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Design aspects:

Effectiveness of rain water harvesting depends on
appropriate design of the system. Be it storage or a
recharge structure, an improperly designed system
will lead to operational problems, thereby raising
the operation and maintenance costs. It may even
lead to non-functioning of the system.

For designing rain water harvesting system, rainfall
data is required. Preferably data for a period of ten
years will be useful. The more reliable and specific
the data is for the location, the design will be
better. The rainfall data information can be
available from the ministry of environment
(weather), water resources or agriculture. Airport
authorities in the area can also have such data.

The quantity of water available from a rainwater
harvesting system depends on the size of the
catchment surface, the percentage catchment
surface area that is guttered, the efficiency of the
gutters in transporting the water, and the size of the
storage tank. If a catchment surface is too small, it
may not provide sufficient water to fill the tank.
Furthermore, the rainfall pattern and user-demand
are also factors that must be taken into account.
Thus effective rain water harvesting will depend on
optimum match between,

1. Rainfall data

2. Roof area

3. Water storage capacity

4. Daily consumption rate

For designing a RWH system and deciding the size
of storage tank it is essential that following factors
are taken in to consideration.
1. Estimate the water demand by considering three
factors
a. Number of persons in family
b. Uses of water (quantity)
c. Alternative sources of water for other uses
2. Consider the duration of dry spell (period
without rain)
3. Decide the quantity of rain to be harvested
considering following factors
a. Intensity and frequency of rain
b. Size of the roof surface
c. Availability of material and labour

Water demand:

Water demand varies depending on the area and
water requirement of a family. In the areas where
water is very scarce people may use less water.
Common norm of water requirement per person is
considered as 20 litres per day. For other domestic
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uses like toilets, floor washing, cleaning etc. locally
available water (ground water) can be used even if it
is of little inferior quality. The water demand is
calculated by the following formula

Demand = water use X Haousehold size
X 365 days

Suppose the water use is 20 litres per person per day
and there are 5 members in s family then water
demand for one year will be,

20 lpcd X 5 members X 365 days
= 36,500 litres per year

Average water demand per month will be 3000
litres.

For a dry period of four months the required
minimum storage capacity is,

3000 L X 4 months = 12,000 litres

Water supply is calculated by following formula,
Supply = rainfall (mm/year) X area (sq. m) X
Runoff coefficient

For example if the rainfall per year is 800 mm then
a metal sheet roof of 80 m2 area will supply,

800 X 80 X 0.8 = 51,200 litres per year

Runoff and run off coefficient:

Runoff is the term applied to the water that flows
away from a catchment after falling on its surface in
the form of rain. Runoff can be generated from both
paved and unpaved catchment areas of buildings.
Runoff coefficient is the factor, which accounts for
the fact that all the rainfall falling on a catchment
cannot be collected. Some rainfall will be lost from
the catchment by evaporation and retention on the
surface itself. The rain water collection efficiency is
measured in terms of runoff coefficient. If the
collection efficiency of a roof material is 80 % then
the runoff coefficient is 0.8. The type of roofing

material determines the runoff coefficient for
designs and the runoff coefficients for roof
Roof material Runoff coefficient :le;ter
Sheet metal 0.810 0.85 used
- in
Cement tiles 0.62 to 069 Maldi
Clay tiles (Machine 0.30t0 0.39 ves
made) are
i given
Clay tiles (Handmade) | 0.24 to0 0.31 below

Roof Catchment:
In rain water system component design, the roof
material of the building or house is the first choice

2, 20, s - -

VoA K r— 03
rd

o 2 o ¢
SR
I

M\
W
L3N

- -
S R
o 2 2 - -~ 0r_0r-
rsSa>

or ¢
g

b4 oce > o 20 7z 7 O3
v @ravsr 200 Sva
rd rd

0% __ o0ccewe303¢e 3,0 3 ¢« o 33
LD T G PRV INND® XD X sr—os o2
- Pd z - -
o - 2
X 365 —3 3
o 7 or_o0- ¢ oc¢ s 7 ¢ ¢ 20 2¢cco ¢
50 20 RES5 sacs w5 sevmess

z z

s 2 P or o >~- 0 ¢ (34 s 2 Z

OIS ASOV @ rOr R @D 5 ~sa .n.f/n.,d(’—')
- z - -

s 0 Z ¢ 2> ¢ o 0r [ - s
Cre s S;F rSAD sArcH

1 d
z

rd
o >, 0c¢
X  mee~> 5

5525 = 235 365 xIpcd20

#36500/2%55

54 #3000 25855 5525 2EEASA LIRS,

z Pg

¢ o ¢ e Zzo0 >e¢e (- Or 7 2r7r 7 0 2 o ¢ce

B SoS@ s R bl PSSR IS RS
rd d

7 7 O ee >z0r, 0 ¢ ¢ >, 0 2 -
Ay e o> PARVVARING SKIII S
rd rd

12000 = 253234 x 53000

0r 22252 ~0-r O0¢C
SO BI— st A FI—IF
s -

cez> (O - 0~ ~ 20 >c
CPAPANSF PIIAN SX VD
- P z

L >-reccee z _
(rx2052)"50555 =

s 0r

oo~ el oxo -
e’/“’A’j/]V FArvs
4

s\ P e

2
X (/é;vn arxa X
z -

¢, o - s r0 cCee? 0r -2z

J/EJV-ﬂgo Ved<d 77800 Ve orv2rs 959 PP dantd
z e z - -
> -~ o-r © 2,252

AN FI— SIS g
- -

Qs s
#51200 »<25 = 0.8 x 80 x800
oo~ e oxo - ~» oxo .,
e’ﬁ-_}.ny FAINE _SA _FAIYN
Cd Cd
€ ¢ 20 ¢ or ¢ 20 ¢ce ¢ (13 o o 20 ¢cee ? ~ 03X 0 »
BHVIIR I SISO P® S SASHPOINF RS VAF AN
- z z
- © oce cocoo o 7 O o ¢ < 2 0> o » ¢ ccr
S 2 SAANSIVE P SN IS S FA FAIK PV O
g - - z -
~ 00 -~ ¢ ox o -~ €€ 0 2rsr 207,77 © 2 o oce
el -l 222 F A B g Y k]



of the system component. Rainwater can be
collected from most forms of roof. Tiled roofs,
roofs sheeted with corrugated mild steel etc., are
preferable, since they are the easiest to use and will
give the cleanest water. Thatched or palm leafed
surfaces are also feasible; although they are difficult
to clean and can often taint the run-off. Asbestos
sheeting or lead-painted surfaces should be avoided.
If the house is small to catch up required rainfall
additional roof/catchment as open sided shed can be
built near house or attached with house.

The rain amount and household water demand
varies from place to place and family to family
respectively. Thus prior to designing rainwater
harvesting system, knowing roof size is most
important for each household for effective rainwater
harvesting. The second consideration will be of roof
material. Smoother the surface better the quality and
quantity of water. However the quality and quantity
of rain water from different roof is a function of
roof material, climatic conditions, and the
surrounding environment. The run-off from a roof is
directly proportional to the quantity of rainfall and
the plan area
of the roof.
For every
Imm of rain
a square
meter of roof
area will
yield 1 litre
of water, less
evaporation,
spillage losses and wind effects.

Rainwater Harvesting System

Roof materials

Roofs can be made from a variety of materials.
Roofs made from grass and those likely to generate
toxic materials are not recommended.

The typical roofing material include the following,

e Galvanized corrugated iron or plastic sheets, or
tiles.

e Thatched roofs made from palm leaves
(coconut and palms with tight thatching are
best). Other thatching materials and mud
discolor and contaminate (through rats) the
rainwater.

e Unpainted and uncoated surface areas are best.
If paint is used it must be non-toxic (no lead-
based paints).

e Asbestos-cement roofing does not pose health
risks - no evidence is found in any research.
However, the airborne asbestos fibers from
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cutting, etc. do pose a serious health risk if

inhaled.
o Timber or bamboo is also used for gutters and
drainpipes; for these materials regular

replacement is better than preservation. Timber
parts treated with pesticides to prevent rotting
should never come into contact with drinking
water.

Of them most significant is galvanized steel sheets which
is easily available in Maldives. It retains less
contamination than rougher surfaces and the runoff
coefficient of metal is high. Metal sheets are zero porous
so rain losses from the metal roofing will be less. In
contrary to metal sheet, clay and concrete tiles are both
porous. Concrete and clay tiles/concrete materials are
also easily available in the local market but more than
10% rain may be lost due to its texture and evaporation.
To reduce water losses, porous part can be reduced by
coating fine cement or painting but still probability of
bacteria growth in cement or clay tiles is higher than
metal roof. If care is taken in maintaining roofs, serious
water contamination from roofing is rare. Sever air
pollution, lead fitting and toxic paint in roof may
contaminate the rainwater as it runs from roof.

Suitable materials include:

The efficiency of rainwater collection depends on
the materials used, the construction, maintenance
and the total rainfall. A commonly used overall
efficiency figure is 0.8. If cement tiles are used as
roofing material, the year-round roof runoff
coefficient is some 75%, while clay tiles collect
usually less than 50% depending on the production
method. Plastic and metal sheets do best with an
efficiency of 80-90%.

Gutters and down pipes:

Gutters are channels fixed to the edges of roof all
around to collect and transport rainwater from the
roof to the storage tank. These must be properly
sized, sloped and installed to maximize efficiency
and minimize water loss. Gutters come in a wide
variety of shapes and forms, ranging from the
factory made PVC type to home-made gutters using
bamboo or folded metal sheet. Gutters are usually
fixed to the building just below the roof and catch
the water as it falls from the roof. For effective
operation of RWH, a well-designed and carefully
constructed gutter system is crucial. 90% or more of
the rainwater collected on the roof will be drained to
the storage tank if the gutter and down pipe system
is properly fitted and maintained. Common
materials for gutters and down pipes are metal and
plastic; which are available locally. But also
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cement-based products, bamboo and wood can be
used. With high intensity rains, rainwater may shoot
over the conventional gutter, resulting in a low
production; splash guards can prevent this spillage.
To keep leaves and other debris from entering the
system, the gutters can have a continuous leaf
screen made of quarter-inch wire mesh in a metal
frame installed along the length of the gutter and a
screen or wire basket at the head of the downspout.
Or, just clean out gutters regularly.

Gutters can be prepared in semi-circular and

rectangular shapes. Locally available material such
as plain galvanized iron sheet can be easily folded
to required shapes to prepare semi-circular and
rectangular gutters. Semi-circular gutters of PVC
material can be readily prepared by cutting the PVC
semi-circular

pipes into two equal channels.

Bamboo poles can also

be wused for making =55

gutters if they are locally M g
available in sufficient.
quantity. Use of such\_* P
locally available (=" T Gatomied e st guters
materials  reduce the

overall cost of the system.

Manufacture of low- cost gutters

Factory-made gutters are usually expensive and
beyond the reach of the poor people, if indeed
available at all in the local marketplace. They are
seldom wused for very low-cost systems. The
alternative is to make gutters from materials that
can be found cheaply in the locality. There are a
number of technigques that have been developed to
help meet this demand; one such technique is
described below

V-shaped gutters from galvanized steel sheet can be
made simply by cutting and folding flat galvanized
steel sheet. Such sheet is readily available in most
market centers (otherwise corrugated iron sheet can
be beaten flat) and can be worked with tools that are
commonly found in a modestly equipped
workshop. One simple technique is to clamp the cut
sheet between two lengths of straight timber and
then to fold the sheet along the edge of the wood. A
strengthening edge can be added by folding the
sheet through 900 and then completing the edge
with a hammer on a hard flat surface. The better the
grade of steel sheet that is used, the more durable
will be the product.
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MAKING A SIMPLE GUTTER

Figure:

Cutting @ { )

p I aStiC pl pe PLASTIC PIPETO BECUT IN HALF ~Cut piipe along mid-line
into half to

make gutter

\J J

HALF-FIPE TO BE ATTACHED TO
ROOF TO COLLECT RAINWATER

Plastic pipes

may be cut into half to make gutters (Figure ---
above). This requires only a saw and some clamps
to fix the half-pipes to roofs. It may be made
quickly and cheaply in areas where plastic pipes are
available.

The rainwater is collected in guttering placed
around the eaves of the building. Low cost guttering
can be made up from 22 gauge galvanized mild
steel sheeting, bent to form a 'V' and suspended by
galvanized wire stitched through the thatch or
sheeting.

The guttering drains to a down-pipe which
discharges into a storage tank. The down-pipe
should be made to swivel so that the collection of
the first run-off can be run to waste (the first foul
flush), thus preventing accumulated bird droppings,
leaves, twigs and other vegetable matter, as well as
dust and debris, from entering the storage tank.
Sometimes a collecting box with a mesh strainer
(and sometimes with additional filter media) is used
to prevent the ingress of potential pollutants. The
guttering and down pipes should be sized so as to be
capable of carrying peak volume of run-off; in the
tropics this can occur during high intensity storms
of short duration.

Size of gutter:

The roof size, roof material and its slope are
important to design the gutter size. The maximum
discharge in gutters at end point can be estimated
from rainfall intensity, roof size, roof slope, roof
material and gutter slope. The calculation makes
more  complication and may not easily
understandable by layman. A guide to the gutter
widths and down pipe diameter (adapted from Still
and Thomas 2003, Davis and Lambert 2002) is
depicted in table below. Lead cannot be used as
gutter solder as slightly acidic quality of rain could
dissolve lead which is hazardous to human health.
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MAKING A SIMPLE GUTTER
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PLASTIC PIPE TCBECUT IN HALF

HALF-PIPETO BE ATTACHED TO
ROOF TO COLLECT RAINWATER
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Table: Required gutter width and down pipe size

Roof aream2 | Gutter width, mm | Down pipe, mm
17 60 40
25 70 50
34 80 50
46 90 63
66 100 63
128 125 75
208 150 90

Down pipe:

GUTTERS

AND

DOWN

PIPES IN

MALDIVES

Down pipe is the pipe, which carries the rainwater
from the gutters to the storage tank. Down pipe is
joined with the gutters at one end, and the other end
is connected to the filter unit of the storage tank.
PVC or GI pipes of diameter 50 mm to 75 mm (2
inch to 3 inch) are commonly used for down-pipe.
Bamboo can also be used wherever available in
suitable size.

In Maldives both PVC and galvanized gutters are
used for rain channeling. PVC gutters do not rust
and are of light weight, whereas, galvanized steel
gutter may start rusting if proper care is not taken.
Little acidic rain may corrode roof chemical
materials that will flow into tank. A little Inclined in
gutter is necessary to maintain free flow condition
and cleanliness. Little inclined gutter retains less
debris. Plastic gutters fitted are designed with
Splash guard. Slope the gutters one-sixteenth inch
per one foot of gutter to assure proper downward
flow. Place the gutter hangers about every three
feet. The outside face of the gutter should be lower
than the inside face to assure drainage away from
the building wall. Gutters should be placed one-
quarter inch below the slope line of the roof so that
debris can clear without knocking down the gultter.

The following table gives an idea about the
diameter of pipe required for draining out rainwater
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based on rainfall intensity and roof area:

Sizing of rainwater pipe for roof drainage

Di? UETEF O Average rate of rainfall in mm/h
pipe (mm)
50 |75 (100 125 150 200
50 134 |89 |6.6 |53 |44 |33
65 24.1 |16.0/12.0{9.6 8.0 |6.0
75 40.8 |27.0/|20.4|16.3 |13.6 |10.2
100 85.4 |57.0(42.7|34.2 |28.5|21.3
125 - - 80.5|64.3 |53.5|40.0
150 - - - - 83.6 |62.7

Source: National Building Code of India

Leaf Screens/Roof Washers:

To keep leaves and other debris from entering the
system, the gutters should have a continuous leaf
screen, made of 1/4 inch wire mesh in a metal
frame, installed along their entire length, and a
screen or wire basket at the head of the down pipe.
Gutter hangers are generally placed every 3 feet.
The outside face of the gutter should be lower than
the inside face to encourage drainage away from the
building wall. Where possible, the gutters should be
placed about 1/4 inch below the slope line so that
debris can clear without knocking down the gutter.
To prevent leaves and debris from entering the
system, mesh filters should be provided at the
mouth of the drain pipe. Further, a first-flush (foul
flush) device section should be provided in the
conduit before it connects to the storage container.
If the stored water is to be used for drinking
purposes, a sand filter should also be provided.

First Flush Device:

First flush or the rain diverter is provided to flush
off the first rain before it enters the storage tank.
The first flush water will be most contaminated by
particulate matter, bird droppings, and other
material laying on the roof (debris, dirt and dust).
When the first rains arrive, it is essential to prevent
this unwanted material to go into the storage tank.
This can cause contamination of water collected in
the storage tank thereby rendering it unfit for
drinking and cooking purposes.
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After screening gutters a first flush device is
incorporated in the Rooftop Rainwater Harvesting
Systems to dispose of the ‘first flush' water so that it
does not enter the tank. This device will improve
the quality of water lengthen the life of system
components and reduce overall maintenance.

There are two such simple systems. One is based on
a simple manually operated arrangement, where by,
the down pipe is moved away from the tank inlet
and replaced again once the first flush water has
been disposed.

In another simple and semi-automatic system, a
separate vertical pipe is fixed to the down pipe with
a valve provided below the "T" junction. After the
first rain is washed out through first flush pipe, the
valve is closed to allow the water to enter the down
pipe and reach the storage tank.

First flush diverters are fitted in most of the houses
In Maldives. The diverter is manual type and
operated during start of rainfall. Generally in islands
people diverts the rain water in storage tank after
they notice clear water starts coming from first flush
diverters. The water from first flush diverters flow
through their surface drainage and at some places it
is diverted to well for groundwater recharge.
Automatic first flush diverter is not seen in
Maldives.

First Flust

.

Filter Unit:

The filter unit is a container or chamber filled with
filter media such as coarse sand, charcoal, coconut
fiber, pebbles and gravels to remove the debris and
dirt from water that enters the tank. The container is
provided with a perforated bottom to allow the
passage of water. The filter unit is placed over the
storage tank. Commonly used filters are of two
types. One is a Ferro cement filter unit, which is
comparatively heavy and the other is made of either
aluminum or plastic bucket. The latter is readily
available in market and has the advantage of ease in
removing, cleaning and replacing.
Another simple way of filtering the debris and dust
particles that came from the roof along with
rainwater is to use a fine cloth as filter media. The
cloth, in 2 or 3 layers, can be tied to the top of a

o ccecc i d

SFrS 2erF //V/

sec cexocec Z2oc¢c ¢¢ o ¢
ASA PP FINF SISO FVA SV OvA
e e e

v

2 L2 o ¢ cee 2
SArg oA
e

cece 2o >
Y Calald

oo -
er—z

s €O [ cccco cocce
PABASA PALPIPASF
rd d

ccec 2o 0%>>- 0 co0rd0¢C s o0-r > e3-0--

CBASFI—AS IOV 9OV AV ,s.a S PAPR P RNAANL SISV
- z

- 2> o0 ¢

258 Airs S5

z - e o ~ 230 ¢ ¢
ALBS IFIVA ASSFIFA
rd rd e

P d - g €22 22, s 000 -
SR5F Aeeie S3ECEZ Bz iel;

P Z

¢ >z 2 o 2 > cce - z

e
202 o 22 o o z 2 2
SOEN SO SKPASA SA S@AS SO
” e rd Cd

o 22¢
SorF

cececezr>0 ¢
NS FSISIF

© ccec e ” 23
.70 SIS ases

€xxx o0 > ~scco0Z cece > s P

o0~ ce ¢ o 7

- o
eLAN e V SRS SIA S
-

cece zo



bucket or vessel with perforations at the bottom.

Design of storage tanks:

Storage tank is used to store the water that is
collected from the Rooftops. In the rain water
harvesting system storage tank is usually the most
expensive part (almost 90 % of the total cost). It is
therefore essential that careful design is made to
provide optimal storage capacity while keeping the
cost as low as possible. The design should be
durable, watertight and cost effective. It should take
in to consideration the appropriate volume with
respect to the catchment area, rainfall conditions
and water demand. Local materials, skills, cost,
personal preferences and other external factors are
other important considerations. Care should be
taken to protect collected water from contamination.
The volume of the storage tank can be determined
by knowing the water demand of a family as
calculated above. Once the water demand is known,
depending upon the requirement and affordability of
family the storage tank or cistern can be decided.
Important factors to incorporate into the design of a
storage tank include adequate capacity; overflow
protection; inclusion of a manhole for easy access
and inspection. Tank size varies depending on the
rainfall pattern and the water demand. When there
are long dry spells, roof collection area and the tank
size will be large but the wise use of water (good
management) and use of alternative water for non-
drinking uses will significantly reduce the required
roof area and the storage capacity.

There are an almost unlimited number of options for
storing water. Common vessels used for very
small-scale water storage in developing countries
include plastic bowls and buckets, jerry cans, clay
or ceramic jars, cement jars, old oil drums, empty
food containers, etc. Some of the most popular
tanks used in rainwater harvesting are High Density
Poly Ethylene (HDPE) rainwater tanks. These tanks
are most favored because of the various advantages
they have. Firstly they can be used above the
ground or can be kept even below the ground. They
are very light in weight and easy to carry around.
They are UV resistant and compared to other
varieties, the HDPE tanks are less expensive.
Fiberglass rainwater tanks are another popular type
of rainwater storage tank. The biggest advantage
they have is that they are resistant to rust and
chemical corrosion. Fiberglass rainwater tanks can
also withstand extreme temperatures.
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The different
types of
materials

used to

construct rain
water storage

tank include
Ferro

cement,
bricks  and
blocks,

concrete, metals, plastic, wood and fiber glass. The
Ferro cement tanks are usually constructed above
ground level because of the advantages, such as, a)
ease in finding structural problems/leaks, b) easy to
maintain and clean and c) easy to draw water. It is
difficult to detect the leaks and take corrective
measures in case of underground tanks. Water from
underground tanks cannot be drawn by gravity.
Some kind of manual or power lifting devices need
to be used for drawing the water. Further, in coastal
areas, underground tanks are prone to water
contamination due to fluctuation in groundwater
table and leakage of stored water.

The storage tank is provided with a cover on the top
to avoid the contamination of water from external
sources. A lid covers the manhole avoiding
exposure of stored water to the outside
environment. The storage tank is provided with pipe
fixtures at appropriate places to draw the water, to
clean the tank and to dispose of the excess water.
They are named tap or outlet, drainpipe and over
flow pipe respectively. PVC or Gl pipes of diameter
20 mm to 25 mm (% inch to 1 inch) are generally
used for this purpose.

Open topped vessels such as buckets and drums are
not recommended for collection of rain water for
drinking purpose as contamination may easily enter
in such open storage vessels. Storage tanks should
be opaque to prevent the light to reduce algal
growth. Also thinner walled tanks will tend to heat
up in hot climate so if the tanks are not shaded,
thicker walled Ferro cement or concrete is
preferred.

Storage tanks and cisterns

For storing larger quantities of water, the system
will require a tank or a cistern. The storage tanks
are normally above-ground storage cistern are
below-ground storage vessel. These can vary in
size from one cubic meter or so (1000 liters) up to
hundreds of cubic meters for large projects. The
typical maximum size for a domestic system is 20
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or 30 cubic meters. The choice of system will SFECC55A5 R2T, 55 e
depend on a number of technical and economic e

2, - € COr > or 2, oc oz 2.,
considerations listed below. ST ey sass aagse "; *
Space availability AL aRAVE xirep 2P @
Options available locally 232 30 @
Local traditions for water storage 02 wes ocoxzor o
SR SR s VANIF @

Cost of purchasing new tank

Cost of materials and labour for construction
Materials and skills available locally

Ground conditions

Use of RWH — whether the system will provide

ccce > ©o~r 0 >20c¢ s oz - ¢co o z o

total or partial water supply cYE FIEF
One of the main choices will be whether to use a Sels 5235 0| AaZES Sils. 6| Gas
- - - z - z g
tank or a cistern. Both tanks and cisterns have their oxr02 0aas ccccss
advantages and disadvantages. Table below TYIs see FALIFE
summarizes the pros and cons of each: Sixc25 | Bads S52Zs e
T U oc¢c >0 e« ¢ 20 ¢
Tank (above ground) Cistern AxvI—a @ N it
(underground) 3350 0 0. o e .
R I Pl S A —F @
Pros e Above ground o Generally cheaper 2LL2 FSE
structure allows due to lower taas o coe s -
o 4 o
easy inspection for material At SAvRARSSH s e
leakages requirements L4z2.2% Bon st
e Many existing e Not vulnerable to o el LT
designs to choose water loss by tap LA Iy FALS LY
from left open $55822 | 222 fele
o Can be easily e Require little or no ’
oc¢cr 2 o ~ o ° ’L ¢;J°;;
purchased ‘off-the- | space above rre S s
shelf’ ground SA5A 8558 FASEC3E;
e Can be e Unobtrusive o oxo. oo o>
manufactured from  [s Surrounding FrSESara 8 | Sre2s 522 e
a wide variety of ground gives Fh3.55 e SASEAS
materials support allowing s oo cox e o
e Easy to construct lower wall e sy sgrre e
from traditional thickness, and thus wses RpSlii. s ae
materials lower costs
. . CAE FPrd 24 Sopase
o Water extraction o Water is cooler
can be by gravity in SASE23E;
many cases
. sasarl Ss @
o Can be raised above
ground level to 353 Sas AAEIE e | R34S
increase water
cece 23, 2 ox > o0 7
pressure AL Trora e
Cons |e Require space o \Water extraction is SasANE G4t @ ¢34
o Generally more more 252 22 e sk e
. - APV e
expensive problematic, often - 4 z
« More easily requiring a pump 55 49 SAmFLSZ
damaged e Leaks are more 922002 o g20¢ > » .
. AP ANA S ° SYIA S 2>
e Prone to attack difficult to detect Z
from weather e Contamination of se33 548,
o Failure can be the cistern from




dangerous groundwater is
more common

e Tree roots can
damage the
structure

e There is danger to
children and small
animals if the
cistern is left
uncovered

o Flotation of the
cistern may occur
if groundwater
level is high and
the cistern is
empty.

e Heavy vehicles
driving over a
cistern can cause
damage

Ferro cement tanks

Tanks of larger capacity can be made of Ferro
cement, which are cheaper to construct than tanks
made of masonry, block work, reinforced concrete
etc., and do not require the rendering with
waterproof cement mortar that masonry and block
work often need.

Above ground level, tanks are constructed with a
plain or reinforced concrete base, cylindrical walls
of Ferro cement and a roof of Ferro cement, or
sometimes mild steel sheeting.

The construction of Ferro cement walls is carried
out by first assembling a cylindrical mesh of
chicken wire and/or fence wire reinforcement, with
or without the aid of formwork. On to this, a
cement-rich mortar of 3:1 sand: cement is applied
by trowel and built up in layers of about 15 mm to a
finished thickness of between 30 to 100 mm,
depending on wall height and tank diameter.

Thicker walls may have two layers of mesh. The
mesh helps to control local cracking and the higher
walls may call for the provision of small diameter
vertical steel reinforcing bars for bending resistance.
Sometimes barbed fence wire is wound spirally up
the wall to assist with resistance to ring tension and
stress distribution.

7 ©0 2032 2 r - <
PP P B HKASAF ®
7 7
2 o 2, 2 P cececvzo0r >
ASNS Y 2V Eed BAIP VAKI
rd Cd
Or Zr » >
et dal 4 Pdd
Cd
- 2 o >20¢
Bl SIS
' rd
cece ze
Plclad Fd

s co0 >
AF O
3 >
srrgARs
77 O 2 o ¢
2rvr—2 -5
o . «lo
Fall et -5
cece - >
B P ek
rd rd
o2 o ¢ Pc
SO OV g
3 ” P
cececoec ¢wed02¢ o0r ¢ oz ¢ s o0c le
SV ANAN PRV IN® O3 /l,c‘.fj“_ﬂ’ PLP VAP~ XF
z - z - Pd
¢ >20- oz s 0 2 s 2o o 3, [ P4 s
AP, SISO ey AZSs S SA P A — >
z - - z
cecer> 0r0r - eCOr D> e ce > o ¢ Ce
BALP LV PVAI—D S PIKY AFINSSA PIIr— < F
e rd rd
oc¢ > > > s o, ¢ >, oz s 03 o~ 2r s - o0
JAA}A /,@.4 AS SVPSIP NN F SIS ASPON®
Pd z Pd - z Pd
ceccecorr o0c 3x O 0o come -0 o c o >3

cBAL SIS .4.4,94 /v:
3:1

orx 7z OCrrrsrsrsrsrr

o¢c o o ¢ - 3
SRS SVASITF T .7.71 5 S ASA PO S 9
- - - e -

s 02 2o 2, X Z2032¢ 0xX307%
SIS AFSIA ASVPOSAN KVII®@ FY Oy
z 4 - -

o>-0
/VVAA'—'/

¢ o<z -2 cer> (P 3 - 02
5 sv0 Paf Lad 2] B ASIV @ - .7.7100'30 228
z z - -
[ P4
BSOS F S S
rd Cd
o>, L cecez e2 O0rro- 22, 0> o0x(
SRBI— 5355 PANSES z-.n/rjz ASKFINs V@
rd
e o o 2, Z - oxo > - 225 ¢
A S Pr— AS VOS5 S SV r— s A2 P
z - - - Pa

- 23 L >--0c- cece >z > > ©>5¢>0x
ASPS S FSO A FAN® PAPI AP KON SIS A

rd rd d rd
¢cecrr o002 ce >0 dece
PN L @B PRV D

z
- coc > - oc s Zzo © coecrrr cox
V/’/"V/ J"J'(/’.)‘ LIV PIVII— ANF O/ AN Pladd
z - Pd - -
o o- P4 s 2 cecer >0 > or -~ 7225,
’—‘2-4’—’ F. B S a2 4 E g 2d Bt A 4 vorxves
- z
oxoc¢c >-0- > oxoc ¢ e o > ocr 0> ¢ -
SV AAN /_}}‘77/" SVAAN })’J/"f Palad ALSANSZ SHKALS
Cd s 7

I o >0¢c¢cc 2, 2 Or 7 s s 07 22 2 -
})—_r./"f SPAS®R 95 SV K, AVRIrOX Y Ao

Cd ”
or - - see - 0~ 2522, - o z o ¢ Ce
Ny }.4 S SRV PORD  VASIP PO~ R F

z 2 - -
CCeot ~rrO2r COr o P P
IV ANAN SSKS S SSA OISAF S
rd

o or o0tr 0 o0o0 ¢
e’ S sy PO Pr—p
2,220 o-rxece o0¢>> Z2¢c © o022 Z2>3%20- oO¢
ASSBAVI—A FRSIAN S FAPA SRD SO RV VAR S5
- - - z
cezorr o0 ¢x > coc ¢ 2o o¢ -~ 7z P4
PSP AS® ASV S SAXP Y 2 j/‘/ /“.!/I/"/ /IJ')"
rd



Effective curing of the mortar between the
trowelling of each layer is very important and
affects the durability of the material and its
resistance to cracking. Mortar should be still green
when the next layer is placed.

This means that the time gap between layers should
be between 12 and 24 hours. The finished material
should then be cured continuously for up to 10 days
under damp Hessian, or other sheeting.

A Ferro cement tank is easy to repair and, if the
mortar has been properly applied and cured, should
provide long service as a water-retaining structure at
a fraction of the cost of a reinforced concrete
structure.

Waste water collection pit:

A small pit is dug in the ground, beneath the tap of
the storage tank and constructed in brick masonry to
make a chamber, so that a vessel could be
conveniently placed beneath the tap for collecting
water from the storage tank. A small hole is left at
the bottom of the chamber, to allow the excess
water to drain-out without stagnation. Size of
collection pit shall be 60 cm x 60 cm x 60 cm.

A checklist for design:

System components
A typical rain water collection system for domestic
use will consist of following key components

a. Catchment area

b. Conveyance system

c. Storage tank

Design the appropriate roof for rain water
collection
a. Only the roof water should be collected for
drinking and cooking purposes
b. A flat roof with gentle slope will drain water
towards the storage tank
c. Provide clean and impervious roof made from
non-toxic materials
Lead based paints should be avoided
Sloping roof should have gutter ( plastic or
other available material) to collect water and
channel it down to down pipe
f.  Roof should be neat and easy to clean when
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required

Conveyance system (Gutters and down pipes)

e. Easy access for inspection and maintenance

should be provided

f. PVC pipes resistant to UV rays can be a best

choice

g. Sufficient gradient should be provided in the

gutters for free flow to down pipes

h. Provide course filter and first flush devices

before the water enters the down pipe

Storage system

a.

Decide the location properly where to install
storage tank (ground level or underground) and
away from places of contamination like toilets,
septic tanks etc.

Select the type of storage tank (HDPE or
cement concrete or other)

Provide an overflow pipe to direct the excess
water to suitable place (may be another storage
tank!)

Wire mesh to cover storage tank inlet

Provide a well-covered manhole for easy
access and inspection of the tank

Provide tank tap or draw off pipe at sufficient
height to draw water

Storage area should be
maintenance and repairs
Storage tank must be impervious to light to
prevent growth of algae and bacteria.

accessible for
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