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FOREWORD

The use cf rain water cistern systems is increasing
in bcth develored and developing ccuntries. In developed
ccuntries, rain water use may supplement public water
supplies which are 1nadequate to sustain urban growth. In
rural areas where groundwater is unfit for ccnsumption rain
water collection mey be the cnly alternative.

In developing ccuntries, rain water use is
particulary suitable for the rural areas where the cost of
piped water supplies wculd ke eccnorically prohibitaive. In
these areas, villagers rely on rain water in ther rainy
season and revert to groundwater from deep cr shallow wells
in the dry season. The use cf well water, however, may not
be fpossible or advisable 1n areas where the high mineral
centent or bacterioleogical gquality render it unfit for humen
ccnsumption. Promction of rain water cistern systems which
provide adequate storage for year round use may alleviate
sore of these problems.

In view cf this, the first international conference
on Rain Water Cistern Systems was held in Hcnolulu, Hawail
in 1982 under the very capable chairmanship of Dr. Yu-Si1i
Fok and the seccnd conference was held in the Virgin Islands
in 1984 . The ccnferences dealt very comprehensively on
varied aspects of rainwater catehrent. However, 1t was felt
that the ‘ccnferences were lacking 1in representation fromr
developing ccuntries and the 1ssues concerning comnunity
involvement, organization, operation and maintenance cf the
systems were not adequately corsidered. Hence, the third
ccnference was decided to be held i1in a develorping ccuntry
and Thailand was chosen.

I wish to thank all the authors who, by respcrding
to the call for corferernce papers, have ccntributed to the
success of the conference. I am s&also thankful to the
previous conference organizers for their useful advice, and
the International Develogpment Research Centre (IDRC) for its
financial suppcrt.

Chayatit Vadhanavikkit
Cc-Chairman
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RAINWATER COLLECTION SYSTEMS: A LITERATURE REVIEW

Brian Latham
Development Consultant
Box 2423, Station D,

Oittawa, Canada.

Dn. Ernic Schillen

Associate Progesson

CLivil Engineerning Deparntment
University of Ottawa

Ottawa, Canada.

ABSTRACT

This is a corrected version of the original literature review first published by the

authors in April 1984. That review 1s available from the International Institute for

Co-operation and Development, University of Ottawa, Ottawa, Canada.
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INTRODUCTION

Rainwater collection is the process of collecting, storing and using rainwater as a
primary or supplementary water source. In this review, rainwater collection refers to
the small-scale collection of rainwater on roofs, primarily for use as a domestic
potable water supply. However, there are other larger systems that may involve
many hectares of collection area in the form of roads, sealed pavements and
ground-runoff catchments for the provision of water primarily for livestock and
irrigation. Rigid distinctions between size and use of water are not possible as large
areas in Bermuda [212], [221], Yugoslavia [97] and Hawaii [68, p.2], [69] are paved
for the provision of water for human consumption but the scale of operation is the
main criterion used to distinguish the two types here. Large scale collection is a
separate area of study [12], [14], [40), [48], [94], [99], [100], and is reviewed
elsewhere [164].

Rainwater has always been collected as a low-volume but high-quality source of
water but since the nineteenth century its use in industrialized countries has received
less attention than more technically-oriented centralized water sources. However, in
recent times, the increasing cost of supplying treated water to remote and rural areas
from a centralized source and of pumping from deep wells has meant that serious
consideration is once again being given to rainwater collection in certain areas.

As a water source, the major advantages of rainwater collection systems are:

1. in most areas, rainfall water quality is excellent.

2. the concept is simple and thus they are easily built and maintained;

3. the ability to operate independertly of outside systems is useful in remote

areas and difficult terrain;
The conditions that make them a viable water source can vary from low groundwater
tables to poor wellwater quality and even heavy seasonal rain [13]. Although
consideration is usually given to systems supplying water year-round, significant
benefits are obtained from smaller, partial supply systems as well. In fact, a study of
benefit and cost showed that the highest returns were realized for very small systems
that supplied water during the wet season and a small part of the dry season [175].

The main difficulty faced by researchers is that the literature on rainwater
collection has not been properly referenced. An extensive computer search in
Compendex (Engineering Index), NTIS and SWRA files revealed only five titles on
this topic [121], [177], [178], [191], [218]. Even Ree's companion paper [190] was
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not included This 1s probabiv because work on rainwater collection 1s localized
Hence. the results ol work done appear 1n many small papers and practical pamphlets
that are only avauahle iocally Considerable amounts of work are duplicated

Also. 11 1S commonlv believed that rainwater collectors are "home-made” and not
as sophisticated as centrallv controtled facilities This may. in fact, be the reason
why 1t 1s assumed bv many that rainwater collectors are primarily for use in
developing countries Developed countries are presumed to have more sophisticated
sources (49] Considering the proven advances in public health that followed the
introduction of and strict adherence to central water supply and quality control 1n
Europe and North America [35. p 1 5] and other areas, engineers and health workers
in these areas are reluctant to endorse a water supply method that pre-dates the
"modern” technique However, complexity breeds complexitv and the development of
sophisticated methods of water purification was aecessitated by the large number of
pollutants 1n the surface water that i1s normallv the source of supply for centralized
systems. Rainwater collectors are simpler 1n part because the rainwater itself 15 less
polluted. In addiuon, the technology of water qualitv management developed for
central systems 1s available (for a price'’ to the rainwater user [259], [260].

Finally rainwater collection has been a neglected area of study and improvement
Current work will update 1t and will assist the distribution of suitable systems to
the public at an affordable cost By reviewing work that has been done directly on
and 1n the general field of rainwater collection, the authors hope to assist and

stimulate the work of researchers in a number of fields.

GENERA! REFERENCES

Keller [125] prepared a review for WASH and USAID of 87 titles that centred on
the need for rainwater collection., some of the existing methods for calculation of the
storage size required, design and construction of roofs, gutters and storage tanks and a
comparison of estimated costs Other literature lists have been prepared by the
International Reference Centre for Communitv Water Supply and Sanitation (IRC)
(113], [114]. They have also produced a general review [97]. The United Nations
through UNEP has published a general review of rainwater collection [21] which
incorporates the work of a review paper [226] and a series of commissioned
geographical reviews [122], [123], [134), [171], [186], [34], [206], not all of which
discuss small collectors. Intermediate Technology Development Group has a review of
roof catchment and micro-irrigation technology in preparation [115]. The topic is
covered in [249] as a rural water supply source.
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Rainwater collection has bheen discussed 1n several conferences and symposia
including Water for Peace. 1967 |266], Water Harvesting Symposium, Phoenix.
Arizona, 1974 [229], Rainwater Cistern Symposium, Monterey California, 1979 (31},
American Water Works Association meeting, 1979 [177), American Geophysical
Lnion. 1979 (67, Internationa; Water Resources Association. 1979 [68), Rainwater
Cist=rn Systems Conference, Honolulu Hawaun, 1982 71]

AREAS OF USE

EUROPE In the Mediterranean area. rainwater collected on roofs and stored in
cisterns was the principal source of water during Phoenician. Carthagiman and early
Roman umes [42). [134] from the sixth centurv onwards. Cisterns were later used
bv the Romans for storing transported surface water when cities became larger (35],
134]. Rooftop collection and storage of rainwater was practiced 1o Venice as the
principal water source for 1300 vears [11), [88] unul the 16th Century [69] One
hundred and seventy-seven publi. and 1900 private cisterns 1o Venice held 665,000
m of water to supplv about 16 i cap/day [265]. In 1703. a plan was presented to
the French Academy of Sciences to provide a rainwater cistern with a sand filter 1n
every house [135] Use up to present times in Germany 1s mentioned [160], (205]

AFRICA In Sudan, the traditional use of baobab or tebeld: trees (Adansonia
digitata) for storage 1s reported [56], [60]. When hollowed out. these 5 m. or greater
diameter trunks are fed by water collected from the tree branches or by buckets from
ground collectors. In Kenya, use of small tanks is reported [165] and Grover [84]
described a proposed community rain harvesting system for Manda Island on the
Kenyan coast Ongweny [21], [171], quoted extensively from Grover's paper and
reviewed traditional and modern roof catchment techniques: thatched to corrugated
roofs, open jars to cement tanks. Upwards of 10,000 people use rainwater collectors
in each of Kenya (Guss: Highlands), Tanzania, Uganda, Zambia, Lesotho, Ethiopia,
Nigeria, Ghana and Botswana [171]. General reviews of collectors are available [78]
and are 1n preparation [81], [82] for Botswana where use of threshing floors as
collectors 1s suggested [78), [250). Rock outcrops and roofs are used as collectors 1n
Zimbabwe [63], [192). Parker [175] did a benefit/cost analysis of partial supply
systems 1n Kpomko, Ghana. Rainwater systems were observed in Mali [245), Kenya
[77] and Zimbabwe [80]. Modern pilot projects are being run in Botswana [145],
Ethiopia [153, p. 33], Sudan [60], Ivory Coast (1], [S7), Rwanda [83], Upper Volta
(8], [117], Sierra Leone [112] and Zimbabwe and Malawi [63] by regional departments
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of agriculture and foreign aid agencies. Ray [189] reviews projects in Yemen, Libya,
Kenya, Botswana, Ghana and Lesotho. Wider use in Nigeria is proposed [49].

CARIBBEAN. Rainwater collectors are used in much of the Caribbean. Their use
1s reported 1n the Virgin Islands [139], [140] and Trinidad [133). The Jamaica
Rainwater Catchment Project [47], [119], [144] is almost entirely a large area
harvesting project although there 1s a small collection component.

ATLANTIC. Bermuda 1s known for using rooftop and larger catchments for
practically all its potable water. In all, approximately 2.7 million m are caught
annually. Use began in 1628. Short histories are given by Raine [188] and
McCallan [154]. Histories and a general description of the systems are given 1n [221]
and {212). The size of tanks and system construction are prescribed by law [17],
(18], [19]). Waller [241]) reviewed all pertinent acts and histories and discussed
quantity and quality of water, maintenance and future demand.

Gibraltar 1s similar to Bermuda. Rooftop collection began in the early 1800’s and
since 1869 has been required by the Public Health Ordinance where central service is
not available {74). In 1903, this source was supplemented by a 25-hectare sealed
harvesting catchment on the east side [73], [210].

WEST AND CENTRAL ASIA. Use is reported in the Anatolia region of Turkey
from ancient times [172]. Ancient buildings in the Negev Desert were served by roof
collectors and tanks as are many modern Israchi areas [186], [189], but other
references to their use in this area are peculiarly absent. Prasad [186] mentions
rooftop collection in Rajasthan. There is some limited use elsewhere in India [211]
and its use in the Himalaya region is proposed [86]. Collection of rain on a large
scale in Sri Lanka is reviewed and mention 1s made of use 1n the Maldive Islands
(189].

EAST ASIA. In Thailand, numerous types of tanks are used [137], [246]. Work
by Khon Kaen University [39], [85] shows that up to 5,000 tanks per year are being
installed and rainwater collectors are proposed for general rural use [187). The
Population Development Association tank programme run by 1ts CBATDS division is
well known [39], [189]. A major study of all aspects of rainwater collection 1s being
undertaken in Northeast Thailand [128], [166], [232], [233], [234], [235].

In Malaysia, rainwater has always been collected but continues to be a minor
supplementary source of potable water [146), [147]. Wider use is reported in Sabah
and Sarawak states {7].

Rainwater collectors are being used in a number of areas of Indonesia and are
well-studied, especially in Java [58), [116], [117], [137], [184], [185), [189], [199],
[214], [224], [236], [255], but also in Lombok [223], [262] and Bali [251].
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Use 1n Singapore [S] and Japan [104] is proposed for non-potable purposes.

PACIFIC. Water supply is difficult on small coral islands and rainwater
collection is a major source of drinking water [151]. Usage of rainwater collectors is
examined 1n Belau, W. Caroline Islands [170], [198], Majuro, Marshall Islands [217],
Rota [218] and is reported in Fiji, Samoa, Vanuatu [102] and Tuvalu [143]. Costs of
construction and plans for tanks are given for the Solomon Islands [22], [89], [90],
[91). Longtime use of rain collectors in the Kona area of Hawaii is reported [46],
[69], [129], even when alternate sources are available. Other use in Hawaii 1s
reported [68], [69], [247]. Traditional use of rain water in Papua-New Guinea was
examined in [64], where the use of trees as collectors was reported.

NORTH AND SOUTH AMERICA. Use is widespread in rural areas of the United
States and is reported in rural Pennsylvania [208], [209]. Instructions for
construction of systems are given for Ohio [10], [131], [169], Virginia [238] and
California [30]. Construction is regulated in Ohio [168] and Pennsylvania [264].
Use is proposed in California [31], [105], [121], [177]. Chanlett [33] mentions use in
the Florida Keys. Material is also available for national distribution [4], [61], [261].

In Canada, use is mentioned in Saskatchewan [162). Waller and Inman [242]

studied usage and water quality in Nova Scotia, a report was prepared [167] and
legislation is pending. Wider use in Canada is proposed and present usage 1s
extensive but unstudied [201].

In Mexico, cisterns were in use in 1the Yucatan Peninsula from 300 AD onwards.
An ancient ground storage system is described [216, p. 148-9]. Roof catchment was
used only by the Spaniards in large haciendas to supplement hard and contaminated
well water sources [73). A study was done in northern Mexico [237] and future use
is proposed [75]. A hydrologic study was done in Brazil [117] and a project was
described [189]. Use in Brazil as part of an aid project is known [256].

AUSTRALIA. In Australia, rainwater collectors are widespread and have been
examined in New South Wales [178], [179], [180], [181], South Australia [9], [95],
[96], and nationally [23], [24], [38].

A1-6
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SOCIAL AND ECONOMIC ASPECTS

While some socio-economic factors are covered in some publications [21], [29],
[64], [99], [173], [175], the only reference specifically directed towards this area 1s
Ray’s [189]. Although a review of reports rather than the result of independent

research, it does provide lists of benefits, problems and experiences.

RAINWATER QUALITY AND HEALTH ASPECTS

Water quality is a major objection to use of rainwater collectors for potable
water. This was recognized by the International Development Research Centre [153,
p. 34] and others [31}, [173], who also showed more contamination in urban areas
than in rural. Contamination is due to air particles, roof materials such as asbestos
[161], dust on roofs and biological material, mostly bird droppings [133], [221], [241).
A study of cistern water itself [208] revealed that a major source of contamination
was the lead joining compound in the pipes. Contamination of water by airborne
pesticides has been reported [140]. Waller and Inman [242] found that most roof
rain runoff studied in Nova Scotia could meet Canadian drinking water standards. In
developing countries, the quality may be much better than surface sources [65], [173]
but WHO standards [258] are not met. The type of roof has been found to have
little effect on water quality. Even thatch added only colour and turbidity [232].

Rainwater composition studies and/or coliform counts were done in San Francisco
[121], (30 metals were measured with emphasis on iron and lead), California [126],
Pennsylvania [208], rural and urban areas of Tennessee [20], Hawaii [62], parts of the
continental U.S. [37]), [101] [138], [242], Nova Scotia [225], various settings 1n
Europe [163], rural England [152], [182]), Germany [160], Trinidad [44], the US
Virgin Islands [139], Bermuda [221], Upper Volta [15], Nigeria [26], Kenya [27],
South Africa [2] and Indonesia [S1] (27 constituents), [224]. A study of rain and
cistern water quality and the effects of roof materials is underway in Northeast
Thailand [28]. Further references are given in [126).

Reduction of the quantity of contaminants is accomplished by proper roof
materials and maintenance [240], [241], wasting of initial rain water [28], [121],
[125], proper construction of tank [4], [19], [73], [240), [264], settling and drawing of
water from the surface [208], storage [153, p. 82), [156), [173], [240], [245],
chlorination [121], [139], [240], [264], filtration before and/or after the tank [4],
[263).
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There are some suggestions that because of 1its lack of minerals, rainwater is
detrimental to human health if drunk exclusively [200] and, from other studies,
effects such as increased incidence of heart disease may develop due to mineral
deficiencies such as magnesium [150] and other hardness [194], [248]. It was noted
that soft-water areas 1n Britain had high rainfall as well as high levels of death from
heart disease [43]. It 1s felt by the public 1n rural Malaysia that rainwater causes
rheumatism [147] but no scientific studies have been conducted. The only specific

study of health effects from rainwater found 1s being conducted in Australia [66].

DESIGN AND CONSTRUCTION

Design and construction of all components are discussed in [45), [97], [98], [106],
[125], [115] with some additional features given in [131] and [222]. A manual for
training village workers [59] and a set of audio-visual training materials for
technicians [257] are available.

The hydrology (the inter-relationship between collection area, rainfall, demand,
and storage volume) has been well studied. A number of techniques have been used
(69), (121], [136], [141], [142], [177], [180], [183], [185), {190], [199], [201], [202],
[252], but for the most part the methods are discussed in [157] and are mainly
versions of the mass curve method [193]. Some methods are oversimplified by the
use of too little data [107], [125], [239]. Some of the above were compared [201],
[202). In general, the relationship between storage size and raindata statistics is not
simple [136], [204]. Design curves are given for specific areas [9], [96], [136] with
some based on cost optimization [92], [93], [117] or optimization of net returns [142].
In areas with distinct wet and dry periods, the storage volume required is usually
calculated by daily demand multiplied by the maximum number of days in the dry
season [165]. Raindata for use in these methods can be procured locally but selected
monthly data are published [36], [230], [231].

Roofs are discussed in [127] and [132). Most roofs used in warm climates are
corrugated iron or clay tile but even thatch can be used [78)], [87]. In cold climates,
asphalt shingle and clay tile are common. Construction of cement roof panels is
possible using asbestos (not recommended) [176], palm fibre [S3], [54] or bamboo
[215]. Gutters and pipes have been studied [16], [25] and are discussed in [108],
(110], [125].

Filters are reviewed briefly [97], [205) and a commercial inlet model is available
[253]. Kincaid [131] is skeptical of settling basins in the literature and advocates orns
particular design and the use of a floating outlet filter.
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The complete design of tanks in general 1s covered in [149]. General principles
for rainwater collection tanks are given [109], [224] (includes many types) and
drawings and instructions for various reinforced poured concrete tanks are available
[30), [61], [83], [103], [111], [162], [165], [264]. Use of steel fibre reinforcement
(small lengths of wire) 1s reported [102], [158], [159). Ferrocement is popular in
many areas. Its design 1s covered in [174], [224], [244], [245] and a review of areas
of use 15 1n [195). Reports on specific sizes have been prepared [51)}, [52], [63), [118],
(196], [207], [234], [254], [255]), [267). Some are buried [32], [250). Square tanks
from precast concrete panels are reported [90), [91), [130]. Reviews of ferrocement
tanks in use in Bali, Indonesia {251] and East Java [70] were done. Use is also made
of bricks [232], [233], [235], [250] and corrugated iron [78), [144].

Bamboo has been used as a general reinforcing material in tropical areas [41], [72],
[148), [228] and lately has been applied to rainwater tanks 1n poured concrete [70],
and ferrocement-type tanks [6], [50], [5S], [83], [124], [128], [137], [166], [197],
[219], [220], [224], [254], [255]. Force and moment analyses for bamboo-reinforced
tanks have been done [220]. There are indications that it is not sufficiently stable to
warrant widespread use [137], [223], [232). Although not specifically applied to
tanks, other works discuss bamboo reinforcement construction in general [120], [155],
[213), [228].

Unreinforced concrete jars up to 7 m are in use in Thailand [137]). Construction
1s described in [245) and [243] and from these, in various places [83]), [111], [125],
[227].

A framework of a cost analysis was presented for a centralized storage system [3].
Actual costs of rainwater collectors are given for a number of countries [125], [189],
Thailand [220], Indonesia [196], [197], [224], Solomon Islands [91], Botswana [82],
Zimbabwe and Malawi [63], and Rwanda [83]. A comparison with other water
sources has been done [29], [173].

CONCLUSION

The collection of rainwater as a water source has an increasingly bright future.
Previous study of its application has suffered because most work has been done in
isolation from other, often similar endeavours. However, very recently, renewed
emphasis 18 being put on the topic by researchers and it is now clear that rainwater
collection is a unique area of applied science that incorporates a wide range of fields,
among which are reservoir theory, hydrology, design, construction, water treatment,

environmental pollution, history, archaeology and economics.
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Much remains to be done and it 1s hoped that this review will save researchers
and technologists valuable time 1n their work. Copies of articles and other materials
not listed here would be appreciated by the authors.
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RAIN WATER CISTERNS IN ISRAEL'S NEGEV DESERT

PAST AND PRESENT DEVELOPMENT

Lewis Weinen-Consulting Engineen

Tahal Consulting Engineens, Tel-Avdiv

ABSTRACT
The paper deals with water harvesting and management over the ages I1n a
country (Israel) of which sixty percent of its area has less than 250 mm of

rainfall a year.

Archeological research and the Bible give ample evidence that during the
Stone Age 5000 BC and the Bronze Age (2000 BC), this desert was

relatively well populated.

During and after the rains (which may fall on less than 10 days a year)
there is occaisionally runoff. The inhabitants learned to control, increase

and store these floods and become "run-off" farmers or water harvesters.

Storage was in underground cisterns excavated 1n soft impermeable chalk
formations with volumes of up to 300 cubic meters - enough for 10

families and their flock for a whole year.

Groundwater aquifers form the "modern cistern" in the desert areas.

These are being refilled by construction of retention dams and the release
and controlled infiltration of the stored flood water into the underground

aquifer.
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1. INTRODUCTION

Israel with a total land area of 20,000 square kilometers, has desert
conditions extending over 60 percent of its land area. This area is known
as the Negev has an annual average rainfall less than 250 mm and average

daily temperatures of almost 30°C (in the shade) for most of the year.

A desert or arid zone, can be defined as a function of rainfall plus
temperature, (originally deserts were defined only by rainfall, the most

measured climatological parameter).

Many empirical formulae exist (none of which are entirely satisfactory) to

define arid conditions, E. De-Martonne supported a formula:

K-NXPp n = number of rainy days;
t+10 p = rainfall in cms;
t = average daily temperature at time of
rainfall in centigrade.
For K = 20-30 semi-arid conditions prevail

PN
i

<20 arid conditions prevail

In the Negev representative figures may well be taken as n = 10 days,

p=18cms, t = 15°C. Hence K = 7.2.

Theé word desert gives us "deserted" or abandoned, but this connotation is
not always true. The desert has always been a place that fascinated and
attracted man, the "riddle of the desert" has been the cause of many an
exploration, and many civilizations have existed and flourished therein.

Worldwide interest in the desert is growing.

The growing world population requires additional land and very little
unused and useable land remains available in so called temperate or "wet

lands", hence deserts must be considered for future intensive devlopment.



£-2vY

PATAGONIAN

N
@mmm

AUSTRALIAN

d74d0M 3HL 40 S1H3S3Q HOrvw 3HL

1 "Oid



FIG. 2

RAINFALL MAP WITH ISOHYETS IN MM

15°E N
-]
o,
J X 130
N\ )
LS- s00 Sea of Galilee
© (6) AV
< o o 4
(700 ':9
g 5 ;
g z
& '3
N
Q 12
I 18
5 é;c 0 ! -
4 /' 32°X
]
\
1
°
[%]
°
&
Q
—— NEGEV DESERT — 3N
| WU
N IOOVV ’/
\ A
1 £

\

\ lo =
\ ~
\\ f f

'@
L/ I'<

8
o

: ﬂ
\
/
> - 30N

A2-4

)



Total land area on earth is 143 million square kilometers of which some 14
percent (20 million sq.km) is presently classed as arid desert (see
figure 1). However, almost one quarter of the world's population live on

the periphery and  has contact with the desert.

One of the great paradoxes regarding the desert is in its typical

landscape, starkly etched by flowing water!

Water is anything but equally distributed throughout the world, 97% is in
the oceans and as such unuseable for most of man's needs, 2% in glaciers
and again not yet economically accessible, only the remaining 1% is
reasonably available to meet man's requirements and this small percentage

is anything but evenly distributed.

Americans use about 300 litres/day of water on the average whilst 1f
agricultural and industrial use is included (i.e. indirect usage) the
Americans consume nearly 8,000 litres/person/day. People who live In the

desert learn to live on from 5 to 10 litres/day.

The paper describes how people who lived i1n the Negev desert over 2000
years ago, ingeniousiy  Increased surface runoff in order to collect and store
the meager and occasional rainfall in order to meet their personal needs

and that of their goats and donkeys, throughout the ’year.

These systems are contrasted with the present day methods of building
dams 1n the desert (which cannot store water due to high percolation and
evaporation rates) in order to artificially recharge underground aquifers,
and thereby increase their ability to meet the evergrowing demands,

which without this artificial recharge would quickly become depleted.
2. WATER STORAGE AND NEED FOR RELIABLE DATA

In the 15th century, King Akbar the Great built a grand, beautiful and

ornate model town in the arid area of Northern India (Fatehpur Sikr1). The

town was walled on three sides and a large artifieial lake was dug on the

fourth side, to provide both water and defence. A series of droughts

A2-5



followed the construction of the town, the lake dried out. The town has
been abandoned for the last 400 years, serving only as a tourist attraction.

Insufficient attention had been paid ta hydrology.

Even relating to modern times we can find further examples of water
storage systems wherein the rate of use is greater than the anticipated

rate of refill.

In the Great Plains area of the USA there is a ground water aquifer
(Ogallala aquifer) from which water is being pumped at a greater rate
than the natural rainfed replenishment, the general water table 1s
dropping and unless state wide action is taken the watertable will drop
below all existing wells, making a mockery of all existing investment in

boreholes and equipment.

The first requirement of any storage system is reliability and an

understanding of both of demand and the hydrology of the system.

3. ANCIENT WATER HARVESTING AND CISTERN STORAGE IN ISRAEL

Cisterns were a common and time honoured method of storing water
throughout the Middle East. The city of Jerusalem, for instance, was
supplied with water for many centuries by underground cisterns hewn into
the bed rock and fed by specially sloped and channeled roofs, streets and
courtyards. These cisterns were fully utilized as late as 1948 in order to
supply drinking water to the beseiged city during Israels' war of
independence. Even in the 1950's modern apartment houses in Jerusalem
were often constructed on large concrete underground cisterns which can
be filled from the piped water supply and form a reserve in case of system

failure, drought or firefighting.

The story of how the biblicel people of the Negev contended with their
arid climate, is a story of diligence, experience and trial with no place for
error. There were many ways to gather, conserve and utilize water in the

desert.
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Though cisterns are not unique to the Negev, there they were essential.
Without the establishment of cisterns the settlements and trade routes
throughout the Middle East would have been umpossible. Every group of
houses had its own cistern, and whilst many are today (after more than
2000 years) often choked with debris, sany are still serviceable after years

of continuous use.

The major source of water has always been the surface runoff from sloped
desert ground occurring perhaps only two or three times a year and then
only for a few hours, during the occasional "heavier" winter rains. Runoff

was gathered into cisterns 1n either of Lwo ways:

- intercepting by gutter, and concentrating the water trickling off
small and specially prepared the desert slopes (and before the

water reaches the river beds). These are known as hillside cisterns.

- by trapping or diverting the natural flood oceurring In river beds.

The earliest storage was probably provided by natural waterholes or
hollows in the beds or banks of wadis where small pools or puddles of
water remain after each flood. The desert dwellers must have discovered
quite early that they could obtain more water, at least for a short time,
by simply digging or chiseling to enlarge small pits or depressions in
places where runoff accumulated naturally. Such "pools" were obviously
inefficient, subject to seepage and evaporation losses. The inhabitants of
the Negev learned how to line the walls and bottoms of their artificial
water holes with close-fitting stones, plastered watertight with lime and
to cover them with wood and cloth against evaopration. We do not know
exactly when such watertight cisterns were developed, though 1t i1s known
that the technique of "burning" lime to make cement and plaster was

discovered as early as the fourth millennium B.C.

The siting of cisterns in the river bed obviously suffered numerous
disadvantages, not the least being silting. The next advance in cistern
construction involved cutting and quarrying into bedrock outside and away
from the river bed. Water being collected and directed off specially

smoothed areas of hillside via a system of channels or gutters conveying
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the water into a (stilling) basin where some of the silt would settle out
before allowing the partly cleared water to enter the cistern. Boulders
were arranged around the entrance to the cistern to form a protective

circle and to prevent the entry of large animals.

Nearly all of the ancient cisterns in the Negev that are still serviceable
were hillside cisterns excavated sideways and into the exposed rock
formations of the hillsides, their rocfs, walls and floors formed of the
bedrock itself (see Fig. 4). Wherever possible, the cistern makers of
antiquity shunned the fissured, hard limestone formations in which
guarrying was difficult, and chose soft chalk and merble easy to cut into and
naturally impervious. In the process of learning how to build cisterns, they

had to study the geology as well as the hydrology of their region.

Some of the ancient cisterns, cut in bedrock, are very well preserved and
amazing to behold. They vary in capacity from several cubic meters to
several thousand. The larger ones are huge underground halls, perfectly
dimensioned, with smooth walls and with pillars to support the overburden
of the rock ceiling above (see Fig. 4). Crawling into a rock-hewn cistern
through one of its narrow openings, the visitor is immediately made aware
of the extreme difference between the sun-seared, dry, hot exterior and
the dim, dank, cool interior. The floor is often .covered with a thick
mantle of silt that the Negev dwellers of old must have had to clean out

periodically.

To minimize evaporation, each cistern was generally given a minimum of
openings: one for water to enter and one for water to be withdrawn.
Runoff was directed to the cistern via collection channels, which often
led to a stilling basin, the overflow of which entered the cistern proper.
The opening for the withdrawal of water was often marked by grooves,
cut into the stone facing of the hole by the repeated friction of the sliding

ropes that served to raise water.

Where cisterns were situated along the course of a natural riverbed, they
were filled directly with the floodwater, often raised by the construction
of a stone weir 1n the natural watercourse, which allowed most of the silt

to be left in the river bed.
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3.1 Harvesting Runoff

During the rare heavy downpours the natural runoff from the bare hills or
loess soils is usually vey small, measurements give values of from 5 to 20
percent of the total rainfall depending on size of catchment, slope of

ground, rock outcrops and soil type and depth.

The hillsides of the Negev are naturally covered with loose stones and
gravels partially embedded into the soil. This gravel Increases the

infiltration into the soil and slows any overland flow down the slope.

The Nabatean and Byzantines who inhabited the Negev many centuries
ago did more than merely gather the runoff in contour aligned channels
cut along the lines of the slopes to intercept and funnel the water into the
cisterns. They actually cleared the stones off the slopes and then
smoothed the surface exposing finer loess soil with its selfsealing crust.

Thereby inducing rainfall to be transformed into useable runoff.

If clearing and smoothing carried out many centuries ago could increase
the total runoff, then today using modern cleaning, levelling and
compacting machinery (including use of plastic films and water proofing
chemicals) we could undoubtably double or even quadruple the 5 to 20% of
the winter rainfall harvested by our forefathers. No economic evaluation

of these options have been made.

For scale, one hectare of land receiving 100 millimeters of annual rainfall
could (at 20% runoff factor) yield a harvest of 200 cubic meters of water
enough to suffice for quite a large family.

3.2 Some Recent Small-Scale Experiments on Run-off in the Negev Desert
In the 1960s a number of run-off measuring plots were constructed on a

natural desert hillside covered with stones and adjacent to an ancient

water cistern collection system.
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The experimental plots were each divided by walls into 20 meters long

(downslope) by 4 meters wide. At the lower end of each slope a gutter
collected run-off, from each plot, and fed it into buried barrels.

A number of surface conditions were compared. The following extreme

examples (only) are herein reported.

Plot (a) - natural conditions, desert covered with strewn

stones, (natural slopes of 10% and 20% chosen)

Plot (b) - bare and rolled, i.e., all stones removed, surface
smoothed and wet rolled, (slopes 10% and 20%
prepared).

The following annual measurements were made:

TABLE 1

Runoff Figures from Small Experimental Plots

Annual Run-off collected in mm depth
Year rainfall slape 10% slope 20%
mm (a) (b) (a) (b)

1962-63 25.6 1.7 2.2 0.9 0.7
1963-64 152.7 44.7 44.6 36.2 29.8
1964-65 159.8 43.6 52.9 22.9 29.8
1965-66 90.7 23.6 31.5 13.6 17.2
1966-67 69.3 9.5 15.3 4.7 9.2
Average (99.6) (24.6) (29.4) (15.7) (17.3)

From the above table a number of inferences can be drawn.

- removing the stones increases the run off from small areas

irrespective of slope.

- slope is important factor. The results given in Table 1 show (in
general) that the greater the slope, the less the run-off which
contradicts the expected results. However this was found to be a
local phenonema, due to soil type and depth. It was later found that

on the steeper slopes the soil cover was very shallow and that
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fissured rock was to be found on the surface or at small depths

causing percolation loss. On the more gentle slopes the soil cover

was nearly always considerably greater.

The run-of f figures measured from small catchment areas (averaging from
15 percent up to 30 percent of the rainfall) are not however
representative of larger catchment areas covering many square
kilometers of desert, wherein the average figures for runoff (as shown

later) are much lower.

4. MODERN WATER HARVESTING IN THE NEGEV

The construction of classical type storage dams with their large open
surface reservoirs has in the Negev, not been a feasible proposition, due

to three factors:

(a) unpredictable rainfall with an even less predictable runoff

(b) unusually heavy seepage losses in the sandy gravelly soils usually

encountered at the reservoir sites

(c) high rates of evaporation from open water surfaces.

However, in many areas of the Negev, groundwater (of varying quality) is
often found at reasonably shallow depths. This groundwater has
accumulated and stabilised Over may thousands of years. Any appreciable
abstraction of water from this source would in most instances lead to a
rapid depletion in level and quantity of the groundwater as the natural

recharge rate 1s in most cases very small.

In order to increase the slow natural rate of recharge of groundwater,
dams have been constructed at a number of experimental sites in order to
store the occasional winter floods that accur in major water courses. The
sites chosen are adjacent to existing groundwater source, used for
irrigation and water supply, exploited at a rate above that of its natural

rate of replenishment.
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The function of the dam 1s solely to trap and store flood waters for a

short period to enable settlement of suspended solids.

The dams are usually equipped with both service and emergency spillways

and outlet structures.

A series of infiltration areas (or pans) are constructed on permeable sites
downstream from the dam and fed thereto by gravity. From the pans the

water permeates naturally into the underground aquifer.

Monitoring of the infiltration system 1s carried out, including:

- Rainfall, evaporation, and other seteorological measurements;

- Water level measurements in the dam;

- Measurement of silt settlement behind the dam (carried out in the
dry season);

- Measurements to record releases from the dam into the infiltration
areas;

- Water level measurement in the infiltration areas.

- Water level measurements in the aquifer.

4.1 Runoff and Rainfall Measurements from Larger Natural
Desert Catchment Areas

The author was personally 1nvalved in the building of three Negev storage
projects built in the early 1950s, these dams, small in size, were
constructed more as experiments to study runoff and percolation figures,
than as warkable projects. From these three dams the following runoff-

rainfall statistics measured over a 15 to 20 year period are available:
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Shuval Dam - (“atchment Area 15 sq.km

Average annual - ainfal,
Maximum annual rainfaftl
Minimum annual rainfall
Average annua! ~unnff
Maximur: annual runoft

- Mintmum annual runoff

268 mm

438 mm

91 mm
270,000 m?
1,670,000 m*

7l

Grar Dam - “atchment Area 54 sq.km

- Average annual rainfall

- Maxtmum annual rainfall

- Minimum annual rainfall
Average annuai runoff
Maximum annual runoff

Minimum annual runoff

255 mm

490 mm

76 mm
605,000 m?
3,798,000 m’>

"l

Yerucham Dam - Catchment Area 120 sgq.km

- Average annual rainfall

Average annual runoff

39 mm
284,000 m’

7%)
42%)
‘0%)

4%,
\27%)
0%)

(2.4%)

A typical schematic layout of an aquifer recharge scheme is shown In

Fig. 5. This scheme (Nikarot Project) is located some kilometres south of

the Dead Sea and has an annual average rainfall of 100 mm,

The project was built 1n 1975, The dam 13 meters high, was constructed

from local available gravel material found in the river bed, and has a

storage volume of 4 miliion cubic meters. The service spillway is designed

to accommodate the 1 in 100 year flood (700 m>/sec reduced to

350 m?/sec by routing) whilst an emergency spiliway (two meters below

dam crest) could pass an additional 200 m®/sec, without overtopping the

dam.
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An exceptionally good year of operation was 1980/1981, when the

following measyrements were made:

TABLE 2
The Nikarot Project

- Total runoff (stored) behind the dam 4,170,000 m’

- Total volume lost by evaporation

- behind dam 670,000 m?
- infiltration pans 100,000 m?
Net available water 3,400,000 m?

Percolation into river bed and

aquifer from behind dam 1,770,000 m?
Infiltration into aquifer from pans 1,630,000 m?
TOTAL vaolume of infiltration water 3,400,000 m’

The average volume of net infiltration water over the years has however
been less than -1 million meter cube. The local tube wells sunk 1n the
vicinity were designed to supply 1 million meter cube a year. During the
1960's these wells had led to an ever decreasing level of the existing

aquifer. Since 1975 the level of the aquifer has stabilised considerably.
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ABSTRACT

Laboratory experiments on the efficiency of foul
flush diversion systems to be used in roof catchment
rainwater supplies were carried out at Dundee University
in 1985. Devices that collect the initial rainwater
flush, and once are full act on the principle of
overflow were tested: their efficiency in not allowing
the suspended matter of the initial flush to enter
reservoir storage was examined. The diverters used were
full-scale models of three box-shaped and three pipe
diverters. Assuming that (a) the first flush in a
rainfall event is foul and is equal to the capacity of a
diverter, and that (b) the subsequent flow is clean
water, then it yas proved that one of the pipe diverters

is the most efficient design.
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INTRODUCTION

Roofs accumulate pollutants during dry periods. The
first run-off from a roof at the start of a storm
carries with it the maximum concentration of dirt from
the roof and gutter. This highly polluted element of the
flow is known as the foul flush. It is essential that
this foul flush is consistently prevented from entering
storage and contaminating the water body. Diversion or
separation of the foul flush is an important component
of rainwater harvesting.

Full scale field studies of the variation of water
quality off catchment roofs throughout the period of
rainfall events can determine how much of the initial
flush is to be diverted from storage.

No work has been done by any researcher to
investigate the operation of foul flush systems and to

optimise their design. This is the subject of. the

investigation that is described below.
SCOPE OF EXPERIMENTS
Foul flush mechanisms may be distinguished as:

(a) Devices that (if properly operated) fully
separate the initial and subsequent rainfall;
the movable downpipe, the diversion valve, the
floating ball, the twin funnel, and trough
pivoting are included in this category
(MICHAELIDES and YOUNG, 1984).

(b) Devices that collect the initial flush, but
once are full, they act on the principle of
overflow; these are the foul flush containers,
simple or baffled.

What the devices of the first category can achieve

is predictable: they fully separate the initial (which
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is "foul") and subsequent rainfall. Thus, there is no
need to investigate how they operate. In this paper, the
efficiency of the devices of the second cateqgory in not
allowing the suspended matter of the initial flush to
enter storage is examined. In other words, the objective
of most experiments that were carried out, was
optimising the efficiency of systems of the second
category so as to approach as much as possible the
efficiency of systems of the first category.

The experiments were carried out in the laboratory
under similar conditions. In most experiments, an amount
of "foul flush" equal in volume to that of the
"diverter" filled the "diverter", and then only "“clean"
water flowed. Several designs of foul flush diverters
were tested. The basic criterion of effectiveness was to
carry as little of the foul flush (collected in the foul

flush mechanism) into the storage tank.

VARIABLES
Each experiment carried out resembled a single
rainfall event. The variables in a rainfall event are:
(a) the total rainfall amount (volume), (b) the
intensity (flow rate), and (c) the particulate matter.
These were the variables employed in each experiment.

Volume

The experiments were designed to model a roof
catchment area of 40m? and roof runoff coefficient of
0.8. These values were selected because they are the
design dimensions of the idealised rainwater harvesting
system that was built by the author (for experimentation
on water quality aspects) in Reduit, Mauritius. This
system is a model of that which might be used to supply
water for domestic use in a rural area of a developing
country, not specifically Mauritius. Noting that Volume

= roof area X runoff coefficient X rainfall, the volume
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varied as V1=64 litres, V2=160 litres, and V3=224 litres
representing rainstorm events of 2,5 and 7 mm
respectively. These rainstorm events were chosen because
in Reduit, 0.3-8 mm are very common in most months of
the year: 100% of rainfall events in October 1984 were
of this range; 92% in November, 67% in December, 56% in
January 1985, 31% in February, 70% in March, 82% in
April, 100% in May, 86% in June, 91% in July, 96% in
August and 86% in September 1985. It should be noted
that these values are based on daily rainfall statistics
rather than single rainfall events. Thus percentage
values listed above would be higher if single rainfall

events were considered.

Flow

Two different types of water flow were used in the
experiments: a flow of "foul" water and a flow of
"clean" water . The foul water flow represented the
initial flush of foul water and the clean water flow the
subsequent rainfall in a rainstorm event. The flow of
clean water varied as Q1=41.07 X 10~3 litres / second
(4.6 mm/hr), Q2=68.21 X 10~3 1/s (7.7 mm/hr) and
Q3=96.43 X 10”3 1/s (10.8 mm/hr) or readings of the flow
meter (size 18) used of 5, 10 and 15cm respectively. The
highest flow (Q3) is based on a single rainfall event,
quoted from a foul flush investigation in England
(WHEELER and LLOYD, 1983). Unfortunately, no rainfall
intensity records in Mauritius could be identified. The
flow of the foul water of each storm varied as 56.5 X
1073 1/s (6.4 mm/hr) and 30.6 X 103 1/s (3.4 mm/hr) or
readings of the flow meter (size 14) used of 28cm and
15cm respectively. The flow rate of foul flush does not
really matter much because the main purpose of the
experiments is to consider how the subsequent flow (once
the diverter is full) affects the contents of the

diverter. The flow of each type (foul or clean) of water

B1-4



was kept constant throughout each experiment for the
sake of simplicity.

Particulate Matter
The input of the particulate matter depends on the
length of the dry period, local factors and maintenance
practices for catchment systems. Only one relevant
record was identified. In the Kuala Lumpur-Petaling Jaya
area of Malaysia (IRISH, 1980) it was found that the
particulate fallout was generally less than 10 grams per

m2

roof area per month, and was assumed that for most
sites the quantity will be less than half this amount,
especially in rural areas. This figure was used in the
experiments. Because it is the only quantitative value
available it should not be considered as absolute, The
results of the experiments would not be affected because
the measurements obtained would be comparative. The
experiments were performed for 1,3 or 5 dry days by
putting 6.6,19.8 and 33.0 grams (or 586, 1757 and 2928
mg per litre of water) of suspended matter respectively
in the amount of the water (11.3 litres, which is the
capacity of a diverter) which was then termed "foul".:

In Reduit, Mauritius there were only 3 out of 44 dry
periods (dry period = at least one day without any
rainfall) that the dry period lasted more than 5 days in
the period November 1984 to October 1985.

In most experiments, the foul flush volume is
defined by the volume of diverter because the basic aim
of the experiments is to assess to what extent various
diverter designs can separate the initial (foul flush)
from the subsequent rainfall. In some experiments,
however, the foul flush volume was varied.

The capacity of a diverter is 11.3 litres because
that is roughly the same capacity as that of the
diverter installed by the author in Mauritius. Since

there has been no extensive research on how much foul
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flush to discard, the capacity of the diverter was

based on what was built in N.E. Thailand (POWER,

1983), a place of similar annual rainfall to Mauritius,
and similar pipe diverter as the one that was built by
the author in Mauritius. Due to the generally small dry
periods in Mauritius, the diverter capacity was kept
rather small. Even if there were a long dry period,
‘cleaning the catchment surface before the first
rainstorm of the rainy season, would have been enough to

avoid the need for a larger diverter capacity.

SYSTEM ARRANGEMENT
Water Tanks And Flow Meters ,

Two tanks were employed, one to contain the "clean"
water and other the "foul" water, _

Two Rotameter flow meters were used. The Rotameter
Tube size 18 with float type S was used to measure the
flow of "clean" water and the Rotameter Tube size 14
with float type S was used to measure the flow of "foul"
water. The flow meter was read in cm of tube reading
which was converted to flow units by using a calibration
chart.

The water tanks, the flow meters aﬁd the foul flush
apparatus were joined by plastic hoses. The water tanks
were placed at a higher level than the flow meters and
the foul flush apparatus so that the water can flow

through gravity.

Foul Water Preparation
The particulate matter in a real rainfall event is a
complex variable from place to place. The substance used
to make water "foul" was PVC polymer to give a model
suspension., This powder and water were mixed using a
stirrer that was incorporated within the "foul" water
tank, The stirrer was "on" throughout the flow of foul

water. The characteristics of suspension proved
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satisfactory in that it did settle with time;
settlement was neither too quick nor too slow.

FOUL FLUSH MECHANISMS
Three pipes and three box systems were manufactured
in full scaie. These are shown on figures 1, 2 and 3
and the following:
Type A: Pipe diverter of capacity 11.3 litres
Type B: Pipe diverter of capacity of vertical
component 11.3 litres and of horizontal
component 2 litres,
Type C: Box diverter with horizontal baffle and
capacity 11.3 litres.
Type D: Box diverter with vertical baffle and screen
and capacity 11.3 litres.
Type E: Box diverter with horizontal baffle and
capacity 11.3 litres below baffle and 2
litres above baffle.

Type A is comparable to Types Aa, C and D, and Type
B to Type E in terms of capacity.

SAMPLING AND TESTING

Samples of water pouring out of the foul flush
mechanism's exit were collected at 0, 2, 5, 10, 20 and
30 minutes depending on the duration of each experiment.
For every experiment time 0 was taken as the water began
to overflow from the diverter. Samples were also
collected from the bottom of the diverter (fourth
tapping) and three other tappings (Figures 1, 2 and 3)
along its depth at the end of each experiment. Sampling
from the diverter assisted in evolution of the design of
diverters.

Each sample collected was 400 millimetres and was
examined for turbidity. The Laboratory Turbidimeter

Model 2100A of the Hach Company was used to determine
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turbidity in FTU units.

PROGRAMME AND CHARACTERISTICS OF EXPERIMENTS

The experimental procedure was as follows.
Initially, the diverter was filled fully with foul
water, with the exception of some experiments where the
foul flush volume varied and only a proportion of the
total diverter volume was filled with foul water. Then,
only clean water procedure were: (a) an experiment for
each type of diverter with foul (11.7 litres) and clean
water both running from the beginning; they ran
simultaneously for as long as the foul water lasted and
then only clean water was running: (b) an experiment for
each type of diverter in which no clean water was run in
order to test how quickly the powder used settles by
collecting samples from the diverter tappings at 0 and
at 20 minutes. The results showed that the powder
settles gradually to the bottom of the diverter.

During and at the end of each experiment, several
other measurements and observations were made. The level
of water above the horizontal baffle (Diverter E) and
the level of the water above the junction between the
vertical pipe diverter and the horizontal pipe component
(Diverter B) were measured during and at the end of each
experiment. The levels were converted into capacities.

The visual level of the foul water in the diverter
as examined at the end of each experiment was measured
and expressed as a proportion of the total diverter
capacity, though, in many cases there was no distinct
level. Observations were made on the scum, the
turbulence of water, how water was falling in the
downpipe (Diverters A, B) which was dependent on the
flow, and when water above the horizontal baffle was
clearing (Diverter C).

How well the diverter was cleaned before each

experiment could have some effect on the results. The
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box diverters (C and E) were cleaned thoroughly
unlike the pipe diverter A. Pipe diverter B was easler
to clean than A, because of a cutting made at the top
of its horizontal component, especially to achieve access

at the upper parts of the diverter for cleaning purposes.

RESULTS AND DISCUSSION
Evolution Of Design

The experiments for each type of diverter were
performed in the following chronological sequence: A,
Aa, D, C, E and B. This sequence was not accidental. The
detailed design of each type of diverter was developed
on the way depending on the results and observations
obtained from the previous types of diverters tested.

The first design tested was pipe diverter A which is
the same as the one incorporated in the project in
Mauritius. Based on the laboratory results, this
diverter may be considered as reasonably successful.
What was not anticipated, however, when the Mauritian
project was being designed (built before laboratory
tests) was how the water falls in theidownpipe. There
may be water escaping to the storage tank before the
diverter was filled. It was observed during the
experiments that the way water falls in the downpipe
depends on the flow of water: for higher flows, the
water finds its way out into the exit pipe easier. When
foul water flows, any passage of foul water through the
exit pipe is undesirable. When its flow is 30.6x10"3 1/s
(indication of 15 cm by flowmeter), the water falls in
downpipe towards the entry side, but when its flow is
56.5x10™3 1/s (indication of 28 cm by flowmeter), then
some water passes through the exit pipe (roughly 1.5
litres of foul water) before the diverter is filled. To
overcome this problem, diverter A was redesigned as

diverter Aa (Fig. 1). This modified design was tested
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and no foul water was lost before diverter overflow.

The next design test was box diverter D, Various
positions of the vertical screen and baffle in the box
were investigated. This design proved to be markedly
inefficient.

A horizontal baffle is required in a box diverter to
avoid the failure of diverter D, Thus, diverter C was
designed. It was observed that the water above the
horizontal baffle clears relative to the variables in
each experiment: quicker at higher flows of clean water
and slower at higher concentrations of particulate
input. The 3cm diameter opening in the horizontal baffle
proved to be unnecessary during the initial filling of
the diverter with foul water because the sides of the
horizontal baffle were not glued on to the walls of the
diverter (so that it can slide in and out). During each
experiment, some foul water was being resuspended from
below the baffle through this opening.

At that stage, diverter D was eliminated as
inappropriate. On the whole, diverter C proved to be
more effective than A when comparing turbidities of
water at exit and from the first tapping of the
diverter; diverter A proved to be more effective
(meaning in the case of diverter readings: higher
turbidities) than C for water from the 2nd, 3rd and 4th
tappings of the diverter. These results (turbidities at
exit) are explained by the fact that a horizontal baffle
was incorporated in diverter C. A pipe diverter,
however, would be better in keeping foul water within it
and especially at its lower parts and not allowing foul
water to overflow. Turbidity readings of diverter
samples were taken especially to contribute in the
development of designs. Thus an improved pipe diverter
was conceived with a barrier at its top (similar to the
horizontal baffle of diverter C) plus a horizontal

component on top of the vertical pipe, so as to avoid
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turbulence at the overflow point and to avoid the effect
of the way water falls in the downpipe. The improved
design is Type B. To compare the pipe diverter with the
box diverter, diverters B, and E were designed and
tested.

During experiments with diverter B, the turbulence
and the way water was falling in the downpipe depended
on the flow. It must be emphasized that there is no
turbulence at all in the vertical component of the pipe

diverter in any experiment, as desired.

Comparison Of Diverters

Evaluation of results means primarily comparison of
designs. Summarised results are shown on Tables I and
II. A diverter is considered more "efficient" than
another diverter if the turbidity (sum of turbidity
results from various experiments as shown in tables) of
the water that comes out of its exit is less as compared
to that from another diverter., In contrast, it would be
desirable for a diverter to retain along its depth as
much turbid water as possible (in this case higher
turbidities are desirable) rather than to allow it to
overflow into the storage tank. Ratios of sum of
turbidities of diverters at time intervals from exit of
diverter are less than 1.0 if the diverter shown in the
numerator position is more "efficient" than the diverter
shown in the demoninator position. The opposite is true
for turbidities along depth of diverter. What is really

important in the comparison exercise, is turbidities
from the exit of diverter.

Accoring to Table I, diverter B is more efficient
than diverters A, C and E; E is better than A (with the
exception of turbidities at the 3rd and 4th tappings)
and C; and C is better than A with the exception of
turbidities at the 2nd, 3rd and 4th tappings. The lowest
ratios are: B/A, B/C, E/A, E/C at 0 minutes; B/A, E/A,
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TABLE I.

SUMMARISED RESULTS AND COMPARISON OF DIVERTERS

Sum of Turbidity results of experiments (except: no
clean water flow; clean and foul simultaneously)
Type of Diverter Ratios

A(a) B C E B/A c/A E/A B/C B/E E/C
AtO0' 3035 396 |2274.5 617 0.13 0.75 0.20 0.17 0.64 0.27
2° 581 59 196 154.5 0.10 0.34 0.27 0.30 0.38 0.79
5! 297.5 47 125.5 98 0.16 0.42 0.33 0.37 0.48 0.78
10' 160 39.5 102 79.5 0.25 0.64 0.50 0.39 0.50 0.78
20' 92 30 73 53 0.33 0.79 0.58 0.41 0.57 0.73
(b)
30" 67 21.5 44 39.5 0.32 0.66 0.59 0.49 0.54 0.90
(c)
1st 121 ]1695.5 477 .5 660.5 14,01 3.95 5.46 3.55 2,57 1.38
tap
2nd 1077 2292 809 1082 2.13 0.75 1.00 2.83 2.12 1.34
tap
3rd 1555 2512 1210 [1288.5 1.62 0.78 0.83 2.08 1.95 1.06
tap
4th 2543 3687 |1607.5 1617 1.45 0.63 0.64 2.29 2.28 1.01
tap

(a) For experiment V,0, with foul flash flow 28, the result from diverter
was used since water was lost in diverter A.
(b) 7 and 10 experiments; (c) 5 and 8 experiments

" - . - . " id
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Table 1I Summarised results and comparison of diverters for each experiment
>eriment Sum of Turbidities of each experiment at time Sum of Turbidities of each experiment
intervals from exit of diverter along depth of diverter
It o o Type of diverter Ratios Type of diverter Ratios
T Y c
—~ o T m
2o w3
do + © o
1~ © £ o
4:’5 333 A C C B/Al C/A| E/A| B/C|B/& E/Cll A B C L B/A C/A | E/A{B/C [B/E |E/C
@ 0
o > WU
VlQl 337.3| 47.3[163.8{ 94.8{0.14{ 0.49 0.28] 0.29] 0.50 0.58/639.9 954[472]518.5((1.490.740.8112.02}1.641.10
Vle 274 27.3)154 61.5(|0.1070.5610.22{0.18[{0.44] 0.40[}583.5 995|658 551 |1.711.13D.94]1.51]1.810.84
VlQ3 189 27 173 73.1]10.1410.92]{ 0.39/0.16{0.37{ 0.42(/784.5[1060 [690 | 660 |1.350.880.84[1.54|1.610.96
v, 443.6| 58.11270.3]138 0.1310.6110.3110.22;0.42}0.51}/244 748 1148 | 258 |3.070.611.06(5.0512.9Q1.74
V2Q2 255.9] 60.8|200.17146.5}/0.24{0.78(0.57{0.30{0.42]0.73|[585.5 768 {2549 343 |1.31)0.430.59(3.02(2.241.35
~ V203 224.61 62.51189.8] 88.2{/0.2810.85[0.3910.33]0.71]0.46{/604.5 583 [2795 381.51.41p.460.63 3.0512.241.36
" V3Ql 449.4| 70.2{179.3|123.6{/0.16{0.40{0.28[0.39]0.57[0.69{/107.5693.9187.5 214 [6.4501.74]L.99{3.70(3.241.14
r~ V302 449.11 65 191.51129.7{0.14]0.4310.2910.3410.50{0.68{169 826 274 { 253 [4.8901.621.5013.01(3.26[0.92
- V303 279.6 | 70.6]242 120.4{0.2510.87{0.43[{0.29]0.59|0.50(,304 823 (2045 383.92.710.671.26 |4.02|2.15]1.88
clear )
?231 BZB.I 408.61382.5(324.7 1.25rl.l7 0.99(1.07]1.26]0.85{|197.5357.594.5 86.51.81/0.480.443.7814.130.92
i V29
Aa ) ' Aa
v,0, 397.51 60.5(214.6| 85.5(0.16{0.57/0.23]0.28{0.71]0.40}366.5{ 897 292 | 504 [2.450.801.38|3.07 1.7q1.73
586 v,Q, Led4.91 77 152.7{117.9110.47]0.93[0.7110.50[0.65]0.77]1121.5] 274 |53.5 50 .260.44D.41|5.12]5.480.93
2928 VZQZ M75 56 266 128.4{0.12}0.56{0.27{0.21(0.44]0.48(|782 [1295 [S90 [531.5 [1.6600.75D.682.19]2.440.90
. ‘f '
Note : Sum of turbidities at time intervals obtained by adding turbidities at 1,3,5,7.... up to

29 minutes.
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B/C, C/A, B/E at 5 minutes; B/A, B/C at 10 minutes; B/A,
B/C at 20 minutes; B/A, B/C at 30 minutes. On average,
the greater the time interval, the higher the ratio (the
efficiency of the one diverter over another is less
distinct).

On Table ITI results are summarised for each
experiment. The greater the particulate matter, the
smaller the ratio comparing diverter turbidities (the
efficiency of one diverter over another is more
distinct) at time intervals. On average, the ratios of
diverter turbidities at time intervals increase in this
order: B/A, B/C, E/A, B/E, E/C and C/A, that is, the
greatest improvement in efficiency is that of diverter B
over A and the least that of C over A. These is no trend
that depends on the flow and total time an experiment
lasts for. On average, however, the greater the flow,
the greater the ratio is (averaged over all experiments
and all diverter ratios). It is also observed that
ratios are higher for medium lasting (25 to 40 minutes)
experiments. As concerns turbidites along depth of
deverter, on average A is more efficient than E and C,
and C is more efficient than E in keeping foul water in
the diverter.

"It should be noted that although all diverters are
initially filled with the same amount of foul water in
the main experiments, the total capacity (including
space above barrier) of diverters E and B is greater of
water above the baffle in diverter E is greater by a
factor of 1.17 on average than the amount of water in
the horizontal component of diverter B during
.experiments. This difference, however, is partly an
inherent feature and an advantage of one system over
another.

According to table I, the diverters are classified
in order of merit as follows if the criterion is low

turbidity of water from exit of diverter:
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(1) Diverter B (least turbid)
(2) Diverter E
(3) Diverter C
(4) Diverter A

RECOMMENDATIONS

The aim is to design an efficient system which will
also be of minimum complexity.

For each individual rainstorm, a different diverter
volume is required. If the volume of the initial flush
of rainwater to be diverted were constant (as is the
case for the type of diverters studied in this article)
clean water would be lost in some rainstorms or foul
water would flow to the storage tank in other
rainstorms.

Assuming that after overflow of the diverter, all
the subsegquent flow is clean water, then it has been
proved that pipe diverter B and box diverter E are the
most efficient designs.

Diverter B can be cleaned via: (a) an opening in the
horizontal component of the pipe which is on top of the
junction between vertical and horizontal pipes; this
opening was incorporated in experimental design; to
facilitate further in cleaning the whole diverter, the
plate dividing the vertical and horizontal components of
the diverter could be made removable if connected to the
cover of the opening which is situated above it; (b) a
plug at the bottom end of the diverter.

The box diverter should incorporate (as in
experimental design) a sliding baffle so as the baffle
could be removed and the diverter and the baffle itself
be cleaned. The entry pipe should enter the diverter
through a diverter wall so as to be able to remove
baffle when required.

In the box diverter there are gaps around the
sliding horizontal baffle. The diverter is filled with
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foul water through these gaps. Additionally, there is a‘
3cm diameter hole in the baffle. Field studies would
determine whether this hole is needed.

To avoid blockage there should be no screen between
any diverter and the exit pipe.

Whichever type of pipe diverter (A, Aa, or B) is
used, and especially if B is used, it would be less
expensive to give a bulk order of diverters at a factory
to manufacture complete pipe diverters rather than put
together expensive pipe connectors like tees, reducers

and elbows.

FIELD APPLICATION

Pipe diverter "A" was the method of diversion in the
rainwater harvesting system built by the author in
Mayritjus in September 1984, The rainwater as collected
in various water quality parameters (HICHAEL;DES et al,
1986). Based on the results of the'laborator§
experiments (described in this article) that were
performed in February-June 1985, the system in Mauritius
was changed by installing a Pipe diverter "B" in October
1985. It is believed that bagasse (a problem in
Mauritius) and light suspensions in a real situation
would behave in a similar manner to the powder employed

in the laboratory experiments.

REFERENCES
- IRISH, J.L. (1980), "Concept for proposed research
praoject on the estimation of the reliable yield from
roof runoff", UNESCO Regional Office for Science and
Technology for S.E., Asia, Jakarta, Indonesia.

- MICHAELIDES, G. and YOUNG, R. J. (1984) "Diverting
the foul flush from roof catchments used for potable
water supply", African and Asian Water and Sewage,
Vol, 3, No. 4, Dec., pp. 18-21,

B1-18



MICHAELIDES, G., ALLYBOKUS, M. and YOUNG, R.J.
(1986), "Optimised design and water quality studies
of roof top rainwater catchment project in
Mauritius", Third ASCEW Regional Conference,
Seychelles, March 1986.

POWER, G. (1983), "Bamboo reinforced Thai

roof/rainwater tanks", World Water, July.

WHEELER, D. and LLOYD, B.J. (1983), "An
investigation of microbiological and physicochemical
aspects of rainwater harvesting - Commissioned by

ITDG", Dept. of Microbiology, Surrey University.

B1-19






FRESHWATER STORING BY THE KARL DUNKERS’S METHOD

witliam Hogand, Ph.D.
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Lans -Enik Widarsson, C.E.

ABSTRACT

In arid and semi-arid regions as well as in some parts of the
Swedish archipelago, there are periodical shortages of drinking
water. In order to ensure a constant supply of freshwater in

these regions there is a need to store water. The Swedish inventor
Karl Dunkers has developed three operational systems for the collec-
tion, storage and conservation of rainwater. Each of these systems
contains storage elements, simple treatment units and circulation
facilities. Collected rainwater is constantly kept in circulation
through the treatment unit, thus remaining fresh for infinite
periods of time.

The Department of Water Resources Engineering is involved
in the development and testing of Karl Dunkers's storage systems.
Since the technique of storage water according to Karl Dunkers's
method is new, several questions about its hydraulic and hydrologic
functions must be answered. The method must be adapted to local
conditions before fresh water can be produced in a cost-effective
manner.

A full-size installation for storing and treatment of rain-
water from roofs has been built during the spring of 1985 on the
island of Varmdo just outside the city of Stockholm. The storing
unit consists of two tanks, 21 m3 each, equipped with an external
circulation system. The circulation system consists of circulation
pumps, sand-anthracite filters and sodium hypochlorite dosing
pumps.

This paper gives a general description of Karl Dunkers's
method and presents the details of the research program aiming
at testing the hydraulic and hydrologic function of the installa-
tion on the island of Vdarmdo.
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INTRODUCTION

In many countries in the world there are unprecedented sufferings
due Q"T%’Ck o)f\’:ig'r{r?f(i‘r%lrig— ansdﬁfhri‘ésigionﬁ»jate#‘!ﬁ'iﬁ%h@‘f‘;‘dis&e;é’s:e"swa%égq
caused by infected water. An adequate amount of water of sufficient-
ly good quality, available the year round, is a necessity for a
reasonable standard of 11V1hg “ﬁﬁTEdeewlthe %orld there is a need
of storing water on a-seasonal as well as on a yearly basis in order
to guarantee water ava11ab111ty for d1fferent types of use.

Water problems are often re]ated to climate conditions and
land use. Periods without precipitation can be extremely Tong
and can be followed by periods with a very high amount of precipita-
tion. Another problem is that the prevai]ing urban water management
does not include sufficient water treatment, which means that there
are b1g risks” of degradat1on of the water qua11ty o ‘

Even in. Sweden tack of water can per1od1ca1]y be a problem.
The:prob1em ar1ses ma1n1y in, tha' Swedish- arch1peTago, along thé
EOast and on the 1arge 1s]ands of Gotland and U]and Periodically
water is supp11ed by tanke s,0r. trucks,gn these reg1ons The ::
lack of water isoustally causedaby long pefiods .ef drought té-
gether with excessive pumping of ground water, ExcessiVé grouhd'lﬁ”
waterqexp1o1¢atﬂonﬁ1n costal imnesileads*todsatt Water penetrationx

o ?

IRy '“_1.«.11' ""t"" - - [ T P TN o

1nt9rthe aquifers, ey _

Wt el FLOGE ¥ st J-w.; RV AR NP v :

lThe method of co}1éct10n,‘storage and: conservat1on of rain-
water but fOrward by the Swed1sh inventor Karl" Dunkers, is now.
beang tebted” at:the*D partment*ef~water Resénrees Engineering,

PE-T- TR I S S

Un1¥ers1ty of ; Lund The method ei1m;paq)s sope of the shortcomaggs
associated with: the: tradnmnonai uayrofacolient1ng and storing rain=

wa%erf‘thus promjs1n§ mTut16n O%Tagu;e ya1er Shortage prob]ems in

,.n.lt.;\ Wi eGe IR
drought reg1ons Accord1ng to Dunkers, reservo1rs for the storage .
of ra1nwater can be s1tuated oﬁ 7and or at sea The 1and based

storage cons1sts of underground plast1c tanks or concrete bas1ns
Storage at sea consists of floating tanks w1th$?1e§ab1e sides wh1ch
float on the water. Due to the difference in density between fresh-
and saltwater the containers do not have to have a fixed bottom.

Dunkers's idea has great potential for further development
and it can be modified for numerous areas of use.

—
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A land-based test plant has been constructed at Varmdo just outside
Stockholm. Water has been collected from roofs, to be purified
and used as drinking water. A model of the sea-based storage
system has been tested in the laboratory. A full-scale sea-based
plant has been funded and will be installed in Sweden during the
later part of 1986.

Both types consist of three parts:

A collection system

A storage system
A treatment unit

THE WATER COLLECTION SYSTEM

For the collection of surface water or rainwater there are four
main types of construction:

1) Rainwater from roofs can be collected

2) Cracks can be stopped up and smoothed out on a rock-side
so that the water can be caught by edgings and chutes

3) Hillsides can be covered by plastic sheets facilitating the
collecting of rainwater

4) Water from rivers is collected and stored

One of the problems with rainwater collection from open surfaces
is how to avoid or minimize water pollution,

Obviously the materials used are of importance for the water
quality. The run-off pollutants from the relevant areas must
be controlled. Painted sheeting on the roofs, copper sheets and
rainwater pipes can release heavy metals and thus contaminate
the water. If the collecting area is located near trees, leaves,
seeds and needles it will affect the water quality. Insects, worms and
other animals can also cause a degradation of the intake water
quality. Therefore a coarse screen must be mounted where the water
enters the collection pipe system. When the collection area is a
roof, coarse boxes can be located on the wall. The coarse screen boxes
must be easy to clean, as this must be done at least after every
heavy rain. In areas with a Tot of birds it may be necessary to use
some kind of scarecrow so that the bird droppings will not pollute
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the water. Roofs can be in series and the rainwater led to a central
tank, see Figure 1.

Figure 1 Collection system for processing drinking water from
series of roofs.

Another problem in connection with collection of surface water
is how to avoid water Tosses. Losses from the systems can occur as .
evaporation, leakage into cracks in the bedrock, leakage from
edging constructions and pipe joints. The edging constructions and
rainwater pipes may be overloaded during heavy rianfull. The
losses can be reduced by careful maintenance of the construction
and by regular cleaning.

If the collection area is a mountain side, the moss and
grass must be removed first of all, and the cracks and depressions
must be filled with concrete. A collector of metal or a trench
must be constructed down hill for the water collection. The collec-
tor has to be cleaned regqularly. A hillside can also be covered
with plastic sheets to be used for rainwater collection. In these
two methods the clearing of the mountain side, and the use of
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edging, trenches and plastic sheets must not:unduly violate the -
environment. Water from creeks and rivers can &lso be Ted into.
storages. This method is especially convenient when a large amount
of water is needed for instance for irrigation purposes. If the
intake water is rich in sediments,. it will be necessary to construct
a sedimentation basin before the water enters the storage. It is
also often important to let the first water flush pass by. In

many areas wastes and 1itter are emptied into the riverbed during
dry perﬁods and are then flushed away by:heavy rainfalls. To get
enough water when using these three methods, it may be necessary

to supplement with ground water. On islands, for instance, there
usually is a ground water table during the rainy season. This water
can be pumped up and stored. Otherwise, in many cases it leaks

out into the sea to no avail. The ground water admitted into the
storage must of course also be tested to enéure that it is of high
quality. The storage circulation sysﬁéh-will also maintain the
ground water in a desinfected status.

THE STORING OF THE WATER

The water can be stored in two different ways:

a) Landbased storage in tanks, covered ditches in concrete bas1ns
b) Storage in the sea -

Storage in tanks or in concrete basins

One possibiiity of storage of water is to use plastic tanks, which
can be coupled together in ggr:es P;égabr1cated tanks can cover a
] tota1 volume of several. pundredsm URaQDLé thaysaﬂd m .

Another poss1b111ty is to use Goncnete bas1ns A. styrofoam
sheet cover is conven1ent in ocderkfgkreduce evaporation and con-
tam1nat1on from pollutants such as-atgas|- bacter1a, parasites and
insects etc. If the intake water contains silt, sedimentation problems
may arise. This type of storage can consist of one or several basins

storing thousands of m3.



Storage in the sea

Floating tanks of weighted plastic curtains hanging down from
pontoons can be used for off-shore storing of water for irrigation
and drinking purposes (see Figure 2).

Due to the difference in density, fresh water floats on top
of salt water. Water can be taken from a hillside or a river. The
advantages of the method are obvious, not least because of the
simple way of removing sediment and silt. They are carried away
by the currents. Large-scale versions of this kind of storage can
consist of hundreds of tanks containing up to 150 000 m3 each. There
are also possibilities of moving the tanks from one area to another
with a tugboat. A test and demonstration plant is to be constructed
on the Swedish west coast during the autumn of 1986.

evaporation four floating ! 3
protection cover freshwater tanks il

v
—anchor chain

4
( buoy
-L& o weights
e LI

£ ’--)}’ \ -l __—‘.;—-“\‘5—'_,_::

concrete
anchorings

land anchoring, '3;';,;
1 conter weight tower TP
ot 52 -l

Figure 2 Off-shore storing of water (according to Dunkers).
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THE TREATMENT UNIT

A system for treatments of water is presented in the following
chapter about the Varmdo full-scale plant.

THE VARMDU FULL-SCALE PLANT

Location

Varmdo is an island south-east of Stockholm. During dry summer
periods there is a shortage of water of good quality. This situation
is for instance unsatisfactory for the Salvation Army establishment
at Varmdo. Normally the hotel is supplied with water from a ground
water well, but during the summer this does not give enough water
of adequate quality.

The yearly average precipitation is about 550 mm, of which about
230 mm falls during the period from May to August. During the same
period the potential evapotranspiration is 465 mm.

The new method for processing high-quality drinking water
from roof-collected rainwater is being tested as a full-scale
demonstration plant. Rainwater is collected from 1 360 m2 roofs
and a 70 m2 cleared hillock side. The covering material is mainly
roofing-tiles and plastic coated metal sheets. The water is collected

from the roofs in rainwater pipes as described.

Removable filter
cylinder

Filter well

Figure 3 Fine screen. B2- 7



Figure 4 shows that theT&ollectediand stored rainwater is processed

in a number of ways. There are coarse and fine screens (see Figure 3).

The poawséistresnsnarksinstaltedi insdownspouts:ohevméteri aboye.: -

the ground. The fine scregnsigreiinstalled-in wél18s ifivghe ground?

Sodium hypochlorite is added to the raw water as well as to the

circulating water. THAtRe3fiipstlplacBltha’/désage is controlled

by the pump in the pump chamber. In the second place the dosage

is controlied by a timer. The water is circulated through #0p#é&38dre

f”t%m\%"Ehy%B”Gn?%aa'?MBﬂ%E?PfGS NUTber,0f ROYES RYEY Gkvsy
ncr it ard%ySE fsgp %%r%tlgn AN sthe. tanks“"r’ e 2f gved! 2boiveg

nnrderf%fr\ﬁtiﬁ\ n%]rsr% gr%ateq 1” -2, 5m§111f1lt§F ththnamu]qﬁ 27

%%Ebg%t%dn%ﬁqbqgj Nopma1 §h1ﬁ treqtmgnt 1s. upqo§edﬂqO Be .y -7

ade%%&F%guoEat%L%QSBE% Ehﬁfe 15, AN GXISting yater syshem witha; s,
drilled well, a pressure tank and a pressure 11Q§¢ﬁ fgr oSeftening.

Pl d1me &$m9¥ahEdTg$,QroundwaterJaqﬂ gpe treated rainwatenare

m1xed qu%gﬁ”F ter1lg?§pe_pres§ure -tank. The rremoval ,of ;suspended

so]1ds and algae takgﬁﬂpl g Jn ghe, g f11ters 1nc1udeqnyntth9q
C1FCU1ﬁ$J%ﬂ1;ﬂﬂ§u?QEﬁ r,Js sed”ﬁg)jvq}g sgﬂilg effg cLs, by main-
tain qgrgggppﬁ?pls oxygen, cpncgqtrat1qn‘and‘to Q{g¥§pt odqung Mot
Sod1up pbcqﬁﬁf1te ‘5-%§?ﬁjfo”y?‘51"feﬁt19n~aq%¢ﬁﬂﬂiRHQQQQHﬁﬁmﬁﬂﬁﬁ-

\UnrsDn%Jre ng the, e T f, J982samples were- taken to; get, an ided,

hs P55 PPy, to. conduct, a- study, on POy £, 9ptimize the treatment, system.
The storage unit con§g§}s oJé;wp p]gfgac anlgvrh1 ted. underarqund,
each measuring 21 m~. The plant has been planned to be a complement
to the existing drilled well. In F1g%§§§§;? scheme over the water
supply unit for Varmdo is shown. rf“ﬁ“j
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sbarfys
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ATHOSPHERIE FALLOUT

PRECIATATION

{;{T#w

10N EXCHANGE PRESSLRE

— SOFTENING TANK
POTABLE WATER ~ FOM ROMOWAL

COARSE
SCREEN ﬁ
a3
;\\ﬁ"@ ACTIVATED
CARBON
FILTER
SMALL}
SODIUM
SODIUM
UROLATION RMP ——
> SANDFILTER
ESSOR
@ AERATION
1 i
PUMP CHAMBER STORAGE TANK 1 STORAGE TANK 2 DRILLED
WELL

Figure 4 Scheme for the pilot plant at Vdrmdo.

WATER BALANCE FOR THE PILOT PLANT

Precipitation

The precipitation was measured by a Hellman raingauge during the
period from May to November. The total rainfall during that period
was 241 mm. This can be compared with the 30 year average in Stock-
holm, which is 339 mm. During the measuring period the average
precipitation was 1.3 mm/day which gives about 1.8 m3 rainwater

per day in the plant. The total amount of rainwater available

for collection from the roofs was about 328 m3. In Figure 5 the
distribution of rainfall over the period is shown.
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Fiqure 5 The distribution of the precipitation. The maximum
daily precipitation was 15 mm.

Connection to the
distribution

Figure 6 The total water consumption and utilized rainwater part
as a function of time.

The number of consecutive dry days is also of importance for the
daily amount of rainwater for consumption. There were in all ten

dry periods longer than a week when the precipitation was less

than 2 mm. Three periods lasted 14 days and cne 15 days. However,
during very dry summers much longer periods without rain can be
expected. During the years between 1970 and 1980 in Stockholm

there was one period of 24 days and three periods of 22 days with

a rainfall amount less ‘than 1 mm. We can roughly assume that 25-day-
long dry spells have a return of about 10 years,
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Water consumption

The maximum number of guests at the hotel was 129 per day and the
minimum was 6 per day (including the staff). The average number
of guests was 37 per day. The water consumption varied between
35 1 per person and day to about 600 1 per person and day. Both
ground water and rainwater were used for consumption. The mean
consumption was 110 1 per person and day, of which 85 1 per person
and day were teken from the ground water well and 25 1 per person
and day from converted rainwater. Figure 6 illustrates the rain-
water and the total water consumption. The water consumption varies
a lot, 1ike the number of guests. Since the storage capacities
is 42 m2, theoretically, a rain of 30 mm will fill up the whole
storage. The effective precipitation in the area of Stockholm is
about 550 mm per year. This means that in this special case the
storage is smaller than 1/10 of the yearly rainfall.

Calculating a maximum of 130 water users and a water consump-
tion of 50 1 per person and day, we can see that the storage
would be emptied in less than a week if there is no rain and if
no additional water is delivered.

The total water budget

In Figure 7 the flow scheme for the Varmdo plant is shown.

PRECIPITATION 1,4 PRECIPITATION 316,3

®

HILLOCK
COLLECTION

LOOSES 10,7
']/% OVERFLOW 74,0
LOOSES 0.1 OVERFLOW 32,5
- | 0.8 l 251 >

ROOF TOP COLLECTION PUMP WELL

TANK 2

59,6 106.5
WASHING TAPPING  CONSUMPTDON

Figure 7 The flow scheme for the pilot plant at Vdarmdo during

the period from June to November 1985. Unit: m3.
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The Tow contribution from-the hillock is due to the fact that it
was only connected to the system for a few weeks in October and
the area is only 70 m2. The water loss from the hillock was only. L
5% of the precipitation. The losses. on the roof and in the intake co-e
pipes were found to be about 12%. The overflow from the pump well

was 23% of the precipitation. Due to overpumping the tanks, overflow
discharge was possible from Tank no 1. About 10% af the precipita-

tion flows over. If larger tanks had been used, this overflow

water could also have been captured. In the Varmdo plant it is

necessary to use all the rainwater; accordingly only 42 m2 storage

has been constructed. About 19% av the precipitation was used

for cleaning the tanks or needed to be discharged before cleaning.

The amount of water for cleaning the tanks can be reduced a lot

in the future. The collecting system must be washed very carefully

after the construction period and before the intake pipes are

connected to the tank. Finally we can see that about 33% of the
precipitation was used for consumption. If tanks of larger volumes

are connected to the system this percentage can be increased to

about 80-90%.

THE WATER QUALITY

The atmospheric fallout was measured as dry and wet deposition with
a NILU SF1 dust sampler. The results of the measurements during
May-August 1985 are presented in Table 1. During the whole period
when the plant was studied there was dbout 318 m3 precipitation.
The approximative amount of pollutants added to the intake water

as atmospheric fallout is presented in Table 2.

‘Table t Atmospheric fallout during the period May-August 1985
at Vdarmdo.

2-
4

3.7 43 . 168 1.5 2.1  <0.6  <0.11 <0.18 5.0 mg/m°, month

0.7 2.8 0.03 0.05 <0.01 <0.002 <0.003 0.08 mg/1, precipi-
' tation

PH 1 S0 Cu n Pb Cr Cd Al
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Tabie 2 Amont of pullutants in the collected rainwater prior to
the course screen during the measuring period.

Cl soi‘ Cu Zn Pb Cr Cd Al
(kg)  (kg) (g) (g)  (g) (9) (g) (q9)

0.2 0.9 9.5 16 <3 0.6 <1 25

The values in Table 1 and Table 2 are low compared to those in
studies carried out in urban areas in Sweden, see for instance
Malmquist, 1983, and Hogland, 1986. This is to be expected since the
hotel is located in the countryside. In Table 3 criteria for drink-
ing water are shown.

Table 3 Criteria for drinking water (WHO, 1984).

2-

Cl SO4 Cu In Pb Cr Cd Al

<250 <400 <1.0 <5.0 <0.05 0.05 <0.005 <0.2 (mg/1)

The above-mentioned literature on atmospheric fallout in urban
areas shows that the concentration of the fallout can be as

high as or sometimes higher than the drinking water criteria in
the case of some of the constituents, especially copper and Tead.

CONCLUSIONS AND DISCUSSION

The idea of collecting, storing and conserving rainwater accord-
ing to Karl Dunkers's method has a great development potential and
can bring about a significant improvement in water supply in areas
with scarce water resources.

By this method rainwater can be colliected from different
impermeable man-made surfaces like roofs and paved hill-sides.
The water can also be collected from natural sources like rivers.

Collected water can be stored in land-based reservoirs or
in a lTow-cost flexible construction off-shore.

In order to keep the approved guaiity of the stored water constant,
a simple circulation and treatment system has been designed and
attached to the storages.
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Water storage‘accoFdihg"to the Dunkers's method can be arranged
on different scales: from small tanks collecting rainwater from
one roof and meeting the needs of one family, to huge sea-based
systems, which collect run-off from entire rivers and meet the

irrigation needs of whole agricultural regions.

There are, however, several questions which have to be
answered before this technique can be regardad as fully developed.
Research and development of this technique is in progress at the
Department of Water Resources Engineering, University of Lund.

Tests of Tand-based storage systems are performed at a fuill-
scale test facility on Varmdd island in central Sweden. The Varmdo
studies have shown that rainwater can be successfully collected
and long term stored according to the Dunkers's method. The water
quality meets all the requirements in accordance with the high
Swedish standards for drinking water.

Tests of sea-based storages were performed on a small scale
at the laboratory. A full-scale test facility will probably be
constructed in west Sweden within one year.
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AN EXPERIMENTAL ROOFTOP RAINWATER HARVESTING
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SYSTEM AT A SEMIARID TROPICAL SITE
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ABSTRACT

Two systems for collectiny rain water Trom Liled roots were

pullt 1n Ungra, a viltldye situdated 1n Soutn (nala. un tne

pDasi1s Of the measured domestic water consumiption and normal

rainfall, a mass curve analysis showeu that a roof area of

oo w¢ and a storage capacity of 12.b m3, with collection

efticiency of YU, would supply tne needs of a4 six<mewoer

tamily for the entire year. Two types of storage pits waere

opuitlt. One was a kina traditionally pullt in the area tour

storaye of grain, and the otner a pit of rectanyular

section. Two materials for the yutter {(u.l channel and tree

trunk) were tried. The pits were lined with clay and liwe

for water proofiny. The performnance of tne twou systenis were -
nonitored for one ionsoon period. The collection effictency

was 6% with the G I gutter but because of losses, it went

aown to 50% with the tree trunk gutter. The capital costs of

the two systems, are not very different, out were tound to

. De much higher than tnat of handpump<bdased systems. Both tne -
systems encountered the problem ot lizards, rats, frogs etc.

gettiny into the tank.
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INTRODUCT ION

Rooftop water harvesting for drinking water 1s not
practised 1n India, since ground water supplies, the major source
of drinking water in rural areas, have generally been adequate,
at any rate till recently. There are arid and sem1 ar1d regions
in the country where the technique might prove useful. The
eastern half of Karnataka State (Fi1g. 1) can be classed as semi
arid, with normal annual rainfall varying from 400 to 750 mm.
About 65% of this rainfall occurs, e.g., in April, August,
September and October at the village Ung(a (Table 1) in Karnataka
(Prasad et al 1981), where the normal annual rainfall is o77.5
mm., Typically, this is the situation in almost the entire
country, through the actual months contributing the major part of
the rainfall may vary from region to region. Overland runofft
stored 1n small reservoirs called tanks, primarily meant for
1rrlgatiod, also serves nearby households for domestic water for
a couple of months after the end of monsoon (i.e. upto the end of
December or January). For the rest of the dry period, people have
to depend on ground water, As ground water in shallow wells
became scarce during summer, alternatives were thought of, and a
substantial program of drilling deep borewells and installing
handpumps in them was launched about a decade ago. This has
achieved a measure of success in ensuring perennial water supply,
although there are maintenance problems with handpumps. In the
present paper, work carried out on the feasibility of rooftop

water harvesting as another alternative is reported.

TABLE 1: Normal Monthly Rainfall (mm) at Ungra

dasdaidysalivifdfdndddsddsdidddfdatsadidussssndadddidddSdidasnina
Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec
s i iLddSdadainaniddididdnnddisadsidsasridadadnidasdasfindindanse

3.5 5,0 6.0 31.4 90.9 59.0 67.0 92.9 124.4 132.9 60.0 8.0

raglffsdisaaddarssiiiddddsdadgiaifasinssinanafidisidstinsassinansnsddan
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PRELIMINARY CONSIDERAT IONS

The first question that arises is whether thg_quanﬁities
of water harvested can match the needs, The harvestéd quahtity
can be estimated with reasonable precision since measured
rainfall values are available., The consumption, however, is not a
definite figure, since it depends on how easily the water is
available., When one gets water at the turn of a tap, consumption
is much higher than when one has to walk a kilometre and fetch it
in a pot. The design of the systems in this work ignored this
factor, and it was assumed that the water demand after installing

the system would remain the same as before.

The existing average consumption of domestic water as
measured at Ungra (Reddy 1980) is 17 litres per capita per day.
An average family of six thus needs about 37,2 m3 of water per
year. Ground water is the main source, and an irrigation canal
running through the village is a secondary seasonal source.
Rooftop<harvested water can be either the main or a supplementary
source depending on the roof area available and the storage

capacity created. To collect 37.2 m3

per year, therefore, the
average house in Ungra has to have a (horizontally projected)
roof area of about 63 m2, assuming a collection efficiency of
90%. The storage required, if this is to be the only source of
the water, can be determined by constructing the supply and
demand mass curves. The demand mass curve is a straight 1ine
(Fig. 2), and the supply mass curve can be drawn using
accumulated values of 90% (efficiency) of the normal monthly
rainfall from Table 1. The maximum difference in ordinate between
the supply curve and a tangent at its crest drawn parallel to the
demand line gives the storage capacity needed. From Fig. 2, this

capacity for the average Ungra household is about 12.6 m3. Thus a
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storage ;apg;jt; qf‘pbput a thjrq of ghe annual water requifement
should be created if dependence on other sources of water. is to
be eliminated. In areas where rainfall distribution is
cohcentrated over fewer months, higher storage capacity is

needed,lwhile a more even distribution requires less capacity.
DESCRIPTION OF THE SYSTEMS

A rooftop harvesting system consists of a collecting
channel, firstsaflush diverter, storage and plumbing. Storage
accounts for the major part of the system cost. At the outset, 1£
was decided to construct the storage underground, considering the
simplicity of technology involved, cost, possibility of using
family labour and local materials, and a certain familiarity
already existing. The area has a tradition of storing harvested
grain in underground pits locally called “hagevu®. A system
involving this type of pit was built first, but due to
difficulties faced in excavating it, another system with a pit of
rectangular cross section was also designed. Since there were two
systems, it was decided to use two different materials as well
for the collecting channels, one being the split trunk of a palm
tree, the other made of galvanised iron sheet, and compare their
performance. The two systems were installed at two Small
lbuildings with tiled roofs in the extension centre at Ungra of

ASTRA, Indian Institute of Science, Bangalore.

System A
The catchment for this system is a gabled roof with a
projected area of 56 mz. Fig.3 shows the system details. The two
parallel cdi]ehting channels (gutters) insta]ied éf the opposite
eaves were fashioned out of an arecanut (a palm species) tree

trunk. A trunk with an average diameter of 150 mm was split



Gutter
/\ /

5] > /Down comer

Water meter

Sediment trap

Storage tank
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FIG.3-SCHEMATIC DIAGRAMS OF THE TWO SYSTEMS
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longitudinally in the middle. The pith was removed from the
halves to obtain two channels roughly semicircular in cross
section. These channels were suspended by G.l. wires from:;he
roof below the eaves to catch the runoff. A longitudinal siope
was provided to the channels. The upstream ends were closed. The
downstream ends opened into two large funnels, which entered the
downcomers. The two downcomers were coupled at ground level into
a single pipe. No firstaflush diverter was provided for either of
the two systems, since the primary objective of the experiment
was to examine its feasibility and the system was to be quickly
installed. Instead, a sediment trap followed by a filter just
upstream of the entrance into the storage cavity served to remove

floating and suspended material.

The storage cavity for this system was fashioned after
the hagevu. As shown in Fig. 3, it is nearly spherical in shape,
the top communicating to the ground through a 45 cm diameter
opening, through which water can be withdrawn. The volume of the

cavity is 12.3 m3.

Tﬁé pipe bringing the water enters the cavity below
ground level, and the opening is normally kept covered. In order
to prevent loss of stored water by seepage, the wall of the
cavity was lined with a 3:1 mixture of clay and lime, used for a
similar purpose in China (Anon 1979). Water was added to the
mixture to the consistency of a paste, which was then left to
stabilise for seven days. The mixture was then plastered on (to a
thickness of about 5 cm) to the compacted cavity wall. The
coating was then compacted with a hammer and the surface
smoothened, At the bottom, a thin layer of sand was spread to
provide foothold for people who might have to get into the cavity

for future maintenance.
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A water meter was fitted in the pipe a little distance
from the storage cavity for measuring the harvested quantities.
The opening of the cavity was normally kept covered throughout

the season,
System B

Two of the four slopes of a hipped roof (Fig. 3) serve
as the catchment for this system. The projected area of the
catchment 1s 45.5 m2, which is a little smaller than that of
System A. The two gutters, made of 20 guage galvanised iron
sheet, are perpendicular to each other and empty into the same
funnel and downcomer (Fig. 3). The gutters were semi circular in
section, with a diameter of 150 mm. In this system also, a water
meter, sediment trap and filter were incorporated in the line

leading to the storage tank.

The storage tank built for this system was of
rectangular cross section. The tank has the measurements 3m x 2m
x 2m (depth) and so has a storage capacity of 12 m3. The top of
the tank was covered with 100 mm thick granite slabs (each about
500 mm wide) spanning the 2m width of the tank. One of the siabs
contained a covered manhole, which gave access to the stored
water, The sides and bottom of the tank were treated in the same

way as in System A.
Construction Costs

The major part of the cost of either system was in
constructing the storage tank. In system A, the shape of the tank
limited the number of persons who would excavate the soil as well
as the rate of progress. Because of the narrow opening,

ventilation inside the cavity was poor and heat considerable.
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This necessitated frequent pauses. Furthermore, only small tools
like chisels could be used ds there was no room to swiny
pickaxes. These slowed the work down and increased the cost of
excavation, However, cost of materials was relatively much lower
in this case, mainly because the opening to be covered was smail.
The rectangular taak of the second system, in contrast, was
easier and cheaper to excavate, but the cost of covering the top
was higher. Table 2 shows detdils of the cost breaksup. The cost
of either system per unit of water stored is also shown therein.
System B 1s 10% cheaper than System A, and would have been stil}
cheaper were i1t not for the heavy expenditure on the 1ining and
cover. Lining costs are more because the rectangular cross
section leads to a higher surface area than the spherical tank of

System A. The cost of covering is nigher o~cause of the largyer

TABLE 2: Construction costs of the two systems

29I A AN AN 2 I AN (AN AT I AN M AU (I TN AR I I IR A QAT EARITIAIII RS A SRR

System A System 3

Nork SAecevaveTIanyYngaeseqdegequasaidveqaeas

Cost Per cent Cost Per cent

(Rs.) of total {Rs.)} of total
LR R N R A R R R A E R L R P R R R R R R T R L Y R R R P T LA R R R R R K
Gutters and Plumbing 246 28.5 2ul 6.4
Excavation of storage tank 468 54.2 112 14.7
Lining of the tank 140 16.2 243 32.U
Cover for the tank 10 1,1 205 26.Y

R E S S R R R R R R N L N R R R R T R T TR R Y

Total 864  1J0.U 70l 100.v

493394 AY A AN LRI TR I L2 T AR I C A TIAA I AT 4 1S TI RS AT AAN AN TR anenw

Capital cost of system 3 3
per unit storage RS, 70/m RS .63/m

L e R L R L R T Y L R e P e P R R RS AR AR
opening, The 1i1ncreased cost on tnese twou accounts offsets

virtually the entire saving on excavation.
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RESULTS AND DISCUSSION LR
Water Harvesting Efficiency

The performance of the two systems, installation of
which was completed in August 1982, was monitored during the four
months from September to December of the same year. The normal
rainfall during these months amounts to 48% of the normal annual
rainfall. Table 3 shows the rainfall events and harvested water
quantities for System A during this period. The overall
harvesting efficiency of the system is 49.6%, as seen from the

Table. However, the low efficiency is due to the insufficient

TABLE 3: Rain water harvested by System A

L L P S N LR LR PP L P EE R L T P E L L PR PSR L P E L CT R DL O T

Rainfall Rainfall Inflow Percent of
nace e 1 9ires e Ralvested
PP EEP PRI EFIERREPPEOTREREFET FERFE PP FPPPRPEE FRORTETT POE PREPeE
15.9.82 59.0 3304 1260 38
19.9.82 12.5 700 320 4o
18.9.82 3.5 196 115 59
19.9.82 11.0 616 403 65
20.9.82 11.5 644 187 29
21.9,82 11.8 660 307 46
7.10.82 42.0 2352 238 10
18.10.82 2.5 140 104 74
19.10.82 6.0 336 185 55
23.10.82 27.0 1512 1198 ~ 79
24,10,82 22.5 1260 948 75
5.11,82 91.0 5096 3125 61
8.11.82 7.0 392 145 37

A ddddd i e dado s dNdldssudinsarassfadddsidasiguddasansnnna

Total 307.3 17208 8535 49.6

sasdidadiadadaa v ddnusteaadadusinaadqsdns ey d i ndsusinandinsss
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capacity of the gutter. On individual rainy days, the efficiency
varies from a low of 10% to a high of 79%. Low efficiencies were
recorded for storms of high intensity, when the rate of run off
from the roof was too high for the gutter to discharge, and
considerable quantities of water overfiowed and were lost. On the
contrary, efficiency was high when rainfall was of low intensity.
The capacity of tne gutter can be increased by either increasing
the slope or diameter or both. Increasing the slope beyond a
certain limit would reduce the efficiency, since the downstream
part of the gutter would be too far below the eaves and the
falling water would be easily deflected away by slight winds. The
diameter of the gutter in System A is constrained by the natural
limit to the size of tree trunk. System B, which had a gutter of
the same size and slope, but made of GI sheet, had a harvesting
efficiency of 62%. Since the roughness of the gutter was much
less in this case, its discharge capacity was higher and less
water spilled. The major contribution to the total annual
rainfall in the area in question comes from events of high
intensity. It is therefore necessary to use a gutter of large
enough discharge capacity. This is possible if a fabricated
gutter is used, but not a tree trunk. If a sufficiently large
gutter is used, there is no reason why the assumed harvesting

efficiency of 90% should not be reached.
Seepage loss

The loss of water from both the tanks was measured by
monitoring the levels through the period. Since the openings were
fully covered, preventing evaporation, seepage through the tank
walls was the only source of loss. This amounted to 46.2 litres
out of the 8.7m3 collected in System B, or about 0.5%, which is

negligible. The clayslime mixture lining should therefore be
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considered to have performed very well,

Comparative Cost Analysis
This analysis is made assuming a 90% collection
efficiency, which appears to be attainable., Since the larger size
of the gutter needed to achieve it affects the total system cost
only marginally, the costs given in Table 2 are assumed to be
valid, Since System B is cheaper, and is the only one of the two
to permit the use of a larger gutter, this system alone is

considered here. The roof area of 45.5 m2

used for this system is
also representative of the average rural house in this region.
Since this is less than the 63 m? required for the system to
function as the only source of water supply, it can be treated as
the main source, needing to be supplemented by a well, tank or

other source of domestic water.

The system would be able in a normal rainfall year, to
harvest 27.7 m3 of water, so that the capital cost works out to
Rs.27.4/m3 of annual water supply, or Rs.127 per capita assuming
six consumers. This can be coﬁpared with the costs of urban and
rural water supply programmes currently in vogue in the State

(excluding traditional sources like dug wells).

The City of Bangalore, with a population of 2.9 million,
is being supplied with 2.108 m3 of water per year at a cost (at
1982 prices) of Rs.2,400 million. This includes industrial
consumption estimated to be about 7%, but ignored here. The
capital cost of this project therefore amounts to Rs.12/m 3 of
annual water supply, or Rs.828 per capita. The roof water
harvesting system is therefore more than twice as expensive as
the urban programme on unit water basis, but costs only 15% as

much on a per capita basis. This apparent contradiction is due to
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the differing per capita consumption in the two cases §189 Jitres

: e 0D
per day per capita in Bangalore against 17 in the village).
Economy of scale is responsible for the low unit cost of urban

water supply.

A rural water supply programme based on handpumps
installed in borewells is in operation in the State for a decede
now. Each berewell with a handpump costs (at 1982 prices) about
Rs.12,000, and is assumed to supply domestic water to 300 people.
At a per capita consumption of 17 1/day, the handpumps will

3 of water per year. The capital

therefore supply about 1860 m
cost would therefore be R&.6.45/m3 of water supplied annually, or
Rs.40 per capita. Both these figures are considerably lower than
for rain water systems as well as urban projects. Even if the
annual recurring costs (estimated at Rs.1000 per pump) of
handpump maintenance is taken into-account and capitalised, the

handpump programme remains cheaper.
Problem Encountered

The water in the two tanks attracted a number-6f pests
"1ike frogs, lizards and even rats, A rat hole was found-running
from the wall of the tank into the house, There was no solution
to this problem, which persisted, no matter how much care was

taken 1n sealing crevices, joints etc.
* CONCLUSION

The experlment reported here has demonstrated that roof
water harvesting is technically fea51b1e in areas with ra1nfa11
cond1tion§ﬁ51m11ar to those at the test site, and can supply the
major pa;t of the rural domestic water need (or even the entire
need if sufficient roof area is available) at curregt levels of

consumption. However, it is much more expensive than the handpump
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based programme, at least in regions where enough ground water is
available within 60 m from the surface as at the test site.
Besides, pests are a major problem with rain water systems with
storage tanks below ground level. In other areas where e.qg.,
groundwater is inadequate or available at great depths, rain

water harvesting systems may be attractive.
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DRINKING WATER AND SANITATION

A VILLAGE IN ACTION

Dr. Anant Menaruchi
Provineial Chief Medical Officer
Mahasarakarm Province

Abstract

"This study on methodology for village based sanitation
development program is research to test for an appropriate model
for sanitation development work in the future.

An experimental design was used as one approach for the

study. Two villages that are similar in terms of geographical
location, socio—economic status and culture located in Banphaa
district, Khon Kaen province were selected for the study. Ban

Can Nua served as the experimental village and Ban Nong He was
the control village.

In Ban Can Nua, 3 craftsman training programs and village
cooperative funds were set up. Regular supervaision and follow up
of the program were carried out. Ban Nong He was left alone as a
control wvillage. Before project implementation, a survey for
baseline data, knowledge, attitude, and practice of the people

was conducted as a pretest. The same survey was repeated again
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ei1ght months after the project implementation as a posttest. The
results of data analysis show that there 1is a significant
improvement in knowledge, attitude and practice among the people
of Ban Can Nua as compared to the Ban Nong He people. In
addition, it was found that water and sanitation systems work
when the number of cement water tanks, gars, latrines and garbage
cans have reached the set goal.

The second approach used in this study was the
anthropological approach. The anthropologist went to live i1n the
village for two months to learn about the development process
from the three main factors that have an effect on sanitation
development in the village. These factors include:

1. A strong village organization especially a leader who
understands community development concepts ‘

2. An establishment of a village health development fund
(sanitation cooperative fund)

3. An effective training of village sanitation craftsman

It can be concluded from the analysis of data from the survey
and from the anthropological study that the success of community
sanitation development work depends on the above three factors as

well as other supporting factors such as an effective monitoring

and follow up method, potentials of the wvillage, economic
condition of the people, power structure in the village, socral
relationship among villagers, characteristic of community

leaders, and an effective community preparation.
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Introduction

In Thailand most water and sanitation programmes for villages
have up to now been carried out by government health workers,
with 1little community participation. Various shortcomings have
hindered implementation. New approaches are therefore being tried
out 1n which emphasis 1is placed not merely on the active
participation of the communities in the i1mplementation of the
programmes but also on their full responsibility for planning,

financing and maintenance.

Main Text

A pilot project was conducted in 1981-82 in a number of
villages. Thig project conducted community preparation, the
trainning of village sanitary craftmen, the setting up of village
health development cooperative funds, and project 1mplementation
through the community development principle.

The results were satisfactory and the strategy was
incorporated into the National Public Health Development Plan for
1982-86.

However, since no formal research had been done to confirm
the results, it was decided to undertake a comparative study in
the wvillage of Ban Can Nua and Ban Nong He, to be used for
experimental and control purposes respectively. These villages
were selected because

1. They were within 30 minutes of the District Hospital.

2. They each contained 100-150 households.

3. No training programme for sanitary craftsmen and no
revolving fund existed in the villages before the study.

4. The number of latrines, the number of rain water

containers, and the state of cleanliness were similar in the two
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villages.

5. Each village had a strong village committee.

The aims of the study were:

- establish a viable village sanitation cooperative fund;

- develop management skills among the villagers so they could
handle the fund;

- train village sanitary craftsmen toc construct water supply
and sanitation facilities, such as cement rain water tanks
and latrines;

- prepare the villagers to become trainers of sanitary
craftsment;

— evaluate the effectiveness of the sanitary development
model and;

— Jjudge the results of the project against the basic
minimum—-need criteria.

The essential features of the operational model were the

preparation of the community, the training of craftsmen, the
organization of a village committee, and the establishment of a

revolving fund.

Social Preparation

In the past, community organization was a matter for village
development committees under the Ministry of the Interior. There
was a lack of understanding about the responsibilities of the
committees, and the basis of local development policy was
outdated. The committees were not familiar with the concept of
using cooperative funds for the development of primary health
care.

After 1links were established between government officials

working in the study village and the community, field staff were
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sent to ensure that the village leaders first wunderstood and
supported the proposed programme. This alsoc allowed for some
dissemination of information to the villagers before a village
meeting was held and established relationships in accordance with
normal Thai protocol and standards of courtesy and respect. By
the time the sanitation cooperative was set up, the working
relationship between the wvillagers and the field staff was
soundly based. It should be pointed out that the social structure
of Ban Can Nua greatly helped the scheme. Many of the villagers
were related, and in general the people respected and helped each
other. The unity of the village was reflected in the existence of
a women’s group and other social organizations.
Training of village craftsmen
The training of village craftsmen involved an experimental
teaching/learning process. The aim was that ‘the participants
should wunderstand the methodology of implementing water and

sanitation programmes and acquire the skills needed for making

water storage tanks, Jjars, latrines, and enamel watersealed
slabs. The participants were also trained in organization and
management, including financial management, so that they could

organize themselves and train other villagers.

The training of craftsmen was geared to the development of
practical skills, rather than to the mastery of theoretical
concepts. The teaching/learning process was adapted to each
participant’s motivation and interest. The best trainees from the
first group were selected to train the second group, and so on.

Cooperative Revolving Fund

A viable cooperative revolving fund was essential in order to

finance work on drinking water supplies and sanitation. To become

a member of the cooperative, a villager had to buy at least one



share, costing 100 bath (US$ 4). The administrative committee of

the cooperative was empowered to consider applications for

membership and to grant loans not exceeding 4300 bath (US$ 150)

to villagers wanting to build private rain-water tanks or

sanitary facilities; the 1loans were usually repayable in
instalments. The village committee and c¢raftsmen met monthly to
discuss cooperation and implementation.

Two problems were encountered with the fund:

1. At the beginning of the project, some groups competed for the
purchase of shares. This resulted in misunderstandings among
some villagers about the nature of shareholdings in the
project.

2. Each month between four and eight borrowers did not pay on
time, and 1n two <cases no payment was made for three
consecutive months. This meant that the lending of money to

other borrowers had to be delayed.

Asgsessment

Surveys were carried out in the two villages before and 9
months after the project was established. The villages were
similar 1n geographical location, socioeconomic status, and
culture. After 9 months there was i1mprovement i1n the knowledge,
attitudes and practices of the people in the experimental village
relative to the control village. The most significant differences
were in the numbers of new jars and water-seal latrines (see

table); personal hygiene was less affected.
Interviews

An anthropologist was engaged to interview: the cooperative

fund committee, in order to obtain information on its
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organization, 1ts effectiveness, the management of the fund,
community participation 1n the fund, the way the fund was
revolved for sanitation purposes, the nature of shareholding and
membership, and the 1interest payments made to shareholders. A
sample of villagers were also interviewed in order to discover
their opinions and attitudes regarding the fund.

A questionnaire was used to assess the knowledge of the
village craftsmen before and after training.

Data on the training of craftsmen, the revolving fund, and
related matters were collected from the minutes of fund committee
meetings, progress reports, financial statements, records of

shareholders and borrowing, and other sources.
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Improvements 1n sanitation facilities 9 months after start of

project
Number of New water- New jars
Village households seal latrines (1600-2000 litres)
Ban Can Nua 145 29 61
{intervention)
Ban Nong He 137 3 18

(control)

The wvillage headman, acting as coordinator, played a major
role 1n the project. Members of the fund committee stated that
because they had been elected, they were determined to fulfill
their duties to the best of their ability. Some committee members
did not know about the payment of dividends until they had
received them. Those who had been aware that dividends would be
paid stated that this had not influenced their decision to join,
and that their interest was in helping to achieve development in
the community so that everybody could live well. The committee
perceived the cooperative fund as belonging to and being managed
by the community, with some support from the government.

" The villagers considered that the committee was doing a good
Job. Some said that the members of the committee were prepared to
serve because their economic situation was satisfactory and their
children were grown-up. The committee was accepted by the
villagers because 1t was elected, not appointed.

The headmen, committee and craftsmen were very well accepted
and trusted by the villagers, who usually responded positively to

their proposals. The leaders also acted as monitors, advisers,
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coordinators, and motivators. The headman regularly inspected the
work done, gave advice when necessary, and helped the craftsmen
to plan their activities. He also tried to set a good example for
the wvillagers and wurged the committee and craftsmen to do
likewise by constructing latrines and rain water tanks for
themselves in the first instance, if they did not already possess
them.

Follow-up supervision and evaluation of the craftsmen’s work
are very important. The villagers were very favourably disposed
towards government supervisors, whose visits therefore had a
beneficial effect. The villagers themselves also acted a monitors
of progress; both the fund committee and the shareholders
followed the work very closely, and the people in general were
very interested in what was going on.

The cooperative fund at Ban Can Nua has met with considerable
success. Participation is of a high order, and implementatlon is
continuous and effective. The power structure and social
relations in the village have helped the process of
problem-solving and community development through the efforts of
the villagers themselves. The village has a high potential for
development. The government officals are aware of this and gaive
the appropriate assistance. This village 1is the district
representative in a model village contest at provincial level,
and this has attracted many development projects, with
supervision and follow-up by government officials at least every
two weeks who give encouragement for even greater participation
by the villagers.

Conclusion
The success of the project depends on income levels, the

relationships between villagers and government health workers,
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and associated factors. The teaching/learning process used 1n the
training of village craftsmen is highly effective in imparting
the ski1lls needed, since it has been possible for the villagers
themselves to become either effective trainers or highly
motivated trainees. Furthermore, by stimulating the thinking of
village 1leaders it has been possible to improve planning
implementation, and the monitoring of progress in the water
supply and sanitation project.

The essential features of the operational model were +the
preparation of the community, the training of craftsmen, the
organization of a village committee, and the establishment of a
revolving fund.

The village headman, acting as coordinator, played a major

role in the project.
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Appendices
Craftsmer Training Program, Group 1
Ban Can Nua
Background and justification

Primary health care is the strategy to achieve health for all
by the vyear 2000. This is the goal of the Ministry of Publac
Health.

Banphai District Hospaital and Banphai District Health Center
have been 1mplementing the primary health care work since 1980 by
trainaing village health volunteers, village health communicators
as well as community leaders such as priests, teachers and women
to expand the health services to all in order that they can be
self-reliant, help their community and solve village health
problems by themselves. The first group of sanitary craftsmen was
trained in 1981 at Ban Hua Nong, Banphai district, Khon Kaen
province. The second, third and fourth groups were trained the
following year. The first group acted as trainers for others and
was very successful. The water and sanitation work expands very
quickly. However, the cost to implement water and sanitation work
is wvery high so it is necessary to set up a revolving fund to
help poor people. In doing so, the craftsmen and the committee
need to have a good knowledge of the role and management of the
fund. For the Jacque Parisot projgect, village craftsmen as well

as village organizations will be trained and monitored.
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Overall objective
Tn givue the participants knowledge on environmental
sanitation, provision of clean water, and primary health care so
that they (an teach. motivate, advise as well as be effect . ve
leaders :n water and sanitation in the village
Training objective
After the training course, the participants are expected to
be able to:
1. explain precisely how to implement water and sanitation
work
2. Teach and advise others on water and sanitation work.
«Craftsmen with good knowledge'and character will be selected to
be trainers)
3. Be able to construct the following facilities:
a. cement rain water tank
b. enamel seal water slap
c. cement block
d. latrine casing
e. cement water jar
4. Understand and manage the village cooperative fund

Participants

Each village selects 2-3 people as representatives to attend
the training.

Number of participants 29 people per training

Ban Can Nua 9 people
Ban Nong Ranya 5 people
Ban Nonza 5 people
Ban Kudpeng 5 people

Ban Nong Na Voa 5 people
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Qualification of participants

Place

literote

has1c masony knowledge

between 25-50 years of age

willing to sacrifice for the community

accepted by the community

middle income, not too rich and not too poor.

Craftsman training center, Ban Hua Nong Mu 1. Tambon Banphai,

Banphail District, Khon Kaen Province.

Duration

May 25-29, 1984

Resource persons

Resource persons are from the following organizations:

Craftsman Training Center Ban Hua Nong, Tambon Banphai,
Banphai district, Khon Kaen province.

Sanitation and Health Promotion Division, Banphai Distract
Hospital

Banphai District Health Center.

Sanitation Division. Khon Kaen provincial Health Office

Region 4 Sanitation Center, Khon Kaen

Curriculum

Theory 8 hours

Trainer craftsmen 2 persons x 50 Bahts x 5 days = 500 Baht
Level 3,4 staff 2 persons x 50 Bahts x 5 days = 500 "
Allowance for participants (Ban Can Nua only)

craftsmen 9 persons x 40 Bahts x 5 Days = 1,800 Baht
Demonstration material = 1,000 "
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4, Other equipments

1 set of jJar mould size 1600-2000 liter 1,200 "

1l set of cement block mould 1,000 -

Total 6,000 Baht
Evaluataion
- Pretest
- Observation and discussion during training
- Post test

Follow up

Field visait after training every 7 days for 1 month
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Craftsman Training Center, Ban Hua Nong, Tambon Banphai, Banphai District, Khon Kaen Province

- -

time 12.00-
te 9.00-10.00 10.00-11.00 11.00-12.00 13.00 13.00-14.00]14.00-15.00]15.00-16.00 |16.00-17.00 19.00-21.00 )
opening |orien- ]
ay 25, ceremony| tation Cement block and cement tank construction
Banphai Pretest | together as a Group Lunch Review |
Dist t T
984 istrac (Chom Marasri and break heory and practice ‘
Head recreation ‘
Officer others) (Gong Paodang, and others)
_J
|
enamel water seal slab construction
ay 26, Lunch { ermamel water seal slab (continued) Review
Theory and practice
284 break (Resource persons from Ban Hua Nong) recreation i
(Saithong Sovong) AJ
enamel water seal slab and stool enamel water seal slab cement jar and cement
ay 27, Review
Lunch cooperation :
construction tank construction p
284 —reak fund setup j
, - . and management
(Saithong Sovong, Kam Poohin, and others) (Saithong Sovong, Sudjai Sriclabutr) (Chom Marasri)
Review !
enamel water seal slab and stool . I
village
ay 28, Lunch -
\ broadcasting
construction enamel water seal slab and stool construction svstem
384 break y {
management
(Resource persons) (Resource persons)
(resource persons).
How to apply odor to enamel Maintenance closing ceremony
ay 29, Lunch of materials and presentation of
water seal slab and stools and Posttest certificates
984 break equipments (Banpha: Distraict Hospital
(Resource persons) (Resource Director)
perscons)
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STRATEGIES TO PROVIDE DRINKING WATER IN THE
RURAL AREAS OF THAILAND

Dn. Prakob Wirnojanagud
Dr. Prinya Chindaprasint
Water Resournces and Environment Institute
Faculty of Engineerning
Khon Kaen University

Khon Kaen 40002

ABSTRACT

The best method of providing drinking water in rural areas
off Thailand is by storade of rainwater. This method is
economical, provides water of high quaslity and cen be cerried out
virtually anywhere because the volume of rainwater available is
adegquate throughoyt the country. A cement Jjar of 2 cubic meter
capacity is the most suitable container for most households
becaeause it is cheap and can be built by villagers themselves a-~
bought individually depending on eech household's financial
capability. Three' jars of this size camn store sufficient watep
for drinking end cooking to last 8 household of six persons
throughout almost seven aof the dry season. A rainwater storage
tank of 6 ta 12 cubic meters capacity is suitable for use by a
larger, relatively more affluent family and for public places
such as schools. The design and methods for construction of such
tanks heve been greatly improved so thst, costs have sreatly
decreased.

The program for constructing rainwater storage jJars to
provide drinking water in rural areas has been a Joint effort
between <government and privete or non-profit aegencies and is
directed towards supporting construction of jars and +tanks by
villagers themselves, Government officials are responsible for
training village technicians, for providing money to be used in
establishing a revolving fund and for providing forms and tools
for use in the construction of jars at each village. 1f
implementation of this Jar construction program proceeds
according to the targets set out, Thai and will have resolved the
problems of inadequate safe drinking water in rural areas before
the year 1880, This should include providing economical &6 to 12
cubic meter capacity rainwater tankc at rurel schools as weil.
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1. SOURCES OF DRINKING WATER IN RURAL AREAS

¢mall scale sources for drinking and domestic wster in most
villages may «enerally be <€rouped into 5 categoriest

1. Storaga aof roof reinwater runoff 1n jars or tanks
2, Shallow wells

3. Deep wells

4, Naturally occurring ponds or lakes

5, Dug ponds

The needs of each haoausehold for drinking and far domestic
water are different with respect to both the volume and quality

af each. In terms of drinking water, 8 person needs
approximately 5 liters of water per day. This must be safe water
af good quality (1, 2)., As for water for domestic use, each
person requires about 45 liters per day of moderately high
quslity water which does not cauce irritation (3), The

separation of water for drinking from water +to be used for
domestic purposes was an important sterving point in enabling
Theiland +to establish a plan for providing drinking and domestic
water in rural aress that could be effectively and economically
implemented (3).

Storage of rasinwater is Bn easy, economical met hod for
providing clean drinking water and has already been in use for a
long +time in Thailand (1), Analysis of water quality and +the

casts of various drinking water facilities shows that storage of
rainwater runoff from roofs in tanks and jars is +the most
suitable and most ecaonaomical. In addition, it is a method which
can be implemented snywhere,

The next most suitable methods or sources for providing
drinking water in rural] areas are sanitary shallaow wells and deep
wells,

2., AMOUNT AND QUALITY OF RAINWATER

The average annual rainfall in the wvariocus regions of
Thailand is rather high when compared with other parts aof the

world due +o the cauntry's position in the humid tropics, The
rainy season begins in Msy and lasts until October in the
northern, central, eastern and northeasstern redions. The averade
annual rainfall is approximately 1000 to 2000 millimeters per
year, 85 percent of which falls during the six months aof the
rainy seascon. The remaining six months are considered to be the

dry season.,

The average annual rainfall in the southern region 18
higher than that of other regions being more than 2000
mitilimeters per year, There the dry season last only three

months from January to March and even during these months +there
is rainfall of asapproximately 50 millimeters per month,
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The total area aof Thailand has been divided into 23 zones,
each with a representstive ststion from which recorded rainfall

data are used. Rainfall information has been collected st these
st at jons simce 1952, This information has been enalyzed usi1ng
the Thomas Plotting method to determine the drasught rainfatll of

each month wr.ch may be expected to occur one year ,  in 10 (the
probabilivy of rainfall peing higher than this level in any one
year is 30 percent). The average level of low rainfall during
the rainy sesson for each month and for each region is shown in
Table 1,

Tables 1 Nreught Rainfaell Expected for all Regions
(Probability of 90 % of exceedance)

Region Rainfall (mm)

April May | June | July | August| Sept | Oct |Total

Northern (6 Zanes) 28 79 113 134 256 161 132 | 903

Central (4 Zones) | 35 100 102 125 130 2587 93| 842

Northeastern 73 115 111 182 197 211 781 967
(5 Zones)

Eastern (2 Zones) | 43 92 282 261 248 245 1151286

Southern (6 Zones)| 56 143 183 143 165 | 197 | 256 |1573%

¥ Includes rainfall during Naovember (290 mm) and December 14Q0mm)

dJetermining the volume of rainwater needed to be stored depends
on the rate of water use and the period of time during which the

stored water will be used., In the case where stored water will
be used for drinking and cooking, approximately & l1ters per
person 1s required esch day. For a household of 6 persans, thie
translates into storage of about 6 cubic meters af water for use
during the 200 days of the dry season. As for +the southern
region where the duration af the dry season is shorter

(approximately 72 months), storage needs are only around 2 cubic
meters per househaold.

From surveys it was found thet the size aof roofs in rurs)
areas varies between 50 to 150 square meters, with an averacge
size of about BO square meters (4). For a roof of 80 square
meters, only 75 mm of rainfall is necessary in order to store 6
cubic meters aof water, When this amount is compared to the
levels in Tebile 1, it can be seen that even in relatively dry
years the amount of rainfall during any one month of the rainy
season is sufticient to supply drinking water throughout the dry
season., When the entire amount of reainfall during the rainy
sesson is considered, it requires an efficiency in collecting
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rainwatenr from roofs of oaonly 9 percent in order to store

sufficirient drinking water for tha entire year., From these
argument.s, i{, is possihle to conclude that the amount of rainfall
18 not. 8 constraeint to storaege of reinwater fraom roof run-off far
consumptive uae in Thailana. A study was conducted utilizing a
rainwater -.arage system madel based an an input-storage~output,
system. rxinfall information from various points in the

northeastern region was fed into this model in order to conduct s
reservoir routing to find appropriate sizes of storage containers
far wvarinus rates of water use, The results of this study are
=zi1milar to the conclusions already presented with respect +to
storage of raeinwater as a source aof drinking water (4),

In &€eneral, the quality of rainwater in Thailand is high
with respect +to World Health Organization drinking water
standards (1,5). Moet contemination occurs when the rainwater
runs over roofs, from dirty storage systems (especially at the
beginning of +the rainy season) and from unsanitary use of the
water (5,6). Testing of 2042 water samples obtained from
rainwater jars and tanks in the northeastern region showed thsat
69 percent of the samples passed safety standards with respect to

bacterial content., This is considered very good in comparison
with +the quality of drinking water obtainable from other sources
(2)., [t 1is hoped that if a campaign 18 waged to educate rural

peaple about sanitary methods of using water and the importance
of cleaning the water storage system each year at the beginning
of the rainy season the quality of drinking water will improve to
8 higher level than is currently found,

3. RAINWATER STORAGE CONTAINERS

There are many types of rainwater storage containers.
Those generslly used in Thailand may be &r-uped 1nto three types:

1, Cement tenks and jars
2. Metal tanks
3. Plastic and fiberglass tanks

The cost of metal, plestic snd fiberdglass tanks is about
1300~-1600, 2400-2700 end 4800-5200 haht per cubic meter,
respectively (7)., These are rather expensiva and thus not

suitable for use in rural areas.

Cement tanks and Jjars, being much cheaper per volume of

storage, are preferred for use in rursel areas. The most populer
type, especially among the rural poor, is the 2-cubic-meter Jjar.
[t is the cheapest type, costing about 250 baht per cubic meter
of storage, and villagers are capable of building the jars
themselves., In terms of rainwater tanks, many designs have been
developed and tested. Most are of a size between 6 to 12 cubic
meters, The types of tanks may be &rouped according to the

material and techniques used 1n construction as follows:
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1. Steel reinforced concrete tanks
2. Ferrocement tanks

3. Bamboo-ferrocement tanks

4, Wire reinforced mortar tanks

5. Martar block tanks

6. Brick tanks

7. Tarxs made of concrete pipes.

Table 2 shows a comparison of costs for each type of tank
design (3). It can be seen that wire reinforced mortar tanks are
the least expensive per volume of storade and are similar in cost
ta 2-cubic-meter jars, This is because the same construction
technique is used for both types of containers. The second most
inexpensive tank designe are the mortar block tenk and tanks made
of concrete pipes. Concrete pipes referred to here are not those
purchased lacally because such pipes are more costly and would
result in a more costly tank than is noted.

Table 2 Costs of materislse tor construction of a 6 cubic meter
volume tank of various types (8)

Type of Tank Cost of materials (baht)

Walls Base, Cover |Total Cost Cost/cu.m
and others*

1. Steel reinforced 3970 850 1820 304
cancreate

2. Ferrocement 1380 850 2230 372

3., Bemboo-ferracement| 830 850 1680 280

4, Wire reinforced 660 850 1810 252
mortanr

5. Mortar block 770 850 1620 270

6. Brick 1280 850 2130 355

7. Concrete Pipe 770 850 1620 270

#¥ Steel reinforced concrete base : 500 baht

steel reinforced concrete caver H 250 baht

"Other" refers to faucets outlets: 100 baht
It can be concluded that the wire reinforced mortarnr

tank is the most suitable type of tank specially for cases where
8 large number of tanks are to be constructed because the cost of
faorms is relatively inexpensive (1500 baht per form) and this is
of'fset by the saving of material cost. The construction process

B5-5



ct martar block tenks is more difficult, Steel reinforced
concrete tanks and tanks made with cocncrete pipe are suitable

only where torms faor construction are already available. No more
fundes should be invested in producing forms for these two types
of +tanks. Brick, ferrocement and bamboo-ferrocement tanks are

appropriate far situations where only a few tanks are +to be
constructed since these types do not require forms,

4, THAILAND'S JAR CONSTRUCTION PROGRAM

The Jjar is 8 rainwater storage container which has been in
use for quite some time in Thailand. A large cement jar with a 2
cubic meter capacity has recently become very popular due to the
simplicity of construction and inexpensive cost which enable
villagers themselves to build jars one st a time according to the
funds available. Results of a study of water quality and an
analysis of +the costse of wvarious water supply facilities (2)
provided the initistive for &8 callaborsative effart between the
Thai-Australias Village Watar Supply Progject and the Water

Resource and Environment Institute, under the Faculty of
Engineering at Khon Kaen University. Together they propcsed a8
"Jar-Construction Program to Provide Drinking Water +o0o Rural
Areas" +to0 the Thei government (9), The program received such a
wide base of support and interest that it has become a mnational
program., A committee tao gadminister the project t.o provide
rainwater storage containers +to rural people throughout the
country was established in November, 1885, The Deputy Minister
of Interior serves as the chairman. The essence of the program

may be summarized as follows i

Goals
1. To praovide ane Z-cubic-meter Jjsr ta each of 3 milliaon
households stiill lacking suitable drinking water, allowing 2

l1ters per perscn per day, by 1987,

AN To provide Bn additional two 2-cubic-meter Jjars (votal
2f 37 to esch of the househalds still lacking an adequate supply
aof drinking water, allowing 5 liters per person per desy, by 18890,

Implementation Strategies

Strategies used to implement this project are critically
important to its successful attainment off «gosls, Important
facets of the strategies proposed to the government maey be stated
simply as follows

1. Villaegers should be involved in the project from its
establ ishment, management of finances, and implementation
including construction.

2. The project should be implemented 1n the form of a

revolving fund and should begin with 8 &roup of individuals who
have money to invest and are eager to participate soc that +the

B5-6



ravalving fund can be guickly established and its initistors
serve as madels for others to follow.

3. The gaovernment -s rasponeiblse for supplying tools and
materiale for jar construction and for supporting the revoiving
fuand., Vi lgcers are to provide free labor and the cost of

materials rrsed in constructing the jars.

4, The government is responsible for arranging and
supporting +training of villagers in jar construction and for
establishing the revolving fund in each village,

Preparation of the Community

The first step in preparing the community is to wage a
campeign to make villagers more aware of the importance of clean
drinking water and the usefulness of building rainwater storage
jars., This preparation may complement and be conducted together
with other +types of development campaigns. The preparstion
shouild include informing villagers of the details of
implementation, especially the need for coopersation between
villagers in construction of jars and the workings of a revolving
fund. Community preparation should be part of provincial policy
and be 8 cooperative effort between local administration
officials at the district level, the subdistrict working
committee and the village working committee,

Training

Each province is= responcible for implement ing and
coordinating the work of various technical agencies such as the
Department of Accelerated Rural Development and +the Provincial
Qffice of Department of Health. These agencies train village
technicians in jar construction and then the village +technicians
are expected in turn to train other villagers. A simple manual
which includes many 1llustrations was written by the Thal
Australia Village Water Supply Project and Khon Kaen University
for use im this training.

The Revolving Fund

The government iec responeible for providing a fund far
purchasing materials and for a@assisting in combining this fund
with other funde asalready existing within a villadge (if desired!
to create 83 revolving fund. Supervision and management of the
fund should be @& cooperative underteaking between villagers,
village committee members and subdistrict council members.

From experiments 1in implementing +the jar construction

project 1n villages tardeted as the very poor, it was found that
rural villagers are able to repay funds at a rate of 100 basht per
month, It thus seems that designating the rate of repayment at

100 baht per month should be feasible for most rural areas.
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proceeds without obstacles, the financial status and number of
jars constructed during each month can be calculated. This
example is shown in Teble 3.
Table 3 Example of a revolving fund and the theoretial number of
jars which caen be constructed
Schedule Number of | Amount of | Amount of|Number Cost of
households | money paid| money of jars | materisals
sble to inte fund in fund built
participate (baht) (baht)
1st month 33 3,300 13,300 33 13,200
2nd month 11 4,400 4,500 11 4,400
3rd month 15 5,800 6,000 15 6,000
4th month 19 7,800 7,800 19 7,600
5¢h month 15 6,000 6,200 15 6,000
6th month 17 6,600 6,8C0O 17 6,800
Number of Jars Built within the First Six Months = 110
7th month 17 6,800 6,800 17 6,800
8th month 16 6,500 6,500 16 6,400
Sth month 16 6,600 6,700 | 16 6,400
10th month 17 6,600 6,900 17 6,800
11th month 16 6;500 6;600 16 6.400
12th month 16 6,500 6,700 16 6,400

Number of Jdars Built within the First Year =

1f
village

forms

about 470
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viliagers
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facing a
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project,
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half for the project to reach
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of drinking
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These calculations are
3.

and
1ts go

the total
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with the figures presented Yn

These

factors

slo
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smplementation and so the more reasonable interval set for the
praject, o -each its goal=s i1s between 3 to 4 years,

The Result.s of Project Implementetion up to the Present

Dur ine 18986, project campaigning resulted 1N tne
caonstruction of approximately 1.7 million Jars (10, It 18
expecterd that by the end of 1887, the €oal of constructing 3.0
million Jjars will be reached. Ae for as the methods used 1n
implementation, many approaches and many agencies have worked
t,ogether, Government and private agencies as well as villagers
themselves have contributed to the effort, In several cases,

credit for purchasing materials was obtained from merchants, with
officialse serving as the dguarantors.

S. RAINWATER TANKS FOR SCHOOLS

The 6 +to 12 cubic meter rainwater tank is suitable foaor
storing drinking water at public areas such as schools, providing
water for students when schools are in session. If a project to
provide raeinweter tanks at rural schools 18 initiated, it will
greatly complement the current efforts to provide clean drinking
water to all villages and enable more complete coveragea. Aty
elementary school at the subdistrict level hsas, on averacge, 600
students and staff, Five 12~cubjc-meter tanks can store
sufficient drinking water for 200 days at a rate of 0.5 liters
per person par day for such a school, The cost of maeterials for
this size of wire reinforced mortar t.ank (which wuses a
construction technique similiar to that for jar construction) 1
about 2,800 baht. Each school would thus require around 14,000
baht to cover +the cost of materials and the recruitment of
teachers and villaders to help in construction. Aside from this,
there should also be a project at schoold¢ Lo repair or improve
exi1sting rainwater tanks which have fallen into disrepair. This
requires initial work to make school administrataors more aware of
the importance of providing clean drinking water at schools.

6. SUMMARY

If Thajland's Jar Construction Project 1s successful in
meetling its goals within the expected time, Theiland may be the
only developing country Lo provide clean drinking water far every
rural household by the year 1990, The repair of rainwater tanks
at schools and construction of a greater numher of tnexpensive
rainwater tanks will enable youth in rural areas access to clean
drinking water both at home and at schoal,
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APPLICABILITY OF
ROOF RAINWATER CISTERN SYSTEMS

IN JORDAN

Sahim Teketi and Mohammad Hussain Mahmood
Jordan University of Science and Technology
Irbid, Jordan

ABSTRACT

The potentlal for use of roof rainwater cistern systems
(RRWCS) in Jordan was investigated by analyzing the rainfall data
for five stations, selscted to represent all rainfall variations in

the country.

Daily snd monthly rainfall data for 20 years were subjected to
computerized mass cyrve analyses For each year, maximum ralnwater
that can be stored and the corresponding allowable consumption
(demand) rate were calculated and correlated with the annual rainfall.
There were ng aobservable spreads neither for individual stations nor
among the stations. Each correlatlion was expressed by a linear rela-
tionship.

i

Storage capacities obtained from monthly data were less than
those from déily data by as much as 30%. From cost comparisons
with bottled-water, optimal cistern volumes were found to be egual
to the maximum storage capacities determined by the maximum annual

rainfalls.

80% of the ralnstorms in Jordan occur during the 4-month period
from November to March. On the basis of this observation, it is
proven that adjustment of the consumption rates at the end of rainy

seasons would improve usage efficlency of RRW!. systems.



R PR A T
SEATIYZ SO SHaeet N <00
INTRODUCTION
Scarcity of suitable surfacs ér %ﬁoundwater sources, in terms of
guantity and/or gquality, has accelerated the adoption of roof rainwater
catchment (or gistern) systems (RRWCS) as primary or supplementary water

osindh A v L R A ‘e Dt 2 guta
sources over MRy TETbs oFl thet world 2 eSS mia?

Due to Mimtted ater tressurchs ahd: s A TprTridsitural population,
RRWC systems appear to have gshidgh ysagg potential in Jordan. Another
factor that enhances such a potential is the high mineral content of
even the piped water supplies in many parts of the country. Thus

bottled water is preferred for drinking and cooking purposes.

Even though there 1s some gporadic use of cistern systems,
especially in rural areas, a systé%éfic study on the subject could not
be found: Hence tHe présent study-is-initiated fo 'fnvéEfigate the
feaéibiffty (or potentiall "of theldse -of RRWC systefis:in Jordan. The
objective of the study was to-determine the optimal stordge tapacities
needed and the maximum daily consumption rates that dould be supplied

in various parts of .the country.-..

I

To-answer the above gdestions rainfall chardcteristics in the
countiy were-studied dnd the raifall fecords from representative
meteorological statiors wére analyzed. Optimality:8f Ehe stbrage’ -
capacities were 1nvestigated, and guidelines weré-eStafilished for'
application of the findings to practical situatiom®. 'Ways were sought
for more effective use of both new and existing cistern systems.

- oo | E

RAINFALL CHARACTERISTICS

S
o - The amount and the distribution of the rainfall are-both important

in determination of \the reguired storage capacities.and.the,consumption

rates that can be established.

According to the, annual average rainfail, Jerdan can be classified

into the five zones listed in Table .l (Arar, 2878): .
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. .Annual Average Rainfall and. Areal Coverage in Jorden..._

/one Rainfall ' |+ Area % of Total Rain-
e e ] )~ - (kM 2 ) -~} -Total-Area-| falt—LMEMI—
Desert ... . less than lOD 73178 ! 78.1 2522 .0
Arid o . 100-200 11392 . o 12.4 | a1e3a Y
Marginal For L Azgt_ro 300 | 3948 | a3 | 987 *
Rainfed ~—~ |77 )
Agriculture.
Semi-Arid _ 300-500 3041 3.2 1190
Semi-Humid _ | more than 500 | e8s_ | 1.0 | . 586, __
Total — | 92548 100.0 6896

. r h f te

As” seén in Table 1, even though the annual rainfall ranges from 50 mm

J.

- or less'to about 600 mm, most of Jordan receives rather limited 7~

>*pfeoipiféfion. For reoresehtation of these variations, the zonal '

PRI . . r .
classification in Table 1 appears convenient. Therefore, each zane

was searched for meteorological stations with suitable rainfall records.
The statidns selected and some of their characteristics are presented

'¥h Table 2. The locations of the stations are marked in Fig. 1, which

shows the ‘distribution of annual rainfall in Jordan. In view of “the

évallable record lengths and the requ1red oomputatlonal efforts ‘&’

ﬁwenty year oerlod ig oon51dered sufficient for analy515 purposes -
N e R ks R U

The ralnfall patterns in Jordan are suoh that the rainy season

-~ - . S

. usually beglns in October and ends in Apr11 The rest of the year 15,

}

dry w1th clear skles

SE2v D

Historically, 55% oF the ralnfall occurs durlhg
a three month perlod 1nc1ud1ng November, Deoember and January.
The perCentage increaseés up to 80 when the month of February is also

1978). R e

a a4

included (Abandah,
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TABLE 2. Meteorological Stations Selected For Study

Zone Desert Arad Marginal Semi-Arid Semi-Humad
For Rainfed
Agriculture

Station Azrag Mafrag Shaubak Umn Qeis Ajlun

Average Ann. 68 151.8 268.4 455 615.8

Rain fall

Altitude (m) 533 695 1300 360 760

Period of B64/65 64/65 50/61 64/65 64/65

Analysis to to to to to

83/84 83/84 79/80 83/84 83/84
—_— e — —

ANALYSIS OF RAINFALL DATA

The relationships among rainfall, the required catchment areas and
storage capacities, and the consumption rates that can be satisfied were
extensively studied by means of the mass curve method (Institude For Rural
Water, 1982; Edwards et. al., 1984). Typically, the cumulative rain-
fall volumes that can be collected from a given catchment area are
compared with the cumulative consumptions corrzsponding to the same
period to determine the maximum difference as a measure of the required
storage capacity. An average daily or monthly éonsumption rate may be
defined from the yearly rainfall total. The analysis is started at the
beginning of the rainy season and some allowance 1s made for losses in
calculation of collactable rainwater volumes. In this study, 20% of
the rainfall was assumed for the losses as recommended in Institute
For Rural Water (1982b), and by Hofkes (1983) and Edwards et. al. (1984}.

November was considered as the beginning of the periocd of analysis.

A computerized version of the above procedure was prepared for use

with both daily and monthly data.



=208 180

L f A Seleonted Statinns \\
1001} (. '
‘ @ <100 mm Rainfall \
- .';2' T00-200 1w o \;
w’ 200-300 mm
‘<.' 3ang-500 wm "
>500 mm " T
- -
- -
. e . 3 - )
-
® \ -
1 "
hults o ——— SAUNTA
of Agaba — e e —

?1é:;1.“Average Annual Rainfall in Jordan and the Stations
- .- Selected for Study (Abandah, 1978).

B6-5



RESULTS OF RAINFAL_ ANALYSIS
Daily Analysis

The daily rainfall data for the selected stations were obtained
from The Water Authority of Jordan, the agency responsible for collection
of the basic data as well as the planning and management of the country’s
water resources. The data was subjected to a daily analysis, considering
a catchment area of 100 square meters. The stcrage volumes and the
possible daily consumption (demand) rates were determined for each year

of analysis. The results are summarized in Table 3.

TABLE 3. Summary of Results for Daily Anelysis

Azrag Mafrag Shaubak Um @eis Ajlun

Daily Average 14.9 33.4 63.4 100.0 135.5
Demand Minimum 2.2 14.5 16.5 43.6 64.2
(11t/day) Maximym 27.9 66.2 122.3 169.6 225.2
Storage Average 3.1 7.6 14.8 21. 28.3
Valume Minimum 0.5 3.2 4.3 11.2 15.8
{cum) Maximum 6.1 13.3 29.6 35.3 48.1
Annual Average 68 152 288 455 616
Rainfall Minimum 10 66 75 199 3383
(mm) Max imum 127 301 558 771 1024

The results indicate that variations of #53% are typical in the
average demand and storage values, as for Mafrag, Um Qeis and Ajlun
stations, but variations of the order of *100% are also possible, as
for Azrag. Due to these extreme variations, establishment of a suitable
tank capacity becomes rather difficult. This question will be addressed

further in a later section.

When the annual variations in storage volumes and demands were
studied graphically, the variations for all stations were found to be
similar implying that all the country was under the influence of the

same precipitation patterns.
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The annual storége volumes required and the corresponding demand
rates are plotted against the annual rainfalls for all the stations.
As seen in Fig. 2, all the results exhibit essentially the same trend,
indicating that the zonal differences can be represented in terms of
the annual rainfalls. Straight lines, visually fitted, approximate the
trends rather well. The fitted lines can be represented by the following

equations:

tt

S 0.0047 AP (1a)

D

ua

0.0022 AP {1b)

in which S = storage volume (mal, A = area (m2), P = annual precipi-
tation (mm], and D = daily demand (lt/day). Since these relationships,
whether in graphical or equation form, show no zonal dependence, they

can be generalized to all of Jordan for practical usage.

Monthly Analysis

Since the daily rainfall data may not be as readily available as the
monthly data, the analysis was repeated with the monthly versions of the
available rainfall data. When the results were compared, the daily
demands were found to be the same, as would be expected, since they
depend only on the annual rainfall totals. However, the storage volumes
obtained from monthly rainfall data were found to be less than those
obtained from daily data. The comparisons for Um Qels station are shown
in Table 4 for illustration. The range of the observed differences are
summarized in Table 5. As seen, the storage volumes determined from
daily data may be highar by as much as 30%. The differences are
acceptable since the daily extremes are damped, and thus disappear in

monthly records.
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TABLE 4. The Annual Maximum Storage Volumes and Average Daily

Demands for Um Qeis Station

e | by e e Teo e T T (s, s )100n
{(mm)

64/65( 476 22.8 20.2 1.4
65/66 377 15.9 15.1 5.0
66/67 621 30.1 29.0 3.7
67/68] 446 18 .1 16 .4 9.4
68/69{ 658 32.1 28.3 11.8
69/70{ 472 19.2 16.2 15.6
70/71 573 28.8 26.7 7.3
71/72 435 19.4 17 .9 7.7
72/73 299 15.5 12.7 18.6
73/74 557 25.4 22.4 11.8
74/75 365 17.3 16.0 7.5
75/76 370 17.0 15.8 8.2
786/77 481 19.86 17 .3 1.7
77/78 383 17 .4 16.9 2.9
78/79 189 1.2 10.7 4.5
79/80 771 35.3 27.7 21.5
80/81 438 23.3 21.9 6.0
81/82{ 239 11.8 10.2 14.3
82/83 560 26.8 25.7 4.1
83/84 321 13.7 12.8 6.6

AVE . 455 21.0 19.0

Min 199 11.2 10.2 2.9
Max 771 35.3 29.0 21.5

Note: = Storage volume, D = daily, M = Monthly.

B6-9



TABLE 5.

Observed Percentage Decrease in Storage Volumes Determined
(TTel < uFran CofpatBehs o Daily” and™ Month1§-"' ANalyses

BTN

noloet? oozt o o ocbhas o O

-

——— kst P e s

jSAx»Tm;p\f S RZTad | Pa#raqqm;rShauﬁéka;* “Om~ Qeis rqujlﬁﬁ

~ i u AV LIOLO TG T S ] - IR
Minimum __ .. _0.0 ;MLJ“_~_$“JLa~l“_“_2.é _L_Lﬁid .
Maximumf. ~ 7 2%.0 T20%2 i 23.9 9 © 21.% '29.9?‘ )

- e = Lh‘:

\

ot
In, view of the

rainfall data is ap
|

Due to signifid

arent.

g R

PR i

l
|
!
above reeglts, |

the:desirability of! usingadeily
" i

w s I

- i
OPTIMALSTORAGE CAPACITYa.:;-
a

" |

~

P

. ¢ Ve N
o

i
!
e
‘_

ol

o N v
ant variatlons of the annual .rainfalls, deter-

v

mlnatlon of an optimal storage capa01ty for a olstern }equires additional

con51deratlons As
max1m121ng the net g

of such an analysis
T

Considering tha
would be from the st
Concrete tanks upto
were usedaand the cog

1nc1uded

optimal ined as the volume
S. The reéults

986).

storage capa01ty may be deE
oL
to be derlved From the RRW
ool

summarlzed here {Mahmood

oo

enefits

will be

t the major,contribution t¢ the cost of a RRWES

orage tank, tank costs were.oaloul%ted for reinfbrced
{ )

capacities.of 80 m?. Local materiél and labour tosts

[
sts of the.accessories commonly needed were also‘

cost of anm equ1valen& supply . of. bottled-water.

con51dered to be a ¢

at places without a Publlo water supply system.

5, The annua

1 eguivatents of t?ese costs ‘were pompared w1th the

Bottled water was:

rltable alternatlve supply,. since t is available

Be51dee. even in; places

with a supply systemb bottled- water 1;1preferred for drlnklng andlcooking

due'to“the“IUW"quaTiFy of—ﬁlpea‘water

C
—The—Ttost diFfer

- re

e e - a———

l..t
i i i -l 1

eho@*between Bottléd —water and’ watEr from an RRWCS

were found_to_ Lnoreaﬁﬁ.wlth nlnorea51ng demand rates or storage volumesn

as related by Eg. 1
represente the net b

volume emerges as th

or Fig 2. Sinoe the cost difference essentially

eneflts expected From RRWCS the optimal storage

e maximum storage volume determined from analysis

B6-10



~n

of historical rainfall data. Further confirmation for adoption of the
historical maximum storage volume may be found, in the fact that, in

areas with important water shortages, as much water as possible should
be stored. Thus the maximum storage volumes presented in Table 3 are

recommended for the various rainfall zones of Jordan.

EFFECTIVE USE OF RRWCS

Using a constant demand rate, such as the historical average,
throughout the year will lead to a storage deficiency by running dry in
a dry year or by spllling in a8 wet year. At the beglnning of a water year
prediction of the expected annual precipitation would be impossible.
Therefore, establishment of an effective usage rate, which will assure
no spillage or shortage for the year, becomes extremely difficult.
However, a more efficient usage may be assured by modifying the demand
rate at the end of the rainy season in accordance with the current
rainfall total (or with the water available in storagel). The relative
improvement in utillization of the water in storage can be quantified

by defining an efficiency parameter as:

E = 100 x (Vv - vs)/v (2)

in which E = efficiency in %, V = volume of water that can be stored;
VS = volume of water spilled or left in storage unused. As apparent
from this definition, efficiency would be 100% when the spillage and
excess are both zero. The efficiency parameter may be used with

annual data as well as historical records.

The comparison between management for constant and variable demands
for Um Qeis station, as shown in Table 6, will be used to illustrate
an application of the above efficiency parameter. For the comparison,
the roof area is assumed to be 100 square meters, and the maximum
storage capaclty and the average demand are taken from Table 3 as
35.3 cubic meters and 100 liters/day, respectively. The rainy season

is assumed to be six months long. In the last column of Table B, the

B6-11



TABLE 6. Comparison Between Management for Constant and

Variable Demands for Um Qeis Station

, X A;npal T Consumed ARemaining Adjusted| Volume Needed
Year - e Volume Volume ‘Demand or Unused with
Rainfall} Volume - . . Ponstant Demand
(mm ) ] (cum) J Ceum) | Ceum ) | (1it/d) | € cum )
B4/85 4786 38 .1 18.0 - 20.1 110.0 2.1
65/66 377 .30.2 18.0. 12,1 66.7 -5.8
66/67 | 621 49.7 18.0 317 173.5 o137
67/68 446 35.6, 18.0 | 17.7 { 97.0 | -0.3
68/68 |, 65 | 52.6 | 18.0 | 34.6 189.3 , 16..6
69/70 | . 472, | 37.8 | 18.0 | 18.86 | 108,5 | 1.8
70/71 . 573 | 45.8 18.0 .| 27.8 152.2 - 9.8
71/72 | 435 .34.8 18.0 - 16.8 - 92.1 -0.2
72/73 299 23.9 | 18.0 5.9 32.5 -12.1
73/74 557 | 44.8 18.0 26.6 195.7 | 8.1
74/75 |, 365 | 29.2 18.0 11.2 §1.5 | -6.8
75/76 370 29.6 18.0 11.6 63.7 ‘-6L4
76/77 481 38.5 18.0 20.0 112.3 2.5
77/78 383 30.6 18.2 12.6 69.1 -5.4
78/79 199 15.8 18.0 -2.0 -11.2 -20.1
79/80 771 ' 81.7 18.0 43,7 1239.1 25.7.(17.3)
80/81 | 498 -39.8 18.0 21.8 . 118.4 . 3.8
81/82 | 239 191 18.0 - | 1.4 ‘ 6.3 . -16.9
82/83 560 ' | © '44.8 18.0 26.8 146.7 : 8.8
83/84 321 25.6 18.0 7.6 41 .8 -10.4
Total 728 | + 93,-84.4
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negative guantities indicate the volume needed while the positive
guantities designate the spilled volumes; therefore, +893.0 and -84.4
indicate the total spill and shortage volumes, respectively. The
maximum yearly shortage occurred in 78/739 and required an additional
20.1 cubic meters of water. The maximum amount of water that could not
be used was 25.7 cubic meters (in 739/80). 8.4 cubic meters (=43.7-35.3)
of 25.7 had to be spilt because of limited storage capacity. while the
17.3 cubic meters of water remained unused in storage. Efficiency with

constant demand would be
E = 100 x (728-(93.+84.4))/728 = 75.6%

With the spilt 8.4 cubic meters in 79/80 and the shortage of 2.1
(=18.0 - 15.9) cubic meters in the first half of 78/739, the efficiency

for variable demand becomes:
E = 100 x (728-(8.4 + 2.1))/728 = 98.6%

Thus, demand should be adjusted at the end of the rainy season to

assure better utilization of the RRWCS.

GUIDELINES FOR APPLICATION

A RRWCS for a specific site in Jordan may be designed and
operated rather easily using the findings of this study. The

procedure below may be followed:

1. For the nearest meteorological station, the historical maximum
and average annual rainfalls should be obtained. For this
purpose, Table 7 i1s compiled from the records of The Water
Authority (19803). Then the storage volume corresponding to
the maximum annual rainfall should be determined from Fig. 2b
or Eg. la. For operation of the RRWCS, the average daily demand
should be found from sither Fig. 28 or Egq. 1b using the
average annual rainfall. Both the volume and the demand

obtained from Fig. 2 should be corrected in proportion to the
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area 1f the roof area under consideration is not equal to 100

squar:z meters.

If the site under consideration is not close to any of the

cities listed in Table 7, the zone to which this site belangs .
may be determined from Fig. 1 and Table Z may be used to find

the representative station for this zone. Then the results .

recommended for this station may be obtained from Table 3.

Once the storage volume and average demand are determined,

either fram Step 1 or Step 2, the consumption rate should be

varied for effective usage of the RRWCS. For this purpose, the

average demand should be used through the rainy season and a .
new rate should be established at the end of that rainy season

depehding on the amount of water available in storage.

TABLE 7. Maximum and Average Annual Rainfalls

For Major Cities in Jordan

Annual Rainfall (mm) ’
City Max imum Average
Amman 843 281
Irbad 815 417
Ramtha 502 283
Mafragq 301 152
Ajlun 1024 616 .
/arqa 280 135
Azragqg 128 68
Salt 1038 825
Tafila 751 275
Shaubak 558 288
Agaba 114 35 v
e
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CONCLUSIONS

The study of the feasibility of using RRWCS in Jordan led to the

following conclusions:

1. The relationships among annual rainfalls, the amount of rainwater
that can be collected and the consumption rates (or demands) that
can be satisfied indicated that the regicnal differences in
fainfall characteristics, and hence, storage and demand variations,

can be expressed in terms of annual rainfalls (Fig. 2).

2. The storage volumes cobtained from monthly rainfall data are less
than those obtained from daily rainfall data by percentages
ranging from 0 to about 30. However, the daily demand is the

same in both monthly and daily analyses.

3. Cost-benefit considerations indicated the optimal storage
capacities to be the maximum volumes defined by historical

rainfall analysis (Eg. la).

4. Use of a variable, rather than a constant, demand throughout the
year can improve the usage efficiency for RRWC systems

significantly.
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SELF-RELTANCE IN SCIENCE AND TECHNOLOGY
AT THE THAT VILLAGE LEVEL : CASE STUDY OF

RAINWATER CISTERN SYSTEMS

Thamtong Prempridi
Progesson
Department of CLvil Engineering
Chulalongkorn University
Bangkok 10500,Thailand

ABSTRACT

To solve the problem of storing good clean rainwater
for wuse during the long dry season 1in Thalland, a rainwater
cistern system is required. But as usually found in most rural
villages in Thailand, the viilagers’ socio—techno—economic
background and their capability to understand certain
technologies involved are not up to the point where they can make
wise decisions in selecting appropriate techneology. This paper
discusses the principle of self-reliance of rural Thai vpeople
1llustrated with case study at Ban Pa-La-U-Bon, Province of

Prachuabkirikand, 250 km Southwest of Bangkok.
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i. INTRODUCTION

In most rural villages in Thailand, rainwater oftemn is
the only source of good clean water for human consumption. As
found 1in many areas, the dry season can extend as long as seven
months inm any one year. it is necessary to store rainwater
harvested during the rainy season for use during the dry season
and the storage capacity must be adequately provided for so ihat
shortages can be avoided. Large capacity storage often requires
large initial investment, hence a low cost cistern system
constructed with appropriate technology i1s called for. Not only
must the technology be appropriate but the villagers’' capabilaity
must alsoc be upgraded fo understand the technology so that they
are able to implement and maintain the system with a high degree

of self-reliance from the user's point of view.
2. OBJECTIVE

{a) To study the principle and quantitative
measurement of self-reliance in Science and Technology at the
community level in the rural area.

{b) To apply the principle of self-reliance 1nmn
upgrading the capability of community members to the point of
being able to make decisions on the appropriateness of ‘the
technologies 1nvolved in the construction to rainwater cistern

system and others.

3. THEORY

3.1 Technology

Technology is defined as any knowledge, process, method
or equipment that will make man work better, faster or produce
better gquality products at lower cost or raise the quaiity of
life of man. The technolgy when used must serve the society or
be well accepted by members of the scciety. It should give
economic benefit to the techno—users while¢ the environment 1s not
disturbed too much nor the availab.e resources depleted too
quickly. Figure 1 summarizes the interrelation of these five

components.
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Levels of difficulty of technology

The level of technology can be divided into 5 levels as
follows

Level 1. Traditional or Village Technology

These are technologies that are with the villager for a
long time. Often they are simple technologies. Demomstration is
often sufficient for them to follow a newly introduced
traditional technology. Examples are water jar, watertight
bamboo and rattan jar,etc.

Level 2. Intermediate Technology

Often 1involves a simple machine or simple techniques
but usually requires a trainer or teacher +to teach new
technology. Examples are cement jars, hand or foot pumps, etc.

Level 3. High Technology

Often involves a complicated machine or is difficult to
understand, such as techniques which involve multidisciplinary
knowledge. Users are required to attend school to 1learn these
technologies properly. Examples are reinforced concrete tanks,
steel or stainless steel tanks, centrifugal pumps, etc.

Level 4. Advanced technology

Often derived from innovative ideas and involves or
requires the results of recent research or development. Users
must have good basic knowledge and must also seek advice from
techno—-experts. Examples are plastic 1lined ponds, bamboo
concrete tanks, computer control storage etc.

Level 5. Future Technology

These are newly create technologies that still require
extensive testing. Examples are artificial rain making, etc.

Level of Application of technology

The 1level of ability of the techno—-user to apply any
technology can also be divided into 7 catogeries

Level I Observe from a distance or benefit without
involvement

Level II Copy / Operate / Maintenance

Level ITI Wisely select technology

Level IV HReplicate or be able to produce a bette-

product of the same design as the original
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Level ' Adapt / Modify to suit local needs

Level VI Innovate new idea based on the same
prainciples

Level VII Create new technology

Appropriate technology

These are technologies that fit well with the
socio-techno—economic background of the users. They must utilize
local resources and local skills. They must not be too difficult
for the wuser to manage. It must be noted however that any
technologies, no matter how they qualify for appropriateness, if
no one utilize it, then it is still inappropriate.

3.2 Concept of Self-Reliance

Self-Reliance in science and technology is addressed to
human capability to decide to accept / reject any technology. If
they decide to accept the technelogy they must possess the
ability to absorb and wanage it with a high degree of
self-reliances.

Quantitative Measurement of the Degree of Self—-Reliance

To attempt to quantitatively measure the degree of
self-reliance, the techno-system model as appears in Figure 2is
suggested.

There are three main components of the model : input,
techno—-system and output. The following techno—-system and output
characteristice are viewed as important to the measurement of
self-reliance. Each characteristic cam further be subdivided
into variables. A simple 1}, 2, 3 indicator is thought to suffice
to describe the degree of self-reliance ! 1 for low or not at

all, 2 for acceptable and 3 for comﬁletely self-reliant.
Output characteristics are
1. Direct Output
2. Indirect Output
Techno-system characteristics are
3. Goal Setting
4. Control
5. System Dynamics
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6. System Memory

7. BSystem Feedback

8. System Maintenance

9. Vertical and Horizontal Integration

The average value of output and system indicators

should exceed 2.0 to qualify for an acceptable degree of

self-reliance.

Target of Self—-Reliance

Te set a reasonable target for an acceptable degree of

self-reliance 1in technology at the rural community level, the
conditions of +that community must be critically reviewed. In
general, the following conditions can be looked upon as average
for the rural Thai areas.

(1) Poor economic conditions or high level of debt
(National debt is close to 20,000 million US dollars).

(2) People belong to a "soft"™ culture. They view

social development as far more important than the use of
technologies to increase production or raise quality of 1life.
Many beliefs are against the advancement of science and

technology.

3) Manpower is readily available but of low qualaity
or capability to utilize new technology.

(4) Good infrastructure such as a school in every
community, a health center and agricultural extension offices in
every subdistrict, electricity in more than 70 % of the rural
community.

(53 Resources vary from one locality to another.

With this background it 1s possible to set a
self-reliance target for the rural Thai at the level to wisely
select technology to increase production or raise the quality of
life. The 1level of difficulty should be at an intermediate or
high level at the most.

q. GUIDE TO SELECTION OF TECHNOLOGY
In order that people can make a wise decision 1n

selecting technology appropriate to use, the following

guidelines are suggested
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4.1 Main characteristics

For technology to serve the community well it wmust be
socially acceptable, not change the environment too much and not
use up local resources too rapidly. The output must alsa be
quantita?ive}y adequate and the enterprise should be econpowicglly
feasible. Above all else the people must be able to abasorb the
newly introduced technology. The following charaeterigtics,
technologyl (T, Secial Factors (S), Eccenomic Factors (§),
anironu;pt {Em) and the Qutput (0) are thaught to be esgsential
elements fpr‘fhg selection of technolagy- To be applicablg all
these characterigtics shoyld be quantified. For siwmplicity ?he
quantification of all these characteristics is subdivided ipta b
levels witﬁ a weighted factqr ranging from 1.0 for very gpod, 0.8
for gpog, 0.6 for fair, 0.4 for bad and 0.2 for very bad (Sge

Table 4,3 alsqg).

4.2 Copying New Technology

of menbgré af the community must be takep into account. The
following yatrix is suggested +to agsess tpe possibility of
copying new techpology.

To copy a new technolqgy, the technological background
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Table 4.1 Technology Compatability Matrix

Existing lLevel of Introduced Technology
Technology Village Intermediate High Advanced Future
Village 1 0.8 0.6 0.4 0.2
Interme- 0.8 1 0.8 0.6 0.4
diate

High 0.6 0.8 1 0.8 0.8
Advanced 0.4 0.6 0.8 1 0.8
Future 0.2 0.4 0.6 0.8 1

4.3 Selection of New Technolo

For the people to be able to absorb a newly introduced
technology, +the matrix as appeared in Table 4.1 1s recommended.
For the people to make a wise decision concerning the use of a
new technology, other characteristics must be included in the
decision making process. Weighted factors for the wvariable
degree of disturbance of social and other factors are as shown 1n
Table 4.2.

For complete satisfaction with the selection of
technology, a full mark of 100 is suggested and the importance of
each characteristic 1s thought to be of equal weight with the
weight of the technology slightly higher.
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Table 4.2 Selection Guide by Weighted Mark

Characteristic Full mark Weighted Reduction Weighted Mark

Factor Factor
Social S 100 0.16 s 16 S
Technology T 100 0.20 T 20 T
Economic E 100 0.16 E 16 E
Resource R 100 0.18 R 16 R
Environment En 100 0.16 En 16 En
Output 0 100 0.16 0 i6 O
Total 1.0 Final Mark

5. CASE STUDIES AT BAN PA~LA-U-BON

5.1 General

The community of Ban Pa—-La-U-Bon is a newly formed

community under the supervision of the border patrol police. It
is situated at the Thai-Burmese border in the District of
Hua—-Hin, Province of Prajuabkirikan 250 km southwest of Bangkok.

There are 55 households spread across an area of about 5x5 km.
When it was first formed in 1980, the economy of the community
was based on agricultural production at a subsistence level and
the technology could at best be described as primitive. There 1is
a school ip the community where children can get up to 2nd grade
primary education. The level of application of technology was at
copy/operate condition and the difficulty level was JIow or
traditional. Water for drinking and other domestic uses was drawn

from a near—-by running stream.

5.2 Development Target

The border patrecl police try to develop the community
by wusing technology. Assistance was sought and obtained from the
Petchburi Teacher Training College for upgrading the education of
the people and from the Faculty of Engineering, Chulalongkorn
University, for wupgrading of the technology to a level of wise
selection of appropriate technology. Other government agencies
also joined in the development. Technologies to be introduced
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were those that can raise the level of agricultural production
and foer constructing basic infrastructure e.g. water conveyor,
road and school. The method of technology transfer agreed wupon

was to be a people participation technique.

5.3 Results of Development

(a) Basiec Infrastructure

These included construction by the Accelerated Rural
Development Administration Unit of a medium size dam, with a
reservior capacity of 2 million cu.m.; a small diversion dam that
can divert up to 0.2 cu.m/sec. of water through a partly lined
canal to the center of the community ; and an unpaved road system
connecting the community with the general provincial highway
network.

{(b) School and Medical Service

The border patrol police together with the community
members built a school house with two classrooms run by border
patrol officers and a hut to serve as a medical service center,
manned by a medic attached to the border patrol police unit.

Trainees from Petchburi Teacher Training College went
up to help teach the children general education and on-farm
practices such as chicken raising, raising fish in ponds and
vegetable growing.
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Table 4.3 Reduction Factor

Characteristic

Qualification

Reduction Factor

Social (S Well accepted
Economic (B) Very good (B/C>2)
Resource {(R) Gaining resources 1.0
Environment (En) Improvement of Environment
Output (0) Large output enough for
consumption and export
S Accepted
E Good (B/C 1.5, 2)
R Slightly gaining 0.8
En Slightly better
0 Enough for local consumption
and some left for export
S Nondifference
E Fair B/C = 1.1-1.5
R Renewable 0.6
En Remain the same
0 Enocugh for local Consumption
only
] Dislike
E Poor 1-1.10
R Use up slowly or require 0.4
Some import
En Slightly worsening
0 Not enough for local
consumption
S Rejected
B Very Poor B/C < 1.0
R Used up rapidly or large
requirement Import 0.2
En Intolerable supply
0 Less than 50% of local

consumption
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(c) Water Technology

Engineering students of +the Appropriate technolgy
Group of the Faculty of Engineering, Chulalongkorn University,
designed and constructed two hydraulic rams to 1lift water from
the running stream to the school house through a galvanized steel
pipe system. The water is stored in a steel reinforced concrete
tank and a bamboo reinforced concrete tank. Water is used for
domestic use and for crop irrigation purposes. A vegetable plot
of 20 X 40 m was provided with a PVC pipe system and taps. Water
is lifted from a nearby pond by a bicycle-pump. A slow sand
filtering system designed by Dutch students from Delft University
of Techbology was constructed by the students and the villagers.
This system provided clear and fairly clean water fit for human
consumptfion.

All technologies mentioned above were already
installed.

(d) Energy Technology

The students also conducted a survey of the energy
needed and resources available within the community. A small
microhydroturbine with a design output of 2 KW was constructed
and tested in the laboratory, ready for installation. A solar
cell panel with a simple tracking device was also designed, ready
for installation.

(e) Assessment of technology sclectioen

The agsessgment of technology selection was carried out
as suggested in section 4. Details appear in the Appendix. A
Summary of selection ranking and people preferences obtained fronm

the independent survey are as follows.
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Technology Selection Ranking People Preference Remark

1. Vegetable 1 Did not ask
growing

2. Chicken 2 Did not ask
raising

3. Dam 6 7

Construction

4. Cement jar 3 3

5. Slow sand 6 3
Filter

6. Sprinkler 4 3

system with
bicycle—pump

7. Hydraulic Ram 5 6

8. Microhydro 8 1
power

9. Solar cell 9 1

(f) Assessment of Self-Reliance

The assessment of the degree of self-reliance was done
as shown in Appendix B. The final score of 1.77 to 1.86 indicated
that the people’s dedree of self-reliance on technology for
community development is still poor or below a passable level.
Improvement could be dene by human resource development,
especially technical training and upgrading of human managerial

capability.
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6. CONCLUSION

Appropriate Technology for rural development is
difficult to select because human capability to absorb and manage
the technology 1s equally important and should be included in the
selection process. Success will result only if the technology is
truely appropriate and the capability of the user is raised +to
the point where they can wisely select and manage the techmnology.
It should be selected and implemented with a high degree of
self-reliapnce, set at a reasonable target based on the capability
of the people. Rainwater cistern system is a system based on
successful implementation using technology as means for
development. For people to wisely select technology required, the
same principle of selection should be applied. With the suggested
quantitative approach, a better selection can be made and +the
successful wuse of technology with a high degree of self-reliance

is ensured.
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TABLE g@-1

SYST2M INDICATOR OF SELP-RELIANCE IN S/T

1 YATER STORAGE

TECANOLOGY BAN-PA-LA-U

TYPE OF TECHNOLOGY

YSTEMS
: vAniasLe INDICATOR CEMENT "JAR R.0 TANK BAMBUO CEMEET TANK
CHARAGTEAISTIC ‘
REFERENCES VALUE _REFERENCES  JVaLUE | REFRRENCES § vaLuR
11 GOAL SETTING «11 EMPHASIS ON LEARNING [1.1131 EXISTENCE OF TECANICAL SUBDISTRICY PLAN a SANE 2 Sane 2
IN THE FORMULATION OF TRAINING/MEETING PROGRANS
GOALS IN CORPORATE PLANS
1.112 EXISTENCE OF; ReD PROGRAN NONE 1 NONE 1 NONE 1
IN CORPRRATE; PLAN
1.12 EXPHASIS OM LOCAL 1,121 EXISTENCE OF PLAN FOR wc.uL YES, SUBDISTRICT 2 Sine 2 SAKE 2
AUVTONONT™ AUTONOHY DEYELOPMENT Puu,coupuzr+
LOCAL AUTONOMY, WEAK IN
IMPLEMENTATION
1.122 PLiNS FOR VERTICAL KONE 1 NONE £ HORE H
’ INTEGRATTON
1,13 ARTICULATIOK OF 1.131 ROLZ OF NATIONALS IN PDLICJ LOCALS HAYE CONPLETE 3 BAME 3 aaNE 3
TECHNOSYSTEN PQLICIES FORNULATION . CONTROL OF POLICY.
N entmdilnal L & —
’ . . b
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C ® C ® o
TYPE OF TECANOLOGY
SISTEM
VARIABLE INDICATOR [
CHARICTERISTIC CEMENT JAR R.C TAMNK BAMBOO CEMENT TANK
' REFERENCES sz REFERENCES vALUE} REFERENCES | vALUZ
1.2 COXTROL +21 ROLE OF NATIONALS IN 1.211 NATIONALITT OF ALL TAAI LOCALS 3 ALL THAI LOCALS 3 Saue 3
CORPORATE DECISION MAKIKG HANAGEMENT
1.212 RQUITY OF PARTICIPATION f FULL PARTICIPATION 3 PART PATICIPATION 2 SAME 2
1.22 DOLE OF NATIONALS IN THE 1.221 CONTROL OF MANAGERIAL THAI LOCALS CONTROL.R 3 BAME 3 SAKE 3
FLO¥ OF INPUTS INPUIS ALL
1,222 CONTROL OF -A-L'Jt:nwoumn:u1 THAL LOCALS CONTROL § 3 SiNE 3 SAME 3
INFPUTS ALL INPUTS
1.223 CONTROL OF PRODUCTION COMPLETE CONTROL OF | 3 A1MOST COMPLETE 2 COMPLETE 3
INPUTS et CONTROL OF INPUT CONTROL
EXCEPT STEEL RAIN
FOR CEMENT
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TYPE OF TECHANOLOGY
SYSTEX
YARIABLE INDICATOR
CRARACTERISTIC BAMBoO
CEMENT JAR R.C TANK CEMINT TaNK
. P
REFIRENCES ALUE REFERRNCES VALYl SEFRRENCES ALUY
l1.224 CONTROL OF FIRANCES LOCALS COMNPLETELY 3 SAHE 3 SANE 3
CONTBOL OF FINANCE
1.3 SYSTEMS DYNAKICS 1,31 XNNOVATIONS BT TRAIS IN 1,311 NUMBER OF RESEASCH WELL ESTABLISHED BUT | 2 3ang 2 SAME 2
THE RELEVANT TECHNOLOGIES PROJECTS DOKE ANKUALLY J RESEARCH ON
FRRROCEMENT ARE STTLY
CARRIRZD 00T
1.312 MUHABER OF INNOYITION® NOT HUCB NOW 1 3ame 1 SAMK 1
1.313  USE OF LOCAL NATERIAL 50 % FROM COMMUNITY § 2 LESS TEAN 50 % 1 80 X AND 2
INPUTS TO THE ViRIOUB FROM COMMUNITY ABOVE
PROCESS
1.314  ADAPTATIONS OF SOME OF || NO NEEDS WELL 2 SOME 2 SoMe 2
THE PROCESSES TO LoCaL || ESTABLISH ALREADY
CONDITIONS
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TYPE OF TECHNOLOGY

STEM
st YARIABLE INDICATOR
CRARACTERISTIC CEKENT JAR R.C TAKK BAMEOO CENENT TANK
REFERENCES AWE REFERENCES VALUH REFERZNCES JvALOR
1,392, GHANGE IN NUWBEIR OF TRAIs|1.321 cHANGE IN NUKPEZR OF VERT SMALL SLOVLY 1 SAME 1 SaMe 1
VITH RELEVANT KNOV-HOW THALS VITA THE TRCENICAY
NOV-HON IN RELEVANT
TECANOLOGIES
1.322 CHANGE IN TAEZ NUNBER OF | YERY SMALL SLOWLY 1 SAME 1 SANE 1
THAIS VITH MANAGERIAL RISING
KNOY = HOW
1.4 SYSTINS WEMORY .41 DOCUMENTATION OF THE 1.411 EXISTENCE OF YERY SMALL 1 aAnx 1 SANE 1
TECHNIQUE/DATA DOCUMENTS  TECHYICAL
" LIBRARY LOCALLY
1.412 EXISTENCE OF VERY SMALL, THAI DO J 1 SAKR 1 SANR 1
DOCUMENTS NOT RECORD FINDING
AT THE EXPERINENT
STATIONS
1.413 EXISTENCE OF YERT SMALL 1 RAME 1 SaME 1
DOCUMENTS
AT THE EXTENSIOR SERYICE
STATION
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TIPY OF ‘TECHNOLOGY

STISTIN
YARIABLE INDICATOR ,
CHARACTERISTIC CEMENT JAR R.C TANK ANBOO CEMENT [TANK
REFERENCES [uwn REFEREXCES "wJ REFERENCES FaLuz
1.414 QUALITY OF SKFORMATION YERY POOR SAME 1 SAKE 1
SURSYSTEN
1,5AYSTEHS FLEDBACK 1.51 LINKAGE QF THE 1.311 SOPPORT OF LOCAL R+D BY NOT MUCH NOT NUCH MOST ReD 1 SAME 1
TECANOLOGY" WITR LOCAL LOCAL PRODUCERS ARE FOR cons-raucrmr
ReD INDUSTRY
1,512 UTILLZATION OF ReD NOT- WBCH NOT MUCR 1 SAKK 1
RPSOLTS
1,52 LINTAGR WwITI RURAL 1.521 yr1LIZATION OF LOCALLY | a1y ARE TRAINED WITH SAHR 3 SAMB 3
DEVELOPMENT TRAINED TECKNICIANS IN THE COUNTRY SOME
ARE TRAINED VITH IN
TBEE COMMUNITY

™




L¢—Ld

TABLE B-2 SYSTEM INDICATOR OF SELF-RELIANCE IN S/T FOR ENERGY CONVERSION TECNNOLOGY PAN-PA-LA-U

TYPE OF - TECHNOLOGY
SYSTEX ,
TARIABLE INDICATOR
CRARACTERISTIC
CEMINT JAR R.C TANK BANBOO CEMENT TANK
REFERENCES Ivu.uz RRFERENCES vum? REFERENCES VALOE'
t
1.6 SYSTEWS MAIRTENANCE 1.61 ADEQUACY OF LOCAL 1,611 RELRYANCE OF CURRICULA GOOD-BOTH AT UMIVER 2 SAME 2 GOOD AT 1
TECHAOLOGICAL EDUCATIONAL UNIVERSITY AND UKIVERSITY
VOCATIONAL LEVEL, LEVEL ONLY
NOT 50 GOOD AT SCHOOI}
LEVEL
1.612 ADEQUACY OF NUMOCR OF ADEQUATE RIGHT DOWN 2 NOT AT BURAL LEVEL 1 SAME 1
GRADUATES TO RUAAL COMMUNITY
LEVEL
1.613 QUALITY OF THE c;uuunr.sJ GOOD 2 NOT GOOD AT RORAL 1 SAME 1
LEVEL
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TYPE OF 'TECANOLOGY

—

SYSTER . .
ViRIABLE 1ADICATOR
CHARACTERISTIC
CEHENT JAR R.C TahK, rmnoo CEMENT TANK
-REFERENCES ALUE REPERENCES VALUY  REFERENCES raron
1.63 ADEQUACT OF LOCAL SUPYLY ] 1.621 LOCAL SUPPLY O7 AARDVARNADEQUATE AT SURDISTRI} 2 BAME 2 une 2
OF BARDVARE AND SUBDISTRICT LEVEL
MAINTENANCE
- 31,622 LOCAL MAINTRNANCE OF GOOD Possnxuﬂw 2 GOOD 2 | KoY 50 GoOD J 1
HARDVARE
1.7 INTERDEPENDENCE/ 1,71 EXISTENCE OF TAE VARIOUS | 1,711 COLLECTIVE FUNCTION OF NO INTERGATION 1 INTERGRATE WITA OTAEY 2 SAME 2

INTERGRATION

COWPONENTS OF TAE

TECKNOSYSTER FOR PRODUCY

THE SYSTENS COMPONENTS

AVERAGE QUTFUTS

“INDICATOR

AVERAGE BYSTEM

INDICATOR

AVERAGE SEI.F-REL!ANJ [ 1.86

IRDICATOR

RURAL CONSTRUCTION

1,88 | AVERAGE QUTPUTS 1,83 1,88
INDICATOR

1,86 | AVERAGE SISTEM 1.78 1.78
INDICATOR
AVERAGR sn.r-mnncJ 1.80 1.77
INDICATOR
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tasLe B=2 ourruT INDICATOR OF SELP-RELIANCE IN 8/T FOR , VATER STORAGE

TECHXOLOGY BAN-PA-LA-U

TYPE OF TECHNOLOGY
CHARACTER OF VARTABLE INDICATORS EHPIRICAL / EXISTING
: CENENT JAR R.C TANK q41i1:00 CEMENT TANK
OUTPUT REFERENCRS bl
REFERENCES ALDE REFERENCES YALUE REFERENCES ALDR
R
2.1 DIRECT OOT-PUT | 2.1.1 QUANTITY OF [2.1.1.1 SUFFICIENCY] 2.1.1.1 FOR CONSUMPTION ¥ITE INSUFFICIENT FOR f 1 1 SANE 1
CHARACTER OUTPUT FOR LOCAL IN THE COMMUNITY LIGNTING NOW
CONSUMPTION] 2.1.1.2 FOR LOCAL MARKET NONE 1 | none ] NONE 1
2.1.1.3 FOR  OUTSIDE NUNE 1 ] Noxe 1 NONE 1
2.1.2 QUALITY oF [2.1.2.1 MEET WITH 2.1.2.1.1 HEET VITR LOCAL YRS 3 | 3 Tes 3
OUTPUT STANDARD DEMAND STANDARD STORE GOOD CLEAN WATE]
SET BY THE
DEMAND
2.1.2.1.2 MEET WITH INDUSTHY [xo 1 Ino ' X0 1
DEMAND STANDARD
2.1.2.1.3 MHFFT VITH INTER NO! 1 |xo 1 No 1
INTERNATIONAL
STANDARD
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TYPE QF TECANOLOGY
CHARACTER OF YARIABLE INDICATORS EXPIRICAL / EXISTING
CEMENT JAR R.C' TANX RANMBOO CENENT TANK
OUTPUT REFERRNCES
REFERENCRS vVALUZ REFERENCES VALUR| REFERENCES JALUR
2.2 INDIRICT 2.2.1 ECONOMIC 2.2.1.1 B/C 2.2.1.1.1 FARMER B/C AT FaSX SLIGATLY OVER 1 x SAME 2 ANE 2
QUT-PUT CBARA INPACT QATE -
CHARACTERS
2,2.2 SOCIAL IWKPACY 2.2.2.1 PERCENT OF §2.2.2.1.1 ULOCAL UNEMPLOYMENT | CREATEZ MORE b 2 SAME 2 SANE 2
" | UNEWPLOTHENT ENPLOYMENT BUT NOT
HucH
2.2,2.2 S0CIAL 2.2.2,2.1 LOCAL FARMER REQUIRE MORE 1 SAME 1 AAME 1
CAPABILITY OF CAPABILITY DIFFUSION AND 'I'RININGL
ABSORBING -n:cuuoqu
2.2.3 ENVIRONMENTAY 2.2.3.1 VATER Zeaodelel LOCAL WiTEE SLIGRTLY 2 e 2 SANE 2
DPACT POLUTION' POLLUTION
2.2,3.1.2 REGIONAL WATER NONE 3 [ xoxs s NoNR 3
POLLUTION
2.2.3.2 NOISE, AIR {2.2,3.2.1 LOCAL POLLUTION SOME 2 | sour 2 L7314 . g
POLLUTION
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TIPE OF TECHNOLOGY

—

CHARACTER OF YARIABLE INDICATORS EMPIRICAL / EXISTING
CEHENT JAR R.C TANK RAMBOO CEMENT TANK
ouTPUT REFLRENCES _
REFERENCES viLve REFERENCES VALY REFERENCES yALUX
e——— — 4
2.2.3.2.2 CTHERS SIDE OFFECT f§NoNE s | wone 3 NONE 3
POLLUTION
2.2.4 BRESOURCE 2,2.4.1 RATE OF 2.2.,4.1.1 prNANCIAL RESOURCE JBUY METERIAL FHOM 1 SANE 1 SAME 1
IMPACT RESOURCE DEPLETION OUT3SIDE:

2.2.4.1.1 WATER RESOURCE RAEMEVABLE 3 NO EFFECT 3 SAKE s
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SUITABILITY OF RAIN WATER CISTERN SYSTEM

IN MALAYSIA

Nik Fuaad b. Nik AbLLah

Lecturen,School of Housing

Buitding and PLanning
Universiti Sains Mataysia 11800 Penang

ABSTRACT

Malaysia is a country gifted with abundant rainfall that is
unfortunately unevenly distributed chronologically and geographically.
Consequently various parts of the country are occasionally afflicted
with floods and water shortages.

Nearly half of the country's population living in rural areas
is still without piped water supply. The fact that water supply
to rural areas is a low budget priority in the previous Malaysia
plans coupled with population densities which are too low for reticu-
lated supplies to be economically justified puts the rural water
supply problem into perspective. ’

In some areas, a solution to the above problem may be the catch-
ment of rain water collected during the wet season to be used in
the dry season.

Lastly this paper deals with the suitability and practicality

of rain water cistern systems in Malaysia including the design of
such a collector using locally available material.
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INTRODUCTION

In line with the Water Decade (1981-1990) as proposed by the
United Nations Water Conference, the Malaysian's govermment policy
is to supply clean and sufficient water to all households thereby
increasing the health and standard of living of the people.

Efforts towards this direction has been hampered by the increase
in population and rapid urbanisation coupled with rapid industriali-
sation. Hoping to exploit the full potential of the country's water
resources, the government carried out a National Water Resources
Study which was completed in 1982, The main objective of this survey
is to predict the water supply demand for drainage, water supply
and other uses up to the year 2010. The study also identifies water
resources that can be developed to supplement the water requirement
in Malaysia.

The study provides a Master Action Plan which also includes
recommendations for the required institutional framework and legal
provisions. From the study, it has been shown that the estimated
water demand for domestic and industrial purposes will approximately
triple at the end of the century i.e. the demand will increase from
1.3 x 109 m® per year in 1980 to 4.2 x 10° m® per year by the year
2000.

CURRENT WATER RESOURCES SITUATION

Malaysia 1s a country endowed with abundant rainfall. Annual
rainfall in Peninsular Malaysia, Sabah and Sarawak are 2420mm, 2630mm
and 3830mm respectively. Compared to a world average of 973mm,
Peninsular Malaysia has about 2% times the world's annual average
precipitation.

The abundance of rainfall in Malaysia has been disadvantaged
by its uneven distribution both in time and space. Consequently,
in the extreme form this can result in severe flood which has often
brought about significant loss of human lives and considerable damage
to property and crops. On the other extreme, several regions are
occasionally subjected to drought.

Precipitation in Malaysia is seasonal. The North-East Monsoon
brings heavy rain to east coast of Peninsular Malaysia, North Sabah
and South Sarawak between November and March. The South-West Monsoon
prevails between May and September in West Coast of Peninsular
Malaysia, Sabah and Sarawak. Figure 1 shows the monsoons of Malaysia.
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South West Monsoon

{ May - September)

Figure 1: Monsoons of Malaysia

MALAYSIA PLANS : WATER SUPPLY

In 1985 it was estimated that 93.1% (5,502,899) of urban dwellers
and 57.6% (5,687,584) of the rural population in Malaysia had access
to piped water supply. Tables 1 and 2 show the water supply coverage
for urban and rural sectors in every state in Malaysia from 1980-
1990. For a country with 60% rural population, the real problem
seems to be in the rural areas where nearly half of the population
is still without this basic amenity.

In 1971 the Malaysian Government embarked on the New Economic
Policy (NEP) in order to restructure society through economic develop-
ments and national unity. Increasing piped water supply coverage
throughout the country is one of the objectives of the NEP.

Table 3 shows the water supply expenditure/allocation under
the Second, Third and Fourth Malaysia Plans. Under the Second
Malaysia Plan, expansion of the water supply scheme programme in
rural areas was virtually neglected. Rural areas was only given

1.8% of the total water supply expenditure compared to 92.5% given
to the urban sector.
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TABLE : 1

Malaysia : Urban Population with Piped Water Supply
1980 - 90
1980 1985 1990
States Popula- % Popula- % Popula- %
tion tion tion

Johor 508,520 87.0 669,779 91.6 865,152 96.0
Kedah 146,250 90.0 174,705 95,0 203,742 98.0
Kelantan 145,058 58.0 198,705 65.0 283,500 75.0
Melaka 107,310 98.0 114,400 100.0 120,400 100.0
Negeri Sembilan 163,618 86.8 207,890 89.3 263,083 92.7
Pahang 194,948 92.0 241,205 95.0 300,076 98.0
Perak 566,208 96.0 642,652 98.0 677,853 99.0
Perlis 11,880 90.0 15,252 93.0 20,090 98.0
PulaulPinang 441,544 97.0 555,072 98.0 677,457 99.0
Sabah 208,494 99.0 289,400 100.0 388,300 100.0
Sarawak 207,234 87.0 281,580 95.0 358,974 98.0
Selangor? 1,354,860 90.0 1,876,109 94.5 2,505,468 98.0
Terengganu 175,350 75.0 254,150 85.0 364,420 95.0
Malaysia 4,231,274 89.0 5,502,899 93.1 7,028,515 96.5
Note: 1 Includes Federal territory Labuan

2 Includes Federal territory Kuala Lumpur

TABLE : 2
Malaysia : Rural Population with Piped Water Supply
1980 - 90
1980 1985 1990
States
a Popula- % Popula- % Popula- %
tion tion tion

Johor 296,912 28.0 688,276 61.3 847,325 72.9
Kedah 502,044 52.4 592,579 57.7 835,138 76.4
Kelantan 110,109 17.0 216,180 30.0 410,972 51.6
Melaka 249,970 70.0 308,907 81.7 383,420 95.6
Negeri Sembilan 255,684 66.0 294,450 75.0 353,512 90.7
Pahang 277,441 47.0 484,120 65.0 889,586 94.9
Perak 672,375 55.0 972,900 75.0 1,092,959 80.6
Perlis 61,020 45.0 74,350 50.0 112,015 68.7
PulaulPinang 392,340 78.0 410,890 85.0 392,680 87.5
Sabah 152,010 18.0 376,238 38.0 614,607 54.4
Sarawak 222,580 20.0 411,312 33.0 656,186 47.3
Selangor? 648,180 65.0 722,262 73.0 792,085 82.1
Terengganu 77,325 25.0 135,120 40.0 329,719 89.8
Malaysia 3,917,990 42.9 5,687,584 57.6 17,710,204 72.8

Note: 1 Includes Federal Territory Labuan
2 Includes Federal Territory Kuala Lumpur
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TABLE : 3

Malaysia : Water Supply Expenditure/Allocation 1971-85
(Million Ringgits)

2 MP 3 MP 4 MP
Expenditure Expenditure Allocation
1971-75 1976-80 1981-85
Water Supply 172.85 (100) 509.09 (100) 1287.74 (100)
Urban 159.96 (92.5) 254,12 (49.9) 736.00 (57.1)
Rural 3.16 ( 1.8) 123.10 (24.2) 349,76 (27.2)
Others 9.73 ( 5.7) 131.87 (25.9) 201.98 (15.7)

Under the Third, Fourth and Fifth Malaysia plans, rural water
supply was given more emphasis with increasing budget expenditure/
allocation. Under the Fifth Malaysia Plan, the objective is to
increase the number of people with access to piped water supply in
both urban and rural areas up to 96.5% and 72.8% respectively.

To put the water supply programme in Malaysia into perspective,
a population of 22 million is envisaged in the year 2000, assuming
an annual geometrical growth of 2.2% . That population would need
a total capacity of 13,150 million litres per day of water. Discount-
ing inflation, the government would have to spend an estimated 14.8
billion ringgit.

RURAL WATER SUPPLY SCENE

Even if the latest Malaysia Plan is implemented to the fullest
(highly improbable due to the current world recession) a large per-
centage of the rural population would still have to do without piped
water supply for several more decades.

In the planning of a water supply scheme to serve the rural
population, the estimation of the long term water demand and growth
of demand is made very uncertain due to the difficulty in predicting
the rate of growth.

The high per capita cost due to very low population densities
and the low rates of return to justify the implementation of the
rural water supply scheme to bid for Government's limited financial

resources in competition to other development projects are major
drawbacks.

The unfortunate rural population without piped water supply
would have to make do with either surface or underground sources.
Surface waters in Malaysia is much more a part of life of the people
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than in developed nations since they are dependent on them for potable
and washing purposes and for some, their livelihood as well and a lot
less for their aesthetic value.

For centuries mankind has spoilt and wasted water and Malaysians
are no exception. Fortunately Malaysia has assessed its position
with some sensitivity and foresight by passing the Environmental
Quality Act in 1974 and subsequently the establishment of the Division
of Environment to administer the Act. Despite of these efforts in
1984, 14% and 48% of Malaysian rivers are classified polluted in
terms of EOD and suspended solids respectively.

Water pollution in Malaysia is due to two main factors - those
arising as a result of development of land and natural resources
and those arising through the indiscriminate discharge of undesirable
wastewater in watercourses,

Currently it is estimated that about 5 million people in rural
areas are without piped water supply. Out of this, 1.5 million people
are provided with potable well water. The rest will have to rely
on surface sources which apart from being polluted, occasionally
dry up during the drought period.

SUITABILITY OF RAIN WATER CISTERN (RWC)

In some areas, a solution to the above problem may be the catch-
ment of rain water collected during the wet season to be used in
the dry season. RWC will provide an immediate, though limited, safe
water supply for drinking and cooking purposes or if circumstances
warrant, for any other purposes. For all other purposes which do
not require good quality water, surface sources of any kind if
available are sufficient. '

The implementation of RWC could reduce the occurence of water
related diseases such as typhoid, dysentery, cholera and hepatitis
which are rampant in Malaysia due to drinking water from sources
which have faecal contimination.

In Malaysia, the period of drought usually extend for not more
than 3 months. The dry spell on the west and east coast of Peninsular
Malaysia for example are from January to March and May to July res-
pectively. These are the periods of urgency since the rivers, streams
and wells virtually dry up, thus worsening the pollution level due
to surface sources losing their self cleansing capacity.

Realising the fact that it costs far less to provide clean
water and sanitation than the price paid for its shortages, the
govermment implemented other alternatives to piped water supply by
constructing wells and RWCs. Under the Fourth Malaysia Plan (198}85)
5,600 wells equipped with hand pumps and 420 wells with direct supply
to households were constructed. Apart from utilising underground
water, about 14,300 RWCs were built mostly in remote areas in Sabah
and sarawak.
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In Malaysia RWCs can act as a long-term precautionary measure
in overcoming the problem of safe drinking and cooking water during
the drought period where surface or underground water either dry
up or deteriorate in quality and in areas where piped water supply
is intermittent, a feature almost exclusive to rural areas. In some
places where water is polluted or quality water unavailable through-
out the year, RWC can be the sole means of providing quality water.

The use of RWC is recommended in Malaysia due to several
Teasons:

o

simplicity: not much expertise is needed

-]

cost effectiveness: depending on affordability, a RWC in
its simplest form can just be an empty drum or on the other
extreme a reinforced concrete tank

° versatibility: depending on geography, the capacity can
vary to suit individual needs

practicality: RWC is the easiest and cheapest means to have
clean water

reliability: If it rains when it should, RWC provides water
that needs only to be boiled before consumption.

AREAS SUITABLE FOR RWC

From this juncture, this paper will deal only in Peninsular
Malaysia since it receives less rainfall, the watercourses are more
polluted, more people are without piped water supply and less wide-
spread use of RWC than in Sabah and Sarawak.

Areas with longer dry spells in Peninsular Malaysia where RWC
system can play a vital role correspond with those regions having
relatively low annual rainfall or lower average number of rain days
per year. Figure 2 shows the map of Peninsular Malaysla depicting
the average number of rain days.

As a rough guide, areas with less than 180 rain days are
considered more susceptible to longer dry spells and will require
some form of precautionary measure to obtain drinking water during
this period.

Other areas which RWC can be of service all year round are
along rivers which are grossly polluted ; Kelang River, Selangor
River, Linggi River, Langat River, Melaka River, Segamat River, Johore
River, Muda River, Trengganu River, Kelantan River, Perak River and
Juru River to name some. Figure 3 shows the river basins whose rivers
are polluted.
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CAPACITY OF RWC

The capacity of a RWC will depend on several factors:

- whether water required only for drinking
or other purposes as well

- length of drought period
- area of roof catchment
- annual rainfall

- losses i.e. evaporation and leakages

On the assumption that the minimum drinking and cooking needs
of 3 litres per person per day, a 25% losses, a dry season with an
average length of 100 days, an average six-member family will require
a storage capacity of (6 x 3 x 100 x 125 = 2250 1) 2.25 m?® or 0.75m>
per month. 100

A typical rural Malaysian house with a 25m? roof area and an
average monthly rainfall of 75mm during the drought period will collect
(0.075 x 25 x 3 = 5.625m®) 5.625m® of rain water during the three-
month spell or 1.875m® per month. This simple calculation is valid
if some rain falls during the dry spell, which is the situation in
Malaysia. Even if no rain at all falls during the three month period,
there would not be any problem at all accumulating 2.25m® of rainfall
in Malaysia during the wet season.

From the above calculations, it can be deduced that demand
exceeds supply by 2.5 times. This simply means that during the months
where the average rainfall exceeds 150mm, a 25m? roof catchment
will collect 3.75m®> of water per month, thus allowing a six member
family about 20 litres of water per person per day, a luxury by any
standard. .

Figure 4 shows the average monthly rainfall distribution in
Peninsular Malaysia. This figure is an essential aid in determining
the capacity of a RWC.

As a simple guide, a RWC with a capacity of at least 2m® is
sufficient to provide drinking and cooking water needs during the
dry spell and enabling the user to use the water for some other
purposes as well outside the dry period.

DESIGN OF RWC

Most rural houses in Malaysia are either roofed by iron/aluminium
sheets, clay tiles or thatched roofing. Basically any type of roofing
is acceptable with thatched roofing being least effective.

A setback for RWC installations is the absence of gutters in
most rural houses. This problem could be overcome by using matured
bamboo stems cut along its length as gutters - a material abundantly
available. With a bit of ingenuity, a system of gutters can be con-
structed by the householder.

LIBRARY
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A small rainwater collector with a storage capacity between
2-3m® for single households can be constructed using either of the
following materials:

- corrugated metal sheets (Drum/barrel of any sort
sufficient)

- ferrocement (wire-mesh reinforcement)
- Clay/brick
- Bamboo reinforced concrete

- Fibreglass (usually factory made)

Larger capacity collectors could be constructed to serve several
households. For this purpose, either a ferrocement with reinforcement
tank or a reinforced concrete tank 1s needed. For those who can
afford it, a large RWC can substitute altogether piped water supply
to supply water for all needs and purposes.

CONCLUSION

For about five million people in Malaysia, mostly in rural
areas without piped water supply, RWC seems to be the most viable
alternative (cheap and simple) to supply safe drinking and cooking
water especially during the drought period. RWC offset the disadvant-
age of the uneven though abundant rainfall by collecting water during
the wet season to be used in the dry season.

Although every householder can construct a RWC system, the

trend should be encouraged by an organised campaign led by an official
body at the Federal level.
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AN ASSESSMENT OF ROOF AND GROUND CATCHMENT SYSTEMS

IN RURAL BOTSWANA

John E. Gould

35, Chaucer Court
28, New Dover Road
Canterbury, Kent
CT 1 3AU, UK.

ABSTRACT

Botswana 1s a semi-arid country with mean annual
rainfall varying from less than 250mm in the southwest
to more than 650mm in the north. The most common dcmestic
water sources consist of traditional hand-dug pits in
sand rivers and modern piped borehole schemes based on
deep groundwater supplies. The low rainfall and its highly
seasonal nature make Botswana a marginal area with resvect
to rainwater catchment systems' development. Nevertheless,
the low population density and multiple dwelling places
resulting from Botswana's unique triangular migration
system, make the provision of alternative improved water
sources in rural areas difficult and expensive.

Using information gathered from an extensive question-
naire and technical field survey the current and future
potential development of rainwater catchment systems
was assessed. The analysis of mean monthly rainfall data
from 10 stations using a computer modelling technique
revealed that for all the stations the most effective
storage tank capacity should have a volume equivalent
to approximately 40%(0.4) of the collectable annual rocf
runoff.This tank size would maximize the supply while
minimizing the costs and could supply about 70%(0.7)
of the annual roof runoff with 95% reliability. Owing
to the small size and scarcity of corrugated iron roofs
in rural Botswana roof catchment systems are generally
only feasible as a supplementary supply. Bacteriological
examination of rainwater samples showed that while roof
tanks, if properly maintained, provide high quality water,
ground tanks were susceptible to considerable contamination.
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INTRODUCTION

Botswana is located in the centre of Southern Africa
between 18°S and 27°S (Fig.l). It has an area of 582,000
square kilometers supporting a pcpulation of only one
million people, most of whom live in the east of the
country. Botswana lies on a flat featureless plateau
and 80% of the country is covered by a thick deposit
of Kalahari sand. The climate consists of distinct wet
and dry seasons with virtually no rain falling between
May and October. In the wet season most of the rain falls
in heavy convectional storms. The wunpredictability of
this form of rainfall makes drought a common feature
of the climate. Mean annual rainfall 1ncreases uniformily
from less than 250mm in the southwest to more than 650mm
1in the north of the country (Fig. 2a). The semi-arid
nature of Botswana is not due to lack of rainfall alone
but 1is more a result of the highly seasonal, erratic
and unreliable nature of the rainfall and the very high
evaporation rates prevailing throughout the countrv.
These factors coupled with the sandy nature of surficial
material make water an extremely scarce resource
indeed. Apart from the Chobe, Okavango and Limpopo rivers
which have most of their catchment basins outside of
the country, all the rivers 1in Botswana are ephemeral
and most of them flow for only a few weeks a year. These
"sand rivers" along with hand dug wells are the most
important traditional water sources. They are, however,
generally only found in parts of eastern Botswana.

The scarcity of water has led to the develoobment
of a unique triangular migration pattern in Botswana.
People move from their wvillages to "cattle post” and
"arable lands" areas at different times of the vear
depending on the availability of water for humans, cattle
and arable agriculture. This has resulted in diverse
settlement patterns in rural areas with many families
effectively having three different homes spread over
an enormous area. The scattered nature of settlement
makes the provision of improved piped groundwater supplies
difficult and expensive. The average depth of groundwater
1n Botswana is about 100m and although it is generally
of good gquality, saline and polluted groundwater exist
1n some areas and a total lack of groundwater altogether
in others. Traditional sources are still used by many
peoprle as a major or alternative form of supply. These
sources are often far from dwelling places and in addition
are frequently polluted. (Enge 1983). Despite claims
that Botswana will soon achieve the goals of the IDWSS
Decade, the field realities reveal that many people in
rural Botswana still lack a clean, safe and convenient
water supply. Johnson(1982) noted that even 1if all the
villages 1n Botswana had a reticulated water supply only
55% of the popuation would be served.

It is the purpose of this paper to assess what rdle,
if any, rainwater catchment systems might play in provid-
ing a safe and convenient water supply to the rural

1inhabitants of Botswana still lacking clean water.
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ROOF CATCHMENT SYSTEMS

An initial reconnoitre of about 20 villages 1in rirural
Botswana in 1983 revealed that although. households were
still predominantly dgrass roofed, especially in smaller
villages, a rapid transition to corrugated iron roofs
was taking place. Few of the households with corrugated
iron roofs had permanent catchment tanks, however, since
lack of c¢apital and know-how restricted most privately
installed tanks to makeshift temporary affairs fed from
totally inadequate guttering. 0ld oildrums were the most
common type of tank used by private households.

The wvast majority of permanent rainwater catchment
tanks used in Botswana are corrugated iron ones found
at schools, c¢linics and other public biuldings. Only
a small fraction of these 1nstitutions have tanks. how-
ever, and even among those that do catchment tank volumes
are generally totally inadequate when compared with the
volume of roof runoff available and the demand for water.

Field Survey Results

In order to determine guantitatively the water usage
pattern 1n rural Botswana and the rdle which rainwater
catchment plays, or might potentially play in that pattern,
an extensive questionnaire and technical field survey
was conducted. 200 households were visited in 4 villages
(Nata, Thini, Selolwane and Borolong) in the northeast
of Botswana (Fig.l1l), and a postal questionnaire survey
resulted in 64 responses from primary schools throughout
the country.

The four wvillages surveyed had popopulations between
970 and 1850 (Table l)and an average houseshcotd size
of 7.0. Few people owneda cars (11%) or 1iatrines (12%),
and although cattle outnumbered people by almost 3 to
1 many households (35%) owned none. The mean distance
to the nearest reliable water source varied from 421m
in Selolwane to 1285m in Thini, and was 640m on average.The
mean daily domestic water consumption varied from 57
litres to 84 litres per household averaging 6711tres
or less than 10 litres per capita for the 4 wvillages,
(Table 1).

Although. three villages had boreholes, the highly
saline nature of the groundwater 1n Nata and mailintenance
and running problems with the supply in Borolong, meant
that only in Selolwane did the majority of households
(77%) use standpipes as their main source of water. Most
of the remaining 23% of Selolwane's residents collected
water from a nearby sand river as 1t was cioser than
the nearest standpipe.

Overall 65% of househoids in the four villages wused
sand rivers or surface water as their main source, 29%
used standpipe water, 3% used rainwater and 3% used other
sources (transported water or water piped directly to
the house). Although, only 3% of hcuseholds used rainwater
as their main source 46% of households did collect and
use some rainwater (Table 1). Only 23% of the surveved



Table 1. Summary of Village Field Survey Results

VILLAGE SELOLWANE NATA THIHI BOROLONG MEAN
Population(1983) 970 1850 1150 1050 1255
Rainfall (mm/a) 520 550 520 480 518
Mean distance to

nearest water 421 422 1285 433 640

source 1n metres
Mean daily water

cgollection

in litres
a) per household 57 84 68 59 67
b) per capita 8 13 9 9 10

Water sources*
a) Sandriver 21% 85% 95% 60% 65%
b) Standpipe 8% 0% 0% 35% 29%
c) Rainwater 1% 5% 1% 5% 3%
d) Others 0% 10% 4% 0% 3%

% of households
collecting rain 22% 64% 34% 64% 46%

% collecting rain
from thatch roofs 4% 14% 4% 0% 5.5%

% of households
with at least one: -
a) Iron roof 30% 14% 18% 70% 33%

b) Catchment tank 10% 14% 4% 14% 11%

% of householders

who felt rain 74% 98% 90% 68% 83%
was clean

¥ as a % of households per village using
eacn type as their primary source.

households, however, had a corrugated iron roof and of
these only a third had any kind of temporary or permanent
tank. Even 1in Borolong, where 70% of the households had
at least one corrugated iron roof and where 64% of them
collected some rainwater from their roofs, only 8% had
permanent guttering, (Table 1). Most peoprle simply collected
rainwater by placing buckets and basins under the eaves
of corrugated iron roofs.

For those households without access to a corrugated
iron roof, some collected rainwater by simply placing small
containers in the open, while a few (5.5%). collected runoff
from thatched roofs especially in Nata which was desparately
short of clean, fresh water and where the wvast majority
of households had only thatched roofs, (Table 1).
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Survey questions directed at trying to determine
the villagers attitudes and perceptions regarding rain-
water collection revealed that while most considered
rainwater clean (83%) and tasty, almost all referred
to runoff from their thatched grass roofs as "gdirty",
"discoloured” and Tunhealthy", ana only one householder
admitted using it for drinking. The most commonly cited
reason for not installing proper permanent catchment
tanks was given as lack of money. In 1983 the cost of .
installing commercially available corrugated 1iron tanks
was P137 and P384 (USS103 and USS$288) for 2.25m® and
9m?® tanks, respectively. ¥

Primary School Survey Results
A postal gquestionnaire was sent to approximately
half of Botswana's more than 400 primary schools and
64 reponses were recilieved. In addition, 6 schools were
visited and a detailed site survev conducted at each. '
In Table 2 the main findings are summarized.

Table 2 School Postal Questionnaire Results

TOTAL NUMBER OF SCHOOLS SURVEYED 64 (100%)
NUMBER QOF SCHOOLS USING:
- Piped water(usually a standpipe) 42 (66%)
- Local borehole 11 (17%)
- River bed pits and pools 8 {(13%) .
- Transported water 3 (4%)
SCHOOLS WITH CORRUGATED IRON ROOFS 64 (100%) .
SCHOOLS WITH CATCHMENT TANKS 28 (44%)
- Total number of tanks ..... 121
- Tanks reported leaking .... 52
MEAN SCOOL ENROLLMENT 403 (8S.D. 203)
MEAN ROOF AREA (m?) 901 (Range 126-2260" .
MEAN ANNUAL RAINFALL (mm) 469 (S.D. 79mm)

Mean Annual Roof Runoff for a Typical School in Botswana
= ROOF AREA x RAINFALL x RUNOFF COEFFICIENT

= 901m? x 0.469m X 0.8 = 338m?3

Although, the results 1ndicate that only 22 34%)
of the surveyed schools did not have water piped to their
sites, a number of schools with piped water compialned
of frequent breakdowns or of water too saline to drink.
In fact less than half of the schools had clean. reliable .
convenient 1mproved supplies. This situation makes supple-
mentary rainwater supplies very attractive. Despize the
frequent praise given to the usefulness of existiny tanks,
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among those schools with tanks the average total storage
capacity was only 18m3. Considering the mean annual roof
runoff from an average school is about 338m® (Table 2).
and taking into account the need for storage throughout
the long dry season, current storage capacities are only
a fraction of that required to make full use of this
form of supply. Although the designs for new rural schools
sometimes include 4.5m?® corrugated catchment tanks when
funds permit, the life expectancy of these is usually only
a few vears as indicated by the number of tanks rTeported
leaking, (Table 2).

At a number of primary schools in Botswana, including
those visited at Borolong, Thini and Nata in 1983 (Fig.1),
the lack of piped water or adequate rainwater catchment
tanks resulted in children collecting water of dubious
quality from river beds and open pools frequently at
a considerable distance from their schools.

In general the large roof areas, 901m?® on average,
(Table 2), and the desparate stortage of suitable clean
convenient alternative supplies in many 7rTural areas,
indicate a great potential for increasing the number
and size of rainwater catchment tanks at schools, clinics
and other corrugated iron roofed institutions throughout
rural Botswana.

GROUND CATCHMENT SYSTEMS

Natural and man-made drepressions which concentrate
rainwater runoff from ground surfaces are known as haffirs
and have been used in Botswana for centuries as sources
of domestic water. Attempts to upgrade and develop these
traditional sources began in the late 1960's with a much
publicized project to build subsurface ground catchment
tanks by ITDG (Intermediate Technology Development Group)
and Oxfam, (ITDG 1969). The low cost, labour intensive
tanks were originally developed in the Sudan(Ionides 1964)
and required only polythene, wire, sand, cement and mud
for their construction. A project to construct tanks
at 12 primary schools 1in Botswana using local labour
was the first attempt to field test these tanks. Partly
as a result of the enormous labour requirements only
7 tanks were ever completed and after 3 vears only two
were still functioning, (ITDG 1971). Although, tanks were
also built in Zimbabwe and Swaziland, and some replication
did occur elsewhere in Botswana, only a handful of tanks
were still functioning in 1983, (Gould 1984).

The ALDEP Grouna Catchment Tank Project
Despite the failure of the ITDG tank project to take
root, a successful and expanding ground catchment project
is currently being administered through the ministry
of agriculture's Arable Lands Development Program (ALDEP).
This 1is probably the largest single ground catchment
project in the world and has already accounted for the
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construction of more than 500 tanks mainly in eastern
Botswana. The aim of the project is to provide a water
supply for peoprle and draught animals in remote "lands
areas”" where alternative water sources are few and far
between, in order to encourage agriculture in these areas.
Most of these remote dwelling places 1lack corrugated
iron roofs.

The most common design for the ALDEP ground catchment
tank is a simple ferrocement one described by Whiteside
(1982). Chicken wire is pegged to the sides of a circular
hole and mortar is plastered to it. Corrugated iron or
ferrocement is used for the cover essential for reducing
evaporation and contamination. The catchment apron for
these tanks consists of a traditional mud and dung thresh-
ing floor in which a coarse sediment filter is constructed.
A brick tank design is used in areas of sandy unconsoli-
dated soils. A survey of 16 tanks revealed that despite
design specifications for 10m?® tanks having been given
to builders, the average tank capacity was 16m?® and the
mean catchment area was 108m2. The distance to the nearest
alternative water source averaged 6km.

Financing of the main project (following a pilot
phase in which free tanks were provided) was initially
done through a loan/subsidy scheme. The average cost
of the tanks in 1983 was P500 (USS375). Farmers were
expected to provide labour including the preparation
of the "threshing floor"” catchment apron and excavation
for the tank, as well as paying back a loan taken for
the tank over 5 vyears plus interest payments at 6%%.

Problems in administering the loan repayments led
the ALDEP team to adopt a subsidy/downpayment scheme
in 1984 through which an 85% subsidy was provided once
a 15% downpayment had been received. Lack of trained
builders has been a logistical restraint to the expansion
of the project in some areas, lack of demand for tanks
a restraint in others. Among physical problems affecting
the project, cracking of 10%-15% of the tanks and under-
sized and poorly constructed threshing floor catchment
aprons, have been among the most serious. Damage to the
covers of unfenced tanks and contamination of water 1in
some tanks are among other problems encountered.

Following a postal questionnaire survey distributed
to agricultural extension staff throughout Botswana,
Ainley(1984) made a series of recommendations regarding
the ALDEP ground tanks, these included the following:

1. All tanks and threshing floor catchment aprons should
be fenced with, at least, a thorn bush fence.

2. Farmers should have the option of cementing their
threshing floor catchments at additional cost. to
improve the quality and quantity of runoff.

3. Tanks should be located in order to make maximum use
of local drainage.
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4. Where farmers have corrugated iron roofs these should
be utilized as a catchment surface.

5. A chain and bucket (permanently attached to the £tank)
and a simple sand filter should be provided to help
improve the quality of water from the tanks.

The quality of water from the catchment tanks has
been a constant concern of the project staff (Maikano
and Nyberg 1981). Despite directives to agricultural
extension staff that farmers be advised to boil water
from the tanks before drinking it, there was 1laittle
evidence in the field that this advice was being taken.

BACTERIOLOGICAL ANALYSIS

Owing to the concern regarding the water gquality
in existing ground catchment tanks in Botswana, and 1in
order to determine the suitability of roof runctf for
consumption, data related to the bacterioclogical quaiity
of stored rainwater was gathered. This required both
the compilation of existing data and the collection and
analysis of new samples. Standard sampling and analysis
proceedures were followed in accordance with Department
of Water Affairs instruccions, (Gould 1985). The results
of these bacteriological analyses for both roof and ground
catchment systems are shown in Table 3. ‘

The results for roof tanks indicate that the total
and faecal coliform counts lie within acceptable WHO
limits for all but one sample, where the tank had no
cover. High faecal coliform counts are usually indicative
of contamination of human origin and presents the most
serious health risk. The high faecal streptococci counts
recorded for 8 of the 13 roof tanks sampled, are probably
indicative of contamination from birds, lower animals
and plant debris. This does not pose a serious threat
to human health, and Stenstrom and De Jong (1983). con-
cluded, that if "correctly constructed rainwater catchment
tanks could be a realistic and hygenic drinking water
alternative” 1n Botswana. In a study by Koplan et al(l1978)
however, it was postulated that water heavily contaminated
by bird droppings may have been the cause for an outbreak
of a rare form of salmonella in northern Trinidad. This
nevertheless, seems to have been an exceptional cAase.

The results for ground catchment tank samples . on
the other hand, clearly demonstrate that the water quality
represents a serious health threat, particularly as un-
treated water from most of the tanks was used for drinking
purposes. Although, all the tanks sampled were covered,
in every case both total and faecal coliform counts
exceeded WHO limits, and in 7 out of 8 cases they were
at excessive levels. The iow nitrate levels suggest that
contamination from the mud/dung threshing floor 1is not
a serious problem. The main sources of contamination
are most 1likely due to animal and human contaminants
entering the tank.

c2-9



Table 3

Tutume

Nata
Francistown
Francistown
Tlokweng
Morwa

Morwa

Morwa

Not Known?

2
ozt

Location of
Ground Tank

Mosetse
Tlokweng
Sebele
Sebele
Mosime?

Jabe’
Thatayaone

Kefetoge?

CG=Confluent Growth

Results of Bacteriological Analysis of Roof

and CGround Tank Water conducted

Total )
Coliform

= O O O © o O O O o O ©

N
Ne)

10

in Botswana

Faecal Faecal Other
Coliform* Streptococci? Details
0 0 Corrugated Iron
Covered Tank
O O " "
0 0 ! "
0 0 " "
0 46 " '
0 84 Partly Covered
Brick Tank
0 158 ' "
0 164 Covered Brick
Cement Tank
0 44 " "
0 75 Covered
0 90 " "
0 1 "
6 62 Not Covered
1 1

Cé%?%%gm' CgT?%g%m‘

342
2
CG
CG
TNTC
TNTC
TNTC
6

15
6
174
150
600

1000
400

300

Other
Dotalls

Covered

TNTC=Too Numerous to Count

lper 100ml (from analysis of 5ml and 50ml samples.

2Source:
3Source:

Dept.
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DESIGN CONSIDERATIONS

The two most important techical considerations which
have to be dealt with before rainwater catchment systems
are implemented are the design and construction of the
storage tanks. Rainwater catchment is a relatively costly
water supply option particularly in more arid regions,
and since the storage reservoir 1is the most expensive
component of any catchment system the efficient use of
available storage capacity is highly desirable.In Botswana
the design of storage tanks generally involves an attempt
to maximize rainwater supply while at the same time mini-
mizing costs.

Using a computer the laborious calculations required
in the analysis of rainfall data for accurate tank sizing,
can be done extremely rapidly. In this study the Ottawa
Model developed by Latham(1983) was used for the analysis
of mean monthly data for 10 stations located throughout
Botswana. Where possible consecutive 30 year rainfall
periods (1954-1983) were used, but in the case of three
stations Palapye, Sebina and Gweta (Fig.2b) only 23,
21 and 17 vyears of consecutive data were available,
respectively.

The Ottawa Model is based on the same principle of
critical period analysis that was originally developed
by Rippl(1883), 1in his mass curve analysis technique
for reservoir sizing. Through determining the most severe
(critical) periods in a series of data, the Ottawa Model
determines the storage requirement needed to overcome
this for a given level of supply. The model also allows
different 1levels of reliability to be attached to rain-
water supplies. This 1is very wuseful since in drought
prone environments such as Botswana, demanding a 100%
reliable supply would require an unrealistically large
storage requirement. A 95% reliability level was found
to be the most appropriate for tank design in Botswana,
since it allows for a virtual halving of the storage
capacity at the expense of only a 5% reduction in the
efficiency of the supply; since the tank 1is unable to
meet supply requirements for 5% of the time. This 5%
period (2% weeks a year on average) could, however, be
eliminated completely 1if rationing or stocking of the
tank was conducted when the supply began to dwindle.
A detailed explaination of why a 95% reliability level
was deemed most appropriate i1s provided by Gould(1985) and
McPherson and Gould(1985).

Using the Ottawa Model the storage-supply curves
for a 95% reliability of supprly were produced for 10
stations in Botswana (Fig.2b). The curves for four of
these stations are shown 1n figure 3. The similarity
of rainfall regimes throughout Botswana resulted in the
shape of the curves being similar for all the 10 stations,
and the four selected (Fig.3) represent the full range
of wvariation. The curves revealed that on average., a
storage capacity equivalent to about 0.4(40%) of the
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total useful runoff provides a reasonable estimate of
the most appropriate tank size for providing the greatest
amount of water at the least cost. This storage capacity
would supply at least 0.7 (70%) of the useful runoff
in all but the very driest years,(i.e. 5% of the time).
Larger storage capacities of greater than 0.4 (40%) of
the useful runoff would result 1in deminishing returns
for the increased investment, (Fig. 3).

On the basis of ¢these results it was possible to
calculate the most economically feasible maximum roof
rainwater supply for the study wvillages. This was done
by determining the total available roof runoff for private
and public buildings by multiplying their roof area by
the mean annual rainfall and a runoff coeficient taken
as 0.8.

Total Available = Total X Mean Annual x 0.8
Roof Runoff Roof Area Rainfall

By multiplying the total available roof runoff by 0.7
the most economically effective maximum supply volume
can be determined:

Maximum Feasible = Total Available x 0.7
Rainwater Supply Roof Runoff

Table 4 shows the results of these calculations for
the study wvillages. Although only 29% of current domestic
water requirements could be met by roof rainwater supplies
at present, the on going transition from thatched grass
to corrugated iron roofs indicates a growing potential
for roof catchment supplies. The average metal roofed
household with a 46m? roof area, would require a 7.7m?3
storage tank. This would supply at least 13.3m? annually
(with 95% 1reliability) which would provide more than
half of the households domestic water requirements, and
all of the drinking, cooking and washing water needed.
Apart from the convenience of such a supply the potential
health benefits would be considerable.

Although, a roof area in excess of 70m? or 10m? per
capita would be required for providing a total rainwater
supply., a few hcuseholds already possess roofs of this
size. It is likely that averade roof areas will continue
to increase in future, since the cost of having a grass
roof constructed is now more than for a corrugated iron
roof. In the past people built their own grass roofs,
but as people increasingly find temporary work in urban
areas they have less time to do this and are in a better
position to buy more durable corrugated iron roofs.

Using the results from the model it was also possible
to construct maps indicating the most efficient storage
requirements in mm per m? (litres/m?) of roof area and
the associated levels of supply, for the whole of Botswana,
(Fig. 2c and 2d). Interpolation for constructing these
maps was possible because the flat landlocked nature
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Table 4 Calculation of the Potential Rainwater Supply for
the Study Villages.

VILLAGE

Mean Roof
Area (m?) 52

Mean Rainfall
(mm/year)

Runoff
Coefficient

550

0.8

Useful Roof
Runoff (m3/a) 23

Feasible *
Potential (m3/a) 16
Supply

Present
Domestic(m3/a) 31
Consumption

Household Rain-
water Supply as

a % of Daily 52
Consumption

% of Households

with Iron Roofs 14

Potential Rainwater
Supply as a % of
Domestic Consumption
for : -

1. All Households 7

2. All Public
Buildings

3. TOTAL 16

*the most economically viable maximum potential supply .

45

520

19

13

25

52

18

16

45

520

0.8

19

13

21

62

30

19

15
36
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42

480

16

11

22

50

70

35

12
47

NATA THINI SELOLWANE BOROLONG MEAN

Calcul”
46m? a
518 mm b
0.8 c )
3
19 m =agbxc
13 m? e
e=dx0.7 .
25 m? f
54 % g
g-e/fx100%
33 % h
17.5 % 1
11 % ]
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of Botswana results in a regular isohyet pattern with
no abrupt local wvariations due to orographic or coastal
influences. Maps of this type (Fig.2c and 2d) represent
a useful tool for those planning and implementing rain-
water catchment systems in Botswana.

Currently, the most common type of large roof catch-
ment tanks used in Botswana are galvanized corrugated
iron ones (2.25m?, 4.5m® and 9m3®) imported from South
Africa. Although these provide good quality water they
are not very durable. Recent, experiments with locally
constructed ferrocement tanks are proving sucessful and
these locally produced more durable tanks based on the
design provided by Watt(1978) will probably be used in
increasing numbers in the future. Unlike the corrugated
iron tanks , however, which come in fixed sizes, the
ferrocement tanks can be built to any specification upto
100m? or more. This makes the appropriate sizing of tanks
to specific roof areas and 1local rainfall conditions
relatively easy to accomplish.
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Figure 3. Storage-Supply Curves (95% Reliability)
for 4 Stations in Botswana.
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CONCLUSIONS

Although, rainwater catchment systems still only
play a minor role 1n domestic water supply in Botswana
etficiently designed roof catchment systems could provide
a convenlent clean reliable supplementary water source
for many rural families and institutions. Bacteriological
analysis revealedthat while roof runoff from corrugated
iron roofs stored in covered tanks 1s of acceptable
quality for drinking, the water from ground catchment
tanks represents a serious health hazard if left untreated.
While the vast majority of villagers had a very positive
attitude towards rainwater usage most felt that runoff
from thatched roofs was unsuitable for consumption. This
counters proposals by some researchers (Hall 1982, Fortmann
and Roe 1981) that rainwater collection from thatched
roofs should be promoted.

Despite the low rainfall and its unpredictability
1n Botswana, lack of suitable alternative water sources
makes the collection and storage of rainfall feasible
in many rural locations. Efficient sizing of storage
tanks 1s particularly important since the rainfall regime
in Botswana demands large storage capacities. Effective
desi1gn based computer modelling techniques can thus lead
to significant cost reductions. Corrugated iron tanks
imported from South Africa are currently the most common
roof tank used in Botswana, although these provide good
quality water they are small and not very durable. Locally
produced "made to measure" ferrocement tanks would appear
to provide a better alternative for roof tank projects.

RECOMMENDATIONS

1. The Government of Botswana and external agencies should
continue to fund the ALDEP ground catchment project,
as this 1s the only realistic, affordable way of supplying
water to remote, isolated farmsteads within the foreseeable
future. Nevertheless, methods to improve the quality
of this water using simple sand {filters are urgently
required.

2. The construction of large ferrocement roof tanks at
primary schools and clinics presently lacking reliable,
convenient water supplies should be initiated by the
relevant ministries. These tanks shculd be incorporated
in the designs for all public buildings in water short
rural areas.The possibilities for a roof tank project
for private households shoula also be explored.

3. For the greatest efficiency in terms of maximizing
rainwater supply while minimizing costs,a storage capacity
equivalent to 40%(0.4) of the useful runoff is suggested
for rainwater tanks 1in Botswana. This would yield on
average a supply of at least 70%(0.7) of the useful runoff
with 95% reliability.
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RAINWATER TANK SUPPLY FOR HOUSEHGLDS IN SOUTH AUSTRALIA

WITHOUT MAINS WATER SUPPLY

K.C. Tal and T.D.B. Pearce *

ABSTRACT

In association with a study to give guidance on the domestic use
of rainwater for South Australian households without a mains water
supply and therefore dependent upon rainwater as the sole source
of supply, graphic results of tank size and roof area combinations,
as depicted by iso-demand curves, have been produced.
These iso-demand curves reflect a more realistic épproach in
assessing the degree of security or reliability of supply, through
the use of the cpunting rule for complete and partial 'successes’.
In addition, a more conservative approach to the test for spill results
in & larger tank storage capacity, equivalent to one extra month's
demand.
Through gensitivity analysis, it is found that the results obtained
in this study are consistent with the rasults of an alternative
'optimistic’' approach adopted for houssholds with both public mains
supply and rainwater tank supply. For this category of households,
a supply failure is expected to be of lesser consequence
than for households which are dependent solely upon rainwater tanks.

* Respectively, Planning Engineer,Wster Resgurces, Engineering and
water Supply Dapartment, Adelaide; and Engineer, PACTEC, North
Adelaida.
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LIST OF SYMBOLS

is the storage at the end of the t'h month period;

is the storage at the end of the(t - 1)th month period;

is the roof runoff during the tth month period;

is the constant demand during the tth month period; P
is the tank size selected on the basis of a conservative

rule on storage spill.

is the monthly rainfall in mm;

is the projected flat roof area in sq. m.

is the roof runoff coefficient, assumed to be 0.85.

(The value of 0.85 is taken from International Reference

centre,wWHO,1981).
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INTRODUCTION

In South Australian households, the use of rainwater is strictly
on a needs basis, mainly because South Australia is the driest of the
Australian States and Territories. Four-fifths of the State receives
an average rainfall of less than 250 mm.

Households dependent upon rainwater tanks as the sole source
of supply were seen to follow an ordered sequence of priorities for
rainwater use: first, for food preparation and/or drinking; second, for
clothes washing; third, for bathing and fourth, for other inside
domestic uses. In the area of food preparation and/or drinking, there
were twice as many households (120,350) exclusively dependent upon
rainwater supply as households (64,400) dependent upon both mains
and rainwater supplies.(ABS,Adelaide, 1983). The number of households
reporting in this category was 213,700 out of a state total of 406,950.

Information had been made available mainly to houséholds in urban
areas, where both mains water and rainwater supplies are used.(T.J.Martin,
1980). A booklet titled, 'Rainwater Tanks ..... their Selection, Use and
Maintenance', had been published by the Engineering and Water Supply
Department and the Department of Environment and Planning.(October,
1983). .

Recent study by the authors on the use of rainwater tank supply
as a sole source of supply has resulted in a publication, titled 'Rainwater
Tanks for Households without a Mains Water Supply ..... their Selection,
Use, and Maintenance.'(July,1986). This publication was prepared by the
Engineering and Water Supply Department with advice from the South
Australian Health Commission.

The significant results of this study are highlighted in this paper.

ANALYSIS
In the analysis, it is assumed_that haouseholds dependent upon rainwater.
tanks as a sole source of supply have a greater need for a higher

level of security than households supplied with mains water and rainwater.
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For the former, the caonsequences of a supply failure are greater.

It is further assumed in the analysis that the pattern of domestic
water use would follow the sequence of priorities mentioned abave -
food preparation and/or drinking; clothes washing; bathing and other

domestic inside uses.

Model
Since a greater degree of security or reliability is called for in the

analysis for domestic supply solely dependent upon rainwater, it is
propased to use a conservative approach in the test for spill from
rainwater tank storage, and a realistic approach in the test for .
'success' or tank non-emptiness. These two states, spill and non-emptiness,
control the size of the storage capacity to be established from computer
simulation for a given roof area and a given rainfall for‘a specific
location.
The model uses the linear mass balance equation fof the simulation

of the monthly performance of the roof-tank system:

[

St = St-1+ ROt — Dt m
subject to:(1) 0<(St-1+ ROt) < TS’
¥4) ROt = (c.Pt - 2).A
The value of 2 mm in the second constraint is the assumed loss due to '

evaporation and spill from gutters.

The test for 'success' in tank storage is derived from the linear mass
equation given by eq.(1).

(1) A complete success is said to occur when

St = St-1+ROt - Dt > O 3]

or (St-1+ ROt) >Dt . (2A)
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(2) A partial success would occur when
St =(St-1*+ ROt - D) <0 €))

(3) From eq.(3 ), it is easy to deduce that a complete failure would
occur (defined as tank being empty of water), when

(St-1+ ROt) /Dt =10 (4)

Storage level in the rainwater tank would fall into one of these
three categories, and the tests enable the reliability of supply to be
estimated. The reliability, or the security of supply is defined as the
total number of months (inclusive of fractions of a month) in a given
period in which constant demand is being met. The given period is taken
to be the length of rainfall record used in the simulation.

The test for spill from tank storage involves setting storage S
at time t without the demand D being taken out, against the tank
storage capacity TS'.

From eq.(1), the question asked is whether:

St > TS
If it is, then: St = St-1+ ROt - Dt > TS (5)
ar (St-1+ ROt)>(TS + Dt) (5A)
Let TS' = (TS + Dv) (58)
then (St-1+ ROt)>(TS' =TS + Dt ) (5C)

From eq.(5C), tank sizes TS' selected in the conservative approach in
the test for spill would be greater than tank sizes TS selected in a
non-conservative approach, by an amount equal to the constant monthly
demand.
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Sensitivity Analysis

A sersitivity analysis is made of three counting rules for successes

which would affect the selection of the combination of roof with

tank capacity. ,
The sersitivity analysis carried out for this study has been tested against

rainfall station no. 23733 at Mount Barker, 30 km south-east of Adelaide, ,

with a rainfall record covering a period of 122 years.

The first rule is an ultra-conservative rule, which states that the tank

is 'empty', when storage is below demand:
St < Dt (6)

The second rule is after T.J. Martin (1980), where 'failure' is defined
as the inability of the rainwater tank to supply half the required

monthly demand.
St =(St-1+ROt — 0.50t} <0 (6A)

The third rule defining 'failure' used by the authors.in this paper,
is deduced from eq.(3 ) and eq.(4). A partial 'failure’ occurs when a

available storage is less than demand:
[1 = (St-1 + ROt)/ Dt]>0 (68)
and a complete failure occurs when the tank is technically empty:
(St-1+ROt) / Dt = 0 (6C) ¥
The third rule also allows for a test of spill against storage which -
results in a storage capacity greater than that found by the test of
spill accompanying the second rule. The difference in storage capacity ‘

derived from the two tests for spill is equal to the constant monthly )
demand. This is evident from eqgs.(5) and (5C).
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RESULTS

Figures 1 and 2 display, as typical examples, the iso-demand curves

for demands of 200 and 400 litres/day for average annual rainfall from
150 to 1200 mm for the State of South Australia.

To use the graph, one needs to know the average annual rainfall for
the given location; the average constant demand per houshold; the
projected roof area and the degree of reliabililty or security of

supply required. Three levels of security, 80, 90 and 99%, have been
analysed.

Graphs of the above pattern have been produced for constant demands
of 60, 100, 200, 400 and 600 litres/day/household for the whole of South
Australia.

Average annual rainfalls of 800 to 1200 mm are found in the Mount

Lofty Ranges, immediately east of Adelaide - this being the wettest part
of the State.

Rainfall averages fall off rapidly to less than 250 mm between 150 and 250
km inland, and then decrease more gradually to below 125 mm in the
vicinity of Lake Eyre, this area being the driest part of Australia.

Sensivity Analysis

In figure 3, curve 3 depicts the effects of the ultra-conservative rule
on the counting of successes and curve 2, those effects of the moderately
conservative rule of the authors.

The inclusion of the fractional rule for counting partial successes shifts
the postion of curve 3 to curve 2. The test for spill is the same for both
curves, i.e. demand is not taken out before checking for spill.

Curve 2 shows a combination of smaller roof area and tank size is
feasible with the adoption of the fractional rule for counting 'successes'
rather than the use of the integer rule in the ultra-conservative
approach.

The difference between curve 2 and curve 1 in figure 3 is du e solely
to the test for spill. In the authors' test for spill for curve 2, monthly
demand D is not taken out, whereas for curve 1, monthly demand D is
taken out. (T.J. Martin,1980).
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The conservative counting rule of curve 2 produces the same reliability
as the counting rule of Martin in curve 1, using 0.5D as the truncation
level for assessing either a failure or a success. This agreement is
possible when the length of rainfall record is sufficiently long.

DISCUSSION

Graphic results have been produced that show the relationship between
projected roof area and tank size for given average rainfall in South
Australia. For a given constant household demand and a given degree

of security, appropriate combinations of roof area and tank size may be
selected from the graphs.

The graphic results are applicable to households which depend upon
rainwater as the sole source of domestic supply, with the pattern of
domestic water use severely restricted.

Since the consequences of failure are expected to be greater for
households dependent solely upon rainwater supply, a realistic approach
has been adopted in applying the counting rule for success, which

includes total, partial and no successes.

In addition, a moderately conservative rule for testing against spill has
been adopted. It is found that tank sizes selected by this moderately
conservative rule are greater than those selected by the 'optimistic'
rule of Martin by an amount equivalent to one month's demand.

Sensivity analysis of three separate counting rules indicate that
selection of tank size and roof area is sensitive to the nature of the
assumptions used, the various counting rules for success and the testing
rules for spills. The testing rule for success used by the authors

gives satisfactory results because the reliabilityis the same in terms
of time reliability or volumetric reliability.
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CONCLUSIONS

In association with a study to provide guidance on the use of rainwater
for households in South Australia without mains water supply and
therefare dependent upon rainwater as the sole source of supply,
graphic results as depicted by iso-demand curves have been produced
using a combination of tank sizes and roof areas.

These iso-demand curves reflect a more realistic approach in assessing
the degree of security or reliability of supply. The degree of security
defined in the study by the authors produces the same figure of
reliability whether it is expressed in terms of time or volume.

In addition, a more conservative approach on the test for spill
results in a larger tank storage capacity equivalent to one additional
month of demand. This conservative approach is adopted by the authors
because the consequences of a failure in supply are expected to be
greater for households dependent upon rainwater supply.

In general, the sensitivity analysis had indicated that the results
obtained in this study are consistent with the results of an alternative
'optimistic' approach adopted for households which have the benefit of
both public mains water supply and rainwater tank supply.
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RURAL WATER SUPPLY PROJECT, NUSATENGGARA TIMUR-

INDONESIA

Dn. G. N. YOGANARASTMHAN
Progesson Planning
Water Resournces Development Training Centre
University of Roorkee

Roonkee-247 667, 1India

ABSTRACT

Rainwater collection from roofs has been a common mode for providing
drinking water supply to remote rural areas in South East Asian countries,
and 18 quite a viable, acceptable and reliable method of drinking water
supply to these rural communities. The paper discusses the components
of ralnwater collection tank system, water supply requirements,review of
the various practices, hydrometeorological analysis, computation of sto~
rage requirements for various roof areas and a detailed proposal for the
rural water supply for Nusa Tenggara Timur province of Indonesia. Cost

estimates for ferrocement tank design and masonry design are also
provided.

Professor Planning, Water Resources Development Training Centre,
University of Roorkee, Roorkee, U. P. - 247 667, India.
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I NITROD UC TION

The province of Nusa Tenggara Timur (NTT) Indonesia is located between
8031°' S to 11° 1’ S latitude and 1180 F - 125° E longitude and is spread on
Timor, Flores, Sumba groups of islands. The area is divided in 12 regen-
cies and sub-regencies The population of NTT province is Timor-1002828,
Flores-1368610 and Sumba-354925. Many inland and coastal areas are depen-
dent on rainwater for domestic purposes This is because either ground water
is saline, or it is not avallable or ground is rockv, therefore, difficult to dig
wells and spring /rivers are far from the villages The population of such areas
is usually secattered in a range of population varving from 100 to 500 and is
economieally poor Due to verv high cost of construction and eperation and
maintenance of pumping or gravity water supply svstem from a far-off spring
source or other sources, the ralnwater collectlon system fer individual
houses or commune are often planned to meet the drinking water requirement
for such areas. This paper, therefore, attempts to develop an approach to
the design of optimal rainwater collection and storage systems The paper
covers and examines the relevant design parameters for the development of
optimal solution for NTT,

COMPONENTS OF THE RAINWATER COLLEC TION TANK SYSTEM

The system components are - roof surface (of tiles or galvanised mild steel
sheets), rainwater gutters (of galvanised mild steel sheets), rainwater

drain pipes (of fabricated mild steel sheets or AC or PVC non-pressure

pipes or large diameter bamboo pipes), small straining filter. storage tank
with overflow, wash-out and outlet pipe with a tap for withdrawal of controll-
ed /restricted daily water requirement as and when required

The rainwater after falling on the roof surface partly evaporates specially

during dry periods at low intensitv showers, some part may overflow from

the rainwater gutters while the remaining would flow down to the storage

tank. Not all the water flowing into the storage tank is, however, available for
drinking water use, because part of it overflows, part leaks or evaporates from
the tank. The remaining quantity left is avallable for withdrawal through the tap
daily for meeting the drinking water needs.

PRESENT DESIGN GUIDE LINES OF THE DEPARTMENT OF
HEALTH

The following guide lines issued by the Ministry of Health to all the provin-
cial Departments of Health for the construction of rainwater collection tank
systems, are at present being followed :

(i) Per capita daily water requirement : 5 - 10 litres

(i) Dry spell period - 2 months

(iif) Number of persons per tank - 100 (20 families)

(iv) Capacity of masonry tank 45 m?or alternatively ferrocement tanks
10 or 20 m° capacity.
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(v) Roof area to suit local rainfall - To collect sufficient rainwater for
filling the tank, —oof and gutter system of three houses is to be utilised
to fill a tank of 45 m 5.
(vi) Designs - Following designs are being adopted : - -
(a) Nominal capacity 45 m3 :
Masonry tank 5m x5 m x 1. .75 m deep(43. 75 m3)
(b) Nominal capacity 9 m3 or 10 m3:
Ferrocement tank 3 m in diameter 1. 3m deep (9 10 m3) or
1. 42 m deep (10 m3). :
(vil) Designs are for guide and could be modified to suit the local condi-
tions and availability of local materials. ’
(viii) The work is not to be contracted but to be constructed with pe’ople“
participation under the supervision of Health Department Staff. = ~. -

PARAMETERS INF LUENCING STORAGE CAPACITY

Following parameters affecting the storage capacity have been considered
while evaluating the design: -

(i) rainfall and its distribution

(ii) per capita daily water requirement

(iify dry spell period In a year

(iv) number of persons per family

(v) nature of roof surface and effective roof area

(vi) run-off losses and evaporation cum leakage losses

(vif) Safety from short spell of no rain in a month preceding or succeeding
the dry no rain period in a year.

The attempt here is to delineate the possible combinatiéns of Toof area and
tank size required to meet a specified per capita da.lly water demand for a
Selected probabil‘ity of failure. ‘ R

< T RS TRt S
“o- " - Rainfall and Its Distribution’ - - 0 v doeno
A study of the rainfall data of the NTT province reveals that the atnual” rain-
fall varies from a spatial maximum of 4321 mm at Manggarai agency to a
minimirm of 481 mm at Sumba Timur with inter annual variations. There is
a large variation in the monthly rainfall pattern. Three to four monfks ifi‘a
year are generally dry. The avallable rainfall data for 10 stations varied
from 26 years to 9 years of record. Summary of mean annual rainfall and
standard deviations of the data available is tabulated (vide table 1).
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TABLE -1

Rainfall Statistics of Various Regencies

Regency Station No. of year Mean annual Standard
of data rainfall deviation
Sumba Timur Mauhau 26 839.178 245, 89
Kupang Mapoli 18 1717.28 610.21
Sikka Waioti 9 1242.56 393. 80
Flores Timur Larantuka 9 1402 44 476. 33
Ngada - 11 1800, 73 996. 14
Manggarai - 11 3220.55 742. 86
Endo - 9 1726. 22 578. 71
Alor - 11 1265.18 350.19
Sumba - 11 2167. 64 536.57
Belu Atambua 21 1451. 62 364. 81

Spatial Average and Standard Deviations

Regency No. of stations Spatial Mean Standard Deviation
Kupang 14 1531. 43 - 436. 31
Belu 18 1694. 06 572. 92
TTS 9 1561.11 427.76
TTU 7 1133.00 234. 02

Per Capita Daily Water Requirement

Storage capacity 1s a function of per capita water supply and the variations
in precipitation. Higher the per capita supply more is the storage needed,
consequently higher is the ralnwater storage cost. Therefore, storage for
drinking water requirement only has to be provided for designing a rain-
water storage system.

Following per capita water requirement have been adopted elsewhere for
the design.

West Java 5 lpcd By rural water supply project
West Java OTA 33/5-17

Central & East 5-6 lpcd Program for rainwater collection

Java tank in Madure, East Java by
DIAN DESA

Thailand 4 1pcd " The potentials of Ferrocement and

related materials for rural Indonesia'
prepared for USAID by Dr. Ricardo
Pama and C. Phramratapongsi.
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Sikka Regency, 4 1lpcd Actual field survey by this project
Flores-NTT in Oct, 1980

The alm should be to provide as high a rate of supply as feasible at a reason-
able cost., To determine the quantity of water being actually collected and
transmitted by families during summer for meeting their drinking water
requirement, a survey was conducted by the project staff in Sikka regency in
October 1980. It was found that every family transports about 2 bamboo

full of water daily for meeting their drinking water needs. The actual quan-
tity per bamboo was measured and found to be 12 litres. The average number
of persons per family was: found as 5.5 to 6. Actual per capita water require-
ment transported, therefore, works out as 4 litres per day.

The paper, therefore, analyses the system storage capacities required for
a per capita supply of 4 and 5 Iped.

Dry Spell Period in a Year

From the rainfall data it is also clear that the dry period in a year varies
from 3-8 months.

Number of Persons Per Family

Regency and Subregency wise number of persons per family as per 1980
census is given in Table No. 2. '

TABLE NO, 2
Regency Population & Number of Persons per Household

Regency Population No. of Households No. of persons
per household

Alor 125,006 24,254 5.15
Belu 180,417 39,241 4. 60
Ende 195,047 36,537 5. 33
Flores Timur 240,747 43,889 5.48
Kupang 403,013 78,915 5.10
Manggaral 398,774 64,873 6.15
Ngada 121,749 18,042 6.74
Sikka 219,944 35,778 6.15
Sumba Barat 231,959 39,070 5. 94
TTS 283,555 60,563 4,68
TTU 159,052 26,205 6.07

Further, the population is rising and hence the number of persons per
household is likely to increase in future. For computations of required
storage per family, the numbers of persons per family has been taken
as six for all regencies.
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Nature of Roof and Roof Ares

Nature of roof'surface : Rural housing in NTT is classified into permanent,
semipermanent and temporary. Semipermanent and temporary houses have
thatched roof. A large percentage of houses in a desa are usually thatched.
Such houses are unsuitable for rainwater collection system. This is because
fine organic particles of thatched roof straw are found to flow along with the
rainwater, imparting colour, smell, taste and pollution to water, rendering
it unfit for storage and subsequent human consumption. Only those houses
which have galvanized mild steel sheet roofing or tile roofing are,therefore,
considered for the development of rainwater collection systems.

Gross roof area : The housing Improvement and resettlement programme
of the Government of Indonesia for NTT envisages following four types of
houses :

Type Plinth area Roof size Roof area
mxm mxm m2
Type 1 6x6 8x8 64
Type I 6x7 8x9 72
Type I 6x8 8x10 80
Type IV Tx8 9x10 90

Due to limited financial resources, most of the houses planned for resettle~
ment are however of type I or type II. All these houses have galvanised
corrugated metal roof. The height of the lower edge of the roof varies from
240 to 250 cm above ground level. The roof areas of houses of Puskesmas
doctor and employees of Puskesmas are as tabulated below:

Plinth Area Roof Area
m?2 m2
For Puskesmas Doctor
Type I 70 103
Type II 70 103
For Sanitarian /midwife 50 84

Effective area : The effective area of the roof draining rainwater to rain-
water gutters and then to the tank will depend upon the type of house, the
location of the tank, capacity of the gutters and the arrangement of rain-
water pipes conveying roof water from gutters to the tank. Any corner
bend on the rainwater gutter, reduce its capacity by 25%. The length of
the gutters, the effective roof area percapita draining to the filter assum-
ing number of persons per house as six is tabulated below.
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Standard House  Storage tank located at side Storage tank located at the back

type,plinth area corner
mxm Effective roof Gutter length Effectlve roof  Gutter length
area - m2 (m) area m?2 (m )

Total Per cap Total per cap Total per cap. Total per cap

Type I, 6x6 32 5 16 2. 66 48 8 24 4
Tvpe O, 6x7 36 6 17 2.90 54 9 25 4.16

Verv few heads of familles are however fortunate to have a house even of 6mx6m
size as being adopted for the resettlement areas. Due to joint family system manv
houses have more than one family in one house. A roof area of more than 3 to 4
m2 percapita contributing flow to the tank is, therefore, hardly likely to be avail-
able.

In West Java a roof area of 2. 0 8q.m. percapita was adopted for design evaluation.
For analysis of storage capaclty however, calculations have been worked out with
roof area as 2 mz, 3m2, 4 m?2 and 5 m?2 per capita for calculating the rainwater
flow to the tank to determine the effect of area on the tank capacity.

Runoff Losses and Evaporation Losses
Runoff and evaporation losses with galvanised metal sheet roofing may be quite
small in ralny season, but may be appreciably high during the period of very
low rainfall when atmospheric temperature is high. Based on the data of tempera-
ture and evaporation, a runoff cum evaporation loss from the roof surface as 15%
is adopted for storage design calculations. Storage tank is covered and water
proof, not much water stored is therefore likely to be lost from the tank. A
leakage cum evaporation loss from the tank surface at 5% is however adopted for
design evaluation.

Safety Against Short Spell of No Rainfall Preceding
and Succeeding a Long Dry Spell

The analysis of storage required for a selected roof area and supply percapita

in a year is based on the monthly rainfalls. However, storage may fall short

due to daily variations in the precipitations. This is clear from a detailed
analysis based on daily rainfall for Sumba Timur regency, wherein it is computed
that the storage required is about ¥ more than that computed based on monthly
data dry spell. To cover such an eventuality 7 extra storage has been provided
on the storage computed on monthly rainfall data. A provision of 10 em in

height of the tank is provided as a dead storage.

STORAGE TANK CAPACITY
Maximum average percapita supply possible : It may be of interest to know as
to how much percapita gross storage {Including evaporation and leakage quantity

from the tank) 1s feasible if every drop of rainwater (after evaporation losses
etc., from the roof) is retained in the tank. This has been analysed and the
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percapita supply figures have been computed for various regencies. It is clear
from this analysis that to provide 4 to 5 lpcd even in drought year, a maximum
roof area of 3 to 4 m?2 (more than 2 m2) {s necessary.

Storage Capacity : As the rainfall is concentrated in a period of 4 to 8 months
in a year, if attempts to retain every drop of rainwater available is made,
balancing storage capacity becomes considerably higher in comparison to the
case when storage is provided to meet the maximum no rainfall dry period requ-
irement at a restricted supply of 4 or 5 Ipcd. This is because total rainfall is
much more than required to provide a continuous supply of 4 or 5 Iped. This
difference will be more noticeable in caseof Kupang than Sumba Timur because
average rainfall for Kupang is higher than Sumba Timur, where as dry spell
period remains almost same.

Storage for longest dry spell : Maximum dry period of no rainfall in NTT is
7 to 8 months in the area with total annual rainfall of 1500 mm or less. The

most critical storage to meet the dry period (no rainfall months), works out

to be as follows :

Most critical storage required for the dry period of 8 months :

(i) At 41pcd required 4 x 30 x 8 = 960 litres per capita
(ii) At 5 lped requires5 x 30 x 8 =1200 litres per capita

Thus about 25% more storage is required if one adopts dry period daily
per capita supply as 5 lpcd.

The storage calculations have, however, been performed on year to year
basis to meet the requirement at 4 and 5 Iped for a roof area of 2, 3, 4 and
5 m2 per capita for all the stations using the available data. The storage
capacities required have been analysed for different dependability levels.
These are given in tables 3, 4 and 5. It is clear from this that about 170 to
847 litres storage capacity per capita is required with a roof area of 4 m2
to meet water requirement at 4 lpcd with 90 percent dependability.

Storage analysis : Total storage required for all the regencies for 90%
dependability is worked out for 4 lpcd and 5 Ilped supply respectively. The
storage so computed includes adjustment for daily variations in rainfall
(7 percent) and leakage and evaporation from tank (5 percent) and a
summary of the same is given below :

Regency Total storage required (litres) for
4 Iped 5 lpcd
Sumba Timur 948 1207
Flores Timur 932 1040
Kupang 814 1030
Sikka 796 1054
Ngada 784 1349
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Belu 651 822

Alor 553 723
Sumba Barat 411 582
Ende 321 458
Manggarai 191 278

Storage capacity per family : Based on the analysis of storage requirements,
it 1s found that some regencles require less storage than others even for higher
rate of supply as they have less variations in the monthly rainfall. Hence it is
desirable to divide the regencies into two bread categories :

GroupI ~ Sumba Timur, Flores Timur, Kupang Sikka, Ngada, Belu and Alor:
These are to be provided with a family storage of 6000 litres. Leaving a dead
storage height of 10 em and maximum height of tank limited to 1.6 m, these
regencies are to be provided with a tank 2m x 2m x 1. 6m for each household.
With this the regencies Belu and Alor will have capacity to supply of 5 lped
whereas the others will have a capacity of 4 lpcd.

Group IT - Sumba Barat, Ende and Manggarai : These are to be provided with a
family storage of 3600 litres. Again making provisions for dead storage and
size 1.55m x 1.55m x 1. 6m has to be provided for each household in these
regencies and it will have a capacity to supply at 5 1pcd.

SUGGESTED DESIGN CAPACITY OF STORAGE TANKS
In deciding this the existing practice and the past experience are relevant.

i) The rainwater collected in the rainwater tanks constructed for
communal use soon gets exhausted within 2 - 3 months after the rains,
mainly due to uncontrolled draw off by too many people.

(ii) The raln water tanks of 45 m3 capacity require a large roof area and
an elaborate arrangement and long lengths of the rainwater gutters
which often is not available, as a result tank is not always full up to
the design level.

(iii) The construction of the rain water tank has to be sturdy and water
proof to prevent loss of water after collection.

It is, therefore, suggested that the construction of smaller tanks of 5m3 for
individual household use should be encouraged to provide 4 to 5 lped supply
throughout the year wherever feasible,

The larger capacity tank 10 m3 (preferably) and 20 m3 should be provided at
Puskesmas, residences of Puskesmas staff, Gereja, Masjid, Schools,Balai
Desa Office, Police Station/Military Office and. joint family households
provided sufficient roof area is available in preference to a single tank of

45 m3 capacity. As a thumb rule roughly 4 m2 roof area should contribute
(2m gutter length) flow per cubic meter of water intended to be stored in the
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TABLE NO. 3

ABSTRACT OF STORAGE REQUIREMENT FOR DIFFERENT DE PENDABILITY

Regency and station Dependability

Regency : Sikka 100%
Station: wioty 88. 9%
77.8%

Regency: Sumba Barat 100%
90%
80%

Regency: Belu 100%
90%
80%

Regency: Alor 100%
90%
80

Regency: Ende 100%
90%
8%

Regency: Manggarai  100%
9%
80%

Regency: Ngada 107%%
9%
80%

Regency:Sumba Timur 100%

Station: Mauhau 96%
927
88%
84%
80%

Regency: Kupong 100%
Station: Mapoli 93. %
86. 7%
80%