.

The World Hesalth Organization (WHO) reported that over 12 million
children die annually in developing countries. A key factor in many of
these deaths is the lack of safe drinking water and unsanitary
‘human-excretia disposal. The fact is that two-thirds of the population of
developing countries do not have access to safe and sufficient domestic
water supplies. And an even grester percentage have no access to
sanitary waste disposal. Pathogens in human waste can contaminete water
sources causing illness, thus, establishing an unhealthy cycle. In order
to break the cycle, the WHO and the United Nations took leadership roles.
In November 1980, the United Nations General Assembly proclaimed 1981-90
as the International Drinking Water Supply end Sanitation Decade
(IDWSSD). The goal is to provide by 1990 all people with water of safe
quality and adequate quantity, and basic sanitary facilities to safely
dispose of human waste.

In a united effort to achieve these water decade goals, the World
Bank initially estimated the cost at $140 billion (US) and later modified it
to $300 billion. For individual countries, financing the UN Water Decade
Plan is a mejor difficulty and finding low cost and appropriate water
supply systems technology is also very important. Rainwater catchment
systems (RWCS) is one of the low cost technology methods available.

) This paper reviews recent progress in rainwater catchment systems

(RWCS) based on the lst, 2nd, and 3rd International Conference on Rain
Water Cistern Systems (1982, 19284, 1987) proceedings and other
publications. Factors favoring RWCS is first listed and assessed
implementation; then, successful cases are anelyzed. Finally, possible
RWCS adaptation for island countries in the Pacific and other regions are
presented.

FACTORS IN FAVOR OF RAIN WATER CISTERN SYSTERMS (RWCS)

Rainwater catchment system is one of many alternatives that can be
selected for development. Factors favoring RWCS are listed below:

1. Low construction cost,
2. Private ownership and control,
3. Good water quality as compared to other sources,

4. Easy to construct by the owner with simple technology,
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Cost Factor. Financing the International Water Decade Plan is & major
problem for developing countries. If the unit cost of developing

drinking water supplies is reduced, the likelihood of reaching the water
decade's goal increases. Effort must be made to keep the cost low to
increase affordability. Figure 2 shows the unit cost of RWCS using
different const_gucu'on materials. Among the materials shown, the Thailand
reinforced 2 m” concrete jar at $20 US is the lowest cost collector. Figure
2 was first developed by Tuinhof (1979), with data added by Fok and
Leung (1982) and subsequently the Thailand jar and tank data by
Sethaputra (1986).

Private Ownership Factor. Water supply was traditionelly 8 private
system, later changing to the public utility systems of developed and
meny developing countries. Public ownership of the water supply system
has the advantages of providing a dependable supply at a very low price,
often below the market value because of subsidy from public sources.
This public system works very well in urban areas with high populations
to support the tax income needed to operate it. As industrialization
intensified, public water supply systems have been adversely affected by
increasing pollution as well as ever increasing water demand. As a result,
self-sufficiency becomes a new drive in some developed countries.
Privately owned individual RWCS supplemental water supply has become
popular in the Monterey Peninsula, California, U.S.A. as reported by Fok
(1982) and Ingham and Kleine (1982). To be able to free oneself from
dependence on the public utility systems is a desire of private citizens.

Good Water Quality Factor. In many developing countries, rainwater
is a lot cleaner than water from polluted surface or groundwaler sources.
Contamination of surface and groundwater sources is & major factor
affecting the selection of drinking water supply.

Factors of Ease of Building, Operating, Maintaining, Convenience and
Flexibility. If rainwater catchment is selected the owner should be able to
construct, operate, maintain and expand the system at low cost. Because
this sytem is privately owned, the affordability is the main factor for
system's selection.

Considering the favorable selection factors for rainwter catchment
system, the RWCS stands out from the other alternatives:

1. Shallow dug well with bucket and rope,

2. Tube well with hand pump, shallow or deep,

3. Fetch or divert water from spring or stream, pond or lake,

4., Public standpipe.
But, according to The International Drinking Water Supply and Sanitation
Decade Directory (1981), published by Worid Water magazine, the general
tendency in selecting drinking water supply systems is in the sequence of
(1) wells--dugwells, tubewells with handpump; (2) public standpipes and

(3) rainwater catchment systems. Perhaps this follows the tradition of
public sector practices becasuse most RWCS are privately owned.
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The Decade Directory also listed 116 participating countries, including
21 within the Asia and Pacific region, most of which listed their National
Plans and Decade Plan. In general, the National Plan guides the
development of the Decade Plan. Severeal countries in this region require
water users to share or to pay for the development and maintenance of
their drinking water supply systems. Some of these countries stressed
that their fulfillment of the Decade Plan depends upon the users'
construction and maintenance labor as well as repayment of construction
materials through an agreeable financial plan. This is a remarkable policy
to motivate self-help in the general public.

Indonesia. In principle, water costs are borne by the water users.
Present water charges are too low to meet costs; however, the government
will subsidize newly-completed water systems for a maximum of two years.
The government will provide a full grant for projects which provide 60% of
the total population of a town with safe water of up to 60 liters/head/day;
a mix of loan and grant for projects supplying 60% of population with an
average of between 60 and 125 liters/h/d; and full loan financing when the
average rate of supply is more than 125 liters/h/d.

Pakistan. Central and provinciel governments have been the main
financers and it is hoped that local government will make more resources
available. Fundamental change in pricing policies is needed. Current
rates do not even cover operation costs. Government policy is for urban
water supply and sewerage systems to be provided on a no-profit-no-loss
basis. For rural supplies the target is to recover at least the cost of
operation and maintenance. '

Philippines. Community participation in policy-meking, planning, and
operation and maintenance is considered to be the most effective way of
ensuring the financial viability of projects. Water districts in larger urben
communities, and water associations or cooperatives in smailer communities,
will provide water users with the hierarchy to own, manage and maintain
their water systems. Social and economic considerations will determine the
-type of water systems. In general, rural arees will be provided with
communal water point distribution systems while urban areas will have
individuel water connections to households. -

Solomon Islands. For urban area water supply, the policy is for
consumer charges to cover the cost of construction and maintenance. For
rural areas the policy is more flexible but self help, local labor and
materials are used where possible. For their Decade Plan, the government
contribution is likely to be at 10% of the total costs.

Sri Lanka. The government's policy is to initially provide minimum
levels of service. Any services above the basic level will be directly
charged. The central government bears construction costs of new systems
while local authorities are expected to share the cost of augmenting
existing medium or major supply systems. The local authority has to bear
the full cost of distribution. Where the communities cannot generate
income to pay for their water supply, the central government will provide
direct subsidies.
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Thailand. The government notes that the large number of
organizations involved in rural water supply has made their Decade Plan
difficult to form. However, it believes that 60-70% of the rural population
could be provided with inexpensive safe water by conversion of exisitng
dugwells into sanitary wells supplemented by rainwater cisterns, and
equipping small diameter tubewells with handpumps. Financial participation
of the population is considered essential for achieving Decade targets.

New approaches to financing have been tried and evaluated. Central
government's responsibility is for overall planning and programming as well
as providing guidance and necessary assistance for implementation. But
individuals are expected to participate financially tc the fullest extent
possible and contribute labor where appropriate. For rural water supplies
the government believes that only through such participation will local
needs be fuifilled because people are unlikely to put in their own money
for inappropriate schemes. Sanitation programs will need full financial
support from the central government in the initial stages.

Individu"al government's policy will have a direct effect on the
success of their Decade's drinking water supply plan.

Successful case studies are presented below with analysis of those
factors that have contributed to their success.

Successful Case Studies

The Thailand Jar Project - This successful drinking water supply
project was a joint effort between the Thailand National Economic and
Social Development Board and the Australian Assistance Bureau under the
Thai-Australia Village Water Supply Project, and collaboration with the
Water Resource and Environment Institute, Faculty of Engineering, Khon
Kaen University (Wirojanagud and Chindeprasirt 1987 and Sethaputra
1986).

Prempridi and Chatuthasry (1984) reported that in 1962 the Thai
Government started modernizing the country. After 20 year and four
five-year plans, they found the rural area, with more than 80% of the
population, had not benefited from the program. Their income and
education remained low in comparison 1o the urban popujation. Therefore,
in 1982 at the start of the 5th five-year plan, rural development became
the priority. Rural people were assembled to form village councils to plan,
implement and maintain their improvement projects with their own
resources. The Government provides part of the funds and technical
assistance to help the villagers complete their projects. This resulted in
the successful Thailand Jar Project in just 4 years.

Prempridi (1982) reported that cement jars are one of several
rainwater containers used in Thailand. It is very popular having been
used for centuries. There are small factories manufacturing various sizes
of cement jars. The Thailand jar project's success is due to the
government's assistance policy as reported above, social acceptance of its
use, as reported by Appan (1984); and the low construction cost as
reported by Prempridi and Chatuthasry (1984) and Vadhanavikkit (1984).
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According to Wircjanagud and Chindaprasirt 3(1987) and Sethaputra
(1986), the project's goal is to provide three 2 m” cement jars for a family
of six persons in rural areas by the end of 1990. There are 3 miilion
families involved in this project; therefore, a total of 9 million jars will
need to be built. The foilowing data were used for project assessment:

1. The average rainy season in Thailand lasts from May to
September, with 1000 mm total rainfall. Thegretically, only a
1 m” catchment area is needed to collect 1 m" of rainwater. -
2. The water demand for an average family of 6 is 30 liters/day for
drinking and cooking. Water is needed from the jars during 2(?30
days/year from the jars. Therefore, a stqrage capacity of 6 m
is required, which translates to three 2 m” cement jars per
family. _

3

3. Construction materials for a 2 m~ cement jar are:

2 1/2 bags of cement (60 kg/bag)

1/4 cubic meters of coarse sand

11/2 kg of 1 mm steel wire

1/3 kg of powdered color

1 set of faucet (valve) and e piece of PVC pipe for jar draining
1 jar lid made of wood, steel sheet or cement.

Total materials cost is US $20. Construction labor is contributed by
the owner/users if they agree to take part in this project.

The government's strategy for implementing the Thailand jar project
are: -
1. Villagers (users) should be involved in project formulation,
development, construction, finance, management and operation.

They are given alternatives to the jar project including
advantages and disadvantages of each, so that the users can
decide whether or not to join the project.

2. The project should be financed with a revolving fund and should : .
begin with a group capable of repaying the materiais cost on a
monthly basis. This is done at each village so that the revolving
fund can be quickly established and its initial participants can
serve as models for others following.

3. The government is responsible for supplying tools, jar
consiruction and maintenance training and the injtial funding as
well as managing the revolving fund.

To implement the project, the government will need to conduct the
following preparation and trainings:

1. Preparation of the community--to wage a campaign to make
villagers aware of the advantages of drinking water angd
sanitation. To inform them of the details of the jar project as a
cooperative project among themselves and to demonstrate the
workings of a revolving fund. The community preparation project
itself is a cooperative effort between local district administrators,
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the subdistrict working committee and the village working
committee.

Training--each province is responsible for coordinating the

work of related technical agencies, such as the Department of
Accelerated Rural Development and the Provincial Office of
Department of Health, which train village technicians in jar
construction. Subsequently, the village technicians in-turn train
other villagers. A simple manual for jar construction which
includes many illustrations was published (see Appendix 1). This
manual illustrates the need for the teamwork of at least two men
for one day. This promotes villagers working together, sharing
and communicating with each other, to realize the fruits of their
hard work. They will appreciate the leadership of the
government officials who provided financial and technical
assistance to the project. The positive effects of the Thai jar
project are the development of healthier water supplies and better
organized rural communities with the experience of working
together in communiiy projects to upgrade their living conditions.
The whole country will benefit from the teamwork generated spirit
of self-reliance.

The Revolving Fund--the government is responsible for providing
initial funding for villagers to purchasing jar construction
materials and for administering repayment of this fund to create a
revolving fund. The supervision and management of the
revolving fund is a cooperative undertaking between participants,
village committee members and subdistrict council wembers.

It was found through experience that poor rural villagers were
able to repay about $4 (100 bahts) per month; thus, this was set
as the repayment rate.

The Thailand Jar Project Cost Load on the
Government--According to Wirojanagud and Chindapraisirt (1987),
the up front government cost will be 470 million baht (about $20.4
million US) to provide the initial revolvmg fund, train village
technicians and provide forms for jar construction t6 benefit
30,000 rural vﬂ.lages with a8 population of 18 million. The
revolvmg fund is about 300 million baht ($13 million US) and an
expenditure of $170 million baht ($7.4 million US) for training and
the jar forms. The Thailand government appears to have
developed an outstanding method for providing drinking water to
rural villagers with $7.4 million US in just 4 years. Because
revolving fund of $13 million US is recoverable, the per capita
cost can be as low as $0.42 US! The Thailand Jar Project is now
well underway. During 1986, project campaigning resuited in the
construction of 1.7 million jars. By the end of 1987, a total of 3
million jars will have been constructed. By 1890, the goal of 9
million jars should be reached.
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5. Additional Rainwater Catchment Efforts in Thailand--Drinking
water supply for public schools in rural Thailand is also in
progress. At a rate of 0.5 liter/student/day for 200 days, &

12 m” water volume can supply 120 students. The 6 to 12 m
cylindrical rainwaéer tanks are suitable. Construction manuals for
these 6 and 12 m™ tanks was also published by the Water
Resources and Environment Institute, Faculty of Engineering Khon
Kaen University, Khon Kaen, Thailand under the sponsorship of
New Zealand3Govemment. For a school of 800 students, it will
need 5 12 m" tanks to pzﬁovide drinking water to such a school.
Materials cost for a 12 m” reinforced cement water tank (which
uses a similar construction technique for.jar construction) is
about 2,800 baht ($122 US). Thus, each school needs around
14,000 baht ($609 US) to purchase the fonstruction materials.
Estimated construction labor for a 12 m” tank is 3 men working
for 6 days. Since this is a community public works project,
villagers who have children in the school may want to participate
in the copstruction and share the costs. Villagers who have
benefited from safe drinking water jar project may have the
desire and construction skill to expancd their own rainwater
storage capacity. This may be true of especially those who
participated in constructing the school rainwater tanks.

6. Social and Educational Benefits of the Thailand Jar Project -
Social and educational benefits that have been realized from the
Thailand Jar Project are: :

a. Rural communities are better organized, villagers learn to
work as a team to upgrade their quality of life and create a
more harmonious neighborhood.

b. Village working committees become a social functional unit to
solve community problems and to dispense the governments
good will. :

¢. Villagers practice sanitary public health and lea}n to protect
" and conserve their drinking water supply.

Assessments of the Thailand Jar Project - The Thailand Jar Project
meets all seven factors favoring the selection of a rainwater catchment
system: low cost, private ownership, good water quality, easy to develop,
low operation and maintenance costs, convenience and flexibility. The jar
is large enough to permit a person to get in for repair and cleaning yet
light in weight (450 kg) and round in shape to be readily moved about the
house. It is tall and smooth enough to prevent ypung children from
climbing in. Although the service life of the 2 m” reinforced cement jar
has not been tested, it is expected to last for 30 years or more. In
summary, Thailand may be the only developing country to provide safe
drinking water supply for every rural household by year 1880.

Indonesia Rural Rainwater collectors Project - According to Aristanti
(1986), there had been no water development efforts in Gunung Kidul
prior to 1975. In 1976, the Indonesian government began building some
brick rainwater tanks to provide one or two tanks per village. However,
contractors hired to build the tanks were careless, hence, only 10% of the
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tanks built are usable. In 1977, Yayasan Dian Desa (YDD), an Indonesian
non-government agency, began to work in the Gunung Kidul area, and
together with the local community they developed rainwater tanks using
local erials. In 1978, YDD, after a number of experiments, introduced
the 9 m” ferrocement tank design and construction manual to Gunung
Kidul. It is low cost, easy to build by villagers, and simple to operate
and maintain. However, even with its low cost, the villagers could not
afford the price. ’

Bamboo-cement tank was found suitable for the villagers because they
are good at working with bamboo, bamboo is locally plentiful and the cost
is 50% less than the ferrocement tank. After several careful 3
trial-and-error experiments, YDD finally produced a standard 4.5 m
bamboo-cement tank. (For cost comparisons, refer to Figure 2.) In 1878,
the bambco-cement tank was the most economical rainwater storage tank.
However, many of them soon failed due to decaying of the bamboo subject
to fungus, termines (white ants) and moisture (wet and dry cycle). As
reported by Latham (1884) bamboo as a construction material needs careful
selection of mature bamboos and the treatment and placement in cement
needs skilled workers. He suggests that more research is needed for
bamboo as a construction material in rainwater storage tanks. Latham
(1984) also reported that YDD is presently in favor of ferrocement tanks
because their reliability is high with a longer service life of 30 years.

Indonesia as the leading country in rainwater catchment development,
according to the three papers presented and published in the Proceedings
of the First International Conference on Rain Water Cistern Svstems.
Winarto (1982) reported the policy of the Indonesia's rainwateg catchment
program; completed with a design criteria, blue print of 18 m” ferrocement
or bamboo cement tanks, complete detailed gutter, down-pour pipe, inlet
filtering, and even a storage gage in their design. They listed the
advantage of the system as: it can be built beside the house it is
privately owned, it takes only a small land area, water consumption is
controlled by the owner, no special catchment area is needed and water
quality control is easier. Kerkvoorden (182) and Doelhomid (1982)
provided cost comparisons of different construction materials versus the
tank capacity (see Figure 2). They reported that construction manuals
are provided to local users so that trained technicians can train new
users, allowing rapid project expansion. They also reported that the
training course and materials are supported by project funds. Later a
manual for operation and maintenance was also provided and methods for
financing construction material cost to poor participants.

Aristanti (1986) reported that a unique financing scheme was
developed by YDD without depending on outside funding. Under an equal
sharing system between the owner and the borrower, YDD lends two
she-goats to & family needing storage tank. If the two she-goats bear
(usually) four kids, two will be given back to the owmers (in this case
YDD) and the other two will be kept by the borrower. The latter then
takes care of the two kids until they are big enough to be sold. This sale
money is used to build the tank. The two she-goats will then be loaned to
another family and so on. Howver, if the family wants to keep the goats,
it is allowed to do so under the same equal sharing system. This means
that the family will own a rainwater tank as well as goats. Though it
takes time, this scheme is progressing very well.

Al-9



Another scheme was also tried and was quite successful. Assume a
village has 100 families needing rainwater tanks, but YDD can only get
funds for 25 tanks, meaning that each group of four families could get
only one tank. The agreement with the families is that afer each harvest,
the four have to use a share of their harvest to build one rainwater tank
until each family has a tank.

According to Ferkvoorden (1982) and Latham (1984), the International
Water Supply Consultants (IWACO) jointly with the Indonesian government
sponsored the West Java Rural Water Supply Project to provide critical
drinking water to 2 million people on the cog.stal plain. In this project a
high~quality rainwater collector with a 10 m” storage capacity was designed
to serve four households, while 2 smaller collector with a 2.5 m” storage
capacity could be used for a single family. A pilot project tested low
cost rainwater collection systems. A construction manual for a 10 m
ferrocement tank was published in the Indonesian language which provided
step-by-step instructions for constructing a ferrocement tank. 'ghirty
tanks were built in 1978-80, by a contractor. Cost for the 10 m
ferrocement tank was $400 US. Up to 1983, IWACO had buiit 58 tanks in
Singakerta serving’ 150 families in 92 houses. Most of these are
ferrocement tanks.

Assessments of Indonesia Rural Rainwater Collectors Projecis

1. Social Acceptance - As reported by Latham (1984), in Indonesia,
the number of tanks in use may total 10,000 or more. There has
been very little apparent commercialization of tank building, so
the agencies must train builders (or hire contractors) and provide
considerable financial support for almost all tank programs.
Moreover, the agencies Bave to conduct educational programs to
convince tank owners that rainwtaer is safer than traditional
surface water that villagers have long been accustomed to using.
Aristanti (1886) reported that in Gunung Kidul, some tank owners
dump buckets of mud into their tanks of clean rainwater to modify
the water taste. He also reported that a new local practice of
filling the rainwater tanks with pond water was increasing the
overall water consumption and was thus causing drainage ponds to
dry up even faster than before. This practice has caused
additional hardship for those families not having tanks.

Social acceptance of rg.inwater collectors needs more study.
If 4 families share a 10 m” ferrocement tank, the operation and
maintenance of the tank is bound to cause problems because it is
difficult to maintain a fairness in water usage and up-keep of the
tank. Each family owning their own tanks would help to eliminate
this friction in many societies.

2. Social Education - As reported by Aji (1986), a post

. construction survey was conducted in a portion of the West Java
Rural Water Supply Project. After 4 years, there were no
feedback from th users; therefore, an exploratory survey was
conducted. He found water consumption conformed with the
designed quota of 0.5 m” per person during the dry season, with
an average of 4.24 liters/person/day for 100 days. As for tank
cleaning, out of 97 tanks surveyed, 85 were cleaned once a year
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at the beginning of the rainy season. The 12 others had never
been cleaned, 7 reporting that the tanks were not yet dirty and §
said cleaning was not necessary. As for repair, of 100 tanks
surveyed, 55 were in prime condition and 45 had suffered
damage. Of these, 38 were slightly damaged (ranging from
leaking gutters to broken down pumps), 4 were heavily damaged
but still usable (leaking walls) and 3 were out of order due to
leaks in their base. Latham (1984) reported tank fixtures such
as top cover, filters, overflow pipe's wire screen, storage gage
and gutters were missing, disrepaired or damaged. He thought
many of these damages were caused by children playing around
the tank. Perhaps a social education program may help prevent
some of these damages. Water is a life supporting resource; the
fundamental respect of water and our environment is within our
instinct. The problem is momentary relaxing of our vigilance to
protect it.

Thé Indonesian Rainwater Collectors Project has set an
example of how to provide safe drinking water to rural areas.
Their approach was well-thought out with step-by-step
construction manuals plus the operation and maintenance
handbook. Their national policy provided valuable guidance to
their Decade Water Plan. The self-help spirit will take root in
their rural and urban areas. Their promotion of community
participation in government decision-making will bear fruit.

The Water Decade Plan is one of many ways a country's
government shows their concern for the citizenry and the success
of the Water Plan relfects citizens' support of the government.
Collectively, this is a show of love to humanity. There are many
successful examples that can be reported, however to save the
space, only two have been discussed.

Possible Adaptation of the Rainwater Catchment Systems
for Small Pacific Island Countries

'~ The geographical characteristics of small islands are: small land
area, high runoff and evaporation, lack of natural storage sites and thin
fresh groundwater lens. Many swall islands depend on rainwater
catchment systems for their drinking water supply. The rainwater
catchment systems design have to first consider the size of the catchment
area, then in sequence rainfall quantity, storage capacity, daily water
demand and protecting the water in storage. Before discussing rainwater
catchment system selections, the above five basic design elements are first
examined: -

1. Catchment area - The rainwater catchment systems owner's roof
determines his ability to furnish his water supply which not only
limits the quantity of rainwater that he can collect but also
controls the quality of his water supply. The roofing material
and the attached fixtures plus elements that fall on the roof, all
affect the water quality. Fok et al (1980, 1982) had shown how
to size it.
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2. Rainfall quantity - The patterns of annual, monthly, weekly and
daily rainfall provide the needed information of expected rainwater
to be collected. Fok et =l (1980, 1982) had shown how to obtein

them.

3. Storage capacity - The RWCS storage capacity can be determined
by considering the probable rainfall veruss the projected water
consumption in & given period. Maintenance of some
‘reserve-water in storage is very important for the RWCS owner,
because he owns 8 private water supply system, and should not
expect others to help him once his water is depleted.

4. Daily water demand ~ Water in & RWCS owner’s storage is like
money in his bank account. If the storage is full, he can use
them relatively freely, if the storage falls below half the capacity,
the RWCS owner must exercise conservetion. In a long run, a
RWCS ownmer, ' will become a very efficient water supply manager.

5. Protecting water in storage - Water in & RWCS needs protection to
prevent quelity degradation. Therefore, storage contsiners
should be cleaned frequently, and musi be covered to prevent
contamination.
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ABSTRACT

Over the years, International Aid Agencies and government organizations
in developing countries have come to realize the importance of community
participation in water supply and sanitation projects. In spite of this,
important questions such as how to motivate communities, or what contri-
butions and responsibilities should they assume, remain only partially
resolved.

From its inception, IRDC's Handpump Programme has encouraged research

in this area of community participation, as it considers it an essential
component in going from pilot research projects to widescale dissemination
of water supply and sanitation technologies.

Between 1986 and 1988, the Centre supported a project in Costa Rica. This
project looked into the adaption of the UNIMADE handpump to the Costa
Rica environment, As part of this project, a number of participatory
strategies (in response to the needs that were being encountered) was
developed. These focused on community organization, health and hygiene
education, and pump installation and maintenance.

Based upon this experience, these strategies have been ‘adapted to include
the participation of villagers as instructors in the social and technical
aspects of the introduction and use of water supply technologies in other
communities of the country,
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INTRODUCTION

Costa Rica, is a small Central American country of 51.000 squares
kilometers. At present it has a population of 3 million people. Fifty
five percent of the population is rural. The most recent estimates
by the Ministry of Health indicate that over 80% of this rural
population remains without a protected water supply. Over a third
of this populations still draw its domestic water from contaminated
wells and rivers.

To remedy this situation, the Ministry of Health began a handpump
installation programme about eight years ago. During the first six
years, around 1500 American and Japanese cast-iron pumps were
installed. However, pump corrosion, importation of spare parts, and the
lack of appropriate well drilling equipment severely limited. the
success of the program. _

In 1986, IDRC supported the project “Handpump Technology (Costa
Rica)", 3-P-86-0018, to investigate the adaptation of the UNIMADE
handpump to the Costa Rican environment. This project was in
response to the need expressed by the Ministry of Health to experiment
with more efficient and lower-cost handpumps and well drilling
techniques.  The project, showed that UNIMADE pumps can be
successfully adapted to rural conditions in Costa Rica. These pumps
being non-corrosive are very well suited for the country. Also, the
handpumps installed during this project have been readily accepted by
the villagers, thus generating significant interest from neighbouring
communities.

The above project also revealed that the existing government handpump
programme was very weak in the area of community sensitization, and
heaith and hygiene education. Other problems identified were
inappropriate drilling equipment and inadequate well protection
measures, specifically in areas where the water table is only inches
below the ground surface. Due to lack of drilling equipment in the
country, the government often relles on the users to dig shallow wells
by hand. Due to Inadequate subsurface filtration and the failure to
correctly locate wells with respect to latrines, the waters In these
wells are often fecally contaminated.
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As a follow-up to the "Handpump Technology™ project the IDRC
supported the present project: * Participatory Strategies in Water

Supply”.

Building upon the knowledge and experience gained during the last three
years, the present investigation Is developing, assessing and
documenting some  of the successful community participation
strategies tried in the previous project. These strategies specificaily
relate to community organization, sensitization, health and hygiene
education, as well as handpump installation and maintenance. They
were adapted to permit the members of the original project
communities to act as instructors and motivators in disseminating
relevant information to new project communities.

In addition, we are considering the persistent problems associated with
well drilling and construction, a neglected component of handpump
introduction programs. During the execution of the previous project, it
became evident that the quality of the well was a serious bottleneck.
As an alternative to the high cost of drilling and associated
difficulties with well construction in isolated rural areas, it is been
investigated the use of ferrocement technology in the rehabilitation of
existing shallow wells. Preliminary investigations have indicated a
potentially successful application of this low-cost, easy to use
technology. :

PARTICIPATORY STRATEGIES DEVELOPED IN THE PREVIUQS PROJECT

This methodology consisted of a number of participatory strategies,
many of which were developed or adapted according to the needs as
they arose. These strategies relate to:

i.)  initial contact and community motivation;

i) community organization (delimitation of priorities and
needs,organization and management, approaches to solve
community
problems,possibilities and limitations).
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iii.) sensitization on the need for clean water and improved personal
an household hygiene (including participatory activities related
to the discovery of the microbial world and its relation to
heaith);

iv.) creation of an organizational infrastructure (water committees)
and revolving funds (including legal implications and small
business

©accounting);

v.)  training in handpump installation and maintenance and well
protection measures;

vi.) implementation and monitoring of the intervention,

Many of the approaches used had never been tried before. Based on the
responses observed and on feedback from community participants, these
approaches are being revised and tested for integration into a
methodology for future replication.  Community members who
participated in the previous project are being trained as instructors in
the various components of the introduction methodology in an attempt
to create a team of field workers, from the same communities. It is
anticipated that these workers will be able to assist the project team
in future technology dissemination projects.

OBJECTIVES OF THE PRESENT PROJECT

The overall objective of this project is to build on the successful
community participation strategies developed in the previous project
"Handpump Technology (Costa Rica)", and adapt these strategies to
include the participation of community members as instructors in the
social and technical aspects of the introduction and use of water supply
technologies. The project Is also Investigating the application of
ferrocement technology in the rehabilitation of shallow wells.

The specific objectives are to:
a. train selected members of the original communities involved in the

project “Handpump Technology (Costa Rica)", as instructors of hygiene
education community organization, and smail business management.
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b. train selected members of the above communities, as instructors in
well rehabilitation and handpump installation and maintenance.

C. develop and field test a simple, iow-cost technique for
rehabilitating shallow wells based on ferrocement technology.

d. field-test a technology introduction methodology by giving training
experience to the instructors in a) and b) above, in their own
communities as well as in a nearby “new" community.

e. Rehabilitate 50 shallow wells and install 50 handpumps within the
three project communities using the methodology indicated in (d).

f. Evaluate and document the effectiveness of the training program and
the participatory strategies applied in (d) focusing on knowledge gained
and results achieved.

TRAINING OF COMMUNITY INSTRUCTORS

The study site is located to the north east of the country, on the
Atlantic north plain, on land parcelled out to the rural people by the
Instituto de Desarrollo Agrario, IDA. It is named the Rio Frio region, in
the "Cantén” of Sarapiqui, province of Heredia. The project is taking
place in three communities: the two communities that participated in
the previous project, La Chaves (100 households) and Ticari (150
households); and a new community,

Village instructors were selected for training from the two former
communities as they have already acquired valuable experience with
the technology and its Introduction process in the previous project.

The new community (for this study) was selected on the basis of the

interest it has expressed on the technology and its accompanying
development process.

The training of community instructors was performed during the first
three months of the project. Members from the communities, and from
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each water committee of La Chaves and Ticari were trained as
instructors in hygiene education, community organization and small
bussiness  management. tn addition, a small group from each
community was trained as instructors in the rehabilitation of shallow
wells and in handpump installation and maintenance.

A the end of the project, we will have at least twelve instructors
trained by the project team.

The training of instructors in hygiene education, community
organization and small bussiness management was done through a
series of workshops.

Topics that were covered in the workshops in community organization
and smail bussiness management included: what is an organization;
how to get organized; management of problems within an organization;
delimitation and delegation of functions; how to get the community
involved in the process of decision-making; what is a revolving fund;
and, accounting for small rural enterprises.

In relation to hygiene education the topics that were covered included.

how to identify the main concerns of the
community towards hygiene and health; how to conduct educational
activities with a community relative to the discovery of the microbial
world and its relation to health; basic household and personal hygiene
measures; and concrete solutions to water supply needs.

The training of instructors in shallow well rehabilitation and on the
installation and maintenance of the handpumps was a parallel activity
conducted at the beginning of the project. The training lasted for 2 months
and consisted of: new construction techniques in well rehabilitation;
principles of ferrocement technology and its application to wells;
sanitary prevention and protective measures; handpump installation
and maintenance; and, skills on how to train other people. These
instructors, under the supervision of the project team, are the ones
responsiblé. for well rehabilitation and handpump installation in the
villages. They assist families in these villages on how to rehabilitate
wells and install handpumps. They also oversee the construction and
well protection requirements. With the heip of the project team, they
also advise community members on the relocation and proper use of
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latrines (if necessary), and on how to solve maintenance problems.

Prior to the testing of the overall participatory methodology in a “new"
community, the instructors try out what they have learned in their own
communities. For this purpose, 15 wells are being rehabilitated and
15 handpumps installed in both villages, La Chaves and Ticari.

The new instructors, under the supervision of the project team, will
organize workshops in each community for the fifteen recipient
families. They will present and explain the project, and teach the
families about personal and househoid hygiene, well rehabilitation and
protection, and handpump installation and maintenance. They will also
assist each household on the rehabilitation of the well and on
instailation of the pump.

After training the Instructors, the overall participation methodology
will be tested in the “new” community, by providing twenty families
with protected water supplies (ferrocement wells and handpumps). The
introduction process will be implemented by the instructors in
consultation with the project team. The instructors will participate in
the organization of community workshops and training courses and will
be responsibie for conducting these. The project team will monitor all
workshops and courses and will guide group discussions or the delivery
of the courses as needed.

EVALUATION COMPONENTS

In terms of the training of instructors, different levels of evaluation
will be conducted throughout the development of the project. During
the initial training period on hygiene education, community organization
and small bussiness management, the research team assesSes the
individual’'s preparation for his/her presentation for knowledge
acquired, correctness of information presented, overall organization of
presentation, and teaching skills, These exercises indicate If further
training is necessary before going into the field. The instructors
knowledge and teaching skill are alsoheing monitored during the field
training exercises in their own communities.

The Instructors’ skills on well rehabilitation and handpump installation
are being judged by the quality of their workmanship. Their skills will
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be perfected before allowing them to teach other villagers. Their
knowledge and skills as teachers and motivators will also be monitored
throughout the field training exercises and via site visits to households
as the wells and pumps are being installed.

in the last month of the project an evaluation workshop (focus group
discussion), focusing on the overall introduction process will be carried
out in the new community. This evaluation will be done by the members
of «-the recipient community together with the project team and the
instructors. The purpose of this activity will be to obtain feedback
(ideas for improvement) in relation to the overall methodology used in
the introduction process from the point of view of the beneficiaries.
An 2xternal consultant with experience in anthropology and community
development  will assist the project team in developing the
methodology to be used at this workshop. Variables that will be
considered as indicators of success or failure include: level of
community organization. modification in perceptions and conduct
associated with hygiene aspects; maintenance of the revolving fund;
degree of community participation in the process of well rehabilitation,
use and cleanliness of latrines: and, maintenance of well surroundings.
The perceptions of the communities, inrelation to the work done by the
village instructors, as well as their importance in project
implementation will also be assessed.
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CONCLUSIONS

As a result of this project, the research team will have evaluated the
effectiveness of a number of participatory strategies involving key
social and technical components for a water supply system. The
strategies tested and their evaluation will allow the research team 1o
develop an integrated methodology for project replication with other
communities in the region. The project will also create a team of
village instructors and promoters that will be able to participate in
future dissemination projects. In addition, the communities that
participated in the previous, and this project, will serve as
demonstration models to government policy makers and the leaders of
neighbouring commurrties on the suitability of handpumps and software
components required In a technology introduction process, and on the
often ignored need for protecting water sources from contamination via’
appropriate hygiene education and well protection measures.
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REPLACING COMMUNITY PARTICIPATION WITH
NGO PARTICIPATION - A NEW APPROACH

. Janet K. Lugonzo-Campbell
Executive Director, Canadian Hunger Foundation, Kenya

ABSTRACT

Running the Canadian Hunger Foundation (CHF) programme in Kenya, the author
has learned that the ‘missionary' approach to village water projects by
most development agencies in the past has been largely responsible for
their very high failure rate. Most NGO's and agencies plan and implement

a project, then wrestle with the problems of trying to encourage what they

call ‘'community participation', which seldom succeeds.

The CHF begins by discussing with the committee of a self-help water project.
group the possibility of their upgrading their embryo project to a business
enterprise, in.which CHF are temporary joint venture partners. The

group registers itself as a Legal Soéiety with enforceable obligations and
responsibilities. The p:oject-becomes a financially self-sufficient enter-
prise run on business~like lines. The rules governing commissioning,
operation and membership are established in a registered constitution.

With both their contributions (in the form of share capital), and the
intergrity of the project safe-gquarded by legal means, the willingness

of even the poorest community to contribute their time and money is over-
whelming. Protected and encouraged by sound business-like arrangements,

the community provides squity, all the labour, and significant material
inputs. The CHF provides technical training and supervision of construction
works, training in book-keeping, in project management, in recruitment, in
the institution of checks and balances for the resolution of political
problems, etc., apd capital in the form of some of the expensive materials.

The project is run entirely by full-time emplovees of the Society.
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In the case of the first CHF-assisted project, the CHF withdrew in 1987.
By 1989, the group had a healthy bank balance, had expanded their project
by 100%, and had even built their own offices. It now serves as a model
for water project development all over Kemya. 10 this project, it is the
‘NGO which participated in the communitv's.project, and not the other way
around. '
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INTRODUCTION

In 1982, the Canadian Hunger Foundation(CHF) carried out 2 study of village
water projects in Kenya to find out why they had such a high failure rate.
Many of the projects studied had received donations from development agencies
or NGOs which were used for the purchase and installation of material.
Bowever, without a sound institutional framework, water would flow only for
a short time, much to the bewilderment of the dénor, who would not understand
why the project had 'failed'. The result would frequently be an evaluation
seeking technical flaws, and excluding an assessment of the institutional
aspects. Repairs or modifications would then be carried out for the
technical flaws, but water would still not flow continuously. Eventually,

the donor woulq become disillusioned and finally resign from the project.
The symptoms of institutional inadequacy were found to be;

- Poor management skills,

- Little or no organisational structure,

- Lack of maintenance skills,

-  Absence of a financial plan, of regular income and of administrative
controls,

- Absence of a sense of ownership of the water project by
the community,

- Difficulty in fostering tangible contribution from the
community,

- Ignorance of the skills and resources reguired to run a water
project,

- A 'charity' relationship between funding partner and the

community groups.

It was clear that the institutional requirements of village water projects
had not received enough attention. All parties concerned had grossly
underestimated what was required to make such projects successful and self-
sustaining. Hence ,it was apparent that a new approach was recuired.
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THE NEW APPROACH

A new approach to village water projects was developed by the CHF, and
translated into & metnodology. This methodology embodies seven key components,
each of which is fundamental and equally critical to the application of the

New Approach. These key components are as follows:

1. Establishment of the project by the community
as an independent enterprise, owned and managed entirely
by the community;

2. Relationship of supporting agencies such as the CHF as a
partner and investor covered by a2 joint venture agreement
(i.e. not as traditional ‘donors');

3. ' Registration of the project in the framework of a legally
constituted Society:

4., Establishment of a business-like project management
capability in the hands of the Society, with project
manager and full-time employees;

5. =Establishment of the capacity for the Society to
independently address and resolve managerial, political
administrative, and technical problems as and when they
arise;

6. Establishment of & financially sustainable operation
involving the payment of monthly water cansumption
tariffs;

7. Provision for contributions from each member, to

establish a Society share capital fund.

With this approach, the project becomes an example of self-development by the
community. It leads to an increase in the community's ability to implement

their own development initiatives in other sectors.

The principles constituting The New Approach can be adapted to any water
project. In the case of the CHF, they have been applied to community water
projects employing rain water chanelled from an intake into pipes, and fed
by gravity to the members' village plots, for drinking, livestock and small
kitchen gardens.
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INITIATION OF THE WATER PROJECT

The typical community water project is a long, complex process spanning
generations in the life of the community. From initial inception through
its various phases of planning, construction, operation and expansion, it
must survive social, political, managerial, technical and financial
hurdles if it is to achieve the long term goal of upgrading the quality
of life of the c¢ommunity.

The projects assisted by the CHF in Kenya had typically been established
twenty (or more) years before the involvement of CHF. All the projects had
been planned to operate indefinitely, with major replacements and expansions
required at 10-15 year intervals. The plans, drawn up by the Ministry of
Water Development (MOWD), were designed to cater for the expected population

for the next ten years or so.

At the time of CHF involvement, the projects have not yet 'taken off', due
mainly to the lack of suitable institutional arrangements. The point of

entry has typically occurred after the community achieves:

- Registration with the Ministry of Culture & Social Services (MCSS)
as a self-help group with the intention of undertaking a water project;
- Design of the system is completed as per MOWD criteria;
- Obtaining of the Abstraction Permit, authorising the project to draw
water from a source:
- Collection of initial funds;
- Construction of part of the system, however small a part.

Many projects being assisted by NGOs and development agencies may, of course,
be quite new and quite small. But it is essential that the idez of the
project should have emerged from within the community. In this way it starts
life as the community's project, and should never be perceived as otherwise,

throughout its life.

The CHF will then proceed through the various steps with the group and work
towards jointly developing the water supply system as an independent enterprise,
run on sound business-like principles. These steps are set out in the

following section.
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CHF PARTICTPATION IN A WATER PROJECT

Initial Discussions

The CHF discusses and counsels the group committee over a period of several
weeks or months, during which the community conducts a number of public discu~
ssions aimed at re-establishing their project with a form legal framework and
on sound business principles. Having only registered as a self-help group,
the CHBF then assists the grour to complete the requirements with the
Government to become a legal Water Society. During this period, the Society's
constitution must be established, which is a long process involving much

discussion in the community and with CHF.
Signing of Joint Venture Agreement

A joint venture agreement it signed by both parties covering each party's
commitments and responsibilities for the period of participation by the CHF

in the Society's project.
Building the Water System

During an intensive period of activity each party contributes towards

building the intake, main lines, storage tanks and distribution networks
according to the signed agreement and project design. These activities relate
to gravity-fed systems. 'These would be corresponding activities for

other types of project, whether cisterns, dams, boreholes or shallow wells.
Usually CHF provides éome of the material, and supervisory services. The
Society contributes a significant portion of materials, all the labour for
trenching, pipe laying, back filling and construction of tanks, and pays for
all skilled tradesmen required in the water system construction and the salary

of a manager and accounts staff, plumbers etc.
Training and Management Support

Concurrent with the construction phase, CH? provides training in technical
aspects, bookkeeping and administration, to the staff employed by the Water
Society and management advice to the Project Manager and Executive Committee
of the Water Society. This phase also continues concurrent with 'Home

Connections' feollowing the completion of the construction phase.

B2-6




Home Connections

Once the basic water system is built, and basic management procedures are in
place, the Society can embark on the process of connecting members When the
members pay their dues. The dues cover the cost of pipe from homestead to the
distribution line, the meters, taps and a connection fee. 1In the case of large,
gravity fed systems, this connection period can take up to 5 years, depending
on the number of members, and their particular circumstances, and notably on
the number of connecting teams the Society can afford. A connection rate

of 1 - 5 members per week is typical on these projects.

CHF long-term Relationship with the Water Society
The CHF normally reduceStheir direct participation in the project when the
terms of the joint venture agreement have been completed. At this point it is
expected that five to ten percent of the members will have been connected and
the Society would conduct an official opening, to commissicn the operation of

the project.

Over the period of the agreement the CHF and the Society develop good working
relationships. This relationship is not necessarily severed at the time of
commissioning the project. The CHF has often been called upon for advice

and training support when the Society identifies a particular need.

However, even with this extended.relationship through maintaining a monitoring
role, the participation of the CHF in the water project of any Society is for

only a short time period when compared to the long life of the project.
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PROJECT MANAGEMENT ARRANGEMENTS

The groups wno have their project assisted by the CHF are registered as Water
Societies under the Societies Act. The requirements for this registration
are very exacting, including security checks on all named trustees and
Officials, and thorough wvetting of the constitution, particularly as regards

to the ownership of the assets and safe guarding of the members' interests.

This aspect of the institutional arrangements is a key factor for convincing

the commumnity members of the soundness of the project.

The Society Officials can be held responsible in law for a number of aspects
of the affairs of the Society, and this emphasizes the seriousness of the
persons responsible for the Society's affairs. It also clarifies the question
of who owns and manages the project. There is no question that the Society

is responsible for the project, and for maintaining the required standards.

It is then clear that the involvement of participating organizations such

as CHF can only be.conducted in a formal manner and must be based on appro-

priate written Agreements.
Typical managememt arrangements are set out in Figure I below:

Figure I: Typical Project Management Arrangements

EXECUTIVE
COMMITTEE
SUPPORTING AGENCIES MAY SEND
REPRESENTATIVES TO MEETINGS
ZONE MANAGEMENT
COMMITTEE COMMITTEE
{(Wwhere necessary)
PROJECT
MANAGER

PROJECT STAFF
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Village water projects are typically beset by many problems, whether or not
there is a partner NGO or donor involved. Generally, the more successful the
project, the greater the variety of praoblems, because successful projects
affect the lives of the entire community directly and everyone comes to

depend on it.

Typical problems include financial, (including tariff structures), social.
political, planning and expansion, technical, managerial and distribution

problems, and combinations of all of these.

The CHF's role is not to worry unduly about such problems, and not to try
to solve them for the Society. Instead, the CHF's job is to build up the
capacity within' the Society to enable it to address and resolve such
problems when they arise. This is an important point, and one which is

fundamental to The New Approach.

When a problem arises during the operaticn of an established project,

many well-intenticned agencies react by either offering to scolve the problem,
or show undue concern or embarrasment, or offer money to resolve the issue.
All of these reactions can ultimately be the kiss of death for the project,
because from that moment on the community does not consider itself responsible
for its own affairs. The temptation to 'step in' must be resisted at all

costs.
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ESTABLISHING FINANCIAL VIABILITY

It is essential that each water project is eventually able to cover all its
running expenses and overheads with funds generated by the sale of water.
Since connecting members is a gradual process, there is a long period between
commissioning the water system and reaching a break-even level. There are,

identifiable stages of growth of the project which follow the commissioning;

Stage (i) The stage of initial connections where there are not sufficient

consumers to cover monthly running costs,

Stage (ii) The stage during which there are sufficient consumers to

cover monthly running costs but not all overheads,

Stage (iii) 'I‘he'stage during which there are sufficient consumers to cover
all running costs and overheads, and thereby reach a financial

-

break-even point,

Stage (iV) The stage during which there are sufficient consumers to provide
a surplus thereby adding to financial reserves and to expanding
these water systems.

As the Water Society progresses through these stages, greater degrees of
financial wviability are achieved. During stages (i) and (ii), the Water
Societies will adopt several practices in order to balance their income and

expenditures.
Most Societies will put into practice a combination the following;

- drawing working capital from their capital fund,

- motivating members to pay up their share of capital contributions,

- limiting expenditures on controllable jitems,

- phasing staff build~up to an affordable level of cost,

- employing connecting teams in balance with the rate at which members

are paying for connections.

The CHF experience gravity fed projects is that it takes at least five years
following commissioning before all the members are connected. The proportion
of connecticns required to achieve financial viability varies from project to

project, and depends con population density, economic levels, and administrative
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FUNDING A WATER PROJECT

Funding of CHF assisted project is, like the project's own development, a
complex process. The group will typically have raised money within the
community at the outset of the project, then there will have been a period
of dormancy. The Government of Kenya from various sources, will have
provided inputs from time to time, but these will not have been combined
with solid organizaticnal and institutional arrangements so as to provide

a suitable basis for a take—off and progressive development of their project.

The first major financial input comes from the Society members in the fcrm
of share capitél contributions. This is followed by a massive provision
of unskilled labour to trench, lay pipelines and back £ill for the entire
distribution network including storage and break-pressure tanks.
During this period, the CHF provides the technical supervision required in
the systems development, training services and a portion of the materials.

_ .
As the project gathers momentum, more members come forward with their share
capital subscriptions, building up a substantial fund enabling the Society
to meet their contribution of materials and to cover the costs of skilled
labour and staff salaries for the implementation of the project. Part of
this fund is put towards a reserve working capital which can be used to
assist the Society to bridge the period between establishing their staff
resulting in recurring expenditures and actually achieving full financial
viability. At this point the CHF has contributed around 50% of the total
cost of fhe project, the Society contributing the other 50%. As home
connections proceed and members' consumption of water increases, revenues
aceruing to the Society also increase covering all direct running costs and
eventually generating a surplus. At this point the Society will replace
their capital funds reserve in anticipation of expanding and replacing their

water system. No further contributions would normally be made by the CHF.
It is important to realise that the principles of institutional development of

The New Approach can be applied to any community water project, whether

assisted by the CHF or not.
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CONCLUSION

From the comparative success of the CHF's modest program in Kenva, £from
1984-1988, the indicaticons are that The New Approach, with its heavy emph-
asis on community ownership, business-like management principles and
financial sustainability, is very promising, and can in principle be applied
to all types of commmity water project.

During the development and applicatien of the principles of The New Approach,
it became clear to the CHF that all parties involved in community water
projects in the past had grossly underestimated the magnitude and difficulty

of the task of managing such projects. They require very considerable skills,

rather like managing a substantial business, with additional issues of politics
and social problems with which to contend. Establishing and running even
relatively small water projects is a serious and complex business, beside
which the technical issues,which are usually d4welt on at leﬁgth by the

literature, are relatively easily addressed.
»

In the case of the first CHF - assisted water project in Kenya, the CEF
withdrew in 1987. By 19892, the group had a healthy bank balance, had
expanded their project by 100% and had even built their own office complex.
It now gserves as a model for community water project development. In its
current Kenya Programme, NGO's and development agencieé will be invited to
send beneficiary group committees and the NGO's own staff to projects being

developed in Kenya with the assistance of CHF. These projects are to

become live training grounds for visitors and students to see how the prin-

ciples developed can be applied in practice.
While visiting these projects, visitors are not likely to hear the phrase

‘community participation’, because it is the NGD participating in the

community's projects not the other way around.
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STRAJEKHESFTN(OVERCONHNG‘THE|DBSTAC1£LASSOCLNTEDV“TTH‘SOFTVK&RE"ASPECTS

DF'RAJNV%ATERiCAITKUHENH‘SYSTEBH;ﬂWPlEdeNTAJTOBL
J.E. Gould

ABSTRACT

During the last decade, significant progress has been made
in rainwater catchment systems “hardware“, namely in the
development of low cost appropriate tank designs and consiruction
techniques. Most of this work has been well documented and is
available to fieldworkers throughout the world.

Straiegies for overcoming the obstacles agsociated with the
“software” aspects of rainwater catchment implementation have
been less well documented. These include ways of tackling a lack
of awereness, motivation, organization, skills and resources
amongs: communities at grassroots level. Approaches to overcoming
these obstacles, such as conducting preliminary surveys,
promoting awareness and interest in rainwater collection, setting
up organizational framework , wiranging training courses and
developing techniques for raising funds from both within and
beyond the community are considered in this peaper. Features
common to successful project implementation sirategies are
outlined and case studies from Kenya, Botswana ‘and Thailand are
cited. ‘

In the global context, the need to promote interast and
awareness in the potential benefits of rainwater catchment
technology extends far beyond the need for pure community
involvement and includes marketing the technology to government
agencies and major international funding bodies. In order to
gecure the substantial external support needed by poorer
communities to subsidize improvements in their water supplies,
project proposals have to be presented in a way that donors can
manage. Considerable coordination between different projects may
be needed to secure this support.
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INTRODUCTION

The renewsd interest in rainwater collection technologies
during the last decade has resulted in a rapid growth in the
literature on this topic. To date, however, the majority of
articles have been concerned with what we can term the “hardware”
aspects of the rainwater catchment systems, namely their
construction and design. These aspects of the technology are of
course extremely important because without information on
appropriate tank designs and clear construction details,
communities would not be able to benefit from the accumulated
knowledge end experience of others. Since many new tank designs
e.g. the Thai interlocking brick design, Vadhanavikkit (1986) and
the Botswana ALDEP sub-surface ferrocement design, (see Pacey and
Cullis 1986, p96> have not been field tested for a sufficiently
long period fdr us to be entirely confident in their longterm
performance, continued researcn and exchange of information is
essential i1in the future. Problems with the bamboo reinforced
cement tank design in Thailand and Malaysia illustrate just how

important such flows of infeormation can be. Following the
construction of more than 50,000 of such tanks in Thailand alone

at a cost of more than US$11 million it was discovered that decay
of the reinforcing of the bamboo was leading to failure of a

number of  tanks, threatening both property and 1lives,
Vadhanavikkit and Pannachet (1987).

Despite the importance of informstion on the latest
developments with regard to rainwater catchment technology
hardware, there is a growing awareness ths: technical information
alone 1s not sufficient for a successful implementation program
A large number of appropriate tank designs are already widely
known and have been well documented: such as the ferrocement
(Watt - 1978), the cement jar and the concrete ring designs
(Nissen-Petersen 1982). There are, as a result, increasing
demands for information relating to the development of effective
approaches and strategies for the widespread implementation of

these designs. These are concerned with the social, cultural,
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administrative and economic aspects of rainwater catchment
technology implementation or what may be <called the "“software”
aspects.

Unlike the “hardware" aspects (designs, construction details
and computer models for calculating appropriate tank volumes for
given catchment areas) which can often be easlly modified and
replicated anywhere, the “software” aspects of successful
rainwater catchment implementation strategies are difficult to
replicate in different communities. This partly explains the
reason for lack of references to rainwater implementation
strategies in the literature.

Although the difficulties and dangers inherent in any
approach to try to replicdte or transfer an entire implementation
strategy from one area to another make it inadvisable, useful
lessons can be learnt from the experiences of others.
Furthermore, important elements common to most successful
rainwater catchment tank implementation projects can Dbe

recognised. The most significant of these are listed below:

FEATUREE COMMON TO SUCCESSFUL RAINWATER TANK IMPLEMENTATION
STRATEGIES

{. Most successful projects have started small and grown slowly,
developing and modifying both the tank designs and implementation
strategies on the basis of constant self evaluations.

2. FProjects which have been predominantly run by local people
have a far higner success rate than those run or set up by people
predominantly foreign to an area. Frequently, however, outsiders
have played important roles as catalysts to stimulate project
initiation.

3. Projects which involve the community from the outset in

planning, implementing and maintaining the systems have a greater

chance of enduring and expanding.
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4. Successful projects are generally assoclated with communities
where a real “felt need" for water has been expressed and where
this figures very highly on the development priorities for the
locality.

5. Projects where the local community have contributed funds,
labour and ideas have a much greater record of success than those
sufported entirely from external sources. It is, however,
important that the firancial and labour requirements do not place
an unacceptable burden on the community, as this may jeopardize
project.

OBSTACLES TO PROJECT IMPLEMENTATION

Obstacles to the implementation of rainwater catchment tank
projects in common with other projects aimed at improving water
supply and sanitation using low cost, small scale, "appropriate®

technologies can be identified at a variety of levels.

1. International and National Level:- The main obstacle at this
level 1is due to the reluctance of governments and major

international funding bodies to support small scale, scattered
projects at the grassroots. Among the many reasons for this are
the fact that from an administrative point of view it 13 much
easler to support large scale projects such as major dams which
carry with them, prestige and spin-offs such as irrigation and
power generating potential. These projects provide most benefits
to the politically influential urban middle classes as well as
¢creating employment for skilled labour both from within the
country and abroad. Ultimately, economic and pelitical factors
determine how significant funding earmarked for so called
“development projects" is spent and this often results in small
scale rural water supplies figuring 16w on the list of priorities
gince the return on investments in this field are neither rapid
nor immediately obvious. Furthermore there (s often relatively

little political «capital to be gained from poorer rural
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communities which are neither particularly vocal nor influential.

Although, most NGO's do try to target their energy and
resources at small scale projects for tﬁe grassroots in many
developing countries there is relatively little coordination
between the numerous organizations working in this field. The
result of this 1s that often considerable duplication 1is
occurring with different groups all “re-inventing the wheel"
leading to considerable inefficiency. While, 1t must be
recognized that some projects may be very successful, the total
impact of all the projects in the country is less than it might
be given more coordination and a greater exchange of information
between' the various organizations. Given the generally negative
international climate within which most NGO's have to operate
they are, despite everything, probably still administering

development "aid” more efficiently than anyone else.

2. Regional Level:- At the regional level bureaucratic procedures
and pressure on limited funds present major impediments to the
implementation of prejects. One particularly commonly occurring
problem which has been observed in Kenya and Botswana 1is the
inefficiency associated with attempts to loan money to individual
households to pay for rainwater tanks, McPherson et al. (1984) and

.Gould(1985), respectively. Considerable time and energy is wasted
in attempts to collect repayments and interest on the loans which
are frequently never finally repaid in any case.

3. Local Level:- The most common impediments to rainwater tank
implementation at the grassroots 1level in areas where
hydrological conditions are such that the technology offers the
possibility of substantially improving water provision, are a
lack of awareness, motivation, organization, skills and/or
resources. Any one of these impediments may be sufficient to
prevent a project from succeeding.

Many other obstacles may also exist but they are so varied
and numerous that it is only possible to cite a couple of

examples here. The future job security of water sellers is one
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problem which if ignored could result in the failure of any
project aimed at improving domestic water supply delivery. In
general the alienation of any particular group in a community and
a failure to allow them to share in the benefits of a project
risks provoking their retribution and even acts of sabortage
against the improvements resﬁlting from the project. This has
occurred in Tanzania among other places, where newly installed
standposts have been vandalized beyond repair by redundant water
sellers.

Arother example of an unforeseen obstacle to smooth project
implementation comes from a rainwater tank project in Kwazuluy,
South Africa where considerable reservations  about the
suitabiiity of the technology was exnressed by the iocal cormunity
because of fears that supplies might be poisoned by pernicious
neighbours., Clearly unexpected problems of this type can only be
identified by conducting a thorough preliminary survey during
which not only the technical and economic feasibility of the
project neads to be assessed but also the social feasibility.

STRATEGIES FOR OVERCOMING THE *“SOFTWARE" OBSTACLES TO PROJECT
IMPLEMENTATION AT THE LOCAL LEVEL

Any strategy attempting to overcome these obstacles must
begin by first identifying to what extent they exist Qithin &
given community.This can only be done by means of a comprehensive
community survey, which should be done in conjunction with a
technical field survey in which data on past rainfall, roof and
other catchment areas, distances to improved and unimproved
supplies and present water usage, local cost of materials etc...
'is collected to help in the technical design of the project. The
purpose of the community survey is to establish current attitudes
to collecting and using rainwater for different purposes, the
level of willingness to participate in a project and the ability
of the community to pay for, or contribute towards, it. This
survey should include structured interviews with community

leaders, a questionnaire survey of a significant sample of
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housenolds and ideally a meeting to which all members of the
community should be invited to attend and contribute ideas and
opinions.

Some of the most common problems experienced at the local
level and possible strategies for overcoming them are listed

below:

1. Lack of awareness and or interest in rainwater catchment

technology.

This obstacle can be overcome through 8 cempaign to increase

education and knowledge about the potential benefits of RWCS

through: -

1)  Local media

ii) Leaflets, posiers,etc.

11i) Persuading community workers, teachers, agricultural
extension werkers to promote the technology

iv) Arranging for community members to visit a neighbouring RWCS
project

v) Constructing demonsiration tanks.

Negative attitudes towards the perceived taste or quality of
rainwater might be overcome by inviting members of the community
to taste rainwater collected in a demonstration tank.

2. Lack of motivation and determination to support a RWCS
project.

This problem sometimes occurs in communities due to previous
negative experiences with self-help projects or where payment or
food has previously been provided in exchange for labour 1in
communal projects. To overcome this obstacle it is necessary to
convince the community that the benefits afforded by the project
outweigh the costs. Similiar methods to those used to overcome a
lack of awareness can be adopted to achieve this. If the whole
community can not be persuaded to support the project it may be
worth initiating the project with the members of the community
who are supportive in the hope that others will join once the

benefits have been recognized. If it is not possible to motivate
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more than a small portion of the community to support a project
this may indicate either that an improvea water provision is not
a significant "felt need" in the community or that other more
urgent problems reguire priority. In both cases it may not be
advisable to attempt the implementation of a RWC project under

such conditions.

3. Lack of an effective organizational and management framework
Ideally if an effective organizational structure already exisis
within a community, such as a Village Development Committee which
has experiencs of previous projects and commands the respect of
the local people, 1t is advisable to build on this existing
organizational framework when introducing the RWC project.

If no such organizational stiructure exisis a committee will
need to be established. If a preject is to stand a good chance of
success 1t is essential that the committee is made up of well
respectad . members of the community with no vested interests
relaied to the project. Ideally they should be elected by the

community.

4. Lack or skills to constrfuct the Rainwater Catchment Systems
In order to overcome the problem of a lack of necessary skills, a
training strategy will be required. This may involve setting up a
spacific training course or having an on going training program
where “apprentices" work with skilled tank builders for a period
of time wuntil they have acquired sufficient skills to work
independently. Since the technology involved in RWC projects is
generally simple, training local people in the necessary skills
should not be a major problem. Ideally, however, existing skills
within the community should be wutilized to the full and local
builders and plasterers should be encouraged to atiend training
courses. It 1s essential that the tiraining program is extremely
thorough and that following this training period tanks are only
built by those with some experience and that work is wvery
carefully supervised. The failure of even one system in the early

stages could jeopardize the future of the whole project.
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One further problem which needs to be recognized is that
sometimes, once local people have acquired a marketable skill
such as ferrocement tank construction in & region where there may
be a growing demand for this product, they may be tempted to set

up independently of the project or seek work elsewhere.

5. Lack of resources to finance the project

This 1is the most common reason given by individuals and
communities for not being able to proceed with the desired Rain
Water Catchment System (RWCS) implementation scheme. In some
cases this may not be entirely true. Often resources may be used
for consumer durables, such as motor bikes or radio/cassetiies,
which are considered more desirabie. Frequently, however, very
few funds are available to individual households to finance
improvements.In either case a mechanism needs to be found to
raise the necessary funds for implementing - the rainwaster
catchment systems. A number of different options are avallable,

these include: -

(1) Revolving funds: This 1is where a group of householders, for

example 12 make a monthly contribution equivalent to 1/12 of the
sum required for constructing the rainwater tank and guttering.

Then each month for a year the households in the group receive in
turn a system. It is essential that work does not begin until all
the money for the first tank has been collected. For this method
to succeed it is essential that all the group memb;rs trust each
other and it may be worthwhile drawing up some sort of centract.
The advantage of this method is that it involves the community
directly in the project and often leads to rapid uptake of the
new systems. It also guarantees the builder & steady supply of
work whilst spreading the cost of the tank over a managabie
period. In poorer communities the implementing agency may need to
subsidize part of the cost of the system
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(11) Grant/Down-payment: In this case the recipient household
makes a down-payment as their contribution to the cost of the

system and the implementing agency covers the rest of the cost.

(111> Payment in full or in kind: Better off members of the
community may be in a position to meet the full cost of a RWCS
unassisted. Others may be able to pay if they can be persuaded to
sell off surplus livestock or might be provided with a system in
exchange for providing labour to an income generating venture
assoclated with the project.

(iv) Loan/Repayment: This method 1s best avoided except in cases
where an individual householder has the ability to pay but where
money is tied up in livestock and can be released only when any
are sold or where funds will only be available after harvest time

for example.

In all of these cases the recipients of the RWCS's may be
able to help reduce the overall costs by contributing labour and
materials eg. sand, water, hardcore etc...during the construction
period.

OVERCOMING “SOFTWARE® OBSTACLES AT THE REGIONAL, NATIONAL AND
INTERNATIONAL LEVEL

At the International level and to a lesser extent at the
National and Regional levels the obstacles to gaining unreserved
support for a global effort to significantly improve water
supplies across the world are enormous. The failure of the
International Drinking Water Supply and Sanitation (IDWSS) Decade
to even approach achieving its objectives bears witness to the
magnitude of the problem. Although efforts must continue to try
to bring about a positive political climate worldwide, supportive
of a more serious approach towards global grassroots development,
it seems imperative that local communities will have to do their
best to improve the situation alone, with relatively little

external assistance for the time being.
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Where the government has lent support to local
initiatives in Thajiland, and to a lesser extent to 2 few
individuel projects 1in Botswana and Kenya progress has been
rapid. Much more effort needs to be made to encourage regional
and national governments to support RWCS projects and to try to
attract significant funding from major international donors to
support these efforts. One possible route to this objective might
involve efforts to coordinate the activities of the many NGO's
and scattered community projects trying to implement RWC
technology. Obviously a coordinating body would be needed. This
body could then put forward & joint project proposal on behalf of
all of the members of # consortium, In this way more time and
resources could be focused into producing an extremely thorough
and comprehensive proposal for substantial funding thereby
reducing the administrative load on both individual prpojects and

the donor agency.

CASE STUDIES

The following case studies are all examples of successful
projects visited by the author which have all invelved their
respective communities from the outset and have all had some
degree of government or foreign donor support. The descriptions
focus on the key positive elements of the projects which nave
helped to lead to their success and it is hoped they might each
in a different way provide models for other projects:

1. BOTSWANA: The ALDEP ground catchment tank project.

This project was initated in 1979 and is currently
administered by the Ministry of Agriculture. It consists of the
construction of 10-20 cubic meter sub-surface ferrocement tanks
which use traditional mud and dung plastered threshing floors as
a catchment apron. These are located on scattered homesteads
throughout the country and provide an invaluable water supply to
their semi-nomadic occupants who farm the remote districts on the

fringe of the Kalahari throughout the rainy season. During the
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last decace several hundred of these tanks have been constiructed.
The key to the success of the project has been the fact that it
started small and has grown steadily. The design was thoroughly
tested, redesigned and extensively field tested in a major pilot
project. Both the technical design and the implementation
strategy has been constantly evaluated and improved. For example,
problems in administering loan repayments in the original system
for financing the tanks led to the replacement of a loan/subsidy
scheme with a downpayment/subsidy scheme in which a 15%
downpayment by the tank recipient was matched with a n 85% grant
from the Ministry of Agriculture., The project was supported with
significant' funding from foreign donors and wused Botswana's
substantial network of Agricultural Demonstrators, not oniy to
promote the technology throughout the country, but also to
administer and monitor the project. More detailed accounts of the
project giving information on many of the specific problems
encountered and how they have Dbeen overcome are given by
Ainley(1984) and Gould(1985)>, (1987).

2. KENYA: Machakos Diocese Rainwater Tank Programme

This project was initiated in 1983 and is being coordinated by
the local Catholic Diocese Development Office. The project covers
the whole of Machakos district and is assisting groups each
consisting of 10 households to set up revolving funds for
financing concrete ring tanks buillt to a locally developed
design. A third of the cost of the tanks was initially covered by
the local Development Offlice supported by a foreign donor. The
rest had to be met by the group members using the revolving fund.
The recipients of tanks provide materials and unskilled labour to
help to reduce costs. The project has now become completely self
financing and around 3000 tanks between 4.5 and 15 cubic meters
have been constructed. The success of the project 1s due, in
part, to the effectiveness of the setting up of revolving fund
groups for financing the development and motivating other groups
to do likewise.
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3. THAILAND: Jar Construction Program
Although this project has only been runniné since 1986 it is by
far the most successful rainwater tank implementation program in
the world, having resulted in the construction of around 4
million 2 cubic meter wire reinforced cement jar tanks by the
early 1889. The success of the project has been mainly due to the
active participation of grassroots communities supported by local
and national government agencies, universities and non-
governmental organizations.

A number of Kkey elements each vital to the enormous success
and widespread repllication of the program have been identified by
Virojanagud and Chindraprasirt(1987), these include:

1. The preparation of the community and their involvement from
the outset in both financial management and construction.

2. The use of revolving funds to help househclders raise the

necessary money to covaer the costs of materials for the tanks.

3. The close partnership of government and community. This is
reflected in the assistance of the government in providing tools

and in establishing a revolving fund of 10,000 Baht (approx.
US$350) for each village to help subsidize villagers
contributions. Villagers 1in return were expected to contribute
their labour free of charge and pass on skills learnt on

government training courses to others.

The relatively small size of the jars (2 cubic meters’) and
their low cost 550 Baht (approx US$20) for materials has made
them affordable to the masses. Although an average family
requires 3 tanks to provide sufficient domestic water to last
throughout the dry season, additional jars can be added to the

first when further funds become available.

If current rates of tank construction continue it seems likely.

that the goal of the IDWSS Decade may be attained making Thailand
one of the few developing countries to achieve this. It is
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estimated that by the early 1990's, 9 milliion tanks would have
been constructed.

A project to introduce larger 1l cubic meter ferrocement tanks
has been running concurrently with the jar program and has been
administered by the Population and Community Develiopment
Association <{(PDA) since 1980 with assistance from a variety of

foreign donors.

CONCLUSIONS

Despite the unfavourable international climate which has
resulted 1p a serious lack of support for small scale rurail
initiatives: low cost water supply technologias including RWCS's
can have a considerable impact at the local level if an

appropriate approach is adopted.
The success of any strategy aimed at introducing the
widespread inplementation of rainwater ‘catchment tanks into a

region dependas on & number of key conditions.

1. Suitable hydrological conditions.
An appropriate affordable system design.
A real felt nesd and desire for rainwater catchment
technology by the people.

4. A successful survey of the technical, economic and social
feasibility of the project.

5. An effective implementation strategy with effective
management, training and sufficient financial support o
ensure successful tank construction can procead
unimpeded.

6. A positive and supportive policy towards the program by
the national government and major donor agencies.

7. The axistance of a dynamic individual or organization
to act as a catalyst to set the implementation program

in motion and to motivate participants.
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The first two of these conditions are physical factors
relating to the herdware of the rainwater collection sysiems.
. The rest are what can be described as software factors and as
experience has shown, although less immediately obvious, these
may be equally inportant in determining the success or otherwise
of any project. It is, therefore, imperative that policy makers,
planners and project coordinators give at least as much of their
sttention to the “software" side of RWCS implementation as to its

“hardware".
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ABSTRACT

The Mutomo Soil and Water Conservation Project has helped implement a
wide range of water harvesting systems for the improvement of community water
supply in the semi-arid Southern Division of Kimn District, Eastern Province, Kenva

Several rain water cistern systems have been developed which harvest runoff
water from rooftops, roads, compounds, springs and exposed bedrock. These
compliment larger communal runoff water harvesting systems such as rock catchment
dams, earth dams and shallow well/sub-surface dams. They are low-cost,
appropriate technologies involving a high-level of community participation in
planning, construction and maintenance. Artisans selected from the local community
and mained and equipped by the project have combined with women's and other self-
}lx)ciln groups to install rain water tanks at most schools and public buildings in the

vision.

The paper focuses on the approach adopted by the project in implementing
rain water harvesting systems in a marginal, rural, semi-arid area with a
predominantly subsistence economy. Some general recommendations and
conclusions are summarised from the experiences at Mutomo from 1982-1987 and
the five standard tank designs adopted by the project and ranging from a seven cubic-
metre tank system costing US $157-168, to an 78 cubic metre excavated tank costing
US $690-870 inclusive are described.

Michael D, Lee is an independent water harvesting consultant employed by the Danida Kenya
Mission in 1988 w work at the Mutomo Project. and more recently by the IRC to work on
environmental problems and protection of small-scale water sources.

Erik Nissen-Petersen is a water conservation consuliant employed by Danida as Construction

Foreman a1 the Mutomo Project from 1982 10 1988 and more recenily as Water Conservation
Advisor at the Kitui ASAL Project. He is currently associated with Mutiso Consultants Lid.
(Development Managemeni), P.O. Box 14333, Nairobi.
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INTRODUCTION

Around Mutomo in the semi-arid Southern Division of Kitui District in the
Eastern Province of Kenya some 200 km east of Nairobi, the 100,000 inhabitants of
the region have very few natural perennial sources of water. With an average annual
rainfall of roughly 500 mm and extremnes of 237 and 1471 over the last 14 years,
some form of water collection and storage is needed to even out the spatial and
temporal variations in water supply that place excessive burdens on the rural people
atempting to secure their daily warer supply. The Danida-funded Mutomo Soil and
Water Conservation Project (MSCWP) has helped implement a wide range of rain
water harvesting systems for the improvement of community water supply. These
range from seven cubic meme household rain water cistern systems to 2,000 cubic
metre rock catchment dams built with communal labour by self-help groups
supported by the project. Successive review missions have requested that the
experiences and successful methods developed for construction and maintenance of
water points be passed on to a wider community outside the Mutomo area (Danida,
1984, 1987). In answer 10 this, the authors of this paper have produced a
comprehensive manual on rain water and runoff harvesting soon to be published by
the (I;x)tcmational Reference Centre for Community Water Supply and Sanitation
(IRC).

In keeping with the objective of the conference 1o share experiences in rain
water cistern system technology with emphasis on community involvement, this
paper presents some of the community aspects of the MSWCP. In particular it
focuses on the kind of approach that needs to be taken when using rain water
harvesting techniques to develop community water supply in marginal, rural, semi-
arid areas of Africa where the subsistence economy is dominant and technological and
financial resources are limiting. For 90% of the population around Mutomo, incomes
are below US $15 per month. Although there are few financial resources, there is a
local tradition of murual cooperation in labour activities, with the pooling of resources
to accomplish tasks exceeding the capacity of individuals. These are seif-help groups
known locally as Mwethya groups. They are mosudy made up of women since many
adult males leave o become migrant workers in urban areas. Consequently, the
project has concentrated on the development and implementation of low-cost, self-

- help water harvesting systems. These allow the bilateral aid from Danida to be
combined most effectively with the locally available resources of self-help labour to
improve the water supply through the mobilization of community groups and the
training of local artisans in the manufacture of systems and their components.
Provided here are a few of the conclusions and recommendations derived from the
MSWCP experiences and some general details of the rain water cistern systems
adopted by the project and their costs.

The complete manual (Nissen-Petersen and Lee), from which some of this
paper is derived, provides a description of the semi-arid environment in Africa, the
role of rain water harvesting and its improvement over traditional water supply
systems, the methodology of setting up a rural development project with its water
component based on water harvesting, site selection and design criteria for a range of
cisterns, dams and sub-surface water stores, and the training and management of
artisans and organisation of self-help groups to carry out construcdon. For the
various water harvesting systems the authors provide individual construction guides
which include quantity surveying and costing details, siting considerations, site
preparations, building inswructions, quality control and maintenance insguctions.
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DEFINITION OF RAIN WATER HARVESTING AND ITS PURPOSE

Rain water harvesting involves the collection, concentration and storage of
rain water that runs-off a narural or man-made surface area. It has two main
functons. Firstly, it is a2 method of smoothing out fluctuations in the available water
supply through time by storing water during tmes of plenty for use when it is scarce.
Secondly, it is a method of evening out the variations in space providing water in
areas where it is limited. This may be due to the lack of surface water storage
features such as natural ponds or lakes which allows the surface run-off to leave the
area as river-flow, or due to the low overall volume of water which quickly infiltrates
into the ground. Water harvesting can also be used to provide alternauve water
sources 1n a more convenient pattern, for instance closer to population centres or
quality farmland. It may be used to supply water of a higher quality where alternative
traditional water sources such as rivers or lakes constitute a health hazard.

When designing and implementing rain water harvesting systems in
underdeveloped areas where a subsistence economy predominates, it is imperative
that the appropriate combination of supply area, collection and storage method be
selected so that the water requirements of a particular user group can be satisfied
efficiently at minimurn cost A rain water harvesting system should possess the
following feamres:

- inital investment cost should not be too high to prevent user uptake of the
technology or the constructdon of a sufficient number of water-points using
project resources and local labour,

- the system should be built using appropriate methods and materials, i.e. the
materials should be cheap and locally produced or readily availabie,

- the system must correspond with what people want, in locations they desire and
find most convenient to use. This ensures their vital cooperation in construction,
regular use and management, and therefore a satisfactory long-term return to the
investrnent.

In addinon, it is desirable that the system should:

- direct the rainfall inputs into the storage structure with minimum losses or waste,

- should be constructionally sound without over- or under-capacity, |

- should require little operational inputs in terms of maintenance or spare parts and
should not degrade through time resulting in water loss and water quality
deterioration,

- the total costs of supply and storage should not be in excess of the value of the
water provided over a pre-determined period,

- the system must provide water at a quality the user group finds accepiable,
frrespective of any external standards.

TRADITIONAL RAIN WATER HARVESTING

Rain water harvesting is a common traditional water source in the Southern
Division around Mutomo and compliments alternative sources such as local water
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holes, seasonal rivers, springs and shallow unlined wells. It usually takes the form

of rudimentary rooftop harvesting involving stationing pots, pans and other vessels

beneath the eaves of a house to catch runoff water from the rooftop during ®
rainstorms. Whilst it is a simple exploitation of an obvious local resource, it is often

not taken to its logical conclusion of building gutters and a large single storage tank

that could provide sufficient water for the complete dry season if carefully managed.

The major reasons for this are:

- the lack of resources, both financial and technical, to construct a larger harvesting ®
system,

- the poor local perception concerning the full resource potendal of the household
rooftop site,

- the inability of user to calculate the amount of water that runs off, ®

- the inability of the user to judge the households consumpton needs relative to the
quantity of water that could be harvested,

- the perception of the environment as arid and therefore having insufficient rainfall
to support the family, ®

- the temporary nature of some building structures or materials not warrantdng
permanent harvestng fixtures,

- the poor suitability of the house design to support a larger harvesting system.
By providing technical suppor, financial assistance.and organising
communities to work together, rooftop and other water harvesting systems designed
for more communal use were developed by the local people and the MSWCP.
THE MUTOMO SOIL AND WATER CONSERVATION PROJECT APPROACH
Given that linle experience had been previously gained in the implementation

of large-scale grass-roots approaches adopting low-cost, self-help solunons to semi-
arid water supply problems, a flexible, multiple-level approach was adopted.

Target Groups
A number of different scale targets were quickly identified and included:

- family/private individuals who would own and use a rain water harvesting system
exclusively,

- a small group such as a self-help group, church-congreganon, school or other ®
organised group who would use the system under joint ownership restricting use
to members,

- acomplete community/village who would use the systermn as a common resource
and with open access.

Addidonally, women were recognised as a major force in agricultural and

environmental development, a fact which is true for many rural arid and semi-arid
(ASAL) regions. The project decided to especially focus attention on women's
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groups and their needs. These related primarily to reducing the journey time and
distances required to carry daily water supply to the home (often in excess of 10 km
round-trip), freeing more time for food production, firewood collection, and child
care.

Rain Water Harvesting System Types

Relying on a single type of rain water harvesting system such as individual
household tanks is not a feasible strategy for areas like the Southern Division where
the development project must provide basic infrastructure, existing water points are
almost solely un-improved traditional systems and the majority of the population
cannot afford to finance water point construction without significant economic and
social change within the local economy. The required approach is that some
households or institutions could be helped to develop individual systems whilst a
more favourable distribution of larger, perennial comrmunal systems could be
developed with the assistance of larger self-help groups.

Every additional water harvesting system provides more convenient local
water, a major need of rural families. They help reserve the larger sources, which
may be the only points providing a permanent source in the driest years, for times
when drought conditions result in the small or medium scale systems drving up.
Thus a safery net is provided. In the wentest years, local small and medium scaie
water points will provide sufficient water and expenditure on water collection and
transportation will be a minimum. In the driest years, the time until people must
resort to relying on the few large-scale water points will be lengthened keeping
average journey times and roungd-trips short.

Throughout the Southern Division, there is considerable potential for
development of a wide range of different types and scales of rain water harvesting

system types. Classifying the landscape into three main components, water sources
were identified for exploitation;

- hilly/mountainous areas with extensive rock outcrops and potential for spring
ghcvelopmcnﬁ, rock catchment construction and local groundwater exploitation by
allow wells,

- lower-level hills and slopes with wide stream beds and some isolated rock
outcrops and potential for shallow groundwater exploitation, rock catchments and
a variety of tanks,

- shallow slopes and feamreless plains with potental for deepened and earth-
dammed water holes, ground tanks filled from roads and raised and ground tanks
by houses and compounds.

A range of different water point types are necessary to exploit the full potential
of the landscape: rock catchments, shallow wells, sub-surface dams, sand-dams,
ecarth dams and water tanks. During 1982-87 the local people and the MSWCP
together constructed 191 water tanks, 103 rock catchment dams, 126 shallow wells
combined with 10 sub-surface dams and 15 sand-dams, 12 earth dams, 3 spring
protections, and 8 tube wells, Development of more water tanks was atternpted when
the MSWCP complemented its community-scale operations by beginning a pilot
scheme subsidizing private individuals 50% of the materials and skilled labour costs
to build 60,000 litre ground-tanks. However, this did not get the approval of the
Danida review committec at the start of 1986 and was phased out in favour of
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providing ground-tanks to all schools in the region. By the end of 1987, the total
potential water capacity in these various man-made water systems was estimated to be
722, 680 cubic metres, which accounting for two rainy seasons, losses to
evaporation and sub-surface seepage gives an estimated 670 million litres of water for
human and animal consumption.

RAIN WATER TANKS USED IN THE MUTOMO PROJECT
Tank Construction Costs and Maintenance

Five standardised tank cisterns were adopted for construction by the MSCWP
ranging from a seven cubic metre raised ball tank to a 78 cubic metre extended ground
tank. Local people with only basic skills were trained to be artisans and to carry out
the technical aspects of construction whilst supervising the recipients of the
harvesting system (school parent groups for instance) in providing the required
labour and in after-care and maintenance. The ground tanks can be fed by runoff
either from roads, rock surfaces, compounds, rooftops or feeder pipes from highland
spring protection systems. Raised and extended tanks are generally fed from
rooftops, the smaller ones from houses and the larger ones from schools and public
buildings. The costs of each tank with and without self-help labour is listed in Table
1.

Table 1 - Tank Consauction Costs

Ground Tanks  Labour Materials Toal US $Aitre
22m3 self-help 20.0 free 51.0 710
artisan 225 purchased 320 3545  $0.002
42.5 83.0 125.5  $0.005
60 m3 self-help 80.0  free 1040 184.0
artisan 55,0 purchased 2900 3450 $0.0064
135.0 394.0 529.0 $0.0088
78 m3 self-help 100.0  free 83.0 183.0
artisan 15.0 purchased 613.6 6886 $0.0087
175.0 696.6 871.6 $0.0110
Raised Tanks Labour Materials Total US $lire
7 m3 sclf-help 0.0  free 1.5 115
artisan 25.0 purchased 1320 157.0  $0.021
25.0 1435 1685  $0.023
21 m3 self-help 40.0  free 235 63.5
artisan 60.0 purchased 4109 4709  $0.022
100.0 4344 5344  $0.026

(The costing of labour and materials is based on Kenyan prices as of January 1988
converted from Kenyan Shillings at an exchange rate of 17 Shillings:1 Dollar)

The free material costs refer to sand, gravel, rock ballast, and water that can
all be collected locally and brought to the construction site by the self-help labour as
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their added contribution to the cost of the rain water harvesting system. The
commercial costs are kept lJow by manufacturing many of the components locally
such as guttering and gutter hangers. Polytechnics were issued with equipment and
students Tained as conwactors, providing a boost to local employment and the
economy. The two US $/litre figures give the construction costs per litre for the
system with self-help contributions (upper figure) and with no self-help contributions
(lower figure). These investment costs are only incurred once per system and with
each successive year of use, the costs of providing water obviously decrease.
Maintenance is usually self-help with expenditure confined to bitumen paste or mortar
water-proofing.

Without proper maintenance all water constructions will deteriorate. Lack of
care results in the need for a minor repair, this is neglected and results in the need for
a major repair and then finally the system becomes beyond repair. At Mutomo,
mouvating people to take responsibility and maintain a structure involves gertng the
concept of preventative maintenance across. In much of Africa, the concepts of
prevendon and maintenance are not present, only those of breakdown and repair.
Something has to stop working completely before action is taken. As a primary
means of prevention, construction projects were all developed to adopt standardised,
maintenance-free designs involving minimum machinery with moving parts,
construction techniques similar to those existing in the area and to include the users in
construction and maintenance training. Where relevant, specific maintenance people
were taught how to fault find, diagnose problemns and undertake remedies for the type
of water point they constructed, on the understanding that if serious faults develop,
project personnel should be contacted to come and effect repairs.

The Five Standard Tank Designs
The five standard tank designs are:

22 cubic merre ground tank

This tank is a family-size perennial system that could be used for drinking, irrigation
of a garden plot, or livestock watering. It is an excavated hemispherical tank that is
most commonly fed by runoff from a road, but could also be fed from a rooftop area,
compound, or small rock outcrop. The quality of the water is lower than in the raised
or extended tanks of the same size. If the tank is full at the start of a six month dry
season it would provide between 100 and 124 litres per day depending on the losses
to evaporation

60 cubic metre ground tank

This ground tank is an excavated hemispherical tank capable of holding
60,000 litres of runoff water. Because of its large size it is most suited to collecting
water from a compound, road or rock outcrop. It could also be used in conjuncton
with a large roofed area. However, for this, the slightly more expensive 78 cubic
merre extended ground tank is recommended. The quality can be improved by
consmucting an effective silting tank and building a roof for shade. A full tank at the
end of a rainy season prior to a six month dry season would supply 300-330 litres of
water per day depending on the amount of water lost to evaporanon.
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18 cubic mete ground tank

This tank is most suited to harvesting water from large roofed areas such as
schools, churches, meeting halls, or larger private homes. It is an excavated
hemispherical tank with a 60 cm raised cylindrical extension and a 30 square metre
roof of iron sheet. It can be used successfully as a storage tank for spring protectons
and gravity pipes. The quality of the water is higher with little sediment and low
levels of organic pollution due to roofing. When fed from a rooftop, if the tank is full

at the start of a six month dry season it will provide 433 litres per day with little loss
to evaporation.

7 cubi ised tan)

This tank is suited to a small family dwelling with a small roof area of
galvanised iron sheet. In some cases it can also be used with thatch if an effective
method can be foynd to hang gutters and carch the runoff water off the rooftop. Itis
a raised spherical tank with a volume of 7,200 litres. If the tank is full at the start of a
six-month dry season it will provide 40 litres of water per day with little loss to
evaporaton. Because the water consumption of people with water next to the house
in ASAL regions is generally 10-20 litres per capita per day, the tank will not lasta
complete dry season if water use is not carefully controlled or additdonal water
supplied from alternative sources during all or part of the dry season.

21 cubic metre raised tank

This tank is the most suited to harvesting water from large roofed areas such
as schools, churches, meeting halls or large private homes. It is a raised cylindrical
tank made from ferrocement and modified to cut construction costs to half that of a
conventonal tank with a volume of 21,000 litres. A cylindrical ferrocement tank is
strong, durable and often cheaper than tanks made of bricks, blocks or galvanised
iron, Because it is roofed, the quality of the water is very high with little sediment
and low levels of organic poilution. If the tank is full at the start of a six month dry
season it will provide 116 litres per day for the length of the dry period.

Exampie - The 78 Cubic Meme Extended Ground Tank

As an example, the quantity surveying and costing details of the 78 cubic

- metre ground tank are included in Table 2 and followed by a series of annotated

diagrams showing the various stages of construction. The full details of site

preparation, construction and maintenance are given in the rain water harvesting

gzanual written by the authors which will soon be available as an IRC Technical
aper
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Table 2 - Quantity Surveying and Costing for 78 Cubic Metre

Extended Ground-Tank

Uss$
Labour requirements:
Excavation, 4 labourers x 10 days x $1.0 40.0
Construction, 2 artisans x 15 days x $2.5 75.0
Construction, 4 labourers x 15 days x $1.0 60.0
Total Cost of Labour 175.0
Material Specifications:
Tank- _
2,400 kg of cement (48 bags x $5.0) 240.0
3 rolls of chicken mesh, 2.5cm x 90 cm x $17.5 52.5
2 rolls of barbed wire, gauge 16 x $30.0 60.0
20 kg of nails, 6.35 cm (2.5"), x $0.5 10.0
30 meues of thin polythene sheeting x $0.25 7.5
15 tonnes of sand, clean and coarse, x $3.0 45.0
6 tonnes of cleaned stones x $3.0 18.0
4,000 litres of water (20 drums x $1.0) 2
Roofing-

325 cm of galvanised pipe, 3.75 cm (1.5") with flat irons
77 merres of timber, 10cm x 5 cm (4" x 2") x $0.7

15 corrugated iron sheets, gauge 30,3 mx $5.5

7 Metres of chicken mesh, 2.5 cm x 90 cm x $0.5

4 kg of nails, 10 cm (4") x 30.5

4 kg of roofing nails x $1.0

Guntering (for a 22 m long roof)-

36 mangular lengths of 180 cm, gauge 26 x $1.0

26 skirung lengths of 180 cm, gauge 26 x $0.75

60 hangers for triangular gutters, 3 mm wire x $0.1

16 mewes timber 10 cm x 2.5 cm (4"x2") for downplpes x $0.5
4 kg of roofing nails x $1.0

1 kg of clot nails x $0.7

00 Lh »

-0
RO PRV ANWNWSI O
oNoocouwo ocouuoln o

2 kg of Bitumen Paste x $3.0 .
Jomwl Cost of Marterial €96.6
Full Cost of 78 Cubic Metre Tank 871.6
Savings Through Self-Help:

Excavadon, 40 labourer days x $1.0 40.0
Construction, 60 labourer days x $1.0 60.0
15 tonnes of sand supplied from local sources 45.0
6 tonnes of stones supplied from local sources 13.0
4,000 litres of water drawn from local or project sources 20.0
Towl Possible Savings 183.0
Regduced Cost of 7§ Cubic Metre Tank 683.6
Construction cost per litre without self-help $0.0110
Construction cost per litre with self-help $0.0087

Approximate purchase cost per lire in Mutomo village $0.0070
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CONCLUSIONS
A Flexible Approach

The project has shown the need for a flexible approach to water supply
improvement through the development of both temporary and permanent, small and
large-scale water sources. A complete range of potential resources exist within most -
semi-arid environments from large catchment to small rooftop harvesting systems.
Different systems should be developed and recognised as having different exhauston
periods. Where water is limited and seasonal, a strategy should be adopted that
encourages groups to keep certain points in reserve, e.g. using wraditional short-lived
points first, then small reservoirs, then large reservoirs, then wells. It is clear that in
such a climatically and socio-economically marginal region, rain and runoff water
harvesting may only provide a partial solution to the local water supply problems.
The population is growing, the annual variation in rainfall is extreme and the potental
for developing universal individual household systems is limited. Addidonally,
choices must be made between quantty and quality and both must be balanced against
cost. The project developed relatively cheap household ground-tanks, the water
quality of which is poor in terms of turbidity, organic matter and the potendal for
faecal and other biological contarnination. However, the cost compared to a similar-
size raised and roofed tank in which the water quality is much improved is nine times
lower if self-help labour and local materials are used in construcuon. Since the
traditional water sources for most of the population are highly contarninated, are often
seasonal, and require the users to ravel long distances each day, the project felt it
appropriate 1o concentrate its activites primarily on quantity and availability whilst
aiming to improve quality wherever possible.

Community Participation

Prior to any major work undertaken, it is essential to encourage people's
understanding, preparedness to participate, and acceptance of their required
commitments. In the Southern Division, this is done through village meetings called
‘barrazas’ and through training and extension efforts. The process is aided by the
Kenyan Distmrict Focus system in which local people play a role in deciding where and
what developments should take place. In areas where communities are dispersed and
few large-scale development projects have previously been established,
communication and motivation are vital. Lines of communication need to be opened
between the project and the community and key diffusion points for the inroduction
of improved or new methods of securing daily water supply must be identified.
These include the existing self-help groups, community leaders such as tribal elders
or local chiefs, schools and other instwutons, and local innovators such as farmers
who introduce improved farming techniques and who are narural choices for the
demonstraton of household rain water cistern systems. A key recommendation for
any other grass-roots project that seeks to promote water harvesting, is that the
project itself must be seen to be supported by this water supply technology. All
project staff houses should have rain water cistern systems, as should offices and
workshops. In the vicinity of the project base, all available catchment water
harvesting systems should be developed (a good opportunity for training artisans
prior to their use in the community) to provide water for construction projects. In this
way, confidence can be generated in the community that the technology is successful
and that the aridity of the climate and uncertainty of the rainfall is not a barrier to the
development of more reliable and safe water supplies.
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The Need for More Systems

Reviews of the MSCWP found that in absolute terms, the impacts of the
water supply developments had resulted in women having more time to spend on the
land as their daily traveling distances and times were reduced for a large part of the
year. Water had been brought closer to roughly 60% of the population and lasted
longer into the dry season at all locations. This is illustrated by the fact that since
1982, the cost of a 20 litre jerrycan of water sold in the village had fallen from 9
Kenyan shillings to 3 in the driest part of the year. However, many more rain water
harvesting and other water point systems need to be introduced to improve conditions
for the 40% of the regions population still relatively unaffected by project activities
and further improve condidons for the rest The ratio of perennial points to those that
regularly dry up must be increased either by increasing the number of small points
and hence reducing the load on each point, or by providing strategic large water
points wherever possible. The latter is difficult to achieve unless a large number of
self-help groups within a given area can be successfully organised to build large,
communal resoufces.
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RAINWATER CISTERN SYSTEM TRAINING
THROUGH COMMUNITY PARTICIPATION IN NEPAL

By

. .

) and Upadhyay, S.

Chindaprasirt, P.

Apntract

The rainwater cistern system concept is still new to the
Kingdom of Nepal. To promote this concept a training program was
conceived by the Office of Peace Corps/Nepal. This paper aims to
share and disseminate a ferrocement tank construction and rainwater
catchment system training through community participation conducted
successfully in July 1988 in the Jana Prakash Primary School,
Pokhara, Nepal for U.S. Peace Corps water supply volunteer engi-
neers and their coworkers/counterparts.

1) Associate Professor, Department of Civil Engineering,
Khon Kaen University

2) Associate Director, Rural Construction Program, Peace
Corps/Nepal
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Introduction

Out of approx imately 1.8 million population in Nepal, about
thirty percent have access to clean drinking water. With 2.6
percent population growth rate, the Xingdom of Nepal faces enormous
challenges to provide potable drinking water to all its population
by the year 2000 as its aim through the new minimum basic need
program initiative. The Government of Nepal continues its efforts
to utilise its available resources and there is an emphasis on
community particiation in this program as it directly involves and
benefits women and children of Nepal and their health.

Clean safe drinking water is a basic need. It is a prerequi-
site to improved health and standard of living. The-rain in the
Kingdom of Nepal which falls in the rainy season for a period of

~about & months is ample, hence the concept of rainwater cistern

system 1is ,(therefore very applicable. However, this concept 1is
still very new to the people of Nepal. An introduction of this
rainwater cistern system is therefore called for.

In order to achieve this goal, the Office of Peace Corps/Nepal
Rural Conduction Program took the initiative by conceiving a
training program on "Ferrocement Tank Construction and Rainwater
Catchment System" for its Peace Corps volunteer engineers and their
counterparts from their respective district posts from eastern to
far western region of Nepal. The program was geared towards the
community participation in the hands-on experience training, main-
tenance =nd use of the system. 1t was hoped that this training
could serve as a starting point for the use of rainwater cistern
system in the Kingdom of Nepal.

Preparation for Training

It was planned that the training should be conducted at a
community centre such as a school with the problem of drinking
water and the community should be willing to participate. During
the feagibility survey, it was found that Shree Jana Prakash
Primary School near Pokhars was a suitable site.

Prior to the training, the Peace Corps/Nepal had sent a team
to survey and arrange necessary logistical support. The syrvey
revealed that Pokhara is a good location with quite a number of
building material suppliers which served as an assurance for addi-
tional materials and tools if needed during the training. The
contact with school committee &lso indicated that the school commu-
nity was very receptive to the rainwater system for their school
and the community participation could be assured.

A training team of four was selected. The lead trainer was a
well-known researcher in this field of rainwater catchment from
Khon Kaen University. Two assistant trainers were selected from
the experienced Peaces Corps volunteer engineers . The fourth
member was an administrative assistant from the Office of Peace
Corps/Nepal.
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The training team went to Pokhara four full days before the
start of the training. These four days were very essential as a
thorough survey of the availability of material and decision on the
types of ferrocement tank and gutters to be congtructed had to be
made. Materials and tools were acquired and brought to the school
and preparatory work including sieving and cleaning of sand and
gravels was done in this period.

Details of Training

The training was for seven Peace Corps volunteer engineers
and their seven counterparts (2 engineers and 5 overseers) from 7
different districts and regional offices. One additional Peace
Corps volunteer who stationed at the school also participated in
this training. It was known to the lead trainer before hand that
the trainees were engineers and skilled technicians. The training
was thérefore designed to have maximum interaction among the
trainees and to share experiences of all the participants. Training
consisted of theory, practical and experiential Jlearning, group
discussions and presentations. The design and construction work was
designed such that maximum input were from the participants. This
was achieved by having the participants involve in group discus-
sion, express their ideas and suggestions and finally had the ideas
and suggestions tried in the actual construction within the
constraint of the available materials, tools and engineering
soundness. The details of the training schedule is given in
sppendix A. List of hand-cuts is5 given in Appendix B. The
pictorial display of the training is shown in Appendix C.

For actual training, it was observed during the first day of
the training that some of the Nepalese counterparts did not have
full command of the English language and had some difficulties in
following the discussion. In the following days, some of the
discussion and presentation were done in Nepalese 1language. The
Peace Corps volunteers were also encouraged to explain to their
counterparts in Nepalese. All these vere done in order to get the
full benefit of the training and get everyone to participate and
express their opinions.

One cf the objectives of this training was to start the ferro-
cement rainwater tank .and catchment system in Napal. This training
was a good start. In order to make the training more meaningful,
the lead trainer had a suggestion that the participants should
compile & construction manual on ferrocement rainwater tank as a
result of the experience gained from this training. This manual
could serve as a starting point for construction of the ferrocement
tank and catchment system in Nepal. This idea was well received by
the participants.

The training was planned for 10 days with one rest day on day
7. This rest day was a reserve for additional work if required.
The training schedule was arranged such that some background infor-
mations such as objectives, knowledge on rainwater containers;
ferrocement technology; ferrocement rainwater tank were discussed
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during the first 1 1/2 day. On the afternoon of day 2, design of
the rainwater tank and catchment system to be constructed was
discussed. The actual construction work started in day 3 and
continued until the final day. The discussion on rainwater
catchment was in day 8 and the maintenance and caring of the system
and cost estimation were in day 9. The work on manual was in day 9
and 10. The wrap up and evaluation were conducted in the last
session of the final day.

On the first day, right after the introduction the partici-
pants had to work in two groups and made the presentation on the
objectives of this training. This was to get the participants
involved in the training as soon as possible. Also in the first 1
1/2 day, the participants were presented with the experiences in
ferrocement tank with the presentation of publications, slides, VDG
and pictures. This helped convince the participants of the lead
trainer competency and also helped the participants familiarize
with the construction work.

The discussion and adoption of the design of rainwater tank
were put in day 2 so that construction work could start as early as
possible so that ample time could be left towards the end of the
training if additional work was needed. This was considered likely
to happen as the power tools could not be used because the school
had no electricity and the construction work could be further
delayed by the monsoon. This early start of construction work
proved to be very beneficial as a lot more time was required during
construction and discussion owing not only to the above reasons but
also to the input and ideas from participants that needed to be
discussed and tried out in the actual construction which was very
crucial to this participatory training.

Twe 12 cubic metre ferrocement tanks, rainwater *gutter and
feeder pipes were constructed as a result of the training. Two
types of wire mesh viz. woven wire mesh and chicken wire mesh were
used to construct the tanks. This was done in order to compare the
cost, construction design and ease of construction. A drafted
outline of the construction menual on ferrocement rainwater tank
and collection of rain water was also completed.

The help from the schoel community was excellent. They were
very enthusiastic about the rainwater system for their children,
They provided skilled and unskilled labor and participated in the
discussion of the various aspects of construction and in the
actual construction.

After the training, the personnels from Peace Corps/Nepal have
made several visgits to the school to check on the utilization of
the tank and to give additional advice. The school community
(approximately 500 people) is now using the water from the tank for
drinking purposes. The quality of the water from the tank was
tested along with existing tap water and tank water was free from
contamination as opposed to tap water.
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Conclusion and Recommendation

All of the participants worked very hard for the whole 10
days. It was quite amazing to see them work both in the discussion
and on the actual construction. The participants indicated that
the objectives discussed in day 1 were obtained. The lead trainer
was very satisfied with the training and the Peace Corps/Nepal
though that excellent training was achieved. Overall, it could be
concluded that a good training program was accomplished.

To promote a rainwater cistern concept & training program
through community participation is very appropriate. Listed here
is the summary of recommendations:

l. Good organization, 1logistical preparation and support are
needed.

2. Close contact between the training team and the community
is very essential to get the full participation of the
community through the entire training program.

3. For the actual training, the length of training of 10 days
is suitable as lengthening of the training would run the
risk of losing enthusiasm and interest of participants.

4. The construction work should start as early as possible
in order to have some spare time towards the end of
training.

5. Some discussion and presentation should be done in the
local language to get the counterparts &nd community
participate and feel at home.

6. A mancal compiled by the participants is also recommended
as it would serve as a starting point and the participants
are proud of their work. The manual when completed should
be translated to the local language and distribute to
related local government agencies.

7. Additional visit by the training team to consult with the

community about the utilization of the facilities is also
recommended.
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Appendix A: Training Schedule

Day 1:

Opening introduction

Opening remarks by Associate Director, Rural Construction
Program, Peace corps/Nepal; all participants introducing
themselves, describing their experiences on ferrocement rain water
tank and their expectations; discussion of logistical support,
training norm and training schedule; group discussion of training
objectives.

Rain water containers

Discugsion of rainwater containers with regarcd to type, size,
shape, construction material and technique; distriburing hand-out
No's 1,2 on details of various types of cement based rainwater
tank; slide presentation on various types of cement based rainwater
tank construction and testing; VDO presentation on jar and mortar
tank construction.

Ferrocement technologz

Discussion of wvarious designs and construction of ferrocement
rainwater tank; distributing of hand-out No.3 on ferrocement
technology.

Day 2:

Ferrocement rain water tank

Discussion of various designs and construction of ferrocement
rainwater tank; distributing of hand-out No's 4-7 on various types
of ferrocement rainwater containers; slide presentation of
construction of ferrocement rajinwater container with the aid of
formwork (or mould); dieplaying of photographs and manuals No's
8,9 on ferrocement rainwater comstruction.

Adoption of design

Discussion and decision on the designs of two ferrocement rain
water tanks to be built with available materials i.e. chicken wire
mesh and woven wire mesh; group discussion and work on the chicken
wire mesh tank and woven wire mesh tank.
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Day 3i

Continuation of group work on the design and construction of
the two tanks; discussion of the two tank design and construction
to get everyone familiar.

Construction

Group 1: Woven wire mesh: preparation of foundation and first
part of reinforcement cage (skeletal steel and wire mesh), pouring
of concrete base.

Group 2: Chicken wire mesh: preparation of foundation and
reinforcement cage.

Day 4 :

Group discussion

Review and discussion of the previous day work, positive and
negative points with suggestions.

Construction

Group l: finishing of reinforcement cage; core wall plastering.
Group 2: finishing of first part of reinforcement cage;
pouring of comcrete base; gutter work.

Day 3:

Group discussion

Review and discussion of the previous day work, positive and
negative points with suggestions.

Construction

Group 1 : finishing of core wall plastering.
Group 2 : reinforcement cage : skeletal steel, wire mesh,
binding wire and spacers; gutter work.

Day 6:

Group discussion

Review and discussion of the previous day work and plan for
today's work.

Construction

Group 1 : gutter work; inside wall plastering.
Group 2 : finishing of reinforcement cage; core plastering.
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Day 7:

Construction

Finishing of outside wall plastering of woven wire mesh tank
and finish of core plastering of chicken wire mesh tank.

Day 8 &

Group discussion

Review and discussion of the previous day work with sugges-
tions; discussion on today's schedule and the remaining days.

Rainwater catchment

Discussion on availability of rainwster, rainfall data, roof

area, toof and gutter coefficiency, water requirement for household
and school.

Construction

Gutter work , feeder pipe , scaffolding and formwork for roof
concreting of woven wire mesh tank inside wall plastering of
chicken wire mesh tank.

Day 9 :

Maintenance and caring

Discussion on caring during and just after comstruction;
normal wusage; concrete curing; first filling of tank: crack
development and repairs; rainwater replenishment and tank hygiene.

Cost estimation

Group work on cost estimation of the two tanks, material list
and material estimation.

Manual

Discussion on objectives and contents of the construction
manual of ferrocement rainwater tank; manual development.

Construction

Wall plastering of chicken wire mesh tank; gutter work,

scaffolding and formwork for roof concreting of chicken wire mesh
tank.
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Da 19 :

Group discussion

Review and discussion on the construction of gutter,
scaffolding and formwork for roof concreting with suggestions.

Manual

Presentation of outline of the manual, drawing, material list,
construction steps, list of tools.

Construction

Finishing of roof concreting, gutter, feeder pipe and
accessories,

Wrap up and evaluation

Summary of the training course; comments on the training from
the participants; evaluation.
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No.l

No.2

No.3

No.4

No.5

No.6

No.7

No.8

No.9

Appendix B: List of Hand-outs

: Details of various types of cement based rainwater

taken from
CHINDAPRASIRT, P;

Research Report,

HOVICHITR, 1 and WIROJANAGUD, P.
1A Study and Development of Low Cost Rainwater

Faculty of Engineering,

University, Thailand. PP.4-8.

Khon

: "Calculated Stress in Thin-Walled Cylindrical Water

taken from
WATT, S.B. (1978)

Construction", Intermediate Technology Publications

London, Chapter 15.

tank
(1986)

Tank"
‘Kaen

Tanks"

Ferrocement Water Tank and Their

: Ferrocement Technology taken from
PAUL, B.K. and PAMA, R.P. (1987) "Ferrocement'" Ferrocement
International Centre, Asian Institute of
Bangkok, Thailand. Chapter 2 and 3.

Ltd,

Technolopy,

1 YKKU~Ferrocement Water Tank Construction Manual" taken from
VADHANAVIKKIT C. and PANNACHET, Y. (1987) "Construction
Manual of Ferrocement Rainwater Tank', Faculty of Engi-
neering, Khon Kaen University.

: "Standing Ferrocement Water Tank Construction Manual"”
Technology Support Section, Eastern Africa Regional Office,

Rairobi, Renya.

: "Demonstration Tank Built without Fofmwork: ém

U.K." taken from
WATT,S.B. (1978)

Construction”, Intermediate

London, Chapter 1l.

"Ferrocement Water Tank

: "A Low Cost Rainwater Tank',
CHINDAPRASIRT, P; HOVICHITR, I; .and WIROJANAGUD, P. (1987),
Proceedings of the 3rd International Conference on

Rainwsater Cistern Systems,

Kaen UYniversity, Thailand, Paper E2.

: "Construction Manual of Mortar Jar"

Thai-Australia Village
Water Resources Developement,

Kaen University, P.

: "Construction Manual of Wire Reinforced Mortar Tank"

10.

3

Capieity,

and

Faculty of Engineering,

Their

Technology Publications Ltd,

Khon

Water Supply Project and Office of
Faculty of Engineering Khon

CHINDAPRASIRT, P. et al (1986) Water Resources and Environ-

ment  Institute,
University, P.l4

Faculty of Engineering,
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Appendix C: Pictorial display of
ferrocement tank tfiining

1) Foundation preparétion ) 2) Reinforcement cage assembly
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3) Construction of base 4) Group discussion
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5) Core wall plastering 6) Wall plastering by villager

7) Gutter work 8) The tank and the gang
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COMMUNITY PARTICIPANTS IN DRINKING WATEP SYSTEM:
PROJECT EXPERIENCES OF WOMEN DEVELOPMENT SECTION
MINISTRY OF PANCHAYAT AND LOCAL DEVELOPMENT ,NEPAL

Uma Pradhan

I. Country Background

Nepal iz a sovereign and mountaineous Kingdom zituated between the two
big countriass People's Republic of China and India. The country in the south,
east and west is bordered by India and the Noxrth by Tibetan region oi Peoplie's
Republic of China. It is more or less rectangular in shape with 845 kilometers
in length and an averages of 200 kilometer in breadth. The total arez of the
Kingdom is 1.7787 Square Kilometers. Topographically, the country iz divided inte
three distinet regions, the Tarai in the South, Hill regions in the middls and
high land o the Eimalayas ranges in the:north. The altitude varies from
500 tt. in the south from sez level to 29,m0 ft. in the nortn. Of the totzl izng,
only 20% is cultivable and the rest being mounitaineous and barren. Its economy
ir basiczlly agrarian and subsistence prevails in economic activities.
Accessinility is limited, 35 percent of the population has to walk about three
days to reach a motorabls road. Administratively, the country is divided int
5 regions, 1. zones and 75 disiricts. EBach district is divided into Ilaksz, town
and viltage rznchayat and urban centres. The total popilatiocn of Nepal is
around 16 million with an annual growth rate of 2.6 percent.

IL. Drinking Water System in Nepal

In 1976 eighty one percent of urban p puiution and five percent of
rural dopulation had access to piped water. The urban population is smell
6.. percent in 1981) and concentrated in the three cities ol Kathmandu
vallzy it accounts for about 40 percent of the total urbzn population in 193-.
A little more than 10 percent of population in the country had access to such
system in 1976. At presenti scarcizy of piped water iz increasing in the urban
areas where as no signilicant progress has been made in the rural areas because

most of the annual invesiment has gone in maintaining the past projects.
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Inspite of the country's huge potential ol water resources, more and more

of the population have to face the problem of or minimal amounts of drinking

water to be fetched lap distance. Studies have shown that the average travel

time for fetching drinking water has been increasing. Women are the victims of the
problem of collecting water because of their ascribed role in the domestic spheres
of activities. Sometimes they spend as much as five hours in fetching water.

III.Programme and Basis to tbe adopted for Providing Drinking Water Supply
Facilities to all Yy the Year 2057 B.S.

The Royal Command delivered by Hiz Majesty The King envisages to
fulfill the basic needs of the people which includes safe drinking water supply
facility to all the Nepalese by the Year 2000. This colossial task does not seem
possible only through the endeavour of His Majesty's Government in the context

of our country with a limited resources. In this advent people's participation
is excessively expected. Keeping in view of this, the concermed Ministry has
adopted the following strategiss related to the water suvply:

i. In the Rural areas of the Terai /plain area) His Majesty's Government
provides required construction meterials in grani to the users for
installation of Tubewell aimed to supply water for 150 persons and make the

user groups sole be responsible for installino handpump and its maintenance.

However, in the denselv populated busziness centres in the Terai area where
© the water is to be supplied by the pipe with the installation of deep tubewell,

" is implem=snted only ensuring the availability of cash and pzopie's particijpation.

2. The procedures to be followed while implementing drinking water project in
the rural areas at the district level follow as:

(2) In the initial stage i.s. before the implementatioz of the project, %% of
the total sstimated expenditure of the project is to he deposited in cash by
the concermed community and also assure to make available people's

rticipation equivalant to 5% of the total estimated expenditure during the
project implementation.
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(b) If the user groups deposit 5% of the toial estimsted expenditure in
cash, the rest 9% iz provided by Bis Mzjesty's Government.

(¢) In case if the cash contribution from the comuunity is not possibdle, i:
is necessary to provide peolle's participation generally eguivalsant to 10%
of the total estimated expenditure during the implementation of the project.

District Assembly will not approve those projects which do not fulfill above

- mentioned procedures. Even though, such projects are approved by Distrint

Assembly, His Majesty's Government manages not to include it in the programme.
Excepting Foreign Aided Central level projects related to constuction,
rehabilitation and extensions in urban areas, financial resources is motilized
by adopting the foilowing policies:

(2) His Majesty's Government provides 50% of the total cost on loar, 30% of the
total estimated expenditure is grant and remaining 20% is to be fulfilied by
the internal source of the Town Panchayat including peopl2's participaiion

for the implémentation of the new projects, which are in fact implemented by
the Town Panchayat itself. Town Panchayat is fully responsible for repaixr

and maintenance required during post implementation of the project.

(v) In ese of rehabilitation and extension of the existing water supply
systems, His Majesty's Govermmsnt provides 50% of the total estimated expendi-
ture, and 5% through internal source of Town Panchayat and mobilization of

people's participation.

(c) In case of any district level projects whether i: is implemented by the
grant of His Mz jesty's Governma=nt or by the Foreign aid, the polisy of
monilizing peopie's participation is to be followed.

Repair and Mzintenance

The strategies adopted for repair & maintenance and use of completed projects

follow as:

1. Water Supply User's Committee is formed and mobilized rizht from the
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beginning of the project implementation phase for each water supply project.

The ownership of the water supplu project is handed over by His Majesty's
Governmznt to the User's Committee of the concerned Panchayat. Accordingly,
the User's Committees formulate their intermal working plan and policy in
line with the Decentralization Act. The \ser's Committee makes decisions
regarding fixing water charges, collecting water charges and taking actions
to those who do not comply with rules, work policy Act and Laws.

The policy of developing talent in the national level on imparting training
to the personnel requi-ed for repair and maintenance of completed watier
supply and sani.ztion projects, water supply and sanitation technicians and

for maintenance of taps and tubewells.

In the urban areas the local Town Panchayat is given responsibility of tae
project maintenance, operation etc. including the authority of fixing water
charges, collection of water charges etc. His Majesty's Government provides
the required technical support and technical training to the personnel of
Town Panchayat so as to fulfill the task responsibdly.

The Revolving fund is set up for major repair works with the deposit of
1% to meet the possible major repair works in future. At the time, if handing

over the project to theUser's Committee iz to be done, an agreement is reached

_ between the User's Committee and HMG/Nepal indicating the responsibility of

each other in regard t6 cash and type of major repair works to be carried out.

The technical evaluation of the completed projects is done by a team from the
Ministry and Department, accordingly certification is made for each completed
projects. The qualiry of technical avaluation of the project itself serves

as a base of evaluation on performance of technical personnel.
Bried Description of the Women Development Programmes

Of the total population of Nepal women constituting nearly 50 percent of the

“population, aporoximately 6% contribute to the total labour force in aori-

culture.. The time allocation data compiled by the study on the Status of
Women in Nepal (1980) reveals that the intensity of labour input by females
is 50.2% in domestic production and they work for 10.4 hours a dav.
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The main mandate of Women Development Section of the Ministry of Panchaya?
end Local Development is t0 promote womsn's paritizipation in the mainstream of
development. The fi~st time in the hisztory of planned development of Nepal,
‘Sixth development plan (1980 -~ 85) included a few pages hizhlighting the imporiance
of the participation of womzn in development. The concern shown by International
Women's Year created a realisation of for the nedd to enhance women's partinipa-
tion in development in Nepal. Accordingly iritiation of many programme/prcjests,
with a special focus to women materialized since 1980 in Nepal. Womern Develormernt
Section (WDS) was established in the year 1980 in the Ministry of Panchayat
and Local Develomment (MPLD) under the Training Research and Evaluation Division
(now it is in the Planning, Integration and Women Development Division) with
main purpose of closing the existing gap between the rural women and aveilable
services and expertise with the development agencies. WDS seeks t¢ ennance
women's ability to generate both subsistence and markst income. In this advent,
WDS has been implamenting a seriss oif viillage level programmes and paironising
projects aiming to avail resources to women's resource. It has been underiaking
various activities whinh will promote integration and pariticipation of Womern Iin

Development.
Long Term Objective of WDB

1. Create the awareness in the society that women are noi merely the objects
of socizl welfzre bul a poitential contributor in toial’ development process

of Nepal.

2. Carry out/implement the programmes so s to eradicate if not minimize the
prevailing rampant illiteracy~ ignorance, poverty, dogmatism inhi®iting the
women to participate in development process.

3, Implement the programmes so as to increase the productivity of women in
order to harness the production potentialities whizsh in turn ~dds tc netionsl
sconomic objectives= in direction to achieve the long term objectives of
WDE are to:
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~Raize the incomes of poor rural wom=n, thereby enhancing their status in _
society and improving the welfare of thei~ families. This would be done through
a combination of credit for income-generating activities, training and
community development related activities.

~Involve the communities in the development process.

=Integrate women into the regular delivery system of credi’ and technical

support services.

~Establish self-relieni women's groups ito enable them to initiate and
undertake productive activities and develop the capacity of the WDS to
ensure that the womzn's interest are duly reflected in the developmen:

polinies of the country.

Regarding institutional framework, WDS makes use of existing financial
and institutioral]l infrastructure to provide support to the programme rather
than creating parallel infrastructure and resources which often leads to
marginalizatiom. In doing so, WDS performs a leading rolz in coordinating the
agencies involived. The Commercial Banks have been providing credi: to the
women's group under Prioriiy Sector Credi:i Schemes. In order to provide
extension services to women's g@roup, line ministries and other intiiutions

have been inveolved.

Achievements by December 1988 Reveal the poor women hitherto deprived
from institutional credit and support services, have now access to these.
So far, 3293 women in 924 groups havé been provided credit ammounting
Rs. 9%,62,993 for livestock raising, crop and vegetable production and
cottage industries. Similarly 187,00% people have been benefitted from
the provision of drinking water faciliiies, chiid care centre, family
planning, afforestation, smokeless stoves, trail construction and repair &
construction of smell bridges, community hall and drinking water projects
etc. Tn the same manner, 12,970 women have been imparted funciional training
in order to improve their skill in the areas of income generating activities

e.g crop production, livestock, health and veterihary care etc. Number of
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people benefitted from improved drinking water system has been 3447 (women
833:, men 6107, children 17970.) The most outstanding achievement besides

the above tangible ouitcomes could be seen in the increased self-confidence

of the rural women involved in the programme and their delight in ii, increaseé
aspriation in social and economic change, rising level of perticipatior in

the development of the world they live in and increasing decision making

status in their family and community affairs.
Drinking water programmes in Production Credit for Rural Women (PCRW)

Im,lementation process of improved drinking water sysiem adopted by WDE

v its PCRW Programme involve two sieps and are as:

The first step, is to carry a2 survey on possi®le drinking water projects i.e
hand'pump, reservoir, tank econstruction, pipe-line tubewell etc. Through
community leaders, Women Developmeni Officer invites a meeting to form &
commitiee. In the meetings, the objectiives, anzlysiz of the meinodclogy,
budget and the imporiance of community participation are the points to be
discuused. Once the communiiy accepts the project, the communities become
very active in launching the further activities. In the meeting, tae
communizy selects a drinking water commiitee to make responsidle for ihe

inpl zmentatior, supervision, maintenance of the project.

They decide in selaction of the place where drinking water tap, hand

pump, or tubewell are to be installed.

The second step follows with the constructiorn, installation of hand pump,

pipe line etc.

In order to enables the peopls to carryout the project orientatiorn on
tae technology and technical information iz given to the users. For this
purpose training iz organized involving both women and men on the theory and
practical operatiorn of the project, sanitory reguiementis and measures 10

s void water contamination.

B6-7



In relation to the constructior. of the reservior tank, tube well and -
the installation of the hand pumps, all the work iz done by the members of
the community. Men, women and children provide the voluntary labonr to
construct the tank and the ground level zoncrete works i.e cement, bricks,
pipe etc.

The installation of the hand pumps is alse done by the community.
Technical supervision and facili*ies is given by WDS at this stage.

A monthly meeting is held involving communizy to monitor the stage of
the project.

The User8s Commi-tee Members report their daily activities. In the PCRW
Pro ect, communizies are involved in all stages of developﬁent of projects
right from the concept, planning, constructior. to operztiorn and maintenance
in absence of this built-in mechznism, the commmni<ties will think of
themselves as bystanders in ihe process and look upon Government as solely
responsible for providing and maintaining their basic community level services.
Now the stage is much that the them:elves recognize the importance of improced
Water Supply and Sanitation and accordingly take steps to improve the

servinres.

In these few years of the efforts of WDS, communi-y particivation has
been accepted as an essential ingredients in the formulation and implementation
‘of projects. As a result, there has been a2 notable achiavementis in the

efforts to promcte community participation in all 44 PCRW projects.

-0~
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FERROCEMENT RAIN WATER CISTERN SYSTEMS TECHNOLOGY: A CASE STUDY
ON THE DAC EXPERIENCE OF BARANGAY AGCABUGAO, CUARTERO,CAP]IZ

Wilfredo Abejo/Wilfredo Amper

ABSTRACT

¢lopment Resisting Center (DAC). as a wheolistic approach to

community development. aims to enable peorie to manage their own

development within the context of Christian love and community
concern.
The experience of the people in Agcabugao. Cuarterc Capiz in
adopting the techncloay o¢f a FerroCement Rain Water Cistern
Systenms tank yielded egignificant learning in the process of
effeftive technology infusion. The proiect also encouraged the
community's :nvo]vemen+ in each stage of olann;nc imclementation
=nd sveluaticrn.
This case studv focuses on the following key factors tha+t served
te facilitate the effective procege ¢f technelogy transfer anéd
communiity invelvement:
i the facilitative role of the change agent in the person
¢f the Community Development Worker.,
= & peoolﬂ—based develooment process which facilit atea the
effective problem sclving. mobilization of ,resources leading

8]

[0,

©¢ the attainment of the goal.

& need-based project. ensuring maximum community supvort and
invalvement,

maximization of local resources plus a strong network wi
other agencies as & contributing factor in prcject succ

introduction of simple technology allowing for ar easy
process cof adaptiation in the community. and K
recognition ¢f the significant role that womern piay in
develcpment .
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FerroCement Rain Water Cistern Systems Technology within the DAC
Experience of Barangay Agcabugao. Cuartero. Capiz

I. Background

Agcabugao is a community of 110 househoid with an average family
size of 5 to 7 per household Jocated in the hilly terrain cof
Cuarterc. Capiz. The ftown of Cuvarterc is about 40 ymes. away from
Rexas City. the previncial capital of Capiz. Agcabugas s
locsted 7 to 8 kms. distant from the Poblacion of Cuarters.

In ite five sitios/clusters namely Bakahan. Ilawod. Luhc. Ilave
and Proper. the main source of income is rice farming largely
from rainfed areas. Around ninety percent of farmers in this
community are smal]l landowners having at lezst one hectare of
farmland on the average. The minority are landless peasants who
provide gkills and labor for agricultural production.

Low produrtion. high cost of chemicals and inor

ganic fariiliizers.
pos reads. lack ¢f & local credit gysrtem that e2xactz low
1nte. est rates from farmers. plus a hoet of other sccio-2conomict,
poiztical andé other prablems have plagued local farmers for yesrs
Tri1=s has made people in Agcabugac feel indifferent and apathet:ic
towards any development, endeavor locally initiated whether by the

government or cother agencies.

Strong cultural values have greatl]ly influenced the peacple’'s
attitude of resignation. The pecoble onlv have a clear sense o
community spirit during fiestas. political activities and <the
local eventz. Other than thesze, people continue to live with a

Hh

L1

feeling of helplessness. At gresent, thev do -not believe they are capable

so1¢ing their problems much less develop their ‘communitv.
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II. History

The peoprle in Agcapugac expressed their interest in organizin
themselves and undertaking the development procegs partly becaus
of the positive effects of a pilot Developbment Assisting Cente
(DARC) project which started in neardby Bun—od. which started 1
1983.

o BRA K1 WL o1

With +the 'entry of the Community Development Worker (CDW) in
Agcabugae in 1986, a group of interested barangay residents
started to emerge through formal and informal meetings with the

CDW. Thie initial working group went through the process of

problem identification. prioritizatien. analysis, selection of =&
problem. planning and implementation of the seed project. The
seed project selected war construction of sanitary toilets. It

took almost 7 months of community organizing Dbefore the
construstion and  installation o©f the +toilets. This oproject
benefitted 55 invelved families in the community. Te¢ date. about
40 peorlis comprise the community core group all ¢f whom were

initially part of the weorking group.

As part of the process that the commurnity people together with
the core group undserwent., they identified health trazining as
an urgent need in the barangayv. The baseline data which the core
group (CG7 gathered showed incidence of water—-porne endemic
diseazses whnich actually affected 90% of the residents - mostliv
their children. The peoprle’'s main source of drinking water is an
open dug well. k very small vercentage draw water from few
springs and Jetmatic water pumps in the barangayv.

The built-in training component ©of the DAC. which ics Dbased on
need. has raised people's consciocusness not only in the area _of
health. but also in agriculture &nd income generation projiec s
(IGP). value fcrmation (spiritual nurture) and networking. The
DAC model emphasizes people’'s sharing of ideas. concepts and
experiences.

The DAC concept is that people in the community can and must take
rezponsibility for their own future. Hence. things are noi dons
for the pecple: the people are encouraged to develop their own
potential for problem scolving.
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III. Infusion Process: Adopting New Technology

m

W

azed on the ewxperience ¢f the neople 1n Agcapucac. the foi:licwing
ere roncidered asg the critical factors in facilitating the
rocess of infusion anéd adoptaon of new technslogy in response tc
specific felt need.

'

r Bl

Community Development Worker-Taciiitator of Develicopment
Process

[

Integration of the Community Develcoment Weorker in  the
community. Since the CDW worker lived in the same community
which she sought to cerve, shs was able to build a trusting
relationship with the local pecpie. Informel* charing and
discugsion heightened people’'s awareness of their problems
in the communitw. This also open2d oppertunities or
diecussion of possible solutione., The CDW me:r with the
peopl2 in their context whether 2~ home. on the farm or in
social gatheringe. Respect zrnd %wrust began to build.
group o¢f concerned and intaracstel pesnle furmcu & woriis
group wnich latey became 3 core grour. This core gr-ur
facilitated the develovment process in chabugao.
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the role of the CDW as change agent. wag her

g skille. The CDW. hergelf a Civil Engineer,

ed a seminar/workzhorv on the te:nnolncv of

in Water Cistern Zystems tanke. This wa
cil Cariz province and hosted bv the Carp
Devel Foundation., Inc.. a3 lzocallv-based priva
deve lopnie agency. The provingcial goveynment, thru i
Provi nc1a¢ Planning and Development Qffice (PFDO).
responsible to monitor the transfer of this technology

*  the barangay levei. 1In recogniticn cof people’'s capacity
manage their own development. the CDW served as an enable
or facilitator in the entire deveiopment process.
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Pesople-based development process facilitates effective
probiem golving and mobilization of resources.

The pecopla~based development process facilitated
problem sclving. mobilization of resources and attainment of
the articulated gocal. fter a series of both formal and
informal mea2tings with the community pecplie. following the
initial sanitary toilet project. the pecple gtartsed 4o
recspond to other health problems. Thig eventuaily l2d =0 =

diszcus=zion of the lack of peotanie water in +the communiny.

zeeline data were gathered by the G ag to the seriosusnsss
of this prodblem. Trainores were *hen tarped from the loczl
Fural Health Unit <to raise peccle’'s awarensess of =i
imrortance o¢f potable water. These training sessicng  wers
well attended by the communit peccle as 57 members
facilitatad the digsimination cf infarmation €t cthers
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Ir. +the rlanninc phase the G identaf

ied the urgencv cof the
proliem of unesafe drinkinog water al M

fecting 150 echor

children of Agcabugac Primary Schecl. Ootiens identified
were tc 1) Utjilize a spring water eystem, 2} Inetall
jetmatic pumps. and 3) Adeot the ferrocement rain water
cistern systems technoloegy shared by the TDW. From their

training. other measures for proper storage of drinking
water were shared and discussed.

The CG members. who were themselver active leaders o¢f 1
chool's Parente Teachers Association (PTA). identified ¢
need to put up & ferrocement rain water tank on the scho
grounds tc benefit the school children. The PTA coordinated
with ‘'the Barangay Council! who in turn linked up with ¢
provincial government anéd CDrI fer the £uppiy
construction materials and & grant of technical assistance.

R CRTI i ' ]

(e o
rho(b

Tne PTA together with the CG. faculty members. and the * CDW
met with 211 affected parents of said orimary schocl. The
group expresged suppert in golving the preblenr identified by
erganizing  *h

ntoe severzsl comnitiess. Frior ¢
ion. the goal. plane and sirztegv
itv as theires,

construce
the commun

astuzl proj

V]

e

é
amrelver

Jalt

wers Claimed Dby

Need-based oroject ensuring mses supdort.

Involvement <f community reonle from the beginning ¢f the
problem ider~ifisation and vlanninc siage enabled them tc
regpond fo thair own probiem.

After arranging for the material and labor necegsary for the
campletion of the preoject. the work schedule was formuiated
by the pecpie. Parents worked Dby ¢rade levels. ij.e..
parente of Grade I students worked on the first day. Grad
Il on the sazonéd and s¢ or. until the fourth and iast day.
By the enc of the fourth day. the 10.000 cubic-ijiter ferrec-
cement tani was completelyv finished.

h

The proper use and maintenance of the tank wae discus
agreei upon by the pecprle. Guidelines for its us
formulated ané accepted by 2veryone.

Primarily. the tsnk wiil benefit the echonl children.

During surmey when water ie scarce. the communityv can draw
water for drinking f£rom the tank.
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Maximization of Local Resources and Networking with Other
Rgencies

The four-day censtruction period started daily with a ons~

hour pericd of technical trainig by the COW. The rest of
the day wae devoted to actual consztruction of the tank.

The community provided laber and all the needed locally-
aveilable resources. Fathers were directly involved in the
construction. Mothers and youth joined hands in food
preparation. Food was prepared locally. Four sgacks »f rice
came from a private donor agency involved in & "Focd for
Work" program. School funds paid for the needsd guttsr for
the water tank. (See Tabls I)

Effective planning and mobilization eof he community
accounted for, the impressive accomplishment of Jdonst
the ferrccement rain water tank in onlv four davs.

U]

TABLE I

PRCJECT COST
(Agcabugac FerroCement Tank)

:Community Counterpart: Government : Private
:Praovincial : Capiz Development:
Core Group/PTA :Planning & Devt. : TFoundatizn. Inc
- :0ffice (PPDO) : (CDPI:
* bambaos : -
v otosls . :* teshnical ;Y gopstructiin
* labor : assistance : materials
* food : _ :'* toels
* netwurking :Brgy. Captain/ : & technizl
council : training
Youth : ¥ networking : United Netjons -
P — : :Worid Food Program:
:  * labor :Rural Health : :
: :Unit (RHW : * food for work
: - : : (4 sacks rice)
: :* trainings on : .
: hesalth : World Vision
:Primarv Elem. - : * CDW technica!l
:8chool : agst. ‘gkills
: _ ' : * welding expense:
:* gutter . : P30.00 only

-

Following the construction the provincisl government through
PFDC and ¢CDFI gave the pecple of Aagcabugas & special
commendaticn for their successful community undertaking.
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The completed water tani: not oniy serves jte

ciheyr prijects are now urdsrvwsy resyiting from
awaresness of the powential  for furcher
devajorment . In the nther areas. the rcore grou
ta initiate holistic develsoment affcrtes that re

real neede ¢f the communizw.

Simrle technoloagy allows easy DpDrocess oF

The technoliogy ‘m“‘ovﬂd in the congtruction of

cement water tank waz reacilv adopted bv the rommunity ws

technical e&esriestance from the CDW. Though
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technology was unfamiliar. the people were encouraged t
attempt it Dby the simple inestructions and

procedures provided. After the compistion of the tank
tock pride in seeing that they were able to accomplish th

conegtyuction.

ey

*
.
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-

e

One poggible limitation presented Dv the ferrocement weter
tank is the need for gaivanized rocfing from whish the
catchment gets ite suppiv of water during deownpours. Since
the only giructure in the barangay which had a gaivanized
rocf wee the primary schc:l thise was the location selected,
It wag a good location to zhowezsge the new techinciogy sgince

the primary echoci ig the center of community in

Teraction.

"Starting where the pecnle are” should e our guiding
erinciple net onlvy in terchnology <ransfer but in all
deveicpment wWork.

Triz role ¢ womer in de-vvelpment

Tre compesitia of *he Ajcabugac Core Group ig  95% women
Wwhile ths same sarve als- as the PTE Cificers and sctive
members

in thiz specific project alone. the water tank wze fuliy
supperted anéd endorsed by the women WwWhe were alsc the
1nterested mothers. Their children's health is. of courss.
& priority to motheres. Fathers who are often busvy in the
farm rarelv have the time to attend foymal meetings. But
women reiated to their huszhands all ¢the technical inpu<.,
concents and ideaze digcussed in meetings and ever
facilitated the invclvemant of evervone in +he househeid
including vouth and cniidren in any peegibie davelcpment
undertaking.

Thur., ag thiz watsr tank wae under congtruction. i %ecame
evident that the whme" zlaved a kev raole in organizing
ané invelving the community far this undertakineg. Virtuall

1l residentes too) vart. sren the children whe rar  srvands .
Fathers were  girectly invol-ed during The R S HC
imp.lementaticon ané exnreszed esupnor Loy amy future
deveiopment piane for the goed of the communizv.

thev
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IV. 1Impact on People's Lives

The relationship among community people was strengthened.

Consciougness raising bv wavy of training helped people see
their problem as solvable and enabled them to plan for
solutions. .,

Sharing roles in development among community people,
government and private adgenciegz conftributed to the success
of the development undertaking at boih the micre and
macro level.

The people's goal. sense of ownershio. dignity and worth was
viewed as a significant oroduct of the people-criented
development procese.

The value of cocoperation. egharing, honesty ., andg
rescurcefulness were strenagthened and reinforced
by the gpiritua! input given by the CDW.

The wheolistic approach to development recognizes the
importance of value transformation and re-orientation
as part of the process.

By building on people's small successes. they will
continue to internalize the develorment process as they
embark on bigger plans in the future.

The radiaticn effect of the community's development
efforts will also be a means to challenge others and to
raise the awareness of nexrby communities concerning
development and to effect change in their lives.
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V. Recommendations

1. The need for more simple. aporopriate technology that
maximizes the use of locz=llv aveiliarle resources can bs

adopted by communities accoréing tc their NEEDS. Indigindus
resources thould be maximized.

2. Local Cemmunity Development Workeres both cprivate anc
governmental should avail themselves ¢f technical <training
thaet *wiil Dproaden their experience in facilitation of
optiones Zor the community tc select from.

3. A constant sharing-/discusesion/interaction during the prc¢iect
undertaking ig critical to the adootion of new tachnology.
Netwerking shouié be enhanced and strengthened.

4. Ther shouléd Dbe & deeper study anéd analysis cof hnhew o
maximize the role of women and their esignificznces in
contributing to deveicpment.

5. In c¢rder te insure the gustainekility ¢f the proisct  there
ehould be & built-in education process that orignte peopis
to the proper use and maintenznce ¢f the product ¢f their
laber. Thig will make them feel rescoonsilie for ite long

= &

<h

For any technoloegy transfer to be mase-based and szupporsted
Py the pesple. it should be done within the context ¢ &
development procese. where peopie are the main aciore.
decision-makere. and cherers of their fyture.

egzful completicn of the Agcabugac ferrocement rain water
citstern systems tank illustrates the potential of conmunity—-
based crtion. With proper technical organization. technical
wpertise, planning. thorough networking and timely eecution
UL prejecis mav not only meet an immedizte need but aisc ge7
the cemmunity on the read tc further development in the future.

!



—
i

M FERFEDOERCN

iy Jdeseigca Calfofore Esls=, Ed.D.

H
1

irte paper iz presented to highlight learnings on Ccommuia iy
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Juwpuniit e f Jearnangs were Found jn: fal pariscipetiong  an

abiei; aci protess, war pupreteed by rairwmater tanks in o2 Cconicrete
Tasiizwy (k) bars¢ need of man —— watler in this instancte -—-  can

either become & rallying ground for cooperation oF & source of
fFrustration  and despair g} intervention in tersms af awarensss

-

exerciees, leadershipg formation, seif-reliance schemes, skililed

facilitatwrs, and carefully planned progras of impleaentation and

failaw—up is necesgery d) continuing education belips sustain
interesl and level oFf asawarene=zz (e} countervailing culturald

-

factarse, not caretully studied and hargiled, carnn afvect  the

pracess of intervents on.

Fus tier to thsse enperzence Lleils of the nees o fusion
{fpev Lial  Lheagh mavibes! of perception about and  {feelicngs boward
Lhie feoiueiian,., proliems and aspivalsone i 11fe.  This fuzion  of

percsEpiion could be beougihil aboud By fusion of groun enxpesciation
sivd whisi mey actuglly happen. A repeiitive enperiencye im0 this
fusuion  cowld perbaps bring sbout a higher degree of  wisity of

percention witich could jsad to cooperative wari,
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COMMUNITY FARTICIMA

-4

ION AROUND

IMTRODUCTION

Capiz 2e & provinteg in central Philippines whose econmy 1=
basigally agricuiture but the incidence of poverty 1z one of the

highesl dn the regson.  In 1985, the eztimsted the region‘'s

-

poverty incidence of TL,ZH waz the second highest in ths country.

%I, M= in thie oliber

[P

iNational GCconomic Development Authority,

parte of the country, Lapiz receive

iow goverrment  input for

2001 @l ey ces reiative to the need of the provinge, Thaiz 1ig

particularly trug wnth waiter. The provionge Loday has only 07

sl oy wf dts rural bousehold served witin favcelt comaewmity watler

wysism. 11990 Censue of Population and kHouzing, MNCSO). Seventy
Nine per el (TFRIOf e wetler sowrces =111 Cone from duag welils

wiligre patsbility 1 never questigned nor asceritained by the rural

[y

folie, (IR0 Censuz cf Fopuleiicn and Housing, . NOIH

Irn 1934, & research on rainwater cesichament system uzing
Ferrprement  tanbe was instieled and funded by the International
Level oprent “esearch Centre (IDRCH Canada. In thie pyoiect,  I0
reaimmmpier itanks were to be established in a8 pilot-scale bLa=ics

withh egpecific emphasie placed on community invol vement and

il
-

sticipation. Detail

n

ef  Lhiie pilot wroject are dezorited

glzaewhere LAppan et al, 1949, Hovever, without any purpcserul
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digsesination gpian, the nusber of tanke increassed from  the

-

enperimental number of I tenke to I tanks toe date,

Wliat hze caucssd such phenowmenal increase? Suome groupz have
requested private donors te aszeizt them build ferrocement tanks
for the children at schoeol, fer the heazaith centere in the

villages and for housenolds.

In =socme wviilages, swall group=s were formss around the
ferrocement tanic with peopcle sharing water and sharing lahor for
tie tanit’'s maintenance. in =ome piaceé, the tank iz seenn as @&
conspicucus edaitice in contrast to a bachground of nips  and
bawiroo houses surrounding 3. But such edifice ig & monumeni  of

the cooperative work the group has uwndertaken and &  symsbol ofF

7

life —— drinking water --for ithe people.

vihiile it 1 the Ferroceqent tanl

mn
)
n
H—
-
e
e
I
[
[
rn
n
in
n
in
-
hes
b}
ﬁ

assumed such high valoue, iexcernt prabaply for the poor witc could
pol afford to have one wunlese acquired throuoh oroun el df-helip

gffortsl, 1t i= worthwinile examining how and why did this Jevel

of participation occocwed.

hi= paper presents a summary story of three different
group~ lives arcund and with water tankes. An assessment &f the
elements of. community participation foumd in these studies ig
presented to give an ides of ite prefound impact in  implementing

sl systems.
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FALOLOC AND ITS WARTER SITUATION

Malocior 138 a rural villaege nestled in & mountainous ares 15
ilometerrs from Roxas Cigy, the capital of Capiz. The Ccommon
source of income of these people ie farming. The villéqe hhas four
sitice o area divizions, Twe out of these Four have very
sericous waler probliem. In the whole village, only one artesian
well was operational. The main sources of drinking water were
apeiy ehelicew  welils in tive barangay and in  the next  vililage.
Durimg the raioy season, water covered the cpen well which were
freqguently dug in beitween the rice fields. Water pumps ceerved

some households which could afford them.

The Feople’' = thganization.

Tive pzople’ = organization at {Hal.« £ started in 1984. Thie
main maativating {force which ied these people to join the group,
&=  enpieszszed by thesm 1o one focus group inteirview, was their
desiie Lo yive thelr children 2 goed future. Acoording te them,
Lhery histd nie Fined spurce of iacome and they were unablle to =end
Liveir cihiliidren Lo schopl. They also conzider;d thal by 3oaning

the oargenizetion, they could ke abkle tc find =some af tis

solutions teo their existing problems.

Tire community workers of the Local Resource Management {LRM)
Frograem implemented by the Cepiz Development Foundation, gathered
the wvillagers intc & barangay assembly to discuse about the
situatior of their viilage, their prablems, and hiow they could

possibdy work togetier to find & solution to their problems. The
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viljagers agrewed Lo attend & series af meeltings. Boon, ten
commanity organization volunteers were selected ocut of the many
wiho were willing to serve the organizaticen, to undergo a two-weel
iong intensive training in iesdership and the off}cars cf  the
orgenization were elected by sscret balloting. After the
officers were eiected, the group planned to embaric on a proiect.
The Firsl pirroject tihey chose was a coammunal garden, the produce

af which wmazs to be sold to provide ingome t¢ the orgenization.

In ihe process of struggling for group cohesiveness, some

canflict wmitihh the barangey officials  occurred. The wililage

-

officiale  were apprehensive af the communily activiiy going  On.

wiwer ey they weie nolt the leaders ss (1L wase not customary i the

0
0
L4
o

Tise girowp then decided to undertaiie an activity to resaond

to tiveir moelt sgricous need whicihv 1e the lack of water sugply. For

i

thiz project, the viliage officials weres ashed to get invelved.

Heilding oFf ferrocement rainmater tanis.

The group’' s decision was to usee ihe ferrocement rainwuater
catchment tank. The viliage officials Iooiied for resources for
the ferrocement tanks. The catchment units were then built for
the =cihicol, for the heslth censter and for individual househelds
desiring to own one, a= the members provided labor. This was the

beginning of a cooperative and harmonious relationship between

the orgonication mewmbers and the viliage officiais.
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Tiee trole f woma.

Building & tank je & process which neceseitated cooper ative
Worii. Volunteers, men and women, were trained 1in  ferroacement.
Tinies team, composed of 14 to 11 persone, then moved from one =ite

to another to build the taniie,

Mozt members are women inasmsuch as the aen have to stay i1n

Lhie Jields r to warik as labarers. Even in  constructing tanks,

The women enjoyved a nem Kind of work which ies constracting water

-

Lanie, althouwgh they had to ash the men to help them carry heavy
materials ang de laborious Job snch as wmixing sand  and  cement,
by ashed whether thieir oew fousd preocoupation in o the
crganizatioan created troukie in the famiiy, the wasen  answsr ed
chat bhey ewplained te their nuwsband wiat they were doing. in

mesl inzla

o

nees, the husband would be apperecialive.

The activity of bullding tanks reinforced learning  on

cooperatson  bkecauwse of the concretensss of tihe output cof
Leanwioi i, fie seon & the ferrocement water taniis were built, the

crgenizeticsy coentinued to periodicalliy inspect and maintainn  the

tenks and the calchment parts,

Exiension to Oiiver Projectie.
Sewing cogpperation at work, the group continuwed  to  embark:

into other projects. They put up & caoperative store which huy

I

i

and selis to the sewbers, merchandise basicaliy needed like food

. P . . c i
items, fertilizers, and other household necessities,

T

e wyaniration Jikewise learned {o be sensitive to  the

“r

peads of its mesbers., The village was a recipient of a8 l1gw-cost

houzing program after twoe typhoons devasted the province in 1987,
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The housing wvnits were given to the organization and the group
decided to give it to those who were in dire need, the poorest in
the viliage, even thougih they were npt members of the
organization.

Farticipation cantinuwed in this small village 8= =een in the
regular meeting held where zome members have to walilh for two

hours from their sitic ‘a8 unit of a village! just toe attend the

meeting.

I

S0 QCESONDMIC SUrVEY .
in one forus group discussion witin the members, one gquestion

was ashked: "Whel ie a community?”

Tiwe folioming were the {ranzlated res=ponses of the

Snar MHhelensszes o the viilage.”

Jose: "The wiole b.ar'angav,' consuwl tirvg s eath other, thus
itnewming what the whole probiem is ail abéut."

Sasing: The peeple in the barangay talkes part and
cooperete 11v all activities of the barangay.”

Belding: "Thizs barangay cennct bhe called & community 1i¥
peapie are individualisetic., While we work Ffor our
families, we should also work for ouwr community,”

Mila: "There i=s community because when the barangay captain
calle foi & "bayanihan"{caoﬁerative} activity and the

- weny couid not coune, the wouen worh to take the place of

mety. "
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THE SMALL ORGANIZIATIONS AT EBARANGAY CULASI

Harangay (ulasi ie almeost five kilomelers froms the city of
Fovas. It ie along the shoreline. The place iz accesible to
Various meEans af‘ transpr-tation like the "ijespneyse" &and the
"Lrricycles”. The roads are cemented and well kegt, Houses are

very close to each ather and wostly made of light materials.
Activilies al Culaszi.-

The people of Culssi are hardworbking people. Fen, as  well
as women, induige in livelihood activities., The mein sources  of
incowee +or ithe people are fishing and handling cargo at the port.
Al ie i thie village that the Roxas Port is located and where
ships Frow Manila, Rombion, and Me=hsate, dozi. The coordinated
efiorts of husband and wife working side hy side for the upleep
of itheir family is very noticeable, Fepple are hard woriiing  and
Lhey love their worii., The average moanithly income ise  FL,O00 &

monih.  Woerl, howevery 312 at peal: when eshipes are coming ang  thet

i ot evervyday. Feople still enjoy interactin with each cther.
"y g

Wiater TFacilities.
e ar tive msodest port compley of the province g 2

schoalhouse for chiidren and right at ite front vyard is & 14,000
iiter tani: which the Fareni--Teachers Asscociation owns. The tani:
was Lo provide drinking water to chiildren in  the schoel,! the

sentrers of the crganization and somwe af the viliagers. Tihe women

mesibers buillb thils ferrocement tank three vyears ago.
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At Culasi, water i usually soid in can=. A water tanic of

)
iJ

§,000 Titers which costs F4,000 is wsually ocwned by middle~incaoine

hoveseholde. The big water tank at the schorpl provided not - only
free-water to the sechool children but also saving= ta the members
and other viliagers who would have bought water from other tank-
R S, The income of the organization is used toc support the
maintenante of ithe tank, and the wide ropf and ouiter of tthe

.

school building and cother special prajects for children.

siong the geashare, eti1ll at the Village of Culasi, there
are four obtiier amall water tanks ocwned by (four dif{ferent groups
having =ix to eight members. While the tank is attached to  the
rocf top of the house of one meaber, meméers of the group chare
water ang help ciean the gutters and tanis for maintenances. FHore
often, water ie also shared with non—menbers when they could not
potaiy wmater from obther sources, which i=s usuagly & shallaow oapen
well.

-

Meed for Cooperaiion in Use of Water.

Wiy the upusual cooperation for water? A look at the wmater
situatiocn of (he village i= gisheartening. Drinking water is
normaliy bought at F2.00 to S.00 for a 4—gallion container. Onivy
the middle-income families could afford to put up 2 galvanized or
& concrete tank.tu collect and seil drinking water. Shallow

’

weils are dug but waier is saltish. It can only be wused for
washing and bathing. bWater from wells are salty. In areas off
the shorelines, water is colored red and heavy with mineral

conternst. Only few deep welle can be dug because of a stone or

voci: base beneatly a few feet from the surface =s0iil.
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aziiiiiwe,

Tivose mivp can atforod to dig open well uese waler from ilhidie source

wagihing, cleaning, and somelimes driniiing I+ rainweter getes
expencive. Theege wells were not subliected to examination by the
city he=alth office. In many instances, children suffer Fron
sicvnach pain which is easily dismissed a&s one of those ordinary

discomiorts.

Tive swroundings of this barangay, lopke ctlean but only few

familie= have manitary toilet=s, The people utiliize the sea as

ithe puizlic toilet. The neighborbood has no tentrxl garbage
dumping ares. The garbage truck comee once & weell to coliect
gRrbisge . OGftentimes the peopie could not wait that Jjong  and

garbage has to be dumped into the sea.

Culzsi i1z be=icalliy & cle=an barangay but orne reascn why
pEoplie camnmet build tollet is that wells for washing are found
in simo=t all househpids along tihe shore and houses are located
vary mear each other, Feopie are aware of the harmful effects
wf wunlicean water, but there is no lezs expenzive s=ource of

. *
potabie water. One nas either to buy rainwater, or hoil water

which co=t= tiwe sames,

Grouwp Interviews.

.Duriﬂq the group intervisw, participanis were ashed of their
concepl of comwunity participation. Many expreesed that they c?n
do wmaey thing= if given opportunity. This untapped.putantiai ;an
be wliliied not only for their cenmselves but aisgo for  oOthers.

Tiiey (laiwed that tiveir contern for each cthers wes exhibited
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throuwgh their participation in the water project.

Womesy "2 farrbicipation.

The  wownen took tihe {frontline again during the training fur

ferrocement technicians. According to them, they have learnsd
sc wuch during the training which ususlly ie only for men, They

said that they have learned to recagniée zizes of iron bars, mesh
wire, and even how Lo mix cement. The husbhands or the men in the
groupr  alse recoanized the importance of the participation of
viomey.,  BEeoides, tie women were happy tihat they were inveoived in
the constructicon because they {feit that they were part of the
group. They set aside ciher household jobe just to be abhle to
assist during construction. They were very proud thet they were

partners of their husband in community development.

CASE 3
THE BASIAC SHALL FISHERMEN AND LARGR ASSOCIATION

Twenty eix  kilometers from the Capiz Provincial Capitol, is=
a figherman'= village sprawling along tie cozst of a white bexch,
15 One approaches tﬁe barangay , ane can feei the cool breeze
comiing through the mountain. The view of the barancay <1 e
foot of the ecuntain breaks the long traeil of roliing hille and
green bambno glants.

The wvillage haz a total land area of 140 hectares diwvideo
inte six sitiozs. However, only T public wvehiclies, the "jeeprneys”

carn take the route to Haciac because of bad roads.
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Livelibood.

binely per cent of the peuplé in this village depend their
livelihood o fFishing., Fishing boats are just anchored along the
shor e, At nighitime, fliclkering light=s from fishing Dboate at
woi b iéok like & carnival at sea. People are very industrioue
and they work day and night, even in stormy weather, whenever
opportunity needs them., For laghk of capital, the villagers still

FEMRIN OO .

Water Situabticn.
For the whole barangay, only two water pumps are the scurces

-

of fresh potable water. During summer, &Il the resident

n

L}
totaeling 1,904, get their water supply €from these {twoe pumps.
Other villages, such az thaze coming from Culasi or from other

i1elands

till come to get their water from tihese pumpz and  the
wmaler is éaid by the owner of the 1and, The =ty goes that the
government instalied the water pump, but the landowner claamed it
to be hiz own since the pump 1s 6n hie land!

Drillisng welles on the roch is very expeneive and tive wsater
firow shallom wells is salty &s sea water sips in., Hence, 'peocple
rezsort to rainwmater catchment tanhks, aluminum tanks, concrete
tanks and ctherese. There are 40 open wells and 5 pumps in the

village which are used for washing.

Farmabion of Associalion of Fishermen.
fe this association was formed, the pecople decided to buiid

tiveir  wealer lani. Thiee communal {ferrocewment tanks were built
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fon the ssecciation wmeanbers, for the chidren at the school, &and

for the health center of the village.

The group’'s grrowtiy  was surrounded by problems but  the
people persisted and their group cohesivenegs only get gtrongér.
The fierst prabliem (hey wetl witlh was ;hen they decided to put up
&t avrtifical reef foirr Lapu-laepu, a special kind of .§ish. The

meepciativ wole to one large Corporation in the country and

ashked 1f their used tiresz be given to thes to be made intco an

*

artiftigcial reef, Tiie corporation wiilingiy obliged and szent
thew the wsed tires. The fishermen and the womenfol b,
especialliy, made these tires into =LMNE gstructure and

painstakingly brought them out near one small island and pilunged
them 3nto the sea, four fathoms deep. The fishermen were very
gptimistic that Lapu-lapu will breed in these rubber slructures -
- ibheir ariifical reef —-= and tiiis will help them lwoprove their
living condition. One day, however, the fishermen found ocut that
their ‘artificial reef wss bomhed by one of those dynamite

fishermen even bhefore they were able to make their own harvest.

Dynamite fishing compounded the problem of this villasge and
thise wmew oirganization golt its first challenge. I a group
interview witih the officer=s of the association, the officers
presented Lhdir problems énd how they struggle for & solution as
& group. Dynamite fishing, for exawmpie, iz not a simple matter
Lle bte solved by the sysiem of having fish wardens because it is
reluated _tc pulitice and =mea pivacy. The wvillage ali=e hacs
problems of sanitation Aaz of the households use open toiiet and

20% dao not bave any. Tiwe wmidwife, wiio was present duwing the
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disguesion reported that the letest "Operasyon Timbiang” ehowed
Lhat 107 children in {he barangey were i the firset degres
maduewrished siage; 45 children, second degree; and o, third

degree.
FRationale of Commitiment to lrganizatiorn.

Tiie officers were ashed why should they continue working for
their organization in the face of poverty and very difficualt
pobl s ithey face. The ismediate past president of the

reswcialion responded, e have invesied so muc

egotionsl comeiteent to this organszeijion. We cannpi afiford to
leli it fgil." The seriousness in tihwe face of Llive other officers

eclhiped Lhe zentiments of bhisz group.

Al Lhe nearby chapel stood 35 communal tanii of rainwster

Filled iop tiwe brim and carefully covered witihh plas

b4
[ad

s€ =nesl.

-

MWas mid-summer, and Hhere, 10,000 litere @f rainwater stood
untoncied. Give member splained thatl the water i=s scheduled o
e rationed next week, Just before the "fiesta”.

Tie people’'s organization  at Bagiaa. i one jind oof
organizaetion which clearly grow strong as it is challenged by
okl ews,

EARNINGS FRROM COMMUNITY PARTICIPATION IN THE CAPII EXPERIENCE

Tevel opment of participatory groups is not an easy straight
line to comstruct. To some, the faztest way Lo group cobesion is

througlh & maze of critical problems and even failures, as in the
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case of Razian, while some groupes needed continuing. activities

for awareness and team building.

Gne wunigue featuwre of thece groups at Capiz is ithat they
sevolve oround water which is a basic peed of man.; To =ome
grouvpes, the structuwre of the ferrocement rainmater ceatchment unit
wisd ol Lhe groupes and iodividuals have acquti-ed thr-cugh
pPpal Licipattery effuri, stosd ag a wonuwwent of their cooperalion
eid Qi o work.,  Everyday, thal edifice reminds thesw of what Lhey
hrave grae i.iu“c.;«ugh..'.-md wi whice they are. To some groups, however,

the huge bank reminded bthew of theiv failuwe.

The seriouns need for wmater in this aprovince became &
yaliving facltor for group wiork. In other parts of the praovince,
however , Lhiis serious need became a sprce of frustration which
created adverce aliitude towards the program.

Effective training, continuous leadership formatian,
eu;uusdQEmeuL of voiuwteriisw, and exercises in  wvaluinpg for
Lemmwir s resulted i tive farmeation oof stirong groups=s.
interpgersonal commusicaltion weed for organizing proved effective
"1ty dsmlly CREES. eze are in the form of person—tp~-per=on

approach, bousehold wvisits, inforsmal group discussions, and

formwal village ascemhiies.

’

Sikijied facilitastors or comaunity workers are required.
They implement a well-thought plan of entry to the barangay aﬁd
ireve their wctivities monitocred and Enalyzed. On the other hand,
inadeguate inpul and unclear scheme of follow-up activities
resulted ipn the disintegration of some otherwigse potential
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Situistione and aliernstil vies wiere presented to the community
meEnber s. These alternatives were clearly wunderstood oy the
membvers and thi= enabled then to arrive at a rational decision.

Continuing education on the potability of water and healtn
praciice is also crucial for valuing the water system.

Mamy idndividuels c¢could not see the need to be organized.
{rganizing i=2 noil =een s & pirority activity. To bring
ammi SNess, several activities may be used. The seminars  gnd
toaining for community volunteers used at Capiz are only one of
thie several lechiniques available for raising awareness.

Formal and informsl leadsrship at Capiz were strengthensd by
Lhe inbtroduction of tie prodject. There were piliaces where thiese
types of lesdership were elready strong. Effective leavsrshil
faritlitated & sbrong orgeanization and prolect impiementatjén. O
tire ciiver hend, the lechk of & contiuting mechanism 08  Communi Ly
interaction and cooperalion because of weal leadersihip leads to
grour disinleyration. In masny wvillages, the formal leadersihup of
tive eleclted willage officiais proved ihe€€e¢tive- Somet imes,
inforweal leader= could neot emerge be=cauwsse of reztraining
palitical and culitural forces.

The exicetence of problemsns proved as effective catalyzers

wihich heighterned group cohezion. This was because of:
&, freguenit meetings eand disgussiorne about the problem

e support  from other inetitutions and groups, within o
wast=ide the wvillapge
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c. high conscvicusness of responeibility amongst leaders  and
menber s

d. volunteerism considered as inveztment of time, energy,
angd effort into the ocrganization.

e. expectation of a concrete benefit from the organication

f. Unrealized expectation of benefite from the organization

meant loss of invested time and effart to mesmber=.

EEYOND THE EXFEFIENCE

& visrt or a new experience jis ofien transiated into & new
insigit. Oftentimes, color, shapes, and numbers are forgotien,
butl the weaning remzine.

Tive three cases ciied were unigue in their own  way. Tire
firel was & large organizetion in the community, vet members see
proil emns and‘smlutions an unity. The second case was A village

with several smoll groups ensgaged in participatory activiby. It

worked as well. Tihwe third group is asssiled by problems but is

still geliing strong.

Tiie common element in the three experiences is fusion. To a
certain degree, individualse in & group share the same perception
and share ?he same Tewling., The extent by wihiich individuals
shaie the zame perceplion and feeling determines the degree of
participatiaon 3n a group. This conld he applied to locking at -
Lhe eitualtion, &t the souwce of the problem, or al their

sspiratione in life.
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fargeet e dimension of unity ccould bLe the FUEs an of
prpectation and realization. dhat do groupy members expect of each
olier wnd of thesir group? Are these expecltations realized? The
closes the twp, the less varied will be the perceptiaons of group
pembier s, Thie is an insight Lbeyond thise experience whicihh perhaps
fultn e activities anw other echolars could take a 100k at &as  the

wicr Id learpns mv e and wmore about communiiy participsiion,
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“ABSTRACT

This study describes the present system of rainwater collection and
storage facilities, the socio-cultural and economic aspects of rainwater
use. '

During the months of October to November, 1987, a three-week case
study on rainwater use was conducted in Dacope, Khulna, a coastal region
of Bangladesh. Since the area is located very close to the Bay of Bengal,
both ground and surface water contain undesirable Tevel of salinity.
Drinking water was an acute problem in the area. Normally, people of
Dacope use water from pond, canal/ditch, river, tubewell or rainwater,
depending on the availability. The study reveals the fact that a Targe
number of people of the area has been drinking rainwater. People drink
rainwater in the rainy season. But in the off-season they hardly drink
rainwater because of lack of proper storage facilities. Roof discharge
was a common method of rainwater collection. Gutters ,made of G.I.
sheet, bamboo, betel nut tree and bark of banana tree had been used
widely for rainwater collection. People store rain water in large
earthen vessel. They periodically maintain the quality of stored rain-
water using burnt snail shell,

The survey also indicated that about 75% of rainwater consumers
preferred to have large storage facility although most of them could not
afford it. Cost of rainwater collection was found to be Tk 0.29 per
litre, which was the lowest among all water sources. An appropriate
rainwater storage facility may solve drinking water problem in the area.
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INTRODUCTION
Bangladesh i located between latitude 21 N to 2€.5 N and longitude of
88 E to 22 E (Fig. 1). The tountry is blessed with high to very high
o rainfall in monsson (Talukder 1922). Rainfall starts from the month of

’ April and lasis up to October with 95 percent precipitation. Besides ground
water, there is abundant water supdly in ponds, rivers and canalz in the
rainy sea=on. These surface water sources are not ususlly suitable for

"driniking. Nevertheleszs, & larges number of people especially citizens of
rural Bangladesh has been drinking water from these sources. They drink
contaminated watar baecawse of -the unavailability of pure water nearby. As
result, significant number of paople die each year or suffeEr fhom water

® horne diseases. ADout 3571 of the total population af the country has
problem with drin’king water and general sanitation conditions. The probiem
ig very serious in the coastal belt (southern part) of Bangladesh where
. poth surface and ground water contain high level of salinity. About 18% of
' total population live in this coastal area (Statistical Year Book of
Sangladesh 1933). Furthermore, the probiem of drinking water is alse acute in
other parts of the country, such as, hilly areazs. forzst areas etc. The
® probiem intensifies during dry season and figod time. Drimking water for
human consumption should b2 sasily available, clean and fres from
contaminations. FPeople living in cozstal and hilly Bangladesh have been
tollzciing rainwater as a bettar source of drinking water since the Lims
immenorial. But no specific study report on the use of rainwater for
arinking purpose in the region was available. Therefore, an attempi was
made to investigate the rainwater use, socico—economic aspect, and the scope
of developing the rainwater catchment facility in the country A case study
@ waE comdutted in twslve different villaoes of Dacope upozilla of coastal
Khulna in Bangladesh., The objectives of the study were!

7o study pressnt system of rainwatsr uss and gtorade svstems.

. . -To stugy the socigo-sultural and economic aspects regarding the use
of rainwater and water from ¢ther loecally available sources.

To perform & comparative cost analyveis betwasn rainwater use

@ and tre use of watar rom other avaijiable sources.

P~

i

METHODOLDGY

. The situdy of rainwater uss was conducted in twelive selected villagse in
Sarope upoxzilla of Khulna district of Bangladesh. After a series of
® discugeions with a scociciogist, an enginesr and an ezonomisi, an
' appropriate Questionnaire was prapared Lo collect primary data. The
gzlection of sampie from each village wag based on the Cluster sampling
technioue. The villages in the study area usually congists of 2 to 3
“para”s. "Fara” is & local name of a distinct gluster of housaholds within
2 villagse. A zmampling unit, in this czse a single farm housshold, was
. selected randorly from 2acih “para” to producs the study sample. F
’ within zach selected housenold, the family leader was chosen to bz
o intervigwes. Key individuixls included in the intarvizws werse the v
school teacher, members of viliage committes, common labourers,. Ji
cataegories of farmers and non-farmerz A totzl of 26 farm households wers
integrviewsd frem 12 differsri sslected villages. The primary Satz as
zollectad through Suestionnaire was compliled and analyTed to draw valid
soncliusicr ‘
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Present Condition of Water Use

In general, the inhabitants of Dacope upmrzilla use water from the
following sources.
Fand
Canal/Diteh
River
Tubewzll
DRFHE-UNICEF sand filtered facility and
Rainwater
Table 1 shows the present condition of drinking water facilities in twslve
villages in Dacope. About 43% of tubswells was found to be out of order
{Department of Public Healtih Engineering 192£). Furthermore, 41% of
remainings (workable tubewells) was not using because they dischargs water
with undesirable level of salinity. On the other hand, 45% of DFHE-~UNICEF
sand filtered facilities was found ta be idle. Fig. 2 indicates the
consumption of drainking water in different seasons. In the rainy season
largest group of people preferved to drink rainwater, on the other mend,
most pecple used to drink water either from pond or tubswell in the drw
TeHEIN .

T B g b)Y —

1. Fond ¢ Fond water bad been using in many villages for drinking purposss
as well as fish culture and cattle feeding, They were usually sncircled
wrth big ard small trees. The water in the pond was normally not pure and
considered hazardouws for human health. Feople wusually drink pond water
without necessary pre-treatment. However, only a few pecple treat oond
water before comsumption, The pend water remains soft betweern the period
of May to September and then graduzally becomes salty in rest of the period
of the year. In Dacope upozilla headguarter, reserved pond water was pumpaed
to over head tanks for water supply in local offices.

2, Canal ar diteh @ TAlmost &1l the villages have canal nearby or smail
ditcih within the house premises. Ditch water was used for washing utensiis
and canal water was used for taking bath. Canalgs or ditches were also ussd
for figh culture. The villagers construct open toilet on the canals., As a
result, canal water becomes contaminated. It was alse reported that a few
villagers collected water from these canals for drivking purposss because
they werea it lazy to fetch water from other distanit water sources.

-

% River ! Normally, river water in the area contains high level of clay
Tparticles and salt. Most people living near the bank of ths river have no
other alternatives but to drink river water. People living in the arez were
very poor and they lived under thatched roof. Salinity level of river water
goes wp during drey season. :

4. Tubewell! The installation of shallow tubewslls was successful only in
limited areas. Tabkle 1 indicates that about 41% of workable tubewells
remained idle because they discharged water with undesirable lzvel of
salinity throughout the year. Abouwut 49% of total tubewesll was out of order.
5. DFHE-UNICEF sand-filtgred-facility ! A joint program with the Department
of Public Health Engineering (DPHE) and UNICEF was undertaken in Dacope

and the nearby areas to provide better guality of drinking water This
preogram included establishment of a sand filtered tank of 2Zm = 2m = Zm
size. A reciprocating hand pump pumped water from a pond o the tank
comtaining sand and coarse aggredates. The functionm of the tank wae to
filter the water rather than store it Several dischargs tapses were
cornactied near the tottom of the tank where people got filtersd water.
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Zince Qrouncd water conteine undesireble level of salinity, the hand ouws
took water from a large pond instead of ground watesr. The salinity level of
DFHE-UNICEF sand filtered wazter gradually increased in the dry season. Az 2
result, people somewhat b&cams reluctant Lo drink the water.

%. Rainwatsr ! It was reported that during rainy ssason (May to Se
viilagers harvested rainwater for drinking and washing purposss. =
people collested and stored rainwater for the whole vear and cihers
it for couple of days to several months, depending on their sconomic
conditions. During rainy ssason local roads become muddy and unsuitable to
walk, At that time people cannot walik to fetch water from other sources
Normally, villagers collect rainwater both for drinking and cooking
PUrLIDSES
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RESULTE AND DISCUSZIONE

Rainwzter Collection and Storage

THis study revezlsd that the rainwater have besn used for drinking
purposes since the time immemorial at the coastal district of Khuina in
Bangladesh. Most pesple used to drink rainwater in the rainy season but a
few houssheld consumed rainwater throughout ithe year (Table 23, Th& storage
capactity ravmges from IZ litres to E37¢ litres. “Motks” and “"kalsthi” were
the only popular rainwater storage facilitiss available in the area Roof
discharge was a common method of rainwater coliection. Gutiere mace of €. 1.
sheet, banboo, bstelenut tree and bark of banana plant had been using
widely in the rainwater catchment sysiem (Fig., 2). Some howsenold who have
=5 C.I. shest or Lile roofs also collected rain water for drinking
ourosses . They wsed a rectangular sheet of polythene paper, a bed sheet, =
ciean "sarege”, an inverted umbrella or a mosgquito net under opsh sky (Fig.
4% &5 & rainwater collector.

"Motika” wae uwsually wssd by rich people and for lomg term storage These
were senj-permanently placed ingide or outside the house  depending on the
motivation, education of the household membere the guality of stored water
also vary. The author who visited the study area found twos houwseholds of
Mollick bari in the village of Suwtarkhali, Dacope so s=nthusiastic that they
stored rainwater in large “motka® for vear round consumption, They took oud
water with a pre-cleaned small pot and kept the “"motka” clonsed all the
tim2. Sometimes they alsc supplied water to their rfeignbours whenaver
necegsary . They developsd a technmiouws to maintain the quality of the stored
water and treated it wsing locally available material. The authors found
the auaiity of the storsd water hiohly satisfactory. They put =nail ehelle
in several lavers;, in between the two layvers, cowdung, straw or rice busk
ware placed. Rice rusk was soreaded over the sestup and the lot was burnt
gradually. The burnt shell was collected and used to maintain the guality
of stored rainwater. They put ceritain amount of burnt shell into the
"motka” containing rainwater at lsast once 3 month. It is believed that ths
calcium or its compound of the burnt shell is the main element which
purifigs the water Thiz method was found to be very effective but was
practised by a couple of householids only. However, most houwseholdes having
limited storage capacities found difficuliy in saintaining the quality.
Mosguito larvaée and other insecte developed within two weeks in the stored
rainwater. A special kimd of fish locally know as "koi”,”sing” or “magur”
wae zilowed to grow in the stored water which in tern zate the larvas of
wmosgqul to and other similar insecte. “Hoi” (Anabas Testudinews:. “sing”
(rgteropneutes Fossilse) and "magur” (Clarias Batracnus? ars common fishes
available in EBangladesh, On the other bhand, fish discharogss its own excreta
in ths water which again detericrated the auality of the drinking water.
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Some consumers drink rainwater simply by filtering the water Few familiec
treated water using chemicals such as alum, lime or water purifying
tablets. Scometimes people found frog, tosd and dead body of rodents,
lizards, cockroaches ete. in the stored rainwater. Thic was due to their
improper storage practices.

Social Aspects of Rainwater Use

Besides drinking, people also consumed rainwater for other purposes,
such as cooking, bathing and washing of ¢lothes, Some houssholds used
rainwater for cooking purposes. They also reported that veostabies, pulses
or rice cooked by rainwater tasted better. Several conscicous ussrs pointed
out that since rainwater containg no sssentizl minerals necessary for numan
body, it is not good for continuous consumption. However, some people drink
rainwater only becawse it tastes better.

During rainy sgasons, road becomes muddy as a result of continuwous rain
fall. It is hard to go outside the house to bring drinking water .
Therefore, pecple prefered to collect and drink rainwater during rainy
season within their bouses. Some villagers become physically resistant
against the hesalth threatening agent usually present in the pond water,
river water and canal water. Thus, it was difficult for them to realize the
difference betwzen pure water and impure water. In other words, people
hardly differentiated the effects of drinking pond water, rzinwater, river
water or tubeswell water. Howsver, some people did remlize the benefit of
drinking pure, water. Table 3 stows the percentage of households using
different sources of drinking water in Dacope, Khulna.

About 75% of rainwater consummers prefered to build better ang larger
rainwater storage unit for private use. Only economically solvent
households which possess morse than 5 acres of land stowsed their interest of
building such a facility However, farmers posseseing less than an acre of
land preferrsd to have & drinking water storage unit for community use.
Most of the rainwater consumers assumad that it is the responsibility of
the aovernment to provide pure water to the villagers. Onlv a Iimited
tiousetizld wanted 1o get bank loan with a2 very low interest rate to
establish a drinking water storage facility by their own provided that the
process’ of getting bank locan be simplifisd,

Fig. 2 reveals the fact that the seasonal variation had & significant
effect on consumption of various sources of drinking water . About 35 8%
howseholds (the largest group) had been drinking rainwater in the rainy
season but in the dry seascn the figure fell down to 2.4%. Akout 2.4%
howselolds had been drinking rainwater throughout the year, This was due t
unavailability 2f rainfall in the dry season and the lack of proper storaoge
facilities. Table 1 indicates that a significant number of hand tubewslls
wegre not wusing becauses of the tubewells discharged undesirable lazvel of
salinity. On the other hand, abowt 45% of DFHE-UNICEF sand filtersd
facilities were not using or working properly, because of lack of proper
maintenance and salinity problem.

It was observed that women and young ladies in the socisty had a
significant role in collection of drinking water. The society assumed that
collection of drinking water was solely a woman’s job. Man collected
drinking water only under exceptional circumstances. Sometimes women went
down to distant places to gather drinking water with a "kalshi* on their
laps.

Tabile 4 shows that the sducation level had alse & significant effsct on
water consumption. Pegople consuming DFHE-UNICEF sand filtered water, hand
tubewell, rainwater, pond water, river water and canal/diteh water had 7,

£.13, 5.8, B 48, 2.87 and 1.0 years of formal education, regpectively. This
indicated that educated or motivated people prefersd 0 drink quality
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ot of Different Zowrcss of Water

Table & =hows & cost comparison of differsnt types Of water sources 1in
Dacope wpozilla The cost was calculated on the basis of & consumption rate
of 3 litres per person per day for a family of 7 mewmbers. Cost of drinking
water storage facilily, laber cost for collection, repxir and maintenance
costs armd installation cost, wherever appropriate, wsre also tonsidersd

The per litre cost of providing better guality of water through heand
tubewell, DFHE-UNCEF sarnd Tiltersd facility and rainwater catcbment method
were found to be pretty close to each other (Table &) The Table 5
inpdicates that the batter qQuality of drinking water may be supplied from
rainwater. Rainwater catchment method was found to be more ecinomic than
the DFHE-UNICEF sand filtered systen.

SUMMARY AND CONCLUSIONZ

1. The result revealed the fact that the people in the area have besn
drinking rainwater gince the time immemorial .
2 Apout 28 8% howseholds have been drinking rainwater in the rainy
season. on the other heand, Z.Z24% howsehold drinks rainwater in the
of f-=seascone only  This indicates that people will be willing 4o drink
rainwster in the of f-sgeasonz too 1f appropriate storags facilities are
establ ished.
% Pemele whd got thatched howse cowld wze a polythens shesi or & Clzan
e of cloth as rzinwater collector,
£ Member of howseholds showid be properly motivated o maintain the
lity of stored rainwater.
E. Rezgarding rainwater consumption, no significant of unwillinaness
oetweer male and femals, rich and poor, sducatsd and uneducatsd person was
fowund.
&. Reirnwzter do not have any essential minerals for human body, thus
necessary additives (minerals) should be added in the drinking water, time
to time .

7. The @xisting rainwater catchment method was found 1o be more ecomomic
than the DPHE-UINICEF =zand filtered facilitv

. Proper collection and storaoe of rainwstsr ecould solve the drinkiog
watsr oroblem where there is a serigus problem Tor Jdrinking water . An
zppropriste rainwater storage couwld be built to supply water wpto the end
of the dry ssason )

F. The rainwater could be supplied through plastic bottles during flood
in Sangladesh. The further research in the Department of Farm Fowsr ang
Machingry, Bamngladesh Agricultural University, Mvmensingh is in progress to
design 2 suwitable rainwster storage structure for rural pesple of
gangladesh
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TABLE 1 Prestnt Sitvrtion of Deluking Water FacHities in the Villager of Dacape

b
Cznditian cf hand tubewets

Conditlcn of OPHE-UMICEF
Sand Flicered Facilitles

Pond ownerihin

Hime of dllaze
- ‘ Mo. of tubtwills In good No In ]

Totl . o, , Mo, of Lube- woiking condition Tots! 4 Ho Mo of Neg ol

of welfr out of No.unvied N go° Public Privave

whiwerts order i Mo. vied beczvse of ] Total ~o workisg | unuted pond perd

I | j vallaity condition
Sutarkbull 9 } 1 ) 5 2 1 - ] }
Ansadenagar 4 . 1 1 - 1 — —_ - — -
Saghala - - - - - - —_ - -

[ASTH ] ] 1 ] - 1 1 I f - !
Khons 3 1 — 1 1 I —_ | 1 I
Baruikhait [] ) I - ] 2 t I —_ 1
Chunker) 1] 9 [ | 9 I —_ | | |
Batbuals | ) - - —_ - — —- i !
Sahaberabad ] 1 - t I - - - —_ ?
Srinagar 3 1 — | I I { - — )
Ramnagar ] - ! I | 1 — —_— - t }
’ Burlrdoba 1 — - 1 1 —_ - — —_ 1
Totsl) 13 16 11 i1 17 9 3 L ? 2)

USSP S

Saurze: - 1984 oMicy of Sub-Anilitant Eaginrar, Publlc Haallh Goverament of Binglidesh, Dazope, Khulna & during Inspection,



TABLE—~2., Ramwater Collection and Storage Scenario in VHlige of Dacope.

;  Total ralnwater storage capacity for

Type and number
Number of : drinking purposes only

Mcthod of ramwiter

houscholds of collection
:pertons) ! {er rainy season wse j3lso for off.seaton use storage [acilities ( Type)
{ Nerey ) ( litres) ¢ Type-number )
é 90 . A-S |
A4 -_ ' 517¢ D 4 }
C~8
& - 4224 . D—6 . '
5 9 - A6 ' '
g €4 — VY !
22 640 - C-1 1
3 192 - —1 !
A=-3
5 12¢ - 81 v
: L A1
17 57¢ e Gl !
. {B—Z
5 128 - {81 v
lA—]
5 32 _— A=1 11
ie 960 - c-3 ot
7 288 - B—~2 n
{ass
4 724 — C—1 1
. . {A 4
20 . 384 —_ T B—3 v
| , {3 |
2 —_ 1280 —4 !
. o
7 80 - A5 ]
Storage facificies : Method of rainwater collection :
Type A=a ¥alshl® of 1§ litrex Typ-e | = roof discharga threugh G.l, Sheet ‘
Type Bama *Matka® of 120 ltres Type 11 =roof discharge chrough tiles
Type Cma ‘Motka® of 150 ligres Type = roof discharge thiough straw
Type D =2 ‘Motka” of 750 litres Type I¥=Polythene Paper under open sky
’ Type VwBedshcet/ saree” under open sky,
--. .
Ccl-9



® TABLE 3. Percentage of Househelds Using Difforent Sources of Drinking Water In Dacope, Khulna

Water source

- ‘ s . - DPHE-UNICEF-

Pond River | Canal/diceh l Rulnwater I Hand WbE\ru“ | Sand filtor
® Rainy | Dry Ralny | Dry 'l Rainy | 'Dry | Ralny } Dr?' Ratny | E?f_): l Rainy \
’ Y.m,a.:“ Sesten | Sesson | Seavon | Seadon1 Season | Season| Sebven’ Season | Sedlon Seuon"Seuén Seuon
SwarkbIt  — 20—~ =~ 40 34— s 66 13
:\P_ln?‘z.n‘agar 25 2'5 - -_ - - '—,- — 25 25 - -—
* $atgoris - - —_ - —_— - - -— {? 50 - -
‘ Khatall - - -_— —_ _— - 14 —_ - 28 2% 29
T L N T
@ Barolkhall®  ~ 14— e - - - - N N LT
Chunkur! M 14~ - - = R . N T R
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WATER SUPPLY AND WATER USER BEHAVIOUR: THE USE OF CEMENT
RAINWATER JARS IN NORTHEASTERN THAILAND

-

Nongluk Tunyavanich and Kevin Kewison*

ABSTRACT

The supply of drinking water in the rural areas of
Northeastern Thailand has long been a problem. From the early
1980s the Thai government has attempted to ameliorate the
problem through the promotion of 2,000 litre cement rainwater
storage jars.

This paper, based on research conducted in two provinc~
es of the Northeast, and over a four year period, examines a
number of issues related to the government-sponsored jar pro-
gramme, and villager acceptance of this new technology. These
issues are: jar acquisition and ownership; construction qual-
ity; use of jar water; rainwater collection systems and access;
water quality and cleanliness; taste preferences; increases in
storage capacities; and current water shortage problems.

It 1is concluded that the government programme, while
having its problems, has been largely successful, with the
drinking water storage capacity of thousands of villages having
been greatly improved. Villagers are now drinking relatively
better quality water for longer periods during the year. Vill-
ager acceptance of these facilities has improved. The next step
is to ensure that the full health potential of the jar pro-
gramme is achieved. Recommendations about this and other issues
are included.

* The first named author is Assistant Professor, Faculty of
Social Sciences and Humanities, Mahidol University, Salays,
Thailand, while the second is Project Sociologist, Thai-
Australian Northeast Village Water Resource Project, Khon Kaen,
Thailand.
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INTRODUCTION
Background

The Northeastern region of Thailand, which is subject
to long dry seasons and unreliable rainfall, has been, since
the early 1950s, a major target area for government water
resources development programmes. These programmes were
accelerated during the counter-insurgency period of the sixties
and seventies as the Communist Party of Thailand was strong in

this the poorest region of the country (SAIYUD, 1986).

Even so, by the early eighties various surveys showed
that many villages in the Northeast still lacked adequate and
safe drink}ng water throughout the year. For example, the

Masterplan for Rural Water Supply and Sanitation indicated that

only 14 percent of the population had access to such supplies
(at five litres per capita per day) in 1983 (ASIAN INSTITUTE OF
TECHNOLOGY [AIT], 1985: III-34).

Therefore, over the course of the fifth and sixth five-
year National Economic and Social Development Plans (1982-91),
and coinciding with the International Qrinking Water Supply and
Sanitation Decade, the government intensified its efforts to
solve the Northeast's drinking water problem. A major vehicle

in this was to be the humble rainwater jar.

The jar programme

Traditionally, wvillagers in the Northeast have stored
rainwater for consumption in small clay and ceramic jars (20-
240 litres). Usually, however, this water is exhausted by the
dry season, and villagers obtain their drinking water from
shallow wells and ponds. Realising the social acceptability of
rainwater (vis-a-vis groundwater from tubewells), and the

potential of rainwater catchment as increasing numbers of
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houses used metal roofing, a small band of researchers had been
experimenting with the construction of large-capacity (2,000
litres) cement jars. The earliest report we have been able to
locate, from 1977, suggests that large-capacity cement jars are

indeed a very recent technology (AMNUAY, 1977).

It was found that rainwater collection was, in fact,
cost-effective, and that jars were simple to construct and low-
maintenance. In addition, the quality of the water was
generally better than that from shallow wells and surface
facilities (AIT, 1985: TIII-46; THAI-AUSTRALIAN VILLAGE WATER
SUPPLY [TAVWS] PROJECT, 1985: 47-54). The government, through
the Department of Health, had already been promoting cement
jars in designated poverty areas (NONGLUK et.al., 1985), and it
was decided to massively expand this &5 a national rainwater
collection programme. This programme aimed to provide five
million large-capacity cement jars in rural areas by the end of
1987, which meant that, at one jar per household, daily
drinking water of three litres per capita would be achieved for
the whole country. To meet this mammoth task, a careful
implementation programme was devised, with the Northeast being
a major target area (FACULTY OF ENGINEERING, KHON KAEN UNIVERS-
ITY et.al., 1987: 23-25).

In the end, because of the campaign format and the top-
down nature of bureaucratic programmes, implementation did not
follow the community participation approaéh originally
envisaged. Nevertheless, millions of jars were purchased,
distributed or constructed. From a situation in 1983 where
large-capacity cement jars were so uncommon that they were not
usually enumerated in surveys, by mid-1988 there were 8.9
million jars throughout the country (GOVERNMENT OF THAILAND,
1989: 33). In the Northeast, the programme was equally
widespread -- for example, in Mahasarakham province, where
there were about 80,000 jars in use during the 1986 dry season,
by May 1987 there were 213,000 (HEWISON, 1987: 9-10).
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Earlier reports indicated that some villagers suspected
the quality of jar construction, while many others objeéted to
the taste of water stored in cement containers (NONGLUK et.al.,
1985). Given the recent extensive promotion of cement jars, and
_the'wider experience of villagers in the use of these cisterns,
this paper will summarise the results of two recent studies
which have re-examined the use and acceptance of cement j#rs,
and the changing attitudes of villagers (HEWISON, 1987; NONGLUK
et.al., 1989).

Sources g£ data

The two studies which are the basis of this paper were
both completed for the Thai-Australian Northeast Village Water
Resource Project. That by Hewison was completed in mid-1987,
based on a sample of 85 households in one district of
Mahasarakham Province, covering twelve villages in five sub-
districts. The second, conducted in Yasothon Province, was
regearched by a team led by Dr. Nongluk Tunyavanich of Mahidol
University. It surveyed 300 families in seven villages from

five distriets. -
THE USE OF CEMENT JARS

Jar Acquisition and Construction Quality
Acquisition

During the 1986-87 period in Mahasarakham, the most
common method of acquiring jars was through the Rural Employ-
ment Generation Programme (REGP) or some other government
project. Fully 90.8 percent of households with cement jars
reported that these were the sources of their jars or of
support for their acquisition. In Yasothon, two-thirds of

people reported purchasing jars, but almost all of these were
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at reduced prices due to government project support. Most
people acknowledged the central role of officials in encourag-
ing them to acquire jars, although the most commonly stated
reason (40 percent of respondents in Yasothon) for acquisition

was to increase water storage capacity.

In Mahasarakham, c¢onversations with villagers revealed
that the bottom-up potential of the jar programme was not fully
realised. The jar campaign meant that villagers believed that
they had little choice but to request jars under REGP. This
seriously wundermines a central REGP objective, which 1is to
develop the efficiency of Tambon (sub-district) Councils and
increase participation in the planning process (VANPEN, 1986:
10-13).

The various governmental promotional and support pro-
grammes to encourage the acquisition of drinking water storage
jars, especially the use of village developmént funds, were not
so successful in Yasothon. Even though a majority of people
were aware of such funds, wvarious problems concerning the
administration and management of them tended to discourage

their use. Nevertheless, jar ownership has increased markedly.
Ownership

In the Yasothon study, various socio~economic and
behavioural factors (such as the level of education, income,
occupation, water shortage problem, and taste préference) were
analysed statistically, but were not found to be significantly
related to the ownership of cement jars. However, a signifi-
cant relationship was found between ownership and experience of
having attended training about drinking water and sanitation.
Those households which had sent someone to attend government-
sponsored training sessions (e.g. as sanitation craftsperson,
health volunteers, etc.) tended to own more large-capacity

cement jars than those households with no experience of
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training. In addition, as might be expected, people from
households with cement jars were more likely to drink water
stored in cement containers than those without such jars.
Likewise, people from households with cement water containers
or planning to have them, or where household members had
attended training about water, have a more positive attitude
towards drinking water stored in cement containers than those
who have no experience of training, those who do not have

cement containers, and those who did not plan to have them.

Construction quality

The quality of jar comstruction has not alﬁays been
good, and seems to vary according to location, the agency
involved, and over time. For example, in 1987, 36 percent of
surveyed villagers in Mahasarakham reported either breakages or
leaks. However, in 1988, only 16 percent of respondents in
Yasothon reported similar problems. Many interviewees, in both
study areas, reported that they were still not satisfied with
the quality of jars.

Water Use

Utilisation of jars varies between the wet and dry
seasons. In Yasothon, for instance, almost 80 percent of the
jars were used to collect and store rainwater during the wet

season.* This was not the case during the dry season.

* A further 16.7 percent had not begun to use their jars, but
stated that they intended to do so.
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While jars do not require large amounts of rainwater to
fiil them, almost a quarter of villagers surveyed in
Mahasarakham reported that at the end of the wet season their
jars were mnot full. At the same time, - 43 percent of these
people stated that they did not have sufficient storage
capacity for the whole dry season. This was confirmed in
Yasothon, where only 47.7 percent of households stated that
they had rainwater left for drinking in the dry season, and
that empty jars were éenerally not replenished from other
sources. Llarge-capacity jars are reported by villagers to be
too big to replenish, and the task is too difficult. It can be
concluded, therefore, that the majority of large cement jars
are being used to store drinking water only when there is

rainwater to catch -- mainly during the wet season.

One reason for this pattern is that jar water is not
always rationed, and nor is it used exclusively for drinking
(see Table I). More than a third of households report using the

water for drinking, cooking, washing clothes, and bathing.

TABLE I
USES FOR JAR WATER, KAE DAM DISTRICT, MAHASARAKHAM

Use Percentage of Households

Reporting Use

Drinking water [a] . 87.9
Water for cooking 79.5
Washing clothes 36.1
Bathing 33.7
Washing dishes 7.2
-Have jars but do not use them 2.4

[a] 9.6 percent of surveyed households reported that they have

jars but do not drink from them.
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Nevertheless, water storage capacity has been increased
markedly. In the Yasothon study villages, a census of total
water storage capacity was made in 1984 and 1988. This showed
that the average household drinking water storage capacity had
increased from 783 litres to 1,818 litres, an increase of 132
percent. In Mahasarakham, where only large-capacity jars were
considered, the estimated average household storage had
increased from about 460 litres in 1985 to almost 5,000 1litres.
by mid-1987. That these increases were due to large-capacity
jars is striking evidence of the success of the government

campaign.

Once stored rainwater is depleted, villagers inevitably
return to shallow wells -- 82 percent in Mahasarakham, and
about 70 percent in Yasothon. However, the impact of the jar
programme can be seen in Yasothon, where villagers reported
using rainwater exclusively for 4.2 months in 1984; by 1988,
this figure had risen to 5.5 months. Another indicator of
change was the number of people drinking rainwater during the
dry season, which increased from 2.7 percent in 1984 to nine
percent in 1988. This suggests that in other areas, where the
programme has been more widespread -- in the surveyed villages
in Yasothon only 44 percent of households had large-capacity

cement jars -- the impact will have been even more 'significant.
Access and Collection Systems

Health authorities have recommended that jars be
constructed with taps, drainage plugs, and lids. If these are
present, then the risks of contamination from the roof  and
unhygienic handling practices can be minimised (AIT, 1985: III-
46). In the Mahasarakham survey, however, it was found that
72.3 percent of jars did not have taps, and access to the water
was by bucket (35.8 percent) or siphon hose (34.9 percent).
Villagers have been shown to be concerned about taps: in the

Yasothon survey, the vast majority of respondents in 1984 (86.7
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percent) and 1988 (97 percent) agreed that a tap improved the
convenience of jar use. However, villagers have also reported
problems with taps =-- they are difficuit to repair; children
play with them and waste water; and dogs and ducks will lick

the tap, thus discouraging human use.

Lids were found to be in wide use in the surveyed
district of Mahasarakham, with 88.5 percent of jars having some
form of cover. It seems that even with this high coverage,
however, there may still be problems. For example, villagers
complained of 1increassed mosquito infestation., There is no
conclusive evidence.that this is related to the use of jars,
although it is possible that the increased availability of
water within villages may be adding to the breeding places for
some varieties of mosquito. An examination of a small sample of
jars (undertaken by non-specialists) indicated that jars with
lids are less susceptible to larvae infestation than those
without lids (HEWISON, 1987: 17). As a result of concerns about
mosquitos and for filtering debris from water off the roof,
netting of jars has recently been recommended by the Department
of Health.

After taking water from jars, nine out of ten
respondents reported decanting it into smaller containers.
Villagers do this in order to improve the taste of the water,
for convenience of access within the household, and to keep
drinking water cool. In doing so, however, they increase the
risks of bacteriological contamination  through handling
(PINFOLD, 1988).

One very significant advantage of jars over more
traditional water sources is their convenience. For most North-
eastern villagers the collection of water is an arduous and
time-consuming activity, often carried out by women and
children (NAPAT and GORDON, 1987: 339, 351; NONGLUK et.al.,
1987:54-57). Collecting water from ponds and shallow wells will
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often involve a trip of several kilometres, collecting, and
pushing or carrying up to 120 litres of water at a time back to
the house. Jars, situated next to the house, are clearly more
convenient. In many villages this convenience factor is even
more important as the majority of working age people will leave
their homes in the dry season in search of paid labour else-
where (KOSIT and SOMCHAI, n.d.). This leaves just the old
pebple and young children in villages for long periods of time

-- the convenience of jars has obvious advantages for them.
Cleaning and Water Quality

In the Mahasarakham survey, almost 90 percent of
villagers &tated that they cleaned their jars. Indeed, a
physical inspection indicated that, in general, jars were
clean, with only some instances of mosquito larvae infestation,
algae, or debris (in one case, a child's plastic revolver!). It
seems that villagers do have a concern for the cleanliness of
their jars. In both Mahasarakham and Yasothon it was noted,
however, that cleaning could be a problem as someone had to
climb inside the jar, meaning that it had to be completely

emptied of water.

Prior to'the implementation of the jar programme, it
was feared that rainwater woul&’be contaminated by debris from
the roof collection systems (AIT, 1985: 1III-23). Indeed, only
about a third of people in Mahasarakham indicated that they
cléaned their roof catchments. But, it was also found that most
villagers (94 percent) ran off the first rains, thus flushing
the system. This probably reflects the traditional practice of
allowing water to run off thatching a number of times prior to
collection =~ more than a third of villagers reported running

off more than one rainfall.

Despite  this pattern of apparent concern for cleanli-

ness, and a feeling amongst villagers that water in cement

L )
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cisterns is generally clean (in Yasothon in 1988, 93 percent of
respondents stated this), problems of quality remain. Water
quality technicians have reported that while the physical and
chemical quality of samples collected from jérs meet fhé 1971
WHO drinking water criteria in 90 percent of cases, for
bacteriological quality, in fact only 29 percent meet the
criteria (GOVERNMENT OF THAILAND, 1989: 39). This latter figure
is surprising, as other studies have shown quite different
results. For example, a study based on 489 samples in the
Northeast indicated that 67 percent did not indicate faecal
coliforms exceeding an MPN of 2.2 per 100 ml. This result was
very close to that achieved for cement rainwater tanks (TAVWS,
1985: 10). Another, wusing just 80 gamﬁles in the Northeast,
found that 41.25 percent showed less than 10 MPN total coliform
bacteria per 100 ml., and 57.5 percent with less than 2 MPN
faecal coliforms per 100 ml. (PHICHIT et.al., 1987: 23, 26).

There are two confounding factors in this picture of
water quality. First, recent studies have shown that the
bacteriological quality of water improves markedly with only
short periods of storage, as bacteria die-off (WATER RESOURCES
NEWS [in Thail, Vol. 1 No. 4, 1989; SUWANNI, 1988). Second, it
can be logically assumed that where villagers were previously
abstracting water from public sources known to have a high
propensity for bacteriological contamindtion -- surface water

facilities and shallow wells -- the move to private, household-
level facilities reduces the risk to public health.

Further investigation of water quality is thus necess-
ary, but criteria for tropical countries which are achievable
(with emphasis on E.coli) should be used (HELMER, 1989; MALIK,
1988). In any case, it has been shown that whatever the quality
of jar water, by the time it is decanted several times prior to
consumption, handling contamination will occur (PINFOLD, 1988).
Thus, efforts by health authorities te chlorinate jar water are

a waste of time, money, and effort, and are doomed to failure:
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hygiene education is the only appropriate vehicle in overcoming

this problem.

Taste

As noted above, the taste of water stored in cement
jars was an issue when the jar programme was initiated. The
results of the two Yasothon surveys in 1984 and 1988 showed
similar results, with about three-quarters of respondents
choosing rainwater as the "tastiest" water (see Table II).*
However, when the choice was between rainwater stored in cement
containers ‘and shallow well water, significant reductions in
taste acceptability were noted, with only about two-thirds of
people choosing the stored rainwater. Nevertheless, the
responses indicated that the percentage of people who would
choose rainwater, whether stored in cement containers or not,
had increased marginally between 1984 and 1988. This is
probably due to the fact that more people have experience in
drinking water stored in cement containers (up from 55 percent
in 1984 to 71.4 percent in 1988).

* This is not necessarily typical of the whole Northeast. A
number of studies have shown that the preferred drinking water
in many areas of the northeast is shallow groundwater. For
example: ORAPHIN and AMARA (1986) have shown this for their

study area.
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TABLE 11
OPINIONS ON THE TASTE OF SHALLOW WELL WATER AND RAINWATER,
YASOTHON PROVINCE, 1964 AND 1988

1984 1988
Opinien : ‘ Percent Percent
Rainwater is "tastier” 73.9 75.8
Shallow well water is "tastier" 13.2 13.5
No taste difference 12.9 10.7
Total 100.0 100.0

While the comparison of attitudes in 1984 and 1988
towards drinking water stored in cement containers encountered
some methodological problems due to the changing situation in
the study villages in Yasothon, some significant results were
achieved. It is clear that more people now have a more positive
attitude to drinking water stored in cement containers. Only
one-fifth of respondents had a positive attitude in 1984, but
by 1988 this increased to almost one-third. The number of
people who were neutral also decreased from 70 percent in 1984
to 60 percent by 1988. Many of those who were neutral in 1984
had changed to being more positive in 1988. Again, the reason
for the change would seem to be that more people now have

experience with cement containers (see Table I1I).

For taste, it was found that while in 1984 48.9 percent
agreed that rainwater stored in cement jars was ‘"tasty", by
1988, this had decreased to 36.7 percent. Similarly, when
presented with the statement: "Rainwater in cement jars is not
}tasty'", 69.4 percent agreed in 1984 and 66 percent agreed in
1988. This data is not conclusive. In 1984, only small numbers
of households had cement jars and about half of the respondents

said the water stored was "tasty". In 1988, almost half of the
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households had cement jars, but the percentage of people who
thought the stored water was "tasty" was lower than in 1984.
This may reflect the fact that those who had cement containers
in 1984 were more receptive to water stored in this manner --
they were the "pioneers". However, by 1988, ownership was more
widespread after vigorous government promotion, and thus there

was a much wider cross-section of opinions to be assessed.

TABLE III
COMPARISON OF ATTITUDE TOWARDS DRINKING WATER STORED IN
CEMENT CONTAINERS, YASOTHON PROVINCE, 1984 AND 1988

1984 1988
Attitude Percent Percent
Negative 10.3 7.3
Neutral 70.0 60.0
Positive 19.7 32.7
Total 100.0 100.0

K

This 1is confirmed by the fact that the percentage of
people who stated that they would never drink rainwater stored
in cement cisterns or who found the taste "sour", "bittér", or
in some way "bad', had been reduced from 14.6 percent in 1984
to just five percent by 1988. Similarly, by 1988, almost half
of the respondents felt that water stored in cement jars was as
"tasty" as that stored in ceramic jars. Indeed, by 1988, cement

jars were the preferred kind of cistern (see Table IV).
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TABLE 1V
DESIRABLE TYPES OF DRINKING WATER STORAGE CISTERN, YASOTHON
PROVINCE, 1984 AND 1988

1984 1988
Type of container wanted Percent Percent
Small clay and ceramic jar 13.2 14,4
Big cement jar 19.3 36.1
Cement tank 41.0 18.7
Combination of above
and zinc tank 11.4 1.0
Nothing 15.0 29.8 .
Total 100.0 100.0

It became clear, both in Mahasarakham and Yasothon,
that the unpleasant taste assoéiated with cement cisterns was
generally restricted to newly constructed facilities. Once they
had been used for a season or more the "cement" taste was much
diminished. Some villagers even developed methods which they
believed hastened this process. These included washing the
inside of the new jar with vinegar, and rubbing it with banana
leaves or lime skins; some even threw a handfui of clay from

their favourite shallow well into the jar, to give it an

“egrthy" taste.

) These results indicate a clear tendency ~- rural North-
easterners are coming to see rainwater stored in cement
containers as convenient and acceptable for drinking. More
households now have and use the facilities and less people have

negative opinions towards water stored in cement containers.

C2-15



Changes in Storage Capacity

Storage capacity

As villagers have now been drinking rainwater for a far
longer period than in 1984, increased storage capacity is to be
expected. In Yasothon it was found that households now have
more water storage containers of various types. More than 40
percent had six or more ceramic jars (capacity 160-240 litres)
in 1988 compared to only 25.4 percent in 1984. The percentage
of households with large cement jars also increased: only 3.9
percent of the households had these in 1984, but 44 percent had
such containers in 1988. Cement tanks saw only a slight
increase, from 3.1 percent in 1984 to 4.3 percent 4in 1988.
This is probably due to the higher investment required for

tanks.

As noted above, there have been huge increases in
rainwater storage capacity in the sufveyed areas. The reasons
for such big increases in water storage capacity, as noted by
participants in focus group discussions, was that there were
now many agencies campaigning for all the households to have
big cement jars. This, coupled with the convenieuc; factor,
means that households which could afford jars quickly acquired

them for their households.

Water shortages

As water storage capacity has increased, stored water
for drinking has lasted longer. Thus, more people respond that
they no longer have water shortage problems. In 1984, 29.6
percent of households in Yasothon stated that they did not have
a drinking water storage problem, but by 1988, 37 percent
believed they had sufficient drinking water. Nevertheless, the
majority of people still thought they had a drinking water

éhortage problem, even if the number of households who said
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they had a "severe'" shortage problem decreased considerably

(see Table V).

TABLE V
IDENTIFICATION OF DRINKING WATER SHORTAGE PROBLEMS IN THE
HOUSEHOLD, YASOTHON, 1984 AND 1988

1984 : 1988

Level of problem Percent Percent
Severe problem 20.7 13.0
Moderate problem 33.3 22.7
Little problem 16.4 27.3
No problem 29.6 37.0
Total 100.0 100.0

In Mahasarakham, where the jar programme had been even
more extensive, only about five percent of respondents said
they had insufficient jar capacity. Conversation with villagers
showed, however, that many felt that 4,0C0 litres (two jars)

was not sufficient, and that 6,000 litres was more realistic.
CONCLUSIONS

This paper has briefly summarised some of the findings
of recent studies concerning the use of large-capacity cement
water jars in Northeastern Thailand. The focus has been on user

behaviour and attitudes.

It is worth noting that, in spite of management
problems, its top—dgwn campaign nature, and the lack of
community participation, the government's jar programme has
generally been quite successful. By the government's own

meagures =-- jar counts -- the increase in the number of jars in
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rural areas has been remarkable. While villagers in the North-
east do not always agree that drinking water is a major
problem, and would prefer to improve agricultural water
supplies (ORAPHIN and AMARA, 1986), there is an acknowledgement
that the introduction of jars has improved their drinking water
sitvation. Indeed, most villagers would now prefer big cement
jars to any othér drinking water storage facility. And, they
are drinking rainwater for longer periods than in the past., 1In
addition, it seems that villagers prefer to purchase the ready-

made jar, rather than have them constructed in the village.

Villagers remain, nonetheless, critical of some aspects
of the programme. They continue to object to the cement taste
of jars, although this seems to be greatly reduced with time.
They are confused by the lack of coordination amongst the
various government agencies, and the lack of quality contrel in
jar construction. Importantly, while agreeing that their
situation has improved, most villagers still note a drinking
water shortage. This means that they must continue to wutilise
water which is more prone to bacteriological contamination -~
shallow wells and surface water facilities.

There remain some aspe;ts of jar use which may be of
significance for health., First, villagers generally do not
ration water in the dry season. Hence, they return to less
sanitary sources. Second, many jars do not have taps, meaning
that water abstraction can lead to bacteriological contamina-
tion. Third, water from cement jars is usually transferred to
other containers prior to consumption, thus 4increasing the
chances of contamination (PINFOLD, 1988). Nevertheless, it
‘should ‘be admitted that jars are now (and potentially) a more
sanitary source than the traditional alternatives, and

villagers generally agree that the water is "clean".

It does not appear that there are many social or demo-

graphic factors which indicate a propensity to acquire cement
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jars. Those factors which seem significant are: (i) economic
development ~- it appears that as the general level of economic
activity increases, villagers are less willing to spend time
‘collecting water; (ii) convenience -- people like the ease of
access to jar water; (iii) knowledge -- those people who have
attended some kind of training related to water supply are more
likely to own cement jars; and (iv) experience -- those people

who already have cement jars are likely to acquire more.
RECOMMENDATIONS

1.0 The jar programme should continue to be emphasised

in the Northeast.

1.1 Health education should have a high priority in
order to motivate villagers to acquire adequate drinking water

storage capacity.

2.0 It is crucial that the potential health benefits
of increased jar ownership and use be maximised. Hygienic water
user behaviour, both at the jar and within the household, is

the only appropriate strategy.

2.1 A study of the behaviour of cement jar users
should be completed in order to find appropriate ways to more

fully and hygienically utilise jars.

2.2 Further studies of the bacteriological contamin-
ation of jars should be completed, using E.coli as the
appropriate criteria. Chlorination should be avoided wherever

possible.

2.3 A careful investigation of the relationship
between Jlarge-capacity cement jars (and, hence, greater
quantities of water within villages) and mosquito populations

is required.
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3.0 All agencies working towards the promotion of
village drinking water provision should implement their
activities wusing broadly similar methods, so as to avoid
confusion among villagers. Stress should be put on quality
control and pricing of facilities so that there will not be
great variations between agencies. Community participation
should be  further promoted, especially in  large-scale
programmes. Village and sub-district decision-making should be

encouraged by government agencies.

3.1 The trained village sanitation craftspersons
should be utilised to their full potential for the provision of
village drinking water. Opportunities for them to use their
skills should be promoted (e.g. by having more cement jars made
in the village). This would also be a way for other villagers
to participate and construction quality might also be better
controlled. This should only done if it can be shown that a

useful role for craftspersons can be defined.

3.2 If the village development fund is to be used to
promote household water provision, the administration and
-management of the fund should be improved, and villagers should

have a better understanding of the funds and their operations.

4.0 Taps, 1lids, nets, and drainage plugs should be
standard features of all jars, whether ready-made or village

constructed.

5.0 Since the majority of villagers still rely on
shallow wells for drinking water, some attention should be
given to socially, culturally, and hygienically appropriate

methods by which this water can be used.
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ABSTRACT

Following the first International Conference in Hawaii in 1982 and
a Regional Seminar in Khon Kaen, Thailand in 1983, the
establishment of Rain Water Cistern Systems (RWCS) in developing
countries seems to have acquired a new lease of life. One of the
locations with most potential and, most important of all, the right
attitude was the Province of Capiz in the Philippines. A
preliminary field investigation in 1985 helped to confirm that
there was a dire need for potable water in this area. Besides, it
helped to identify the critical sizes of tanks required and the
most appropriate material to be used., The Government of the
Province of Capiz came out with a proposal that not only ensured
proper participation and self-help of the villagers but also
incorporated an excellent system of repayment of capital. Thus,
the first set of trial RWCS was introduced with the help of the
International Development Research Centre (IDRC), Canada in 1986.
Following this, the movement gained momentum as there was public
acceptance leading to better cooperation amongst the people. To
date, not less than 500 tanks have been constructed and are serving
the people of Capiz wvery well. This intense RWCS project, when
completed, can be claimed to be one of the largest of its type in
the wvorld.
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INTRODUCTION

Rain Water Cistern Systems (RWCS) have been in existence about 5000
years ago in Sumeria (Durant 1954) and in Venice (Clark et al
1977), which depended on such systems for 1300 years for its water
supply. The major motivating factors for such systems have been
the primary need for drinking water and the suitability of such
systems due to the lack of other sources. There has been a
rejuvenation of such systems in recent times because they are being
highly organised, taking into consideration the selection of the
most appropriate locations, the use of technology that has been
brought down to the level of understanding of villagers and their
purse strings and, most important of all, self-help methodologies.
These factors have made RWCS a more attractive and economically
viable proposition, particularly to those in developing countries.
Such an approach has been successfully adopted in Thailand (Hayssen
1986) and this system has been recognised and recommended with
modifications as the "total" system (Appan and Lee 1987). The RWCS
project in the’Province of Capiz has largely followed this "total™
approach and, when completed, is well on the way to being one of
the biggest such undertakings.

THE CHOICE OF CAPIZ AS A RECIPIENT FOR AN RWCS PROJECT

The Province of Capiz is one of the four provinces in the Panay
Island which lies in the half of the Philippines (See Fig 1).
Capiz has an area of 2633 square kilometres. It has a population of
490,000 out of which 86.5% live in rural areas.

Though there is an average rainfall of about 1700 mm (Appan 1985),
the coastal municipalities faced difficulties in obtaining drinking
water due to:

a. Availability of only brackish water
b. Insufficient good quality water for drinking.

In case of those living in upland areas, during the dry season,
there is extreme scarcity for drinking water. During the drought
of 1983, wvillagers had to walk considerable distances to obtain
water of dubious quality from streams and open wells.

Though rainwater is available in sufficiently large quantities in
Capiz, the traditional method of collection and storing was
haphazard, the number of households practising rainwater collection
was small and the water collected often insufficient. Recognising
these problems of insufficient potable water, the Provincial
Government in Caplz proposed to test and study the potential for an
organised RWCS.

A case was made up to the IDRC, Canada and approval was given in
1985 for the construction of 30 RWCS in three selected locationms,
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THE TOTAL APPROACH AS AFPLIED TO CAPIZ PROJECT

The need to pursue an an integrated approach for establishing a
successful RWCS on a project basis has been recognised, practised
and institutionalised in Thailand (Hayssen 1986). Basically using
this approach, some concepts from the Indonesian practice in the
Jogjakarta area (Aristanti 1986) and incorporating some modifica-
tions, a "total" approach has been recommended (Appan and Lee
1987). 1In such an approach, the sequence of steps to be taken have
been well-defined (see Fig 2). The order of events in this flow
chart has taken into consideration the community’s basic
requirement of the community for potable water, the status of RWCS
technology in the target project area, the establishment of a few
RWCS at pilot project level and selection of monitoring stations,
the study of the people’s attitudes and responses, the potential
for expansion and finally an appropriate financial model for
repayment. '

Since the proposed project in Capiz has largely followed the total
approach, the stage-by-stage process will be recounted as follows:

1. Existing RWCS in the province of Capiz

The traditional method of collection, storing and usage appeared to
be haphazard and inadequate. The roof of a house was used as
catchment and the runoff was trapped in household jars, galvanised
sheet iron tanks etc., The number of households practising
rainwater collection was small and the amount collected was often
insufficient to last through the dry periods. On the whole, though
rainwater is available aplenty, it had yet to be exploited in an
organised, hygienic and efficient manmer.

2. Selection of Pilot Locations
Three study areas were chosen (see Fig 1) each of them representing
different topographical characteristics in terms of accessibility
to drinking water. Some details of these locations are given in

Table 1.

Table 1
Characteristics of Pilot Locations

---------------------------------------------------------

Municipality Population Type of Area
Panitan 27,631 Lowland
Jamindan 25,562 Upland and mountainous
Sapian 18,753 Coastal plain

---------------------------------------------------------
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In the Panitan area, the shallow wells tended to dry up during
summer and the villagers had to draw water from distant sources.
In Jamindan, though there was sufficient water in the streams
during the dry season, the villagers had to travel a long way to
get to the water source. In the case of Sapian, the water was
generally brackish and was not accepted by the people.

The three locations represent almost 30% of the Province of Capiz
and were considered to sufficiently represent the different
prevailing conditions in the whole island.

3. Proposal for Establishing RWCS in Capiz

The prowincial government of Capiz was very enthusiastic at the
prospect of supplying drinking water through this project and came
up with a comprehensive proposal. Their research project had the
primary objective of introducing RWCS to the rural inhabitants and
to investigate the operating characteristics and social
acceptability of such a system as a low-cost source of potable
water.

The specific objectives to be attained were:

a. Prepare the three municipalities to build, install and
maintain 30 units of RWCS.

b. Construct and majintain 10 Ferrocement tanks in each ofvthem.

c. Develop and conduct a non-formal course on construction,
installation and maintenance of Ferrocement rainwater tanks
for recipients of tanks.

d. Establish one monitoring station in each of the three
municipalities to record rainfall, water-use patterns and
rainwater quality.

e, Develop and test several self-supporting repayment
schemes.

f. Monitor the villagers’ acceptance and perception of the
program, maintenance of the completed tanks, quality of water
stored and the repayment scheme.

4. Preliminary Work

Planning of the necessary initial work was based on experience
acerued in similar projects in other developing countries and an
understanding of the nature and characteristics of the prospective
recipients ,the residents of the Province of Capiz. Some of the
preliminary work carried out was as follows:
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a. Selection of monitoring stations: Based on field investigations
(Appan 1985), appropriate sites (see Fig 1) in the following
villages were chosen in the pilot locations:

Agkilo (Municipality of Panitan)
Guintas-Milan (Municipality of Jamindan)
Maninang (Municipality of Sapian)

In each of the above locations, & rainfall recorder and a water-
level recorder, both having continuous recording facilities, were
recommended to be installed. Also, water samples were to be
collected and tested mainly for appraising bacteriological content.

b. Transfer of relevant technology from neighboring countries: At
the commencement of the project in 1986, two researchers from the
project team in Capiz were sent to Thailand and Indonesia. The |
methods adopted in Thailand for establishing RWCS are as well known
(Hayssen 1986)as their extensive use of Ferrocement and other
indigenous materials (Vadhanavikkit et al 1984). Besides, the
Indonesian experience on rural water supply using appropriate
technology has also been well-publicised (Aristanti 1986) The two
researchers spent two weeks in both the countries and acquired on-
the-job training in relevant aspects of establishing RWCS and in
the explicit use of ferrocement for constructing water tanks.

t. Socio-cultural survey and support: Another aspect of the Capiz
project was the need for the project team to inform the residents
of the project, to obtain their support and solicit their active
participation. As such, meetings were organised and held with the
residents.

A household survey was also carried out .to obtain jinformation on
household or demographic characteristics, annual income and
exXpenses, water consumption per day and general water-use habits,
Such information helped largely in selecting the most appropriate
households teo participate in the project. A salient factor for
selection was the willingness of the villagers to undergo training
on tank construction and contribute labour to construct their own
tanks. : )

d. Research on construction of Ferrocement tanks: The tremendous
potential for establishing RWCS in Capiz and the proposed large
numbers to be ultimately built warranted a design that was easy to
construct, economical and durable. The tanks should be constructed
by locally available or trained skills and, preferably, local
building material. Besides, there was the need to ensure that
under no circumstances should the pilot set of 30 tanks be subject
to any form of failure as it would have an adverse effect on the
acceptance of RWCS in its present form (Appan 1985).

Accordingly, a study was undertaken to propose a ferrocement tank

design and detailed construction techniques thﬁf would ensure
durability and long service life. Two sizes of 5 m” and 16 n® were
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chosen, analysed, constructed and tested. The relevant methods of
construction and details were made available to the potential
user., (Lee et al 1986).

To make sure that the principles of design and techniques of
construction were well understood and there was appropriate
transfer of technology, two of the project researchers from Capiz
~also acquired the necessary information and training in Singapore
so as to implement the system in Capiz.

5. Socio-cultural approach and installation of 30 units
of RWCS in pilot locations

Very early in the project, it was realised that the initisl
groundwork in community organisation was a crucial factor to
achieve the objectives. Prior to the commencement of construction
"aspects of the project, the necessary contacts and arrangements had
to be made with local officials and influential people at barangay
(village) level.

As for the actual construction, the general idea was to propagate
the concept of learning-by-doing and strengthening the training
component by community organisations. This strategy resulted in
getting the people involved and there was active participation in
the construction activities.

During the construction stage, the project team lived in the site
area so as to establish a better rapport with the recipients and
obtain their active support. This was done with the sole objective
of ensuring that the village groups involved would acquire the
skills for comstructing, installing and, subsequently, maintaining
the tanks on their own. Besides, such an approach would also help
to ensure the structural soundness of the tanks and the social
acceptance of RWCS in rural areas.

A few changes were made in the original location and sizes of the
tanks. It was decided that instead of Jamindan the municipality of
Cuartero be selected for installation of RWCS. Besides, the
smallest tank size was changed to 6000 litres and it was also
agreed that a few tanks of 16,000 litres be sited in schools having
more than 240 pupils and teachers:

Actual construction of the unjits, 10 in each of the final target
pilot locations, started in the coastal area followed by the
lowland and upland villages. Each of the locations had the same
number of RWCS as detailed in Table 2.

Installation of the tanks was completed in early 1988. The only

minor delay in the construction schedule was due to floodlng in the
location of aggregates.
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Table 2
Details of Tanks in (revised) Pilot locations

Size of Tanks Number
6,000 litres 8

10,000 litres 1

16,000 litres 1l

------------------------------

6. Collection of relevant data and soclo-cultural survey
after completion of project

Following the completion of the 30 units of RWCS, constant
monitoring has been carried out in the three monitoring stations
with respect to the rainfall patternm. From all the 30 tanks, water
samples were collected and analysed to appraise the bacteriological
purity.

The status of the tanks, in terms of structural aspects, was also
monitored during this period of time and only some minor seepage
has been observed from the sidewalls. There have also been no
leakages in the base slabs or the joints and there has been no
case of tilting of the tanks.

From the regular monthly water sampling programme carried out for
the tanks, it was noted that not less than 25% of the samples
indicated a positive presence of Coliform Group of organisms.
However, based on qQuestionnaire, conversations, visual observations
and regular visits, no common illnesses, ailments or diseases
appear to have been propagated by the use of the RWCS.

Based on a field visit and subsequent report (Appan 1989), it was
noted that in the pilot location area, the RWCS installed were not
utilising their full potential regarding roof catchment though
quite a lot of overflows were observed. Also, locations of the
tanks needed looking into so as to ensure that there was no
contamination to the rainwater being collected. )

There are plans now to carry out a more comprehensive socio-
economic survey to appraise the use of RWCS in Capiz.

7. Repayhent Scheme

When the initial proposal for constructing 30 units of RWCS was
made, it was suggested that several strategies for repaying the
cost of the tanks would be developed and tested. These included
training of recipients in cooking, tailoring, dressmaking,compost-
making etc, so that the skills acquired would enable them to
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generate more income which could go towards repayment of the tank.
Alternatively, surplus rainwater could also be sold. The amounts
collected were to constitute a core fund which could be used to
expand the program.

However, during the initial construction stage of the project, the
beneficiaries were convened to solicit their suggestions on the
repayment scheme. They were very much in favour of engaging in
hog-raising where the project authority provides the piglets and
basic training on how to care for pigs. This proposal is very much
akin to the Indonesian "two she-goat” policy (Aristanti 1986) which
gave excellent results.

In Capiz the recipients were required to pay for the construction
materials of the tank on an installment basis over a period of
three years. This scheme has proved to be wvery popular and
effective. At present they have the capacity to pay on a monthly
basis and also after the harvest time.

8. Extension of RWCS project

During the period of the construction of the 30 units of RWCS, the
construction procedures were so adaptable and the cost so minimal
that many people began to construct their own tanks. Besides,
UNICEF has also sponsored the building of some units. Thus, the
total additional number of RWCS built is in the region of 500.
However, the capacity of most of these tanks is 10,000 litres.

Proposals are now under way, in collaboration with the IDRC and
CIDA (Canadian Intermational Development Agency) to disseminate the
acquired ferrocement technology to a much larger group and extend
the number of tanks by a further 600. Health education and
community organisation elements will also be built into the
proposed project activities to ensure that the RWCS introduced will
have the desired impact of providing safe drinking water and, in
the process, improve the health of the people.

DISCUSSION AND CONCLUSIONS

1. Most of the operations outlined in the "total" approach have
been carried out as proposed,. However, the flowchart does not
sufficiently reflect the degree of participation of the
benefactors, the sense of well-being amongst the community members
when they are helping one another, the sense of achievement when
they have bujilt their own water storage facilities and , in many
cages, the acquisition of new construction skills, Most important
of all, the whole operation which is geared for the people of
Capiz, is considered to be effective through the "Halaran" - the
God-centred approach to development. The noble motives and the
high degree of goodwill and faith thrown in for the successful
implementation of RWCS projects in Capiz augur well for the future
of such systems.
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2. In the actual execution of the project, the financial model
plays an important psychological role. The feeling that the tank
is not being doled out and has te be paid for has a positive impact
on the benefactors. This is mainly to maintain the beneficiary’s
self-respect. and capacity for self-reliance. Besides, there should
be greater care taken in the construction of the tanks and the
maintenance of the tanks should also be of a higher order
especially when payments are still being made.

3. The system of repayment should preferably be worked out when
the pilot-scale project is being planned and executed. It will
then be possible to better identify those participants who are
genuinely interested and willing to get invelved in the project.

4, From observations made and tests carried out in the pilot
plant locations, it was noticed that there is potential for some
of the collected rainwater to get contaminated. Hence, siting of
the tanks has to be done with care.

5. The results of the water analysis in terms of bateriological
purity have to be viewed with trepidation as 25% of the samples
indicated high Coliform counts. It has been suggested that the
possible routes of contamination are unclean roofs and/or
guttering, unclean water tanks, poor collection and handling
practices. But, there is no need for alarm as there has
definitely been mo case of reported ailments or sickness by
imbibing the collected roofwater.

However, it would appear that from previous examinations of
roofwater quality, there have been instances of higher than
allowable Coliform counts (Waller et al 1984 ,Bunyaratpan and
Sinsupan 1984). This issue of high Coliform counts need not,
perhaps, be viewed in the same light as jdentical values obtained
from surface runoff sources. In the case of surface runoff, the
potential danger lies in human contamination whereas in the case of
RWCS, which have roofs as their catchment areas, this is quite
unlikely.

6. The tank volumes chosen for the project in Capiz were
constrained by limited field data. From an analysis of the demand
patterns available at present, it would appear that the 6,000 litre
capacity tanks appear to be oversized. With available data on
rainfall and pending data on water-usage patterns, it could be
worthwhile reappraising the sizes of the 6,000 and 10,000 1litre
tanks.

7. , RUCS units are being constructed in Capiz at a very rapid
rate with and without appropriate control with regard to
structural accuracy and safety. As more and more tanks are being
built, not necessarily with proper supervision and control of the
design and construction, there is the possibility of structural
failure. At this point of development of RWCS, it should be timely
to introduce measures in the form of bye-laws or regulations to
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ensure that the different types of RWCS units being designed and
constructed are structurally safe.
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EDUCATING CIVIL ENGINEERS
ABOUT RAIN WATER CISTERN
SYSTEM

Nik Fuaaad Nik Abllah
Deputy Dean,
School of Housing, Building & Planning,
Uﬁ%Versity Sains Malaysia

ABSTRACT

Water supply is a topic covered by all civil engineering curricula.
Civil engineers must know how to plan, design and implement piped
water supply to the community. Rain water cistern system has
received little or no attention in most civil engineering curricula

than more technically oriented centralised pipe water supply system.

Especially for deveioPing countries where most of the population
still lived in remote rural areas, rain water is a vital high
quality though low volume source of water supply. Rain watercistern.
system may not be the best water supply system but it definitely is
the cheapest and most viable alternative for most undeveloped and

developing countries. ‘

A unique four-year civil engineering curriculum was drafted for
Universiti Sains Malaysia t0 be offered at the undergraduate degree
programme in the 1989-90 academic session. This envirommentally
inciined curriculum will among other things emphasise the less
sophisticated technologies and rain water collection system is one
of them.
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INTRODUCTION

Traditional civil engineering curricula has basically been concerned
with public works and is mostly design oriented based on modern
sophisticated technology. They had little or no emphasis oncheaper
and lesser gquality alternatives that are sometime more appropriate
for some countries. Modern civil engineering education should be

geared to the needs and aspirations of the respective countries.

Rain water cistern system is increasingly used both in developing
and developed countries. In most developing countries, rapid
urbanisation has forced some of the populace to resort to other
sources for water supply and rain water has increasingly been used
to supplement public water-supplies. Meanwhile in underdeveloped
and developing countries, the use of rain water is particularly
applicable in rural areas where piped water supply system is non

existence.

WATER RESOURCES IN MAILAYSIA

Mal&ysia is a country endowed with abundant rainfall that is
unfortunately unevenly distributed both chronologically and
geographically. As a result, various parts of the country are
occasionally afflicted with flood; and water shortages. Annual
rainfall in Peninsular Malaysia, Sabah and Sarawak are 2420 mm,
2630 mm ‘and 3830 respectively. Compared to a world average of 973
mm, Malaysia has about 24 times the world's annual average

precipitation.

In 1985, it was estimated that 93.1%(5,502,899) of urban dwellers and
57.6%(5,687,584) of the rural populace in Malaysia has access to
piped water supply. For a country with 60% rural population, the
real problem seems to be in the rural areas where nearly half of the

populace is still without piped water supply. The government

estimated that by the year 1990, 96.5% and 72.8% of urban and rural
dwellers respectively will be supplied with piped water supply.
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Realising the fact that it costs far less to provide clean water

and sanitation than the price paid for its shortagés, the government
implemented other alternatives to piped water supply by constructing
wells and rain water cisterns. Between 1981-85, 5600 wells equipped
with hand pumps and 420 wells with direct supply to households were

constructed. In the same period, about 14,300 rain water cisterns

were constructed mostly in remote areas in Sabah and Sarawak. Rain

water cistern system is especially applicable in remote areas where

population densities are toc low for reticulated supplies to be

economically justified.

CIVIL ENGINEERING CURRICULUM

The Civil Engineering Curriculum drafted for Universiti Sains
Malaysia was geared towards the needs and aspirations of developing
countries similar to Malaysia. Currently, five of the seven
institutions of higher learning are offerin% civil engineering
education. The civil engineering programmes differ widely from
university to university, and the level of practicality for local
conditions likewise varies depending upon the philosophy set by the

individual institution.

Table 1 shows the basic structure of the curricuium. The curriculum
is based on the unit system. One unit is eguavalent to 14 hours of
lectures, tutorials, seminars or laboratory works. A total of 146
units is needed for graduation. As in other curriculum, this one
has core courses in structures, strength of matefials and fluid
mechanics which led to applied courses in steel, concrete and timber
design, infrastructure and building services design and foundation
design. The last decade saw the advent of computers as design aids.

Some computing papers are also included for this purpose.

The vast expansion of civil engineering knowledge in recent years
have forced engineering institutions to broaden the curricula. The
core content of this curriculum is similar to any other civil
engineering curricula from any other institutions. ‘This paper will
mainly highlight the inclusion of less sophisticated technologies

like the rain water cistern system in the curriculum.
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LESS SOPHISTICATED TECHNOLOGIES

The first year and part of the second year, the programme is devoted
to giving students exposure in the basic sciences, mathematicg,

computer programming and basic engineering principles. A very broad
understanding of the pure sciences including biological chemistry is
stressed initially since the basic processes and operations of most
civil engineering systems are controlled by other than just physical
mechanisms, Courses in the third and final years are geared towards

application of theories and are problem solving in nature.

Application of less sophisticated technologies are highlighted

where ever appropriate. In infrastructure, apart from rain water
cistern system, other less sophisticated technologies include the
treatment of wastewater using pit privy, latrine and septic tank and
the treatment of rain water using crude sedimentation and filtration

technigues.

RAIN WATER CISTERN SYSTEM

One of the common definition of engineering is that "it is the art
of harnessing the forces of nature for the service of man". Rain
water cistern system is a method of harnessing rain water to fulfill
one of the greatest needs of society, that is, for survival and to

safeguard public health.

In the curriculum, rain water cistern system is discussed at length
in the course Public Health Engineering. The main bulk of ‘the
content of this course is the application of engineering principles
to solve envirommental oriented projects such as the various unit
processes design in water and wastewater treatment plants and solid

waste disposal system.

The topic on rain water cistern system starts with a brief
introduction on the current water resources situation in developing
countries and stresses its needs to supplement public reticulated
supply. This course basically outlines the major steps and basic

considerations in planning and developing a rainwater harvesting
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project. The first thing an engineer needs to know is the rainfall
pattern in terms of temporal and spatial characteristics. These
include the relationship of rainfall, roof area, tank sizé and the
household demand from which the optimum tank size can be determined.
The potential and availability of rain water supply as well as its

realibility monthly needs to be evaluated as well.

A brief introduction to the rain water quality is necessary in the
course so as to safeguard public health. In this respect, the course
also discusses the water quality assessments of rain water in the
atmosphere, roof catchment and storage tanks. Several of the
important parameters include alkalinity, hardness, chloride, iron,

nitrate, pH, temperature, colour and coliform bacteria.

For a project of this nature to be successful, community
participation is vital. This course also discusses ways and means
to assess a community's willingness and ability to support a rooftop
catchment system and also to conduct an inventory of local skills,

materials and techniques.

The next important step is construction of the tank and gutter. The
various materials that can be used for tank construction discussed
are ferrocement, bamboo, brick, interlocking mortar-block and non-
cement based materials. Techniques to size the.gutter and tanks are
alsoc highlighted. A major part of the course is also al;ocated for.
tank Sizing. Parameters taken into account are the relationships
between roof and tank size, rainy and dry seasons, and yield and

consumption.

Last but not least, some socio-economic factors are also discussed
briefly. These include the attitude and acceptance or non. acceptance
of the consumer towards the system. The advantages and disadvantages

of the system are also highlighted in comparison to a full reticulated
system.
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CONCLUSION

The collection of rain water as a water source has an increasingly
bright future. This fact is further reinforced if builders
especially civil engineers have full knowledge of its use,
importance, suitability and capable of designing and constructing
the system. Application of less sophisticated technologies such as

the rain water cistern system therefore need to be part and parcel

of a civil engineering curriculum.
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Abstract

The Water and Sanitation for Health Project has established
a Rainwster Harvesting Information Center (RHIC). RHIC has
developaed tibtliographic and organizational databases te establish
2 rainwacer network angd organize literature pertaining to
rainwater harvesting. There are nearly 300 documents in the
literature collection and 277 organizations and individuals in
the rainwater network. A questionnailre has been distributed to
network members to obtain information' on rainwater research and
projects. Orne issue of & newsletter entitled "RAINDROP" has Deen

published and distributed also.
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The WASH Rainwater Harvesting Information Center

INTRODUCTION

The Water and Sanitation for Health Project (WASH) is
sponsored by the U.S. Agency for International Development. WASH
provides AID Bureaus and Missions with technical services to
support its drinking water and sanitation projects. 1In 1984, WASH'
established a specialized information center to create a rainwater
network. The purposes of the rainwater network are to:

- gather and disseminate information from a variety of

sources;
e

- provide for a creative cross fertlllztlon of ideas among
researchers and others;

- establish a mutual learning/sharing process through
personal contact among network members.

INFORMATION CENTER

The Rainwater Harvesting Information Center (RHIC) collects
and disseminates information. The Information Center contains
nearly 300 reports, articles and books on rainwater harvesting.
A specialized thesaurus was created to index the rainwater
literature, and a bibliographic database was developed on
dBASEIII+. The database, which is named RAINCOLL, allows for
searches and retrieval of documents by keyword, author, title,
country and language. In 1984, a literature search was done on
the major environmental and engineering databases. This search
retrieved only 5 citations pertaining to rainwater harvesting.
The rainwater thesaurus and RAINCOLL were created to £ill this void
in the literature.

RHIC also maintains an organizational database to record
and monitor information on rainwater projects and research. There
are 23) organizations listed in the database. 70% of the network
members are from developing countries. Enclosed is a graph which
shows the geographic distribution of network members.
Approximately one-half day per week and $15,000 per year is
dedicated to maintaining RHIC. A 1988 evaluation stated that the
very limited budget and staff support resources have been used with
laudable efficiency and productivity.

In addition to maintaining bibliographic and
organizational databases, RHIC responds to information requests
and disseminates reports and information packets. RHIC recently
provided comprehensive literature searches and information for
rainwater research projects in India and Bangladesh. RHIC has
‘published and distributed one issue of a newsletter entitled
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"RAINDROP." A sample issue is included in Appendix 1l.We hope to
distribute 2 or 3 additional newsletters within the coming year as
well as publish an annotated bibliography and a directory of
rainwater network members.

RAINWATER NETWORK

The network presently consists of 277 organizations and
individuals from 80 countries. 76% of the members are from
developing countries in the African, Asia/Near East, and Latin
American regions. A graph of the gecographic distribution of
network members is shown in Figqure 1.

GEOGRAPHIC DISTRIBUTION OF NETWORK

AFRICA

ASIA/NEAR EAST

80
5
o / NORTH AME RICA
L az
‘\‘-‘.‘- - u
LATIN AMERIGA EURCPE
39 06

Figure 1
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In December 1988, a questionnaire was distributed to network
members. The questionnaire requested information on the interests,
projects, and needs of network members. As of April 1989, 58 or 25%
of the network members had responded to the questionnaire. A
follow~up questionnaire to those who did not respond was

distributed in May 1989. A sample of the questionnaire is included
in Appendix 2.

The 58 organizations that responded are involved in a wide
range of rainwater activities. A summary of their activities is
included below:

Area of Involvement Number of Organizations
Research/Field Trials 31
Training . 31
Community Participation 29
Construction of Cisterns 28
Project Evaluations 24
Develop Training Manuals 21
Financing Projects 18
Other Areas of Involvement 3

The 58 responses also included information on recent or
proposed rainwater projects. These are:

Bangladesh =~ Bangladesh Agricultural University. A research
project "Rainwater Catchment for Rural People of Bangladesh" will
be starting soon with IDRC support. The objective of the project

is to develop and demonstrate an appropriate rainwater catchment
system. :

Botswana - Botswana Technology Centre. The Centre plans to
investigate failure of ferrocement tanks. A new manual will be
written on ferrocement tank repair techniques.

Colombia - Convenio Colombo-Holandes. This organization plans to

implement rainwater catchments into future primary health care
projects.

Haiti - United Nations Development Programme. UNDP has recommended
rainwater cisterns in the limestone mountainous areas of Haiti.

Kenya - AMREF. AMREF will be investigating simple tank sizing
techniques.

Kenya - Diocese of Meru. The Diocese plans to promote 1000 liter
and 2500 liter cement tanks for people who live in semi-arid areas.

Women will be trained in the construction of the 1000 cement liter
tank.

D2-4



Malawi - UNICEF. UNICEF is investigating low cost cisterns and
collection of rainwater from thatch for household water supply.
Nepal ~ Wateraid. WaterAid may undertake pilot projects in
rainwater harvesting. .

Papua New Guinea - Department of Works. The Government is
conducting an investigation of replacing corrugated iron tanks with
ferrocement storage tanks. It is estimated that the PNG government
spends 1 million U.S. dollars per year to maintain the corrugated
iron tanks.

Philippines - Philippine Center for Appropriate Technology. PCATT
would like to incorporate rainwater catchment in the design of low
cost housing.

Tanzania - Swedish International Development Authority. SIDA has
recently started funding small scale rainwater catchment projects
in Tanzania. Community participation plays an important part in
these projects.

Zaire - Southchurch Missionary Support Workshop. This group has
recently started demonstration projects with concrete water tanks.
The feasibility of cement roof tiles is underway.

Zimbabwe - Manicaland Development Association. A training centre
is being established in the south of Mutare. Training in
ferrocement construction and water harvesting techniques will be
given a high priority at the centre.

International - World Bank. The World Bank is proposing a research
study to prepare a state of the art paper on rainwater harvesting.
This may lead to possible case studies of successful rainwater
harvesting projects and to the development of future guidelines for
World Bank involvement in rainwater harvesting.

Other respondents described projects which have been underway
for some time. Examples of these are:

Brazil - EMBRAPA. EMBRAPA has constructed,6 5000 cisterns in
northeast Brazil. Several short courses were also organized to
train extensionists.

India - Integrated Fisherfolk Development Project. A number of
Arab Muslims collect rainwater from October to November. Water in
cisterns is purified by dropping red hot iron into the cisterns.

Kenya -’ Action aid. This organization has assisted in the
construction of rainwater tanks for schools and womens groups in
5 regions. 2 staff members train the community and local artisans.

Renya ~ Machakos Diocese. The Diocese introduced watertanks for

roof catchments in 1983. 1500 tanks were built within 3 years.
Presently, the program is financially self-reliant.
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South Africa - University of Natal. A research program on
artificial catchments and roof catchments was conducted from 1982
to 1986. Artificial catchment surfaces were found to be too
expensive compared to other options such as boreholes. Roof
catchments, however, were found to be a cost effective alternative
and are used extensively in areas where metal roofs are available.

CONCLUSIONS

The Rainwater Harvesting Information Center has taken the
initial steps in establishing a network and organizing information
on this topic. ‘'The evaluation of RHIC recommended that the
information center assume a more active role in promoting and
disseminating information. Specific recommendations include:

1. Publish 3 issues of “RAINDROP" or a similar bulleiin at least
three times per year.

2. Publish at least 3 articles per year in relevant international
journals.

3. Provide technical and organizational support to the on-going
rainwater harvesting conferences.

4. Encourage research and documentation on the role of women in
rainwater harvesting.

5. Encourage research into the role and benefit of rainwater
harvesting during the rainy season when groundwater supplies may
be contaminated.

6. Evaluate the Togo Water Project to assess the level of community
organization and the level of guinea worm infection before and
after the construction of rainwater cisterms.

7. Promote economic 2nalysis of rainwater harvesting in its varied
applications to demonstrate cost/benefit and cost/effective
relationships.

8. Expleoit the potential applications of the RAINCOLL database by

incorporating it into intermational databases such as AGRICOLA,
AGRIS, or NTIS.
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water Harvesting Net-
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WASH.

November 1, 1988

WHO IS RHIC?

WHO IS THE NETWORK?

The WASH/Rainwater Harvest-
ing Information Center, now known as
RHIC, was created in 1982 as a part of
the USAID-funded WASH project. The
objective of RHIC is 1o increase the
availability of potable water supplies 10
rural arcas through the promotion of
appropriate, low-cost, self-help rain-
waler harvesting technologies, RHIC's
major activity is information dissemina-
tion. The Center's RAINCOLL data-
base is accessible 1o Network member-
ship and 10 the general public.

HOW THE
NETWORK
WORKS

In Kenya, there are nearly one
hundred community-based, cistern con-
struction projects scattered across the
countryside. Recently, two such proj-
ects were promoting ferrocement cis-
temn construction, yet were unaware of
the activities of the ather. When both re-
sponded 1o the previous Network ques-
tionnaire, showing striking similarities
of their activities, RHIC put the two in
contact with each other, resulting in
vseful sharing of experience and skills..

The Network database is in-
tended to serve the Network members,
and access to its data is available 10 any
member. If, for example, you work with
ferrocement cisterns and want to know
the names of other projects who have
similar experience, contact Dan
Campbell at RHIC with your request,
being as specific as possible as 1o the
information you are seeking,

The RHIC Network member-
ship currently includes 231 individuals
and institutions from more than 25 coun-
tries. These members are involved in 2
range of Rainwater Harvesting (RWH)
activities from grass-roots project im-
plementation o university-based re-
search. The names, addresses, and any
other pertinent information received
from the Network members are setupon
a computer data base for retrieval by
contact person, organization, country,
RWH activities, reports issued, etc. The
Network membership has increased from
74 in 1986 10 the present total. Member-
ship is open to any individual or organi-
zation who wishes 10 join, and has no
dues or fees. Seventy percent of Net-
work Members are from Less Devel-
oped Countrics, representing eleven
different languages.

SOURCE: RHIC NETWORK

Of the 231 Network Members,
103 have provided information concern-
ing their RWH activities. Of those, the
distribution of kmown Network Mem-
bership activities includes: 30 recent or
on-going community-based rainwater
projects; 39 university-based members;
36 RWH rescarch and development

activities, organizations, or individuals;
28 organizations that have conducted
RWH trainings, of whom twenty re-
quested copies of the WASH/Rainwater
Harvesting Training Manual; and 12
fibrary or documentation centers that
feature RWH documentation.

’

Types of Organizations
in RHIC Natwork

One of the goals of RHIC is 10
increase the number of Network mem-
bers and distribution of RHIC technical
information and the RAINDROP bulie-
tin. The enclosed questionnaire requests
that you supply RHIC with information
about your activities. You are also in-
vited to help expand the Network mem-
bership by giving the names of other
individuals and institutions whom you
would suggest be included as Network
members. The information you supply
about your organization’s RWH activi-
ties will help RHIC 10 focus its technical
assistance services to best meet the needs
of the Network members. We look for-
ward 10 leaming more about your activi-
ties, which will benefit all Network mem-
bers.
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EDITORIAL

NETWORK
PRIORITY!

RAINWATER
INFO CENTER EXPANDS

The USAID-funded WASH Rainwater Harvesting Information Center,
now known as RHIC, is broadening its scope. As before, RHIC's objective is to
increase availability of potabie water supplies to rural areas through the promotion
of appropriate, low-cost, self-help rainwater harvesting (RWH)water supply sys-
tems. The goals for expansion of RHIC services are to: expand Network member-
ship, increase technical information dissemination, and focus RHIC's technical as-
sistance servicesio the areas of highest demand. Asa means of meeting each of these
three goals, RAINDROP is being published on a trial basis. Its objective is 10
provide practical, field-oriented technical information and support to RWH
activities,

RHIC's major information dissemination activities are 1) distribution of
W ASH repons and training guide, 2) response 1o requests for technical information
and technical assistance, and 3) correspondence with the RHIC Network members
to link them with similar RWH projects, and to inform the Network of new
developments in rainwater harvesting. \

RAINDROP can report on important RWH technology developments and
issues, project profiles, provide a guide to current information resources, and review
new publications and artcles, RAINDROP can also facilitate communications
within the Network 1) by reporting and building on Network members’ knowledge
and skills from hands-on experiences, and 2) by identifying and responding to the
Network's common concemns, technical issues, and information demands.,

One objective of RAINDROP is o actively encourage exchange of infor-
mation within the Network so that members can benefit from each other’s experi-
ences. This could include reporting on member’s successes in a range of RWH
acliviies—including project implementation, field trials, extension, self-help
community organization, eic.

Another of RAINDROP'S objectives is to focus on under-documented
areas and issues, relying on the Network membership as well as its own technical
expertise 10 improve the documentation on selected issues. In addition to the priority
focus on women's role in RWH in this issue, upcoming priorities could focus on
taking a new look at cost-benefit evaluations of RWH, community organization,
and extension techniques for RWH.

We are excited about RAINDROP and the role it could play in promoting
rainwater harvesting around the globe. You can help by letting usknow how we can
serve your needs. Your ideas and reactions to RAINDROP will be very welcome
and could play a critical role in the scope and frequency of RAINDROP. You can
also contribute by sending to RHIC any relevant project reports, construction plans,
photos, or even beuer, contribute an article to RAINDROP. We look forward 10
hearing from you. '

WOMEN'S ROLE
IN RAINWATER
HARVESTING?

It is a fact that women provide
nearly all of the labor in supplying drink-
ing and household water to their fami-
lies, although very licle has been writien
about their role in rainwater harvesting
(RWH). In a survey of all publications
and documents known to the RHIC
RAINCOLL database, almost no such
information is on record. Simple logic
would lead us to conclude that it is
critical to integrate women in RWH at
cvery level from project planning, train-
ing, and extension, to technology re-
search and design. Why then has so little
been written on the topic?

RAINDROP’s priority isto use
the Network's participation 10 improve
the documentation on this important
topic. To do so, send documents such as
project reports on how your own RWH
activities involve women; a description
of how women have reacted to RWH
technologies; the changes which may
have occurred to their work and labor
demands due 10 RWH; or any related
documentation that could be useful 10
other Network members. These docu-
ments will be reviewed for possible
inclusion in the RAINCOLL database,
and some could be excerpied or ab-
stracted in potental future issues of
RAINDROP,
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READER'S NEWS & VIEWS

STILL MUCH TO LEARN

Like so many great inventions,
the strength of rainwater catchment tech-
nology lies in its simplicity. During the
last decade renewed interest in this
ancient form of water supply has re-
sulied in its budding revival. Engineers
and practitioners have developed new
and appropriate designs which have
spread rapidly in many areas. Incvila-
bly, mistakes have been made along the
way. It is not a simple challenge to find
low cost solutions. The now abandoned
bamboo reinforced rainwater tank pro-
gram in Thailand, Malaysia, and Indo-
nesiaprovided valuable learning expeni-
ences for us all. As the result of both
failures and success, reliable and well-
iesied designs have emerged such as the
ferrocement tank, the work reinforced
cement jar, and the concrete ring tank
designs. Others, such as the imerlocking
brick cisiern developed in Khon Kaen,
Thailand and the the quick form cistern
from Togo are still being tesied, but
seem to offer promise for the future,

Despite the great strides which
have been made inimproving and devel-
oping the design and construction of
rainwater tank hardware in the last ten
years, much needs 1o be done to develop
the “software™ to market and promote
this 1echnology. Software, in this con-
text refers not only to developing appro-
priate implementation strategics a grass-
roots level which enable individual
families, groups of houscholders and
whole communities to help themselves,
but it is equally important to market the
technology to government agencies (both
at local and national levels) and 1o major
international funding bodies.

by J.E. Gould
Kent, United Kingdom

Critics of rainwater caichment
technology ofien cite the high economic
costs of rainwater tanks vis-a-vis alter-
native improved water supply technolo-
gies. This comparison is wholly mis-
leading, however, since rainwater tanks
are often used where such aliematives
are not viable. More research needs tobe
done comparing the costs of rainwater
harvesting with other forms of supply in
those regions where due 16 remoteness,
poor groundwater, or lack of suitable
surface water supplies, rainwaler col-
lection may be viable or isalready widely
practiced.

Further research also needs to
be done in assessing the benefits due 1o
the vast savings of time and energy
derived from rainwater wank implemen-
tation. Improvements in health resulting
from the replacement of distant, fre-
quently contaminated water sources by
rainwater tanks which provide a water
source at the point of consumption also
warrant further investigation, Findings
in these critical areas of research need 10
be widely disseminated to encourage
appropriate RWH 1echnology imple-
mentation,

Successful and well-tested
approachesto rainwater tank implemen-
tation at the village level also need to be
more widely publicized. Although it has
10 be realized that every community
and, hence, every project is unique and
thus there is never any guaraniee that an
implemenation strategy which succezds
in onc area will necessarily succeed in
another. Much effort has been wasied in
the past, reinventing the wheel, by proj-
ects isolated from the outside world. It is

time to start learning from others’ mis-
takes and benefitting from their suc-
cesses,

An example of one traditional
idea from Kenya, which has spread else-
where is the adoption of forming revolv-
ing fund groups to help individual house-
holds raise the money 1w install their
own cistern. The sysiem is simple: a
group of {amilies, for example ten, would
each make a monthly contribution 10 2
central pool equivalent to one wenth of
the cost of the rainwaterank. Eachmonth
one tank would be built and within less
than one year, the whole group would
have rainwater tanks, the cost of which
would have been spread over ten months.

Real progress has been made in
developing rainwater catchment tank
designs during the last decade. Ifthe full
potential of this very promising technol-
ogy isto be fully realized during the next
decade, however, those promoting it
need 1o learn how 10 secure support for
itsimplementation at local, national, and
intemnational levels. The priority for im-
proved domestic water supplies while
high at local levels, remains depress-
ingly low at national and international
levels. Nevertheless, in Thailand the
impact of a succerssful rainwater tank
program resulting from cooperation at
local, national and international Jevels is
clear. By 1987 more than 3 million tanks
had already been constructed and it is
confidently predicted that by 1990,
around 9 million tanks will exist, help-
ing to make Thailand one of the few
developing nations, which may 10 come
close 1o achieving the goals of the Inier-
national Water and Sanitation Decade:
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INFORMATION

RESOURCES

Collection and Storage of Roof Runoff
for Drinking Purposes: A project Sup-
ported by the International Develop-
mentResearch Centre. By the Faculty of
Engineering, Khon Kaen University,
1984. Consists of 4 volumes, which in-
clude: Hydrolic Studies, Studies of Rain-
water Quality, Construction Materials—
Techniques and Operational Studies, and
Socio-Economic Studies. Contact Khon
Kacn University, Faculty of Engineer-
ing, Khon Kaen (40002), Thailand for
ordering information. '

Proceedings of the Third International
Conference on Rain Water Cistern Sys-
tems, 14-16 January 1987, Khon Kaen,
Thailand. Contains 40 papers that were
prescnted at the conference. Papers are
divided into the following areas: His-

tory; Planning; Design; Policy and Plan-
ning; Technology: Water Quality; and
related topics. Available from Khon Kaen
University, Faculty of Engineering,
Khon Kaen (40002)," Thailand. Price
$40.00.

A Workshop Design for Rainwater Roof
Catchment Systems: A Training Guide.
Technical Report No. 27. By D. Ed-
wards, K. Keller, and D, Yohalem.
WASH, 1984. Manual for conducting a
2-weck workshop for local project pro-
moters in rainwater systems, Available
from WASH, 1611 North Kent Street,
Room 1001, Arlington, VA 22209, USA.

Rainwater Harvesting: The Collection
of Rainfall and Rungff in Rural Areas.
By Amold Pacey with Adrian Cullis,

1986. Intended for rural development
workers; software issues—including
how to design and implement schemes
in appropriate ways for rural communi-
ties. Using material from a wide varicty
of sources, it explains the importance of
social, economic, and environmental
considerations in the planning of rain-
water projects. Chapters include: Tech-
nical perspectives, Water—livelihood
and organization, Data collection and
design criteria, Rainwater tanks and
technical assistance, Design for drink-
ing water systems, Traditions in runoff
farming, Replication in runoff farming,
and rainwater economics and future
prospects, Available from IT Publica-
tions Ltd, 9 King Steet, Covent Garden,
London, WC2E 8HW, England. £5.95.

TECHNOLOGY NEWS

FOUL FLUSH
DIVERTER

When raindrops fall 1o the earth
they are generally clean and safe to drink.
However, when they fall on a dusty roof
and wash down the roof cartying accum-
lated leaves, dust, bird dung, etc., those
first several dozen liters of rainwater are
not hygienic for drinking, A system
called a “foul flush diverter” channels
the first diny rainwater out of the cis-
1em. One system which has been used
with good results was developed in Togo
by the USAID-financed Water Project,
It is a low-cost, relatively simple foul
flush mechanism which has equipped
more than 250 cisterns built by the Togo
Project. As a pant of the overall hygiene
system, the Project recommends ciean-
ing the cistern annually with bleach and
covering the cistern fill hole with screen
to keep out small animals and debris.

In Togo, foul flush diverers
were made in a central workshop by
village metal workers and then trans-
ported out to the construction sites, The
exact placement and adjustment of the
diverter must be adapted to each site.
The necessary materials include: 3m of
No. 8 and 2m of No. 6 re-enforcing rod,
2 60cm piece of sturdy gutter material, a
plastic jug, and a small carchment basin

which could be made of masonry, a hall
barrel, or a larpe clay jar. The shon
diverter gutter is balanced on aNo. 6 rod
pivot. The diverter gutter channels the
rainwater either into a flush basin or into
the cistern. During the flush mode, as
the basin fills, the plastic jug float rises
with the water level. The floay, lifted by
the rising water level in the flush basin,
tips the diverter gutter to the other side
of the balance, thus channeling the rain-
water into the cistern. The collected foul
flush water can be used for household
purposes other than drinking, and must
be emptied before the next rain 10 permit
proper functioning of the foul flush
system,

For further information, con-
tact Dan Campbell at RHIC. If you have
experiences with other foul flush sys-
tems, RAINDROP invites you to con-
tribute drawings and a brief description
which would be adequate 10 duplicate
the design elsewhere,
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NETWORK RESPONSE FORM
RAINDROP EVALUATION

DO YOU FIND RAINDROP USEFUL? PLEASE COMMENT.

IF YOU WOULD LIKE TO RECEIVE FUTURE ISSUES OF RAINDROP, WHAT KINDS
OF INFORMATION, TOPICS, ANALYSIS, TECHNOLOGIES, ETC. WOULD BE USEFUL
TO SUPPORT YOUR RAINWATER HARVESTING ACTIVITIES?

REQUEST FOR FREE WASH RAINWATER REPORTS

The following WASH reports have been published. To obain copies, send name, address, and seiection t0: WASH
Operations Center, 1611 North Kent Street, Suite 1001, Aslington, Virginia 22209, USA.

1.

Technical Report 11, The Role of Women as Participants and Beneficiaries in Water Supply and Sanitation
Programs. Available in French, Spanish, and English.

2. Technical Report 27. A Workshop Design for Rainwater Roof Carchment Systems: A Training Guide. 1984

3. Field Repon 115, Training in Rainwater Catchment for SANRU-86 Village Health Workers and Peace Corps
Volunieers.

4, Field Repont 163. Training Workshop on Rainwater Roof Catchment, San Julian, Bolivia. 1986, Available in
Spanish and English.

5. Field Report 172. Project Design and Extension Training in Cement Stave Rainwater Cistern Construction in
Togo.

NAME

TITLE

ORGANIZATION

ADDRESS
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Appmendix 2

WASH/RHIC Network Questionnaire
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® WASH/RHIC NETWORK QUESTIONNAIRE
OCTOBER 31, 1988

PY 1. NAME OF ORGANIZATION

2. ADDRESS

3. TELEPHONE NO. TELEX NO.

4. HEAD OF ORGANIZATION

5. CONTACT PERSON if different from above,

6. TYPE OF ORGANIZATION (can check more than one)
__ Private voluntary organization —_ Governmental Organization
___ International organization — Religious Organization
___ University Affiliated Other,

L
. 1. WORKING LANGUAGES (check all that apply)
___ English ____French ____Spanish . _Arabic Other,

® 8. IF YOUR ORGANIZATION HAS EVER DONE WORK IN COUNTRIES OTHER THAN THE ADDRESS
ABOVE, PLEASE LIST THOSE COUNTRIES AND BRIEFLY DESCRIBE THE ACTIVITIES.

9. AREAS OF INVOLVEMENT IN RAINWATER PROJECTS (check all that apply)

® ____ cistern consiruction

_ project financing

.. COmmunity participation
project evaluation
training in rainwater catchment
development of training manuals, guides, etc.
research/field trials
others

|11

® 10.  CONSTRUCTION MATERIALS USED (check all that apply)

CISTERNS ROOFS”

—__ bamboo . corrugated roofing

® - fired brick . Clayiile

’ .. Cement . thatch

—_ ferrocement - sisal
—._ metal —__ cocofiber
__ other, ___other

L 11, PLEASE PROVIDE A BRIEF DESCRIPTION OF RAINWATER ROOF CATCHMENT PROJECTS WHICH
ARE CURRENTLY UNDERWAY IN YOUR ORGANIZATION. (include the number of cisterns built, objective
of field tests, number of ficld staff, aining sessions, community organizations involved, eic.)

®

®
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13.

14.

15.

16.

DO YOU HAVE PLANS FOR FUTURE OR EXPANDED RAINWATER HARVESTING ACTIVITIES?
(please give brief details)

FROM THE FOLLOWING LIST OF TECHNICAL ASSISTANCE SERVICES, PLEASE CHECK THOSE
WHICH ARE MOST NEEDED BY YOUR ORGANIZATION'S RAINWATER HARVESTING ACTIVITIES.
Technical Information on RWH Technologies

Project Planning and Design Assistance
Cistern Design

Gutter Design

Training Design/Trainers

Low Cost Roofing Technologies

Water Hygiene

el frirtd

g

HAS YOUR ORGANIZATION RECEIVED FUNDING FROM ANY OUTSIDE SOURCES TO SUPPORT ITS
RAINWATER HARVESTING ACTIVITES?
— YES — NO

IF 50, WAS THE SOURCE
—. LOCAL GOVERNMENT
—. BI-LATERAL OR INTERNATIONAL AID
— PRIVATE OR VOLUNTARY ORGANIZATION
— RELIGIOUS ORGANIZATION

OTHER (please describe)

HAS YOUR ORGANIZATION PUBLISHED ANY REPORTS, BOOKS, NEWSLETTERS, ETC. ABOUT
RAINWATER HARVESTING, ROOF CATCHMENTS, CISTERN CONSTRUCTION, ETC. (If yes, please list
the tites. If the RHIC Database does not already have a copy of the document, if possible, please send a copy,
and it will be reviewed for addition 10 the RAINCOLL DATABASE).

DOES YOUR ORGANIZATION HAVE A COLLECTION OF DOCUMENTS OR A LIBRARY ON RAIN
WATER ROOF CATCHMENT SYSTEMS?
YES __NO

Approximate number of publications

PLEASE LIST THE NAMES AND ADDRESSES OF ANY INDIVIDUALS OR ORGANIZATIONS
INVOLVED IN RAINWATER HARVESTING WHO YOU RECOMMEND BE INCLUDED AS MEMBERS
OF THE WASH RAINWATER HARVESTING NETWORK?

THANK YOU FOR TAKING THE TIME TO COMPLETE AND RETURN THIS QUESTIONNAIRE,
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QUALITATIVE ASPECTS OF RAINWATER USE
IN THE FEDERAL REPUBLIC OF GERMANY

Beate Klein
Martin Bullerman

ABSTRACT

An extensive research has been made on qualitative
aspects of the use of rainwater for closet flushing, gar-
dening irrigation and washing machines.

The cquality of the roof water run-off was analysed .
using 20 parameters at 15 gaging stations. The selection
of the parameters depended on the demands of drinking
water in the F.R.G. The measurements were carried out
during the period of 1988/89. They showed systematical
~connections  between water quality and roof materials, site
facts, meteorology as well as the seasons. The quality of
the run-off water was estimated regarding the mentioned
uses. Conclusions for the design and operation of rainwa-
ter systems are deduced from the results.
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1. INTRODUCTION

The research on the gqualitative aspects of rainwater
usés has been made in the Federal Republic of Germany in
1988/89 (Bullermann et al. 1989). The rainwater shall be
used for closet flushing, gardening 1rr1gatlon and wash-
ing machines. In addition, the use of rainwater is possible in
the industrial field. The research had in particular the
following objects:

a) To determine impact of roof characteristics on the
water quality and to judge existing roofing material.

b) To define the impacts of geographical factors of
location in an industrial nation like the F.R.G.

c) To examine impact of the first run—off on the water
quallty

d) To reglster meteorological and seasonal aspects of
impact on the quality of roof water run-off.

Gagings have been taken at 15 objects (real roofs) at 8
different 1locations. The buildings' 1locations were
distributed all over the province of Hessen. The gaging
stations were sited at highways in overcrowded areas,
close to industrial areas, as well as regions of inten-
sive agriculture. Thus diverse negative aspects of impact
on the water quality were aimed to be registered.

Gagings concerning roofing materials were made at roofs
plastered with tiles slate, concrete pan and bitumen. In
addition the gutter materials were reglstered in order to
keep their influence distinct. The gagings of the impact
of roofing materials were taken at objects with similar
conditions. Thus impacts of location were eliminated, and
equal precipitation was guaranteed. .

For the analysis average samples were taken referring to
one prec1p1tat10n event. To register the average samples,
a special sampler had been developed (s. Fig. 1). In
order to register change of concentrations of single
substances during the run-off from the roof, flow-propor-
tional samples were examined. Therefore, samp]esvmre

taken in short dintervals d1rect1y from the run-off at

the beglnnlng of a precipitation event.
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Figure 1: Rainwater sampler

At the beginning of the gaging precgramme. an orientating
-investigation phase' was made, during which a large range
of potentially relevant substances was analysed (s. fig.
2). Selection was made according to the German drinking
water standards (Trinkwasserverordnung, 1986). After
first results out of that phase, a standard investigation
programme was developed. In addition, further parameters
of importance for judging the roof water run-off were
selected.
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Roofing Materials

The research of impact of roofing materials showed that
nearly all chemical parameters depend on the materials.
Thus the pH-value is determined above all by roofing
material. While the pH-value in the run-off of concrete
pan- and slate roofs as well as of bitumen roofs with
crushed stone or gravel is regularly higher than pH 7, it
gets lower with roofs of chemically inert material, going
down to values of pH 4.

The total pollution of roof water run-off is evidently
higher with old concrete pan roofs and bitumen roofs, as
those materials are partly chemically non inert and
because of higher deposition rates on rough roof surf
aces, than e.g. with tile roofs (s. Fig. 3).

The lowest total pollution is shown by bitumen roofs with
gravel, as gravel has the effect of a filter.
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Figure 3: Average, maximal and minimal concentration of
total and dissolved substances in the run-off
of tile- and concrete pan roofs, and bitumen
roofs




The organic load of roof water run-off at bitumen roofs
is evidently higher in contrast to other roofing mate-
rials, which is above all due to precipitation of organic
acids (s. Fig. 4). The content of heavy metal in the run-
off of old disintegrated concrete pan roofs with rough
surface is evidently higher in unfiltered samples than
with materials of smooth surface.
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N COD ftered KMnO4 fitisred

Figure 4: Average, maximal and minimal COD and KMnO,
concentration in the run-off of tile- and con-
crete pan roofs, as well as of bitumen roofs

By determined setting- and filtration processes concen-
trations of nearly all parameters can be reduced to a
vast extend. This indicates a high individual proportion

of all substances. Regarding iron, that effect is shown
in Figure 5.
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Figure 5: Concentration of iron in unfiltered, settled
and filtered roof water run-off samples of
tile roofs

Factors of Location

Beside roofing materials the most evident impact on roof
water run off quality is brought about by conditions of
location. At locations which are big-scale loaded, that
is to say in areas far from emissions as well as in sub-
urban regions of overcrowded or 1loaded areas, referring
to all examined parameters there occurred generally low
concentrations in roof water run-off.

In nmost cases values have already been lower than the
current limits according to "drinking water standards"
even in the non-settled roof water run-off samples (s.
Fig. 6).
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Figure 6: Average, maximal and minimal iron-, lead- and
zinc concentrations in unfiltered roof water
run-off at different locations (roofing mate-
rial: concrete pan)

Due to small-scale load factors, respectively by addition
of several negative aspects, evidently higher concentra-
tions of all parameters may occur. For instance at loca-
tions very close to highly frequented roads a higher load
of roof water run-off containing acid formers (sulfate
< 150 mg/l, nitrate < 52 mg/l) and heavy metals (lead
< 1,0 mg/l, cadmium < 0,06 mg/l, copper < 0,9 mg/l, zinc
< 9,4 mg/l) as well as higher organic load was detected.
In residential areas of high density with a lot of small-
scale load factors, particularly with heavy metals, there
occurred higher concentrations in roof water run-off.

First Run-off

For investigations concerning the first run-off, four
events of rain have been examined after long arid
periods.
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Table I: Meteorological conditions of precipitation
events registered for the first run-off

No.l{ dry period total height of average
precipitation precipitation rate
(h) (mm) (mm/h)
1l 23 1.8 0.8
2 260 5.9 . 1.6
3 343 7.2 0.9
4 343 7.2 0.9

The researches regarding the first run-off have shown
that at all events of rain concentrations of substances
in roof water run-off are evidently reduced within the
first 1,0-2,0 mm, and that by increasing height of preci-
pitation a dilution of roof water run-off occurs. It is
just the pH-value that proves to be relatively constant
during precipitation events. The COD content was evi-
dently reduced during the first millimetres of precipita-
tion after increased values at the beginning.

COD img A1)

"
0 T T I J i

0 1 2 3
Height of precipitation imem]

No.l m-i No.d {Bituman)
No2 (Tie) Nod (Tiel

Figure 7: Courses of concentration of COD content in
roof water run-off at different precipitation
events (No. 1-4, s. Table I)
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concerning heavy metals by the example of lead in Fig. 8,
the decrease in concentration in the first 2 millimetres
of precipitation is pointed out.
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Figure 8: Courses of concentration of lead content in
roof water run-off at different precipitation
events (No. 1-4, s. Table I)

By taking away the first 1,0 to 2,0 mm of precipitation,
an improvement of mixed water load can be reached.

But for the use of closet flushing, gardening irrigation
and washing machines the water quality is sufficient
after the first settling and/or filtration, even with the
high polluted "“first run-off". Besides the quantity of
usable water decreases considerably (up to 20 %) without
storing the first run-off, and no additional technical
installations are necessary.

! Meteorology and Season
Regarding meteorological factors, with all examined para-

meters no clear or just a low dependence of load on the
unfiltered roof water run-off, could be remarked.
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The total load of roof water run-off shows off a gentle
increase during spring and summer. The impact of seasonal
factors became most evident concerning organic macro-
pollution. Particularly if trees or bushes were standing
near the roof, in spring and early summer, an increased
amount of small blossoms, peollen and seeds was noticed in
the container. Correspondingly the COD content was raised
in spring and summer.

3. CONCLUSIONB

The present investigations result in the following condi-
tions for design and operation of rainwater systems.

Roofing Materijals

~ All common .roofing materials, such as tile, concrete
pan, slate, bitumen, plastic material and metals are
appropriate for the use of roof water run-off.

- Smooth materials like tile, slate, metals, and plastic
materials are of positive impact on the total load of
roof water run-off. Therefore, as to new buildings
those materials should be used with preference.

~ In few years only, with concrete pan an increasing
deposition of dust as well as a growth of moss and
lichen, has to be expected due to the rough, partly
disintegrated surface. That leads to an increase of
sludge in total, and particularly in spring and summer
to more organic load in the cistern. This has to be
taken inte consideration for the operation of rainwa-
ter systems in the long run.

-~ The colour of roof water run-off from bitumen roofs is
often yellowish. In the long run that can affect the
results of washing. For irrigation of lawn and closet
flushing the run-off of bitumen roofs-especially of
those with gravel (= pre-filtration) = can be used
without hesitation.

"= -As to metal roofs (iron, aluminium, zinc, lead copper)
and metal gutter and down piper (zinc, copper) an

increase in metal content is to be expected in roof -

‘water run-off.
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Coarse FPilter

- In front of cistern intake there is to be planned a
coarse filter - independent on location - at all rain-
water systems.

- 1Its function is to hold back substances (leaves, blos-
soms, moss etc.) that might affect the plant's opera-
tion by clogging, detericration or decomposition pro-
cesses in the cistern.

First Run-~off

The first run-off of the roof water at the beginning of a
precipitation event generally makes the quality of stored
and used water worse. The worsening of the quality of
roof water run-off is of no importance for the types of
the mentioned utilisation. Thus there is no need for a
first run-off.

Cistern

- The cistern should be placed in the ground or in cool
rooms (e.g. cellar), in order to prevent processes of
digester gas and bacteria growth. To avoid algae
growth it should be protected from light.

- Due to its hardness roof water run-off is particularly
aggressive towards concrete at low pH~values (< 5,5).
Having tile and bitumen with sand as roofing mate-
rials, plastic tanks should be preferred because of
the frequency of low pH-values. In the case of con-
crete cisterns then, there should be provided a suffi-
cient cover of the reinforcement with concrete.

- By settling processes the concentration of many sub-
stances in roof water run-off is reduced considerably.
Therefore a settling compartment has to be planned in
the cistern.

- A simple possibility of cleaning the rainwater cistern
is to be planned, particularly to remove sludge.

- The intake into the cistern (rainwater and possibly
drinking water intake) have to be installed in a way,
that already settled substances are not whirled up.

- The delivery tap of the cistern has to be sited about

10 cm above storage ground. Thus it is guaranteed that
no sludge stored on the ground will be drawn.
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Pine Filter

Usually a fine filter is not necessary for reasons of
guality after coarse filtration in front of cistern
and settling in the cistern.

At locations which are evidently extremely high loaded
(e.g. with high dust depositions close to cement fac-
tories) the necessity of a fine filter has to be
examined individually. :

Should a fine filter be necessary or considered as
desirable, a mush size larger than 100 um has to be
chosen. With smaller mush sizes the danger of bacteria
growth is clearly higher.

Material of Pipe Lines and Pumps

Due to its chemical composition roof water run-off is
not able to form an effectively protective scale in
pipe lines, so that a damage caused by corrosion is to
be expected in the long run using metalic working
material. For that reason plastic material should be
used for the pipe line network of rainwater systems.
Regarding the pumps, high-grade steel or plastic mate-
rial should equally be used.

Servicing

For the perfect operat#on of a rainwater systemn regu-
lar servicing, respectively cleaning of coarse filter,
of cistern and of the potentially existing fine filter
has to be ensured.

The coarse filter has to be serviced especially in
spring and autumn, because of the increase of leaves,
blossoms etc. during those seasons. .

Emptying and cleaning of cistern should at best take
place once a year. It is appropriate to execute clea-
ning when the cistern is empty in summer.

Back-washing, respectively cleaning of potentially
.present fine filters is recommended twice a year in
case of loaded locations and with concrete pan roofs.
Otherwise one cleaning process per year is sufficient.




Locations

- In general, apart from few exceptions all locations
are appropriate for utilisation of roof water run-off
for closet flushing, washing and irrigation of 1lawn,
after the above described treatment of water.

- Very close to highly frequented roads, increased con-
centrations of polycyclic aromatic hydrocarbons in
roof water run-off are possible. For that reason
utilisation for washing and irrigation of useful
plants is not recommended.

- At extremely loaded locations such as city-~centres,
very close to highly frequented roads, industrial
plants, power stations or similar things, the total
pollution of roof water run-off is generally
increased. The necessity of a fine filter has to be
investigated in such cases, respectively washing
machines should not be connected. Possibly more fre-
quent servicing of the rainwater systems turns out to
be necessary.
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CISTERN WATER SYSTEMS
IN THE U.S. VIRGIN ISLANDS

J. ‘HARI KRISHNA
Director
Water Resources Research Center
University of the Virgin Islands
St. Thomas, U.S. Virgin Islands 00802

ABSTRACT

In the U.S. Virgin 1Islands, cisterns are
commonly used to collect rainfall and provide
domestic water supplies. Since the rainfall
varies considerably between different points on
the islands, a simple formula is proposed that
uses the average annual rainfall and roof area to
compute cistern storage requirements. Alternative
construction materials are discussed which might
be less expensive than the conventional reinforced
concrete cisterns that are usually built in the
Virgin Islands. The results of recent water
gquality studies indicate that in man& cases,
cistern water does not meet the Safe Drinking
Water Standards. Better cistern maintenance and
disinﬁection procedures are necessary to provide
good quality water for drinking and other domestic
purposes.

Director, Water Resources Research Center,
University of the Virgin Islands, St. Thomas, V.I.
00802
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INTRODUCTION

The United States Virgin Islands consist of
three main islands (St. Thomas, St.Croix and
St.John) and a number of smaller islands located
approximately 1800 km east southeast of Miami.
The three larger islands constitute a total area
of about 35,000 ha. The topography of St. Thomas
and St. John consists of rugged and steep terrain,
while St. Croix has some rolling land as well as
steep hills. The U. §. Virgin Islands have
approxiﬁately 110,000 residents, of whom, more
than 95 percent live on the two islands of St.
Thomas and St. Croix (Virgin Islands Dept. of
Commerce, 1986). Because o¢f the steep slopes,
remotely located housing developments, and limited
fresh water supplies, the public water
distribution system serves only a small part of
the island area. It is therefore necessary for
homeowners to provide alternative sources of water
for their domestic use. In most homés,-reinforced
concrete cisterns are provided in the basement
level of the building where rooftop runoff is

-collected.

RAINFALL AND CISTERN CAPACITIES

Rainfall in the Virgin Islands (V.I.) varies
in time and in space. The average annual rainfall
for example, varies from 760 mm on the east end of
St.Croix to 1,270 mm on the north-west end of the
same island (Torres-Sierra, 1987). Similar
variations can be observed on S$t. Thomas (Torres-
Sierra and Dacosta, 1985).
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The rainfall amounts in different parts of
the two islands are shown in Table 1.

TABLE 1

Average Annual Rainfall (mm)
in Different Regions of St. Thomas
and St. Croix, U.S. Virgin Islands

Island North-West Center East End
St. Thomas 1270 1060 890
st. Croix 1270 1020 760

In the V.I., rain water is collected from
hillside catchments as well as from rooftops.
Hillside catchments provide relatively large
amounts of water, while rooftops provide small
amounts for domestic use. All residential
buildings in the V.I. are required to provide
cistern storage of approximately 400 L per sg. m.
of roof area. A uniform standard does not seen
appropriate due to the spatial differences in
rainfall between different points on the islands.
A more rational storage estimate for cisterns
should be based on rainfall amounts at any
particular location. Since average annual rain
fall data are generally available, a simple
formula based on this information is proposed
below.

In a well-designed rooftop water collection
system, a catch efficiency of 80% can be assumed.
As the rainwater is being collected, it is also
being utilized. Assuming a storage coefficient of
0.7, the design volume of the cistern could be
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expressed as:

Q = 0.80 x 0.70 x roof area x average annual
rainfall, or
Q =0.56 XAXP - == === = = = = (1)
or
Q=KXAXP === w==-=u=- (2)
where

Q = Cistern Capacity (L)

K= 0.56

A = Roof Area (sg. m), and

P = Average annual precipitation (mm)

The storage coefficient depends on a number of
factors such as the frequency of precipitation
events, rate of withdrawal from the cistern, etc.
It could conceivably vary from approximately 0.5
to 0.8 thus resulting in X values of 0.4 (0.8 x
0.5) to 0.64 (0.8 x 0.8).

The generalized equation therefore can be
expressed as follows: '

Q=KXAXP === ===== (3)

where

Q = Required Cistern Capacity (L)

K = 0.5 (0.4 - 0.6)

A = Roof Area (sg. m)

P

Average annual rainfall (mm)

Table 2 shows the cistern capacities
estimated conventionally, and those obtained by
the use of the above formula, for selected areas
on the two islands.
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TABLE 2

Cistern Capacities (L)
on St. Thomas and St. Croix for a
Small Home With Roof Area of 100 sq. m

Formula North-«West Central East End
st. as "

Conventional 40,000 40,000 40,000
Proposed 63,500 53,000 44,500
t. Croix

Conventional 40,000 40,000 40,000
Proposed 63,500 51,000 38,000

Conventional Formula: 400 L / sg. m. of roof
area.
Proposed Formula: Q=K x A x P (K= 0.5)

If the proposed formula were used for
designing cistern capacities, a full cistern in
the north-west part of the islands can provide 174
L of water per day on average, while on the east
end about 122 L would be available per day on
St.Thomas, and 104 L per day on St. Croix. It is
recognized that the rainfall pattern may be such
that in a normal year, the larger cistern would
not get filled up; however, there would be enough
capacity available to store extra water during wet
periods/wet years in order to provide 'more
supplies later during a dry period. The costs of
building larger cisterns may be controlled by
adopting non-conventional materials as described

in the following section.
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CISTERN MATERIALS

While reinforced concrete is the most common
material for cisterns in the V.I., concrete blocks
are also used in some cases. Two other
possibilities for cistern materials include
fiberglass and ferrocement. Some of the
advantages and disadvantages of the three types of
cisterns are listed in Table 3.

TABLE 3

Relative Advantages/nisadvantages
+ of Different Kinds. of Cisterns

Cistern Advantages Disadvantages
Reinforced Permanent Expensive
concrete Square/rectangle Technical
Large size expertise needed
possible
Ferrocement  Semi-technical Cylindrical
help adequate design _
Low cost Semi-permanent
Fiberglass Low cost Cylindrical
Portable design
Easy to assemble Semi~permanent
Durable

Although they are not used much in the Virgin
Islands, a preliminary cost estimate is made in
Table 4 to compare ferrocement and fiberglass with
reinforced concrete.
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TABLE 4

Relative Costs of Various Cistern Materials

Cost
Cistern ($ / L of storage)
Reinforced concrete 0.20
Ferrocement 0.14
Fiberglass 0.11

It must be recognized +that costs vary
significantly between different countries, because
of differences 1in material and other costs
(Keller, 1982). Reinforced concrete structures
are permanent in nature but also the most
expensive to build. Ferrocement structures work
out to be more expensive in the Virgin Islands
than in Asia because of the relatively higher
labor costs. Fiberglass tanks can be ordered from
the United States, shipped in c¢rates and assembled
on site. They are relatively 1light~weight
(portable) and are semi-permanent in nature. Both
fiberglass and ferrocement appear to be
economically attractive alternatives that need to
be explored further in the Virgin Islands.

CISTERN WATER QUALITY

The Water Resources Research Center at the
University of the Virgin 1Islands has been
conducting microbiological studies to evaluate the
gquality of cistern water. Two studies have been
completed on cisterns in private homes and those
in public housing complexes (Ruskin and Callender,



1988; Ruskin et al, 1989). Currently, a third
study is underway to evaluate the water quality of
cisterns in hotels and guest houses located on St.
Thomas.

In the water quality study of cisterns in
private homes conducted during 1986-87, 20
residents volunteered for the project. Bi-weekly
water samples were collected and analyses were
conducted to determine total coliforms, fecal
coliforms, fecal streptococcus, eudo as
Aerudinosa, and heterotrophic plate counts.
Primary ‘emphasis was on testing for total coliform
and Pseudomonas e inosa, an opportunistic
pathogen known to cause ear infection, urinary
tract infections and diarrhea. Results of this
study revealed that out of a total of 271 samples,
197 or 73 percent did not meet the Safe Drinking
Water Standard of € 1 total coliform per 100 mL of
water. If only overall averages were considered,
not one of the 20 cisterns studied would have met
the Safe Drinking Water Standard, and only four of
the 20‘would have met this standard 50 percent or
more of the time. (Ruskin and Callender, 1988).
Pseudomonas Aeruginosa was found in 70% of the
samples.

The public housing water supply systenms,
serve 25 or more people and/or have more than 15
service connections, and must comply with the U.S.
Safe Drinking Water Act. The water supplied to
the'residents must contain € 1 total coliform/100
mL. The public housing study was conducted in
1987-88 on 10 cisterns in 5 public housing
complexes, (Ruskin et al, 1989). The results of
this study indicated that out of a total of 75
samples, 44% exceeded 1 total coliform per 100 mL
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and that 52% of the samples contained Pseudomonas

eruginosa. Although the water quality in public
housing cisterns was better than that in private
homes, it still fell short of the drinking water
standards in many instances. In both the studies,
16% of the samples met the total coliform
standard, but still contained Pseudomonas
Aeruginosa. The results of both studies are

summarized in Table 5.

TABLE 5
Cistern Water Quality in the Virgin Islands

Locations Total T.C. > 1 P.A. +ve P.A. +Ve

Samples T.C. £ 1
Private 271 197 (73%) 191 (70%) 43 (16%)
Homes
public 75 33 (44%) 39 (52%) 12 (16%)
Housing
Totals 346 230 (66%) 230 (66%) 55 (16%)

Approximately two~thirds of the water samples
did not meet the Sarfe Drinking Water Standards
(T.C. € 1). Some of the major reasons for this
are environmental contamination on the rooftops
(leaves, dust, animal droppings), lack of cistern
maintenance, and inadecuate chlorination.

coNCLUSIONS

A cistern capacity of 400 L per sq. m of roof
area is required for all dwellings in the Virgin
Islands. However, because of spatial varjation in
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rainfall amounts, a new formula is proposed that
is simple to use, and may be more appropriate for
estimating cistern capacities in different parts
of the islands. Larger c¢isterns can store more
water during wetter periods and provide additional
water supplies. Alternative cistern materials
such as fiberglass and ferrocement are discussed
that might reduce capital costs.

Finally, results of the cistern water quality
studies conducted during the past two years are
discussed. In many cases, the cistern water did
not meet the Safe .Drinking Water Standards. If
the inlets to the cisterns are properly screened,
cisterns cleaned periodically (at least once in S
years), and chlorinated regularly (at least once a
month), the water from the cisterns should meet
the standards and be safe for drinking.
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INVESTIGATION INTO THE QUALITY OF ROOF-HARVESTED RAINWATER
FOR DOMESTIC USE IN DEVELOPING COUNTRIES: A Ph.D Research Study

Dr. George Michaelides
Ex-Research Student, Dundee University
Dundee, Scotland, U.K.

ABSTRACT - INTRODUCTION

Features in design, maintenance and operation of zroof rainwater
harvesting systems which affect the gquality of the water obtained
have been investigated by a research study of Dundee University in
1982-1985. A complete rainwater harvesting system for domestic water
supply was built in the tropical environment of Mauritius
incorporating features, excluding water treatment, that would
optimise water guality. A programme of water quality monitoring was
carried out mainly involving 55 bacteriological samples and 38
chemical samples from the water abstraction point at weekly
intervals. The faecal coliform test was negative in 84% of the
samples and the mean faecal coliform count was 1.1 :.per 100 ml. The
results of total and faecal coliform examination would be acceptable
by WHO Guidelines in B80% of the samples and fully or almost fully
acceptable by other guidelines. According to these results, no water
treatment is reguired. Even though pE and conductivity were high
initially due to the 1leaching of cement from tank walls, the

aesthetic water qualtiy is also acceptable.
The diversion of the initial flush of rainwater, which is foul, was

examined in the laboratory and new foul flush diversion systems were

developed at Dundee University.
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The mast important features optimising water quality are outlined in

the main text.

A field survey of roof rainwater catchments and other water supply
practices was carried out in the island of Rodrigues, a dependency
of Mauritius, as a case study. There, most of the rainwater
harvesting systems were found to be inadequately constructed to
protect water quality. The problems c¢an primarily be overcome

through technical assistance and motivation.
OVERALL WATER QUALITY

The main conclusions of the research study are:

From a review of the literature (1), and based on an estimate of
standards which can be achieved, guidelines for water quality in
roof rainwater harvesting systems have been proposed by the author.

They are: a mean of two faecal coliforms per 100 ml.

Continuous weekly tests on an idealised rainwater harvesting system
which was built by the author in Mauritius (1,2), which incorporated
no water treatment, have shown that the faecal coliform test was
negati&e in B4 per cent of the 55 samples, and the mean faecal
coliform count was 1.1 per 100ml. The results of total and faecal
coliform examination would be unacceptable by WHO Guidelines in 20%
of the samples. The supply would be acceptable by the author's and
others' guidelines (1).

In the same study in Mauritius, aesthetic water quality parameters
(pH, conductivity, colour, turbidity, total hardness, chloride, iron
and zinc) that were frequently (39 samples) tested, and others
(including nitrate) that were occasionally tested, were within WHO
Guidelines. The exception was the high pH and conductivity values
in the initial stages. Generally the pH decreased with time and was
within WHO Gudelines after a year. 1In the absence of a distribution
system, however, the acceptable range can be broader. Moreover,
according to the literature (1), high pH valueg can cause a

self-cleaning (bacteriologically) effect in the tank. Conductivity
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values decreased Adramatically to acceptable levels within two

months.

OPTIMISATION OF WATER QUALITY

The author's work has been used to identify the effect of system
characteristics on water quality and to improve the original design

if necessary, as follows:

1.  There is little 1likelihood that faecal organisms could
contaminate an elevated roof surface and gutter and an enclosed
diversion and storage system, unless human and warm-blooded
animal contamination is deposited by birds on the catchment or
inflow system. What could be expected from a rainwater
harvesting system is contamination of the catchment surface by
bird droppings, lizards and other small animals and also
vegetation matter. Comnsequently, features preventing the entry
of pollutants into the storage tank are required: foul flush
diversion, screening of the inlet pipe, cleaning (0of catchment,
foul flush diverter, screens), no overhanging trees, smooth

catchment surfaces, and especially a covered tank (1, 3, 4, 5j.

2., Laboratory tests by the author at Dundee University (1, 6, 7) on
a wvariety of proposed foul flush diverters that collect a
standard amount of initial rainwaﬁer flush, but once are full,
act on the overflow principle, have shown that pipe diverter P3
{see Fig. 2) was found to be significantly moré efficient than
other designs and was installed in the system in Mauritius

replacing the original pipe diverter P1 (see Fig. 1).

3. Comparative tests in the field in Mauritius of the quality of
" water showed that turbidity and zinc levels were higher in the
diverter (original one) than in the storage tank and, as
expected, the pH and conductivity were lower. Bacteriological
sampling showed presence of coliforms at 37 ©C in the improved
diverter (P3) in one sample but not in the storage tank. After

the incorporation of the improved diverter (which also coincided
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with tank washing), 93% of the 15 bacteriological samples were
negative for faecal coliforms which were 100% acceptable by the

author's guidelines.

The provision of adequate gcreening of the inlet pipe into
storage is more important than has hitherto been recognised.
Ideas on screening methods were derived from the Rodrigues
survey. Laboratory experimentation by the author showed that the

screening efficiency of a cloth is satisfactory (1).

After each rainfall event, gtorage, even for a few days, helps
improve the bacteriological water quality (1). Long storage is
not critical, esbecially in the rainy season, because of
replenishment of water due to abstraction for wuse, and also
because of draining of the tank.

Comparative testing of samples from the £flocr of the
exprerimental tank in Mauritius and the outlet of the tank
showed higher values from the floor for colour and turbidity

(1). Consequently, abstracting water for use at gome height
above the floor of the tank is required.

In the beginning of operation of the system in Mauritius, pH and
conductivity values were elevated as the fresh cement applied to
the inside wall of the tank dissolved. The most notable decrease
was during the months with greater rainfall because rainwater is
slightly acidic and each inflow will reduce pH. Draining the
tank contributed to the reduction of pH (1).

According to the results of the regular bacteriological analysis
of the experimental tank in Mauritius (and also considering the
drawbacks of water treatment), no water treatment is needed.
Moreover, there is no need to treat water to alter the aesthetic

parameters.

The findings of the survey in the real situation of Rodrigues

(1, 8, 9, 10, 11) have shown that most of the rainwater
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harvestng systems were found t¢ be inadequately constructed to
protect water quality. The reasons for the defects are
ignorance, lack of motivation and lack of means. The problems
can be overcome through technical assistance. Foul flush
diverters and storage covers are the only items that may involve
technical and financial constraints if relatively simple
solutions are not devised. A manual system could be the answer
to foul flush diversion, and 3jars solve the problem of the

storage cover.
RECOMMENDATIONS IN DESIGN, MAINTENANCE AND OPERATION

The most jmportant and simplest features, since there is a limit
depending on the resources of communities, are presented in the
final list that follows (1).

Roofing materials are unsuitable if (a) they are toxie, Efor
example lead, or (b) if their surface is rough and pervious, for

example thatch and wood.

2. Painting a catchment surface showrld be discouraged; if wused,

then paints should be non-toxic.

The catchment should have an even glope, possibly 10%.

There should be no overhanging trees adjacent to the catchment.
Spravina of chemicals should be discouraged in the area.

Gutters of small but uniform slope are required.

The gcreen where the gutter is joined to the downpipe should be
a coarse (1 cm size) one. Screening both (a) the end of the
downpipe (before discharging into the foul flush diverter) and
(b} the entry (which is to be funnel-shaped) to the foul flush
diverter with fine (1 mm) meshes and cloth can improve the

screening efficiency. Both screens are easily accessible.
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. It is essential that the initial flush, which is foul, of a

rainstorm is prevented from entering storage. The author

recommends the use of one of the following foul

flush diversjon methods (1, 6, 7):

a (manual) plug on the downpipe;

a pipe with a floating ball;

pipe P3 of the author's tests;

box B3 of the author's tests (see Fig.3);

a combination of P3 or pipe with floating ball__with a manual

diversion valve (1).

Storage tanks built__above ground are more suitable for
optimising water quality.

Storage construction__materials should be non-corroding,

non-contaminating and impermeable.

A fully covered and sealed storage tank is absolutely essential.
Any manhole should be covered by a tight-fitting well-secured
cover.

Screening of pipes is essential. There should be fine plastic
and hanging screens attached to the inlet and overflow pipes.

A storage system should be designed to prevent gettled particles
from being drawn off in normal use:

the outlet pipe should be positioned at some height, possibly 3
cm, above the tank floor;

the inlet and outlet pipes should be on opposite
sides of the tank;

the floor of the tank should be slightly sloping upward from the
inlet to the outlet side.

No connection should be made between tank drain and waste or

sewer_drains.
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Water from pther sources should not be mixed with the harvested
supply.

Cool storage conditions can be obtained by whitened putside
surfaces of the storage tank.

Hygienic drainage conditions may be maintained by the provision
of: a drainpit or gravel soakway under the outlet tap and the
overflow pipe; and a drainage channel under the drain pipe and

the waste of the foul flush diversion system.

. Provisions in_design to facilitate_maintenance work are: a drain
pipe; tank floor sloping toward the drain pipe; access

(manhole); and smooth interior surfaces.

Regular ganitary ingpections and maintenance of the whole system
are required. Cleaning of roofs, gutters and screens must be
very regular. Foul flush diverters and screens that are
accessible, should be cleaned after each rainstorm, The storage
tank should be cleaned once a year and more regularly (whenever

the water level in the tank is very low).

No provision for water treatment should normally be allowed
either in design or during 0peratioh. Chemical disinfection or
boiling of drinking water could be practrised if feasible as a
safety precaution after rainfall events (if not always) that
follow an extended dry period and/or a pegiod of lack of

maintenance of the system.

Water may be drawn off the tank for consumption preferably a few
days after the last rainfall.

A rainwater harvesting system should preferably be operated for

the first time in the beginning of the rainy period.
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ABSTRACT

lﬁﬁg membrane filter procedures were used to 1est the polential virulence
activities of bacteria isolated from surface, treated distribution, and cistern water
samples. Cistern samples were found to contain higher levels of bacteria expressing
hemolytic andlor cytotoxic activities than either the treated water samples or the
natural surface water samples. Cistern isolates récovered fromn a variety of different
isotation media exhibited higher levels of cylotoxic isolates than the other two sources.
When the levels of multiply virulent bacteral strains were compared, cistern water
contained lower levels than suface water and resembiled the treated water sources,
However, the cistem water contained five times the number of cytotoxic isolates that
were found in treated water. Cistern water systems appear io have a decreased level
of total bacierial virulence aclivity when compared 1o surface water but cistemn samples
exhbited the highest levels of cylotoxic isolates of all water tested.
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INTRODUCTION

The collection and reusage of rainwaler Is being seriously considered where
surface water is either not available, unsuitable, or expensive, Rainfall collected in a
well-defined area (clled the catchment) can be diverted to a cistern (usually an
undcierground tank) for storage. This type of rainwater storage is the sole source of
drinking water (or a feasible altemnative) in pans of Australia, Asia, Africa, China, the
Pacific Islands, the Caribbean Islands, rural Nothem America and many other parts of
the world.

The acceptance of cistern water is dependent upon the quality maintained in
the system. Very little information is known about the chemical and biological content
of cistern water when collected under various conditions and from a variety of
catchment areas (Jenkins, 1978, Kincaid, 1979, Ingham, 1882). Because cistems
usyally serve only one household (and are often exempt from the mandafes of most
drinking water legistation) there have been ehtively few reparts about the
microbiological quality of cistern water. Although cistemn systems have been reponed
to be poorly maintained, no epidemiokgical studies have been documented for users
of cistern water. Lye (1987) reported the presence of coliform bacteria in all of the
thirty cistern systems he surveyed in the Northern Kentucky region of the United
States. Those sysiems gave high levels of bacteria throughout the cistern distribution
network right up to the househoid rap.

Because of concerns about the health effects associated with the consumption
of water containing high levels of heterotrophic bacteria, Lye and Dufour recently
developed a rapid screening method for detecting centain bacterial virulence factors. it
is now possibie to monitor thousands of drinking water bacterial isolates for the
expression af singie or multivle virulence tactors. (Lye and Dufour, submitted for
publication, 15893, 1889}

This paper reports on the virdence aclivities expressed in bacteria isolated from
cistern systems of the Northem Kentucky region of the United States. Comparisons
are made with bacterial isolates from surface waler and treated municipal drinking

water in the same geographical area.
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MATERIAL AND METHODS

Sample collection, Water samples were collected using established methods,

( APHA, 1985). All samples were hek! on ice and processed within three hours of
collection. Two municipal chbrinated distrbution systems (four sampling points each),
four surface water sources and ten cistern systems in the Northern Kentucky region
were monitored during May, 1989, '
Cistern Water, Tap water samples from cistern systems were taken from outdoor
faucets afler opening full force for two minutes. Households with point of use water
treatment fillers were sampied from indoor faucets served by these devices,

Surface Water, Surface water samples were taken from springs in the rural Northem
Kentucky region used as sources of drinking water.

Mubnicipal Water. Treated municipal drinking water samples were collecied trom
distribution systems historically known to contain high bacterial levels when chiorine
residuais were low. Treatment of surface water for the systems consisted of
floccutation settling, rapid-sand filtration, and post-chiorination with free residuat
chiorine. All of the distribution samples met current coliform regulations

Microbiological Assays., Waler samples were fitered through 0.45 um membrane
filters (HAWG, Milpore Corp., Bedford, Mass.) and placed on appropriate mediz.  Total
coliform bacteria were enumerated on m-Endo agar LES. Because cistemn and
surface water samples contained consistently high levels of bacteria, 10-foid and 100-
fold dilutions of samples were required to decrease filler overioad for filters grown on '
nonseiective media. Total heterotroph counts were obtained with Standard Methods
Agar (SMA) held at 35 degrees C for 48 hours and aiso with R2A agar held at 25

degrees C for seven days.
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Bacterial Virulence Assays, The procedurees used have been described in detail
elsewhere, A general procedure for the rapid In situ membrane-transfer procedure for
bacteral virulence testing is- depicted in Figure One,

Figure 1. Inzitu Membrane Transfer Procedure for Vindience Testing. o

Original Membrane Medlum
{mEndo, SMA, R2A)

®
Membrane
Transfer
NV Py
‘ 6% SRBC Blood Agar Plate
Membrane
Transfer ®
g
HEp-2 Tissue Culture Monolayer
®
Membrane
Transfer
NV ®

2.5% Geitinase Plate
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The cylotoxicity assay was performed as briefly described below. Membrane-
filers containing bacierial colonies isolated from drinking water were removed from
the eriginal growth medium. The underside of each membrane was rinsed and the
membrane was then placed upon cell cultures (HEp-2, human larynx epidermoid
carcinoma cells). After both short (15 minute) and long (20 hour) exposure periods,
the membrane was removed and cylopathic effects were determined.

The hemolysis assay consisted of using Tryptic Soy Agar (TSA) bilayer plates
. (60 mm) with a three mi upper layer containing 6% sheep erythrocytes. Alpha or Beta
hemolysis was reported as positive hemolysis.

Prolezse production was detected by cleared zones around geltirase
producers grown on R2A medium containing 2.5% gelatin,

RESULTS AND DISCUSSION

Past studies have identified bacteria indigenous 10 potable water but little is
known about their potential pathogenicity. Various investigators have attempted 1o
speciate bacieria isolated from drinking water in order to determine whether
opportiunistic pathogens are presenl. A more efficient apprcach to this problem would
be to examine unspeciated isolates for the presence of virulence characteristics using
facile, simple techniques.

Bacteria utilize a variety of different pathogenic mechanisms for infecting
weakened or compromised individuals. There is no single. reliable in vitro or in vivo
virulence assay for determining the potential pathogenicity of oppontunistic bacteria.
Rapid screening methods for the detection of bacterial viruience factors wouid greatly
increase our understanding of suspected envitonmental pathogens and also answer
many questions about the movements and transters of potentially harmiui genetic
materiats (both genomk and extrachromasomal) between strains commonly found in
the environment. The abllity 1o easily measure cylotoxic aclivity in heterotrophic
bacteria wouid greatly increase our understanding of the distribution of potential
pathogens in the water environment

Table one shows the percentage of isolates exhibiting virvience factors trom
each of the different potable water sources surveyed.
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Table |. Percentage of {solales that Exhibited Virulence Factors from Different
Potable Sources.

# Gelalinase #Hemolysis #Cytotoxic ®
TOTAL (%) Positive (%) Positive (%) Positive (%)
Surface Water
®
4884 (100) 3663 (7%5) 879 (18) 98 (2)
Treated Water
4738 {100) 459 (10 2071 (44) 58 (1) ®

Cistern Water

1557 (100) 488 (31) 725 (47) 84 (5

The isolates from cistern water systems expressed the highest percentage of hemolytic
and cytotoxic activity. The number of cylotoxic isolates from cistern water was more
than twice the number found in surrounding surface water and was five times those @
found in treated distribution _water. Because cistern water samples give consistently
high levels of bacteria, the bacterial isolates probably reflect those strains which are
capable of growing within the cistern system. Ruskin and Caflendar (1988) have
reported that water stored in cistern systems does not "self-purify” like many natural
surface waters. They also repont that chlorination is effective in controliing bacierial ®
popuiations for only 3 to 5 days before regrowth occurs,
Table Two looks at the cytotoxic Isotates found when different isolation medgia

were yused.




Isolation Media.

Surface Water Treated Distribution Cistern

isolation Samples Sambles Samples
Medium  Total #Cylowoxic  Total ¥ Cylotoxic Total  #*Cytotoxic
mEND 1175 30 (2.6%) 1273 9 (0.7%) 77 18 (23.4%)
SMA 723 5 (0.7%) 1485 34 (2.3%) 364 17 (4.7%)
R2A 1334 5 (0.4%) 1013 2 (0.2%) 582 3 (0.5%)
BAP 800 21 (23%) 1839 1 (0.0%) 200 18 (7.5%)
mTEC 343 2 (0.6%) —_—— —————
mAH 409 35 (8.6%) 1061 3 (0.3%) 52 14 {26.9%)

TOTALS 4884 98 {2.0%) 6681 49 (0.7%) 1275 67 (53%)
mENDQ - MENDO LES Agar BaP - 6% sheep Blood Agar
SMa - Standard Methods Agar mTEC - mTEC Agar
R2A - R2A Agar mAH - selective medium for

Aeromonas

Again, cistern water sampies exhibited higher rates of cytoxicity as compared to

the other water sources.
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The opportunistic pathogens commonly implicated in water-associated cases of
disease are generally regarded as being of low virulence. The ability to cause
Infection depends not only Upon the expression of baclerial virulence faclors but also
wpon the host state and the type of Iinfection caused. There are no rapid, convenient
methods for predicting potential heaith hazards associated with opportunistic
pathogens in drinking water systems. Preliminary studies have shown that the
cytotoxic isolates from the cistern water sampies are similar to those found in the other
water sources but seem 1o be present at higher .Ievels in the cistern system.

Table Three compares the percentage of [solates grown on Standard Methods
Agar from the different water sources which expressed none, one, or two (or more)

virulence factors.

Table Hl. Virulence Characteristics of Isolates Recovered from Standard Methods

Agar.
Numbaear of Potable Water Source
Virulence % of % of % of
Characteristics Cistern. Treated Water Surface Water
Expressed {solates Isolates isolates
None 37 42 1S
One only ' 40 38 27
Two or more 23 23 58



The surface water contained the highest percentage of isoktes expressing
multiple vinkence factors. Cistemn water appeared 10 resemble treated waler because
i had jess muitiple viruient Isolales than the surface water. However, cistern water
does contain higher levels of bacteria capable of cylotoxk: activity as shown in the
previous tables. These preliminary data suggest that athough cistern water has less
overall virulence activity than surface water, il does contain bacteria which exhibit
. eytotoxic activity at higher levels than the other two water sources. Futher study is
needed to ascertain if the cistern storage conditions are conducive 1o the growth of
cerain bacterial strains beyond those levels found in treated or natural water sources.

The membrane fier iransfer method described here has proven to be
convenient for preliminary cheenirrg of large numbers of individual colonies from 2
single water sample. The membrane filler procedure not only measures multiple
activities related to possible viruience factors but it aiso quantifies the bacteria
expressing each characteristic, The tissue cutture cylotoxicity test appears to be 2
reliable indicator of those baCleria expressing multiple viulence factors such as
cytotoxin, protease, and hemolysin activity. ARthough slow-growing heterotrophs are
often present in high numbers in cenain areas within all water systems, they appear to
lack some of the virulence factors being monitored in this study.

.
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ABSTRACT

Stored rainwater will be a potentially safe and economic drinking
water supply if it is free from any contaminants. This study
proposed to determine the bactericlogical and chemical quality of
stored rainwater. The rainwater samples were collected from
collection systems, outdoor and in-house storage containers.
Information on sanitary practices which appeared to affect the
quality of stored rainwater was also investigated.

The study have shown that all of those sampling points were
bacteriologically contaminated. Pathogenic contamination was found
in a few samples collected from those sampling points. The
pathegens identified were Sslmonella gr. X and gr.C, Aromonas sp.,
and Vibrio parahsemolyticus. It was also found that the unhygienic
sanitary practices of the villagers were a major factor in bacter-
iological contamination. The heavy metals analysed in this study
were Cd, Cr, Pb, Cu, Fe, Mn, and Zn. Most of the heavy metal
concentrations compared favorably with the WHO drinking water
standard with two exceptions, Mn and Zn. These two heavy metals
are considered to affect the aesthetie quality only, and therefore

are hot significant to health.

The findings from this study indicate that only health risks
evolving from the consumption of stored rainwater would be due to
bacteriological contamination rather than from heavy metal contami-—

nation.



I. INTRODUCTION

Improvement to the quality of village drinking water supply is part
of the government’s preventive health strategy. Traditionally,
villagers rely on rainwater in rainy season and groundwater in dry
season. Rainwater appears to be the most vieble option for

drinking water when considering the water quality objectives.

Realising the benefits of using stored rainwater,the Thai—Australia
Village ‘Water Supply Project in conjunction with the Faculty of
Engineering, Khon EKaen University (1984), promoted a national
policy to implement a rainwater jar construction program which
would provide' sufficient rainwater storage to meet the needs of
village households. However, even with a sufficient quantity of
stored rainwater, the quality remains of questionable benefit to
the villagers health condition, as rainwater from roof catehment
systems may be subjected to contamination via dirt or decaying
debries on the roofs as well as the roofing material itself. The
water stored in container may also be contamipated by using unclean
storage containers. This study proposes to investigate the quality
of rainwater and the health risks associated with its consumption.

The specific objectives of this study are:

1) To evaluate the rainwater contamination bacteriologically, in
terms of indicator organisms and pathogens, and chemically, in
terms of heavy metal concentration.

2) To determine the route of contamination of rainwater by testing
samples at various sights along the handling route {from the
point of rainwater collection, storage containers to its final
consumption).

3) » To investigate the villagers’ sanitary practices affecting the
contamination of rainwater.

4) To develop recommendations for the reduction of contamination
in order to improve the quality of rainwater used for consump-

tion.
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~II. METHODOLOGY

2.1 Sewpling Station

Three villages, Ban Kok-Phan Pong, Ban Dang-Noi, and Ban Non-Tun
were chosen for this study (Figure 1). 8Six to seven households in

each village were selected as sampling stations.
2.2 Water Semple Collection

Evaluating the route of rainwater contamination in terms of
pathogens and heavy metals required that all of the possible
sources of contamination from the roof to the storage containers be

investigated.

The sampling design is shown in Figures 2 and 3. The sampling
points and number of collected samples are summarized in Table 1.
There were five types of samples collected. They included:

1) Atmospheric rainwater - An attempt was made to collect
atmospheric rainwater to provide a baseline for a rainwater
quality comparison. This type of collection required the
bousehold owners to participate in the sample collection. Each
owner was instructed in how to properly procure the rainwater
sample by demonstration by the research team. However, it was
found that this method of instruction and collection was not
sufficient to insure good quality sample collection and many of
the samples were obviously contaminated. It was, therefore,
assumed that the quality of atmospheric rainwater does not
exceed the standard of drinking water.

2) Roof and gutter — Hainwater samples from galvanized iron roofs
with gutter were ccllected using composite sutomatic sampler.
A composite automatic sampler was specifically designed with
the capability of collecting rainwater samples from roof and

gutter systems at varied time intervals. The sampler was
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Flgure 1. Localion of the Villages Sefected as Sampling Station.
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Table 1 Sampling points and Number of Samples

Sampling Points Village 1 Village 2 Village 3
Kok-Phan-Pong Dang-Noi Non~Tun

Roof and Gutter*
-Bottom 7 6 6
—Middle 7 6 _ 6
-Top

Storage Container
_Tank - ’
~Jar

In—house Container

Shallow Well

o 7 T~ T N
~ oy WoWw
o WW

* Rainwater samples from roof and gutter were collected in
3-vertical-connected-containers of the automatic sampler.
Bottom, middle, and top, represent the position of the 3
containers which collected the first rainfall in the bottom
container and the following few minutes of rainfall in the
middle and top containers. These are presented in all following
tables.
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3)

4)

5)

composed of 3 cylindrical containers connected in a vertical
series (Figure 4),

The sampler was connected to the bypass of a storage container '
that so when it rained, water from the roof and gulter were
collected at three different time intervals. The first few
minutes of rainfall was collected in the bottom container, the
middle container collected rainfall after another few minutes
has passed, and the top container collected the last time
interval.

Rainwater storege containers - Rainwater containers sre divided
into two types, tank and jar. A cement tank (10-12 cubic
meters) and a mortar jar (approx. 2 cubic'meters) were used in
this study. Only two year-old containers were selected.
Therefore, the effect of the containers’age on rainwater
quality waes eliminated.

In-house container — To identify a secondary contamination
water samples were also taken from in-house containers. Most
of the in-bouse containers are small pots made of cley which
are used as drinking water vessels. Water from collection tanks
will be transported to these clay pots by carrying vessels.
This was considered one of the possible routes of secondary
contamination as well as a poor senitary technique on the part
of the home owner.

Shallow well water — Samples were also taken from shallow wells,
which are sometimes used for drinking water, and analysed for

comparison with the quality of rainwater.

2.3 ILsboratory Analysis

Two samples were taken from each sampling point. One bottle of

about 1000 ml was used for bacteriological analysis. Another

bottle of about 500 ml was used for heavy metal analysis.
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The bacteriological analysis included the following indicator

organisms and pathogens :

Indicator organisms : total plate count
total coliform
fecal coliform
Bschericia coli (E.coli)
fecal streptococci
Pathogens : Salmonells
Shigella
Aromonas
Vibrio

The heavy metal analysis comprised chromium (Cr), cadmium (Cd),
lead (Pb), copper (Cu), iron (Fe), manganese (Mn), and Zinc (Zn).

2.4 BSanitary Practices

Rainwater contamination does not only arise during the course of
collection (i.e. from the roof and qulter system to the container)

but also through poor sanitary practices of the villagers such us

water handling and usage, toilet usage, solid waste disposal,

house cleaning. Information on samitary practices was obtained by
questionnaire, conversation, and visual observation of the researchs
assistants who spent one complete week in the selected village.

The information obtained from this survey allowed -an assessment of

the possible psthways of contamination via rainwater collection

systems and/or improper sanitary practices of the villagers.
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JITI. HESULT AND DISCUSSION
3.1 Evaluation of the Bacteriological Quality of Rainwater

Bacteriological quality of rﬁinwater collected from various
sampling points were compared to the WHO Standard Drinking Water
Quality (1971), which are summarized in Table 2. The standard
bacteriological parameters include (a) total bacterial count, not
to be higher than 500 cells/ml, (b) MPN of coliform, not to be
higher than 2.2 cells/100 ml, and (¢) MPN of fecal coliform, not to
be present, and (d) XK.coli , not to be present.

Rainwater samples collected from all of the various sampling points;
roof --and gutter systems,-tank and jar storage centainers, and
in-house storage containers failed to meet those standards. The
percentage of the various samples in the renge of 60-91, 34-78,

43-78, and 10-33 exceeded the standards of total bacterial count,

total coliform, fecal ¢oliform, and £.coli , respectively.

It was concluded that all sempling points were bacteriolegically
contaminated. The highest percentage of contamination encountered
in samples were from in—house storage containers followed by
samples from roof and gutter systems and lastly, tank and jar

storage containers.,
3.2 The Source of Bacteriological Contamination

The source of bacteriological contemination was evaluated using the
ratio of fecal coliform to fecal streptococci (FC:FS). A FC:!FS
ratio of greater than 2-4 indicates that the contamination was
from human rather than animal origin, while a ratio of less than 1
indicates the contamination was of animal orgin. A ratio of 1-2
indicates that the céntamination source originated from either
buman or animal origin.
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Table 2 Analyels of Bacteriological Quality of Rainwater from Various Sampling Points

Total _ Results in X of Total Number of Samples
Sampling Number Total Bacterial Count Total coliform Fecal coliform F.coli
Points of Meel Doesn’t Meet Meet Doesn’t Meet Meet Doesn't Meet Meet Doesn't Meet
Samples Standard Standard Standard Standard Standard Standard Standard Standard
Roof and Gutter 416 9 91 42 &8 42 58 20 10
Tank and 189 40 60 86 34 B7 43 88 12
Jar Storage
Container
In~house 100 12 88 22 78 22 78 67 33
Contalner
Shallow HWell 22 13.8 86.4 0.00 10G.00 0.00 100.00 68.2 31.8




The FC:FS ratios are summarized in Table 3. About 79% of the
samples collected from roof and gutter systems and 84% of the
samples collected from rainwater storage tanks and jars had FC:FS
ratios of less than 1, indicating that the source of contamination
were of animal rather than human origin. Approximately 39% of the
samples collected from the in~house storage containers had FC:FS
ratios of less than 1 and 47% had FC:FS ratios of greater than 4,
indicating that the contamination was from both animal and human
origins. It might be concluded that the human contamination

occurred due to unhygienic water handling and usage practices.
3.3 Pathogenic Contamination

Table 4 shows the results from the pathogenic isolation of
rainwater. The pathogenic contamination was found in samples taken
from roof and gutter systems, from storage tanks, and from in-house
storage containers. No pathogens were isolated from storage jars.
The isolated pathogens from these samples were salmonella gr £ and

C, Aromonas sp., Vibrio parahaemolyticus. Theée pathogens are
known to cause diarrheal diseases in humans. However, the

pathogens were isolated in only about 0.6% of the sample collected.
3.4 Bacteriological Contemination of Shallow Well Water

The bacteriological quality of shallow well water was also investi-
gated so that the comparison to the quality of rainwater could be
drawn. It was found that the bacteriological contamination of
shallow well water was higher than that of rainwater in every
bacteriological parameter (Table 2).

The FC:FS - ratios of shallow well water samples were similar to the
results from the in—house storage container samples. Approximately
33% of the shallow well samples had a FC:FS ratio of less than 1
and 43% of the samples had FC:FS ratio of greater than 4,indicating
that the source of contamination was of both animal and human
origins (Table 3).



£I-6d

Table 3 Ratio of Fecal Coliform to Fecal Streptococci (FC:FS) from Various Sampling Points

Sampling Points Number of Results in X of Semples FC:FS
Samples >4 >2 1-2 <1
Roof and GQutter 405 8 4 8 79
Storage Container
Tank 92 B B 80
Jar _ 95 9 3 4 84
In-house Conteiner 100 47 7 7 39
Shallow Well 21 43 18 5 33




A pathogen was also isolated from the shallow well samples, which
was Aramonas hydrophila . The pathogenic contamination occurred in
approximately 4% of the samples which is a higher rate of

occurrence than for any of the rainwater samples (Table 4).
3.5 BHBeavy Metal Contemination of Raiowater

The heavy metals analysed in this study included Cd, Cr, Pb, Cu, Fe
Mn, and Zn. Most of the heavy metal concentratiops did not exceed
WHO standards for drinking water (1971) with the exception of Mn
and Zn (Table 5). However, both Mp and Zn are considered to affeét
aesthetic quality of water only and are not considered to be

significant healthwise.

There was a range of 9 ~ 20% of the roof and gutter system samples
which failed the WHO standards for Mn and 4 ~ 26% of the samples
failed for Zn. Only 2% of the samples taken from the ip-house
storage containers failed WHO standards for Mn. No samples taken
from the storage tanks of jars exceeded the standards in any of the
analysed parameters. This indicated that the initial route of
contamination originated at the roof and gutter systems and was
then recontaminated at the site of the in-house storage container.
However, it may be noted that the roof and gutter systems were
considered ' the major source of contamination. It was also found
that the first rainfall samples had higher contamination of Mn and
Zn than the following rainfall samples, suggesting that Mn and Zn
were leached initally from the galvanized iron roofing material and
then washed into the storage containers. The lower concentration
of heavy metals in the upper layers of stored rainwater could be
due to the metals settling to the bottom gsediment layers of the
storage containers via either adsorption (e.g. Zn) or precipitation
(e.g. Mn).

In addition, pH may affect the dissolution of heavy metals. Table 6

shows the pH of the samples collected from the roof and gutter
systems ranged from 6.35-7.80, the pH of the storage containers
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Table 4  Analysia of Pathogenic Contemination in Water Collected from Various Sampling Points

Number of Ssmples X of - Name of Pathogens
Sampling Pointa Total Number of Contaminated by Pathogenic
Samples Pathogen(a) Contoaination

Boof and Qutter 305 1 0.2 Salmonelle group E
Storage Container

Tank 8g 2 2.2 Aeromonas sp.,Salmonella group €

Jar a7 0 0.0 -
In—house Contanier 99 | 1.0 vibrio psrahaemolyticus
Shallow well 249 1 4.2 Aromonas hydrophila




91-63

Table 6 Analytical Resulta of Heavy Metal Concentrations

Total Results in % of Total Number of Samples
Sampling Number - Cd ) Cr Pb
Points of Meet Doean’t Meet Meet Doesn't Meet Meet Doean’t Meet
Samples Standard Standard Standard Standard Standard Standard
Roof and Gutter
~Bottom 93 100 100 0 100
-Middle 126 100 100 0 100
~Top 100 100 100 100
Storage Container
~Tank 86 100 100 100
~Jar 26 100 0 100 100
In-house Container a0 100 0 100 0 100 0
® ° ° ° ° . * ® ®



Table 6 pH of Rainwater Collected from Various Sempling Points

Sampling Points pH
Roof and Gutter
-Bottom 7.80
-Middle 7.55
-Top 7.65
Storage Container
-Tank 9.10
=Jar 9.20
In-house Container 8.20
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ranged from 9.1-9.2, and the pH of the in—house containers was 8.2.
A high pH of stored rainwater may also cause the dissolved form of
heavy metals to become insoluble and therefore, deplete the stored

rainwater’s heavy metal concentration.
3.6 Sanitary Practices

The sanitary practices investigated in this study included: the
household structure itself, drinking water sources, characteristics
of collection systems, characteristics of storage containers, water
bandling and usage practices, cleaning practices, excreta disposal

facilities, solid waste disposal, and personal hygiene practices.

It was concluded that the senitary practices played an important
role in the bacterial contamination of stored rainwater. Not only
did unhygienic practices during collection, storage, and transfer
of rainwater affect the bactericlogical contamination, but alsoc the
unsanitary surroundings of the household itself affected the

bacteriological quality of the rainwater.

IV. CONCLUSIONS

The bacteriological contamination of stored rainwater was found. A
possible route of contamination was from both unclean collecting
systems (roof and gutter) and unclean storage containers (tank and
Jjar). The source of contamination was of animal origin. It is
thought that birds may be the main contributing to this source of

contamination.

The heavy metal contaminpation of the stored rainwater was also
found, but the concentration of those analysed heavy metals did not
exceed the WHO standard drinking water quality (1971). The higher
concentration of Mn and Zn were found in the saﬁples collected from
roof and gutter systems. These two heavy metals are considered to
affect aesthetic quality and are not significant to health effect.
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It was concluded that the health risk evolving from consumption of
rainwater should be due to bacteriological contamination rather

thap heavy metal contamination.

The bacteriological contamination was also caused by poor sanitary
practices of the villagers in rainwater collection, handling and
usage, toilet practices, solid waste disposal, and unsanitary

conditions of the household.

Rainwater is potentially the safest and the most economical source
of drinking water with the improvemenf of_ hygienic collection

procedure, storage, and sanitary practices. )
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ABSTRACT
Three technigues, a traditional approach (isohyetal map) and two
recent developments, (a distance weighted method and a finite
element approach) have been used to estimate the average area
precipitation on several different catchments. Since it is
generally recognised that the isohyetal map technigue produces the
most accurate results of the traditional methods, these have been
used as a basis for compariscon with the valﬁes obtained from the
two new technigues. Each method has its advantages and
disadvantages, but the results indicate that in terms of accuracy

there is little difference between the technigues.

INTRODUCTION
In nearly all hydrological studies it is necessary to estimate the
average depth of precipitation over the catchment under
consideration. Precipitation measurements are made at specific
points from a network of rain gauges distributed over the area of
interest, and the mean areal depth of precipitation is calculated by
one of several methods. The current technigues available include
three established methods.
(1) arithmetic mean,
(2) Thiessen polygon,
(3) isohyetal map
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and two more recent developments
{4) a distance-weighted method; and

(5) a finite element approach.

Arithmetic Mean
This is the mean of all gauge readings within the catchment with
equal weight given to each gauge irrespective of its location. It
is the simplest and quickest technigque which yields good results if
the topography is relatively flat, a large number of gauges are
fairly evenly distributed over the area and individual gauge
measurements do not vary widely from the mean, Linsley et al (1975).
The.approach neglects any influences of gauges outside the
catchment boundary and may produce poor estimates if any of the

above conditions are not satisfied.

Thiessen Polygon
If the areal distribution of gauges on the catchment is uneven, the
Thiessen or isohyetal graphical methods attempt to allow for this
non-uniformity by the use of weighting factors. The Thiessen
approach divides the catchment into a series of polygons
surrounding each gauge such that all points within each polygon are
closer to their respective gauges than to any other méasuring
station. The area relating to every gauge then becomes its-
weighting and may be re-used for different precipitation data. The
method, which agsumes a linear variation of precipitation between
gauges, usually gives more accurate results than those obtained by
the simple arithmetic average. However, no consideration is given
to any localised orographical features. Advantages of the
technique are that the total area in the calculations is exactly
equal to that of the catchment and the influence of gauges located

outside the catchment boundary are taken into consideration.

puring the past few years attention has focussed on the computer
evaluation of the weighting factors, Diskin (1969 and 1972) and
Shih et al (1975). However recent work by Ramaseshan and Anant
(1977) concludes that the Thiessen weights can be considered a

satisfactory optimum solution, but that their dependence upon
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hydrometeorclogical and pysiographic effects requires further

study.

Isohyetal Map
This method is considered to be the most accurate for averaging the
precipitation over a catchment as the analyst can take into
account orographic features and storm characteristics when
constructing the isohyets. Areas between the ischyetal lines then
become the weighting. The method is highly dependent on the skill
of the apalyst and if linear interpolation between the gauges is
resorted to, the results will be essentially the same as those
obtained with the Thiessen polygon method, Shih et al (1975). If
nonlinear interpolation is assumed a contour plotting program may
be used to produced the ischyetal map, but it cannot make use of

any natural effects.

Isohyetal plotting is subjective with its accuracy dependent on the
skill and knowledge of the analyst. Like the Thiessen method it
invelves a graphical construction, which must be drawn for every
storm, and meagurements of area. Hence both technigues may prove to

be very laborious and time consuming.

bistance-Weighted Method
To overceome gome of the disadvantages of the above graphical
approaches two new techniques have been proposed; one of the most
recent developments being the distance-weighted method, Goel and
Aldabagh (1979) . This approach assumes that all factors affecting
the precipitation distribution are proportional to the distance
between the gauges. Goel and aldabagh (1979) suggest that the
shortest distances between the gauges are joined to form a
triangular mesh. Average precipitation is then calculated by
multiplying the length of each line by the arithmetic mean of the
precipitation of the gauge measurements at each end, summing the
products for the whole mesh and dividing by the total length of all
lines. It is recommended that only those lines which lie 50 per
cent or more within the catchment should be included in the

calculations.
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The. advantages of the technigque are its speed and simplicity
(measurements of area are avoided), and it may be readily
programmed for large networks. Weighting is determined from the

number of lines radiating from a particular gauge.

Finite Element Approach
This method, which was introduced by Akin (1971) and extended to
include altitude corrections by Hutchinson and Walley (1972), is
analogous to some elementary concepts used in finite element
techniques. The gauge points in the area of interest are used to
form an arbitrary triangular or quadrilateral mesh, approximately
as closely as possible to the shape of the catchment. It is
assumed that the precipitation varies linearly over each triangular
area or element, whilst the quadrilateral mesh uses the bilinear
approximation to represent the precipitation surface over each
element. The average depth over the network is then calculated by
summing the volumes of precipitation and dividing by the total area.
The idealisation is similar to that of a Thiessen polygon, except
that each prism is now either triangular or quadrilateral in plan
with the horizontal upper face having the mean value of its nodes,
Chidley et al (1972). Weighting is dependent Sn the number of

elements connected to a particular node.

The advantages of this approach are its simplicity and.the fact that
the procedure is easily automated; network modifications such as
gauge removal require only minor input data changes. However, there
are several limitations with this technique. The mesh only
approximates the catchment area, accuracy is directly dependent on
the assumed rainfall distribution over an element and topographical
features are not considered. A further criticism by Edwards (1972)
is the freedom of cheoice of the network, although presented as an
advantagé by Akin (1971), leads inevitably to ambiguity if a fully
automated program is contemplated. Edwards suggests that an
objective 'cheoice of triangular mesh can be arrived at by first
constructing Thiessen polygons and then joining the gauge points
between which the pelygon sides are perpendicular bisectors. This

leads to a single triangular mesh, since the Thiessen network is
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unique if correctly drawn.

EXAMPLES
To compare the results from the various xﬁethods of analysis, six
catchments have been selected (References numbers 1,13,14,9,10,2)
which vary in size, shape, topography, gauge distribution and
density, so the merits of each method can be fully examined.
Since the isohyetal method has long been recognised as the most
accurate, only the results obtained from this traditional approach
have been used as a basis for comparison with the results from the
two recent techniques. Further investigations in the construction
of the networks have been considered for the recently developed
procedures. Outlines of the various catchments together with the

available data indicated on them are shown in Figs. 1-6.

DISCUSSION
Table 1 shows the results obtained for the average precipitation of
each of the six catchments. Also shown, in parenthesis, are the
percentage variation in these estimates from those of the isohyetal

method.

The distance-weighted method was simple and efficient, requiring
little skill in the network construction. Minor alterations to the
mesh, which violated the rules suggested by Goel and Aldabagh
(1979) , appeared to have little effect on the values.

The results obtained from the finite element approaches, using the
Edwards (1972) criteria for choice of network, are comparable with
the results from the other techniques. In general the linear
triangular mesh and bilinear quadrijilateral mesh produced similar
values with good estimates from the catchments shown in Figs. 1 and
4. Both these areas however were relatively flat with a fairly
uniform distribution of gaugés, and a reasonable approximation was
achieved in modelling the shape of the catchment. This later point
seems to be a major drawback in the finite element approach as it is
not always possible to adeqﬁately model the true area. This was
evident with the catchments C, E and F in Figs. 3,5 and 6

respectively. As with the distance-weighted method minor changes
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to the various networks appeared to have little effect on the

results.
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TABLE 1 cComparison of results from various methods
AVERAGE PRECIPITATION {cms)
METHOD
catchment A catchment B Catchment C | Catchment D |[cCatchment E | Catchment F
(Fig.l) (Fig.2) (Fig.3) {(Fig.4} (Fig.5S) (Fig.6)
ISOHYETAL 15.71 “ .35 7.82 12.27 6.63 79.25
MAP
5;§g:¥g§' 19.53 6.83 7.24 12.7 6.22 75.82
(-0.9) (+7.56) (-7.4) (+3.39) (-6.18) (-4.33)
?;ii:ﬁcﬁtiﬁE:ESH) 19.58 6.91 7.47 12.24 6.32 75.77
(-0.66) (+8.82) (-4.48) (-0.25) (~4.68) (-4.39)
E
Tég;giliiTgiﬁz MESE) 19.79 6.81 6.96 12.19 6.50 To few
(+0.4) (+7.24) (-11.0) (-0.66) (-1.96) gauges

Note:-

of the isochyetal method.

Figures in parenthesis are the percentage variation in results of various methods from those
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ABSTRACT

To properly design and operate a rain water cistern system, it
is necessary to understand the dynamic and stochastic nature of
rainfall processes. These processes are greatly influenced by
random variations as well as cyclical effects. However, there is no
general theory available which establishes the length of record
required to provide a representative normai period of rainfall. The
purpose of this study attempts to establish such a value.

To investigate the variability of monthly rainfall over a long
period of time, an island station on the Pacific (Western Samoa)
was selected for a number of statistical tests. The length of
records required was first computed by the stability of mean
approach. The number of vears necessary to reach different
stability levels were established for each month of the year. For
locations lacking long~term rainfall records, a relationship
between the years of average and the tolerance limit at different
confidence levels was developed using the classical statistical
approach. A rough estimate of the required length of the most
important input variable (rainfall) would aid in the design and

operation of a rain water cistern system.



INTRODUCTION

The four major design factors for rain catchment cistern
systems are rainfall, catchment area, storage capacity and water
demand. Of these, only rainfall 1is uncontrollable by the system
designer. Thus, the initial basic decision for the cistern owner is
to determine the minimum length of rainfall record which can
provide necessary rain water cistern system design information.
However, there is no general theory available which establishes the
length of rainfall record required to establish a "normal" period
of rainfall. The purpose of this study was to attempt to establish
such a value.

To many scientists, a normal period should not be shorter than
35 years. Cohventionally, the arithmetic mean calculated from such
a period is called normal. In England, 35 years was chosen as
normal of the metorological elements. Landsberg (1951) basing his
study of rainfall data at one single station, concluded that the
median is more adegquate than the mean to define the rainfall
“normal",  through comparison of the length of record with the
convergence of the two statistics to a respective stable value. He
also stated that, "For most of the months 45 years of records would
be needed to define satisfactory ’normals’ for comparative studies
of rainfall.” .

STABILITY OF MEANS

In order to understand the variability of monthly rainfall over
a long period of time, one station located in Western Samoa was
selected for a number of statistical tests. The reason for choosing
this station is primarily that it has relatively long, concurrent,
uninterrupted records of precipitation during the period from 1890
to the present. It is located in Apia, the capital of Western
Samoa, with an average annual rainfall of 2,870 mm. Mean monthly
rainfall distribution of this station is shown in Fig. 1. The graph
shows significantly more rainfall in summer months (December to
March) than in winter months (June to September). Since this
station is not near the equator {about 14°5), it shows a single
maximum during or just after the high sun period (Atkinsom, 1971).

For this station, the mean was established for the first ten
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vears (1890-99) of <the records and then successive values of this
statistic was calculated by including more data, one year at a
time. Thus, a series of values for the mean for successive periods
1890-99, i890-1900, esesy 1890-1971 was obtained and plotted in
Fig. 2 for the wettest month of January and the driest month of
July, _

Criteria for the stabiiity of the mean can be set either by the
absolute change of the monthly rainfall between consecutive years
or by the percent of variation of that value from the mean value.
In Landsberg’s work, the criterion for the stability is that the
absolute change of rainfall would vary within 5 mm. Since the
rainfall distributions usually display extremely large variations
from season to  season, both the more realistic criterion
(percentage of variation) and the arbitrary criterion (absolute
change) were included in deciding the required length of rainfall
records.

The number of years required to reach different stability
levels are summarized in Table 1. A longer (B to 9 years) duration
of rainfall records was required to reach the mnost "relaxed"
stability level (10% tolerance) for the drier months (June to
September). However, a remarkable improvement in stability (5%
tolerance) is achieved with an addition of a relatively short (less
than 10 years) length of rainfall records for the months of
February, June, October and December. The wetter months (December
to February) achieved lower stability earlier byt required a
slightly longer period to achieve the "stringent" stability level.
In general, less than 10 years of rainfall records are needed for
the mean values to reach a 10 percent level of stability; about 20
to 25 years to reach a 5 percent; and at least 70 years to reach a
1 percent stability level.

Based on the absolute change criterion, the mean monthly
rainfall for the drier months would not experience more than 5 mm
change if more than 35 years of continuous rainfall records were
used to establish the mean. However, more than 50 years of records

would be necessary to constitute a normal for the wetter. months.
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F1G. 1. Mean Monthly Rainfall in Apia, Western Samoa.

TABLE 1. Period of Record, in Years, Required for Mean
Monthly Rainfall Values to Reach Stability at
Specified Tolerance Levels.

Absolute change Percent of the mean
of .

Month 5 mm 1 5 10
1 52 55 20 4
2 47 47 15 6
3 66 73 35 8
4 41 79 19 9
5 37 68 37 6
6 28 78 . 15 8
7 13 78 ‘ 36 8
8 32 80 31 8
9 21 82 20 8
10 32 80 15 7
11 50 77 19 8

12 82 82 14 5
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CLASSICAL STATISTICAL APPROACH

For other locations, the same process would have to be
repeated, which 1is not always possible due to data unavailability.
Such tests would 1likely show a different number of years required
for stability at different locations. A classical statistical
method was tested to simplify the choosing an optimum sample size.
The first step in this analysis is to decide how large an error we
can tolerate in the estimate. The next step is to express the
allowable error in terms of confidence limits. If L is the
allowable error in the sample mean, and we wish to take a maximum
5% chance that the error wjll exceed L (95X% confidence), the
required sample size is given as (Snedecor and Cochran, 1967):

N = (1.960/L)2 [1]

In this study, N would stand for the number of years of
rainfall records wused in computing the mean value and o would have
the same meaning as the standard deviation of monthly rainfall.
The constant 1.96 corresponds to the value of normal deviate, Z,
with 95% confidence probability. The use of normal distribution is
based on the "Central Limit Theorem”" (Mood and Graybill, 1963),
which stated that even when the original population is not normal,
the sample means obtained from the original population tend to
become normall§ distributed as the sampling size increases.

Eq. [1] requires a knowledge of 0. Often a good estimate of ¢
can be made from results of previous samplings of this population
or other similar populations. However, if this estimate was being
used in some later year, the variance might change from vear to
year. In lieu of this estimate, Deming (1960) has pointed out
that © can be estimated from a knowledge of the highest and lowest
values in the population and a rough idea of the shape of the
population distribution curve. Defining H as the "range" of a
population, which is simply the difference between the highest and

the lowest value, then,

0= 0,29 H for a uniform distribution;

g = 0.24 H for a symmetrical distribution;
and 0 = 0.21 H for a skew distribution.

Mink (1960) computed frequency distributions of monthly
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rainfall values from 10 rainfall stations in the State of Hawaii.
None of those locations showed a significant difference from the
log-normal distribution as determined by the chi-square test. To
test if the same distribution prevails for rainfall in Apia,
monthly rainfall obtained were subjected to the classical frequency
analysis. As a first presentation of the total data picture,
frequency histograms were constructed by grouping the wonthly
rainfall data into 10 classes. Fig. 3 display freguency
distributions for the months of January and July. It is noted that
the number of occurrences of monthly values smaller than the median
is greatér than monthly values higher than the median, suggesting
possible skewed probability distributions for both months. To
select a distribution model that best fits the actual values,
conmon models such as normal, log-normal, or gamma families were
tested.

The first major model is based on the normal distribution
function, which is wused extensively in statistical applications.
This distribution function can be described by two parameters, the
mean u , and the standard deviation, ¢, and can be represented by

the following probability function (Haan, 1977):
. 1
f(x) 5 ====crm- exp [-(x-u)2/202} [2]
o(2n :

One helpful tool for direct testing of normality is normal
arithmetric  probability paper. With such paper, values of a
variable are plotted against the percentage of sample values that
are greater than (or less than) that value and then fits a curve to
the points. For a normally distributed random variable, the fitted
curve is expected to be a strajght line. Fig. 4 shows such plots
for the months of January and July. The solid straight lines in the
diagram are theoretically derived normal distribution curves using
the computed mean and standard deviation from each month (Table 2)
and substituted back to eq. [2]. Small deviation between the
theoretical line and the computed data points for the month of July
suggests that the monthly rainfall values are normally distributed.
However, this is not true for the month of January.

The sample skewness coefficients is another aid in testing
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normality. Since the skewness coefficient of the normal
distribution 1is zero, the sample skewness coefficient from a normal
distribution should be <close to =zero. The calculated skewness
coefficients for each month are also listed in Table 2. Coefficient
values for the months of January, March, May, August, November and
December far above zero indicate possible skewed distributions. For
the other months, the coefficient values are very close to zero.

A second major distribution model widely used in frequency
analysis 1is the log-normal distribution. This distribution function
differs slightly from the normal distribution. Instead of the
actual values, their logarithms follow a normal distribution and
the probabilify function can be written as (Haan, 1977):

f(y) = a;;ai;;;; exp [-(y-uy)2/20y2] [3]
where, y = log x.

To test whether a sample belongs to &a  population with a
log-normal distribution, the logarithms of the sample values are
first taken and the same normality tests described above are then
applied to the logarithms. Alternatively, log-probability plots on
especially designed paper can be used to save computation time. The
log-normal brobability plot for the month of 'January (Fig. 5)
showed a definite improvement over the normal probability plot
" (Fig. 4). Most of the data points 1lie along the theoretical
log-normal distribution straight lines, obtained by substituting
values of mean and standard deviation (Table 3) into eq. [3].

The computed skewness coefficients for each month after the
logarithmic transformation are shown in Table 3. Compared with the
coefficient values obtained in Table 2, it is safe to conclude that
monthly rainfall values in Apia follow the skewed probability
distribution for six months of the year (January, March, May,
August, November and December) and the normal distribution for the
other six months of the year (February, April, June, July,
September and October).

Once its distribution has been determined, the population
standard deviation of the monthly rainfall can be estimated from

its range (H) by the relation o= 0.24H (for normally distributed
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TABLE 2. Statistical Parameters Computed from the Monthly
Rainfall Values

® Standard Coefficient
Month Minimum Maximum Range Mean deviation of skewness

_(mm) (om) _ (wn) (om)  (mm)

1 84.2 1513.1, 1428.9 424.16 209.76 2,19
2 90.0 765.0 675.0 369.32 155.93 - 0.37
o 3 36.1  1297.4 1261.3 356.44  180.78 2.02
4 45.0 528.3 483.3 246.28 111.26 0.45
b 10.0 599.2 589.2 170.62 107.51 1.27
6 16.5 341.6 325.1 137.57 83.56 0.58
7 4.0 275.0 271.0 96.06 59,31 0.75
8 2.0 392.0 390.0 103.38 80.56 1.24
® 9 7.0 402.6 395.6 139.94 82.90 0.96
10 31.0 434.8 403.8 197.31 95.35 0.47
11 25.0 - B847.0 822.0 259.15 130.07 1.23
. 12 77.0 933.0 856.0 369.45 177.84 0.83
®
. -
TABLE 3. Statistical Parameters Computed from the Logarithm
of the Monthly Rainfall Values
Standard Coefficient
Month Minimum Maximum  Range Mean deviation of skewness
® (mm) _ (mm) (mp) (om) ___(wm)
1 1.93 3.18 1.25 2.58 0.21 ~0.52
2 1.95 2.88 0.93 2.52 0.21, ~0.67
3 1.56 3.11 1.55 2.50 0.22 ~0.81
. 4 1.65 2.72 1.07 2.34 0.22 ~0.76
5 1.00 2.78 1.78 2.14 0.32 ~D.95
® 6 1.22  2.53 1.31 2.04 0.31 -0.57
7 0.60 2.44 1.84 1.88 0.35 ~1.30
8 0.30 2.59 2.29 1.85 0.45 -1.05
9 0.85 2.60 1.75 2.06 0.31 ~1.15
10 1.49 2.64 1.15 2.24 D.24 -0.65
11 1.40 2.93 1.53 2.35 0.25 -1.18
® 12 1.89  2.97 1.08 2.51 0.23 -0.50
®
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TABLE 4. Comparison of the Computed and Estimated

Standard Deviation.

Month Computed Estimated Month  Computed Estimated

(mm)_ (mm) (mm) (mm)
1 209.8 300.1 7 59.3 65.0
2 155.9 162.0 8 80.6 81.9
3 180.8 264.9 9 B2.9 94.9
4 111.3 116.0 10 95.4 96.9
5 . 107.5 123.7 11 130.1 172.8
6 83.6 78.0 12 177.8 179.8
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rainfall) or ¢ = 0.21H (for skew distributed rainfall). Table 4
shows a good comparison between the computed and estimated standérd
deviation except for the months of January and March, Substituting
these relationship back to eq. [1], we find that:

‘N = (0.47H/L)? for normal distributions [4]

N = {0.41H/L)? for skew distributions [5]
For other confidence probability levels, the value of normal
deviate, Z, changes as well as the constant in the above
eguations. The term (H/L) can be defined as the tolerance limit

which is simply the ratio’ of the range of the monthly rainfall
values to the tolerable error. Relationships between N and H/L at
different confidence levels are plotted in Fig. 6 for the
symmetrical and skew distributions. These figures should be
applicable for any locations.

To make use of these diagrams, one needs to set a certain
tolerance limit, If it is decided that only 10% of the range is
tolerable or H/L is equal to 10, Fig. 6A shows it will require 7,
11, 20, and 38 years of normally distributed rainfall records in
order to achieve 80, 90, 95, and 99 percent confidence levels,
respectively.

CONCLUSIONS

The temporal variability of monthly rainfall in Apia, Western
Samoa was investigated based on eighty two years of uninterrupted -
rainfall records. The length of records required to achieve
different stability levels, set by the percentage of variation
about the mean value and the absolute change between consecutive
years were determined. It generally takes more than 10 years of
rainfall records for the mean monthly rainfall values to reach a
10-percent level of stability; more that 20 vyears to reach a
S5-percent; and at least 70 years to reach a l-percent stability
level. _

For locations lacking long-term rainfall records, a
relationship between the years of average and the tolerance limit
at different confidence levels was developed. A rough estimate of
the required length of rainfall records to provide a representative

unbiased wmean monthly rainfall value can be obtained at a given
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tolerance limit. This would aid in the design and operation of a

rain water cistern s§stem.
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ABSTRACT
The rural region where no irrigation facilitieg were
ronstructed in several handred vears.had many tamelikes
{¥armers grour pond) in the Setouchi of Javan.
These tameikes are special ¥acility of water resources fcr

1=

[N

{farmere who were suffering from serious droucht .and this

& convenient structure reflecting their special socizal
situation, then I would like to use the word “"tameike"” as a
technical term.Tameike c¢ould be constructed and operated byr
farmeres group.,and they has exclusive water right of tamelke.
The tameike is kev facility of paddy rice production ang of
social activity of farmers ,and thesz farmers are active
menber for economic activity of agricultural corporation. ke
have transfered the tameike from Setouchi region to Northeast
Thailand through cooperation study between Kvots Universit
and Chulalongkern University, as the key ftacility of
integrated small-sczle rural development among rainfed paddv
rice field on flat land of Notheast Thailand .Though there
was strong salinity in ground of Northeast Thailand ,the
rainfall collected in tameike could dilute the salinitv to
the level of irrigable water.It was very successful facilitv.
We wre  ¢going to show our xperiences and theoreticeal
evaluaticn for tameike of the regicn not onlv {recsh
ground water area but also salt ground water arez in
Northeast Thailand.



SYMBOLS

Abzbottom area of tameike.Ain=inner slope area.Ag=area oI
rainfed

H;

ground surtface Jevel,Ac=area of crest.Arp=area o
paddyv rice field.,Az =area ot water surtace :
Bhzwidth of bottom cof tameike. Bz = width at <%the leveil of

ground suriace, Bz = width of water surface:

C=salinitv of tameike,Co=initial salinity of C,Cp=salinitv of
rainfed paddy rice field,Cpr=scoefficient of run-off from
rainfed paddy rice tfield.Cr=salinity of rain.Cg=salinit~ of

soil water,Cgf=salinity of fresh water stored under slcpes:
D=zalt supplied in tameike, dt = time integration ;
E=zevaporation from water surface ,Et = water consumpticn:

F=discharzs released; G=gravity accereiation:
Hi=depth of bottom under ground surface, Hg = depth cof
original ground warter from bottom,

I=integer of dawvs ;

k=permeability coefficient of ground m/s;

L=thickness of frsh water stored under slope,lo=initial value
of L,Lv=vertical thickness of fresh water stored under
bottom, Lvo = initial value of Lv:

Pzrun off coefficient from crest of embankment:

g=seepage from slopelunit width!).@a=rainfall on tameike, G4 =
seepage from {our slopes, Gbh=flew te tameike from rainfed

-~ paddy rice field,@izrelease for irrigation,QRe=evaporation

from tameike;

R=rainfall per day ,Re = effective rainfall;
Sazsalt due to rain y Sb = salt due to return flow, Sc =
salt due to sespage through slopes, Sd = salt go cut due
to. sespage, Se = salt released from tameike;
tztime , T= seconds per dayv;

v=velocity of seepage, vvz vertical seepage velocity, V =

total volume of water, Vp = volume in tameike , Vg o=
fresh water stored under slopes ,Vgo = initial wvalue
of Vg, %V3v = fresh water volume stored under btcttom,
Vgvo = initial value of Vgv, Vpo=initial value of Vp:

Xy=effective hvdraulic radius ,Xo = middle point of sicpe:

Z=deorth of water from bottom of tameike,




1, INTRODUCTION

So far ,though the big irrigation project were adopted for
water resources development by many countries, but there has
remained many isolated places with no water in the humid
Asia.Nevertheless ,there are plenty of rainfall,for example
800~1500 mm per year in Southeast Asia.

The development of water resources on these isolated areas
should be done by the new idea.l would like to present the
direct development of "rain water resources by means of

Tameike(farmers group pond).

2. PRESENT SITUATION of WATER RESOUCES DEVELOPMENT
The water use development by big project are already
tried by’government agency for several decades. These are
large- and medium-scale irrigation projects.The principle of
project selection was the best b-c¢ ratio in economics. The
construcion flow of big irrigation preject 1is presented

in Fig.1.

| . . ? - T

(ralnfed paddy jconstruction of\\construction oﬂ consolidation
-

irice field dams and weirs\\ canal system|of rainfed

paddy rice

field

Fig.1 construction flow of big irrigation project

This irrigation project needs very big construction cost,
long construction period and high level technology. Then
all irrigation projects become very ‘'expensive now.
The rural area of no water resources has been isolately
remained under low economic activity. We should develop the
new method of direct development of rain water resources
at rural region.Now,I would like to present the construction

flow of new water resouces development by means of tameike in

Fig.2.

!rainfed paddy] |{direct development of big irrigation
|

‘rice field r’rain water resources " project

i lby tameikes .

Fig.2 construction flow of rain water recouces development

We would like to recommend the development flow of Fig.2,
Gl -3 -



namely the development from small-scale development by means
of tameike to larger scale project with canals,weirs and dams

in Southeast Asia because there are much rainfall every year.

3. PRESENT SITUATION of RAINFED PADDY RICE FIELD

The rainfed paddy rice field has spread on almost of the
flat land in. Southeast Asia.When the rainy season start,
farmers would plant seed of rice, and rice plant grows in
accordance with the increase of rainfall.When the rice plant
has matured ,rainy season would over.Farmers can enjoyv the
harvest .If there are reasonable distribution of rainfall,
such agriculture of rainfed is actually reasonable method.

But unfortuna?ely, there occurs big wvariation of rain

and they had been continuously suffered serious drought

disaster due to the lost of buffer action by deforestation.

4 TAMEIKES of SETOUCHI REGION in JAPAN

The Setouchi region in Japan island had flat plateau and
annual rainfall 1300 mm/year,comparing 1800 mm/year that is
mean value of Japan Island.All areas are used for rice
production .The farmers had constructed many tameikes(farmers
group pond) handred years ago by farmers themselves with
several families. The tameike could collect direct rain from
their own paddy rice field.The typical features of tameike
are as follows.

a.The tameikes were constructed on flat land,no mountains

and no rivers.

b.There are intensive agriculture by tameike.
c.The farmers group was organized by several families

who have blood relation.

d.The farmers who had constructed tameikes had the water
use right exclusively.

e.Tameike is not only the faciiity of direct rain
collection but also the reliable social structure.

f.Tameike is a key facility of small-scale integrated rural
development.

£.The density of tameike distribution has reached 20-30
percents of flat lénd.

h.Total rain on the paddy rice field near the tameike could
be collected and stored.

GlL-4-



i.Farmers group had duty to control,operate and maintain
tameikes without any help from government.
J.Land for tameike constructicn would be donated by farmers.

The typical model of tameike can be shown in Fig.3.

- F

paddy rice field

! - » -~ -
> d » - N . - a A
- < el - - w o -~
-~ rd
. . « x : : -
paddy rice field ol 7 o2 N
: < ¥  water use - - H -
- X A d >\"""/a ~ Pz .
‘4 — / R * »~ ol J-n-flow
! :* K "" lr . " J(/‘/ 7\‘"‘-...,_ N
""‘ . “+ s ‘o water yge
—» tameike * inflow i .,
< \\ L : i & -~ tameike
. -~
< . . . -
- .. - e
e {}
LI
Fig .3 standard tameike model Fig.4 tameike group model

{1) Development of Tameike

Due to the increase of population at the area ,tameike had
expanded to the tameike system. Fig.4 shows the distribution
of tameike group,and Fig.5 shows the connection canal between
river and tameike .Tameike groups were again connected with
long canals to the big parent reservoir to set up

vrarent-children tameike system as shown in Fig. 6 .

{2) Differnces between Tameike and Reservoir

The reservoir has following characteristics different from

tameike.
a.Reservoir has big watershed in upstream only,but tameike

has flat paddy rice field as watershed.

b.Reservoir has been constructed by dam crossing valley,but

tameikes has been constructed on flat and.

¢.Water of reservoir can be used by only down stream paddy
rice area.

d.Reservoir can be constructed and operated only by

govenment,but tameike is constructed,operated and maintained

by farmers group.
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, paddy rice field
Fig.5 tameikes connected

with river

river

tameikes
Fig.6 children-tameikes
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reservoir

5.INTRODUCTION of TAMEIKE to NORTHEAST THAILAND
The Northeast Thailand has similar water situation with
Setouchi region in Japan in Summer as follows.
a.Farmers are going to raise paddy rice in rainy season.
b.Annual rainfall is from 1,000 to 1,300 mm/vear in both
regions.

¢.The need of water resources development becomes very high.

d.Farmers would prefer the development of water resources
which produces benefit in one year after construction.

e.There are no mountain and no big river near the rainfed
paddy rice field . _

f.Small-scale integrated rural development would be welcomed.

There are some special problems in Northeast Thailand

different from Setouchi as follows.

a.There are not only fresh water but also salt water in
underground of Northeast Thiland.

b.Though tameike construction of Setouchi region were
performed in very old time by means of man power,but now we

have big construction machines and big government.Then the

Gl- 6 -



where Vpzwater volume in tameike,Vg=fresh water volume stored
under tameike, V = total storage of tameike , Aout = outside
slope area of embankpment, Ao=crest area, Ab=area at bottom
of tameike ,Ag=area at the ground surface level,Ain = inside
slope area, Hbzdepth of bottom from ground surface,Hg = depth
of original ground water from botttom , Z=depth of tameike
water from bottom,Bb = width at bottom of tameike , Bg=width
at the level of ground surface ,@=zangle of slope,Bz=width at

water surface, Azs area at water surface;

Bz = (Bg -Bb)*Z/Hb + Bb (2)
Az = Bz*Bz (3)
Vp = 1/6 *Az*Bz -1/6 *Ab*Bb (4)

When the water elevation of tameike is higher than ground
water elevation in Fig.9-1,the fresh water of tameike can
go into the ground by seepage, and can push original salt
water outside, then the fressh water mass can be stored
under tameike. This feature can be expected in rainy season.
Otherwise,when the water elevation of tameike is lower than
ground water elevation as shown in Fig.9-2, the fresh water
stored under tameike flows back into tameike.When the lower
surface hold long days ,the dense salt water of original

ground wduld seep into tameike .

fresh water

‘ v
eI —— (; A - s !
A Z /é/-“ -'".-—-h"fzri
salt water | J 7 ‘salt water WJ g

rrad 7 I3 rs
fresh water fresh water o

Fig.9=-] Cross section (Hg< 2)

fresh water
. T o — ' T S
Hy

>~ = \
salt water %v 3 salt water,

7 Vi 7 s p/a

9-2 Cross section (Hgy 2 )

Fige.

Fig.9 various status of ground water depth
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The fresh water stored under the slope is given br

Eq.(12) as shown in Figs.9-land 9-2. The seepage in unit
width of slope is calculated by Eg.(5).

n

q = k/2 *(Hg*Hg - Z*Z)*1/(Xg-X,) (

where X=(origin of distance on inner slope),Xg= effective

hvdraulic radjus , L = thickness of fresh water under the
slope of tameike in Fig.9-1,LFinitial value of L,v=horizoental
seepage velicity through slope,k=permeability
coefficient(m/s) of ground.The thickness of fresh water
stored is given by Egs.({6) and (8), when the water

elevation of tameike is higher than ground water surface.

L = Ly v¥ dt (g}
v z q/{(Z*¥cosec(@)) {7)
L = L+ (k/2 *(Hg*Hg - Z*Z)* sin(@)/(Xg*Z))1* dt (8)
Ha<Hb; (-) (8)°
As = (Bb + Bz)/2 *Z *1/sin(@). | (9)
Q4 = 4*As*v (10)

Hz<Hb;Q4 =-4*Ag*v (11
If there are hard rock under the tameike,so we can neglect
the fresh water stored under bottom.Then the fresh water
- stored under slopes is given by Eq.(12).

Vg =Vgo -2*%k*(Bb+Bz |*{Hg*Hg-2*Z)/Xg *dt (12)

When the depth of bottom rock is deep enough,we can calculate
the fresh water volume stored under the bottom by Eq.(15).

vvzk*{Z «Hg)/Lv - {13)
Lv =Lvo + vv¥ dt

= Lvo + (Z-Hg)/(Lv) *dt {14)
Vgv = Vgvo +Ab*k*{Z =-Hg)/{Lv) *dt 115)

where vv=vertical seepage velocity,Lv = vertical thickness of
fresh water under bottom,Lvo=initial value of Lv, Vgv=fresh

water volume stored under bottom,Vgvo=initial wvalue of Vgv.

Gl. 10 -




€ - oo ©Observation
4 —— theory
C 50 4 -
| P
40+ 3 2T —m Tl
| 0

APR 1982 gaNn 1983 ° JaN 1984  JaN

salinity cl
8'3

[
Q

0 —

e —
T ST ——

APR 1082 JAN 1983 JAN 1984 JAN
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experiment tameike

The water volume of tameike can be calculated through the
time integration of the difference between inflow and.

[y

outflow discharges at tameike.

(1) Inflow to tameike
Inflow into tameike can be given by Qa,Qb and Q4 as follows.

QRa ={Ag+Ain+Ao*P)*R/T {16)
@b = Cpr*Arp*Re/T . {(17)
Re = R - Et {18}

where Qa = water from rainfall, R = rainfall mm/day , P=
coefficient of run-off,Qb = return flow from rainfed paddy
rice. field into tameike, Cpr = coefficient of run-off from
rainfed paddy rice field(=0.3), Arp = area of rainfed paddy

rice field,Et=water consumption mm/day ,Rezeffective rainfall
mm/day.

when Hg> Z
Q4= 2%(Bb + Bz )*k*(Hg*Hg- 2*Z)/(Xg) {19)
(2) Water go out from tameike

Go out discharge can be given by Qe,Q4 and Qi.

Gl -11 -



Qe = Az xE (20}

where Ezevaporation from water surface of tameike mm/dav,
Qe=discharge due to evaporation, Qi = intake for irrigation

from tameike;

when Z > Hg
-Q4=2*%({Bb +Bz *k*(Z*Z -Hg*Hg)/(Xg) {(21)

{J)Water balance of tameike

when Hg > Z

[
Vp =Vp, + ((Qa «Qb +Q4- Qe))¥ dt (22)
when Hg < Z
Vp =Vp.+ ((Qa +Qb) -(Qe +Q4))* dt 123)

When there are fresh ground water ,the storage simulation

can be done by Egs.(22) and (23) only,

6.3 Salinity Model for Tameike
As there are great area of rainfed paddy rice field where

salt ground water lies in underground ,the following salt anal

" should be performed.

{1) Salt flow into tameike
Salt flow into tameike can be given by Sa,Sb and Sc.

Sa = Cr *(Ain +Ag +Ao *P)*R/T (24)
Sb =Cp *Arp *Cpr*Re/T (25)
when Z < Hg and Vg > 0
Sc = 2%Cgf=*k*(Bb+Bz)*(Hg*Hg~2*Z)/(Xg) {261
when Z < Hg and Vg = 0
Sc =-2*Cg*K*(Bb+Bz )*(Hg*Hg-Z*Z) /(Xg) (27)

where Sa=salt due to rain, Cr = salinity in rain,Sb=salt due
to return flow from rainfed paddy rice field,Cp = salinity of
the water of rainfed paddy rice field,Sc=salt seepage through
inner slope of tameike,Cgf=salinity of fresh water stored

under tameike,Cg=salinity of soil water in underground.

Gl =12 -
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(2) Salt flow out from tameike
Salt flow out from tameile can be given by Sd and Se.

when Z > Hg .

Sd =2*%C*K*(Bb+Bz )*(Z*Z-Hg*Hg)/(Xg) (28)

Se = C*Qi (29)
There is uniform sality distribution in experiment tameikes.
‘where Sd = salt flow out due to seepage,C = salinity of water
in tameike,Se = salt released by irrigation from tameike.

(3) Salt balance of tameike
Salt balance of tameike can be given by Eq.(30).

C#Vp' = Co*Vpo + (D~C*F)*dt (30)
when Z < Hg and Vg > 0
D = (Cr*{Ain+Ag+A0 )*R +2%Cp*Arp*Re+Cgf*k*(Hg*Hg-
Z*Z)*x(Bb+Bz))/(Xg) (31)
F =Qi (32)
when Z < Hg and Vg = 0

D = {Cr*(Ain+Ag+A0 )*R+Cp*Arp*Cpr*Re+
2*Cgxk* (Hg*Hg=~Z*Z )*(Bb+Bz )/ (Xg) (33)
F = Qi ' (34)
when Z > Hg
D =Cr*(Ain+A+Ao0)*R +Cp*Arp*Cpr*Re {35)
F = Qi-2*xk*(Hg*Hg ~Z*Z)*(Bb+Bz)/(Xg) (36)
where C, = initial value of C ,D = salt supplied, F =

discharge taken out:
The salinity Cgf of fresh water stored under tameike would
be given through the result of leching test of the sandy

soil at the Iran by Eq.(37).

Cgf = 0.2x%Cg (37)
Also the salinity in fresh water stored under tameike is
approximately ' uniform in all directions.
(4) Simulation Model for Salinity

The simulation for water volume and salinity of tameike can

Gl- 13 -



be simultanecusly done through the Egs.(38) and (39).

dVp/dt = Qi - F {38)
dC/dt = (D -Co*F)/Vp . {39)

If we wuse the integer I for days ,volume in tameike Vp(1I),
fresh water Vg(I) under tameike and salinity C(I) in tameike
can be calculated through three Eqs.{(40),(41)and (42).

Vp(I) =Vp{I-1) +{(Cpr*Apr*Re + {Ag+Ain+Ao*P)*R(I) +
2*k+(Bb+Bz(I-1))*({Hg*Hg-Z(I-1)#(I~1))*dt/(Xg)

=Az(I)*E(I)-Qi(I)) (40)
Vg(I) =Vg(}—1)-2*k*(Bb+Bz(I-1))*(Hg*Hg—Z(I-l)*

Z(I-1}))%dt/(Xg) (41)
C(I) =C(I~-1)+ (D(I)-C(I)*F(I))/(Vp(I)) (421

We could get the solution for Vp, V9 and C as shown in Figs.
10 , 11 and 12 by the simulation with one dayv step.

7 CHECK of THEORY by EXPERIMENT TAMEIKE
The Egs.{(40),(41) and {(42) were checked through simulations
by the observed data of experiment tameike. Fig.10 shows the
storage variation by the depth <through years,and the
comparison of salinity between”simulation and observed data
for the experiment tameike are shown in Fig.10.These results
show good applicability of the simulation method for tameike

evaluation.

8 SENSIBILITY TEST

As we got good simulation model through comparison between
mathematical simulation and observed data of experiment
tameike ,we could perform following sensibility tests.
Fig.11l-1 shows the depths of water in tameike under the
ground water depths 3.5,3.0,2.5 and 2.0 meters respectively.
Fig.11-2 shows the fresh water Vg stored under the tameike
for the same arrangment of ground water depth.Fig.l11-2 shows
the salinity of tameike water under the same ground water
depths for 1982,1983 and 1984.

Fig.12-1 shows depths of tameike under three permeability
coefficients k=0.000001,0.00001,and 0.0001 m/s respectively.
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Fig.12-2 shows fresh water Vg stored under tameike for the
same permeability coefficients. Fig.12-3 shows the salinity
of water in tameike for three permeability coefficients.

a. sandy s0il(k=0.0001 m/s )is no good for water storage
characteristics when ground water level is comparatively
low , but good for ground water utilization when there is
no salinity and high ground water elevation.

b. Fine sand (k = 0.00001 m/s) is good for water storage due
to small seepage,and good for salinity control by good
dilution effect through good water operations.

¢c. The 80ils(k<{0.00001-0.000001)m/s) can be utilized for
direct development of rain water resources by means of

tameike.
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9. CONCLUSION
Water resources develepment by big irrigation project is
going to difficult due to the lack of good places from the
stand point of construction cost.The direct development of
rain water resources become very important and resonable
for the small-scale development of rural area . The studies
on the design and planning for the direct development of
rain water resources by means of tameike is very
meaningfull reseaech problem not only for construction cost
but also for social property in rural area. If the
systematical comparison of the experiences between big
irrigation project and tameike group development,in all humid
region of the world,are integratedly performed we are verv

plesased.

*,
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ABSTRACT

A novel water conservation methodology in Singapore is presented
where both surface runoff and rainwater gathered'from the roofs of
sTructures are exclusively used in an aquaculture farm. In this
farm which has a catchment area of 25 hectares, not less than 4% of
the land area is covered by corrugated zine roof. The annual
‘rainfall of about 2200 mm is collected from both the roof and the
remaining land area and stored in four large ponds. Water is
continuously pumped to the fishtanks and aquatie plant tanks to top
up the losses in thé system. The wastewaters from the fishtanks
are directed to :acultative lagoons from which the effluent
overflows into the water and algal ponds. The nutrient-loaded
water at lower levels of the facultative lagoons are directed to
the aquatic’ plants or algal ponds which reduce the nutrient
contents and then overflow back to the facultative lagoons. This
system does not need a supplementary source other than rainwater to.

make up the losses and could be a forerunner for such schemes in

other developing countries.
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INTRODUCTION

The Republic of Singapore lies 1° 9’ north of the equator and has a
land area of 620 square kilometres. Limited land area in a rapidly
industrialising country has led to competing demands for its use.
There is an annual rainfall of about 2400 mm and almost 70% of the
land area 1s.being used as water catchment. There is also an
escalating water demand (Appan 1987) and, hence, there is an
understandable reluctance to encourage water-intensive industries,
especially when they also tend to use large tracts of land.
However, in the north-eastern part of the island where the land is
not so attractive for other industrial activities, it was
ascertained that the rainwater abstractable in a 25 hectare land
area would be’ more than sufficient for use in an aquaculture farm.
The main objective of this paper is to describe the existing system
of utilisation and recycling of the harnessed rainwater with
special emphasis on the method of collection and the potential

volumes that are extractable.

THE HSE OF RAIN/ROOF WATER AS A SOLE SOURCE OF SUPPLY

In recent times, most of the larger Rain Water Cistern Systems
(RWCS) involve the collection, storage and use of roofwater for
:mainly potable uses, This approach is exemplified in developing
countries like Thailand (Hayssen 1986, Wironajagud and
Chindaprasirt 1987), Indonesia (Aristanci 1986) and The Philippines
(Appan et al 1989) where the quantities abstracted meet the

essential drinking water requirements.

Roofwater ,in a number of instances, has been recommended for use
in non-potable areas. It has been suggested to be used for
flushing of toilets by integration of RWCS with existing supply
systems (Ikebuchi and Furukawa 1982, Appan et al 1986). A study
was also conducted in the United Kingdom on the reuse of rain and
wastewater for water closet flushing (Fewkes and Ferris 1982).
It was also proposed that in the Kennedy Space Center in Florida,

stormwater collected from rooftops and parking lots could be used
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in conjunction with wastewater effluent to satisfy 1008 of the
cooling water requirements (Dwornick et al, 1984). A Zurther use of
rainwater collected from a bus-depot in conjunction wich an
existing recycling system was shown to be feasible and economically
viable (Appan 1988). Most of the above systems involve the use of

rainwater in combination with other existing supply sources,

The sole dependence on rainwater for non-potable uses is reported
in one of the smaller scale rainwater collection systems involving
an annual water yield of 1673 m>. This scheme was shown to be
economically viable for aquaculture and hydrophonics and was
designed in the Virgin Islands (Rakocy et al 19384).

On the whole, the exclusive use of rainwater for intensive,
large-scale aquaculture appears to be a relatively new area of
application. ' In such a system, water is continually being recycled
with the losses being replenished only by the stored rain/roof

waters.

THE AQUACULTURE FARM IN PUNGGOL,SINGAPORE

The farm is located in the north-eastern part of Singapore and is
well set out in a 25 hectares of land. The farm was established in
February 1986 and has been operational from December 1987. Shown
in Figure 1 are the various units and the flowpaths in the two
major land areas involving the culture of ornamental fish and

foodfish . Details of these two areas are as follows:
a. Ornamental Fish Area
This area occupies about 64% of the total land area and involves

most of the unit operations in the system. The four main ponds in

this area are:
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SCHEMATIC DIAGRAM OF AQUACUTURE FARM
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The Water Pond (101,000 ms)
The Facultative Lagoon 1 (15,000 m3)
The Facultative Pond (12,000 m°)
Roof Water Pond (10,000 =)

Rainwater from the roof is collected both in the Roof Water Pond .
During heavy downpours, the excess surface runoff is discharged

through a stormwater overflow arrangement in the Facultative Pond

1.

The wastewater carrying the faecal discharges of the fish is
transferred from the two groups of Ornamental Fish tanks to the
Facultative Lagoon 1. The supermatant from this tank overflows to
the Water Pond from which the water is pumped through 4 high-rate
sand gravel pressure filters. This filtered water is pumped at a
rate of 400 m3/hour for a period of 6 to 12 hours to the two groups
of ornamental fish tanks. The nutrient-rich water in the lower

levels of the Facultative Pond 1 is withdrawn and pumped to the

‘Aquatic Plant tanks that are located between the Aquarium Fish

tanks. The nutrient-rich water on passing through the aquatijce
plants will be rid of most of the high nutrient loads and overflows
back to the Facultative Lagoon 1.

b. Food Fish Area

Food Fish Area: The area occupied is about 36% of the total area
and has the following units:

Algal Ponds (2 groups) (53,500 m) .
Facultative Lagoon 2 (10,000 m3)
Surface Runoff Tank (10,000 m3)

The Algal Ponds 1 and 2 house the foodfish. The faecal wastes of
the fish are discharged from the bottom of these ponds to the
Facultative Lagoon 2 from which the superﬁatant is pumped back to
the Algal Ponds. There is also an overflow facility in the
Facultative Lagoon 2 for discharging excess rainwater. Suitable
aerators are provided in the Algal Ponds to make adjustments for
the diurmal variation in the dissolved oxygen levels.

G2-5



Surface runoff in the area is collected in the Surface Runoff Tank
and water is topped up in both the Algal Ponds using this stored
rainwater. There is also provision to receive additional rainwater

overflows from the Facultative Pond.

SYSTEM PARAMETERS

The choice of a suitable model depicting the input/output
relationship in such systems is of paramount importance for
analysis. In this systam, the rainfall is the only input. The
losses are the’evapora:ion from the large water surface areas, the
absorption in the Zinc roof, seepage through the sides and bottom
of the tanks and the backwash wastewater from the pressure filters.

Choice of RWCS Model

The simplest model for determining the reliable yield was based on
the concept of computation of the daily status of a known storage
volume for a specific draft (Appan 1982). The computer program
used (Appan et al 1986) was modified slightly to take into
consideration the dual sources of supply from the stored surface
runoff and roofwater.

Rainfall

There is an extensive network of about 63 rainfall stations in
Singapore. However,. the nearest rainfall station to the
Aquaculture Farm is at Paya Lebar that iz hardly 6 km away and is
deemed to be the most representative. Rainfall figures in Paya
Lebar for the last 5 years indicated an ;nnual average of 2200 mm.
In this case study, daily rainfall records were used for the
computations.
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Losses in the System

The major output in this closed system 1is the evaporation
losses. The values used (Pang and Quah 1987) were based on

average monthly Evaporation Pan values (see Table 1).

TABLE 1

Evaporation Pan Values (mm)

LR R R R F R FE R R RN N L L Ll L L L L L L E R T TN W A W W W

Jan Feb March April May June July August Sept Nov Dec

R R D D W e s e YR SR A TP AR R D R I B R D e W e wk e e e e A S e A e R AR MR AR R A MR AR W A W

The second source of losses was due to the continual operationm of
filtering the water that was flowing through the system. This was
computed on the basis that the filter backwash losses did not
exceed 2.5% of the throughput.

From the field observations and the geology of the area, it was
deemed that the seepage losses should be in the region of 5 to 10%
of the total storage volume,

The net demand in the system was thus the sum of the evaporation
losses, the loss due to filter backwash wastewater and the seepage
losses. In the case of the roofwater collection system, the roof

absorption losses were also included.
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RELIABLE YIELD

There are two separate systems viz., the Roofwater Collection
System that directly supplies to the Rain Water Tank and Surface
Runoff Collection System that accounts for all the water that falls
on the water surface area and the 5% exposed land area. These two

systems are intercomnected.
The Roofwater Collection System

The roofwater is collectied from the Zinc roof that covers parc of
the structure housing Aquatic Plants and Aquarium fish (See Fig 1).
This area amounts to 10,000 m?. The demand has been worked out to
be 31 to 37 m3/day and takes into consideration an absorption loss
of 0.25 mm (Appan 1982) and the evaporation pattern as shown in

Table 1.

In Fig 2a is shown the relationship between the daily demand and
the % of rainwater that meets this requirement and the spillage
volume. TUpto a demand of 60 m3/day, rainwater can independently
meet the requirements though the spilled rainwater for the current
demand varies from 110% to 83% of the water demsnd. In Fig 2b is
shown the relationship of the spillage volumes with respect to the
'%togage Volumes. For zero-spillage, the corresponding @ Storage

Volumes will be as shown in Table 2.

TABLE 2

Zero-Spillage in Rainwater Collection System

Daily Demand in m3/d 31 34 37

L R R R I T R A R e LR RN EEE R R E R EERE R NN IR R IR R R I

Storage Volume in m®> 14,750 13,725 12,675

----------------------- P R N I A T R I I N e Y
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Fig. 2(a): Daily Demand vs Rainwater Used/Spilled

14 15

Tank Volume (103 m3)

Fig. 2(b): Spillage vs Tank Volumes

FIGURE 2 : ROOPWATER COLLECTION
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Surface Runoff Collection Sys.e:

The demand was calculated to be 800 to 950 m3/day. The net
surface area is 240,000 n? and a storage volume of 256,500 m’  was
used for the computer runs. From Fig 3a it can be seen that for
the existing storage and volume criteria, the rainwater meets the
current demand range and can do so till the demand reaches 1400
m3/day. However, there is bound to be overflows for existing
conditions. Using the current storage volumes, all the collected
surface water can be used only {f a demand of 1800 m3/day is
maintained. In this case, the stored rainwater will only be able
to account for 80% of this demand and the remaining 20% should be
met by other sources.

To determine the tank sizes in relation to the spill volumes,
another set of runs were done and the results shown in Fig 3b.

Based on these figures, the volumes for zero-spillage conditions
are as shown in Table 3.

TABLE 3
Zero-Spillage in Surface Runoff Collection System

----------------------- [ Ll L E T A R R N R W

Daily Demand in m>/d 800 850 900 950

----------------------------------- N e A L L L L R R R

Storage Volume in m® 350,000 332,000 314,000 296,000

DISCUSSION & CQﬁCLHSIONS

1. In a country having abundant rainfall but where water has to
be used sparingly, the system of aquaculture developed using
stored rainwater exclusively is proving to be a working
proposition that is economically viable.
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Fig. 3(b): Spillage vs Tank Volumes

FIGURE 3 : SURFACE RUNOFF COLLECTION
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In the case of roofwater storage, the current demand is
adequately met by the supply with a fair amount of spillage.
At present, the stored rainwater is being used in the culture
of aquarium fish and the excess roofwater is indirectly fed
to the rest of the system. If the full potential of the
abstractable roofwater (which is of a much higher quality) is
to be utilised, then the storage volume has to be increased
from the present 10,000 m3 to 14,750 m3.

The surface storage system also has overflows which are being
discharged though, at present, all the water requirements are
met with by the collected rainwater. The spillage volume can
be eliminated provided the storage volumes are increased from
256,500 m3 to 350,000 m>.

On the whole, though there is a fair amount of spillage at
present, this volume helps immensely in dilution of the waste
products and could be instrumental for the lack of build-up
of nutrients and organic loads. Before embarking on a
programme to fully utilise all the collectible rainwater
(zero overflows), this aspect of the role played by the
spillage volumes should be thoroughly studied and analysed.

The intermittent discharge of nutrients and organic loads
could be quite crucial especially if such a build-up can
cause operational problems. Relief of pollutional load can
be achieved by scouring the beds of the Facultative Pond 2
and the Facultative Lagoon. This operation can be carried
out when stormwater is tending to overflow. However, the
quality of such waste discharges should lie within the
standards set out in local legislation (The Trade Effluent
Regulations 1976).

G2-12




REFERENCES

ARISTANTI, C. (1986). "Dian Desa’'s Rainwater Catchment Progrsmme"”.
Proc. Regional Seminar and Workshop on Rainwater Catchment, Khon
Kaen, Thailand, 29 Nov to 3 Dec 1986, pp 132-134.

APPAN, A. (1982). “Some Aspects of Roof Water Collection in a
Subtropical Region". -Proc. Inter. Conf. on Rain Water Cistern

Systems, Honolulu, Hawaii, June 1982, pp 221.

APPAN, A. (1987). "The Reuse of Treated Sewage Effluent in Sand
Quarryiny Operations™. 1Inter. Conf. on Water Management in 2000
for Déveloping Countries, Dec 8-10, 1987, Singapore, pp RR21l.

APPAN, A., ALSOGOFF, F. and TAN, K. L. (1988). "A Feasibility
Study on the Utillisation of Surface Runoff from a Small Paved
Catchment as a Supplementary Source for Non-potable Use”. Proc.
Sixth IWRA World Congress on Water Resources, Ottawa, Canada,
29 May - 3 June 1988, pp 172A7.

APPAN, A., LIM, K. L. and LOH, S§. K. (1987). "The Utilisation of
High-rise Building Rooftops for Development of a Dual-mode of Water
Supply in Singapore”. Proc. Third Inter. Conf. on Rain Water
Cistern Systems, Khon Kaen, Thailand, 14-16 Jan 1987, pp. Cl10-1 to
14. '

APPAN, A., VILLAREAL (Jr), C. J. and LEE, K.'W. (1989). "The
Planning, Development and Construction of a typical RWCS System: A
Case Study in the Province of Capiz™. Proc. Fourth Inter. Conf. on
Rain Water Cisterm Systems, Manila, The Philippines, 2-4 Aug 1989.

DWORNICK, D. S., HEANEY, J. P., KOOPMAN, B. and SALIWANCHIK, D. R.
(1984). "Stormwater Collection and Wastewater Reuse as a Cooling
Water Source at the Kennedy Space Center, Florida". Proc. Second
Inter. Conf. on Rain Water Cisterm Systems, Virgin Islands, USA,
June 1984, pp D2-1 to 24.

G2-13



e

FEWKES, A. and FERRIS, S. A. (1982). ™Rain and Wastewater Reuse
for Toilet Flushing: A Simulation Model"., Proc. Inter. Conf. omn
Rain Water Cistern Systems, Honolulu, Hawaii, June 1982, pp 377-
386.

HAYSSEN, J. (1986). "Population and Community Development
Association Rainwater Collection and Storage Project (Tungnam
III)". Proc. Regional Seminar and Workshop on Rainwater Catchment,
Khon Kaen, Thailand, 29 Nov - 3 Dec 1986, pp 68-74.

IKEBUCHI, S. and FURUKAWA, §. (1982). *Feasibility Analysis of
Rain Water Cistern Systems as an Urban Water Supply Source". Proc.
Inter. Conf. on' Rain Water Cistern Systems, Honolulu, Hawaii, June
1982, pp 118-129.

PANG, C. K. and QUAH, L. H. (1987). "Raw Water Characteristics and
Nutrient Input/Output Analysis of Kranji Reservoir”, Project
Presentation (unpublished), School of Civil and Structural

Engineering, Nanyang Technological Institute, Singapore 2263, pp
132.

RAKOCY, J. E., HARGREAVES, J. A., and NAIR, A. (1984). "A Rain
Water Catchment System for Agricultural Water Supply".  Proc.
Second Iﬁter. Conf. on Rain Water Cistern Systems, Virgin Islands,
USA, June 1984, pp C3-1 to 15. |

THE TRADE EFFLUENT REGULATIONS (1976). Water Pollution Control and
Drainage Act, Act 29/75, Pub., No. SLS 27/76, Republic of Singapore.

WIRONAJAGUD, P. and CHINDAPRASARIT, P. (1987). "Strategies to
Provide Drinking Water in Rural Areas of Thailand". Proc. Third
Inter. Conf. on Rain Water Cisterm Syst;ms, Khon Kaen, Thailand,
14-16 Jan 1987, pp B5-1 to 11.

G2-14




DELIVERY
AND

DIVERSION SYSTEMS



STUDY OF DIVERSION. AT'D DELIVERY IN
RAIN WATER CISTERNS IN INDIA
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ABSTRACT

In some hilly areas in North-East India, seasonal
rzinfall, being only source of drinking water, is
collected in Household Jars and Cisterms of Brick,
Masonry and Corrugzteé Tin., Presently Concrete and
Ferro-cement Cisterns are also built for adaguzte
storage to meet family needs throughout the year,

Rain water collected in Metal or Tile Roofs is

conveyed through Gutter and Dovmpipe directly to the
Cistern below, But nowadays, because of increased
road traffic, there is much settlement of dust on the
roofs ia dry months. Roof Wash Filter and Diversion
for Poul Flush is introduced. Flexible pipes or

Flap Valve and inverted 'Y' Pipe arrangements are

used. System, however, is not very effective

28 peorle neglect to manually change position after
rains. The objective of this paper is to offer a
simple but Automatic Diversion System using a leaking
Bucket z2nd Counterweight princivle. Water delivery
from Cisterns above ground is by gravity flow,

Hand pumps are used for cisterns below ground, for
which a more effective foot pedal pump is being tried
out. Por larger applications for comiunity use, a
simple, low cost single mast windmill, held in position
by guy ropes, has been developed using components such
as Bicycle and Hand Pump parts which are all easily
available in the local market. Specifications, technical
details and photographs presented. The paper also
reccomends suitable measures for promoting rainwater
harvesting techniques in drought prone areas in India
and otkher developping countries.
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INTRODUCTION

BRain water Harvesting systems have beer in use in
different parts of India since ancient times, Im the
eerly Puddist era, Monks living a HMonastic life in
mountain caves, had labouriously hewm intricate serijies -
of gutters and water cisterns on the adjoining rock face
to provide for their domestic water supply throughout
the year, We see evidence of their amazing skill and
enterprise in the Elephanta Caves near Bombay end in the
Udayagiri and Kandagiri caves im Orissa.

Down South, Cholz and Pandya kings in the Tth and 8Bth
century A.D. had constructed rzir water catchment .
tanks and reservoirs at the foot of many hills and
hillocks., Temples like the famous Meenakashi Tenmple
in Madurai bhave a big water tank in the middle, where
the rain water run off from the nessive Gopurams
(Towers) are collected. Commurities living around,

had depended on such temple ponds for their domestic
water needs.

But in recent times, with the advent of piped water
supply in meny towns and villages, the importance of
maintaining rain water harvesting systems, even 28 an
2ugrented source of supply has sadly diminished,
resulting in their neglect and consequent deterioration.
Hany rain water tanks and ponds heve silted and become
unservisable.

Only in the North Easternm parts of India, particularly
in Nagaland end Mizoram, rzin water harvesting technicues
are still widely used., Here, seasonal rainfall,
available for about 6 months of the yezr, is the only
source of water supply. 3But the people manage very

well by storing rain water for use throughout the year.
Even 2 Biz 200 Bed Hospitel community in Durtlang

meets all the needs from roof catchment and storzge in

& huge underzround reservoir, Nowhere else, except here,
house hold cisterns with roof catchments, provide
domestic water for a lzrge segment of the population.

In Aizawl, by the side of every house, one can see,

razin water cisterns of various sizes, made of %in,
concrete gp Masonry, for storing the rzainfall Pun off
from roofsg of corrugaged ‘ron or tile,

Taking note of the successful utilization of rain water
harvesting in the NorthEast, for providing adaguate
domestic water supply to individuel households, on 2
year round basis, Planmers are now veering round %o the
idea of adopting these techniques in other drought
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prone arees in the rest of the country. Thetch and
Asvestos roofs are not quite suitable., But for other
roofs, it is quite practical.

DIVERSION SYSTENS

But the people, in generazl, have a reluctance to use roof
catchrents and domestic rain water cisterns as they are
under the impressiom that rzin water, thus collected,
will not be poteble, in view of the high settlemernt of
dust, 2né dry leaves etc on the roofs in the dry months.
Areas with high road traffic are always dusty. There is
glso the danger of contamination from droppings from
scavenger crows and other birds and redends like rats

and mice,

It is 'therefore necessary to show the people that the
purity of rain water can te maintained guite easily, with
a few safeguerds. Normelly, at the start of the rainly
season, all the accumulated dirt and other pollutants,
will be washed off in the first mew rains, leaving the
roof, quite clean from which, reasonsbly pure rzin water
can be collected and stored,

Hence, what is needed, is some provision in the systenm,
by which, the first water from each shower containing
dirt called the foul flush gets diverted from the weter
cistern and ellowed to run to weste. Only after all
the’dirt is washed off, the rain water is let into the
container through 2 roof wash filter. This can be
effected by providing some arrangement in the down pipe
connecting the roof gutters with the water cisterm,
This is called a diversion systenm,

To further safeguard the quzlity of water, the foof
gutters should slope evenly towards the down pipe and
not ellowed to sag, so as to prevent open pools of
water forming there, which are sure to become breeding
places for mosquitoes. To prevent vermin like rats,
mice and lizards and also insects like cockroaches etc
taking shelter in the pipes, it is necessary to cover
all exposed pipe ends by a close mesh screen which must
be cleaned periodically, so that it is not clogged by
dry leaves and dust particiles,

Types of Diversion Systems

The following three types are, some of the diversion
systems in use in different parts of tize world.

A diversion arrangement, in its simplest form, is just
- a flexible pipe comnected at the discharge end of the
down pipe, At the start of the rain, the flexible pipe

)
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is placed in the drain so that the foul flush is washed
off. After some time when the water looks clean, the

pipe end ig shifted to the storage water container. A
typicel arrangement, popular in Thailand is shown in Fig.l

:/(," AR A
Ag_‘ ,. "'[-..ll'—-"!:

\1% Flzxiblevjoints

JAIL]
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; >
_ Down pipe can be

redirec for foul flush
or overflow

Figl- Flexible Down P.’pz. Dn'version

Another arrangement for diverting the foul flush is,

by means of z roof washer through which the rain water
is passed before it is let into the water cisterm. Such
an arrangement is shown in Pig.2.

DownN PIPE

SEAL >

RaiN wATER
cisTeRn b

Fig.2. Artangament  for diverting *wst foul Flush®
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Yet another arrangement is an underground storage tank
receiving rain water that overflows from a vessal placed
above the grounrd. In the surface vesszl, there is a tap
provided at the bottom for foul flush during the first
rains, and later on, when the water is clezn, the clear
water in both the containers are used for domestic needs,

The above three arrangements have been tried out in India.
But they have not proved very successful becasuse of
. following disadvantages,

Whichever, the diversion system used, the people have to
come out,in the heavy down pour to activate it, which
they often neglect to do. So much so, they end up either
with very dirdy water in the cistern or they would be
wasting precious drinking water, which they can otherwise
use for their domestic needs. This is the crux of the
proklem which the designers have to solve,

Automatic Foul Flush Diversion System

Hence a diversion system, which is simple, and economiczl
but which is effective end which can function
setisfactorily,without much attention is called for,

The objective of this paper is to present such a diversion
system, which is automztic and needs very little zttention,
The proposed srrangement is shown in Pig.3.

SloPing Down P\Pe From Roof
o Gumf&

zriblz TUBZ

== = == Roof Wash

- =% = 1Y Filter i — !0'6"\

Ratn Walzr Cistern l

Fic.3 Automatic Foul Flush Diversion Svstem
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In this arrangement, the sloping down pipe is terminated
in an inverted Y section, onearm of which is cormected
to the water cistern through a roof wash filter and the
other arm to drainage, and a flep valve inside the
Junction point, is actuated by a 'S’ Type Control Rod
outside, s0 as to close or open either of the two arms.
The change of position of the flap valve for closing

one zrz or the other is effected bv a small engular
rotation of the flap valve shaft by means of the control
rod, 80 as to direct the water flow either to the
drainage side or to the water cistern. At one end of the
conirol rod is hung a water bucket with a few pin size
holes in the bottom, and at the other end, a counter
wWeight, so balanced that the control rod remzins tilted
down at the counter weight side a2t normal times. In

t-is position, the flap valve is open to the drain side
and closed: to the water cistern. In the back side of
the sloving dovm pipe, 2 liktle above the junction point,
is a2 smzll pipe nip-le to which, is connected a flexible
pipe of size about 4", the other end of which, is inserted
in the water bucket,

The working principle of the automatic diversion system is
as follows- At the start of the rainfall, as the flap
valve i= open to the drain side, the first shower with

the accumulated dirt on the roof cotchrment is flushed into
drzin, The water coming down the main pipe will also

flow through the small size flexible pipe which slowly
fills the bucket. The size of the bucket and the

flexible pipe are so determined that it should take

about 5 minutes to £ill the bucket., It is a reasonable
assuxption that in about that time, all the accumulated
dirt on the roof catchment would have been washed off,

When the water bucket gets filled, due to the additional
weight of water in the bucket, the control rod at the
bucket end tilts down, resulting in the shift of the flap
valve to the other position and the rain water, now flows
into the water cistern, instead of the drain.

After the rzin ceases, the water im the bucket slowly leaks
through the pin holes in the bottom and the bucket

becomes empty, and the control rod ag-in tilts down at the
counter wight side shifting the flzp valve to its normal
position i.e. allowing water flow to the drain side. At
every rainfall, this cycle is repeated.
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fhis sutomztic diversion system should prove useful in
places with intermittant rain falil and in =ress with high
dust settlement on the roofs,

DELIVERY SYSTEMS

A good razinwater harvesting system should =21so have a
proper means of delivering the water to the users. The
construction, omeration end maintensnce of the water
delivery and &istribution system must be simple, and easy
vhile at the same time, economical,

In Horth East India, most of the earlier systems have an
gbove ground cistern from whcih the water is delivered
through a tzp fitted in a convenient side. In such

e system, one pust ensure that the tap does not leak.
But unfortunately taps do leak, resuliing in wastage of
precious drinking water.,

Now, more and more household rzin water cisterns are
built underground, as,such storage offers several
advantages like saving of space above ground and thet
of easy construction in view of the good structurzl
support offered by the ground. More over the water
remains cool through out the year anc there is no loss
of water through evaporation.

But a major disadvantare of en underground storage is
extraction of water. Unlike the gbove ground storage
systems where a simple tap arrangement will do, in z
below ground systex, 2 good hand pump is needed to
remove the wzter,

Households - with ~ underaround cisterns norrally

use a 23" or 3™ cylinder sizecast iron Hand pump. In
such pumps, the break down rate is guite high, as the
leather bucket cups in the piston gets worn out arnd needs
frequent.’ replacement.,

Now attempts are being made to find cieaper bgt
definetely, better alternatives. A Hand pump, where the
cylinder is made of plastic (P.V.C.), serves much better.
An experimental pump made of plastic converted for easy
pedal operation is under trial in 2 few places. One such
pump is shown in Pig.4.



Fig4 Feoa Tyre  Warer Rwe

For larger community storage and distribution, in a few
places, where the wind regime is quite high, they muse
wind mills.

In fact, in most places in the North Eastern States of
India, wind speeds exceed 8 kilometers/hr for a major part of
the vear, the introduction of wind mill water ‘pumping systems is a
possibility. . p

Unfortunately wimdmills have not become very popular
because of the high installation cost and their
poor r=cord in dependability,

Analysing the hardware cost structure of windmills, it
is found that the total cost of the windmill is taken
up by the following components,
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*l. Structural parts.
2. Iransmission system including gear reducer
3. WindWheel '

4, Water Pump
5. Pipes and Pipe speciels,

It is possible to economise on 211 the above 5
component parts of the system and still have a
dependable unit. Por commrunity level, rain water cisterns

and for similar applications.. One such windmill which
has been developped recently is shown in Pig.5.

Wind Mill Drive Mechanism shown separately in Fig.ba

Fig 5. SINGLE Mast Low Cost Wb MH.L- Fig Sa. Wino My Drwve Mecuantam

H1-9 £0WARD PoviAnAtuan 4



As

This is 2 low cost wind mill water pumping system
capable of operating in wind speeds as low as 8 km per
hour, with an output of zbout 2000 litres per hour at
15 km winds,

In this windmill there is no structural tower., The
d-elivery pipe, _itcelf, is the meain mast, held in
position by 3 guy ropes. On top'of -~ . dis the wind
wheel and transmission gear box. in a revolving frame
with a tailvere whick automaticzlly keeps the wind
wheel facing the wind in the right direction.

The 6 ft diaceter wind wheel and other components like

the gear reducer and otker parts have been made of
aluminium sheefs and light weight steel plate fabrications
and readily available Eicycle parts.

The windmill powers the 24™ reciprocating type wzter
pump through the crank, chzin and sprocket arrarngemenis
(Recuetion 2:1) so as to keep the piston travel within
permissibie limits of 150 strokes per minute,

The water pump used is either the commonly available
India Mark YT Hand Pump, cylinder and Piston arrangement
or a2 pump made of plastic (P.V.C.) developed locally.

Because easily .available parts have been used in these windmills, they
tan be installed and maintained by local villane artisans. This low
cost, high utility windmills is undergoing frial in a few places and
their results are quite promising.” - .

CONCLUSIONS AND RECCOHENDATIONS .

Household cisterws are sn important means of storing
rainwater for family use. In places where rain water
is the primesry source of drinking water,.adequate.
storage for comrunity use is also necessary to ensure
that people have access to a sufficient quantity of
good quality wa¥er, year round, It is a strange phemo-
menon +thzt in the developiing world, floods and
drought are . . yearly occurznce, _and o eem e

yet the people would mot adopt simple raim waler
harvesting techniques. ; e .

It must. however be admitted that, even though the
cost of constructing below ground ferrocement cisterams turns
‘out to be ' much cheaper than other formsof comstruction,
the system, as a whole, i.e, the roof gutters,-dowz
pipe, with the diversion system for foul flush, the

roof wash filter with the water cisterm and the water
pump and pipes in the delivery system, all costs
considerable sums of money. Qtentimes, the cost is beyond the
means of ordinary people.
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Yet the Benefits of adopting appropriate rzin water
harvesting techniques in drought prone areas are imnmense,
far out weighing other considerations. Hence, it is,

of utmost importance to educate #nd convince people

of their practical utility.

Pirst of a2ll, town and village plammers should adopt
these techniques in their own buildings, which are
under the direct control of the Govermment. Public
buildings like town halls, markets, schools, hospitals
and panks etc should have rain water systems in good
working condition, serving the community. These will
act as demonstration units to the people. Civie
uthorities should also encourage individuzl house
holders to construct rainwater harvesting systems in
their houses for their own domestic use, by offering
suitable incentives like t:ax benefits and easy loans
at low interest for such constructions.

Secondly Engineering Research Institutions, in close

co-operation with the building industry, must come
forward to zctively participate in the development
process of evolving rzinwater techniques suitable

to a particuler region, taking into consideration,

not only the rzinfall patterm in the arez but also
the socio economic condition of the commor people,

who should be the mzin beneficiaries., The development
work should not be confined. . just the design of 2
water cistern alone but should make a detailed study
of the system as a whole and offer practiczl solutions,

Design and construction specifications and drawings
should be easily available to the people. Pabricated
items like gutters, down nipes, diversion flap valves,
roof wash filters as well as suitable pumps, etc. should
zlso be available off the shelf. All items must be

of good workmanship without costing too zuch money.
Successful implementation of rainwater techniques will
depend a gzreat deal on how well the people are
conditioned to receive these new ideas, Conducting
regular training programmes for the common pecple in a
particular area will greatly benefit them. In this area,
voluntary agencies engaged in social services znd in
development works can help a great deal.

The Development work done at the Rural Technology
Development Center of the Christian Industrial Training
Assoglation, Madras had given us experience in the design,
fabrication and field testing of a variety of water
extraction devises suitable for house hold as well as
community level rain water harvesting systems, -
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HYDRAULICS OF RAINWATER CATCHMENT GUTTERS

Richard J. Heggen
Associate Professor
University of New Mexico
Albuguerque, NM 87131 U. S. A.

ABSTRACT

In the author's observation, a frequent weak link in rainwater cistern system
performance is the catchment gutter. Collected rainwater is spilled before reaching
the cistern. In some instances, gutter maintenance is neglected. In some instances,
gutter construction is faulty. In some instances, gutter design is fundamentally
inadeguate. This paper addresses design issues, the relation of precipitadon intensity
and roof area to gutter cross-sectional shape, size, slope and length. A spatially
varied hydraulic profile solution is reduced to a general statistical rule for design.
Consideradon is given to aspects of gutter technology in developing regions.
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SYMBOLS

Ag = Cross-scctional area of gutter (cm?)
Ap = Cross-sectional area of leader (cm2)
A; = Roof area, horizonially projected (m?)
C = A consunt related to gutter shape
D = Hydraulic depth (m)
g = Gravitational constant (m/s2)
i = Rainfall intensity (cm/hr)
(iAr) = Total gutter loading (m2/hr * 102)
(iLy) = Unit gutter loading (m2/hr/m * 102)
Lg = Gutter length (m)
L+ = Roof length, crown to eve, horizontally projected (m)
n = Manning roughness
Q = Gutter discharge (m%/s)
q = Roof discharge per unit width (m2/s/m)
St = Fricdon slope
Se¢ = Gutterslope
w = Nominal dimension: radius or base width (cm)
x = Distance (m)
y = Depth (m)

INTRODUCTION

"Very little concern has been shown for gutters. Their purchase and
installation are usually not part of the project and they are usually left to the
owner to supply and install. The result 1s that gutters are poor, leaking or
inadequate and valuable water is wasted. In low rainfall areas, collecting all
the rain available is crucial to delivering all the benefits of the system. In high
intensity rainfall areas, considerable attention should be put on ensuring that
the gutters are large enough to handle intense showers.” (Lathem and
Gould, 1986)

The gutter frequently inhibits the performance of a rainwater catchment
system. Rainfall intercepted by the roof is lost in transmission to the cistern. If the
gutter is blocked by debris, the problem is one of maintenance. If the gutter is
improperly installed, the problem is one of construction. If the gutter is
fundamentally undersized, too flat, or too long, the problem is one of design.

This paper addresses the hydraulic design issue, the relation of precipitation
intensity and catchment area to gurter shape, size, slope, and length. The basis of
design is that of spatially-varied open channel flow, a topic concise in theory while
complex in computation. Through statistical simplification, a basic design
relatonship is derived.

LITERATURE REVIEW

According to Pacey and Cullis (1986), "Guttering seems to be a difficulty for
many householders, yet it is rarely mentioned in reports from technical assistance
programs.” A brief review of technical reports substantiates this observation;
guttering is totally ignored in roughly three-fourths of rainwater catchment reports.
The remaining quarter, however, do provide some documentation on current
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practices. The following literature review is divided into two sections, the first
dealing with the technology of gutter construction, the second dealing with sizing.

Technology
Eabricated gutters

Fabricated metal or plastic gutters come in standard dimensions. Graf (1985)
describes ten commercial gutter cross-sections ranging in width from 9 to 20 cm,
and four conventional leaders (downpipes) ranging in cross-section from 25 to 150
cm2. Hanger and strap installation is specified. Graf suggests that the gutters be
without slope for aesthetic reasons. For a developed region, Graf provides a
reasonable basis for building code. For a developing region, even where fabricated
gutters are available, Graf's conservative standards may be unrealistic.

Sheet meral gutter use in developing regions is discussed by Edwards, Keller
and Yohalem (1984), verbarim from Keller (1982). They concluce that cost (U.S. $5
per meter) and commercial unavailability preclude its common usz. Pacey and Cullis
(1986) suggest $12 per Zimbabwean house ($6 for materials, $6 for repairs) for
metal guttering, 16 percent of cistern costs. Malik (1986) corputes a fabricated
household gunter in Malaysia to be $80, 60 percent of cistern costs.

tone slides and w hs

Pacey and Cullis (1986) describe a Bermudan practice of placing triangular
stone ridges ("glides") diagonally on smooth roofs, diverting the water before it
reaches the eves. They also note a Ghanean use of low wooden troughs below the
eves, a technology compatible with thaich roofing.

Bamboo

Bamboo is distributed throughout tropical, subtropical and mild climates at
clevations to 4000 m. A number of species have diameters in the range of 15 cm.
McClure (1953) provides a comprehensive technical summary of bamboo
construction in general.

Bamboo is widely used for catchment guttering. Edwards, Keller and
Yohalem (1984) provide derails of guttering configuration and construction. There
appears to be no appropriate published dara regarding costs, an understandable void if
bamboo is truly a free good. If, on the other hand, bamboo has associated costs (an
obvious one being that of time for installation), the costs should not be ignored in
project planning.

. Sizing
tte

) Gutter design ranges from the overly-simplified to the computationally-
impractical. At the overly-simplified end is Pacey and Cullis' (1986) criteria for
rainwater catchment in tropical areas: gutter gross-sectional area Ag should be 200

cm2, For a semicircular section, the diameter would be 23 cm, a size achieved only
by the largest bamboo species.
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Edwards, Keller and Yohalem (1984) suggest Ag be 70-80 cm2, the
minimura width for square and semicircular gutters be 8 cm, the minimum width for a
triangular gutter, 10 cm, and the minimum depth for all shapes, 7 cm

Benji (1934) determines for a semicircular gurter,
Ag = (.383 (i Ar)o'8 (1)

where Ag is in cm2, i is rainfall intensity in cm/hr and A is roof area in meters. The
(i Ap) term can be called "total gutter loading™ with units of volume per time. For a

roof with a roof length Ly, crown to eve, horizontally projected, of 5 m and a gutter -

length Lg of 20 m, roof area A, is 100 m2. For a rainfall intensity i of 20 em/hr, (i

Ar) is 20*100 and Agis 167 cm2. Benji also evaluates a rectangular gutter; the
result, involving the gutter's three dimensions, is computationally impractical for
general design.

Leader

In simple,rainwater catchment systems, a cistern located at the end of the roof
is fed directly from the gutter's end. Dropping flow through a leader leaves less head
for elevated storage. In some systems, the cistern may be situated at a midpoint along
the roof, drawing water, directly or by leader, from both sides. In more complex
cases, leaders from gutters on both slopes of a roof transmit water to a removed
cistern. For small systems, leader area A may be of less concemn than Ag. For large
systems, leader sizing becomes more important.

Pacey and Cullis (1986) suggest that the leader area A| be at least 78 cm?.
Graf (1985) specifies that Aj be,

A=002( Ar) ' @)
where Ajis in cm?. For the above example, 40 cm? of leader is needed. It should
be noted that Graf assumes multiple leaders to waste runoff; all the flow is not

"dropped to a single locadon for storage. ' .
McCuen (1989) indicates that Aj should be,
A1 =0.173 (i A0S ' 3)
For the example, A;is 52 cm2.
 Fundamental basis
None of the above refercnees takes into consideration the fact that the flow
profile in the gutter is spadally varied, i.e. discharge increases with downstream
posidon. Rajapakse (1986) notes that this should be done and provides the necessary
differendal equation, g

dy _So-S¢-2Qa/gAg2 @
dx 1. Qz/g/Agzp
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where y is depth, x is distance, S, is gutter slope, Sy is friction slope, Q is total guuer
discharge (i A), q is discharge per unit of roof width (i Ly), g is the gravitational
constant, and D is the hydraulic depth. Rajapakse concludes,

"This is a very tedious equation to solve, which has to be done by trial and
error. Tables giving the gutter size for given roof area and rainfall intensity
could be developed using the above formula for use by practising engineers.
In the development of such tables, consideration should be given to the
common practce of the country with regard to gutter materials and shapes, the
available range of roof areas and the range of rainfall intensities experienced.”

Rajapakse suggests that gutters be designed for the one-year storm for a 5
minute time of concentration. No more than 5 percent of rainfall should be lost in a
wet year.

Of significance in Eq. (4) is the inclusion of slope terms and the unit width
discharge term. Gutter performance does depend upon gutter slope and friction slope
(a function of gutter roughness). Flow depth in a 2 m gutter draininz a2 5 m (crown
to eve) roof is different than the depth in a 5 m gutter draining a 2 m roof, although in
both cases the gutter drains 10 m2. Whereas Egs. (1) - (3) reflect experience with
standard gutter technologies, Eq. (4) allows evaluation of alternative designs.

ANALYSIS

Three cross-sections, as shown in Fig. 1, were sclected for analysis: the
semicircle, the trapezoid with 1:2 sideslopes and depth equalling width, and the
square. The semicircle is assumed to be bamboo, Manning roughness n of 0.025.
The trapezoid and the square are assumed to be sheet metal, ficld-fabricated, n of
0.015. Size is characterized by a nominal dimension, radius or base width, w. All

cross-sections are presumed to flow full,
4 I l 4
w w
\ v

oW —p —W —

Semicircle Trapezoid Square

Figure 1. Gutter Cross-sections

Solution of Eq. (4) rests upon identification of the initial boundary condition.
As discussed by Chow (1959), control is established by critical conditions which
may be at the overfall, or may be upstream where discharge passes from subcritical to
supercritical. Chow provides a lengthy case-study graphical solution relating to the
spillway at Hoover Dam.

Eq. (4) and the boundary condition were solved numerically by computer for
each cross-section for four roof lengths, four nominal gutter dimensions, and three
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o= yues. The results are in terms of (i Ly), the product of rairfall 1Mica.z: =4
roof length. Units can be expressed as the rate of roof runoff per unit roof width. The
term (i L;) can be denoted “unit gutter loading™. Unit gutter loadings are given in
Tabie 1.

Table 1. Unit Gutter Loadings [i (cmvhr) « Ly (m)]

Circular Trapezoid Square
n = 0.025 n =0.015 n = 0,015
: : So S S
Lg(m) w(m) 0.01 0.02 0.03 ° 0.01 0.02 0.03 0.01 0.02 0.03
5 99 132 170 106 146 181 68 86 107
5 10 576 689 825 578 713 849 392 .464 530

15 - 1535 1817 2042 1536 1823 2017 1077 1258 1387
20 3064 3569 3969 3046 3505 3875 2140 2409 2688

5 % 49 75 90 57 82 104 33 47 63
10 10 297 398 489 316 437 SI0 207 258 324
15 824 1032 1269 839 1077 1260  S77 681 821

20 1704 2066 2423 1703 2058 2430 1161 1355 1581

5 33 55 63 41 59 75 2 33 41
15 10 207 295 355 222 310 388 140 186 236
15 577 763 912 594 840 968 ° 394 490 623
20 1193 1496 1884 1176 1549 1817 813 988 1180

: 3 5 42 49 29 46 358 16 26 32
20 10 157 239 276 178 254 312 103 149 175
15 433 623 736 467 640 799 294 392 - 498

20 887 1226 1446 941 1321 1527 609 775 930

In the earlier example (i Ly) is 20*5 and L, 15 20. If Sp is 0.01, a2 10 cm
radius semicircular section will transmit the runoff (1%)0 < 157). A 5 ¢cm sectuon will
not wransmit the flow at an Sg of 0.01 (100 > 25) or atan Sy 0of 0.03 (100 >49). A S
cm section might be used at an Sq of 0.02 if four evenly-spaced leaders were
employed, reducing Ly to 5 m (100 < 132).

The design-specific data in Table 1 can be staistical simplified,

2206 g 0.44
GLy=C Lgojgg __ 6)

where C is a constant, 97.535 for semicircles, 101.80 for rapezoids and 64.70 for
squares. Eq. (5) comes within 10 percent of thé tabled unit gurter capacites in 60
percent of the cases. The error is less than 20 percent in 88 percent of the cases.

The constant C, a funcdon of the roughness and the cross-sectional shape, is

best determined experimentally for a particular gutter technology. If that is not
possible, the three given values provide a basis for estimation.
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Eq. (5) can be reformulated,

GA )0.453 ‘
W =C L0077 5,019 (6)

where the C's are now 0.125, 0.123 and 0.151 for the three respective shapes. In

the example, w (the radius for a semicircle) is 7.8 cm, giving an Ag of 97 cm?.
Were the roof rotated such that Ly were 20 m and Lg were 5 m, Ag would become

120 cm?. The higher unit gutter loading would require a larger gutter.

Table 2 summarizes the gutter and leader areas for the cxamplé.

Table 2. Example Gunter and Leader Areas (cm?2)

Reference Ag Al

Pacey and Cullis (1986) 200 78
Edwards, Keller and Yohalem (1984) 70 - 80
Benji (1934) 167
McCuen (1989) 52
Graf (1985) 40
Eq. 6 97

Table 2 illustrates a wide range of sizings. The first two references are general,
taking no account of rainfall intensity, roof area or particular gurnter technology. The
next three consider intensity and roof area. Eq. 6 also employs gutter shape, size,
slope and length. It is not known what margin of error or freeboard, if any, is
included in any of the first four references. The last two include no allowance for
excess flow; upsizing is left to the designer.

Eqgs. (5) and (6) can be employed to assess alternative designs. To correct a
gutter that spills half its total loading, Eq. (6) calls for an increase in nominal
dimension by a factor of 1.37, an increase in length by a factor of 66.7, or an
increase in slope by a factor of 4.8. The length option calls for making the roof 66.7
times as long and 1/66.7 times as wide, not a solution. The size and slope
alternatives might be plausible. From Eq. (5) it can be shown that the flow would be
transmitted without spill if the leader spacing were 0.44 times as great, another
option. -

CONCLUSIONS

Gutter have received relatively little consideration in rainwater catchment
literature. That which has been printed tends to reflect conventional practice, not a
basis for improvement. In that gutters are frequently a weak link in the catchment
system, more technical consideration is in order. The analysis above illustrates the
sensitivity of gutter capacity to dimension, slope and length. A statistical summary
of numerical results indicates the relative degrees which changes in each of these
variables might improve gutter performance.
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Two final notes are in oder, one directed upward in the development process,
the other directed downward:

1) Neither the builder nor the consumer will be able to employ the computations
discussed in this paper. If gurter design is to be improved, ical i
come from a higher level, Regional development or sanitary authorities must take
initiative in determining and publicizing appropriate standards in understandable
form. This paper provides those authorities with some engineering basis for their
decision.

2) Design is but one portion of the engineering problem. Yohalem (1984) and
Edwards, Keller and Yohalem (1984) provide illustrative detail on the socio-

enginecring of gutter systems. Guiter technologyv must be appropriate to those who
v rginw Neither Egs. (1) - (6) nor any other computation can

yield a proper design if that design cannot be constructed and maintained. Proper
design must combine sound hydraulic theory with achievable implementation.
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Abstract

Water resources in many developing countries around tﬁe vorld have been
stretched to its limits within the available financial resources. This paper
looks at the problem in SRI LANKA as a model for other countries in providing

Rain Water as a direct source of water supply in many Urban and rural areas.

Further more, the paper spells out some design criteria for the effective
sizing of rain water catchment systems in places where ever this system could

be incoporated to reduce cost to consumers and pressure on supplyers.
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a - Catchment Ares - m2

c - Daily consumption per person - liters
b - Catchment Run-off coefficient

N - Number of people

Q - Quantity of water required - w3

R - Rainfall - mm

T - Drought period - months
v -~ Volume required - m3

Y - Yield - md
lpcd ~ liters per capia per day

NWSzDB ~ National Water Supply and Drainage Board
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INTRODUCTION

Water, water everywhere, but why are the Water Bills so high! This 1is the
common talk of the day when the Water Bill is opened by the house wife, the
shop owner, hotel manager, school principal or for that matter any one in any

part of the island where the billing is under operation.

To assess the severity of this problem let us first have a look at the water

supply situation in the country.

The 1981 population census found a total population of 14.85 million of which
21.5% (3.2 million) lived in Urban areas and 78.5% (11.65 million) in rural
areas. The average growth rate wvas estimated to be 1.7% per annum with the

Urban areas growing slightly less than rural areas.

Water =~ the life sustaining substance has to be managed efficiently if one
wishes to overcome the odds that has been already experienced by the other
developing countries around us. Inorder to achieve good results one has to
think many alternatives and advice the ﬁopulation to take measures in the
correct direction to achieve higher standard at reduced costs. With the ever
increasing cost of :liv%ng, a small saving in one sector could be used to

enhance the other important sectors of human life.
PRESENT LEVEL OF WATER SERVICE

Piped water supplies in the country range from a few systems with 24 - hour
service and adequate quality to that of a large number of systems with
intermittent service and unacceptable quality. According to data collected in
1982 over 65 urban water supply systems served about 25% (0.8 million) of the
urban population through house connections and another 22% (0.7 million)

through stand posts.
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The remaining 53% (1.7 million) used private community wells (49%) and rivers
(1.1%) or other sources. 1In the rural areas, there are over 500 piped water
supply schemes servicing a total of 5.1% (0.6 million) of the rural population
through a mix of house connections (1.8%) and stand posts (3.3%). Over 80%
(9.5 million) of the present rural population draw their water supplies from
protected and unprotected wells with the reminder using tanks, streams and

-

irrigation channels.

Due to the increase in population and increasing demand for water (quality and
gquantity) in urban and rural areas of the Island the Water Supply and Drainage
Board, an autonomous organization under the Ministry of -Local Government,
housing and construction was compelled to manage their systems effectively.
Thus there is no alternative but to request the users to pay for the water
that they consume. This action will enable the user to continue to have water

at a price.

Without questioning the rate structure (claimed to be the lowest in the
world!) and the efficiency in the operation and maintenance and the cost
involved in runnin% these water supply syst:emsg the consumer is compelled to
look at alternative ways to supplement his wéter needs. One such wvay is
harnessing the éift_of Géd "The Rain". Afte? wvorking in the Water Board for
nearly 10 years, I have not come across anyone engaging' in utilizing this

natural resource directly anywhere in the Island, as a possible alternative to

the domestic and public water demand.
BACKGROUND DEVELOPMENT

SRI LANKA is well located on the globe with a history standing behind it for
its agricultural success. The agricultural development in the country was
strongly influenced by rainfall. (see fig. 1) However this resocurce is not

considered by the authorities in any small way as a source of drinking water
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" . ' . population. Sri Lanka is influenced by the two Monsoons which

dominate weather patterns in the Bay of Bengal and the Indian Ocean.

The South-West Monsoon affects the island most strongly from May to September

and the north-east Monsoon from December to February.

The south-west of SRI LANKA and most of the central hill mass which receive
considerable amounts of rainfall during both monsoons are said to comprise the
*wet zone" of the island. The flatter lands in the north and east where

rainfall is concentrated in the north-east monscon comprise the "dry-zone".

Even in the dry zbne Agriculture predominates having irrigated paddy =rice,
chillies, onions etc. using water stored in ancient tanks which were built

between the 3rd and 12th centuries AD.

In the northern dry zone most of the annual rainfall occurs during the north-
east monsoon. Tank storage is used to supplement this rainfall and to

recharge the aquifers.

Bvidence shows how the primitive man was able tc exist amids all the
difficulties. for existence. In fact I have seen and helped my Grandma to
errect three sticks (for equilibrium) and to tie up an old cotton saree
together with a paper weight at the centre, to form a cone shape to collect
rain water by keeping a bucket underneath. This system provided the house-
hold with sufficient clean drinking water during rainy days, as during the
olden days it wvas correctly felt that the usual unprotected water wells are

polluted due to flooding with surface waters:

However with the development of new technology man has forgotten the past and
day by day looking for more sophistication. Now a stage has been reached in
most of the developing countries, that due to increased in cost of everything,

one has to look at some cheap safe reliable alternatives on anything. One
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such thought is the use of rain water catchment system designs to supplement

the neads, where ever appropriate.
DESIGN CONCEPTS

The most natural Gift of God is rain. In places vhere rain is uniformly
distributed throughout the year rain water may be used as a source of water
supply. See fig. 1 for rainfall distribution over the island. These are 1972
figqures obtained by the Ceylon Meteorology Department. (use as a quideline

value)

A rain water collection system has three essential components. (see £ig. 2)
(1) An impervisous roof to collect rainfall -
(2) Gutters and down pipes to convey water to a storage tank.

(3) & tank for the storage of collected rainfall.

The tank is the most expensive item in the whole system. Rainfall records
representative of the catchment are essential for the design of a system. The

yield could be calculated using

f *a*R n/month when y - yield m° /month
Y=—_ o-o..--u----qu (1) A"‘Catcmnt Area mz
1000 R - rainfall in mm
f - catchment Run-off coefficient
Table (i) below shows the different catchment run-off -coefficients for

different type of roofs.

TABLE (1)

Type of catchment £

covered catchment (roof)

tiles 0.8 - 0.9
corrugated sheets 0.7 - 0.9
plastic sheets ' 0.7 - 0.8

thatched roof (ccconut
leaves or paddy leaves) 0.5 - 0.6




The guantity of water required per month can be obtained using
N # 30 % C (n®/month)
Q=—-—-'_-____ P T T I I I Eq- (2)
1000
When N - number of people to be supplied with drinking water from the rain
.

water system.

C - daily consumption per person (liters per capita day)
-

To give you an example, let us consider a family of 6 people in a rural
village in Kurunegala where the annual rainfall is 1500 mm wishes to have a
water supply system built. If the daily water consumption is 15 lcpd and the
roof material is corrugated iron, let us find the minimum roof area reguired

to satisfy their needs.

Also if the drought period is 3 months, over the hydrological year, £ind the

storage volume required to take the family through this critical period.

6

]

Number of people N

Annual rainfall

1500 mm
Per capita consumption = 15 lpcd

Roof material corrugated iron (use £ = 0.7)

now
N*30*Cx*]12 £ * Amin * (R1 + R2 + R3 ...R12)
e et PN Ceeveaann . Eg. (3)
1600 1000
where (R1, R2, R3 ... R12) = monthly rainfalls during year of minimum

recorded rainfall.

N *30*C=*12
therefore Amin =

E* (RL+R2+R3 ... R12)

6 % 30 * 15 * 12

0.7 * 1500

= 30.85 say 31 m2
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Hence, a corrugated iron roof plan of 4 m * 8 m is sufficient to provide 15

lcpd of water for each family of 6 if the annual rainfall is 1500 mm.

Note:- If there is a large variation in the rainfall distribution, the most
+
critical parameter is the minimum storage volume required.
N*30*C =7

Umin = m3 Ceeesscseaencaasacssansnass Eg. (4)
1000 -

Vmin = minimm storage volume
T (month) = drought period in months

Vmin 6 * 30 * 15 * 3
= = 8.1 m3
1000
Hence a family of 6 require a storage volume of 8.1 m3 to span a three month

drought.

Again, 1let us consider another situation where you are living in a dry rural
area in SRI LANKA where monthly recorded rainfall during the year of minimum

recorded rainfall figures are.

Jan Feb Mar 2pr May June July Aug Sept Oct Nov Dec

0.0mm 30mm 55mm 112mm 60mm 28mm 22.5mm O0.0mm O0.0mm O0.0mm O0.0mm O.Omm

Rain starts in Pebruary each year. The family consists of 6 people and the
roof o©f the house is corrugated sheet of section 10 m * 10 m and water

consumption is around an average of 10 lpcd.

Calculate required storage capacity to survive the whole year. Also due to
the arrival of a baby, the water consumption increased to 12 lpcd. Caicuiate

the number of months the family will be without a water supply?
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SUGGESTIONS FOR IMPROVEMENTS

If the roof is directly connected to the storage tank, all the dust, leaves,

roof dirts, birds dropping etc. will be carried into the tank with first rain

after a prolong drought period.

Little modification such as shown below will enhance the quality of outlet

wvater very much.

HAND ol . poww
OPEAATED |7 SPOUT
OIVERSION | |
¢
Al S H
f

DOWN SPO

TIOM ROGF € mm WIRE SCREFN

SOmmSOUARE HOLE
IN BOTTOM OF

DRUMm
> TNOUGH

SMALL
OF1TNING
i CAP

Fig. (4) shows the hand operated diversion valve
which can be turned to the outtlet direction
during the f£first rainfall to allow sediments

etc. to go waste.

Fig. (5) shows the arrangement of automatic roof
wvash. The first rainfall flows into the drum.
After the drum is filled the remzaining water
flows into the storage tank. During the period
without ra}nfall, water dripping from the
opening in the waste line empties the drum and

keeps it ready for the second rain.
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Fig. (6) shows a very effective means of
improving the guality of wvater. A small scale
sand filtér arrangement is incoperated to the

system which removes most of the pollutants.

This arrangement works very well provided, it is

cleaned regularly. Rainwater can be collected

HG. 6 '-fﬁg;w from roof of building's, houses etc. and

connected to a cistern or storage tank.

CONCLUSION

Even though rainwater catchment systems could be coﬁsidered as a hundred
percent drinking water supply source in many rural and urban areas of SRI
LANKA, the focus of this paper, however is on a dual system for houses,

hospitals, hotels, schools, religious places, public buildings etc. to reduce

the high water bills.

The concept of using multiple water systems and matching the high ;nd low
quality water supplies to appropriate uses has to be introduced for the
coexistance of Water Board (producer) and the general public (consumers)
without complaining about each others performance.

The dual water system could provide sufficient water for outdoor uses such as
gardening, car washing and general washing. Also this supply could be used

indoors for toilet flushing and general cleaning.

It is however not my objective here to investigate the economic aspects of the
dual system concept, and it is up to the user to carry out investigations on
his oﬁn system conditions before embarking upon this type of systems. The
objective of this paper is to spell out and examine some concepts in the
design of rain water catchment systems to supplement your public water supply

system.
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PROPOSAL FOR A DUAL-MODE RAIN WATER CISTERN SYSTEM
IN INDUSTRIAL AREAS OF TWO HECTARE LOTS

Dr Adhityan Appan
School of Civil and Structural Engineering
Nanyang Technological Institute
Singapore

ABSTRACT

In 1968, the Jurong Town Corporation was established with a view to
develop a predominantly industrial zone in the south-western part
of Singapore. Land-lots of various sizes were allocated to
industries according to their needs and, to date, only potable
water is being supplied to most of the industries. The quantity of
water used in each of these industries is as varied as the qualicty
required for different purposes. It is approximated that that the
average land area occupied by the larger industries is about two
hectares. In this study, the potential volume of water that can be
tapped independently from such small areas is studied taking into
consideration the stochastic pattern of rainfall,the varying demand
and quality of the rainwater. Also a simple dual-mode system that
is economically viable is proposed wherein the peremnial supply of
water is guaranteed whether or not stored rainwater is available.
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INTRODUCTION

The attraction to use rainwater for industrial purposes is
understandable as the quality is of a high order but the
reliability of supply questionable. Particularly in some the
industries, where the supplied water has to be further treated to
attain specified quality levels, the high-quality roofwater should
be preferred as it will have to undergo minimal treatment. Such
roofwaters, if available in sufficient quantities to meet the
demand, should therefore be economically more viable. The Jurong
area that lies in the south-western corner of Singapore, is a
predominantly industrial zone. Here, land-lots of specific area
are allocated to cater for a variety of industrial activities. Not
less than 10% of the industries are involved in activities related
to the electronic industry where part of the water is subjected to
reverse osmosis or lon-exchange processes before it can be
utilised. In this paper, the main objectives are to study the
possibility of tapping the water from such 2 hectare land-lots,
and to determime an optimal-cost RWCS in terms of tank size and

reliable yield, with or without supplementary supply of potable
water.

DUAL-MODE SYSTEMS UTILISING RWCS

The limiting case in the matrter of using roofwater occurs when all
the requirements can be met with by this source. Since there are
the usual constraints like limited roof area, excessive demands,
limited storage volume etc., the use of roofwater has been studied
in conjuncrion with the existing potable water supply sources,
Such dual-modes of supply have been pursued in relation to the use
of roofwater for toilet flushing as an independent system (Ikebuchi
and Furukawa 1982) and as a combined system (Appan et 1987). RWCS
have also been used successfully for laboratory purposes
(Sivanappan 1982) and the use of rainwater in combination with
wastewater has been studied for toilet flushing in the United
Kingdom (Fewkes and Ferris 1982). Stormwater in combination with
wastewater has also been suggested for use as a cooling water
source (Dwornik et a1l 1984) and the use of roofwater and surface
runoff in aquaculture is being practised in Singapore (Appan and
Tay 1989). All these systems use rainwater as a supplementary
source and have separate or combined systems which ensure that
drinking water is a separate entity.

RAINFALL IN THE JURONG AREA

Quantity

Rainfall is the major input for most hydrological systems but it
can be considered to be the most unpredictable variable. To
represent the Jurong area, six years of rainfall data (1980 to
1985) from four of the most representative rainfall stations were
selected. The polygon area-weighted mean rainfall was taken for
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all analysis. Some assumptions made regarding the rainfall data
are:

(a) The data is valid for for a one day discrete time interval.
(b) Rainfall falls vertically over the entire catchment area.

(c) Effects due to droplet size, variation in wind velocity and
barometric pressure at site are ignored.

(d) The rain intensity is assumed to be uniform through out the
day. .

The average annual rainfall in this area was found to be about
2100 mm,

L]

Quality

The quality of rainfall in the Jurong area has exhibited relatively
low so0lid contents over the specified period of time. A
comparison is made in Table 2 with the existing potable water that
is being supplied to the Jurong area (Wong 1986).

Table 2
Solids Contents in Water

--------------------------------------------------

Parameter Rajinwater Potable Water
Suspended Solids 2 - 35 mg/1 1 -3 mg/l
Total Solids 4 - 48 mg/l 240 -400 mg/l

--------------------------------------------------

From the limited data available in Singapore from roofs of high-
rise buildings it would appear that in terms of solids contents the
average value is in the region of 50 mg/1 (Appan 1982).

PROPOSED DUAL-MODE SYSTEM

In terms of industrial usage, since the demand for water has to be
met with, whether or not stored rainwater is available, a dual-
mode of supply has been proposed. In such a system, the existing
potable water supply is used as a supplement when the rainwater
tank is almost empty. Then an automatic <valve will immediately
switch on the supply of potable water. This will ensure that
there will be a continuous supply of water for the needs of
industry. A simple system incorporating a float switch near the
bottom of the cistern is shown in Figure 1. When the water level
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Roofwater/Surface runoff

switch housing

Dead Storage A _,-solenoid

X valves

cistern

Pump starter

Note: -

———ge—=xe== Circuit closed, pumping commences
Valve B opens - RWCS activated.

cr=memeasww Circuit broken, pumping ceases
Valve B closes-potable supply
activated
FIGURE 1

DUAL-MODE OF SUPPLY
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falls to the dead storage level, the circuit is broken, the RWCS
valve closes and the potable water supply valve opens. Thus a
peremmial supply of water is ensured.

COMPUTER SIMULATION OF RWCS

The basic concept involves the quantity of rain that falls on a
catchment area (roof or land) and then enters a storage tank (of
known volume) during a specific period of time (onme day in this
instance). If the storage volume is exceeded, water overflows and
is wasted. Water is extracted (demand) from the tank at the end of
the day and any water left over will be carried over to the next
day. This simple concept (Appan 1982) was used to develop a
simulation program (Appan et al 1988). In this program, there is
provision for rainfall to be used as the sole input and, in
instances where the demand cannot be met by this primary input, the
supplementary source (existing potable water supply) can be
utilised. The major system parameters are the rainfall, storage
volume, catchment area and demand.

TANK SIZE ANALYSIS

The catchment area used was 2 hectares and runs were made for
demands of 50 to 100 m”/day varying the tank size from 100 to
1,600 cubic metres. It was assumed in this program that the
cistern is 4initially empty and that if the water in the tank is
insufficient for the day’s demand, the potable water supply will be
supplied directly to the industrial user.

Based on the computer runs, Figure 2 has been plotted. It can be
seen that as the tank size gets to be bigger, more rain water can
be stored as a result of which less potable supply will be needed
to supplement the demand. But, as the rate of increase of rain
wvater decreases with tank size, it would appear that the RWCS could
be less attractive after an optimum tank size is exceeded.

COST OPTIMISATION OF RWCS ‘

To appraise whether or not the proposed tank sizes are economically
viable, a cost analysis was done using present worth analysis for
interest rates of 8% and 12%. It was assumed that the useful life
of the underground concrete tank is 60 years and that of the
mechanical and electrical works (excluding the piping) is 15 years.
The power and water costs were based on current prices. Provision
was also made for geotechnical investigations. Structural
dimensions of the tank were fixed based on a depth of 5 metres, a
wall thickness of 25 cm and a square base.

A simple program was developed for this purpose which displayed the

Present Worth values for individual tank sizes. To display the
results for various tank sizes, macro-programming was resorted to
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thus obtzining a set of values of tank sizes versus Present Worth
Savings (see Figures 3).

Initially the graphs show increased savings for larger tank sizes
and tend to increase at a decreasing rate for any fixed demand.
After a certain point, the tank becomes relatively big and the
gavings will then tend to decrease due to the relatively larger
capital expenditure,.

An optimum tank size can therefor be selected for the maximum
savings. This can be represented for the 8% interest rates as
shown in Table 2.

Table 2
Optimum Present Worth Savings

-------------------------------------------------------
--------------------------------------------------------
-------------------------------------------------------
-------------------------------------------------------

-------------------------------------------------------

It can be seen that for B% interest payments, as the tank size and
demand keep increasing, the % of potable water used and the annual
savings also tend to increase.

DISCUSSION AND CONCLUSIONS

1. The success of a dual-mode system largely depends on the
reliability and economics of the system. As the automatic system
of controls plays an all-important role in maintaining continuous
supply, the valves incorporated should be highly efficient and
,practically, no restriction should be imposed on the continuous
supply of water to the industry

2. From the exercise carried out it can be concluded that for an
industry having a roof area of 2 hectares, by designing an
economically viable RWCS, the relationship between optimal size of
tanks, reliable yield and Present Worth Savings can be established
(see Table 3). However, the choice of appropriate sizes in a real-
life situation will be dictated by the site configuration and, very
often, the unrestricted availability of water for industrial uses.

3. Note should be made that the analysis of tank sizes in
relation to the apportionment of quantities from the potable and
roofwater sources is a vital component of the cost-optimisation
model.
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4, From the cost-optimisation exercise carried out, it would
appear that there will always be some Present Worth Savings. This
need not necessarily be true as the returns are sensitive to the
interest rates For example, when the interest rate is 12%, for a
demand of 50 mB/day and tank size of 300 cubic metres, an annual
payment to the extent of $$ 12,000 will have to made. Generally, as
interest rates increase, the rate of increase of Present Worth
Savings will decrease.

5. The quality of rainfall can be a telling factor in adopting
RWCS for industrial uses: especially when the water being supplied
at present has to be treated further. Most of the electronic
industries need water that has very minimal or no solids and hence
they have to install reverse osmosis or ion-exchange plants. These
treatment systems are capital-intensive and involve high
maintenance costs. The use of rainwater as the sole source, or in
combination with potable.water supply, should reduce the treatment
costs considerably due to the low range of both total and suspended
solids contants in raimwater. This economic factor has not been
considered in computing the Present Worth Savings in this model.

6. The RWCS can be designed as a single-mode system when there
is a larger catchment and when the water demand of the specific
industry is low. It will then be possible to determine the optimum
storage when the relevant rainfall figures are available.

7. In the storage model, the catchment area does not cater for
the possibility of part of the area contributing roofwater and the
rest of the area having surface runoff. The model should

preferably make provision for this condition. If the surface
-runoff quality is not of a high order, the installation of subsoil
drains may be considered. In such a system, the time lag due to
longer concentration times should, probably, make the storage
volumes more effective.

8. The proposed system is an economically viable method of
encouraging industries to conserve water by using the roofwater
within their premises that is otherwise going to waste. 1In

Singapore, where conservation is a wvay of life, there are tax
incentives being provided for conservation systems involving
capital expenditure (Straits Times 1983). Such incentives could
also be introduced in other developing countries which thrive on
industrial development and are beginning to worry about their
escalating water demands,
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RAIN WATER CISTERN SYSTEM - A NEW APPROACH TO WATER SUPPLY IMPROVEMENTS
IN NEPALESE HILLS

Ajaya Mani Dixit, M.SC.1/

ABSTRACT

Nepal is a land locked country with 83% of its area occupied by
mountains. More than 50%-of the country's population live in the
hills, majority of which still have to be provided with safe
drinking water. Broken topography and settlement pattern in the
hills have resulted in hundreds of water schemes serving limited
house-holds. This has caused difficulties in implementation,
operation, ané maintenance of water supply systems.

Deforestation and landslides are gradually depleting suitable water
sources in the hills. Landslides have also damaged existing water
systems. Use of Rain Water Cistern System (RWCS) can improve water
supply situation in the hills. Analysis of rainfall, house~hold
status, and storage method show that the system can be developed as
primary water supply system in acute water shortage areas, or as a
supplementary system during dry periods.

The crucial gquestion in the use of Rain Water Cistern System is,
will it be socially acceptable ? People in the hills use running
water and not gtill water for drinking and cooking. Rain Water
Cistern System is a new concept and is not in use. Greater efforts
are needed on the part of implementing agencies to ensure jits wider
use in Nepal.

1/ lecturer, Department of Civil Engineering, Institute of
Engineering, Kathmandu, Nepal.
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INTRODUCTION

Nepal is south of the Himalayas, which separates it from its
northern neighbour, the P20oples Republic of China. The country is
bounded on east, west ané south by India. Roughly rectangular in
shape, the country has an area of 141,181 square kilometers and
extends east west for 885 kilometers. The country lies across one of
the highest relief features on earth, with a highly broken
topography. Almost 83% of the country is occupied by mountains with
17% constituting the plains in the south. The altitude varies from
more than 8000m above mean sea level in the north to less than 300m
in the south. Geographically, the country can be divided into three
zones that run roughly parallel along the east west. These are (a)
High Himalayas, (b) Mountains, and (c) Terai Region.

Nepal's weather condition varies from region to region. The northern
snow covered mountains are cold where temperature falls below
freezing point. In the Valley and Mountains, the summer is warm
while winter is cold and chilly. Summer and late springs temperature
range from mdre than 4C ¢ in Terai to about 28 ¢ in mid section of
the country. In winter, minimum temperature in Terai range from mild
23 ¢ to a brisk 7 ¢ while central valley experiences 12 ¢ maximum
and temperature below freezing point.

Nepal is wunder the influence of Indian sub-continental rainfall
pattern, which has two rainfall seasons. These are the summer and
winter monsoon seasons. The summer season, which lasts from June to
October, brings about 80% of the annual rainfall which is estimated
to be 1500mm. 20% of the rainfall occurs during the winter monsoon.
Mean annual zainfall in stations selected from different regions in
the country is shown in Table 1.

Rainfall is however, non uniform and variations exist within
different geographical regions. While southern slopes of the
himalayas receive greater rainfall, the northern part on the rain
shadow receive very little. More than 3500mm rajnfall occurs in
Pokhara while Jomsom, which lies on the other side of Himalayan
range, north of Pokhara receives only 250mm rainfall in a year.

Nepal is richly endowed with huge water resources. Annual run off
from the country comes to an order of 200 billion cu.m. This water
is drained out of the country by more 6000 large and small rivers.
Availabiljty of this vast water amount however, does not show the
disparity that exists in supplying drinking water to majority of the
population.

The government's Sixth Five year Plan (1980-85) coincided with the
first five vyears of the IDWSSD and raised the number of people
having access to drinking water facilities from about 10% of the
total population in 1980 to almost quarter of the population in five
years. While many water supply systems built in the country have
brought benefits, problems have arisen with their uninterrupted
functioning. In the hills, gravity flow system have faced
difficulties in their implementations, and later on with
operation and maintenance. Growing populatjon, and detricrating
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fABLE 1
Mean Monthly Rainfall in mmat Selected Stations 11961-1980}
% of Total
Region Station [Jun{JulfAug|Sep|{Oct|Nov]{Dec|Jan|[Feb{Mar{ApriMay;Total
. Wet Dry
Mid Wwest| Surkhet |242|424|380|170| 56| 4| 16| 24 32| 38| 20| 62| 1468] 87 | 13°
West Syangja [599)756|658[430]|165| 18| 11} 23| 44| 42}163}344| 3153 83 | 17
Central | Kathmandu|272{3711297|163| 69| 5| 8] 15| 18] 34| 503 97] 1399{ 85 | 15
East Dhankuta [1991256[131fj105| 75| 11| 10| 14| 13| 20| 66]114| 1014] 77 | 23
Far West| Dipayal |168|372|279| 46| 8| 3| 27| 14| 33|109| 4a|107| 1240| 74 26
North Jomsom 26| 43] 38] 32| 31| 16] 3| 7§ 9| 20] 15| Bf 248| 75 25

Season of Rain

Wet Season

Dry Season

Source: CBS, Statistical Pocket Book, The Central

Bureau of Statistics, 1984,




environmental situvations in the country have further exacerbated
the problems of drinking water supply improvement programmes. Rain
Water Cistern System (RWCS) in this context can be an effective form
of water supply system. This paper highlights problems of existing
water supply systems in the hills. Use of Rain Water Cistern System
(RWCS), in meeting water supply needs in pockets with critical water
supply problems, is proposed.

POQPULATION

Nepal's demographic scenario is perilous. The country has a
population of 16 million whose annual growth rate in the past decade
has been 2.5%, and is expected to reach about 24 million by the year
2000 a.pD. (CBS 1988). In addition to the human population the
country also has to support 14 million browsing animals (Joshi
1982).

Population growth, technological interventions, and transportation
development resulted in major shift in population redistribution
over the past few decacdes from the hills to the terai. The terzi,
which was infested with malaria was opened as a new frontier for
occupation, once malaria was eradicated. Migration from the hills
and other areas caused population concentration in the terai with
far reaching consequences in its redistribution and landuse changes
(New Era, 1981)." The share of terai's population increased from
37.6% of the total population in 1971 to 43.6% in 1981 (CBS 1988).

Similar shift in pbpulation have occured in lower mountain valleys
and river terraces also. A recent study showed that population in a
town at the bank of Marsyangdi river in Central Nepal, along the
Kathmandu-Pokhara highway increased by 608 in a ten year period from
1971 to 1981 (New Era, 1989). This change in population shift and a
trend towards urban growth is of recent origin and is evident only
since 1970s (Mathe, 1987). By 1981, almost 6.3% of the country's
population was found residing in 23 urban designated centres and
altogether about 18% of the population was living in settlements of
over 5000 population (Mathe, 1987). 1In spite of thig urban growth
and population concentrations in cities, hill population has
continued to grow, though its share has decreased from 62.4% in 1971
to 56.4% in 1981 (CBS, 1988).

ECONOMY AND ENVIRONMENTAL PROBLEMS

Nepal is predominantly an agricultural country with 62% share of
agriculture in GDP. Agriculture accounts for 75% total export and
absorbs 90% of the labour force (CBS, 1988) This dependence on
agriculture and high population growth rate have resulted in one of
the highest population density per arable land which stands at 600
persons/sq.km (HMG/DE 1979). With a per capita income of $ 160.00,
Nepal occupies its place among the least developed nations in the
world.

Pagt six planned development programmes, that started in 1956/57

have emphasised on creating social and economic infrastructures. But
very limited successes have been achieved in increasing national
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income, and in solving problems of poverty. The country's economic
problems also inmate from its location and topography. Basic
transport facilities do not exist to channalise benefits of modern
development in the predominantly mountainous environment. As such
lack of growth in secondary and tertiary economic activities has
forced people to adopt more extensive methods of cultivation and
grazing (Gurung, 1982).

The pressure of population has resulted in severe degradation of the
mountain environment. Trees are being cut to create land for growing
food (Bajracharya, 1983) and to meet domestic energy need which
accounts for 87% of the country's energy requirements (Joshi, 1982).
As a result forest was depleted at a such fast rate that more than
half of the forest in 1963 was lost by 198l. The combined effects of
marginal cultivation, deforestation and over grazing have thus
created serious problems of soil erosion and landslides (Dixit and
Shanker, 1985). This in turn has affected hill economy, and damaged
development projects like irrigation, hydropower and water supply.
Population, growth in hills, and environmental deterioration hence
demand greater efforts to tackle the endemic economic problems by
input of external resources.

WATER SUPPLY SCENARIO

Water supply systems are needed to provide clean water to the people
at convenient places, so that it can be used for beneficial
purposes. Till four decades ago, only a small fraction of Nepal's
population had access to piped water supply. Drinking water
facilities existed only for priviledged elites in the capital and
elsewhere. By <the wnd of 1985, however, 23% of the coutry’s
population had access to piped water supply systems. This accounted
for 84% of the urban and 19% of the rural population (NPC, 1985}.

In hills, settlement/villages are dispersed and exist on ridge tops
and hill sides rather than on more accessible river terraces,
valleys and along streams. This practice has been followed to allow
maximum use of valleys for food production and to avoid malaria (New
Era, 1979). Majority of villages are far from dependable water
source, and people especially women, have to walk few hours to fetch
water to meet their house-hold needs. Ccmmunities are cutoff from
mainstream development which has hampered the efforts of providing
basic water supply facilities. Although, areas with population
concentrations have emerged, after eradication of malaria and
transportation development, significant delays have occured in
providing even such areas with water supply facilities.

The government of Nepal has accorded a highest priority to provide
water to the population as a basic need and as a primary input to
improve health. The government plans to supply piped drinking water
to 50% of the population in the hills and mountains by 1990 (NPC,
1986).

WATER SUPPLY SYSTEM IN HILLS

Hill water supply system in Nepal mostly use gravity flow
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technology. This entails utilizing source at higher elevation to
supply water to the users. Numerous centralised systems of varying
sizes catering to the needs of limited house-hold, which are
scattered all over the landscape, have been built. The physical
setting of water supply system in hills can be broadly catagorised
into two types as (a) Population Concentration Settlement (b)
Dispersed Settlement.

Population Concentration Settlement

These settlements on valleys and river terraces, generally have
clustered pattern. Higher water sources are available which permit
their use by gravity. The regions connected to road head are more
accessible. Water supply improvement programmes in these settlements
are relatively straight forward and easy, though problems do exist.

. Dispersed Settlements
Water supply to dispersed settlements is more difficult and
considerably stretches available resources. The characteristics of
the settlements are:

- Difficult terrain

- Transportation difficulties

- Large distribution network

- Unsuitable water source

- Poor education level and manpower shortages

Transportation is the biggest problem faced by these communities.
Many villages can be reached only after 2 to 3 days walk from road
head, This greatly increases the burden and cost of material
transportation. Difficult terrain renders handling of materials
during construction very difficult, while higher level differences
result in more system components/structural elements. And since,
settlements are dispersed, large distribution network is needed. In
many cases, water sources around the villages are not suitable and
sources at greater distances have to be utilized. All these factors
result in higher project cost. Many hilly regions have inherent
skilled manpower limitations and shortage of personnel to supervise
construction of projects. This is one of the reasons why many
projects have sub-standard guality.

A water supply system in the hill consists of following components:

Spring Source

»

Mountains and hills are abundant with spring sources which are free
from surface contamination. $prings are regarded by people as
synonymous with pure, sweet and tasty drinking water (Campbell,
1973). Spring source, is preferred because it eliminates the need
for treatment. But, this is always not possible and other surface
water sources also have to be used.
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HDP Pipes

High density polythene pipe is used, because metal pipes pose
transportation and handling difficulties. The pipes come in coils,
have lesser weight, and can be carried on human backs. However,
greater caution in design, construction and maintenance is needed
because of its vulnerability against higher pressure and vandalism.

Public Tap Stand

Recommended quantity of water is supplied via public tap stand
allowing a flow of 0.225 1/s to cater the need of about 200 people.
Taps are located such that collecting distance does not exceed 150m.

Local Materials

Emphasis is laid on use of local materials for construction. This
eliminates use of external materials that require expensive
transportation arrangements.

User's Involvement

Water supply improvement programmes in Nepal emphasise on involving
community in all stages of project cycle such as Project
identification, planning, construction and majntenance. Some portion
of the cost is also borne by the users in the form of wvoluntary
labour in portering and during construction. This is expected to
induce a sense of belonging, and contribute towards better operation
and maintenance of scheme, which is handed over to the community
once the construction is completed.

Water supply systems thus built have ameliorated water borne
diseases and have brought benefits. However, many of these systems
are not functioning as intended. Studies show that between 50 to 70%
of the schemes constructed in certain region were not functioning or
had major flaws (Schramm and Gurung, 1981), (Ommen, 1982). Problem
has arisen with operation and maintenance of completed water
systems. -

PROBLEM OF HILL WATER SYSTEM .

Many water supply systems have flaws and are non-functional because
construction gquality has been compromised due to some of the
constraints as mentioned earlier. Centralised water systems, built
at community level, need management skill to ensure uninterrupted
water supply. But, the approach of system maintenance involving
users has failed to make a head way in many places, because the
locals who have been assigned with this duty do not have the skill.
Also in many cases, villagers do not regard the system as theirs and
regard maintenance as the responsibilities of agencies who construct
the project.

Deforestation and continuing environmental degradation are also

showing their impact on water supply systems in the hills.
Deforestation of watersheds leads to increased runoff, decline in
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infiltration and drying up of springs (Eckholm, 1976), (Reiger,
1976). Consistent drying up of springs in mountains have reduced
water sources to a mere trickle (Mosquera, 1986) and experience of
difficulties in supplying water to communities have been noted
(Dixit and Shanker, 1985). 1In many cases, dry weather flow have
become so meagre that whole villages are seasonally abandoned (New
Era, 1979). Destruction of sources, intakes, and supply lines by
landslides have rendered many water projects non-functional. While
this has been the case with existing systems, many settlements on
hill tops and ridges do not have good spring water sources around
because the vupper catchment is totally devoid of trees and
vegetation. Settlements such as these have serious water supply
problems.

Source conflict both among users and between water uses (irrigation
vs. water supply) is another reason why many water systems have
remained non-operational. Continued encroachment of higher slopes
for agricultural purposes can lead to contamination of water sources
as the probabilities of men and livestock tampering with water
sources become nigh.

Water supply improvement programmes in hills are influenced by
project location, population, its distribution and shifting pattern.
The degrading environmental condition in the hill also has its
share of influence. These and other shortcomings need careful
consideration in all future programs. Much greater efforts should be
made to address the jdentified shortcomings so that all water supply
systems become functional on a long term basis. At the same time,
newer technigues of providing water, which would be less affected by
prevailing problems should be explored.

Rain water stdrage during wet season and to be used in dry periods
is an attractive alternative to drinking water problems.

RAIN WATER CISTERN SYSTEM IN NEPAL

Rain water cistern is not common water supply system in Nepal. It is
a new concept though isolated examples of stored rain water uses
are found. 1In ancient time, stone water spouts with a perfected
system of filtration, and drainage arrangements, that used water
stored in ponds, were built. Such taps still exists in different
parts of Kathmandu. Many of these taps could not use river water
(Tiwari, 1986) and as such could have stored rain water in ponds.
Rain water tank was built in leprosy hospital at Pokhara some twenty
years ago and the system is still operational. Most recently, Rain
Water Cistern Systems (RWCS) were built at Pokhara and Narayanghat
in Central Nepal by American Peace Corp, Nepal. Rain water is also
stored in petroleum drums to be used for purposes other than
drinking in some areas. Rain water storage had been considered as an
option of supplying water to a mountain town, Deilekh, in Western
Nepal. The scheme however, was not selected because the cost of
creating impervious area was too high (HMG/DWSS, 1975).
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FEASIBILITY OF RAIN WATER CISTERN SYSTEM

Rain Water Cistern System (RWCS), to serve water needs ¢of individual
house-hold, can function as primary water supply system 1in areas
where sources are not available, inadeqguate, contaminated or when
gravity flow system become prohibitive £rom both cost and
maintenance considerations. It can also serve as supplementary water
system during dry seasons. Rain water cistern is a decentralised
system and can be appropriate in the dispersed hilly settlement.
Compared to centralised water system, it will have lesser chances of
breakdowns , and fewer maintenance needs. The system will be cost
effective and allow water users/beneficiaries to take more
initiative in solving their drinking water problem. In the following
sections preliminary analysis is done to evaluate the use of this
system to meet drinking and cooking need of an average Nepali house-
hold in the hill.

The main requirements for development of rain water system are:

(a) Adeguate good quality rainfall
{b) Suitable catchment, and
(¢) Water chanelling and storage method.

In order to evaluate adequacy of rainfall, water demand for the twin
purpose needs to be fixed. How much water an average house-hold in
Nepal use for its drinking and cooking needs? A typical Nepali
family with 10 members uses 18-20 pathi2/ of water in a day
(Campbell, 1973). This gives per capita demand of little less than
10 litres. Water consumption per capita as low as 10-15 litres in a
day has also been proposed (AMG/DWSS, 1975). Water demand however,
depends on a number of factors like social expectation, water source
location, climate, and can vary from one place to another. A per
capita demand of 10 litres in a day has been taken as the water
demand of a typical house-hold, which on average has 6 family
members (CBS, 1988). The daily water demand for different demand
period are summarised in Table 2.

TABLE 2

Water Demand ¢

Water Demand for

Population|Per Capita
Demand One Day|{One Month|{One Year | Dry Season as per

Table 1
No. Lpcd cu.m cu.m cu.m cu.m
6 10 0.060 1.8 21.6 10.80

2/ 1 pathi is equivalent to 4.5 litres.
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The problem now is to evaluate if this demand can be met by
prevailing rainfall, and if a suitable catchment surface is
available. Hundred percent rainfall can not be used, as account has
to be made for variation, evaporation, cleaning needs of catchment
and gutters, and catchment absorption. The proposal for water
storage system at Dailekh used 50% as usuable rainfall (HMG/DWSS,
1975) and may be adopted for all regions represented by rainfall
stations in Table 1.

The extent and type of catchment area affects the volume and quality
of water that can be collected. Metal sheet roof make most efficient
water collectors while slate and tile roofs can also be used, but
with less priority as chances of contamination is higher. Thatched
roof apart from absorbing rain, contaminates it and is not
recommended to be used as collector without upgrading (Programme
Guide, 1982).

The roof area to be used as catchment surface can be acertained by
evaluating housing situation in Nepal. It is reported that 93.6% of
house-hold live in their own dwelling (NPC, 1987) which are of three
catagories: Permanent3/, Semi-Permanentd/, and Temporary5/. Of these
three, the second and third type combined, account for about 80% of
the dwelling (NPC, 1987). It is also reported that more than 83.4%
of house-hold, falling in second and third catagory, have floor area
of 37 sq.m (NPC, 1987). A house in the hill usually has rectangular
shape and inclined roof which projects little (about 2 feet) beyond
the walls. A minimum roof area of 40 sq.m can be thus considered for
majority of the house~hold. The twin needs of drinking and cooking
of an average house-hold in a hill can be easily met by collecting
even half of the annual rainfall in the roof. However, more surface
area will be needed for region where rainfall is scanty. The
comparison is shown in Table 3.

The method of chanelling water from catchment, its storage and
catchment improvement are details which can be decided when the
system is to be built. Half cut high density polythene pipe, and
bamboo can be used as chanelling medium. Fabricated metal sheet can
also be used, which can be assembled locally in most areas by local
blacksmith with little guidance. Water storage tanks, especially
using ferro-cement technology are widely used and acceptable water
storage methods in gravity flow water systems. It is therefore,
feasible to use Rain Water Cistern System (RWCS) in Nepal. But the
prevailing social factors and acceptability far more outweigh the
available technological options in using this system.

.

3/ Use lime, brick powder, cement joint, baked brick stone, wood
for walls with slates, tile or corrugated sheet roofing.

5/ Use unbaked bricks, wood in walls, but has thatched roof.v

5/ Use bamboo and other temporary type construction material and
roof made of thatch.
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TABLE 23

Water Demand, Usuable Rainfall and Roof Area

Mean (Usuable Demand cu.m Volume
Rainfall|Rainfall Area (Available
mm mm Annual |Dry Season| sg.m cu.m
1468 734 21.6 10.8 40 29.20
3153 1576.5 ", " " 62.80
1399 699.5 . - » 27.98
1014 507 " " " 20.28B
,1240 €20 " " " 24.08
248+ 124 " " 124+ 21.60

* The rainfall is scanty hence more area is needed for same volume.

SOCIAL ACCEPTIBILITY

The main issue in the use of RWCS .in Nepal is not the technical part
of its development. The crucial gquestion is, will people accept and
use the water thus collected and stored? People in Nepal normally
use water from following sources for domestic uses. These are Pond
(Pokhari), Open Well (Inar), .Puddle Water (Kuwa), Spring (Mul),
River (Nadi) and Canal (Kulo). Within these catagories for water
sources, the broadest classification of water from its acceptability
for human use is still and running water (Campbell, 1973). The
second type of water source is considered more acceptable, because
of its ritual significance arising out of the concerns with purity
and pollution. Running water is considered to wash away all sins.
Mostly river, 'spring, canal or water that is replenished naturally
(Open Well) are used for domestic purposes. Still water (Pond), on
the other hand, is used for buffalow wallow, irrigation and in some
cases washing clothes. Only in rare cases, still water from pond is
used for drinking. It is probably out of this concern for xunning
water that wvillagers in hills -have continued to walk hundreds of
feet, climbed slopes morning and evening, every day to fetch water
from a running source.

This is probably one of the reasons why Rain Water Cistern System
has not found acceptance and use in Nepal. Since, water in the
system is5 stored for a long time, people may have reservations in
its use for domestic purpose as this water will be still, old and
stale. This is the biggest challange facing the use of RWCS in
Nepal. The advantages of drinking uncontaminated water in place of
polluted source uses, however, should be a motivating factor for
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ensuring its acceptability. But, people have toksconvinced that
stored water is drinkable.

CONCLUSIONS

This paper has attempted to present situations of existing water
supply systems in Nepal to build up a case for Rain Water Cistern
Systems (RWCS).The problems of water supply improvement need closure
scrutiny, and revised approaches to make future programmes more
effective. Due cognizance should be taken of the need for proper
operation and maintenance of existing and new schemes to maximise
benefits. Rain Water Cistern System can supplement water needs of
people and help improve water supply programmes in Nepal. The system
will be suitable for the dispersed settlements in the hills, where
centralised gravity water supply scheme have met with difficulties.
The rainfall pattern, housing, and storage technology in hills
permit the use of this system. The main question is whether water
thus stored will be acceptable to the people, who have been using
running water and not still water for drinking and cooking.

Agencies involved in water supply improvement programmes in Nepal
should explore ways of using this system. This calls for
formulations of methodologies at policy level ¢to introduce the
system in a much wider scale. Action studies, where such systems
have been built, should be carried out to select sujitable technology
of Rain Water Cistern System development, while focussing on its
social implications. Only by understanding the issues, can correct
strategies be worked out. The process should be started by
developing Rain Water Cistern System in areas having acute water
problems. The effectiveness of the programme will be enhanced, if
people themselves take initiative in opting for the system.
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Rainwater Harvesting for Potable Water in The Eastern Llanos of
Venezuela

Dr. Holmes, D., Maraven, S.A., Ing. Aceituno, J., Hidra-Stu,

Apartado 829
Caracas 10l0R Venezuela

14
ABSTRACT

Rainwater collection and storage represent a superior alternative to
tank truck delivery for supplying the potable water needs of rural
schools and health c¢linics in the Eastern Llanos of Venezuela. The
lack of adequate storage facilities and handling methods has limited
the use of rainwater in the past. With filtration, a covered tank, a
solar-powered submersible pump and simple treatment methods, water
quality can be guaranteed even after prolonged storage. The system is
highly reliable and reguires very little maintenance which is extre—
mely impertant in the rural setting.

Potable water can be saved by substituting VIP latrines for flush
toilets which typically consume around 50% of the available supply
and do not stand up well under hard usage. This type of latrine vir-
tually eliminates the problems of flies and odors.

INTRODUCTION

In much of the sparsely populated, Eastern Llanos of, Venezuela ground
water ig difficult to find and well yields are low. Surface water is
abundant in a few places, especially toward the south, near the Ori-
noco river. .

The typical village of more than 1000 inhabitants is located near a
small stream which provides the municipal water supply. Services is
only sporadic as the system is usually poorly-maintained; water gqua=-
lity and quantity are chronic problems. Population on the fringes of
~ the towns and the dispersed rural population rely on tank trucks for
water delivery. The water usually receives nc treatment. Furthermore,
the service is unreliable. For example, trucks frecuen:ly break down,
roads become impassable in the rainy season, or drivers do not make
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reqular deliveries. Since there is little supervision and consumers
lack effective chamnels to voice complaints,poor service is simply
accepted as one more of the numerous disadvantages of rural life.

Contamination from inadequate storage facilities and careless han-
dling are also problems. The most common household tank is an old oil
drum, perhaps painted with concrete slurry to reduce rust, and cov-
ered with a makeshift, ill-fitting top. Water is usually dipped out.

The lack of a safe and reliable supply of potable water adversely
affects the quality of rural life in many ways. To cite one example,
teachers and health workers refuse to reside in the zone preferring
to commute long distances from larger towns. Absenteeism is accor-
dingly high.

One of the more promising solutions to this problem, rainwater col~-
lection and storage, has been largely overloecked, Rainfall in this
area is abundant during 6 months of the year. During the rainy season
many households collect small amounts of rainwater to supplement
other supplies, but there is no effort to store water for the subse-
guent 6 months of drought.

The basic problem is to devise an economical means of storage which

will minimize losses due to evaporation and guarantee water quality.
bams and reservoirs can be ruled out in most cases because there are
few suitable sites, the s0il tends to be extremely permeable and an~-
nual evaporation is in excess of annual rainfall.

GENERAL DESCRIPTION

‘As part of a pilot project sponsored by the Maraven 0il CDmpany(*)

to improve rural education and health care, more than 25 schools and
health clinics have been equipped with roof collection and storage
systems. The installations, which also provide water to an adjacent
residence for the teacher or nurse, are designed to provide an ini-
tial flush which channels the first rains to a separate collection
tube and drain. The tanks are covered and sealed and rain water from
the roof first passes through a coarse filter. Water is pumped to the
tap or to an overhead tank by a small, electric pump which is activa-
ted by a doorbell-type button. Energy is provided by a solar panel.

Prototype for Rural Schools, "Escuela El1 Manguito”

Basic system components consist of 1) a 20,000 Lt., galvanized metal
tank with a concrete bottom and ¢lean out drain, covered with a coni-
cal, metal roof, 2) an elevated plastic tank (optienal), 3) a 12 VDC,

(*) Maraven is one of the three operating affiliates of the national
holding company, Petréleos de Venezuela. It is engaged in exploring
and evaluating a large area of the Orinoco Heavy 0il Belt, located in
the Eastern Llanos.
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submersible, bilge pump and 4) one or more photovoltaic panels with
associated peripheral equipment and storage battery (see Figure 1).

Potential Supply

The catchment area is defined by the size of the roof. The typical,
two~room, rural school has a roof area of about 90 m2. The poten—
+ial annual catchment volume is on the order of 80 m3,

Demand

»

Around 50% of the water normally consumed by a typical household can
be saved by substituting VIP latrines for flush toilets, Another 20%
can be saved by eliminating the shower, except in the case where
there is an adjacent teacher's residence.

Since, the remainder is used only for dzinking, hand and dishwashing,
and general clean-up, 4 liters per person per day should suffice.
Combining the estimates of monthly catchment and monthly consumption
for an average school population of 30, the estimated average monthly
volume of water available is listed in Table 1.

Table 1: Predicted End-of-Month Volume, Rainwater Tank "E1

Manguito®

(1) (2) (3) {4)

mm Lt. X Le.
August 146 6570 0 6570
September 141 6327 0 12897
October 12 5018 2400 15515
‘November 48 2160 2400 15275
December 24 1089 1200 15164
Jamuary 14 621 2400 13385
February 4 185 2400 11170
March 12 522 2400 9292
April 35 1584 2400 8476
May B4 . 3784 2400 2860
June 117 5270 2400 12730
July 170 7637 1200 19167

Tank emptied and cleaned curing school vacations in August.

{l) Average monthly precipitation.

(2) Roof catchment, 45 m?, one half of the existing roof.

(3) Average monthly consumption. 30 students, 4 lt/day, during 20
tsaching days per month, excep:t holidays.

(4) Balance in the tank, a part of which supplies an adjacent clinic.

The need to also supply water to a nearby health clinic, scme 50 me-
ters distant, required the addition of a 500 Lt. overhead tank to
vhich water first was pumped from the main tank and then distributed
by gravity flow. The small sump pump filled the overhead tank in
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about 10 mins, consuming 2 amphere hours of 12 volt DC current, or 24
watt hours. Since the tank needed to be filled only sliently more
often than once per week, the reguired energy could be easily sup-
plied by one, small, solar panel. The solar plant for the prototype
system was designed to have a generating capacity of 800 watts per
day, in order to supply energy for lighting, ventilating fans and
audic~visual egquipment, so the additional energy consumed by the pump

was insignificant.
Costs . .

Igmoring the cost of the solar plant, the installed cost of the tank,
with its accessories, in prices updated to January 1988, was around
Bs. 45000 or US § 1500. Assuming a useful life of 25 years and a to-
tal production of 1000 m3 of water, the average cost per Lt. is Bs.
0.045. This is currently less than the subsidized cost of tank truck
delivery which runs between Bs. 0.05 and Bs. 0.06 and is expected %o
zise rapidly in response to general inflation and as budgetary pres-
sures continue to force cut backs in government subsidies.

Health e¢linie¢ prototype

The system devised for health clinies is basically a scaled-down vez-
gion of the school prototype designed to supply less water at a redu-
ced ecost. A 3000 Lt. plastic tank replaces the 20000 Lt. galvanized
tank, and the overhead tank is eliminated permitting the use of a
smaller pump (0.05 1lps). Water is pumped directly to the tap when the
user depresses a button conveniently located beside the wash stand

(see Figure 2).

The installed cost of this system, less the electrical plant which is
primarily used for lighting, is around Bs. 12000 or US $ 400.

Water guality

From the outset, one of the principal concerns was the possible dete-

Tioration in water guality during long periods of storage. Although
the rainwater itself was pure, some contaminants could always be
washed off the roof. Therefore, the first task was to minimize this
potential source of contamination.

This objective was aided by the intense insolation in the area. The
temperature of an unshaded, metal roof typically rises to as high as
120 °F during the heat of the day which is sufficient to kill most
airborne pathogens (Feachem, 1983).

The second prototype also provides a flush for the roof by channeling
the first rainfall to a closed downspout (Figure 3) which can be
opened and cleaned out after each rain. A plastic mesh filter was
initially placed over the inlet to the tank. This £ilter is now being
replaced by a coarse gravel filter after the unfortunate experience
of having thirsty rats tear a hole in the mesh and fall into the tank.
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Figure 3. Heolth Clinic Type Showing
“First Flush"” System
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The principal continuing problem comes from bird droppings on the
roof which, from time to time, introduced coliform bacteria into the
tanks. Nevertheless, the problem has not been serious and, after an
initial chlorination,coupled with an annual clean out, the tanks have
remained virtually free of contamination (see Table 2). Probably the
few pathogenic organisms which do enter the tank die fairly rapidly
in the absence of light and suspended organic material (Pace, 1986).

Table 2: Bacteriological Analysis, Water Tank, Escuela “E1l Man-
guito”

Fecal Coliforms Total Coliforms

Date Colonies/100 ml Colenies/100 ml
October 1984 0 48
November 13884 0 0
February 1985 ' 0 150
November 1985 0 0
January 1986 0 0
March 1986 0 0
June 1986 0 0

As a final precaution, teachers and nurses have been provided with a

supply of hypochlorite and a 20 Lt. plastic jug, along with instrue-

tions on how to chlorinate. They treat a quantity of water sufficient
for the estimated daily consumption and monitor results with a small,
residual chlorine tester, of the type commonly available in swimming

pool supply houses.

The physico-~chemical properties of the rainwater comply with maximum
standards set for drinking water in Venezuela (see Table 3). As can
be seen, the water is extremely pure with a very low level of dissol-
ved mineral salts; perhaps lower than would be regarded as healthful
under ideal conditicns. Nevertheless, this low salt content is typi-
cal of the rivers of the zone from which virtually all drinking water
has been drawn in the past and there is no evidence that this has
caused any unusuwal health problems.
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Table 3: Physico~Chemical Analysis

RAINWATER RIO
MAX. LIMIT EL MANGUITO TERECAY*
- MG/IT.) o
EARDNESS 300 3.0 2.0
ALCALINITY 400 13.1 9.0
IRON (Fe*+t) 0.3 0.0 0.7
CALCIUM {(cat™h) .75 0.8 0.4
MAGNESIUM (Mg++) 30 0.2 0.2
CHLORIDE ‘ 250 7.1 6.4
BICARBONATE (BCO3) * 100 16.0 11.0
SULFATE (SOg4) 250 1.1 3.0
SILICA (Si03) 50 0.0 6.0
TURBIDITY 15 units 1.9
pH ' 6.5 - 8.5 §.75

* A typical small river in the zone which supplies drinking water to
the District Capital. :

EXPERIMENTAL SYSTEMS

It is theoretically possible to reduce the cost of storage tanks by
30% to 40% using polyethylene bags. However, such tanks are highly
vulnerable to punctnring and sun damage and therefore require special
care and handling.

A prototype tank with a storage capacity of 7000 Lt. was installed in
a shallow trench adjacent to a house near "El Manguito™ school. The
tank was left uncovered for demonstration purposes and within the
first 3 months it developed a series of small leaks, probably caused
by animals and chilédren. The material, with a thickness of 400 mi-
crons, appeared tough and resistent, but in practice it did not stand
up well under field conditions. Furthermore, polyethylene has the
characteristic of being almost totally iner: which is desirable for
water storage, but it is extremely difficul: to repair under field
conditions, there being no known adhesive.

Otherwise, the system performed well and was quite economical. If the
problems of protection and repair can be solved the system appears
promising for large-scale distribution to rural households.

Another alternative,small catchment basins with 500 m3 to 1000 m®
capacity,lined with plastic,and covered with a floating plasti¢c mem=-
brane to reduce evaporation, is currently being evaluated. A 700 m3
prototype has been installed with a hand pump and peripheral fence,
to serve a small community (Mata Palo), consisting of around 20
houses. Filling of the storage pond will begin with the onset of the
pext ralny season in May, 1988.
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CONCLUSIONS AND RECOMMENDATIONS

The rapid urbanization and modernization of Venezuela during the last
two decades has left pockets of rural poverty, including much of the
Eastern Llanos where vital public services such as education, health
care and the supply of drinking water have been allowed to deterio-
riate adding to the already strong pressures to migrate to overcrowd-
ed cities. Modern technology has displaced traditional solutions to
basie¢ problems ecreating a dependance on external agencies over which
the local inhabitants exercise little control.

For rural schools and health clinics, collection and storage of rain-
water under hygienic conditiens is technologically feasible, econcmi-
cally competitive and has the added advantage of restoring a measure
of local control over the supply of this essential resource. There-
fore, these systams should figure prominantly in present governmental
plans to revitalize rural areas.
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ABSTRACT

In Singapore where land area is limited, there is a need for more effective water
conservation techniques and unconventional approaches to rainwater harvesting.
This paper outlines the potential of rainwater collection in built-up areas through
architectural design; involving a rethinking of conventional practises in site plan-
ning, building forms and building details. The instrument for these explorations was
a proposed “City of Rain”, conceived in June 1988, sited at Marina South. In this
city, collected rainwater became an alternative water supply which was proposed to
be used to supplement the utilitarian needs of the city and in the creation of new
amenities for the community. The aesthetic effects evolved from rainwater collec-
tion, the new amenities and other possibilities could foster a unique urban character

in Singapore. .
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INTRODUCTION

The island-nation of Singapore, located 1 19 N of the equator in a humid tropical
zone, has utilized half of its land area for water catchment and has developed
practically allits major surface watersources. However, to meet the water demands
of a population of 2.6 million confined to an area of 570.4 square kilometres,
additional water supplies have to be purchased from the neighbouring Malaysian
state of Johore. With the dual concerns of the projected supply capacity being
exceeded before the year 2000 and the increasing cost of water production (PETIR,
1987), there would be a need for more effective water conservation techniques and
unconventional approaches to water collection and storage. In Singapore rain falls
every month of the year; modified by marine and monsoonal influences, and with
an average annual rainfall of 2367mm a potential area for more effective measures
would be built-up areas which took up the other half or 53% of land area. Although
some have been sited within the water catchment; built-up areas in Singapore, but
for a few buildings, had been and remained dormant towards rainwater harvesting,.
The architectural design potential for more effective rainwater collection and
storage involving a rethinking of conventional practises in site planning, building

forms and building details were therefore explored in the proposed “City of Rain”.
PROPOSED SITE FOR THE “CITY OF RAIN”

The proposed “City of Rain” was illustrated through an architectural projecton a
23 hectaressite at Marina South, Singapore. The land in Marina South, reserved for
a city of the future, was reclaimed from the sea at the confluence of 4 rivers and a
propdsal had been made to dam the river basin and turn it into a fresh water lake
(fig. 1). This proposal is testimony to the vital importance of water to this nation.
Surrounded by this lake and the sea the setting would be ideal for the

“City of Rain”. This city was proposed to house mainly a residential population

mixed with some commercial outlets and offices.
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RAINWATER COLLECTION AS DESIGN GENERATOR

The study of artefacts for rainwater collection revealed 3 primary models. They
were the “FUNNEL”, the “HAT” and the “DISH”. These models dictated the
pattern for rainwater collection at the centre, the periphery and the surface
. respectively. Synthesized and abstracted in architectonic terms as defined by Suzuki
and Maeda (1981) for spatial images of water, the “FUNNEL” corresponded to
spatial unity,'thc “HAT” to spatial limitation and the “DISH” to spatial direction.
In other words the element of water would constitute the “heart of a composition”,
a * frame for a composition” and “a spine” respectively (Campbell, 1978). These
were expressed diagrammatically as shown in figure 2. These images thus formed
the conceptual design models for the “City of Rain” through which an underlying
order was given for the articulation of the land and buildings in order to harvest the

rain more effectively (fig. 3).
THE PLAN FOR THE “CITY OF RAIN”

The plan for the “City of Rain” was proposed to be composed of two “HATS”
divided by an axis created between two monuments. Two long “DISHES” housing
social, educational, recreational and commercial retail activities on opposite sides
along the axis formed the market place gallery. The market place was proposed to
be covered to serve as a sheltered public town square. Beyond the “DISHES” were
the “FUNNELS” and they formed the residential neighbourhoc.;ds (fig. 4&5).

The plan essentially divided the city into sectors for Jocalized rainwater collection
and storage. It was proposed that cach sector would have its own storage cistern
located within its distinctively shaped court and that the focal point of each court
would be a water landscape feature (fig. 6). Storage cisterns were proposed to be
fed with rainwater collected from the roofs of buildings and paved surfaces within

each sector. It was also proposed that the entire city be seated ona concrete plateau
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raised above the ground so that vehicular traffic and car-parking within this citywere
confined beneath the plateau. This liberated more area for buildings and pedestri-
ans and enabled an attempt at reducing vehicular pollution over the city in an effort
to collect rainwater of a higher quality. Storm runoff from the pedestrianised streets
and areas outside the sector catchments were then reclaimed by a moat which

defined the outer edges of the city.
PROPOSED USES OF RAINWATER

Itwas proposed that collected rainwater would not only go to serve the non-potable
needs of the city, such as toilet flushing, but also to facilitate the creation of new
amenities for the community such as water landscape features. Although such
features had its origins in drier lands (Campbell, 1978) they could give aesthetic
character and ambience to the urban spaces in the “City of Rain”. Fountains and
decorative pools could provide the visual, aural and tactile pleasures of water as
exemplified in the fountains of Villa d’Este at Tivoli, and like the Dharas (public
baths) of Nepal they could also become the attraction and focus for social interac-
tion and communal living. Fountains using harnessed rainwater in the “City of
Rain” were proposed to be activated only in the event of rainfall to dramatize and
heighten the experiential phenomena of tropical rain. Collected rainwater was
further proposed as a source of water supply for air-conditioning cooling towers as
well as a cboling agent to the external surfaces of buildings with the intent of
modifying their internal environment. These aspe'cts of rainwater -usage will be

discussed in the following section.
THE “RAIN MONUMENT”
The building design aspects of increasing roof catchment area and the uses of

rainwater were explored in the proposed “Rain Monument”. The monument

comprised four high-rise office buildings supporting an inverted pyramidal parasol

Kl-11



(Bg. 7). It was proposed that the four towers were bridged across diagonally by
viewing galleries above which overlooked the suspended “funnel”. The “funnel”
was intended not only to collect rainwater and provide shade for the plaza below but
also to create an aesthetic effect of a waterfall of monumental proportions. The
climax of this waterfall display at the plaza would see a spray of water over a scaled
model of the City within a catchment reservoir. The evolution of the design of the
“Rain Monument” was a deliberate attempt to evolve a symbol for the city: one that
would connote and forward the spirit of an Architecture that attempts to exhibitand

celebrate a sense of the place of Climate, in this case Rain.

Water that ﬂow;:d through the “funnel” was contributed by rain as well as hot water
discharged from the air-conditioning systems of the four office towers. It was
proposed that the “funnel” would become the central cooling tower for the four air-
conditioning systems and displace the installation of separated conventional
cooling towers. It was conjectured that the cooling tower would operate in similar
principle to that of the hyperbolic-paraboloid cooling towers of nuclear reactors.
Water collected at the reservoir would then be recycled to cool the chillers of each
air-conditioning system within the four towers before returning to the “funnel”. It
was proposed as a self-contained, perhaps self-sufficient, system which collected
rainwater to replenish itself. Perhaps through the use of sensors inside and outside
the building, the entire cooling systern could be regulated by ‘intelligcrit’ automated
systems to maintain its efficiency. Could the fabric of the “funnel” not also embody
solar energy collection devices or serve as a satellite communication dish? Couldthe
“Rain Monument” then also be an archetype for a highly technological-intelligent
tropical building? Perhaps cooling towers-may neither be part of ‘hidden mechan-
ics’ nor displayed merely as ‘functioning orgaI{s’ but instead take the stage of ‘art’
in the formal composition of a building’s design as illustrated in the “Rain Monu-
ment”. To further exploit the rainwater harvesting potential of the “Rain Monu-
ment” it was assumed that the facades of the towers could also contribute towards

rainwater collection by virtue of their greater surface area compared to that of the
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roofs. The proposed external finishes to the facades of the four towers in the “Rain
Monument” therefore attempted to simulate the ‘spc;nge’ enabling them to absorb
and collect rainwater. Itwas also proposed that in the event of a hot day heat sensors
would trigger off a release of collected rainwater into the ‘sponges’ with the intent
of stabilizing their surface temperatures through evaporative cooling. This use of
rainwater as a cooling agent for the buildings to ‘perspire’ was to avert the building
up of surface temperatures which would either impaose a greater cooling load on the
buildings’ air-conditioning systems or require heat insulators to be incorporatedinto
the design of the walls. Laboratory tests have indicated a decrease of 25-30% in air-
conditioning power consumption for opaque exposed walls that had received a
continuous sprin;ding of water over its surfaces (Rao, 1989). Toachieve the desired
performance of a ‘sponge’ for the external finishes, a loosely mixed composite

consisting of cement mortar and exfoliated vermiculite granules was proposed. This
| finishing material was proposed to be applied with water-proof adhesives over
precasted concrete wall panels. These panelswere detailed at their horizontal joints
to incarporate a duct for collecting water running over and through its surfaces, and
a water sprinkler pipe. These devices were continued with water downpipes and
sprinkler feed pipes respectively at alternate vertical joints of the panels. Rainwater
collected on the roofs and through the vertical surfaces of the four towers including
the excess water used for evaporative cooling were proposed then to be channeled

into the reservoir at the plaza and recirculated as a cooling agent (fig. 8).
CONCLUSION

The proposed “City of Rain" served to demonstrate the objective of exploiting
architectural design to explore the possibility of harvesting the abundant rainfall
more effectively for built-up areas in Singapore. The rainwater harvesting potential
of built-up areas could be enhanced with increased roof and surface catchment
areas combined with localized storage systems. In the process of the exploration the

project also searched for potential uses of collected rainwater not only to supple-
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ment the utilitarian needs of th= - ©  ...uwcreate a unique aesthetic dimension

v~ oiic proposed “City of Rain” was evolved on undeveloped land,
its ideas could be adopted into existing built-up areas through the process of urban
renewal. Thus with the incorporation of a supplementary source of water supply to
complement the existing municipal supply, Singapore could perhaps defer the
development of new sources of water and also reduce her dependency on imported

water.

As design tools for the project the “Dish”, the “Hat” and the “Funnel” had
generated ideas for site planning, building forms and details. Although these
models suggested tlftxe functional role of the design concepts underlying the “City of
Rain”, they could in the process establish a formal aesthetic statement for its
architecture as exemplified in the design of the residential neighbourhood courts
andin particular the “Rain Monument”. As the symbol for the “City of Rain”, the
“Rain Monument” is an architectural statement towards the making of an Architec-
ture that Singapore could call her own. It’s concept could be incorporated into her
buildings independent and beyond whatever stylistic inclinations in architecture
that may prevail. It could however also provide an alternative to an architecture
devoid of local e:fmpression whose roots and principles are alien to our context, and
perhaps instill an architectural identity and character that could be unique and in-
dicative of Singapore. This project therefore hopes to touch upon the possibility of
an evolution of architectural principles, through the technology of rainwater collec-
tion systems, that may be better suited to Singabore. What further implications the
ideas proposed in this project would have on the potential uses of rainwater,

architectural design, policies and others are currently being researched.
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RAIN WATER CISTERN SYSTEMS IN NORTHEAST BRAZIL AND NORTH YEMEN

.., Dr. Masami Ichikawa
Professdr Emeritus, University of Tsukuba

‘ ABSTRACT

This paper deals with the situation and comparison of the
tropical rain water cistern systems in Northeast Brazil and North
Yemen (Yemen Arab Republic), both of which are located in the tropi-
cal arid or semi-arid regions.

Northeast Brazil (NORDESTE) consists of 8 states of Bahia,
Sergipe, Alagoas, Pernambuco, Paraiba, Rio Grande do Norte, Ceari
and Piaul. The writer surveys on natural environments of all states
of NORDESTE and Santana do Ipanema located 170 km. to the west of
Maseio, the capital of state of Alagoas. Rain water cistern in
Santana do Ipanema in NORDESTE Yave three tyves in a2 willage showm in
Figs. 3, 4 and 5. All these cisterns have roofs and water is in a
better sanitary condition for human health, because it does not
contain polluted water contaminated by human and domestic animal, but
the water causes fragile teeth.

On the contrary, all the rain water cistern located in the
vicinity of San'a, the capital of North Yemen, are located in the
lower part of the villages and constructed by digging ground surfaces
and some are in underground area only. They are all without roofs and
take in water polluted by people and domestic animals. Consequently,
foreigners visiting there cannot drink cistern water.

There are many types in tropical rain water cisterns in the
world. We need to compare and examine these types and to select the

best cistern type from the viewpoint of sanitation.
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I. INTRODUCTION

It is one of the most urgznt problems to make certain the water
resources for drinking water for the people of tropical dry lands.
Therefore, they have fried to do the best to obtain the water
resources since old ages.

To get drinking water,the following methods have been used since
old ages:]) drinking water residential areas and their surroundings
has been obtained by means of digging wells and building dams across
rivers, and 2)drinking water has been trnsported by conduits.

Whether drinking water in obtained effectively and cheeply in
the residential areas and their surroundings or not is one of the
greatest problems in the areas of difficulties to get drinking water
by geomerphological and hydrogeological conditions.

There are many different types of rain water cisterns in the
world. Isolated islands in southern Japan such as Nii-Jima and Miyake-
Jima of Izu Islands also have rain water cisterns.

In this paper, the writer would like to consider the tropical
cistern systems in Northeast Brazil and North Yemen (Yemen Arab

Republic).

I1. RAIN WATER CISTERN TYPES IN NORTHEAST BRAZIL
l. General Tendencies of Water Resources in Northeast Brazil
Tere are vast semi-arid region located to the inland of the

Brazilian Northeast (Nordeste). The region called sertdo is subject
to frequent drought with wvarious cycles of years. As a result,
Sertanejos (inhabitants in the Sert3o)have frequently suffered from
the great famines and a large number of inhabitants have flowed out
every lean year from Nordeste to the great urban areas such as Recife,
Salvador, Rio de Janeiro and Sao Paulo. This calamity area is called
poligono das secas (drought poligon) and is under jurusdiction of
SUDENE (Superintendency for the Developent of Nocheast)(Fig.!1).The
great Northeastern Region-under jurisdiction of SUDENE- comprises
1,600,000km? , a fifth of area of Brazil. A large semi-arid region -
called the Sertado for the most part-within Nordeste comprises 940,000
km?

Rainfall amount is less than 1,000 mm annualy in th2 semi-arid
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region and the area with annual rainfall of less than 650 mm. are

distributed in the northan of the state of Rio Grande do Norte,

larger part of the state of Paraiba and western part of the state

of Pernambuco. The area of less 500 mm. annual rainfall are distri-

buted in the western part of Borborema Highland and the middle lower

part of the Rio Sanfrancisco. The small area of less than 400 mm.

are scattered here and there. All of these areas are the typical

semi-arid regions. Santana do Ipanema of the state of Alagoas located

. -~/ . - .
in Sertaoc and is very near to the middle lower part of the Rio San-
francisco.
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Fig.l. Area of the Brazilian Northeast (NORDESTE).

The Sertio receives a small amout of rainfall which is
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able because of its irregularity. Dry season is from July to December
usually, and August and September are the most dry months. Rainfa}l
variability is very high in the Sertdo, for example, some years have

no rain and occasionally rain does not fall continouslly throughout

2 or 3 years. These years extremely droughty, so that the people in

the Sert3o have to look for water by means of digging dry river floors
and many people flow out from the Sertdo to urban areas to get food and
habitat. Many of these migrated people have formed slums (favelas in
Portuguese) in these urban areas.

Water is the most importnt and critical resource for Sertanejos
living in the semi-arid region in Nordeste. Food production also rest-
ricted frequently by the occurreces of warter. The writer carried out
a field research on the semi-arid region of Nordeste during the period
of 2 months from December of 1966 to January of 1967, and particularly
he tried to carify the occurrence of water including use of rain water

cisterns (M. Ichikawa and $h, Yamamoto, 1972).

2.Aspect of Groudwater and Its Use

The larger part of Nordeste consists of Pre-Cambrian crystalline
rocks such as granites, mica-schists, migmatites and pegmatites. Sedi-
mentary rocks composed of Cretaceous sandstones and shales are distri-
buted in the southern part of the state of Ceard,northan part of state
of Rio Grade do Norte, a part of the state of Pernambuco and eastern
part of state of Bahia (Fig. 2).

There are no aquifers in the crystalline rocks,then the occurrence
of groundwater seems to be very limited from the viewpoint of hydro-
geology. Groundwater occurring in the crystalline rocks is fissure
water only.

Because of high mineral contents, groundwater in Nordeste is not
suitable for persons and domestic ani&ﬁls to drink and for crops to
irrigate. Although chemical qualities of groundwater vary with the
types of rock in which it occurs, particulary the fissure water in the
crystalline rocks is highly mineralized. Therefore, we could not drink
natural groundwater even in the magnificent hotels in Brazil. However,
potableness range of Sertanejos is much larger than any other places
in the world (W.D.Cost, 1965).
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Fig. 2. Geological map of the Brazilian Northeast.

1: Pre-Cambrian crystalline rocks, 2: Cambrian rocks, 3: Silurian formntion-
4: Devonian formation, 5: Permian formation, 6: Cretaceous formation.
7: Tertiary formation,  8: Diluvium, 9: Aluvium, 10: Graaite.

¢

CONESP (Companhia Nodestina de Sondagens e Perfuragses) has made
efforts to develop groundwater by drilling into the crystalline rocks.
Nevertheless it seems quite pessimistic for the people there to get
enough fresh water because of high salinity and small quantities of
groundwater yield. We cannot rely on the wells drilled in the crystal-
line rocks of this area for any purpose but for domestic and, some
cases, grazing needs. However, the potableness range is much larger

here than in any other places in the world, then inhabitants in the
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Sertdo must take highly mineralized water daily (E.W.Duarte,1965).
Standards of water qualities for drinking for Sertanejos in the
crystalline rock areas are shown in table 1 (W.D.Cost, 1965). This
table shows the water containing CL of 0-177 ppm is good and of 355-
720 ppm is medium for drinking in the Sert3o. It is surprising to see

that Sertanejos can drink highly saline water.

Table i. Standard of drinking water for Sertanejos in Noedeste.

Name of State Hard- | €1 | HCO, | SO, Ca Mg Na
reserv. ness | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm)
Soledade Paraiba 320 435 130 15
$30 Gongalo » ? 370 256 4 119 80 98
Mie » 9 400 390 102 254 77 152
Pesqueira Pernambuco 275 620 220 ? I
Bezerro* Pernambuco 68 38 30 0

* Good for driking it through a filter. (After COST,W.D.,1965)

3. Use of Rain Water

The surface water and groundwater in the Sert3o are not available
for potableness on account of quantitative and qualitative restriction,
therefore with the assistance of water cisterns in many places, the
water has been used for drinking. Photo. | shows the conditions of
rain water use by a farmer at Santana do Ipanema mentioned above. Rain
water falling on roofs of main house and corn storage is collected
into the cistern which is made of concrete and is covered by roofs.
There are three types of water cistern shown in Fig.3,4 and 5 (for
Fig.4 and 5 is after by D.D. Cederstrom and J.C. Assad, 1964 and Fig.
3 is drawn by the author).In case of Fig.3, its area is 40 m? and a
vater depth is 3 weters, the capacity of water storage being 200 m.
This volume may be énough for the domestic use of water in the farmer
during the period of dry season. This cistern constructed by digging
the ground surface to a depth of 2 meters, not reaching to the ground-
water table.

For Fig. 4, the rain water falling on the roofs is collected
into the cistern constructed in the ground, whose bottom is connected
with a boring well by means of a pumping tube with strainers and then
both grounwater and rain water a?e pumped up from the cistern. For

Fig.5, rain water collected into the well whose hottom reaches to the
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Photo.!l.A type of rain water cistern’
(type 1) in Nordeste (a & b):

L
T [ Ttewr
_ l."e':n"iii-i! rn

Fig. 3. A type of cistern (type I)
in Nordeste.

boring well
Fig. 4. A type of cistern (type II)
in Nordeste.
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shallow aquifers, is drawn up with a bucket.

Water in the cistern explained in Photo. | is rainwater and
similar to pure water which has no minerals. Causes for the bad teeth
of many Sertanejos are uncertain yet, but the fact that Sertanejos
drink rain water daily may be at least one of the major causes for
their having bad teeth. In the cistern having such structures as shown
in Fig 4 and 5, the salinity of groundwater is diluted by rain water.
C onsequently, the water in these types of cistern is relatively

avilable for potable and domesfic uses.

ITI.Rain Warer Cistern Sytems in North Yemen
North Yemen is located in the southwestern part of Arabian Penin-
sula, and the study area includes the capital San'a, which is located
from 15° to 15°30'N., and from 43°30' E., as shown in Fig.6.Population
in this area was 671,800 and the number of total rain water cisterns

was 653 (Y. Tagul;chi, 1989).

1. Location and Alritude Distribution of Rain Water Cisterns

Mountainous villages of North Yemen located in the highest site
was overviewed. There, rain water cisterns are located in the lower
part of villages.These rain water cisterns were constructed by digging
Zz-5 m. from the surface of ground and also some wewe constructed in
shalow underground. They have no roofs and have great a problem from
the sanitary point of view, because they can take in all polluted
waters (Fig.7 and Photo. 2).

Distribution of rain water cisterns in North Yemen almost coin-
cides with altitudes of ground surfaces, because they were constructad
on the ground surfaces or the shallow underground. Distribution of the
cisterns is plotted every 15' longitudé between 15°-15°30' N (Fig. 8-
(a)).

The solid line in Fig.8-(a) shows highest frequency
and this is almost coincided with the mean altitude above sea level of
cisterns. Number of rain water cisterns every relative height of 100m.
in the study area is shown in Fig.8-(b)), and it shows that the highest
frequency of the altitude distribution of rain water cisterns is 2,600

m. or 2,700 m. except the maximum frequency of altitude of San'a loca-
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Fig. 7. Typical rain
nk"..l d water cistern near
i Highlands. .

B: Central highlands San'a of capital of

: Lowlands, 'N: Midlands, North Yemen.

“Qiﬁéﬂéﬁlb R: A settling pond,
: Tajzy
Tl Ty

-3 :Directions of

surface flow.

Fig. 6. General map énd study

in North Yemen.
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ted in 2,200-2,400 m.above sea level (solid line in Fig. 8-(b)).

2. Use of Rain Water in North Yemen

Rate of use of cistern water is less than 10 per cent of the
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On the contrary, in the case of North Yemen, all watar cisterns
located in the lower part of villages and are constructed by digging
the surface of ground and some of them are constructed in the under-
ground in a shallow depth.

The cisterns there suffer from people and domestic animals
severely. Therefore, the cistern water does not suit potableness for
people and domestic animals. These facts have proved to identify that

almost of all foreiners visiting ther must buy mineral water.
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ABSTRACT

The general problem concerns the use of rainwater for w.c. flushing.
In the United Kingdom 30% of the potable water supplied to the
domestic sector is used for the transportation of foul waste. This
-paper describes a method of obtaining the optimum storage capacity
for which both the input and output are stochastic processes; that
is, two unrelated time series. Two w.c. supply systems are evaluated
using a numerical simulation model. The findings indicate that the
storage volumes of earlier designs were considerably over estimated;
moreover additional storage is of no use unless the catchment area is
also increased.



INTRODUCTION

Inhabitants of the arid areas of the world are only too aware of the
need to conserve water; consequently their water often has repeated
usage and is finally used for land irrigation. In developed
countries such as the U.K., one flush of the w.c. typically uses

9 litres of purified water: the result is that 30% of this expensive
potable water supplied to the domestic sector goes down the foul
sewer. As water charges increase coupled with difficulties of
maintaining adequate water quality standards (Howarth, 1981), the
efficient utilization of our existing water resources will become
apparent. The use of rainwater for w.¢. flushing is a simple and
practical method of reducing the demand on both the public water
supplies znd waste treatment facilities.

The economics of a rainwater cistern is related to its storage
capacity because this is the one parameter controlled by the builder;
the roof area is determined by other considerations and the rainfall
is an uncontrollable natural resource. This paper shows that the
stored volume of rainwater needed for tecilet flushing can now be
reduced by a factor of 10 compared to previous estimates for the
U.K.; that is we are concerned with storing 1 tonne of water instead

of 10 tonnes.

The relationships between catchment area, tank size and daily
rainfall levels are investigated; for a specified demand there is an
absolute minimum roof area required, irrespective of the storage
used. A numerical model is developed which determines the optimal
combination of roof area and reservoir capacity needed to meet the
w.c. demand. The paper concludes with descriptions of several

configurations of storage tank layouts and arrangements.

THE COLLECTION OF RAINWATER AND THE INFLUENCE OF METEOROLOGICAL
AND PHYSICAL FACTORS

The roof of a house provides an ideal catchment area for collecting

rainwater provided it is made of a suitable material such as slate or

tiles (lead and asbestos are unsuitable). Ground catchments provide
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an alternative to roofs, their effectiveness is dependant on their
slope and impermeability to water, although they are unlikely to be

practical in urban areas.

The annual level of rainfall depends on geographic location; the
average in the east and south east of England is 500-600 mm while in
the north and west is approximately 1525 mm. The average for England
is 840 mm and for the whole of the British Isles 1205 mm. The
frequency distribution of rainfall also varies from area to area;
heavy falls (25 mm or more) occur more often in the summer season in
south~eastern, north-eastern and eastern England while in North
Scotland such rains occur most frequently in Autumn (Bilham, 1932).
Because the level and frequency of rainfall varies throughout the
country,'there is expected to be a corresponding variation in optimal
tank sizes and method of construction.

The roof area available for collecting rainwater is related to the
size and type of dwelling. The average roof area of a house in the
UK is 50 m2 (Vale 1976); a bungalow has a greater collection

potential than a comparable house.

STORAGE CISTERN DESIGN

Design Problem

The determination of the smallest tank volume which will satisfy the
toilet flushing demand for a particular catchment area is the design
problem: the derivation of rainwater supplyv patter?s is thus
essential. These supply patterns are non-deterministic and follow a
time dependent, non-stationary stochastic process. A collection of
sampled values made sequentially in time from such a process is known

as a time series, which may be continuous or discrete.

Two methods of obtaining the time series which describe adequately
the randomness of rainfall were considered: either the collection of
actual flow patterns or their simulation using a numerical technique.
The first method was rejected because the manipulation of, say,

three or four years daily rainfall patterns into a form suitable to

model the storage system is both inefficient and time consuming.
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The rainwater time series are used as the input to the simulation
model of the storage system. For each roof area the model evaluates
the volume of rain collected and used each year expressed as a
percentage of the total flushing demand. Several assumptions have

been made:

(i) the rainfall is vertical and over the entire roof area
{ii) evaporatrion losses are negligible
(iii) any effects due to droplet size and variations in wind

and pressure arcund the roof are ignored

These aspects may be included in the model as they become pertinent
to a particular design.

.

Storage Volume and Geographical Location .

The performance of a rainwater flushing cistern is evaluated with
tanks ranging from 100 to 1200 litres capacity; the evaluation is
repeated for the same five towns. The average annual rainfall levels
range from €00 mm for Nottingham to 2350 mm for Treherbert. The mean
volume of rainwater collected per annum expressed as a percentage of
the total flushing demand is determined for each storage vessel using
fifty years of simulated data; the accuracy of the results is within
the range 2 1%. The results relate to a family of six people; 2
lower level of occupancy results in an increase in system efficiency
because of the lower demand for flushing water.

B house in Nottingham with a catchment of 25 m2 can supply only 30% .
of the w.c. flushing water with a storage capacity of 900 litres; a

similar dwelling in Treherbert with the same cistern and roof area

conserves at least 80% of the potable water supplied to the toilet

(Fig 1). The performance curves for Bath and Inverness are close

together because their annual rainfall levels are similar, 812 mm and

750 mm respectively. The poor performance of the systems is Sussex,

Bath Inverness and Nottingham is due to insufficient roof area; that

is, for a specific demand there is an absolute minimum roof area

required, irrespective'of the storage used. An increase in storage

capacity in excess of 800 litres results in only a negligible



improvement in system efficiency (Fig 1). Whereas previously large
storage volumes have been proposed for the U.K. without consideration
to the catchment area (Rump, 1978).

An increase in roof area to 50 m? results in a corresponding
improvement in system efficiency. In Nottingham a 1000 litre tank
provides 55% of the w.c. flushing water, the figures for Inverness,
Bath, Sussex and Treherbert are 64%, 67 %, 73% and 96% respectively
(Fig 2). With a catchment of 75 m2 the performance of each system is
further increased (Fig 3). However, between tank capacities of 100
to 800 litres the efficiency of the Inverness system is marginally
better than’'Bath's. This effect is pronounced with a roof area of
100 m* (Fig 4); the performance of the Scottish system is superior
than that of both Sussex and Bath. This indicates how the fregquency
distribution of rainfall can affect the performance of a system;
Inverness has a lower annual rainfall than both Bath and Sussex but

is more efficient with a roof area of 100 m2.

‘Generally an increase in tank capacity results in a rapid rate of
growth in system efficiency. However, a point is reached on each set
of curves where increases in storage capacity result in only a
marginal improvement in performance.. That is, the maximum efficiency
of a rainwater flﬁshing cistern is rel&ted to roof area and the

demand within the household.
STORAGE CISTERN CONSTRUCTION AND OPERATION

A rainwater cistern of 10,000 litres is recommended by Rump (1978) to
provide a third of a U.K. households requirementé, while Vale (1976)
suggested a quarter of the annual yield required needs to be stored.
Consequently storage tank designs offén suggested are expensive,
normally constructed from reinforced concrete and unattractive in a
developed country such as the U.K. with an established water supply
system.
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The storage requirements estimated in this study are less than
previous proposals and range from 400 litres to 1500 litres depending
on geographic location and roof area; cheaper methods of construction
can therefore be used and a greater flexibility in tank location
achieved. Tanks located below ground level keep the water cool and
inhibit bacterial growths; alternatively a vessel positioned at the
first or ground flow cobviates excavation work and alterations to the
below ground drainage system. Collection vessels cannot be located
in the roof space because the inlet would be above or at the same

level as the gutter.

Irrespective of location, all tanks must be fitted with lids to
reduce evaporation and discourage algal growths. The bases should
slope slightly up at the outlet to allow settling particles to
accumalate at the opposite end. The larger tanks can be fabricated
from G.R.P. or a series of smaller polypropylene vessel connected
together to prévide an equivalent capacity, both of these materials

are light, durable and economical.

A single tank system (Fig 5) positioned at or below ground level
collects the rainwater by gravity feed and is then pumped at a
minimum flow rate of 7 lit/min (B.S. 6700, 1987) to the flushing
tistern; a cartridge filter removes suspended solids. An overflow is
fitted to the storage vessel and the pump controlled by a float
switch in the flushing cistern. When the level of rainwater falls
below a critical value make-up water is supplied via a delayed action
ball-valve, this prevents system failure (Fig 5). The system

simulation model is based on this simple rainwater flushing cistern.

A dual tank arrangement (Fig 6) with an extra tank in the roof
enables the w.c. to be gravity‘fed at the necessary flow rate

B.S. 6700, 1984) and the pumping between storage tanks to be less
than 7 lit/min. Because the total storage is shared between two
vessels, both excavation and possible alterations to the drainage at

ground level can be reduced.
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Excess rainwater overflows from the ground store to the household
drain via an overflow. A float switch, which de~activates the pump
at a pre-defined level, prevents wastage of filtered water from the
roof store. A float switch also prevents the collection vessel
emptying completely. Mains water is supplied via a ball valve to the

roof store to prevent system failure.

Both the single and dual tank systems are fitted with a simple device
which diverts the initial flow from the roof, this will be
contaminated with particulate matter which has collected on the
catchment area during the dry-period. At the beginning of a
rainfall, the inlet to the storage tank will not be flowing full and
the contamiﬁated water will flow into the 'vee' section pipe (Fig 5
and 6) which diverts the water into the drain. However, as the flow
increases it's trajectory will by-pass the 'vee' section and flow

directly into the storage vessel.
CONCLUSIONS

A w.c. supply system has been designed and evaluated using a
simulation model. Time series based on a minimum interval of a day
are generated using the Monte Carlo technique; these series provide
input to the model of a single tank unit to obtain the optimum

storage capacities for different catchment areas.

To provide 85% of flushing water with a single tank rainwater
cistern, a Nottingham household requires a2 minimum catchment of

100 m2 and a 1500 litre tank which will weigh 1.5 tonnes when full.
Houses in Inverness, Bath and Sussex with a 100 m2 roof area require
storage capacities between 750 to 850 litres to satisfy 85% of the
w.c. flushing demand. However, due to the higher level of rainfall
in Treherbert, a combination of 50 m2 roof area and tank capacity of
600 litres is capable of providing 85% of the flushing requirement;

the storage volume is reduced to 400 litres with a 100 m2 catchment.



The results indicate that tank capacities suggested by Rump and Vale
are considerable 6ver-estimates, moreover the additional storage is
not needed unless the catchment area is increased to collect more

rainwater.

A dual tank system is shown to have a more flexible design and a more
efficient pump duty. BHowever, the flow rates between the tanks and
the combinations of different storage capacities must be carefully

selected to optimize system efficiency.
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