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RAINWATER HARVESTING FOR DOMESTIC WATER SUPPLY
IN DEVELOPING COUNTRIES: A LITERATURE SURVEY

Abstract

Interest in rainwater narvesting (RWH) for water supply in developing coun-
tries has grown with the growing interest in supporting locally organized and
implemented efforts to meet basic human needs. RWH is an attractive way of
increasing the quantity of water available for household use in areas with
water shortages. Catchments using existing roof structures and surfaces com-
bined with self-built storage containers represent a particularly promising
approach.

In this report the literature on rainwater harvesting is reviewed and publica-
tions most useful Lo prospective designers and implementers of RWH projects
are identified. Guidelines for assessing feasibility and costs of simple RWH
systems are also provided. Construction of selected catchment and storage
technoloaies is described. When a small existing roof is used for catchment,
several gallons per day could be provided for at least part of the dry season
in central Africa, at a cost (for self-nelp construction of the storage tank)
of under US$100.00. Costs of tanks may be reduced by applying or modifying
traditional storage techniques or planning storage in construction of new
buildings.
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Chapter 1
INTRODUCTION

Effective rainwater harvesting (RWH) techniques have been known and practiced
for thousands of years in many areas of the world. Today there is a growing
interest in the potcntial of RWH as a source for individual water supplies
as deveiopment assistance groups devote more and more attention to small-scale,
locally~implemented projects for meeting basic human needs.

As an option * r development of water resources, RWH presents number of advai-
tages. It ic a way to increase the quantity of water avaiiable to households
on an incremenial basis without requiring the mobiiizatior of vast quantities
of resources. Further, it usually will not requirc the impurting of materials
and expertise, In combination with sanitation o other projects, RWH plarning
and construction can serve as the focus for community organization efforts.
RWH rel*es on and buitds upon Tlocal skills and experiences in construction,
water censumption, and rainfall patterns. And when proven techniques are
combined imaginatively with local structures and materials, RWH systems can be
relativaly low in cepital cost. For exziuple, in southern Chad an e:;;isting
sheet mezal or tile v.of with a plan area of 30 m2, guttering made and hung
with local wood and fiber, and three tanks made of traditional baskets and cement
mortar, would be built at a cash cost of about US$80.00 assuming self-help
labor, a cement price of US$5.00, and. less than 10 percent of total expenditures
for sand and gravel. See Appendix B.2. Such a system would provide several
gallons of water per day for much of the year, substantially improving a family's
water supply during at ieast a part of the dry season. Use of locally-available
containers in place of or supplementing cement mortar tanks might reduce costs a
great deal. If water storage could be planned and built into new public facili-
ties such as schools or health centers, a much large:r supply of water might be
available for 4 relatively small increment in construction cost.

Finally, RWH may be the only way to increase availability of water where ground
and surface supplies cannot be developed further at reasonable costs.

Why has the great potential of RWH only recently come to the attention of an
international audience of development planners and practitioners? Answers to
this question lie in the traditional structure and administration of develop-
ment assistance. International assistance bodies and nat‘onal development
planning authorities have strived for the broadest impact within the short
term. They have tended to devote their resources to water supply technologies
and projects that can be designed centrally and implemented regionally or
nationally. Successful RWH programs, on the other hand, clearly depend ¢n
local consicerations such as climate, user participation in design, building
styles, materials, and skills., It is precisely these characteristics of RWH
which have more recently aroused the interest of those committed to supporting
locally-organized efforts with concrete achieveable goals. While providing
planning assistance and funds for such projects will present cnhallenges for
many organizations, the potential benefits--in increased quantities of conven-
ient, potable water-call for a closer examination of the range of RiH tech-
niques.

~1-
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The remainder of this paper will attempt to survey the field and to identify
those publications that have the greatest value for planning and assessing RWH
systems, The mosc promising and widely applicable catchment and

storage
techniques are identified and their construction described.



Chapter 2

THE RANGE OF RAINWATER CATCHMENT TECHNIQUES: AN QVERVIEW

Rainwater harvesting--like any other kind of water supply--is a means of taking
water out of the hydrologic cycle for some human or productive use. Most water
supply strategies interrupt the cycle after the water is on or in the ground by
diverting water out of streams or pumping it up from helow ihe surface. 1In
rainwater narvesting, the water is intercepted as it falls.

While rain is a diffuse source of water it can be collected and stored until it
is available in useful quantities. The range of water harvesting approaches and
applications is tremendous, spanning a broad spectrum of technologies and a con-
siderable reach of human history. Furrows in the soil surface were used in
ancient Israel and are used today in Australia (now called "roadad catchments") to
provide water for agriculture. [n Roman times, cisterns varying in capacity from
30 to 3,000 m3 were dug out of soft limestone and filled with surface water
diverted off of hillsides (Davis, 1963).

In general, rainwater harvesting can be defined as "the process cof collecting
natural precipitation from prepared watersheds for beneficial use" (Currier,
1973). In practice, most RWH schemes can be understood as systems with two
basic components:

1) a surface or '"catchment" for collecting rain and channeling a flow of water,
and

2) some kind oi reservoir for receiving the water from the catchment and holding
it for use or distribution,

There are many possible ways of classifying and organizing RWH systems for purposes
of description and analysis. Systems can be classified according to the broad
type of catchment surface employed: untreated soil, treated soil, or artificial
sheet material. Often RWH systems are called "ground catchments" or “roof
catchments" according to the elevation of the catchment surface. Sometimes it
is useful to distinguish between systems in which the surface of stored water is
below the ground (e.g. in a buried tank) or, alternatively, above the ground (as
in a jar). These categories often overlap and intermingle in practice. For
example, rooftop catchment surfaces may feed above-ground tanks, buried tanks,
oper. ponds, or all three; and conversely, underground tanks may collect water
from treatea or untreated soil surfaces or, on the other hand, from some kind of
roof,

2.1 Implications of Type of Use for Choice of Techniques

Survey of the literature on techniques and applications suggests that establishing
categories of intended use (e.g. domestic vs. agricultural use) is nelpful. The
nature and requirements of the use then indicate certain *techniques as preferable
to others. For example, agricultural uses--water for animal stock or for
irrigation--call for large quantities of water; quality is relatively unimpor-
tant. Clearly large catchment areas are required and the ground surface is the
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obvious choice. Since color and clarity are not important, any of a wide variety
of treatments, ecasily applied over large expanses of g-ound, may be considered.
Tanks withcut covers will often be chosen to reduce costs.

On the other hand, water for domestic use snhould be cleaner and more convenient
than agricuitural water. Roofs are an obvious choice for a catchment surface as
their elevation protecis them from contamination and damage which plague giound
surface catchments. Tanks built into or adjacent to homes and public buildings
mean that the distribution voint 1s convenient. Public nealth considerations
usually dictate some kind o cover for tanks whici reduces evaporation and assists
in controlling discase vocters such as mosquitoes.

Thus tne nature of domestic use indicates rooftop catchments and tanks in or
near buildings. Obviously this will not always be the case and this report will
describe domestic supply schemes with ground-surface catchments and open/under-
ground tanks (e.g. Maikano and Hyberg, 1980; Ionides, et al., 1969). In many
areas, lack of suitable roofing materials wil) stand in the way of rooftop catch-
ment, at least until] alternative roofing is a. ilable. But where suitable roofs
exist--and few areas are entirely without some impermeable roofing, at least
atop public facilities--the catchment structure and surface are already paid for
so that available cash and effort can be invested in adequate guttering, foul
flush systems, ana tanks for storage. Additionally, rooftop catchment systems
do not invoive the all-out wmobilization of labor required by most community
ground-surface catchment systems (Farrar and Pacey, 1974; Grover, 1571). 7Thus a
village water supply can be improved incrementally with catchment systems, each
requiring a small up-front cash outlay, undertaken one at a time.

2.2 Rooftop Catchments for Housenold and Small Community Water Supplies in
Developing Countries

This report, then, will focus on rooftop catchment systems which have been used
in developing countries. In addition to scarcities of capital and lack of access
to many kinds of modern industrial expertise, the following conditions need to
be taken intov dccount when considering RWH as a local-level water supply option:

a. tropical and subtropical climates Wwith marked wet and dry seasons;
rainfall coming 1in short, torrential bursts; and very high poten-
tial evaporation rates, often exceeding 2 m per year (Grove, 1978).

b. soils whicn dry out and crack during sustained dry periods, reducing the
capacity of <oil norizons to absorb and retain water and limiting ground-
water recharge (Myers, 1962). This often limits groundwater sources to
those that are too deep to develop using available numan or animal power,
and too expensive to develop using imported engine-driven pumps.

C. dangers of waterborne and other infectious diseases wherever water is
ponded or stored in the open.

d. rural poverty with corrasponding nutritizn deficits.

e. lack of experience in organizing for community public works.



Chapter 3
CATCHMENT SURFACES AND MATERIALS

3.1.1 Roofing Materials

In many areas where rooftop rainwater catchment might be an attractive option,
existing roofs with clearly suitable surfaces are rare. Tnis section outlines
some of the most promising of recent developments in low-cost, impervious roofing
for developing countries.

The "conventional" materials of choice for impervious roofs in developing coun-
tries are usually corrugated galvanized metal (variously calied "tin",
"galvanized", "iron sheet", "zincpan", etc.), fired tile, and "asbestos" siieet.
Manufactured metal sneet is lignt in weight, easy to install, and sheds water
better than the other alternatives. It is, however, expensive or altogether
unavailable in many isolated areas where rooftop catchment mignt be most appealing.
Tile is fairly impervious but its manufacture requires a source of good clay
soil and fuel for firing. It is also substantially heavier than mast other
materials. Manufactured corrugated asbestos sheet is strong and light in weignt,
but, 1ike metal roofing, expensive and often practically unavailable (Hofkes,
see section 8.3, suggests that certain asbestos roofing materials may shed asbestos
fibers into the runoff but no data came to lignt on the nealth implications of
this.)

“Traditional" materials may have some potential as rain-shedding surfaces for
roofs which can be guttered. McDowell (1976; see section 8.2) reports that
thatched roofs have been guttered with polyethylene and that the water from the
roof is potable (some sources question the potability of water collected from
thatch surfaces). Hall (1981; see section 8.1) discusses thatching materials and
techniques, emphasizing the cost-effectiveness and broad potential of .a tradi-
tional technology. The durability of thatch has been widely questioned and
public-health-minded investigators express concern over thatch as a breeding
place for insects and even rodents.*

Fibre reinforced cement (FRC) corrugated sheets, and processes for local-level
fabrication in developing countries, have received considerable attention (UNIDO,
1978; Parry, 1981; 1.T. Building Materials Workshop; see entries in section 8.1).
UNIDO estimates that at a cement price of US$5.00 per 50-kg bag, FRC sheets
reinforced with sisal fibers could be fabricated for a materials cost of about
$0.90m2 in many developing countries (1978). Parry -(1981), reporting on the
pioneering work in small-scale manufacturing of FRC sheets, writes that:

"By comparison with the conventional alternatives, if production labour costs are
counted, fiber cement roofing components generally turn out to be : 1) Between
one-third and one-quarter the cost of asbestos cement roofing sheets and requiring
a similar roof structure. 2) Slightly more expensive than Tlocally-produced

*The reported use of shingles made from coconut tree trunks in some parts of
Southeast Asia is another example of local materials which might fit well in a
rooftop catchment system.
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A variety of materials and treatments can improve efficiency of ground surface
catchments. Myers (1974, page 3) provides a list of "desirable characteristics

for materials for catchment aprons...(see also figure 1):

1. Runoff from the structure must be nontoxic to man and animals.

2. The surface of the structure should be smooth and impermeable to water.

3. The structure should have high resistance to weathering damage and should
not deteriorate because of internal chemica: or physical processes such
as crystallization.

4. The structure need not have great meachanical strength but should be
able to resist damage by hail or intense rainfall, wind, occasional
animal traffic, moderate flows of water, plant growth, insects, birds,
and burrowing animals.

5. The materials used snhould be inexpensive, on an annual cost basis,
and should require minimum site preparation .nd construction costs.

6. Maintenance procedures should be simplc and inexpensive."

What follows 1is a discussion of some of the advantages and disadvantages of
different materials. Steel (Lauritzen, 1967) nas the obvious drawback of great
expense. Butyl (Lauritzen and Thayer, 1Y66; Bradley, 1967) is also expensive and
may impart a noticeable, if harmless, color to water. Paraffin wax may be "the
most promising of all the chemical treatments tested. Paraffin is cheap and easily
applied, and its life expectancy is at least five years when applied to a sandy
soil" (Eshenaur, 1982). Application of sodium salts, to reduce seepage on catch-
ment surfaces and in reservoir banks (e.g. Cluff, 1975) is lew in cost but
relatively short-lived and its effectiveness is dependent on soii composition.
Sprayed asphalt nhas been widely considered and proposed (Frasier, 1975; see
section 8.1). Asphalt, af‘er weathering, also tends to impart a dark color to
water wnhich might be eliminated by spraying the surface witnh one of a variety of
treatments. Grover (1971) proposed such a sprayed asphalt catchment for a commu-
nity rainwater harvesting scheme in Kenya.

k Institute for Rural Water, 1922c¢ {draft) by permission

Figure 1, Typical Ground Catchment Scheme.
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The University of Arizona in thne United States w+s been a center for research
into ground surface catchments, although the emphasis of the research has been to
develop catchmenis for agricultural uses, Cluff (1974) describes a range of
approaches beiny investigated there including "compacted earth," "compacted earth
sodium treated,” "yravel covered plastic,” and a sequence of layers, "asphalt-
plastic-asphalt-chipcuat” (see Frasier, 1975 section 8.1). As described, the
treatments dre heavily dependent on large, expensive machinery; however, some of
them might be adapted for applicetion usinag labor-intensive metnods.

The organization Onristian Care (Farrar and Pacey, 1974) suggests a concrete
apron to collect water for their undergreund tanks. Maikano and Nyberg (1980)
describe a pilet rainwater catchment project in Botswana which makes use of
traditional grain thresning floors as catchment surfaces, These floors are
plastered witn a mixture of clay and cow dung and the project is monitoring the
water cellected tor chemical and pathoyen concentration.



Chapter 4

GUTTERING SYSTEMS

Clearly, effective guttering is a key to rooftop catchment systems; water can be
neither stored nor consumed if it is not channelled efficiently from the capture
area to the tank. VYet tne materials and techniques for construction of effective
gutters is a topic that is omitted from almost all accounts. Technically, gutter-
ing is far less challenging than construction of cost-effective water storage,
and its cost is usually a relatively small part of total costs. Possibly gutter-
ing has been largely ignored in published accoints for these reasons.

4.1 General Considerations

How big do qutters need to be? Size needs will obviously vary with the intersity
of Tocal storms and the ground area covered hy the roof. Ree (1976), investigating
runoff yields from slopiig metal roofs, used sheet metal gutters 20 cm wide by
10 cm deep, each with a downpipe 15 cm in diameter. Each of these gutters had a
capacity of twice the greatest runoff rate recorded from nalf a 12 x 18 m area
of roof over a period of one year in Okiahoma. Thus, gutters half as wide or
nalf as deep would have handled the year's heaviest rain from the roof. In
general, gutters and downpipes :ith a cross-sectional area (widtn x depth) of 100
cmé will probably be big enough to handle all but the most torrential rains from
most roofs.,

A greater problem than gutter size is probably hanging gutters securely so that
they do not saqg or fall during heavy rainfall, and keeping them positioned so
that they catch both gushing flow and dripping flow from the edges of the roof.
Ensuring adequate slope for the entire system, so that water does not stand and
damage gutters or attract mosquitoes, is equally important. :

4,2 Manufactured Metal Gutters

Aluminum or galvanized sheet metal guttering is the technology of choice in most
areas in developed countries. The gutter sections are joined with special brackets
and hung with metal straps or long spikes with sleeves which are driven through
the upper part of the gutter's width and into wood backing. As of this writing,
in the U.S. aluminum guttering and downpipe sections cost about $US1.85/m
(galvanized sheet is sligntly less expensive but tends to corrode more quickly
unless coated with high-quality rust-resistant paint). Hardware for joining and
hanging the system costs another $0.60 per meter. This would make the materials
costs of guttering and downpipe for a buildiig 6 m long approximately $30.00.,
Higher cost or unavailability are likely to eliminate manufactured metal gutters
as possibilities in most rural areas of developing countries.

4.3 Alternatives Using Local Materials

McDowell (1976, page 33) observes:

"It is noticed that, in many areas, houses will have a short length of roughly
fashioned guttering “ixed under the eaves just above the door, and that water

-9-



from this will be collected in an oid oil drum or other container. It seems that
this type of device is used more for the purpose of preventing water from running
in through the doorway of the hut than as a serious approach to water collection.
However, the existence of this "technology" could provide the link point for
development of simple but effective roof catchment systems."

McDowell also reports o~ the use of split bamboo culms with joints removed, and
"W"-shaped gutters made by nailing two boards together at right angles edge-to-
edge, This construction seems likely to leak but the "V" mignt be sealed with
tar, pitch, or some local gum. The Institute for Rural Water (1982; see section

i_-.\\iamu e

- .
Bambev spht in half
and H18paragms
removed

s
’ )
N

c 2l
~s2 A
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< .
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o Gurter madt
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Loands

d/«-nbao

of

“ " Tincans art inhs) :
Ana rivetted Toqetvr,
Institute for Pural Water, 1982 (drafi), by permission e
Basics, October 1978, page 4
figure 2, Bamhoo Guttering Joining Figure 3, Alternative Forms of
Sections. Guttering.

8.1) provides good ideas for joining sections of bambou guttering with wire and
sone fiexible sheet materials such as rubber or canvas, ana joining gutters and
downpipes witn similar materials (see figures 2 and 3 above). The Institute for
Rural Water also suggests hanging gutters with twisted wire or local fiber,
wrapped around the gutter and tied to noles in roof sheeting or to the ends of
roof supports (see figures 4 and 5).
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INstitute for Hural Water, 1982b (draft), by permission

Figure 4, Hanging Guttering.
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Figure 5, Joining Gutters and Downpipes.
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Chapter 5
DTVERTING THE “FOUL FLUSH"

The crucial importance of some routine or technique for keeping dirty water
flowing off a roof at the beginning of a storm out of the storage tank is dis-
cussed below in section 7.4, In general, there is more to be gained by devising
an effective "foul flusn" method than by investing in filters, which clog and
become contaminated quickly (e.g. Midwest Plan Service, 1979). There are two
kinds of foul-flusn devices, those which require the flow of water to be switched
manually firom waste to the tank after the appropriate interval and those which
are "automatic".

5.1 Manual Systems

Usually lower in cost and easier to devise, these will be the obvious choice in
most poor areas. An attractive and simple approach is to attach the downpipe so
that it can be propped in tne "waste" position, then propped in the tank inlet
after the roof is ciean. Open trough downpipes like split bamboo can be susperded
beneath the outflow of the gutter with wire or local fiber; closed downpipes with
a flexible joint can be moved in the same manner (see figure 6 below).

BricKorhles ™57 _Dow/p}lp(, tam be
dvain redirected om wf
flush ov over Llows

INstitute for Rural nater, 13£2 (draft), by pcrmission

Figure 6, Manual System for Diverting Foul Flush,
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Tne task of moving the downpipe can be performed consistently by anyone including
children. People in developing countries tend to be conscious of the precise
moment it begins to rain because drying laundry must be brougnt in.

Another simple technique for tanks with small covers is to leave the cover on,
blocking the flow of water into the tank, until tne roof is clean. A similar
approach (for very small containers like jars) is tc move the container into
position under tne downpipe only after an appropriate interval. Both these
routines may be objectionable from a public nealth point of view: they cause
mud and pools of standing water at the tank. Nevertheless, they may be the method
of choice where a more complex downpipe and foul flush arrangement is impract-
jcable.

By-pass valves built into metal downpipes may be an option in some areas. O0ften
referred to as "butterfly" valves, they are made of sheet metal and thus would be
expensive or impossible to fahricate in many situations. It might be possible to
devise a1 similar valve for downpipe arrangements made of other materials, but a
movable downpipe will probably be the cheaper, more functional alternative
(see figure 7 below).

: - .':'_ / eetrh
Medele dowmpip? L gl N',\:,,u{z; i:fljs either

sutle]”
Ed‘crw;l [ever

indicates duechm
of flow, M’

deflectr

o Cistern

Institute for Rural Watar, 1982b (draft), by permisssion

Figure 7, By-pass Valve.
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5.2 Automatic Systems

Automatic roof cleaning devices are available commercially only in a few areas,
but they may be fabricated from local materials in some situations. One simple
automatic device is a container or receptacle for dirty water called a “roofwasher"
(Midwest Plan Service, 1979; see figure 8 below). After the roofwasher receptacle
fills up with the foul flush, water begins to overflow into the storage tank. A
screen is usually attached between tne downpipe and the foul flush container as
shown in the figure to keen out leaves and uther large pieces of debris tnat
would float on the water in Line receptacle and clog the overfiow pipe to the
tank. 0il or fuel tins, used for nhauling water in rany areas, migit be converted
to rocfwasners. Midwest Plan Service (1979) recommends about 10 liters of
roofwasher receptacle capacity for every 30 mZ of roof area. Other sources (e.qg.
Dooley, 1978) say a roofwasher should be big enougn to hold the first 20 minutes
of runoff.

. Downspout from koaf :
Vo =i Hardwarc Cluﬂ

Midwest Plan Service (1979)
by permission

It
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r-vlp e (»u,aﬂ"'}nw}"}}v N ARG IR

Figure -, Homemade Roof Washer.

A problem with such a simple device is that when the beginning of a rainstorm is
torrential, water will pour vigorously into the roofwasher from the downpipe,
stirring dirt and bird droppings so that tney are carried through the overflow
pipe into the tank instead of settling at the bottom of *he receptacle. To
inhibit this stirring action a baffle can be mounted crossways, inside the
roofwasher and/or a vertical screen can be iustalled dividing the downnipe side
from tne tank inlet side (see figures 9 and 10). Roofwashers must have a drain
and removable cover so that they can be cleaned after each rain.
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Figure 9, Roof Washers.

More complicated "automatic" foul flush devices tend to require more attention
and stronger structures with more hardware for mounting in the downpipe. Reported
in use in Australia are, “swing funnels" mace of sheet metal, with 2 large inflow
side divided into two compartments, and hinged on a horizontal pin (see figure
10 below). At the start of a storm, wator pours from the gutter into the first
\- compartment., As the weight of

Rooi \““2L" the assembly increases, the
\71 ’ funnel swings so that water pours
_;l Cotector from the gqutter into the second

o compartment which leads through
?QL“—Wé the downpipe into the cank. Such

50 S funnal tree te rotate tomarda a funnel would have to be quite

7 et sloming comositment B large to hold the recommended

7 B srevicsa civaned oy tins whic volume of foul flush. Mounting

accumuiates v chembdaer A

and hinge-pin: would also have to
be quite strong. This particular

I
gl

%f Mingina-oln device is unlikely to be the most
7 S tank attractive of foul flush options
7 " in most places, but it is an
% interesting idea.

) UNEP (1979)

g by permission

Tank

Figure 10, Swing Funnel.
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Chapter 6

STORAGE TECHNOLOGIES OR "TANKS"

6.1 General Considerations

A satisfactory storage tank 1is the key element in a rooftop catchment system,
As has been noted in other sections, the water storage facility or "tank"
is usually the most expensive part of simple RWH systems and at the same time
the most difficult tn construct so tnat it will perform satisfactorily over a
long period. An adequate tank must not leak. It must be structurally strong
enough to support the great load of the water it will nold and it must be covered
to keep out sunshine, dirt, insects, and (if the tank is buried) dirty surface
and ground water,

As far as users are concerned, the tank is also the focus of the system. It is
usually both the storage and distribution point, requiring cleaning and main-
tenance to ensure both these functions.

Tanks can be categorized into three groups:

1. *hose used with individual nhousenold rooftops (mostly above ground).

2. those used with larger rooftops or several rooftops (above, partially
buried, and below ground).

3. those used with surface catchmenis.

Within each of these three groups there are many different kinds of tanks, each
with its own construction methods, materials costs, and labor requirements. Each
of these factors, along with the required capacity of the tank (see technical
note on using rainfall data to design a RWH system, Appendix A), enters into
decisions about what kind of tank to build.

The tank's function--as an individual nhousenold source or source for a group of
families--is probably the single most important determinant of tank size and
design. This choice can be made only in close consultation with the people who
will build and use the tank. Without their participation and genuine support
a tank-building effort has little prospect of success. In their comments on the
slow progress of open tank construction for irrigating school gardens in Botswana,
Farrar and Pacey (1974) note:

"In any community where a tank programme is contemplated, it would seem important
to inquire into the 'felt needs' of the people. To which category of water use
do they give nighest priority?

"a) drinking water: for homc or school use?

"b) washing water

"c) water for gardens: again, at home or at school?

“In most parts of southern Africa, water for school gardens would be given the
lowest priority."
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Wnether to build an above-ground tank or an excavated (underground) tank deserves
considerahle thought. Watt (1978) notes:

"Storing water in tanks built on the surface has many advantages when compared
with storage tanks excavated into the ground. Besides avoiding the need for
aborious excavation which 1is almost impossible in some hard dry soils, the
anks can be observed for leaks and easily repaired by trowelling a layer of
mortar onto t..e inside of the empty tank. In additicn, although the stored water
is likely to become hotter in the sun, the risks of polluted material falling
into the tanks are reduced. Water stored above ground can flow out under its
own weight whereas 1t has to be pumped out of a ground tank."

The main advantage of underground tanks, on the other hand, is that the earth
supports the tank lining and conterts, making it possible to build deeper tanks
with thinner walls. Tnis means tnat building ma‘erials can be conserved and used
to make leakproof wall surfeces instead of structural wall reinforcement.

Underground tanks do not always require a pump. Figures in secticn 6.3 (below)
show how a concrete block tank supported w~ith earth embankments can be fitted
with a tap.

Larger tanks require fewer materials per unit of water storace capacity than
smaller tanks, which tend to give them a cost advantage. Constructing smaller
tanks, though, tends to require less axpertise and preparation, fewer tools, and
less cash "up-front". Large tanks may bring with them structural problems. For
example, large areas of flat .lastered wall are more vulnerable to cracking than
smaller walls (e.g. Maikano and Nyberg, 1980). Thus, in many cases, smaller
tanks or groups of smaller tanks will be chosen in preference to a single larger
one.

Different kinds of tanks demand different standarcds of workmanship in construc-
tion. Ferrocement and other tanks made with mortar plaster will crack and leak
if mortar is not made with clean components in proper proportions, and applied
preperly to the reinforcing framework. A prototype made by people who have never
made one before may not perform satisfactorily. A failure should be planned on
or experience sougnht,

Tne walls of underground tanks must be built carefully, especially if they are
of brick or masonry. Cairncross and Feachem (1978) say these tanks should only
be built by an experienced builder (and indeed, local mascns should always be
involved). Individual Water Supply Systems (Office of Water Programs/EPA, 1974)
emphasizes the importance of nigh-quality workmanship and recommends against
"unskilied labor",

6.2 Housenold Tanks

6.2.1 Recycled Used Containers
A wide variety of locally-available containers can be used to catch water flowing

from guttering or simply dripping off the edge of roofing., Wnite et al (1973)
describe the use in West Africa of steel petrol drums with cne end cut out (see
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picture at the front cf this report). These drums nold about 9.17 m3 and cost
about US $2.50 (1969); they can be covered with a board and a rock. Watt (1975)
notes that Thais collect rainwater from roofs in large pottery jars. He reports
a price of about US $5.00 (1675) for a 0.3 m3 jar.

6.2.2 Cement Mortar Jars

Apparently first devised in Thailand (Watt, 1975), these jars nhave been enthusi-
astically built in other parts of southeast Asia and Africa (McDowell, 1976).
Clotn sacking filled with rice hulls or some vegetable waste is used as a jar-
shaped mold, onto which cement mortar is plastered. McDowell (1976) says that
jars can be constructed with capacities up to 3 m3 using this method. Prototypes
of even larger models, made of soil-cement, have been made in Java. A great
attraction of tnis method of storing rainwater is its low cost. Watt (1975)

reports materials costs of US $0.50 per 0.25 m3 jar. Tnat entire sum was for
cement (see figure 11 below).

Most jars of this type are apparently made in the size range of 0.15-0.5 m3,
as larger jars, lacking reinforcement, tend to crack witere the wall meets the base.
See Chapter 8 for Watt's instructions for making a 0.25 m3 jar.

McDowell (1976)
both by permission

Figure 11, Homemade Cement Jar,
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James Bell*{personal communication) reported on a variation of this metnod widely
practiced in Liberia for making watei jars of about tne same size. A hole the
shape of the jar is excavated in the soil. M re netting ("chickenwire") is pegged
to the wall of the nole, which is then plastered with cement mortar. After
the jar has cured, it is dug out of its earthen "mold".

6.2.3 Traditional Baskets Plastered With Cement Mortdr

Originating in Thailand, this technique has been used to build hundreds of tanks
in Kenya, Burundi, Rwarda, Swaziland, Tanzania, Lesotho, and Zambia. The usual
technique is to plaster a granary basket wnich is set into a cement or concrece

foundation,

"In Kenya, the basket frame is made from sticks cut from woody shrub which grows
throughout the country. In Rwanda and Burundi, the frame is made from bamboo,
Presumably provided that tne material is strong, the basket could be made from
any number of snrubs or sticks which can be woven into basket form. The basket
1s canstructed on the ground by weaving tne sticks into round shapes. The actual
shope does not eem very inportant, but it 1is recommended that the bottom be
omitted so tnat che sides can bond witn the base" (UNICEF, Eastern Africa Regional
Office, 1982) {figure 12 below).

Apparently tanks up to 7.5 m3 in capacity nave been constructed hy reinforcing the
basket frane witn bands of straight wire or wire mesh. Tne more comnon size,
requiring no metal reinforcement, is about 1.5 m high and has a capacity of about
2.3 m3. Assuning a cement price of $7.14 per 50-kg bag (rural Zaire, 1981) and
allowing avout 20 percent of total materials costs for sand, gravel and outlet
pipe, a ©.3 m3 tank of this type could be built for about US $42,00 (1981),
See Chapter 8 for detailed notes on tank construction using a “Ghala" basket in
Kenya (UNICEF fast Africa Regional Office, 1982).

Figure 12, Plastaered Basket.

* Peace Corps Water and ~19-
sanitation Specialist



6.2.4 Cast Concrete Ring Tank

Relying on thin unreinforced concrete rings, poured between concentric steel
forms, these tanks have been promoted by the Thai Ministry of Health for use at
schools in a country where many buildings in rural areas have galvanized srieet
metal or tile roofs (Watt, 1978 b). The rings, which are about 1.5 m in diameter
and 0.6 m nigh, can be stacked to give tank capacities of up to / m3. Watt
estimates materials costs of US $40.00 (1977) for a tank of tnis size, not includ-
ing the cost of the forms. Watt points out that forms could be used again and
again in a tank construction project and suggests central production of tne
rings under skilled supervision. The cured, high-quality rings could then be
transported by truck to the tank location for placement on their concrete founda-
tions.

Brian Grover (personal communication) reports that the Thai Ministry of Healtn
and the Population Development Association of Thailand, in collaboration with the
U.S. Peace Corps, are building similar tanks with bamboo staves cast into the
rings for reinforcement.

6.2.5 Ferrocement Tanks

These tanks are built using a technique in which cement mortar paste is applied
by hand to a reinforcing wire mesh., “True" ferrocement has much more steel rein-
forcement than called for in the tanks described here. Still the principle is
the same: metal reinforcing strands distribute loads evenly through the cement
mortar, preventing the cracking that would occur in unreinforced materials of
similar thickness (NAS, 1973). Tank walls 4 cm thick are strong enough to hold
2 m depths of water above ground. Thus reinforced cement walls require imuch less
total material than conventional concrete walls. (Briscoe, 1981, notes that
ferrocement tank walls do not necessarily require less cement than concrete walls.)

In his nandbook for field workers (Watt, 1978, Ferrocement Water Tanks and Their
Construction, see section 8.2 below), Watt notes:

"The main advantages...of this material oveir other tank construction materials,
sucn as galvanized corrugated iron, are its cheapnesc and easy working using the
minimum of expensive materials, equipment and skills., It is, in addition, very
durable. Some of the tanks described in the manual have been in constant use
for over 25 years with only a few instances of failure--due in the main to poor
workmanship in construction."

Watt goes on to say that ferrocement techniques are particularly suited for low-
income rural areas because 1) they use commonly available materials (cement,
sand, water, and wire); 2) only simple skills are needed: "...untrained people
can make satisfactory tanks after only a few days supervision..."; 3) users of
the tanks can help in construction; and 4) only simple nand tools are required.

Clearly an important advantage of ferrocement tank construction is that it can
be taught and learned readily. Early development of these techniques was done
at the Friends Rural Training Center, Hlekweni, near Bulawayo, Zimbabwe. Roy
Henson of tne Center reports training of a half-dozen craftsmen and construc-
tion of 210 9 m3 tanks in Matabeleland in 1971-72 (Farrar and Pacey, 1974). At
the Asian Institute of Technology (AIT) in Bangkok, training is provided for
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Figure 13, Ferrocement Tank Installation in Java.
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A paste of
mortar is forced into
the layers of mesh by
hand ... (Smith Kam-
pempool, Applied
Scientific Research
Corportation of Thai-
land)

... 0r
trowel. The mortar is
dry enough to remain
in place when applied;
a formwork is not
needed. (Moel D. Viet-
meyer, National Acad-
emy of Sciences)

Office. cf the Foreign Secretary/HAS, 1973
by permission

Figure 14, Building Ferrocement Tank.
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6.2.6 Manufactured "Tin" or Corrugated Sheet Metal Tanks

These tanks have been used for many years in many areas. Farrar and Pacey (1974)
report that in parts of southern Africa, most foraigners have "tin" tanks alongside
their homes. The costs of these tanks are high and extremely variable, depending
on distance from point of manufacture. Farrar and Pacey give the cost of a 9 m

version as US $112.00 in 1973 Zimbabwe; White et al (1973) say that "tin" tanks
of 1.4 m3 capacity cost $39.00 to $84.00 in East Africa (1972). Tne corrugated
metal from which tnese tanks are fabricated may not last longer than 5 years in
a damp climate, even then galvanized. Calvert and Binning (1977) report that in
the salt-laden atmosphere of New Hebrides, 16 gage tanks fail after 3 or 4 years.

6.3 Tanks For Use With Larger Rooftops or Several Rooftops*

6.3.1 Underground Ferrocement Tanks

Most tanks of tnic type are basically an earthen pit lined with wire-reinforced
mortar. As with other underground tank designs, structural strength is provided
by the confining eartnh walls, meaning that the ferrocement lining can be made
only a centimeter thick. A further advantage of these tanks is that their con-
struction requires neither tnhe steel rod framework nor forms needed to build
aboveground ferrocement tanks.

Calvert and Binning (1977; see "Low Cost Water Tanks in the Pacific Islands" in
section 8.2 below) describe an innovative design complete with reinforced cover,
3.5 m in diameter and 2 m deep, volume 15-20 m®., First a circular concrete ring

or "footing" is poured; soil from the footing trench is used to make a
gently sloping eartnen dome in the center of the circle. A 5 cm layer of cement
plaster reinforced with wire netting and steel rod is laid over the dome, and
two 0.6 m holes are left near opposite edges. After this ferrocement dome
cures digging begins through the nholes, and the tank is excavated beneath. Two
layers of wire netting are used to strengthen the plaster applied to the earth
walls,

The authors beliaved that these tanks should not cost more than about US $250 in
1976 in New Hebricdes. They suggest that the design is suitable for "collecting a
village's water supply drained from the roof of a large public building." Wnile
fabi ication of a ccver which will not crack may require some experimentation, the
approach seems promising. Maikano and Nyberg (1980) report trials of similar
covers for underground tanks in Botswana.

*Tnis report does not deal with tanks used with surface catchments (see section
3.1.2 ). Tnere are, however, at least 3 types of tanks uced with surface catch-
ments whicn should be vriefly mentioned here because they might also be used witn
larger rooftops or several rooftops. Maikano and Nyberg (1980) describe 10-25 m3
ferrocement-lined pits collecting water from grain threshing floors in Botswana;
Farrar and Pacey (1974) describe the "Water Harvester" (three linked brick
cisterns) with 9 m3 capacity in Zimbabwe; and lonides et al (1969) describe a
project in Botswana to promote "beenive" tanks, built of polythene "sand sausages",
with capacities in the 50 m3 range. Cost information for these tanks is incluvded
in section 7.4,

24



A ferrocement-lined underground grain storage bin suitable for storing water
has been documented in the Harar Province of Etniopia (NAS, 1973; Sharma et al
1979; see Ferrocement: Applications in Developing Countries and "State-of-tha-
art Review on ferrocement Grain Storage Bins", section 8.2 below). Traditional
grain pits, conical in snape with sides sloping inward to a narrow mouth at the
surface, are lir . with plaster reinforced witn wire netting and given a concrete
floor. A small cover is needed, and provision made so that surface water will
run away from the moutn of tne pit. Ferrocement linings have been installed in
pits of tnis type witn deptns of up to 3 m and floor diameters of 4 m (see figure
15).
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Figure 15, Cross-section of Ferrocement-1ined Underyround Storage Pit,

Soil type will affect smoothness of earthen walls and the ease with which plaster
can be applied to the sides of an excavation. Calvert and Binning (1977) say
that their tanks snould be duy out in "soft" soil. Sharma et al (1979) say that
traditional grain pits have been lined successfully in all tne major soil types
of the Harar pruvince of Etniopia.

The lining of traditiona: Dagon granaries with ferrocement pioneered by Hans
Guggennein end described by Watt (19Y78), represents an interesting above-ground
version of tne ttniopian scheme, fxisting adobe-yrick granaries, about 2.4 m
nign and 2.6 m in diameter, are lined witn plaster reinforced with wire netting
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and covered in the traditional manner with timber-reinforced adobe. The flat
roofs of the adjacent houses are already equipped with water spouts to drain the
torrential (if infrequent) rains. The system seems to be an extremely inexpensive
and elegant way to provide a rooftop catchment system with storage capacity of
about 13 m3. Clearly only very sturdy adobe walls would be suitable, Watt noted
that trouble can beygin when adobe walling begins to erode in the rain.

6.3.2 Buried and Partially Buried Brick and Masonry Tanks

Stones and bricks have been used all over the world to build structures to hold
water. Stones or bricks laid with mortar have great strength under compressive
loads, but lack strength to resist loads from the side. This means that the
lower parts of walls in deep tanks, where the water pressure is greatest, tend
to buckle outward if they are not built strongly enough. This fact, in turn, is
the principal motivation for burying (or partially burying) this type of tank:
the deeper parts of the walls are supported by earth. Brick and masonry tanks
when covered properly also tend to keep water cooler than above-ground tanks,
and can be built into a basement or share a foundation wall.

Puried brick and masonry tanks have their disadvantages, however. Cracks and
leaks, which allow stored water to escape and contaminated ground and surface
water to enter, are difficult to detect and in many cases difficult to repair.
If a pump 1s used to raise water, the tank must be fitted with a strony (and
expensive) cover that will bear human traffic safely. A pump, in itself, may
bring with it serious maintenance problems.

A wide variety of shapes and sizes is possible. Rectangular tanks are easy to
design and can be readily incorporated into a building. Circular and elliptical
tanks require less wall surface (and hence less material) per unit volume of
storage capacity. The walls of circular and elliptical tanks are also stronger,
and there 1is a shorter zcene of weakness where mortar cracks are most likely to
develop along the line where the wall meets the floor (Maikano and Nyberg, 1Y80;
Cairncross and Feachem, 1Y78; see Small Water Supplies, section 8.2). Cairncross
and Feachem say, in fact, that stone and masonry tanks more than 2 m across
should be circular.

fhere are few accounts of brick and masonry tanks in use, probably because their
construction is nothing new or noteworthy. Wright (1956) shows a drawing of an
underground tank "...walled up with stone or bricks and mortar and plastered
with cement mortar" (see figure 16 below).

Wright (1956)
by permission

Figure 16, Cross-section of Underground Masonry Storage Tank.
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"

In Southern Africa, "“...the occasional large buildings in rural areas--schools,
churches, halls, etc.--can provide a water supply to the community on about the
same scale as that from 'beehive' tanks (45-90 mY). Four or five 9,000 liter
tanks would be needed for many school buildings, though a more usual methnd of
providing this capacity is to build a single large tank of concrete blocks. The
difficulty is that tank walls built in this way are ill-suited to resist the
sideways pressure of the water, so concrete block tanks are wusually built in
shallow excavations with piled earth used to buttress, the sides. (Figure 17
betow) illustrates a tank of this kind, showing how the tap may be placed so
that water can be drawn off by gravity flow" (Farrar and Pacey, 1974; see
“Catchment Tanks in Southern Africa: A Review", section 8.2). In this same

Farrar and Pacey, 1974 by permission

Figure 17, Concrete Block Tank.

paper, a /1 m3 tank of this type built in Ghana (Parker, 1973) is said to have
cost US $26U0.00 (1973). At $3.63/m3 (1973) of storage capacity, this would be
one of the cheaper tanks (in cost/m3 of storage) we have seen documented.

Many of the cis.erns built intc the basements of residences in Bermuda, where
provision for rooftop catchment and storage is required by building codes, are
made of concrete block plastered with cement mortar. Volume of these cisterns
varies with the size of the dwelling, but most fall within the range of 50 m3 to
90 m2  (John Sands, Solar Engineering Technology, personal communication).

tineg of the strongest arquments for considering tanks of this type is that they
can readily be designed and built into or alongside new public buildings for a
relatively small increment in procurement and labor costs. See the discussion
of construction details of stone and wasonry tanks in Appendix B.

6.3.3 Underground Concrete Tanks

These tanks have been widely used for rainwater storage in the developed countries.
In the United States they are usually referred to as "cisterns" and are frequently
built into or alongside hasements with capacities ranging from 10 m3 to 50 m3.
Properly reinforced with steel rod, concrete is probably the strongest material
for walls for water storage. It is resistant to cracking and leaking, and its
cover cdn be cast with an inspection hole so as to effectively seal out contam-
inants from the surtace. The dreat disadvantage of underground concrete tanks
is their expense: they require large qguantities of cement, gravel, sand, and
steel; and materials for forms, and expertise in the methods, are often also
expensive and scarce in rural areas of developing countries.
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This type of tank or "cistern" is widely documented in U.S. textbooks on rural
water supply and sanitation. Salvato (1958) and Wright (195Y) describe a
cistern with simple sand filters, overlanping wmanhole covers and hand
punps, and "buttarfly" valves in the downpipe for diverting dirty water from
the roof at the beginring of a rain. Both sources give simple guidelines for
matching cistern size to roof darea in light of the water needs of farming house-
holds in the U.S. MWagner and Lanoix (1959) give simple sizing guidelines and
discuss location: tanks should be higher than and at least 3 m from any sewage
disposal installation. They also emphasize the need to keep gutters clean and
sloping evenly toward the downpipe to prevent setting water. VITA's Using Water
Resou~ces (see section 8.2) gives tools and materials lists, ard quantitities,
proportions, and procedures tor constructing a cistern and sand-gravel filter,
The Village Technology Handbook (VITA, 1973; see section 8.2) gives detailed
information on building with concrete. The sizing guidelines given for matching
cistern volume to roof area assume that the cistern should hold a full year's
water supply for the family using it. (See the note in Appendix A on using
rainfall data to plan a rooftop cdatchment system.)

The Manual of Individual Water Systems (Office of Water Programs/EPA, 1Y74),
originally pubTished by the U.S. Public Health Service in 1950, presents the text
and cross-section Jrawings of a cistern which are referred to and appear in Salvato
(1959), Wagner and lanoix (195Y), and VITA (1Y73). Henderson and Smith (1973;
see Planning for an [ndividual Water System, section 8.2) and Midwest Plan
Service (I979) are two more recent books pubTished by government extension programns
in the U.5. for use in rural areas. They give similar information on cisterns,
with useful color sketches and cross-sections. Midwest Plan Service recommends
against use of filters for the water from the downpipe, noting that they can
quickly become contaminated. They suggest, instead, an adequate “roofwasher".

Heaven's Water: in Rural Places, Cisterns Gather the Rain (1980) is a useful
presentation of the pros and cons Gf cistern systems written for a popular
audience. The users emphasize the importance of some kind of a "roofwasher"
systen, discussing several alternatives. This article also relates some of the
potential problems with rooftop catchment systems in industrialized ccuntries:
"Rainfall itself carries dust and even chemicals. Near highways, there is
probably a signiticant lead content in the air. Downwind from industrial plants,
there will be a uroblem with pollution. VYou need to be site-specific with
cisterns.” Also mentioned are cleaning solutions for yearly scrubbing of the
insides of cistern walls: 3 parts vinegar to one part water; 1 kg baking soda
dissolved in 8 liters of water. This was the only source which recomnended
against the addition of chlorine to water being stored in a tank, saying that it
can interact with impurities to form chloroform. A chlorinator which treats the
water as 1t is pumped to the house, or ijodine solution or pasteurization, is
reconmended instead.,  Other sources recommend periodic chlorination of the
water in the tank,

Dooley (1978) discusses cisterns for the rural U.S. in another popular journal.
She uses chlorine bleach to disinfect cistern water and describes a chlorine
level test using hydrochloric acid. Dooley also recommends scrubbing the inside
of the cistern with bleach to disinfect it every two or three years. Even in
the U.5., where tihe materials are readily available, concrete cisterns are expen-
sive. Dooley (lY478) estimates materials costs of a 36 m3 underground reinforced
tank at about US 31,000 in the U.S. in 1Y77. Such a tank would be impossible
to build in most situations in rural areas of developing countries. The discus-
sion of underyround reinforced concrete tanks is included here because elements
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of their design may be useful when large rectangular tanks are built invo public
buildings. Wrignt (1956) shows a design in which one wall of a cistern 1is the
wall of a building foundation or basement (figure 18).
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Figure 18, Cistern Suitable for Basement.

6.4 OUOther Tanks

This section describes tanks which have been used with around surface catchments
but which could also ba adapted and used with roofto; systcms.*

One particularly interesting kind of tank is used with traditional threshing
floors in Botswana (Maikano and Nyberg, 1980; see Rural Water Supply in Developing
Countries, section 3.3.6). The tanks are about 2 m deep, 2.5 to 4 m in diameter,
and hold 10-25 m3 of water. The first of these tanks were rectangular, but cir-
cular ones have been recommended to the pilot project because their wall area is

*A widely-known ground surface catchment tank, known as the "sand-sausage" or
"heehive" tank, grew out of a pilot project for providing water to irrigate school
gardens in Bostwana (lonides et al, 196Y). These tanks--now apparently abandoned--
have no immediate applications in -ooftop systems, but they represent an innovative
approach to effective use of local resources.
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less for an equal storage capacity, and the finished walls should be less likely
to crack. MWater is chanrieled into the tanks thiough a short length of PVC pipe
from a shallow settling basin in one corner of floor, where some sedimentation
occurs. A brick curb is built around the perimeter of the tank to keep out
surface water and provide a foundation for the cover, wade of lengths of tree
trunk or precast concrete slabs reinforced with barbed wire. Domed cement covers,
plastered over wire mesh on an earthen mold, are also being tried. These covers
are allowed to cure and then lifted into pldace on the curb. The construction of
the cover seems to be much like the method of Calvert and Binning {14Y77). Inside
the excavation ¢ "thin layer" of cement mortar plaster is applied on wire netting
pegged to the sides. Again the approach seers to be much like that of Calvert
and Binning (1977), who splashed a liquid cement mixture on the soil walls and
plastered cement mortar onto the surface. The materials costs of the tanks appear
to be fairly low: for a 25 w3 tank, the authors estimate about US$135.00 for
cement, chicken wira. and PVC pipe (Botswana, 1980). It is not clear if this
amount includes the cover,

The tanks are intended to provide water for people and cattle. Maikano and Nyberg
{1430) note that "The cistern will require cleaning before the beginning of the
nex: rains. Plastering of the tank and cover may have to be done as cracks are
noticed." Farrar and Pacey (1974) give a brief description of the "Water
Harvester", built by the Christian CARE Organization in Zimbabwe: "The cylindrical
holes are duy to ahout 2 meters depth, lined with brick or stone, then plastered
With cement to make thew water proof. Concrete lids are made to keep the water
clean." The system shown uses three tanks linked underground with pipe, so that
only one pump is needed. The rough estimate of the cost of these linked cylinder
tanks 15 US$75.00 for 9 w3 of storage (1973, Zimbahwe).
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Chapter 7

BROAD CONCERNS AND BASIC CONSTRAINTS IN RAINWATER HARVESTING

7.1 Rainfall Patterns

Rainfall is random and even sporadic in occurrance. This is especially true in
continental climatic regimes. For example Grover (1978) notes that for Africa
as a whole, rainfall totals will be within 10 percent of average in only about
four of ten years. In effect, this means that there is some 1ikelihood during
any given year of at least moderate drought. He goes on to say that observers in
East Africa contend that most of the rain in that area falls "in a few spells
lasting about a week". Thus, even during the rainy seasons, fhere may be dry
periods of considerable length,

Even in climates moderated by nearby bodies of water, the amount and frequency
of rainfall during any given month or year can be expected to depart from the
normi represented by average precipitation statistics.

What does this imply for water supplies from simple rainwater catchment systems?
At a minimum, an addition of relatively clean water during rainy periods can be
expected. In areas with high rainfall and short dry seasons, rainwater for
housenhold use stored in scme kind of simple above-ground container may be a
significant advance over the use of groundwater polluted by surface wastes.

With investments in stordge facilities, water could be collected during rainy
periods and be made available during some of the dry periods. Larger investments
in storage (and possibly catchment area as well) could make water available
throughout dry periods, although this would be prohibitively expensive in many
rural areas (Appendix A, "Using Rainfall Data to Dbesign a RWH System").

7.2 Local Water Needs

The value of achievable improvements in water available through RWH must be
measured against local water needs. It could be that during wet months, water
is perceived to be adequate in quantity, quality, and convenience. In such a
case, little would be gained by channeling water from rooftops into small con-
tainers; real gains would only be made if larger storage tanks could provide for
more water during the dry months.

l.ocal peoples' perceptions of their needs may also differ with those of outside
evaluators. For example, froma public health point of view, it is probable that
the abundant water in puddles and ponds should not be drunk and that rainwater
collected in jars is safer. Local people, on the other hand, may be accustomed
to water from open sources and see little point in investing in cleaner drinking
water,

7.3 Costs and Comparisons With Alternatives

Implicit in the above discussion is the need to calculate the costs of a proposed
RWH system, and examine those costs and related benefits in light of the feasi-
bility of other kinds of water supply imorovements. Although techniques for

-31-



benefit/cost analyses of improved water supplies are outside the scope of this
report, a few basic observatiuns can be made. White et al (1973) have generalized
that construction and financing costs of individual RWH systems are substantially
higher, on a per capita basis, than simple community improvements such as stand-
pipes and community wells. They estimated per capita construction cost of US
$15 for cisterns, as c-ompared with US $7 per capita for community wells (East
Africa, 197¢2). However, they also point out that greater dispersion of popula-
tions and aridity of climate each tend to work to raise the per capita costs of
any kind of water supply improvewent: "The range of costs is (decreasing) from
arid dispersed environments to humid nucleated areas" (page 88). Thus in many
climatic and settlement regimes the cost advantage of standpipes and wells may
disappear; and indeed in somz areas there may be no practicable means other than
for providing such community improvements.

Parker (1973}, Farrar and Pacey (1974), and Grover (1971) have each made observa-
tions 15 to the conditions which favor simple RWH systems in comparison with
alternatives. RWH will tend to be more attractive:

a. where populations are dispersed;

b. where impervious rcofing surfaces are in use;

c. where the birriers to organizing and providing large amounts of labor
(for selt-nelp community systems) are high;

d. where capital for water supply improvements can be made available only in
small amounts;

g. where the community organizational infrastructure does not exist to
earrange financing, construction, or maintenance of community systems.

In a particular situation the cost advantage of simple RWH systems over other
alternatives will also depend on availabilities of materials, skills, cash, and/or
financial assistance. Actual costs of catchment and storage depend on what exist-
ing structures (such as roofs) can be used, the local prices of additional build-
ing materials, and expenditures for labor (although in this report, discussions
of costs will assume seif help labor). Specific cost estimates for storage
and catchment technologies are included in table [ below and rough materials
cost estimates tor a proposed system can be calculated using the guidelines 1in
Appendix B. Here,it1s worthwhile to make some yeneral observations:

a. most ot the wmaterials cost for rooftop catchment systems goes into pro-
viding storage which does not leak and protects water quality. The most
common materials used are combinations of cement, sand, gravel, bricks,
stones, steel rod or wire, and steel netting ("chickenwire").

b. the costs of storage in tanks, as measured in materials cost per cubic
meter (m3) of water capacity, vary widely. Among_the tanks included in
this revort, cost/m® ranges from under US $ ].OU/m3 for a proposed salt-
lined open reservoir system in Mali (Cluff, 1975) to US $30.00/m3 or more
for manutactured "tin" tanks for rooftop catchment 1in Eastern Africa
(Whit2 et al, 1Y73).

C. as tanks increase in volume, their ratio of wall and cover arca to capacity

decreases. Thus larger tanks will tend to have lower materials costs per
m3 of capacity.
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d. however, large tanks built with manufactured or imported materials may
cost more per m> than smaller tanks built with locally available materials
(see tahle 1, page 33).

e. "family-sized" tanks, built with cement mortar and a variety of other

materials, can be built for costs of US $8.00-15.00/m3 (1982) in developing
countries.

7.4 Costs of Tank Materials and Costs Per Cubic Meter of Water Storage

On the following pages 1is a tabular summary of most of the materials cost
information in section 3.3. The tanks are listed in sequence from smallest in
storage capacity to largest. Differences in local materials prices and dates of
documentation call for extreme care when making comparisons. The figures do,
however, show that:

1. In general, large tanks (e.g. 12, 14, 15 below) can be built at lower
cost/m3 of storage than small tanks.

2. Some small tank options (e.g. 2 below) may be among the cheapest of all
tanks.

3. Tanks built with similar methods, but to meet different enyineering
standards, may vary greatly in cost (compare 4, designed at a university,
and 10, develuped "in the field").

4. "Household-sized" tanks can be built for materials cost of under US$18/m3
(2, 6, 7, 10 pelow).

See section 4.2.1 for direct comparisons of materials requirements of tanks 6,
10, and 12. :

7.5 Maintenance and Public Health

The objective of maintenance, of course, is to keep the system working (collecting
rainwater) and, at the same time, see that the quality of the water provided is
as high as possible. This requires attention to each of the processes which
transinit water from the atmosphere to the user: contact with the catchment surface,
transport in some kind of channel to the tank, storage in the tank, and delivery.

Rooftop catchment surfaces collect dust, vegetable matter, and bird droppings
which can clog channels to the tank, cause rapid sediment buildup on the tank
bottom, and contaminate the water stored in the tank. Gutters and downpipes
(used to transport water from the edge of the roof to the tank) must be cleaned
frequently so that they will not overflow during heavy rain. A bigger problem
1s consistently diverting the dirty water which "washes" the roof at the beginning
of each storm so that it will not contaminate stored water in the tank, and
subsequently allowing clean water to flow into the tank. In Java, where steel-
reinforced cement iortar tanks are being built by the hundreds (Winarto, 1981;
Pompe et al, 1982), the bamboo trough from the gutters to the tank inlet is
propped away from the inlet hole until after the first few minutes of rain.
When the roof is clean, it is moved into position over the inlet screen. This
scheme has no mechanism to break down, and the household is always aware of -the
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TABLE 1

Custs of materials, costs/m3 of water storage

|

TANK (C: cover, P: Pump, MATERIALS MATERIALS* COST/M3++
G: gutters) COST (US$) (US$)
| |
1. 0.17 m3 steel drum, manufactured 2.50 14.90 (1969)
East Africa (White
et al, 1972) |
2. 0.25 m3 cement mortar cement mortar, 0.50 2.00 (1974)
jar, Thailand (Watt, concrete
1975) I
, |
3. 0.3 m3 pottery jar, purchased 5.00 16.69 (1973)
Thailand (Watt, 1975)
I
4. 1.2 m3 ferrocement tank | cement, 33 28 (1980)
(C), Thailand (Sharma sand & gravel,
and Gopalarathnam, 1980) steel mesh &
rod
5. 1.4 m3 "tin" tank, East | manufactured 39-84 28-60 (1969)
Africa (White et ol, | ]
1972) |
, |
6. 2.3 m3 plastered “Ghala" |  cement, |  42%(est) 18 (1892)
pasket, East Africa | sand & gravel
(UNICEF, 1982) |
, | I |
7. 7.0 m3 cast concrete |  cement, | 40(1) | 5.70 (1977)
ring tank (C), Tnhailand | sand & gravel
(Watt, 1978 b) |
|
8. 9 w3 ferrocement tank | cement, 62.50(1) 6.90 (1973)
(C,G) Zimbabwe (Farrar | sand & gravel, | |
and Pacey, 1974) | steel netting
| and wire
|
9. 9.0 m3 galvanized cor- | manufactured 112 12.50 (1973)
rugated iron tank, |
Zimbabwe (Farrar and |
Pacey, 1974)
10. 10 m3 ferrocement tank | cement, 150%(est) | 13 (1982)
(C) (Watt, 1978) | sand & gravel,
|  steel netting
| and wire |
|

+ author's figure unless indicated otherwise
++ my calculations, not those of authors
* assumes US$7.14 (Zaire, 1Y81) per 50 kg bag of cement;

other materials estimated. See text
(1) excluding costs of metal forms
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TABLE 1 (continued)

TANK (C: cover, P: Pump, MATERIALS MATERIALS?* COST/M3++
G: gutters)
11. 15-20 m3 underground cement, l 250 12,50 (1976)
ferrocement (C), New sand & gravel, |
Hebrides (Calvert and steel netting !
Binning, 1977) | and rod !
|
12. 25 m3 underground ferro- cement, 135 5.40 (1980)
cement tank, Botswana steel netting,
(C?) Makiano and Nyberg, PVC pipe |
1980) | |
, | |
13. 36 m3 buried reinforced cement, | 1000 27.50 (1978)
concrete cistern (C,P?) sand & gravel,
USA (Dooley, 1Y78) steel rod, mat-
erials for forms
14. 45 m3 "sand-sausage" cement, 75 1.67 (1973)
open tank, Botswana sand, plastic
(Farrar and Pacey, 1974) tubing
15. 71 w3 partially buried cement, sand, 260 3.70  (1973)
concrete block tank (C, concrete block
G), Ghana (Farrar and
Pacey, 1974)
16. 2,300 m3 butyli-lined 0.8 mm buty] 18,000 7.83 (1970)
tank (C,P), Kenya (Gro- sheet, cement, (2) :
ver, 1971; proposed only) hand pumps
17. 80,000 m3 NaC1l-1ined NaCl, engine- not under
earth reservoir system, driven pump enumer- 1.00 (1974)
Mali (Cluff, 1975; pro- ated

posed only)

|
|
|
|

additional $15,000
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precise time the rain begins because clothes hanging out to dry must be brought
indoors. A variation on this simple but effective strategy, when smaller tanks
are used without downspouts, is to move the tank into position or uncover it
after the roof is clean (see the drawing on the cover sheet).

Other arrangements have been devised which require some kind of addition to
the trough or downpipe from the gqutters to the tank. These include a tipping
funnel mounted under the qutter outflow (UNEP, 1979), "butterfly valves" (Dooley,
1978) which are turned manually after the roof is cleaned, and "roofwashers", in
which the first "“foul flush" is collected in a container. These various devices
all require cleaning and repeir, and moving the spout into position over the
tank when the roof is clean is often easiei and almost always cheaper. A variety
of "toul flush" devices anu techniques for fastening downpipes are described in
more detail in sections 5.1 and 5.2.

Filters of sand, gravel and charcoal are often suggested as a way of keeping
sediment and contaminants out of large cisterns (e.g. Office of Water Programs/EPA,
1974; VITA, 1977). The designs usually show a small concrete box atop the cistern
cover, which in turn has & removable cover for cleaning. Such filters require
frequent inspection and flushing to prevent dangerous bacterial build-up on the
tiltering yrains, IPecause of this high maintenance requirenment, Henderson et al
(1973) recommend against use of a filter with cisterns and suggest that an effec-
Live "foul ftlush" system be installed in the downpipe instead. Farrar and Pacey
(1974) question the effectiveness of sand as a filter when the flow of water
througn it 15 intermittent. It is probably better to invest available resources
and effort in keeping the "foul flush” out of the tank than to invest in filters.

The maintenance requirements of the tank itself will depend to a large extent on
the effectiveness of roof, gutter, and downpipe cleaning, as well as the prac-
ticality of the “foul flush" system. The other important factor in tank main-
tenance is the quality of the tank cover and screening on any iniet and outlet
holes. If sunlight reaches the water its temperature rises and algae grow.
Unprotected openings bring mosquito breeding, particularly dangerous in malarial
areas where tanks are located neer homes. But regardless of the quality of the
cover and screening, all tanks need to have their sediment scooped out and walls
scrubbed on reqgular occasions. Vinegar, baking soda, and chlorine bleach solu-
tions have been suygested as cleaning agents. Any cleaning material can be used to
remove scuim trom tank walls as long as it does not contaminate the new charge of
water.

The dccess nula or tap area of the storage device must be kept clean and well
drained. Cracks in mortar should be replastered after each cleaning of the
inside surface.

A pump, 1f used to lift water out of a tank, has substantial maintenance require-
ments of its own.

The maintenance requirements of ground surface catchment systems are broadly
similar to those of rooftop catchment systems. "Foul flush" devices are not
used sedimentation basins near the outflow of the catchment area (e.g. Maikano
and Nyberg, 1980) are used instead. As ground surface catchments are vulnerable
to contamination and damage caused by human and animal traffic, lonides et al
(1969) and Grover (1Y71) propose fencing catchment areas to keep all such traffic
of f the surtdce. But this would be expensive and ineffective in many areas.
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Maikano and Nyberg (1980) write that traditional grain threshing floors used as
catchment surfaces in Botswana could be fenced inexpensively, possibly using
tree branches.

A general point to bte made about the maintenance of ground surface catchment
systems which serve a group of families is the importance of some degree of
community organization. By contrast, maintenance of household rooftop catchment
systems requires no such commnitments.,

A summary of key maintenance considerations follows:

1. Any RWH system has catchment, channeling, storage, and delivery
components which must be given frequent attention.

2. Rooftop catchment surfaces have the advantage of not being vulnerable
to human and animal traffic which causes contamination and damage to
ground suface catchments.

3. A procedure or device for keeping the "foul flush" out of the tank
deserves particular attention.

4. Gutters and downpipes must be inspected and cleaned especially care-
fully,

5. Any tank needs periodic cleaning. Its design should take this fact
into account,

6. Community systems require comnunity organization for effective main-

tenance; household systems require a correspondingly smaller scale of
organization.
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Chapter 8

ANNOTATED BIBLIOGRAPHY

8.1 Catchment Technologies

Frasier, G.W., ed., 1Y74, Proceedings of Water Harvesting Symposium, Phoenix,
Arizona, March 26-28, 1974, Agricultural Research Service/USDA report no. ARS-
W-22, 323 pages, currently out of print. Request information from the editor,
Southwest Rangeland Watershed Research Center, 442 East 7th Street, Tucson,
Arizona 85705, USA.

A wide-ranging compilation of 40 papers and reports on rainwater harvesting.
Much of the material is quite technical and most of it concerns development of
systems for agriculture. It is, however, a fine overview of the spectrum of
developments in ground surface catchment. Of particular interest: "Engineering
aspects of water harvesting research at tha University of Arizona" (Cluff, 1974,
pages 27-39) and "Storage systems for harvested water" (Dedrick, 1974, pages 175-
1yl).

Hall, M., 1481, "Has Thatch a Future?", Appropriate Technology, London, Vol. 8, no.
3, December 1981, pages 7-9, € 1.50 For the issue with Air Speeded Post from
Intermediate Technology Publications, Ltd., Y King Street, London WC2E 8HN, United
Kingdom,

“Thatch is currently out of favour almost everywhere. It is being replaced by
modern sheet materials or expensively manufactured tiles. However, as the
essential ingredients of modern building become more and more costly with the
rising price of raw materials and the fuel required to process them, it is
undoubtedly worth re-appraising traditional materials." The author, who is
studying thatch and has found little information available on the topic, presents
a concise summary of thatch grass types and methods of thatching roofs, highlight-
ing Balinese "piref-bricated” techniques. There is no montion of guttering thatch
roofs for rainwater catchment. The author's address: Open University, Walton
Hall, Milton Keynes, Bucks, United Kingdom.

Institute for Rural Water, 1982, "Constructing, Operating, and Maintaining Roof
Catchments", Water for the World technical note no. RWS.1.C.4, USAID, request
from the Development Information Center, Agency for International Uevelopment,
Washingtun, D.C., 20523, USA.

A good overview of simple rooftop catchment systems, discussing roofing and
gutter installation, foul flush disposal, and maintenance. About four pages of
text, the remainder figures, several of which are reproduced above with permission.
(Request "Evaluating Rainfall Catchments," RWS.1.P.5, "Designing Roof Catchments,"
RWS.1.D.4, "Designing a Household Cistern," RWS.5.D.1, and "Constructing a House-
hold Cistern," RWS.£.C.1, from the same source.)
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[.T. Building Materials Workshop, "“Production and Installation of Corrugated Roof
Sheet made from Fibre Reinforced Cement: Basic Uperating Manual from Honduras
and Guatemala", 1Y pages, request from 1.T. Building Malerials Workshop, Corn-
yreaves Trading Estate, Uverend Road, Larley, West Midlands, B64 700, United
Kingdom.

Describes, in good detail and with excellent line drawings, the tools, sheetmaking
table and molds, and techniques for FRC sheets outlined in Parry (1981, below).
"This manual describes the basic production and application techniques for the
roofing products. Modifications have been incorporated to suit local circum-
stances in Honduras and Guatemala. The document is intended as a manual for
assisting ygroups who already have [.T. equipment to inake corrugated roof sheets
and riuge tiles, and have received firsthand training from an experienced opera-
tor"., (See also figure 19).

Figure 19, ldeal Deployment of Sheetmaking and Curing
Equipment.

NAS, 1974, Roofing in Develnping Countries: Research for New Technologies, book,
97 pages. Give name of dgroup or institutional affiliation when requesting a free
copy from BOSTID (JH215), Office of the Foreign Secretary, National Academy of
sciences, 2101 Constitution Avenue, Washington, D.C., 20418, USA,

A useful overview of the range of possible low-cost roofing materials relying on
local materials and/or new techniques. Includes appendices on low-cost roofing
research in India.

Parry, J.P.M., 1981, "Development and Testing of Ronf Clad4ing Materials Made
from Fibre Reinforced Cement", Appropriate Technology, London, Volume 8, no.2,
September 1981, pages 20-23, £ 1.50 for the issue and Air Speeded Post from
Intermediate Technology Publications Ltd., Y King Street, london WCZ2E 8HN, United
Kingdom.
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A sumnary of the I.T. Building Materials Workshop findings on fibre-reinforced
cement sheeting for use in the manufacture of roofing components, “The final
outcome of the development work was a complete low-cost roofing system involvir_
a new corrugated cladding panel which has the coverage of a one metre sheet but
which is fitted like an extremely large but lightweight tile." Manufacturing
processes for implerentation on a small scale in developing countries (see I.T.

Building Materials Workshop, this section) are outlined. The author believes
that FRC sheets were being made at the combined rate of about 2,000 a month by
several production teams in at least seven countries in April 198l. Cost and
roof structure requirements comparisons are made with conventional materials;
cost advantages hinge on the lifetime of the new sheets: "only time will tell the
eventual lifespan of the FRC products, but the development has now reached the
point where it can be considered as a viable alternative to conventional materials
and one which is especially appropriate hecause of its facility to be produced
labour-intensively, on a small scale, in virtually any urban or rural situation."

8.2 Storage Technologies

Cairncross, 5., and Fearchem, R., 1978, Small Water Supplies, book, 78 pages,
t1.50 from the Ross Instituia. London School of Hygiene and Tro.ical Medicine,
Keppel Street (tower Street), L.ndon WCIE /HT, United Kingdom.

This book is a compact presentation of basic information on building small-scale
water supply systems. Discussions include sources of water, water treatment,
weter 1ifting, and storage and distribution. Contains a two-page section on build-
ing water tanks of bricks and masonry. No diagrams, but text gives guidelines
for wall, footing, and floor thicknesses; plastering and waterproofing; cleaning
ard maintenance; inlets, outlets, overflows, screening, and covers; and drainage.
In some cases the construction specifications given provide for more strength,
and use wmore mdaterials, than necessary.

Calvert, R.C., and Binniny, R.J., 1977, "Low Cost Water Tanks in the Pacific
Islands", article, 3 pages, in Appropriate Technology magazine, Vol 4, no. 3,
November 1977, £0.75 for the issue including Air Speeded Post, from Intermediate
Technology Publications, Ltd., Yth King Street, London WC2E 8HN, United Kingdom,

Vescribes fabrication of ferrocement cover on an earthen dome, excavation of tank
fron beneath the cover, and plastering of ferrocement lining for 15-20 m3 tanks
built in "soft" soil in the New Hebrides. The authors believe the tanks can be
built for under US $250.00. They also describe a method for building above-ground
ferrocement tanks using locally available wood and reed materials for forms.

Farrar, D.M., and Pacey, A.J., 1974, "Catchment Tanks in Southern Africa: A
Review", Africa Fieldwork and Field Technology Report no. 6, 13 pages, request
from Paul Sherlock, ONFAM, 274 Banbury Road, Oxford 0X2 70Z United Kingdom.
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Pompe, C., van Kerkvoorden, R., and Siswoyo, H., 1982, "Ferrocement Applications
in the West Java Rural Water Supply Project", article, pages 51-61 in Journal of
Ferrocement, Vol. 12, no. 1, January 1982. Ask for a reorint or xeroxed copy at
$.20 per page plus $2.00 per request. from International Ferrocement Information
Center, Asian Institute of Technology, P. 0. Box 2754, Thailand.

An overview of the project which plans to construct hundreds of 5 m3 and 103
ferrocement tanks, as well as a reservoir and community water supply system built
largely of ferrocement. Presents a chart comparing costs of various rainwater
storage tanks in Java, including gutters and labor costs of Rp 1000 (US$1.60) per
man-day. Also jnciudes good drawings showing construction details of the 10 m3
tank and 2.5 m3 bamboo-cement tank.

Sharma, P.C., Pama, R.P., Valls, J., and Gopalaratnam, V.S., 1979, "State-of-the-
art Review on Ferrocement Grain Storage Bins", article, pages 135-150 in Journal
of Ferrocement, Vol Y, no. 3, July 197Y. Reprint or xerox copy at $0.20 per page
plus $2.00 from International Ferrocement Information Center, Asian Institute of
Technology, P. 0. Box 2754, Bangkok, Thailand.

Describes construction techniques and costs for four ferrocement grain storage
structures "...developed in different parts of the world that have been extensively
field tested satisfactorily." An above-ground conical bin which has been called
the "Tnailo", holding 4 tons of grain or 9.5 m3 of water, and an underground pit
silo lined with reinforced plaster are two models which have been used to store
water. The cost of a 9.5 m3 underground plastered pit built in India is given
as US$362.00,

UNICEF East Africa Regional office, 1982, "From Kenya--How to Make Plastered basket
tanks for storing water", article (pages 7-8) 1in Appropriate Technology magazine,
Vol 8, no. 4, March 1982, £ 1.5%0 from Intermedjate TechnoTogy PubTications, 9 King
Street, London WC2E 8HN, United Kingdom. Also available from UNICEF, East African
Regional Office, P. 0. Box 44145, Nairobi, Kenya.

Descrites activities and gives background of the Karen Appropriate Technology
Unit outside Nairobi. Cement mortar Jars (like those described by Watt, 1975,
below) and a PVC bag sussended in a thatch-covered bamboo-lined pit are two tank
designs tried at the center. Also mentions other ideas in passing: "It is noticed
that, in many areas, houses will have a short length of roughly fashioned guttering
fixed under the eaves just above the door, and that water from this will be
collected in an old oil drum or container...(this) could provide the link point
for development to simple but effective roof catchment systems." And, "Collection
of water from grass roofs, even on circular huts, is nossible by using a polythene
film guttering or by simple guttering made from split bamboo or from two planks
joined to give a "V" section." Many other ideas for food production/storage/
preparation, and effective institutional involvement in village technology acti-
vities.
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An account of the adaptation of standard ferrocement tank miethods to the materials
available in rural Java. UDetailed verbal instructions for building a steel rod
reinforced Y m3 tank with integral floor and cover. Bamboo mats are used as
plastering forms. Some pictures; construction could be attempted with basic
knowledge of the techniques 1in Ferrocement Water Tanks and Their Construction
(Watt, 1978). Also describes construction of smaller tanks built with bamboo
(instead of steel rod) reinforcement cages. The steel rod and bamboo cage designs
presented here have been adopted by the West Java Rural Water Supply Project (Poimpe
et al, above).

8.3 Egperal*

Commission on International Relations/NAS, 19/4, More Water for Arid Lands:
Promising Technologies and Research Upportunities, book, 154 pages, mention name
of your group or institutional affiliation when requesting a free copy from BUSTID
(JH215), Office of the Foreign Secretary, Natioral Academy of Sciences, 2101
Avenue, Washington, D.C, 20418, USA.

Still useful after eight years in print, this overview is divided into two halves,
"water supply" and "water conservation". Topics include runoff agriculture,
reuse of water, reducing evaporation from water and soil surfaces, trickle irriga-
tion, selecting water-efficient crops. The chapter on rainwater harvesting
discusses techniques and research in Australia, Zimbabwe, and the western United
States as well as the ancient gravel mounds and strips used to harvest rainwater
trom hillsides in the Negev 4,000 years ago. Includes good photographs of the
"sand-sausage" tanks described in JIonides et al (1Y96Y) and Farrar dand Pacey
(1974).

Frasier, G.W., and Myers, L.E., 1in preparation, a handbook on rainwater harvesting
with parts devoted to domestic water supply. Will be published as a USDA handbook,
available from the Superintendent of Documents, Washington, D.C., in 1Y83. For
further information contact Dr. Frasier (see section 8.1 above).

*The Intermediate Technoloygy Developrent Group (ITDG), is preparing "a practical
manual describing rainwater harvesting techniques as an option for water supply."
This book will probably not be availaple until late 1Y83, but the consistent
quality of [TDG publications leads us to believe that it will be well-researched
and useful to a broad range of workers. "The emphasis will be on low-cost systems
for small communities and the scope will cover the provision of water for domestic
and agricultural purposes. The manual is intended for use by project holders and
field workers and consequently is planned to include, wherever possible, practical
intormation derived from experience in the field. In order to achieve this ybjec-
tive [TUG is anxious to make contact with field personnel who would be willing to
"A handbook/source document on tachnology of small community water supply
systems." This useful overview contains a lZ-page section which is probably the
best short published summary for rainwater as a source of domestic water supply
that we have share something of their experiences---successes and failures."
(personal commun.catiou, Adrian Cullis, [TUG.) Write to Mr. Cullis at: Applied
Research Section, Shinfield Road, Reading, Berkshire RGZ 9YBE, United Kingdom.
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Hofkes, E.H., ed. 1981, Small Community Water supplies, Technical Paper no. 18,

IRC/WHU, book 413 pages, free for groups in developing countries, from IRC, P.0O.
Box 5500, 7280 HM RIJSWIJK, The Netherlands.

"A handbook/source document on technology of small community water supply systems."
This useful overview contains a 12-page section which is prchably the best short
published sumnary on rainwater as a source of domestic water supply that we have
seen. Includes guod drawings of an underground rainwater storage well (as used
in China) and a Venetian cistern. Bibliography of 12 items. IRC says that the
editor is currently working on a "design manual for RWH systems".

White, G.F., Bradley, D.J., and White, A.U., 1972, Drawers of Water: Domestic
Water Supply in East Africa, book, 306 pages, US$16.00 (clothbound) from Univer-
sity of Chicago Press, 11030 S. Langley, Chicago, I1linois, 60628, USA.

An effective, carefully assembled overview of domestic water supply in the devel-
aping tropics, of interest to a broad range of workers involved in the formulation
of water supply strategies. Of particular interest: analysis of basic types of
water dmprovements ard their varying applicability over the range of environments
and settlement patterns in kast Africa, where tihe authors studied from 1Y65-68.
A key source for planners, containing lessons and insights relevant to much of
the developing world,
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APPENDIX A
USING RAINFALL DATA TO DESIGN A ROOFTOP CATCHMENT SYSTEM*

The principal factors affecting the design of a rainwater catchment system are a)
local rainfall patterns; b) area of the rainfall catchment; c) volume of the
container the water is stored in; and d) the amount of water to be provided by the
system for consumption. The first of these factors is the most important and, at
the same time, the one we can do the least about. So the amount of rain that falls
and the periods of time between rains are the basic natural facts which should
shape the combination of the other three factors in a rainwater catchment system.

This section, then, will show how to think about:

a. area of rainfall catchment;

b. volume of storage; and

c. amount of tater to be provided for consumption, given available
information on rainfall.,

In rich countries the usual approach in water supply i< to start with an amount for
consumption and then to design storage and catchment to provide that amount of
water even during dry periods. In this approach, maximum emphasis is placed on
convenience and reliability. In developing countries, on the other hand, concerns
about convenience and reliability must nearly always take second place to concerns
about costs. In these situations it often makes sense to start with available
resources--existing physical structures, cash, local materials, and labor--and
then to work out a plan for expending those resources a way that comes as close
as possible to a target for water consumption. We will take this latter approach
in this section.

Rainfall data.

The degree of detail of rainfall data varies widely. Obviously we would 'ike to
know how much rain falls during storms and how much time separates the storms.
This would allow us to determine if a catchment and storage combination would take
all the water from a stomn or waste some of it; we could also easily determine
whether the storage would hold enough water to last until the next stnrm would be
expected to occur. In practice, rainfall data this detailed are very hard to
get. In many areas, the best data available are month-by-month rainfall totals.
These figures can be obtained from weather bureaus, airports, and sometimes from
agricultural research or extension stations. The data should be gathered over

several years.

In many places it may be impossible to find month-by-month rainfall totals. The
next best alternative, then, is to find out monthly average totals for yodr area.
The last and least desirable alternative is to find out yearly average totals for
your area. Average totals are less useful because it is impossible to tell from
them

* Methods in this section are extracted and modified from Watt (1978, pages 109Y-
112), VITA (1977, page 111), and Hardenbergh and Rodie (1960, pages 103-104).
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how often, and how extreme, are the deviations. (We noted in section 7.1 that
there is less than a one-in-two chance of raintall totalling within 10 percent of
the yearly average, for any particular year, for the continent of Africa. We can
expect that monthly deviations from the averaye would be at least as great.) This
means that a system planned for average rainfall totals might provide water as
expected only about two thirds of the time. For this reason, VITA recommends
(Using Water Resources, see section 8.2 above) that average rainfall totals be
multipTied by two thirds to give an estimate of the minimum rainfall. We can be
much more certain that actual rainfall in the future will meet this minimum
rainfall estimate.

In any case, whether you use month-by-month rainfall totals or averdage totals, it
is dmportant to try to get information which has been collected over several
years. In figure 20 15 part of a table (van der Leeden, 1975, page 442) showing
monthly averages (for data collected over 3 years) for Am Timan, Chad.

FEMPEIATURE AND PREGIITATL wl D2 TA TOR REPRESEATATIVE WORLD WIOE STATIONS leantinued)

Ve raTunt i T AVERAGE PRLCIPITATION
- Coawcgeniy | exuamel
r-: Jivni AU T U 3
LATE LCHGE LT Y c ) v v i 5 veAR
OUHIRY ANDSTATION  p e 30 VATIGN :‘ [ i: v f’ r, 5 . ‘E‘ s s H
3 > o
¢ 7 Loty 3 P08 8 E
F S B 'z 05 8 3 ¢ ¥
95 3 >or v % e « 3 a1 1 &% o 7 0O .
W TR LN e R A TSI N SNL IR AN AN, I, ONL N
"’::':‘:::u)ﬂl O 174 VHANE (EAG Dod? L nrnd R ed B2 R 10> a0 M « 11 5% 70 D406 9 92 63 05 ° 8712
y:u e Clun 1y gt ih §y fm o onl o RY £5 RQBA BY (% A6 87 1) 09 26 S8 61 7.1 60 29 371 A4110 46 09 6112
n v AP
et Adocan Reputilc ]
‘lllv:'\ i ) ' 04220 1y ar 1o oGt oun 91 I NN 6 B2 KU QT P B 10 17 60 53 74 4% B9 NV 69 /0 49 02 o048
rm‘.‘v‘. Of 24N 20 0% VN LU NP B T I B DR T B 10 B YU RO AR ] A 2 1y U6 17 WA G #3101107 78 0G 00 660
wt
A Trenyn EREREICIEENVR DA [T Yoo oty oau nd B9 96 61 11 4 3 00 0o ot 12 43 50 73123 58 1 2_00 00 232
Vot VAt Vet ik € 41 n2t07 74 92 77 21 10 114 A7 85 00 D0 0D 0V 12 16 G126 47 14 00 00 293
TR 5! 4 ; . .
Uargraos b ayel 1wonn 1y 1oL Wz o g4 Ha 04 65009 MG r2 2t 37 s 00 00 00 00 go [ 010 O.D' Qo 0.7

Figure 20, Sample lemperdture end Precipitation Dala.
Plguring runoff

The amount of runoft, or water available for storage in a tank, is related to
the horizontal area covered by the catchment surface. (In this example, it is
dasgmed that the oot of a building will be used for a catchment surface. This
seens Lo be a sensible use of existing resources in many areas. The procedure
used an the example could be used equally well for a variety of catchment
cartace sizes o and Lypes.)  For a building, this darea is the ground area covered
by the roob, as shown in the fiqure.

)

%
£
o

Ramn talls through
plan aren A

Watt (1978) by permission

Figure 21, Measuring kunoff.
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Let's assume that the ground area covered by the roof is 30 mé (the area covered
by a 5 x 6 meter building). The amount of runoff which could be collected from

the roof is:

area* x rainfall x cYF*

= 0.9
= 30mé x rainfall x 0.9
Runoff or "R" can be figured for any kind of rainfall total. Using monthly
average rainfall totals would give monthly average R; using a yearly minimum
estimate would give a yearly minimum estimate R.

Using runoff totals to plan storage capacity

The amount of water in storage should come as close as possible to meeting water
needs during dry pericds. Take, for example, a family of five, each of which
needs a minimum of 20 liters of water per day over a dry period of one month.
Their water needs during the month would be:

needs = 5 people x 20 1./day x 30 days or 3,000 liters.

This means that to supply this need for water, a storage tank would have to
contain at least 3 m3 at the beginning of the dry period.

Simple graphical method

If you can compute monthly runoff totals, simple graphs can help show dry periods
and wev periods and indicate the need for storage. We will work out an example
using the data for Am Timan (above).

The first step is to calculate runoff totals for each month. The rainfall data
available for Am Timan are monthly average totals, so multiplying each of these
by the roof area gives monthly average runoff. Then, to get a minimum.runoff,
the product is multiplied by two thirds. Here is the calculation for October
(average rainfall in October, from the table above, is 30.5 mm):

R(Oct) = area, x rainfall(oct) x 2/3 x 0.9
= 30m2 x 0.0305m x 2/3 x 0.9
= 0.55 m3,

This calculation is performed for each month. These minimum runoff totals are
shown on the following graph, figure 22, with the peak month of the wet season at
the far left (this makes the procedures below more straightforward):

* Flat area covered by roof
**Ree (1976) says that a sheet metal roof with good guttering is about 90%
efficient. Other materials may be less efficient.
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Figure 22, Minimum Runoff in m3 for a 30 m Roof by Month of Year.

The second step is to show “"cumulative" runoff--that is, each monthly total from
figure 22 above is added to the total of the previous months. Thus the graph in

tigure 23 shows the sum of all runoff, which increases or remains the same
throughout the year.

For Uctober, for example, the graph will show the sum of the runoff totals
for the months of Augqust, September, and Uctober. The solid line of the following
graph figure 23 shcws minimum cumulative runoff ("minimum" because we have multi-
plied edch monthly runoff figure by two-thirds):
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Figure 23, Minimum Cumulative Runoff in m3 for a 30 m Roof.
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Note that the line 1is horizontal for the months with rainfall and runoff totals
of zero: for these months, there is no increase in the cumulative runoff. At
the end of a year the cumulative runoff is 17.2 m3. This means that a tank with
a capacity of 17.2 m3 could theoretically hold all the water collected over an
average year's time from the 30 m¢ roof in Am Timan.

The final step is to show cumulative water consumption on the graph along with
cunulative runof?. Take, for example, the family of five, each member consuming
20 1. per day. At the end of one month the family will have used 5 x 20 1. x 30
days = 3,000 1. or 3 m3; at the end of two months they will have used another 3
m3 for a total of 6 m3, and so on. This cumulative consumption is shown as the
dashed line on the graph above, figure 23. The dashed line runs below the cumula-
tive runoff line until Uctober, but rises above it after that. This shows that
the 30 m¢ roof cannot provide enough water to support this rate of consumption.

What rate of consumption can the 30 m3 roof provide? This can be determined by
drawing a second consumption line (the dashed line with dots, figure 23) so that
it meets the runoff line at the end of the year (on the graph, in the middle of
the wet season). Thus cumulative consumption equals cumulative runoff for the
year. Runoff increases faster than consumption for August and September, but then
the runoff line tltevels off and consumption increases faster than runoff from
Uctober to June. Then in June and July runoft again irncreases faster than con-
sumption.

The volume of storage required to provide this rate of consumption, and use all
the runoff from the roof, can also be determined from the graph, This volume is
the sum of the gredatest vertical distance from the runoff line above the consump-
tion line to the consumption line (distance AB in figure 23, which represents
about 6 m3) and the greatest vertical distance from the runoff line below the
consumption Tine to the consumption line (distance CD in fiqure 23, representing
about 3 m3). S0 a tank which could store about 6 + 3 = 9 m? could theoretically
holds enough runoff from the 30 me roof to provide the steady consumption rate
indicated by the dash-dot line (<). This line rises at the rate of about 1.4 m3
per month; 1.4 m3 (1,400 liters) divided by 5 people, divided again by 30 days
gives a consumption rate of a little more than 9 liters per day for each member
of tne family.

Water rationing ana storage

Most families in dreds with water shortages tend to consume more water during wet
months and less water during dry months. Thus a line representing cumulative
consumpt.ion on a grdaph like the ones above would not be straight (like lines 1
and 2) but would instead tend to curve, following the cunulative runoff line. The
graph in figure 24 shows a curving consumption line (3). Using the method for
calculating storage above, it is easy to show that much less storage volume is
needed to provide for this rate of consumption which changes with the seasons.
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Figure 24, Minimum Cumulative Runoff Corrected for Varying Water Consumption.

The technique described in this section is a useful tool fer making an educated
quess at how much water could be provided by a proposed system., It is best,
however, to bear in mind the words of wWatt (1978, page 112) in his discussion of
system size: "In the real world the climate is unlikely to be uniform enough to
allow these steps to give more than a rough indication of tank size".
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APPENDIX B
COSTS UF CUNSTRUCTIUN

B.1 Materials Quantitiez For Four Tanks

Below (figure 25%) are some comparisons of the materials inputs for construction of
tanks discussed in Chapter 6 and listed in the table in that chapter. Using
this kind of information, local prices can be applied to roughly determine costs
and make cost-based judgements about the relative attractiveness of different
designs.

"Trade-offs" are evident: for examgle, the cement mortar plastered basket {[UNICEF,
1982) requires more cement per m3 of storage than any of the other tinree, but
needs no metal reinforcing material and little gravel.

The subsequent section 8.2 gives guidelines and examples for roughly calculating
amounts of cement needed to build a variety of tanks.

B.2 Calculating Costs of Materials

The following discussion on figuring costs shows how to obtain rough amounts for
some of the main materials needed for construction of roof catchment systems.
The procedures are simple. Computations like them can be used to get an idea
of whether materials for a proposed catchment are affordable, and to compare the
costs against the costs of alternatives. They do not take many important questions
into account: they ignore the time required for delivery, and any costs of labor,
for example. -

Here is a summary of the computations on materials costs:

cost of = volume x 7 bags cement* x price
cement (for of m° concrete bag
concrete) concrete

cost of = volume x 10 bags cement x price
cement (for of m- mortar bag
mortar) mortar

cost of = area X price

roofing of me

material roof

(sheet)

The first two examples are worked out for materials that would be needed for
construction of the 10 m? ferrocement tank described in section C.2 (figure 26)
(see also table in Chapter 6 above, no. 10, and section B.1). Other materials, in
addition to the ones mentioned here, would be needed--sheet metal for forms, for
example. The final example concerns costs of sheet metal for roofing. See
Appendix A for how to calculate how much rainwater a given roof can collect.

*Edach bag weighs 50 kg.
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Ferrocement Tank with foundation
{no cover) (after Watt, 1978)
10 m3

materiale per m3 storage:

1.2 bags cement
0.1 m3 sand

.05 m3 gravel

16 m2 chickenwire

Cement mortar plastervd basket
with foundation (no cover)
(after LNICCF, 1982)

2.3 m3

e i e o e e o

naterials per md storage:

2.2 bags cement
.06 m3 sand
.02 n3 gravel

Reinforced cement mortar
plastered underground tank
(after Maikano and Hyberg, 1980)
20 m3

raterials per nd storage:

0.6 bag ccaent
.05 m3 sand
1.6 m2 chickenwire

Underground concrete tank
Wwith cover
T T T e e 12 m3
raterials per md storage:
1.1 bag tesent
,u 8 m3 sand
.12 m3 gravel

\j

7N\ 1IN/
VAT
Figure 25, Materials Quantitics for Four Tanks
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cement 12 bags (50 kg. cach)
sand : 1 md

gravel : 0.5 md

chickenwire : 16 m2

plus: straight wire, use of forms

cement : 5 bags

sand : .13 m3
gravel ¢ .04 m3
cement : 12 bags
sand c:1md
chickenwire : 32 m2
cement < 13 bags
sand :1ml
gravel : 1.4 m3

plus: reinforcing rod, raterial
for forms



Cement in concrete floors, footings, and foundations of tanks

1. Figure the volume of concrete needed. For a 2.9 m diameter floor which will
be 7.5 cm thick,

area = M2
= 6.2 me

volume = area X thickness
= 6.2m_ x 0.075m
= 0,47 3.

2. Figure the amount of cem2nt needed to make the concrete. Concrete mixed in
the proportions 1:2:3, cement:sand:gravel, is plenty strong for self-help
floors, footings, and walls when made with clean materials and cured properly.*
Concrete mixed 1:2:3 contains about 7 bags (@ 50 kg per bag) per m3. Using
this information, we can figure the number of bags needed:

bags of = volume X 7 bags
cement of m2 concrete
concrete

0.47 m3 x 7 bags
m3 concrete

3.3 bags

3. Figure the cost, using the price of a bag of cement in your area. For example,

]

cost # of bags x price per bag

3.3 bags x $7.14 (US$, Zaire, 1981)

$23.49

* Determined using the "concrete calculator", VITA (1973). You may decide to
use a lower proportion of cement. The "concrete calculator" shows how to adjust
the volumes of the other materials.
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Mortar for plastering floors, walls, and roofs of tanks

1.

3-

Figure the volume of mortar needed. For a floor plastered with 5 cm. of
mortar, 2.5 in in diameter,

area = vl
= 4.9 m2

volume = area X thickness
= 4,9 m x 0.05m
= 0.25 m3

For a cylindrical tank with walls 2 m high, plastered with a total of 4 cm of
imortar,

area = 2t x_ height
= 15.7 mé

volume = area _ x thickness
= 15,7 mé x 0.04m
= 0.63 i3

So the3total volume needed, for walls and floor, is 0.2b5 m + 0.63 m3 =
0.88 mn~.

Figure the amount of cement needed to make this volume of mortar. Mortar
mixed 1:3, cement:sand, is recomnended for waterproof walls. This mix
contains about 10 bays (@ 50 kg) per m3 always check with local masons and
collect opinions on mixes, if you are inexperienced). So:

bags of = vo lume x 10 bags
cement of ns mortar

mortar

0.88 m3 x 10 bags
m3 mortar

8.8 bagys

Figure the cost of the cement, using the price of a bag of cement in your
area. For example, in Zaire,

# of bags x cost per bag

cost
= 8.8 bags x $7.14
bay
= $62.83
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Roofing material (corrugated metal sheet)

1.

Figure the area of roof to be covered with the metel sheet. Allow for
overhang, and consider where gutters will be h.ng, when making measurements.
A building 8 m long with a pitched roof might have 2 roof surfaces of equal
area:

total = 2 (length x width)
area = 2 (8mx 3 m)
= 48 mZ

Using this area, figure the cost, using the local piice of metal sheet.
For example,

area X price per A
48 m¢  x  $2.20 (Monrovia 1981, US$)
m2

cost

Hou

$105.60

This is only a rough figure, because it ignores the size of the individual
sheets and how much they must be cut to fit the roof surface. Also, the sheets
must overlap a little to shed water properly. This means that the actual
area of sheet needed, and the cost, may be 15-20 percent more.

If gutters are to be made with the sheet material, this may increase the cost

again. Sometimes sections of gutter and hanging straps can be made with pieces
cut when the sheets are fit to the roof.
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APPENDIX C
BUILDING WATER TANKS

The construction information in this sectior is for three of the most widely
documented of the tanks outlined above in section 6.2. Here we intend to give
the interested reader detailed information on the materials, tools, and skills
involved in their construction; some readers with confidence in their manual
skills would be able to attempt construction from the information given. We do
not mean to imply that these are the three '"best" tank designs for household
rooftop catchment; in fact, each of these three tanks requires a relatively great
amount of cement per m3 of storage (see, for example, section B.l1). They are,
however, three of the most "teachable" of the designs documented. See Chapter 6
for a more complete discussion of water storage alternatives.

Each of the tanks described in this section is made with cement mortar, which is
a mixture of sand and cement and water. ([t is always important to make mortar
with the cleanest available materials, and to keep soil and other contaminants
out of the mortar mixture. Watt (1978) suggests using a mixing board or making a
small concrete pad on a layer of gravel. The board is probably a better choice
where the tanks or jars will be built far from each other (See figure #27 below).

Gauge sand in
Water bins measuring box

/ *
Hiasuring box
L( S0 A GO AD C .

A

Watt (1978) by permission

Cement

Figure 26, Equipment and Material for Mixing Cement Mortar.
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The mortar mixtures used for the following tanks and jars contain proportions of
cement:sand ranging from 1:2 to 1:3 (measured by volume)., Mixtures with more
cement are easier tu plaster with and may be stronger and more waterproof for the
surfaces of smaller jars with little reinforcement. For larger containers, a 1:3
cement:sand mixture 1is strony enough and less likely to crack when curing.

Sand for mortar should be clean. A range of sand grain sizes is permissible but
sand with lots of fine silt should be avoided because it causes flaking of dry
mortar. Sand and any other materials to be used in construction should be gathered
before any work starts. Study the list of materials preceding each of tanks,
and read through the instructions caretully before beginning.

Clean water should be added to the cement and sand after they have been thoroughly
mixed together with a trowel or shovel. HMake a hole in the pile of cement/sand
mix and pour ihe water in, a little at a time. While a mix that is too "“dry"
will be difficult to apply, a "wet" wix will not be as strong when cured. Use as
little water as possible to oblain a workable mixture. Start with an amount of
water that is half the volume of the cement, and add water sparingly.

o nct mix wore wartar than can be applied to the tank or jar in about one half
hour! Arter about ULhnis amount of time, mortar begins to set and cannot be applied
properly (Watt, 19/8).

Concrete is used instead of mortar for the foundations of most tanks and jars
because 1t contains gravel or small stones and is less likely to break or weaken
under the load of a heavy tdnk and its contents. The gravel used in concrete
ideally contains 4 range of sizes, and the stones should not be flat. Like sand,
gravel must be clean, or the concrete will be weak.

Concrete used for foundations can be mixed in proportions of cement:sand:gravel
ranging from 1:2:3 to 1:3:6. Regardless of the proporticns, concrete should be
made with as little water as possible and mixed in a clean place. Containers
like those shown in the figure above can be used to measure the proportions of
moterials in mortar and concrete mixes. Resist the temptation to estimate pro-
portions or use the blade of a trowel to measure with; this will result in a
weaker mix,

The Village Technology Handbook (VITA, 1973; see section 8.2) includes an excel-
lent section on selecting mixes, preparing, and building with concrete.

C.1 Quarter Cubic Meter Cement Plaster Jar

Unlike the other water containers in this section, this jar is built entirely of
mortar. It contains no strengthening fibers nor wires. The mortar is applied
to a "mold" which is usually made of sacking material (like burlap) filled with
something heavy enough to plaster against.

Because these jars have no reinforcing material, they are made with a mortar mix
which is "rich" in cement., The proportions of materials recommended in the
foltowing instructions (copied by permission from Wett, 1978, see section 8.2)
dare 1:2, cement:sand (measured by volume). Watt does not mention the proportion
of water to be used, He says instead that the mortar should be mixed as "dry" as
possible, for wmaximum strenyth. Refer bdack to the discussion of making mortar
above.,
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The following instructions are for construction of a small jar which holds
approximately a quarter of a cubic meter of water (fig. 28). Watt says that
people with no experience have been taught to make the jars in less than two
days. Much larger jars which have screens, 1ids, and taps have been constructed
using this method. Substituting soil and 1lim> for some of the cement and sand
in the mortar has also been tried.

MATERIALS: 1/2 bag of cement (less than this should be required)
clean sand

clean water
burlap, "gqunny cloth", or other strong sacking material

sand, grain husks, or sawdust to fill the sacking

TUOLS: needle and thread, or other tool for sewing the sacking
mixing board or pad and containers for measuring and mixing mortar
materials

truwel and wooden stick

STEPS IN CUNSTRUCTION REQUIRING SPECIAL CARE:

Making sure that the material used to fill the sacking (step 2.4 in
figure 29 below) is heavy enough to keep its shape during plastering.
It is a good idea to try filling the sack on the ground before begin-
ning construction.

Making the mortar. Do n»ot iake the mortar for applying to the mould
until you are actually ready to begin (step 2.8 in figure 29). This
should allow you to work with a "dry" mortar mixture for maximum
strength., Mixing the cemeni and sand well, before adding the water,
is especially important.

Curing the new jar (step 2.10 in figure 2Y), also requires pabticular
attention,
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2.1 Plice two pivces of ganny cloth {hessian sacking) 125z by 110cm

regd e andd anarks ot Sew the twa picces together along thie curved
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2.2 After sewing, (o the sack imnside out.

Figure 27, Making Small Water Jar, Thailand.

** copied from Watt, 1978, by permission, ITDG
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2.3 Make a precast mortar bottom plate, 60cm in diameter and 1.5¢m
thick. Make the mortar from a mix of 1:2 cement:sand by volume 3as
dry as possible consistent with easy trowelling.

2.4 Place the sack on the bottom plate with the smaller opening down-

wards and fill the space inside with paddy husk, sawdust or sand., The

weight of the fill will hold the lower edge of the sack firmly on the

bottom plate. Make sure thatr the mortar bottom plate sticks out from
under the sacking.

Figure 28.

2.5 When the sack is tilled up, foid the top and tie i into the shape
of a traditional water jar. Use a piece of wood to tap an the mould to
make it round and fair.

2.6 Spray some water on the mould before plastering to make it damp.

Constructing a Cement Plaster Jar
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.Fig_30 Standard formwork to make 1um? tark
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Fig .31 issembling the formwork

Construction

A circular area 2.8m in Ciameter is cleared at the required site
for the tanx and excavaied down through the ‘oose topsoil.
A 10cm :ayer of sand anc grave! 's 'aic evenly over the excav-
ation and a 7.5¢m 'aye: of concrete ‘aic on 100 of this: the
concrete mix of 1:2.4 (cementisand:grave) Hy volume) will
f~rm the founcation siab uncer the 1ank.

Into this concrete founcation is cast 2 'm 'ength of 20mm
bore steei waer pipe with a tan on the outside enc. The Dipe
Is curved so thet it orolects 10um above t3e flonr of the tank;
a pece of wire is threaded 'hrough 'he pipe to ac! as a pull
through after the tank has been bui't (see F19.20)

Water pipe and
pullthrough Iy tron stake to hold
Grave! Concrets s .,/ water pipe
oty
=i !

e ——— =

a _o."_- — @W
S 2F it

N O
v

Fig_ 32 Foundation of tank

When this concrete [lour slab has hardened the tormwork
for the tank ’s erected. The bolts passing through the angle

Corrugated galvanised iron
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iron and wedges are tightened 1o provide a rigic cytndrical
form. This is cleaned free from cement and dirt, ci'ad and the
wire netling wrapped around it to 2 sing'e thickness and
tucked uncer the forms. The neiting has a 50mm mesh, and
is made from 1.0mm wire (see Fig.21).

Chicken Wire

Hoop
reintorcement

Chicken wire tucked
under forms

To form the hoop reinforcements, the ‘straight’ galvanised
iron wire, 2.5mm diameter, is wound tightly around the
tank from the base at the following spacings: —

2 wires in each corrugation for the first eight

! wire in each corrugation to the top

- 2 wires on top corrugation.
About 200m of 2.5mm diameter wire will be needed, weight
8 kg. The netting provides vertica! reinforcement to the tank
and also holds the hoop wire out of the corrugations.

The outside is then plastered with a layer of mortar made
from a mix of 1:3 {cement:sand by volume) and as soon as
this has begun to stiffen a second mortar layer is trowelled
on to cover the reinforcing wires to a depth of 15mm. The
surface is finished smooth with a wooden float.

After a day or so the formwork is dismantled by removing
the holding bolts and by pulling out the wedges ‘wvhich will
teave the shuttering free to be stripped away from the inside
mortar wall. The sections are lifted clear of the tank to be
thorough'y cleaned of any mortar or cement.

A 20cm length of 8cm diameter downpipe is built into the

wall at the top of the tank to act as an overflow and the

inside of the tank is D'astered with mortar to ! up the cor-
rugations. YWhen this has hardened sufficiently a second final
coat is trowe!led 2nto the inside and finished with a wooden
float. .

A 5cm thick layer of mortar is next 'aid onto the floor of
the tank and the junction with the fioor and the walls built
.110 a coving.

The floors are unreinforced and these tanks would fracture
if they were moved.

Take care that the mortar does not block up the outlet
pipe. Befcre the mortar on the floor has stiffened, form a
shallow depression in the midd!e; this will allow the tark to
be cleaned at a !ater date ~ the sedimen! can be brushed into
the ho'e and cupped out {see Fig.22).

m y
Overflow — n

. .j:?

Coving — 7 izt Drainage sump P Foih oot N
N T T s e Ty P
.\&_ -~ £ r“’.{jl | \ h
i} e — — o i } ix
'W/ s . ‘. — A

[d ) — 'S
54 .:77;2572\/7,@//,577,-‘ '{:' Sl
v
Fig. 34 The completed tank

The inside of the tank is painted with a thick cement
slurry to sea' the tank, a sma!l volume of water is allowed to
stand in the battom of the tank and the tank is covered and
curad for seven days.

Roof

The tank is covered with sheets of 0.5mm galvanised sheeting
supported on two lengths of angle iron. Alternatively, a rein-

‘forced mortar roof may be bhuilt in the ways described in

Chapter 10. Building a mortar root is not difficult but it
requires extra sets of formwork.

(continued)
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Materials required for Jom3 tank with galvanised iron roof

Cement 600 kg

Plain wire 2.5mm diameter 200m

Chicken mezh lm wide 16m

Water pipe 20mmn bore Im

Water tap 1 No.

Uverflow pipe 20cm of 8cm diameter iron

or concrete pipe
Galvanised iron sheet and angle
Iron for roof )
Sand 1.0m3

Gravel 0.5m3

C.3 The Ghala Tank

This tank (fig. 35) is made by plastering a sturdy basket for holding grain.
While this design comes from Kenya, the idea could be used to make similar tanks
out of ‘baskets made from a wide variety of indigenous materials. Most of the
information and the drawings for these instructions come from an article in the
Magazine APPRUPRJATE TECHNOLOGY, March 1982.* The authors say that ghala-type
tanks can be built as large as 7,500 liters and should last ten years. Most of

these tanks have been built closer to the size of the tank described here, which
has a capacity of about 2,300 liters.

90 cm
p——t
== 50 cm,
= £
', ii’ h ! l 100 cm
== | |
[ J N £

40 " 120cm @ 40

Figure 35, Ghala Basket Without Base.

* Figures reproduced from UNICEF East Africa Regional Office, 1982; by Permission,
17DG
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GHALA TANK (cont.)
CONSTRUCTION:
—— 1.

- 2.

- 3.

Lay the rocks for the foundation, in a circle
about 2 m diameter and 20 cm deep (fig. 2).

Spread a mixture of soil, sand and gravel over
the rocks and stamp or pound down to a 1.5 cm
thickness (fig. 2).

Prepare concrete as described above. Use pro-
portions 1:2:4, cement:sand:gravel (measured by
volume). This concrete is to be laid on the
foundation; making the mix with about 20 1. of
cement should yield enough concrete for a layer
about 7.5 cm thick,

Spread about 1/3 of the concrete on the foun-
dation. Place the water pipe and tap in the
wet concrete as shown in fig. 36.

Spread the remaining concrete on the foun-
dation. Immediately place the basket in the
center and work its Tlower part into the
concrete. Work some of the concrete up against
the basket wall (fig. 2) to make sure the basket
is firmly anchored.

After the concrete is set, prepare mortar as
described above. Use proportions 1:3,
cement:sand (measured by volume).

Apply the mortar by hand or with a trowel to
the inside of the basket walls, starting from
the bottom of the basket. This layer of mortar
should be about 1.25 cm thick. Use a little
extra mortar where the bottom of the basket
meets the concrete of the foundation; fill and
smooth this area so that the bond will be
strong.

While the first layer of mortar is stiffening,
prepare mortar for the second layer. Use pro-
portions 1:2, cement:sand (measured by volume).
Apply to the inside of the basket and smooth
into a layer about 1.25 cm thick with a trowel.
Then apply any remaining mortar to the outside
of the basket. This may help protect the ori-
ginal basket materials and will help strengthen
the tank.
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GHALA TANK (cont.)

Concrete
Murram

Rocks

bl 9-

As soon as the second layer of mortar sets,
cover the tank with wet sacks or cloths.
(These covers should be kept wet for about a
week. It is much easier to keep the covers
damp for proper curing if the tank can be

shaded from the sun.) After about 12 hours,
fill the tank about 1/4 full with water; this
keeps the inside damp.

Two layers of mortar 1.25 cm each

r__ K\

Ng oo ST e v
B R S TR A R St £ 2% Bk L RN VO & | ~

1.25 cm tap

Figure 36, Construction of Foundation and Positioning of Basket.
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GHALA TANK (cont.)

--- 10,  Make a lid. A concrete 1id can be poured into

a3 to 5 cm deep circular hole in the soil, care-
fully cut to match the diameter of the opening at
the top of the tank (fig. 3). Line the hole with
sand so that the 1id can be pulled out easily;

using soil or some other material, carefully make
mounds in the hole for air and water holes. A

handle can also be placed in the concrete as it stiffens.
See the details of fig. 37.

The authors of the article in APPRUPRIATE
TECHNOLOGY note that 1ids can be made out of wood or
other materials.

However the 1id is made, its holes should be
screened to keep out mosquitoes and dirt.

Construction of the lid.
Lid handle

Air inlet — Spout for collecting water

5 I ["-Q'Vﬂlzlt-" N

Top of tank

Basket

Air inlet

l\ Water inlet

Figure 37, Detail of Lid.
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