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1. Introduction

Also in rurcl areas of developing countries, people do.have
access to water ‘for domestic purposes. The efforts involved in ob-
taining this water, however, arc often tremendous, wvhile in most
cases the water is unre.iable and properly speaking should be boiled
before drinking , at the same time exe;cising the utmost care to
prevent post-contamination. This is seldom feasible, with as result
that the water supply itself endangers the health of the people
concerned, . .
Many governments, often witu outside aid, have teken upon their=-
selves to improve this situation, to provide a better scurce at a
shorter distance from the consumers. In the past these efforts were
not alveys successful and it is wise to recognise the underlying causes
foi failure. As most important may be mentioned
a. in particular in non-market economies, the people are terribly
poor, and for a weter supply as a self-paying proposition, only
the cheapest methods are availeble. Even this may prove too ex-
pensive, meaning that in rainy periods the population goes back
to their former unreliaoble sources, negating any health benefit
the public supply has brought. Providing the people with water
free of charge is neither a solution. It makes them indifferent
and causes a high consumption, resulting in a waste water dis-
posel problem; |

b. everyone, even completely lacking any formal education, has a
in-born feeling how drinking water should be, *namcly clear and’
without colour, taste or odor. With these standards, bacterio-
logical pollution of surface water is not recognised, resulting
in a rej=ction of ground water when it has a bitter taste due to
small amounts of iron. Any public water supply scheme should
thercfore be preceded and accomvanied by a campaign to inform
the population. Trained personncl, speaking the local language
are indispensible for this, but seldom available in.the numbers

required;



c. only in (large) cities is it possible to engage the artisans and
technicians necessary for operation and meintenance and even
here organisational end managerial skills are in short supply,
often with detrimental results. In rural areas recruitment must
be done locally and an intensive training programme is now re-
quired. After the contractor has left, the operator is on this
own., He can only do a good job when the installation is simple
and its technology as much as possible adapted to local skills.
For the water supply itself, lack of adequate overation and
maintenance is the most frequent cause for failures. When a dug
well is equiped with a pump, but repairs cannot be effected in
the immediate neighbourhocd, the well cover will eventually be
removad and the water abstracked with rope and buckets!

d. it should be realised that a safe drinking water is not enough
to prevent the spread of water related diseascs. Nature has many
other possibilites in store and people should learn how to avoid
them. This is only possible by providing primary education to
all children of school-going age. By the lack of adequately
trained teachers, however, this is a dream thet wiil not be

fullfillied in the present century.

Taking all the above-mentioned factors together, it is clearly im-
possible to provide the rural population of developing countries
with drinking water that satisfies western world standards. Here
the first concern of the water engineer should be the quantity of
the water, making adequate amcunts easily available. As regards water
quality, he should do the best he can, at thc same time avoiding
complicated and costly.equipment and never aiming at perfection. As
prevention is better than cure, he should first of all give his
attention to ground water recovery, when necessary spread over
varicus sites or increased in yield by artificianl recharpge. Privale
supplies, one for ecuch family, greatly rcduce the propagation of
water borne diseases and should be given high priority, while for a
dispersed populution they or'ten form the only possibility..Fluwinu
rivers ave able to cary locul pollutions over distances of tens Lo

a fev hundred kilometers and treutment of such a water is alwanys



necessary. Appropriate technology should now be applied, commensurate
with the skills locally available as well as with the prevailing
social attitudes. Involvement of the local population finaly is a
pre-requisite for success and great care should therefore be given
to obtain and to maintain good communication with the local poli-
tical and religious leaders.

When contemplating to provide a.region with a public water supply,
properly spcaking a masterplan is necessary, followed by devailed
feasibility studies about technical, financial, organisational,
managerial, etc., aspects. Before the water engineer can start his
work, many in&estigations should have been carried out of which those
on hydrology, hydro-geology and limnology are extremely time con-
suming and require the help of (foreign) high-level experts. In many
cases the project cennot suffer the delay, neither bear the ccst of
such data collection and the water engineer has to start from scratch,
using his ingenuity to solve the problems as they arrive. Hig capa-
bilities are now the deciding factor for success or failure and all

pains should be taken to select the best man available.

As indicated by the tittle of this paper, the contents will be
limited to rural supplies, unpiped for a dispersed population having
onlyismall nucleated settlements and piped for (larger) villages.
Public water supplies to cities are left out of consideration. Their
financial scope must be made large enough to engage properly trained
personnel, allowing the application of western technology, adapted
in one way or another to local circumstances and avoiding the

sophistication that is nowadays required to save on unskilled lubour.



2. Water consumption

Water is indispénsable for life. To perform its physiological
functions properly, the adult human body needs 2 - 5 liters ﬁer‘day,
depending on climate and work-load. Water in the meanwhile is also
required for other duties, for cleaning coéking utensils, dish
washing, personal hygiene, laundry, housecleaning, etc. Strange
aé it may seem, the latter amounts do not vary much with the house~

hold size, allowing to calculate the total consumption per family as
= +
Q=q, +naq,

with n as number of family members. This relationship was first

discovered for che city of the Hague in the Netherlands, giving
Q = 120 + n(50) liters/day

and meaning for a family of 4 an average per capita consumption of
80 liters per day. From data provided by White, Bradley and White
(Drawers of water, page 1235 about water consumption in 'Tanzaznia

the follwing formules may be derived
unpiped households Q= 25 + n(5)

households with piped connections Q = 200 + n(80)

meaning for a family of 5 an average per capita ccnsumption of 10
and 120 liters per daey respectively. Already trom thesc [ipgures

it will be clear that consumption incrcases tremendously when water
becomes more easily available. As always, such, an increase has an
ever diminishing return. In case consumption is low, the provision
of more water decidedly improves health, by reducing water-vashed
diseases, by growing of vegetebles, etc. When consumption is al-
ready high, howvever, a further inercase must be considered as a
luxury item, to be used for car washing, watering of the lawn or
similar non-essential purposes. Morecover, it should be realised
that a major part of the domestic water supply is converted into
sewage. As long as the per capite consumption is small, say less

thuan 20 - 40 liters per day depending on soil conditions, disposul
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is easy, using cess-pools and soak-away pits. With higher con-
sumptions a system of sanitary sewers is required and these are
rather expensive to construct.

Taking the above mentioned factors into account, it is pro-
posed to base water consumption in rural areas of developing
‘countries on the following formulas, in which q i1s the average

per capita one for a family of 5

unpiped supplies

minimum Q= 10 + n(5) q = T l/day
adequate Q= 30 +n(7) a =13
piped supplies with stanupipes
Q = 50 + n(10) g = 20
households with piped connection
 small village Q = 100 + n(20) q = Lo
large village Q = 125 + n(25) q = 50

In tropical climates, the variation in daily domestic consump-
tion is less than in temperate ones, while the variation in hourly
consumption is somewhat larger. For municipal supplies and piped
households connections this means all together about the same capa-
city for the distribution system andionly a sligthly larger clear
water storage. With unpiped houscholds on the other hand, the si-
tuation is quite different. Here the pattern of daily consumption
may be schematized as t'ollovws

30% during one hour st the beginning of the dey

30% during cne and a half hour at the cnd of the duy

40% more or less evenly divided over the remaining day-light

hours.

This means a ratio between maximun and average hourly consumphion
equal to a tactor of no less than 7.2, vhile the clear water
storapge necesau.y to flatten oul éhe demand variations rises Lo
one half of' the daily cousumption. This certairly increases Lhe

cost of water supply. Money could be saved with a alternating sunoly,
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providing each sector of the community with water during 2 hours
per day only. As serious disadvantage must be mentioned, however,
thaf during the remaining 22 hours, the distribution system is with-
out pressure, allowing polluted ground water to enter the system
through the always present leaks. Again the waﬁer supply becomes

a menace to public health.
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‘Water sources

Hydrological cycle

Water is indispensable for man, plant and animal and in this
respect it is very fortunate that enormous amounts are available
on earth. According to fig. 1, however, only (.62% of these amounts
aré fresh water and only.Q% of the latter quantity is surface water
in rivers and lakes, where it is easily demonstrable and seizable.

Luckily the water on earth, whether as water vapour in the
atmosphere, as surface water in streams, lakes, seas and oceans
or‘as gror dvater in the interstices of the sub-soil is not at rest,
but in a continuous circulatory movement. There is a never-cnding
transformation from one state to another, known as the hydrologic
cycle (fig. 2). Water from the atmosphere falls to the ground as
rain, hail, sleet and snow and condenses above ground as well as

in the openings of the earth-crust. Not all this downward moving

atmospheric water, however, adds to surface and groundwater supplies,

since there is a continual return to the atmosphere. Part of this
water does not reach ground surface at all, but is intercepted by
the vegetation and evaporates from there. The water on the ground,
in pools and marshes, is exposed to evaporation, as well as that
which flows in rivers and lakes. Water in the pores of the sub-soil
is also subjected to these losses, while sorie morcover is consumed
by vegetation (transpiration losses). That which remains either
flows over or directly bencath ground surface sto open water courses,
or moves further downward, through the acrated upper strata until
it reaches the @rouﬁd water table and recharges the ground water
supply. This groand water is not stagnant, but flows through the
soil in the direction of the downward slope of the ground water
tuble. Sooncr or later it appears asain at the surface, visible in
the form of springs and invisible as ground water overtlows in
rivers and lakes. The smaller slreams combine to fbrm lavier rivers
Which earry the water to the sea. Here, evaporation returns it o

the atmosphere and the cyecle begins once more.
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The volume of the hydrologic cycle, that is the amount of
wvater flowing yearly from land to sea and conversely may be cal-
culated by drawing up a water balance for the combined land and sea
ereas of the-world. As an average over a long period (to smcoth out
climatic fluctuations), the resulting flows are represented in
fig. 3. Over the land sﬁrface of the earth, thé circulatory move-
ment has a capacity of 105.000 km3/&ear or (0.105)1015 m3/yeay,
which for a total fresh water stock of (8.1&)1015 m3 corresponds
with an average detention time of 80 years. Related to the surface
exchange between land and sea at 30.000 km3/year or (0.03)1015
m3/year, this detention time rises to 280 years, meaning that it
takes nearly 3 centuries, on avérage, before the fresh water stock
on the land surfaces of the world is replaced by new water coming
from the sea.

For the water supply of a pérticular region, global figures
are of little value and here theé volume of the hydrologic cycle is
determined on one hand by rainfall and on the other hand by re-
sidual rainfall, being the difference between rainfall and losses
due to evapo-traunspiration. Rainfall shows great seasonal and geo-
graphic variations (fig. ), but many times greater are the fluc-
tuations in residual rainfall, varying from strongly negative
values in tropical desert arcas to values over 2000 mm/year in

mountainous regions.

Water for domestic use may be abstracted from the hydrologic

cycle at various points

as roof drainage before it reaches the ground,
as ground catchment before it runs off or percolates downward,
as ground water,

as springwater at the point of re-emergence to ground surface

and as surface vater from rivers und lakes. To these natural possi-
bilities may be added man-made ones such as abstracting wat.r vupour
I'rom the atmosphere by condensation and creating or.incrcusing
ground water supplies by induced or artificiasl recharge. Hot oll

these possibilitien are available everywhere and always, while ench
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" of them has special advanteges and disadvantages. They will be

described in more detail in the subsequent sections.
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3.2. Rain Water

Where people have their permanent homes, rainwater is always
available and from times immemorial it has been a major source for
domestic supplics all over the world. As drawback must be mentioned
that in dry climates the amounts are rather small with sometimes
many rainless months in succession. Assuming an annual rainfall
of 0,5 m and a roof catchment (fig. 5) with an efficiency of
80 - 90%, an amount of 0,425 m3/m2, year becomes available, For a
family of 5 and minimum requirements (section 2), the consumption
equals 35 1/day or 12.8 m3/yeap for which a catchment area of
30 m2 is sufficient. In case the rainless period has a duration of
half a year, a storage of theorectically 6.l m—J is required. Taking
into account evaporation losses .this amcunt must be raiscd to
7.5 m3, which may be acconodated in a cistern of for instance 2 m
diameter and a depth of 2.5 m. ﬁhen water requircments are larger,
the roof area will not longer suffice and ground catchments must
be used. For the sawe rainfall of 0.5 m/year, an efficiency of
60 - 80%, epgain a family of 5 but an adequate provision at 65 1/day,
the required areca rises to 68 m2 and the necessar& storage to 14 m3.
In general, the size of the catchment area will provide no problems,
but the volume of the cistern is too large an effort for a single
family. By combining forces, the economy of scale helps and for
a small village or a limited sector of a larger one, the cisterns
of fig. 6 en T may be applied.

Rainwvater harvested with the.help of grouhd catchments will
always be polluted, by bird droppings, by wind blown dust and when
left unprotected, also by the exerecments of animals. This is the
reason that the cisterns of fig. 6 and 7 are provided with sand
filters, certainly able to produce a clear water which in many
cases will also be fairly reliable in hygienic respect. Betler
results in this respect can be obtained with the system of ftig. 8,
developed for rural supplies in Germany. Roof catchments wre loss

polluted while as individual supplies they tend to get belter cave,
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in this case a regular cleaning of catchment surfaces and collec-
ting troughs. Some purification is still desirable, for which

fig. 9 shows a simple sand filter.

The constructicn shown in the preceding figures were developed
by and for use in thre western world. It goes without saying that
they cannot be applied unchanged in rural aress of developing
countries. Adaptation to local circumstances is' necessary, taking
into account locally available materials, skills, ete. To stimulate
the imagination of the designing engineer, Annex 1 shows a number
of roof catchments and Annex 2 a number of ground catchments, in-
cluding systems which properly speaking belong to the artificial

recharge of section 3.6,
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3.3. Springwater

Without any doubt, groundwater is the best source for domestic
supplies, Since it was born as downward percolating rain- or river-
water, tens to hundred of ycars have elapscd during which period
all pathogenic organisms have died away, resulting in a water safe
in hygienic respect. Groundwater does have as disadvantagc that
it is invisible and therefore unknown and that for its recovery
more or less elaborate works are necessary. These drawbacks, how-
ever, do not'hold true for groundwater that returns to ground
surface in the form of springs (fig. 2), where it is direectly re-
cognisable and seizable.

Leaving outward aprearances out of consideration and looking
only at the etiology of springs, four different types may be dis-
tinquished, shown together in fig. 10. The depression sprirys on
the left of this figure are rather variable in yield, wnile in dry
periods and a lower groundwater table, they may cease to flcw alic-
gether. Gravity springs (fig. 11, 12) are more relisble ir this
respect, in particular the artesian contact spring (fig. 12} with
a catchment area a great distance away.

To maintain the hygienic purity of spring water, it must be
recovered in such a way that any possibility of pnllution is avoided.
For larger amounts of water, drains (fig, 13) and ::lleries (fig. 1)
may be used, while smaller amounts can alsc be recovercd with
wells (fig. 15). An interesting possibility is the use of drains
(fig." 16) or perforated pipes driven more or less horizontally
into the hill side, whereby protection against pollution from ground
surface is casier to obtain. For the provision of a group of lLouses
or a small village, fissurc springs (fig. 17) urc particularly
attractive. Abstraction is easy, reliable and chewp, as shown in
fig. 18 and 19. Again it must be realized that not all the coa-
structions mentioned above can be uppiicd under more primitive con-
ditions. Annex 3 shows exumples ot the ingenuity upplied fn using

locally available macerials and skills Lo tap spring water.
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3.b. Groundvater

Large scale recovery of groundwater, for irrigation and domes=-
tic use, started in the first millenium B.C. In Persia of that
time galleries (qanats) were constructed (fig. 20) with average
lengths of 10 - 15 km, while in other countries of the Middle East
dug wells (fig. 21) were'sunk to depths of commenly 5 -"30 m. Tube
wells of small diemeter so as to be able to reach greater depths,
have their origin in China (fig. 22) and their application in other
parts of the world is only a few centuries old. As mentioned tefore,
groundwater has the enormous advantage of being safe in bacterio-
logical respect. To this must be added that under suitable condi-
tions it can be recovered at many places, also in the direct
neighbourhood of population clusters, shortening the distance it
must be carried to the various households. Individual supplies, one
for each family, may also be considered, in which case they will be

. kept in better condition while the consequences of pollution are

appreciably less.

Galleries for groundwater abstraction are simple to build
(fig. 23), but due to their shallow depth below ground surface,
they are difficult to protect against contaminated water percolating '
down from ground surface. Due to point abstraction, dug wells are
better suited in this respect, while their construction is still so
simple that they can be made by local artisans from local materials
without specialized cquipment or skills. As a consequence of their
method of construction, dug wells have a large diameter, al least
1 m, by which they are able to store grcat.quantities of water, thus
alloving periodic abstractions at a larger rate than that of the
groundwater that actually flows into the well. This ;cservoir
effcet is particularly importunt for agricultural societies where
the amount of waler nceded varies cnormously with time (scetion 2).

To prevent pollution of the groundwater ahstracted by a dug
well, the eurb must be water tight over its upper part, ir posaihle
to a depth of a few meters below the lowest groundwater level during

operation., To protect the water inside the well against pollution
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by wind blown material or by objects falling into the well opening,
a tight cover made of durable material is a strict requirement. This
precludes water abstraction by rope and bucket (fig. 21) and a
(hand) pump must now be installed (fig. 24). Due to wear and tear,
this pump is bound to fail after some time of use with as conse-
quence that in the neighbourhood a reserve pump must be available

as well as the skills to install it., When the upper soil iayers are
stiff, clay for instance, the annular space produced around the well
during sinking will not be self-sealing and must be filled with
grout to prevent incursion of surface drainage around the well
perimeter. This is demonstrated in fig. 25, which picture also
shows that around the well an artificial mound is desiratle, pro-
vided with pavement to let rain- and spilled water flow away fror
the well as quickly as possible.

When water has to be tapped at greater depths, tube well§ must .
be used. For depths of a few tens of meters, driven (fig. 26) or
Jetted wells offer an attraétive solution, but they do have the
disadvantage that all materials must be imported. For larger depths
drilling methods have to be applied. In western-type countries,
straigth or reverse hydraulic rotary drilling is used elmost cx-
clusively, but for developing countries percussion methods (fig. 27)
are better suited. They are certainly slover and more labour inten-
sive, but on the other hand they are. safer, more reliable, require
less skilled personnel and are bhetter adapted to the local ways
of living. In case only unconsolidated formations must be peng-~
trated, the entire tool strirg can be replaced by a mud-scow, acting
both as bit and bailer. Also with percussion methods the drilling
rig must be imported, but for the well itself local materials may
be used, such as wood stave pipes both for casing and screcen.

Tube wells require little in the ficld of sanitary protection,
Due to the great depth at which the scrcen is set, the groundval.er
is reliable in bacteriological respect while the small diameter of
the casing makes pollution prevention of the water abstacbed anite
eusy. A disadventage must be noted that pumps are necessary for

recovery of the waler,



3.5, Surface water

For rural supplies in developing countries, surface water
sources show many disadvantages. Rivers are not always perennial, By
contact with human and animal life the water is polluted and al-
ways nceds treatment before domestic use. It is only lecally avajl-
able and when situgted at a greatér distance from the commuqity, a
pumping station with pipelines and standposts are at lcast required.
Individual supplies finally are not feasible.

The least objectionable solution is the abstraction of water
from natural or artificial lakes. Here the water is at least clear
and when abstracted at some distance from the shoreliﬁe (fig. 28),
the pollution is rather small, allowing an adequate treatment by
slow sand filtration only. Due to turbulent mixing, river water
has about the same quality ove£ the full cross-sectional areca and
abstraction near the shore (fig., 29) will show little disadvantages.
In particular with turbid vaters, an extensive treatment is ndw re-
quired, comprising at least plain sedimentaticn and slow gsand fil-
tration and under more severe conditions chemical coagulation, floe-
culation, settling, rapid filtration and disinfection. Needless
to say that in many instances the help of foreign firms is requirced
for construption, while for operation imported chemicals, technical
kncw~how and menagerial skills must be available. In case that
during dry periods the river water fails in quantitétive or quali-
tative respect, storage reservoirs must be constructed, offering
the added advantage of quality iriprovement by sclf-purification.
Simpler treatment mehtods may now be used as otherwise would be

required.



3.6. Artificial recharge

Artificial recharge may be defined as the planned activity of
man whereby surface water from streams or lakes.is made to infil-
trate the ground, in the context of this paper to allow or to in-
crease the recovery of groundwater. According to Meinzer, the
methods of artificially increasing groundwater supplies may be
classified in two broad groups '

a. indirect methods, in which increased recharge is obtained by lo-
cating the means for groundwater abstraction as close as prac-
ticable to areas of rejected recharge or natural discharge;

b. direct methods in which water from surface sources is conveyed
to points from which it percolates into a body of groundwater,

"The indirect methods are better known as induced recharge and are
commonly accomplished by inducing movement of water from a streom
or lake into the ground as a result of' groundwater recovery at

a short distance from the shoreline. Schematically this is shown

in fig. 30, where the drawdown accompanying groundwater abstraction

causes river water to enter the aquifer. Provided that the distance
from the well, line of wells or gallery to the river is larger than
gbout 50 m and that the river water nceds at least one month'to
resch the collectors, the water recovered is safe in bacteriological

respect. v

The direct methods are more complicated and requive at least
transportation of the water, but do have greater potentialitics as
here the source of surface waler and the aquifer to te replenished
are separate items so that for each the best possibility can be
chosen. Depending on local geo-hydrologic conditions, the actual
recharge may be accomplished with spreading basins, with the help
of pits and shafts or by injection wells. Spreading basins are most
simple to counstruct and operate and are shown in fig. 31, in this
cage al a short distance from the river. For the same situation
fig, 32 denonstrutes howv the qudlihy el the recharpge wabter may be

improved by a simple pre-treatment, consisting of aevalion, ronshing
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filters and again aeration. The quality of the groundwater abstrac-
ted in this case can complete with the best treatment systcms
available. It is, moreover, a natural treatment, less likely to

fail with Inexpert operation.
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4, Water treatment

L.1. General

The quality of domestic water has to satisfy two requirements,
it must be safe and it ought to be attractive to use. Both aspects
may be realized by a judicious selection of the source or by puri-
fication after recovery. By lack of money and skills, treatment
is always a difficult proposition in rural arcas of devéloping
countries and when unavoidable, it should be realized in the sim-
plest way, using an appropriate technology adapnted to local possi-
bilities and preferences. To make a water supply system under these
conditions a success, the local population should feel invalved in
.the efforts and this is only feasible by.using as much a3 possible
local materials and skills, For good health in the meanvhile, also
the amounts of water available must be adeguate. In some cases, such
as rainwater, this may be limited by the size of the scurce while
with spring water or surface water supplies the distance to the
source is commonly the limiting factor. This may be alleviated by
a pipéd supply, but this involves large amounts of local labour and
foreign currency. When transport by gravity is not possible and
pumps must be used, the cost of construction shows an additional
rise, while operation and maintenance will now require skilled la~
bour, seldom locally available. |
Taking the above mentioned factors into account, a list of de-
clining preferences could be scb up as shown below
&. groundwater, requiring no treatment, recovered at various places
at short distances from the consurers;

b. springvater, requiring no treatment, recovered at some distance
and carried to the consumption arca by a grnvify syuslems

c. groundvater, requiving simple treatment, recovered locally;

d. individual rainvatcer supplics;

e. springwater, requiring simple Lreatment and o gravity sueplys

f. lake wiater, requiring simple treabment, recovered al some dise-
tance and carried Lo the distribution arca by a pump driven

piped supplys
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g. water from rivers, requiring an extensive treatment and pumping
to the supply aresa.

Spring- and natural or artificial groundwater are safe in hygienic
respect, but when they are anaerobic, they may‘contain too high
amounts of iron and manganese. Removal is casy by acration, sedi-
mentation and mechanical filtration. In case (post) pollution of
spring-, ground and rainwater is not excluded, biological (slow sand)
filtration should be used, if necessary preceded by aeration. The
same Slow sand filters.may be appliqd for the treatment of surface
water with little turbidity. ror river water with a high suspended
matter content and perhaps a large load of organic and bacteriolo-
gical pollutants, a nuaber of unit operations must be set one behind
the other such as plain sedimentation, chemical coagulation with
flocculation and settling, rapid filtration and disinfection or
slow sand filtration.

When considering treatment svstems, it should be realized
that oné treatment is able to perform various functions such a3
“e¢larification, deferrisation and removal of pathogenic organisﬁs
by slow sand filtration, whil= on the other hand one purpose can
be served by different treatments such as removal of suspended

matter by sedimentation as well as by filtration.
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Lh,2, Aeration

Aeration is the process whereby water is brought into intimate
contact with air for the purpose of raising the oxygen content,
lowering the carbon dioxyde content and removing obnoxious gases
such as methane and hydrogen sulfide. Aeration may be nccessary for
groundwater, but when it is required for surface water this,points
to such a heavy organic pollution that a better source should be
sought.

Aeration may be accomplished in many ways, commonly classified
in three broad groups, waterfall aerators, bubble aeratorc and mecha-
nical aerators. With waterfall aerators, the water fells though the
air, in fine droplets or thin sheets. They are simplest to construct,
give excellent results and should therefore be preferred when wor-
king uider more primitive conqitions. In their turn, waterfall acra-
tors may be constructed in different ways, as spray aeralors with
upward or downward water outflow, as multiple tray cerators and os
cascade acrators, the latter having as advantage that the loss of
carbon dioxyde can be made small., Spray aeration'needs an elaborate
pipe distribution system to deliver the water to the various nozzles,
making its construction rather expensive. Without any ‘doubts, mul-
ﬁiple tray:aerators (fig. 33) offer the cheapest and simplest con-
struction, requiring only little space and doing an excellent job
both with regard to oxygen absorbtion as to removal of undesired
.gases. C~icade aerators (fig. Sh) require more space (locading 20 Lo
100 m3/hour per m width), are morc expensive to construct but must
be used when the water recovered is in carbon dioxyde - bicarbonate
equilibriwm, meaning that a loss of carbon dioxyde would result in
a precipitation of calcium carbonate.

Under all circumstances, the water during aeration must Lo pro-
teéted against pollution, by contuct with people or animals or Ly
wind blown material. This may be obldined by sctting the arrator on
n fenced-in pasture and removing all shrubs and trees Lo o distanes

ot about 30 m.
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When groundwater is anaerobic and needs aeration, it may also
contain minerals such as iron and manganese in amounts too high
for domestic use. During aeraéion these substances are converted
into insoluble ferric- or manganic oxyde hydrates, which may subs-

equently be removed by secdimentation or filtration.
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4.3, Plain sedimentation

In a flowing river, a classification of undissolved particles
takes plaée. Those with a mass density less than that of water accu-
mulate at the surface. Particles much heavier than water, e.g. sand,
are transported rolling and trumbling over the river bottom, while
particles with a mass density only slightly larger than that of the
surrounding fluid are kept in suspension by turbulence and bottom
scour. As shown in section 3.5, river water intakes can be construc-
ted in such a way that the abstraction of floating matter or bottom
transport is avoided. It is impossible, however, to prevent the
carrying along of suspended particles, meaning that the watcer taken
in may be turbid and so unacceptable as drinking water.

Removal of turbidity may.be accomplished in different vays,
of which plain sedimentation is the simplest. With this process,
the vater to be treated flowé'through a tank of large cross-sec-
tional area, creating a state of virtual quiescence. This allows
the (slightly) heavier particles to move downward and to accumulate
at the bottom, after which the water leaves the tank in a ¢larificd
condition. For particles which do not tend to coalesce during
"settling, the overflow rate, that is the ratio between the amount
‘of water to be treated and the surface area of the tank, is the
deciding factor. The depth of the tank is of little importance and
may be kept quite small, say 1 m. For flocculating mud particles,
the purifying effect also depends on the detention time, requiring
a greater depth, 2 m or more whén possible. To avoid short~éir—
cuiting, the ratio between the length and the width of the tank
should be chosen quite large, between 3 and (. For the same reason
the inflow and outflow of water should be divided evenly over the
whole width, which can be accomplished quite eusily wilh straipghl
weirs.,

Basins for plain scedimentation ‘can be constructed us simple
dug basins with an overflov rate of 1 to 10 m/day. Tokim: i cormon
value of 2 wm/duy, a viilugc of 1000 inkabitants and a per capidn
and day concumption of 30 liters would require a pond of say 1.5 m

depth with side slopes of 1 o o,y o bolton, widbh of oo nad o
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bottom length of 10,5 m of which 7.5 m between the inlet and outlet
veirs (fig. 35). With regard to cleaning, by draining, drying and
excavation of the accumulated ﬁaterial, two of such tanks should
be constructed.

It should be realized in the mecanwhile, that plain sedimenta-
tion alone is secldom sufficient to produce a water of the desired
clarity, while it is superfluous for water abstracted from lakes
or from storage reservoirs, created to bridge over dry periods
with unsufficient amounts or inadequate quality of the vater in

the river.
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L.4. Chemical coapulation, flocculation and settling

The efficiency of plain sedimentation is greatly erhanced
and also extended to colloidal matter (including colour), when the
suspended particles in the raw water can be made to coalescee, thus
forming larger flocs with a higher rate of subsidence. In case
these particles carry a (like) electric charge, this is only pos-
sible after neutralization by the addition of chemicals. Commonly
three-valent iron or alﬁminium salts are used for this purpose,
which after dissolution in the water form micro-flocs almost in-
stantanuously. By stirring (flocculation) these flocs combine with
the suspended watter ncturally present in the water, producing
the desired aggregates of high settling velocity (25 - 1% m/day).
By subsequent sedimentation these flocs can easily be removed.

From the description given above, it will be clear that a
‘nunber of different overations can be distinguished
a. acquisition and storage of chemicals;
b. dosing of chemicals in an amount dependent on the quantity and

quality of the water to be treated;

¢. mixing of the chemicals with the water;
d. flocculation;
e. settling.
In rural aveas of developing countries it is. difficult to obtain
chemicals from far awoy places, while the lack of managerial skills.
will endanger the continuity of the supply. In some areans, however,
locally available materials can be used, either as such or after a
simple trcatment (annex 8). The amount of chemicals nceded per unit
volum= of water varies with water quality, that is with the time
of the year, and is fairly complicated to assess corrcctly, in
particular when the ucidity of the waler needs adjustme nt, This
problem can be made somewhal casier to solve when cousnlatingg chemi-
cals arc uscd which are wble to work in a wide py range and which
are rather indirfreat te the size of the dene, Onee Lhis dose b
been determined, the quantily of chemicals to be added Lo Lhe water,

either in a constant rate or proportional Lo a varying I"low of wnler,



- 31 -

simple devices have been developed (fig. 36), which with proper care
are able to work to satisfaction (Annex 9). Mixing of the chemicals
with the water is best done mechanically (flash mixeré), but also
with hydraulic means adequate results can be obtained. lydraulic
mixing is most efficient with a hydraulic jump, but in many cases
the turbulence downstreems of an'overflow weir is also able to do
the job (fig. 37). Modern flocculators are again of the mechanical
type, but also here hydraulic ones using the turbulence created by
the flow of water around baffles can do an adequate job and are
simple to construct (fig. 385. Somevwhat larger detention times are
now necessary, say betwcen }-and 1 hour, Settling finally offers
little difficulties. It can be accomplished in the same way as
.described in the preceding section for plain scdimentation, with
the only provision that the depth should be somewhat greater to

accomodate the larger amounts of sludge.

Summing up, it must be said that chemical coagulation is a com-
plicated and expensive treatment to say the least. It should there-
fore be avoided as long as possible, preferably- by choosing a
.better source for ra. water. The effluent of the settling tank al-
ways contains some suspended flocs and a subsequent treatment is

therefore necessary to obtain the desired clarity.



4,5, Slow sand filtration

Filtration is the purification process, whercby the water to
be treated is passed through a porous substance. During this pas-
sage vater quality improves by removal of suspended and colloidal
matter, by reduction of the number of bacteria and other crganisms
and by changes in its chemical constituents. In principle the porous
substance mentioned above may be any stable material, but in the
field of domestic supplies beds of granular material are used ex-
clusively, in 99% of the cases consisting of sand. Sand is cheap,
inert, durable, widely available and gives excellent results. As
long as sand can be applied, other materials do not need to be con-
sidered.

When during the process of filtration impurities are rcmoved
from the water, they accumulate on and between the grains of the
filterbed, reducing the effective pore space by which the resis-
tance against the Tlow of water increases, After some time this
resistance becomes so high that cleaning the filuer is necessary
to maintain its capacity. With slow filters the béd is composed of
ungraded fine sand, effective size between 0.1 and 0.3 mma, This
sand is s¢ fine indeed, that the suspended and colloidal matter
from the raw water is retained in the very top of the filterbed.
The clogged material here may be removed and the filter restored
to its original capacity by scraping off this top layer of dirty
sand, to a depth varying from one to a few centimeters. To increase
the length of filterrun, that is the interval hetween two conse-
cutive scrapings, to workable values of one to a few months, the
filtration rate must be quite small with values commonly between
2 and 5 m/day.

lssentially a slow filter consists of a water tight box (fig.
39), provided with an undcrdfuinugc s'QLem to support the riltering
material, The filterbed hos commenly uw thickness of 0.8 to 1.3 m,
whilec on top the wuter Lo be treated is present to a depth o' 1 Lo
1.5 m. Inlets and outlets should b provided with controllers Lo

keep the raw water level and the filtration rate constant. Modern
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slow sand filters tend to be of complicated design (fig. u40), often
covered to prevent algae growth and provided with mechanical clea-
ning equipment to save on labour. Older constructions (fig. 41),
however, are also able to do a good job, while‘all over the world
designs have cvolved to use locally available materials and skills

to the utmost extends (Annex 10).

Slow sand filters have a tremendous purifying capacity, not
to be surpassed by any other single unit oberation. They are able
to supply a water of excellent clarity,‘frce from obnoxious dis-
solved irpurities and safe in bacteriological respcct. As pre-
requisite must be mentioned, however, that the raw watcr is not too
polluted, with in particular a low suspended matter content. This
gives as application the sole treatment of water from lakes and
reservoirs and the final trcatment after settlirg of river water.
Slow sand filters can also. be used to advantage for the reomwoval
of iron and manganesc from groundwater after aeratvion. With regard
to cleaning, at least 2 units should te provided of such a capacity

that one is able to do the job.
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L.6. Rapid filtration

When greater amounts of water must be treated, slow sand
filters certainly have the disadvantage of a small filtration rate,
asking for large areas of tilterbed. Basically this is due to the
small silt storage capacity, in the very uprerpart of the filter-
bed only. Improvement is possible.by deep bed filtration, u§ing
coarser and in particular more uniform sand grains (say 0.8 - 1.2
mm). Impurities from the raw water now renetlrate to such great
depths in the filterbed, that cleaning by scraping is impossible.
This must-be effected by ba&k—washing, reversing the flow of water
vhich expands the filterbed and scours the grains, carrying the
dislodged impurities to waste (fig. 42). Such a way of cleaning o
filter is easy and yuick, by which the length of filterrun nmay be
reduced to one or a fev days, égain allcwing a higher rate of fil-
tration or the use of more turbid river wuters. Common filter
rates vary from 100 to 250 m/day, that is Tifty times as high as
with a slow filter with a corresponding reduction in filterbed
area. ‘

It should be reaiizcd in the meanwhile, that rapid filtration
Rlants are quite complicated (fig. 43). Not only design and con-
struction, but also operation and maintenance are a matter for
experts. This makes them unsuited for rural supplies in developing
countries. In developed countries they are ecither used as pre-
treatment, to lighten the load on subscquent slow sand filters or
as treatment after chemical coagulation, flocculation and settling,
to be followed by disinfection only. Even here the lack of trained
personnel has forced an integration ot a large number of small
supplies into a small number of big ones, encompassing a whole
province or more und limiting surfuce water intakes to cue or a row
points only, This certainly increeses the cost of transportalion,
but it reduces the number of treatment plants which arc diffienlt

to supervise adequately.
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4,7. Activated carlon filtration -

With the preceding treatments, removal of taste and eodour
producing substances is only possible to a limited extend, meaning
that when the raw water is of low quality in this respect, also the
quality of the water going into supply will suffer. This may affect
the health of the population concerned as they are now aﬁt to go
back to their old, unsafe sources to obtain a better tasting water
for drinking purposes. Removal of taste and odour producing sub-
stances can be improved by adsorbtion on-activated carbon, for wvhich
in developing countries many sources are often available (Annex 11).
Activated carbon filtration can be effected prior to slow sand
filtration in separate units, using high filtration rates and cor-

_respondingly smaller filterbed areas or it can be achieved by top-
ping the bed of a slow sand filter with a 0.1 or 0.2 m thick layer
of activated carbon. When the grain size of this material is 2 to
3 times coarser than that of the underlying sand, the length of
filterrun will be gréatly extended, for instance to 6 months, com-
pensating the additional labour necessary to remove the carbon layer

prior to cleaning the slow send filterbed by scraping.
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4.8, Disinfection

Disinfection serves to kill pathogenic organisms by chemical
action. Mostly oxidants arc used for this purpose, meaning that for
proper results the organic matter content of the water must be small,

- which can best be obtnined by applying disinfection as the last
step in the purification process. The majority of the most widely
used disinfectants cannot be applied in rural areas of developing
countries. Gaseous chlorine is too cumbersome and too expecnsive
to transport over great distances, while chlorine dioxyde and ozone
must be made locally for which the necessary skills are unavailable.
This leaves as possibilities the chlorine compounds NaOCl and CaOCle,
next to the halogens bromium and iodine. During storage chlorine

compounds are partly degraded into NaCl and Call, resvectively,

2
decreasing their disinfective powers. Breomium and iodine may be lost.
by evaporation, but what remains has the same strength as before.,

By virtue of its origin, groundwater is safe in hygienic res-.
pect and does not need any disinfection at all. This may become
necessary when after recovery pollution occurs, such as 1s unevi-
tably when abstracting groundwater by a dug well with an open top.
The proper dosing of disinfectants is now rather difficult. Annex 12
shows a few constructions which have been used with success. By
contact with man and animals, surface water is always conteminated
and nceds treatment. With a good quality surfuce water, from lakes
and reservoirs or from fairly clear rivers aftor plain sedimenta-
tion, slow sand filtration is able to produce & safe water, In
other cases, disinfection is sgain required. Dosing and [eeding are
in principle the same as for chemical coagulation. Annex 12 shows

a number of constructions.

Privately the hygienic quality of drinking water cun he assured
by boiling. This is completely effective, provided that post--con-

tamination during cooling is avoided.
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"5, Water transport and distribution

In case groundwater is available, it mostly can be recovered
at many plﬁces. When a few are chosen inside the village, there is
no need for transportation or distribution, the aquifer itself

. teking care of these requirements.

Springs as well as lakes and rivers only occur locally and
water from these sources mostly needs transportation to the area of
consumption. When the spring is at s higher clevation than the
village to be supplied, gravity flow can be used, doing away with
the need for pumps and engines. Rivers and lakes nearly alwvays
are at a lower elevation and here pumping is strictly required.
Pumps can ncver be obtained locally and must be bought from else-
where. Once installed they nced only simple maintenance and theivr
useful length of life is long. Internal combustion engines again
need to come frem far, but their proper operation and rnaintenance
is fairly complicated and in many cases cannol be entrusted to the
local population. They alse require fuel, creating additional finan-
cial and managerial problems. When possible locally available energy
sources should therefore be sought. In some inétances good results
have been obtained with wind or hydraulic power.

For rural supplies in developing countries only small amounts
of water arc nccessary, according to section 4.3 not more than
30 m3/day (in average 0.35 1/scc) for a village of 1000 inhabitunts.
Small diameter pipes will suff;ce and they are best made ol plastic
or asbestic cement, depending on local circumstances. For a gravity
‘supply during 24 hours per day, the capac{ty need not to be léigcr
than the average consunption at 0.35 1/sce, provided that an cle-
vated storage tank with a volume of 15 m3 is installed (scction 2).
With a pumped supply during 12 honrs per Jday, the canacity ol the
pipeline must be incrcased to 0.7 1/sec, while the cleaf water sto-
rage may be reduced to 12 m3. These' are sizable amounts, but thuey
may be accomodated in a nmuber of (steol) tanks, while the elevation

above ground surlace does not need to be more than o fow melers.
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To prevent a sewerage problem to arise, it is essential to
keep water consumption down and this can best be achieved by limi-
ting the number of house conncctions, serving the majority of
people with standpipes. This also allows a simple lay-out of the
distribution system, with a minimum number of auxiliaries, limi-
ting the cost of construction and facilitating maintenance und

operation.,



