
8 2 7

B O. A L 8 5

Alto Benl (D.A.B.), Bolivia

Sector: DRINKING WATER SUPPLY and SANITATION

Working Paper No. 5

TECHNICAL ASPECTS

ANNEX

! V.y.AK '.
! N i I:'..'1:-JA"i'i:>NA!, i '

SANITATION (1KC)

TRtNC!- CENTRE
i£tf SUPi-LY AND

b y : K a r l W e h r l e , S K A T , S t . G a l l e n

f o r : C O T E S U ( D E H / S D C ) , L a P a z , B o l i v i a

S t . G a l 1 e n , M a y / J u n e 1 9 8 5

SKAT VarnbuelstraBe 14, CH-9000 St.Gallen,
Switzerland, Tel. 071 23 3481

S K A T
Schweucrischc Kontaktstelle fur An^cpaUte Tcchnik am I LE,
Institut fur LateinatiterikaforschuriK und Entwicklungs-
^usamn^crla^ }̂< |̂ an tier Hochschulc St.Gdllen

SKAT
Swiss Center for Appropriate Technology at ILK,
Institute Tor Lalin-Anterican Research and for Development
Co-op«rtlion. University of Saint-Gall

SKAT
Centre Suissc pour la Technologic Appropriee ;i I * | LI!.
Instilut dc Recherche sur l'Anieriquc Latinc ct dc
Cooperation au Dcveloppemcnt. University de Suim-Ci

SKAT
Ccnfro Sui2o de TecnoloKia Apropiada
InstKulo de Inves(igaci6n sobre AmttH
de Cooperaci6n a) Dcsarrollo, Univera



Content of Annexes

Annex I

Annex II

Annex III,

Annex IV

Annex V

Annex VI

Annex VII

List of References

Well construction: An Example

Standards of Well Construction

Testing of Trinking Water Quality:

"Simple method by attentative site observation"
(without equipment)

"Designing Roof Catchments"
of Water for the World

* "Constructing, Operating and Maintaining Roof
Catchments"
of Water for the World

A field report from Nepal about Ferro- and
Bamboo-Cement Watertanks

Annex VIII

Annex IX

Annex X

Worksheet for Calculation of a Latrine Pit

Localization adecuada en una comunidad

Draft of a latrine manual



Annex 1

List of References

[I] Manual for Rural Watersupply, SKAT bookshop No. 3403
(Manual Technico de Aprovisionamiento Rural de Agua, traduccidn
by SEMTA, La Paz, Bolivia)

[2] Environmental Health Engineering in the Tropics: An Introductory
Text by S. Cairncross and R. Feachem (John Wiley & Sons Ltd.)
SKAT bookshop No. 3648

[3] "Waterlines" Periodical on appropriate technologies for water
supply and sanitation (Intermediate Technology Publications Ltd.,
9 King Street, London WC2E 8HW, UK)

[4] "Helping Health Workers Learn" (A book of methods, aids, and ideas
for instructors at the village level) SKAT bookshop No. 8043

[5] Guidelines for planning COMMUNITY PARTICIPATION in water supply and
sanitation projects by A. Whyte, WHO, CH-1211 Geneva 27, Switzerland
1983, SKAT bookshop No. 3422

[6] CEPIS, Casilla 4337, Lima 100, Peru (CEPIS de divulgacion tecnica:
johas)

[7] Guide-lines for Checklist for the feasibility study of drinking water
supply - and sanitation projects in Alto Beni Area, Bolivia (SKAT
R. No. 15/84)

[8] Practical hints for limited and simplified field testing of Water
in tropical rural areas (SKAT Publication)

[9] Hand dug wells and their construction by Watt + Wood (provides prac-
tical step by step guidance) SKAT bookshop No. 3201

[10] Shallow Wells, DHV (practical report encl. illustrations and
drawings) SKAT bookshop No. 3202

[II] Intakes from Small Streams for Drinking Water Supply- and Irriga-
tion-Schemes, SKAT Publication

[12] IRCWD News No. 20, Horizontal-flow Roughing Filtration: An Appropriate
Pretreatment for Slow Sand Filters (IRCWD Ueberlandstrasse 133,
CH-8600 Dlibendorf/Switzerland)



[13] Solar Disinfection of drinking water and oral rehydration solutions:
Guidelines for Household Application in Tropical Countries, Unicef
Reg. Office P.O. Box 811721-Amman, SKAT Bookshop No. 2356

[14] Traditional Water Purification in Tropical Developing Countries by
S.A.A. Zahn, GTZ, Postfach 5180, D-6236 Eschborn 1, Germany

[15] Kirchner: Polimeras naturales y su applicadion como ayudantes de
floculacion. Serie Documentos Tecnicos 2, Centro Panamericano de
Ingenieria Sanitaria y Ciences del Ambiente, Lima

[16] Water Purification using small Artesian Filters by J.F. Mazariegos,
Analysis and Testroy Division Central American Research Institute
for Industry ICAITI, P.O. Box 1552, Guatemala

[17] A manual on the hydraulic ram for pumping water by S. Watt, SKAT
bookshop No. 331j

[18] Rain and Stormwater Harvesting in Rural Areas by United Nations En-
vironment Programme, SKAT bookshop No. 3101

[19] La construction de citernes a G.R.E.T. publication, SKAT 3419

[20] Ferrocement Water tanks by S.B. Watt, SKAT 3400

[21] From Ferro to Bamboo (case study and technical manual), SKAT

[22] Manual for Water Systems and Pipe work by SATA, Nepal, SKAT 3404

[23] Guidelines for Drinking-Water Quality by WHO, SKAT 3205

[24] Rural Watersupply - Operation and Maintenance - Eight Questions to
Ask by WHO, CH-1211 Geneva 27, 1983 (15 p)

[25] Hannan-Anderson, Carolyn. Development of water supplies in Singida
Region, Tanzania, Part Two: the realities for village women. Research
Report No. 63, Institute of Resource Assessment, University of Dar-
es-Salaam, Tanzania, 1984 (copies available from SKAT)

[26] World Bank Technical Papers and TAG Technical Notes
The following papers are in particular recommended:
No. 1 Methods f. Gathering Socio-cultural data
No. 3 VIP-Double Pit Latrine: A Construction Manual
No. 6 VIP Latrine: Vent Pip
No. 8 VIP Latrine: Field Manual
No. 9 Handbook for District Sanitation Coordinators
No. 10 Manual on Pour-Flush Latrines
No. 13 Designe of VIP Latrines
copies available from: The World Bank, 1818 H Street, NW, Washing-
ton DC 20433, USA



Annex II

Well Construction: An Example
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ITEM NO.

FULLY CONCRETE RING

ITEM NO.
PERFORATED RING

I* 20pc
seepage holes

+ -*- -f- -t" + + f
L I • • i• c

i-r -?- r r I

HEIGHT •• 35O KG

MIXTURE- I •• 2 •• A-

20 pc seefitage holes <ji ^' |
ose OB-roc/ cv nell oiled "oocknpcgs-

usr or MATERIAL

CQmonf-
sand
motel %'
nefnfbrcemenf- <£^f

y&ag • 4panr

?c</.^ - 6par»

4caf 'Uhpane

19.8 m

10 RINGS

9 tegs
20cu.R
10 cu.f.

usr or PCINFORCEMENT

1

2

no.

u.
8

hotel
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s/:iengu>

SSOcrrt

SScnt

iot. length

tt.Wm

If.lQm

l8.80rn

POINTS OF IMPORTANCE-
* cast rings in a sh*c/o*J place
- mixo concrete on p mixJng filafPonro c/«« on/y c/ean sand «nc/ teas

- place moulds on e»en -and cJean surface (preten»ble concrete floor)

~ oil HIOSB faces of Ine mould Mh/ch NIII come info contact M/ith concrete

- center hs/c/6 mould hft'Hi robaf -rings or voocten efmcecs (•*• equal

- pours concrete some 10 cm (t-') deep af A Hmo and

Compact by isroping h/ith re-rod and pcHjnding Hvs moulc/s h/itn a *tooc1»n piece

- wash Hie outs/'c/e o* ">e rr>oulc/s and 6o//-s immodi^efy a#er concr*Hng

- rryork date of casting on fop of ring

~ remove moulds only 2^ hours att&r casting bur leave M*» rings in place for Z days

- protect n'nga from exposure by covering hjilh *©/ grass, leaves or bags
- core titern 3 times a ctoy tor of leas* one veeA-

- transport fr*t rings not before ono wee*: ofs&fh'ng , transportalmys in upright posihon
special aHenh'on 'o the offloading (e.g. use strong ttrnbor k> roll *hQm f>ofc\

DRMKfNG rVAT£R h/ELL



ITEM NO. ,3y

FILTER RING

SCAL£ i-20
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Fully concrete
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nu.

a
V
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tot lengft

tll-.UOm

S.uOm
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POINTS OF /MPOFtrANCE-
~ COrnpaire cfr-ah/tnQ No. 1

~ Filter metef has* lo be stevQCt (-fa* to fj preFsrsbly metel from nvorbecf
~ IF it contains organic or day pjrf/o/&S , *vws>*7 Hi&m ouf
- Hhen casting Pilfer ring •• * at- fir&t poure FiW/y conorete ('/'•• 2 :«•) IO cm (t-") c/aap and corrtp&ct

' tecono1 poure Filter concrete (/.«•) •Ocm deep huh onty tOem(<*'i
a/- <a hime and conjpac/ beFore pouring ihe next teyer

.*t last poure Fully concrete (l:2-t-) 10cm(tf o/aepandcompact

DRINKING MATER IVELL DRAW.' NT WC
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Sarvodaya Rural Technical Service

List of Material
for Drinking Water Well Construction

Concrete Ring (items No* 1,2 or 3)

cement 4/9 bag (8 bags for 10 rings)
sand 2 cu. feet
metal -J-" 4 cu. feet
reinforcement £ -£•" 18,8 m = 9 pounds

Prefabricated Slab (item No.4)

cement 1/5 tag (l bag for 5 slabs)
sand -i- cu. feet (15 lit. or 4 pans)
metal £" f cu. feet (22 lit. or 6 pans)
reinforcement 6 V\ 18 m = 9 pounds

Prefabricated Entrance (item No. 5)

cement l/6 bag (l bag for 6 entrances)
sand 2/5 cu. feet YlO lit. or 2\ pans)
metal -J" -j cu, feet (15 lit. or 4 pans)
reinforcement b i" 27 m - 13 pounds

Well - Head

cement 6 bags
sand 22 cu. feet (0.6 m3 or tractor load)
metal i" 33 cu. feet (o.9 m3 or tractor load)
rubbel 18 cu. feet (0.5 m3 or tractor load)
reinforcement ^ 4"" 36 m = 18 pounds
reinforcement ff> 3/8" 9 m = 10 pounds
drain pipe PVC b 4" length 57 cm (2feet)

9/2/82 K.W.



t3KT3 Drinking water Well program

DISINFECTION OF WELL BEFORE USE

Preventing contaminated wastes from entering the well water is a
more effective strategy in the long term for rural areas than dis-
infecting the water before it is used. (Such preventive measures
are: location of well sites, e.g. off latherines etc., sealing of
well head and shaft to prevent any surface water etc. from entering,
safe extraction = handpump).

Disinfection is however essential after the well has been constructed.
Open, handdug wells are particularly a risk for contamination during
construction by well diggers. Disinfection should not only consist of
disinfecting the well water but also the well-shaft and pump. Below
a simple and easy way of disinfection of the completed well incl.
handpump is described.

- Disinfection of well shaft:
Prepare a solution by dissolving ca, 100 gram (-J-pound) of tropical

.. bleaching powder (25-35 f°) in one bucket (10:.lt.=2 gal.) of water
and scrub the entire well shft and the inside of well head with this
solution.

- Disinfection of well Water, filter rings and package:

The amount needed to disinfecte the well water is 100 gr. of blea-
ching powder per 1 m3 of water (1 pound per 1000 gal-).. The powder
is dissolved in wai:er like above and then pured into the well. The
water in the well must be well agitated to ensure good mixing,
(e.g. circulate the water with engine pump).
The strongly chlorinated water is left in the well after disinfec-
ting the handpump for at least 12 hours. During thils time the water
should not be used, so it will be adviseable to immobilize the
pump.

- Disinfection, of handpump :

Operate the handpump till the chlorine odour appears at the spout,
then re-circulate the water back into the well for at least one
hour.

- After 12 hours the handpurnp is brought into operation a&ain, and
the well water is pumped to waste until the odour of chlorine dis-
appears. (Chlorine content bp.low 0,7 - l. f 0 mg/lt. )

Keep in mind that this one time disinfection will not keep the well
water sterilised for more than a few dayso 3o take all necessary
measures to keep any contamination away from the well by sealing up
the well head, keeping the surrounding clean, keeping the drainage
channel clear, keeping the animals off the apron by a fenoe, preven-
ting people from washing at the well site and instructing them to
operate the handpump with care, attending promptly to any repairs
required. (Compaire duty list for village caretaker).

Kaoo/y <9. 3 .01
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Standards of Wei 1-Construction



Annex IV

Testing of Trinking Water Quality

"Simple method by attentative site observation" (without equipment)



Annex IV: Extract of Ref [8]

4.1 Simple method by attentative site observation
(without, equipment)

This method requires a good deal of experience in assessing drin-
kinq water cmality by the examinator. The criterias to be consi-
dered are as follows:

visual: color, turbidity (a clear glas-bottle
may be of help) - aood anility does nei-
ther present any colour, nor turbidity,
nor growth of alguas etc.
(Ref 1 n.106,111)

taste: no narticular taste should be traceable,
iron, chloride, brakish-water etc. can

i be detected (Ref 1 p.108,109)

odour: no odour should be traceable,
any development of gas means that deca-
tion is somehow taking place
(Ref 1 n.109)

surrounding: of the source: e.g. certain nlants
as well as specific insects and aquatic
aninals prefer clean and fresh water.

temperature of the water: reliable sources and groundwater show
a stable temperature durinq a particular
day and only slight differences over
seasons. There temperature is normally
sliqhtly below the averane air tempera-
ture

iron: method: a) Pour fresh sample into CUP or glass
and observe over a period of time if a
reddish yellow or brown deposit or pre-
cipitate develops. If so, iron is pre-
sent .
b) Drip a few drops of sample onto white
paper and allow them to dry- Check the
edge of the watermark for brown stains.
If found, iron is present.

manqanes: method: a) Pour fresh sample into cup and
observe over a period of time. If a
black or arey deposit or precipitate
forns, nanganese mav be present,
b) Drip a few drons of sample onto white
paper and allow them to dry. Check the
edge of the watermark for black stains.
If found, manganese may be present.



variations of the flow of the source: Reliable sources arise
from rainwater which has infiltered into
the ground and seeps through the water-
bearing stratum for a distance. This
means, that increase of the yield by re-
liable sources would be delayed after
heavy rains for days or at least some
hours depending on the nature of soil
and intake area. Occurance of turbidity
after rain indicates short circuit and
accordingly unreliability of the quali-
ty.

intake area; As more intact the ecology (vegetation) of the
intake area still is as more reliale the
source is. Settlements, farming activi-

) ties etc. are high potential for pollu-
tion. (Intake areas can be improved by
introduction of protection zones, which
includes afforestation, soilconserva-
tion, but neither settlements nor inten-
sive cultivation).

covering stratum: of sources and groundwater:
Impervious layers protect the groundwa-
ter. Water-tightness depends on the na-
ture of soil (preferable loamy soil,
rock etc.) and depth of this layer.

Traditional relation to this source by the community
This relation may indicate preferences
or disregard. Reasons for any valua-
tion should be carefully traced and ana-
lysed .

Health condi tion of the community who draws already water from
the particular source. Such an evalua-
tion can only be interpreted with limi-
ted meaning, because many other causes
of disease transmission may exist (ex-
creta disposal, hygien etc.)

Tasting by the examinator himself
This type of test has also its limi'ts.
since it depends also on the health con-
dition e.g. resistance of the person.

)1 This list is quite incomplete. That's why any useful hints on
practical experiences will be welcomed by the author.

Ref 1 = Field testing of water in developing
countries by L.G. Hutton
SKAT No. 3505
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Water for the World
Designing Roof Catchments
Technical Note No. RWS. 1.D.4

Roof catchments collect rainfall
from a roof and channel it through a
gutter into storage for use by individ-
ual households. The amount of water
available for use depends on three
factors: the amount of annual rain-
fall, the size of the catchment area
and the capacity of the storage tank.
This technical note discusses how to
design a roof catchment to take advan-
• tage of the maximum amount of rainfall
available.

Useful Definition

FOUL PLUSH - The first run-off from a
roof after a rainfall.

The design process should result in
the following two items which should be
given to the person in charge of
construction:

1. A list of all labor, materials
and tools needed as shown in Table 1.
This will help make sure that adequate
quantities of materials are available
so construction delays can be pre-
vented.

2. A plan of the roof catchment
system with all dimensions as shown in
Figure 1.

Annual Rainfall

Find the annual rainfall rates for
the region. This information should be
available from the national geographi-
cal institute, the Ministry of
Agriculture, a meterological institute
or university, or an airport. The
amount of annual rainfall is measured
in millimeters per year.

Item

Latmr

Supplles

Tool s

Table 1. Sample Materials

Description

Foreman
Lahorere

Corrugated 3hect metal,
plastic or t t l es
( for roofing)

Me La.I gutters, wood or
bamboo (For gutters)

Wire, rope or local
f iber (to secure
gutters to roof)

T»r or caulk (to seal
gutter connection
to downplpe)

NaUs
Wire screen

Hamme r
M a c h e t e ( t o s p l i t

bamboo)
VI re cut*era
Saw
Chlsei

Quant\ty

List

E s 11 ma *.fi Cost

—

Plastic, metal or tile rool

Cistern

Overtlow
pipe

Rool washer

Figure 1. Roof Catchment
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Catchment Areas

The roof of the house is the catch-
ment area for the rainfall. To collect
rainfall, the roof must be constructed
of appropriate material, have suf-
ficient surface area, and have adequate
slope for water to run-off.



Corrugated galvanized steel or alu-
nlnum sheet metal, corrugated plastic
:>r baked tile make the best catchment
surfaces. Sheet metal is especially
attractive because it is light-weight
and requires little maintenance. Tiles
also make excellent surfaces and are
usually cheaper than sheet metal
because they can be produced locally.
The disadvantage of tile is the weight.
A much stronger roof structure is
needed to support tile. Tile roofs may
even start to sag or leak after a time
if structures are not strong enough.

To determine the amount of rainfall
available for use as a water supply, it
is necessary to know the area of the
roof. Figure 2 shows how to. determine
the roof area available for water
collection.

The effective rooV area for
collecting water is not the roof area
itself but the ground area covered by
the roof. In Figure 1, the effective
water collecting area is 48m2 (8m x 6m
'= <48m2). The roof must slope as shown
so that the water will flow Into the
gutter s.ystem installed to move the
water to storage.

Using this information and the
annual rainfall, it is easy to deter-
mine how much water will be available
for use. Worksheet A shows how to make
this calculation.

In the worksheet example, an average
of 85 liters of water per day would be
available to a family. For a family of
six, each person would be able to use
14 liters per day. This is an average
amount. During some months, more than
2560 liters will be available, while
during the dry months, no rain may fall
at all. A cistern will be needed to
ensure adequate storage during the dry
months.

Figure 2. Roof Catchment Area

Worksheet A. Volume of Water Available
from a Roof Catchment

Calculate the amount of water avail-
able from the catchment by following
these steps and referring to Table
1. Figures used are the catchment
size in Figure 2 and assumed rain-
fall of 800mm per year.

1. Multiply annual rainfall by the
catchment area.

48m2 x 800mm = 38^00 liters/year.

2. Multiply this total by 80 per-
cent. Not all water will be avail-
able because of losses due to evap-
oration and run-off that does not
flow Into the gutters. To be safe,
figure a 20 percent loss for a rain
catchment.

38*400 liters x .80 = 30720 liters/
year.

3. Divide the total by 12 to get av-
erage monthly rainfall.

30720 liters/year = 256O liters/month,
12 months/year

4. Divide again by 30 to determine
liters per day.

2560 liters/month = 85 liters/day.
30.days/month

Gutters

Gutters must be installed on both
sloping sides of the roof to collect
all the run-off and channel it into the
cistern. The gutters must be as long
as the edge of the roof. Figure 1
shows a typical gutter design. There
must also be a downplpe on a third, side
of the house so that water from both
catchment surfaces is channeled to a
single cistern. The design of gutters
is quite simple and local materials can
be used for them.

Metal gutters are the most durable
and require the least maintenance, but
are the most expensive. Gutters can
be made of wood or bamboo. These



materials are often available and inex-
pensive but will usually not last as
long as metal because they will rot.
Wood and bamboo gutters can be
Installed to overlap and can be tied
together with wire, rope, or local
fiber to avoid leakage. If wood is
used, it should be hollowed out to form
a channel. If bamboo is used, it must
be split and the inside Joint par-
titions removed. All gutters must have
a small but uniform slope to prevent
the formation of pools of water in the
gutters. Still water can be a breeding
place for mosquitoes.

A downpipe must be Installed. The
downpipe channels the water from the
gutter into a cistern for storage. The
Joint where the downpipe and gutter
connect must be sealed. If metal
gutters are used, a connection can be
sealed with a caulking compound. If
bamboo is used, tar will prove the best
material for sealing the connection.

During periods of no rain, dust,
dead leaves, and bird droppings will
accumulate on the roof. These mater-
ials are washed off with the first
rain and will enter the cistern and
contaminate the water if some basic
steps are not taken.

To prevent leaves and other debris
from entering the downpipe, a coarse
mesh screen should be placed in the
gutter over the downpipe. The mesh
will catch the large debris but let the
water through. The screen must be
cleaned periodically to prevent
clogging.

A downpipe that can be moved
manually away from the cistern can be
installed to divert the first flow of
water from the roof. An example
appears in Figure 3- When the pipe
is moved away from the cistern, water
simply runs to waste. For this method
to be effective, someone must be at the
house to move the pipe.

Several other techniques are
available for diverting the first roof
run-off from the storage tank. In
Figure 4, water from the gutters runs
through the downpipe and into a 3mall
box built on top of the cistern. The
first run-off is caught by this box.

LJ^U. u. U

Downpipe can be
redirected lor foul
flush or overflow

Figure 3. Flexible Downpipe

Downpipe"
Removable cover

' Screened \ n Saeet
intake \ %,, vwit/*'\'i,

CisternCisl

J.

Tap to drain foul flush

- Overflow pipe

Figure 4. Foul Flush Box

When the box fills, water runs over the
top of it into a channel that leads It
to storage. A drain then empties the
box of the dirty water. This small
foul flush or first wash collection box
can be made from concrete or from
metal. It is most useful when per-
manent concrete cisterns are designed,
because of the extra cost.



A small charcoal-sand filter box can
also be Installed as In Figure 5. As
the rain water passes through the
filter, sediment and debris are removed
and clear water flows to storage. The
advantage of this design and the box
for the foul flush is that no one has
to be present to divert the water flow
from the roof.

Figure 6 offers another example of
a useful and easily installed device
for diversion of the foul flush. The
downspout has two outlets. One runs to
storage the other to waste. A lever on
the outside is used to make water flow
into one of the two channels. After
the first wash flows to waste, the
lever must be switched so that water
runs into the cistern.

No matter which method is used to
divert the first wash, the quality of
water collected in the cistern must be
checked. Water from roof catchments
may need treatment before it can be
consumed.

Cisterns

A cistern is an Important part of a
rainfall catchment system. There must
be some type of cistern to collect and
store rainwater. Several designs can
be considered. The choice will depend
on the amount of water needed, the
amount of water available, rainfall
distribution, cost, and availability of
space. Basic design considerations and
plans for household cisterns are shown
in "Designing a Household Cistern,"
RWS.5.D.1, which should be used with
this technical note to design an
effective catchment system.

Downpipe — •

Fine screen

Coarse screen
removable

\

Figure 5. Filter System

\

Downoipe

Metal downpipe
connections

Moveable deflector
inside seals cither
outlet

External lever
indicates direction
ol flow, moves
deflector

To drainage

Figure 6. Roof Washer Device In Downpipe

Technical Note* are part of a set of "Water lo« the World materials produced under contract to the U.S. Agency for International Development by National
Demonstration Water Project. Institute for Rural Water, and National Environmental Health Association. Artwork was done by Redwing Art Service. Technical Notes are
inten led lo provide assistance to a broad range ol people with field responsibility for village water supply'and sanitation projects in the developing nations For more
detail on the purpose, organization and suggestions lor use of Technical Notes, see the introductory Note in the series, titled "Using Water for the World' Technical
Notes." Other parts of the "Water lor the World" series include a comprehensive Program Manual and several Policy Perspectives. Further information on these
materials may be obtained Irom the Development Inlormation Center. Agency ior International Development, Washington. D C . 20523. U S A
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Water for the World
Constructing, Operating and Maintaining

Roof Catchments
Technical Note No. RWS. 1.C.4

C

The construction of a roof catchment
in an individual home is not difficult
and generally no special skilled labor
is required. With the necessary tools
and materials, a catchment system can
be installed by a family at a modest
cost. This technical note outlines the
steps for installing roof catchments.
Read the entire technical note before
beginning the construction of the
system.

Useful Definitions

CAULKING COMPOUND - A filler that
seals cracks and seams and makes them
watertight.

CISTERN - A storage tank for water.

FOUL FLUSH - The first run-off from a
roof after a rainfall.

V J

Before construction begins, the pro-
ject designer should give you two
items:

1. A list of all labor, materials
and tools needed for construction sim-
ilar to the sample list in Table 1.

2. A plan of the roof catchment
system with all measurements as shown
in Figure 1.

Obtain all materials needed for
construction so delays can be pre-
vented.

Construction of the cistern should
begin at the same time as construction
of the catchment system. For infor-
mation about constructing cisterns, see
"Constructing a Household Cistern,"
RWS.5.C.1.

Table 1. Sample Materials List

S u p p l i e s 'Jorrugato<l atxent rc^
p l a s t i c or t l le . s
( Tor rooT'.nn)

Metal g u t t e r s , wood or
bamboo ( f o r f/,ut t e r s )

W 1 c*i, r o p e o r 1 o c a 1
rider (to aocuiv
KUtf.-r:; l j roof •

Tnr or cau;< (t-> sea 1
gutt.-.-r co«r»'i'Uopj
t o • ) f i w * i [ . : ^ » - )

S a l 1 :;
W1 r e scr*?<-:.

H amm L> r
K a c h e t ti {','., •-, p i '. *,

bamliocj)
Wlrt- cuU-r,

Plastic, metal or tile root

Installation

The installation process consists of
three steps: construction of roof
catchment structure, installation of
gutters and connection of the downpipe
to the cistern, and construction of a
means to dispose of the foul flush.



Catchment Installation. For pre-
existing houses, check the roof struc-
ture for strength. If the structure
appears weak, it should be changed or
reinforced. In new houses, or where an
existing roof cannot be used, a com-
pletely new structure must be
Installed. The material used for
roofing will determine the sizes and
spacing.of the rafters and cross-
supports. Table 2 shows the dimen-
sions of various types of roofing
materials.
, _ . ^

Table 2. Roofing Material Sizes

Materials

Galvanized
steel roof-
ing

; Aluminum
sheeting

Fiberglass
i sheeting

Tile

Width

0.6m

0.9m
or 1.2m

0.65m

0.2m

Length

2.5-
3.75m

2.5-
6.5m

2.5-
3.75m

0.4m

a. Roof Support System

Curved tile lor ridgelme

i
Curved tile lor

ridgelme

b. Arrangement of Flat

Figure 2. Tile Roofing for Catchment

Tile
overlap

c. Arrangement ol
Curved Tile

Place the roofing material on the
structure starting from the bottom and
working up. Tiles and sheets should
overlap to prevent leaking. For tile
roofs, cross-pieces should be placed
close together so that all tiles have
a firm base to rest on. For sheet
metal or fiber glass roofs, use
roofing nails to secure the sheets to
the cross-pieces. If any leaking
occurs through nail holes, seal them
with a small amount of tar. See
Figures 2 and 3 for examples of the
installation of roofing materials.

Gutter Installation. Gutters must
be installed to collect water from the
roof surface. They can be made of
metal, plastic, wood or bamboo.

Sheets overlap

Nail holes
tarred to prevent
leaking

Rooting extends 50mir.
beyond eaves

V Figure 3. Metal Sheeting for Roof Catchment

: Metal or plastic gutters must be
bought, while wood or bamboo gutters
can be made locally. If wood is used,
it must be nailed into a trough and
sealed with tar or a deep channel must
be cut into the piece of wood to be
used as a gutter. This channel must be
deep enough to hold the collected water



nd prevent It from spilling out onto
he ground. Bamboo gutters are made by
plitting long lengths of bamboo down
he middle and removing the inside
oint partitions. The cut halves form
ery good collecting troughs, as shown
n Figure k. Follow these steps as you
nstall the gutters.

1. Tie pieces of wire to the roof
tructure to support the gutters. The
.ires should be located 50cm apart to
provide adequate support. Extra sup-
port should be given to wooden gutters
because of their weight. Wrap the wire
iround the gutters to hold them in
ilace.

2. Join the gutter sections
together. Use specially made Joints
'or metal and plastic gutters. There
•re several techniques for joining bam-
oo gutters. One simple method is to
place a piece of rubber at the joint to
lold the two pieces together. The
"ubber fits underneath the gutters and
Is secured to them with wire. Tar or
caulking can then be used to seal the
connection and make it watertight,
figure 5 illustrates this technique.
Be sure that the two pieces of bamboo
fit together closely before sealing the
joint.

3. Begin installing the gutters on
the side of the house opposite the
cistern and install the downpipe on
the third side. The gutter should
slope enough so that all water flows
"rom the roof to the downpipe. The
•equired slope is 0.8-0.10m per meter
of gutter. Another method of installa-
tion is to place the cistern on a side
of the house where the roof peaks.
Place gutters on both sides of the
house sloping toward the cistern.
Water runs from both gutters into a
single downpipe. Gutter slope is very
Important since without enough slope,
water will stand in the gutters. If
the time between rains is more than
eight to ten days, mosquitoes will
"ireed in the standing water.

4. Install a downpipe from the
'jutter to the cistern. Connect the
'downpipe directly to the gutter. The
downpipe can either be placed at the
end of the gutter or a hole can be made
In the gutter where the downpipe is
connected. Seal the Joint where the
downpipe meets the gutter with tar or
caulking compound.

Seam tarred

Wire

a. Bamboo Split Lengthwise

Rubber or
canvas

b. Joining Two Pieces
of Bamboo

Figure 4. Making Gutters from Bamboo

Hole m gutter, screened G u , n e ' Cut to
accommodate
gutters

Flexii
join! lor
downpipe

Figure 5. Joining Gutters and Downpipes

Second piece
ol rubber wrapped on
outside ol
downpipe

5. Place a small mesh wire screen
over the opening of the downpipe so
that leaves or other debris which could
contaminate the water do not enter the
cistern. The mesh should be large
enough so that leaves and debris are
caught but water continues to flow
through.

Foul Flush Disposal. There are two
ways to remove the foul flush or first
wash from a roof. They are simple
diversion and construction of a foul
flush system.
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Rubber |Oint

Downpipe can be
redirected lor loul
(lush or overflow

.Figure 6. Flexible Joint In Oownpipe

Oownpipe —

Removable cover
\ n.

Screened ̂ > — ~\
intake /~/*~Tjs^

Cistern. Battle Screen

Tap lor drainage

Figure 7. Collection Box for Foul Flush

Cover

Downpipe

Oain,

Sloping lloor
i

• Figure 8. Detail of Collection Box for Foul Flush

For simple diversion, Install a rope
to the end of the downpipe. When the
rain begins, the downpipe can be moved
away from the cistern to let the dirty
water flow to the ground. This method
is useful when large Jars are used for
water storage. Someone must remember
to move the spout at each rainfall.
See Figure 6.

If the cistern and downpipe are
connected, a small collection box can
be built to collect the first run-off.
See Figures 7 and 8 for details. The
box can be as small as 250mm x 250mm x
250mm and should be made from imper-
meable material. Clean containers such
as 20-liter cans can be used for
receiving the first run-off from the
roof. A filter system is made using a
large can or filter box. Place a
filter between the downpipe and the
cistern. Line the filter bottom with
pea gravel up to about 30mm, then place
an equally thick layer of charcoal and

on top of that a layer of sand
0.2-0.5mm in diameter. The sand layer
should be between 30-50mm thick. On
top of the sand place another layer of
gravel as shown in Figure 9- Connect
the downpipe to the box and connect an
outlet pipe to the box and the cistern
as shown. Place a screen at the very
top of the box so that no large debris
can enter. A tap or plug should be
installed to empty out the dirty water
after each rainfall. When the box
fills, the cleaner water flows to the
cistern.

Oownpipe -

Fine screen

Figure 9. Filter System



Maintenance

Adequate maintenance of the catch-
ment assures that the maximum amount of
rainwater is collected and that the
water is of good quality. Keep the
catchment well maintained by doing the
following:

1. Keep the roof in good condition.
Repair any holes in the roofing
naterial and change any broken tiles
to prevent leaking. Seal any nail
holes that are leaking.

2. Clean the roof between rains.
Much debris and fecal matter from birds
can be removed by sweeping off the
roof often enough to keep it looking
clean.

3. Keep the gutters in good con-
dition. Be sure they are firmly tied
to the roof and that they are well
joined to prevent spilling. Repair ai
holes. If bamboo or wood is used for
gutters, check them once a year for
rotting. If there is any sign of rot,
replace them.

h. Remove leaves and other debris
from the gutters to avoid clogging.
Check the screen on the downpipe to be

Figure 10. Cleaning Gutter and Screen

sure it is not clogged. If a gutter
clogs, water may spill over its sides
and be wasted. Watch for leaks and
overflow during a rain. See Figure 10.

5. If a collection box for foul
flush is used, clean it out after each
heavy rain to remove any sediment or
scum.

6. If a filter is used, clean the
filter every several months. Wash and
change the sand in the filter at least
every six months.
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A field report from Nepal about Ferro- and Bamboo-Cement Watertanks
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CHAPTER 4 Ferrocement

In 1979 the first ferrocement water tant-- has been
constructed in the Western develcjpment region. In the following
years, slowly and very carefully, this new type of tank
construction was tried out.Careful 1y, because nobody was willing
to take the risk of a leaking tank.

At this time nobody had any real experience and it had to be
tried with the manual nearby. Initially the technicians and the
villagers were very sceptical towards the new type of water tank.'
The WSST were used to build the solid and long lasting type of
masonry water storage tank of which the designs had been worked
out in Cameroon.

For many reasons, this impressive looking solid water tank
is in reality not so strong and carries a great risk of leaking
very soon.An other important factor is , that a 38m3 masonry
storage water tank is consuming a huge amount of material in
stones, sand and cement.

In order to cover the tank, an arch is constructed.To build
this arch a special frame has to be transported to the village
and after its use transported back or to the next drinking water
project. This transport for the archframe as well as for the
cement, was paid from HMG.This transport was on the one hand a
fairly expensive affair for HMG and on the other also a
management headache in the sense that the archframes often seemed
to be there where they were not supposed to be.All the above
mentioned reasons made it imperative to look for an other
solution for tankconstruction.

The SATA engineers in Pokhara through their trials had
gained the confidence that ferrocement woulld be a viable
option.In addition the fact that a ferrocement reservoir as
compared to a stone masonry built storage tank is a cheap as well
as a solid construction method,that it requires less material on
the part of both the government and the vi1 lagers,that it can be
completed within three weeks and that it does not require a
"imported" shuttering were reasons enough to push the changover
to ferrocement water tank construction in the programme.

The first designs have been redesigned in 1983 and a new
standardisation has been made.At the same time the first batch of
technicians received a practical training in ferrocement
construction in Sirsekot/Syangja.

In the construction season 1983-84 all new.storage tank were
constructed in ferrocement.A few old type, masonry storage water
tanks were still under construction in that construction season.
This construction season, 1984-85 storage tanks are being built
exclusively in ferrocement.The quality is very good.And the WSST
uro convinced about the quality and possibilities of this
construct ionmethod.

1 4
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Still
technique.

the villagers have their doubts about the new

? The only 5 cm thick wall is too thin, it will
break when it is "filled with water?

? The haircracks in the cement roo-f is proof for
the villagers that this construction method is
not as solid as the masonry type of water tank?

? Bad people can damage the water reservoir too
easy?

? If the tank needs maintenance, the village
maintenance worker does not know how to maintain
or to repair it properly?

These doubts about the ferrocement water tank are
understandable,because the average villager believes only in a
proven and very strong (say thick) construction.

The doubts of the villagers are in themselves important but
can be overcome through good communication and good
construct! onwork by our technici an'. For our overseers and
engineers a few questions posed themselves when we started with
ferrocement.

- What influence does underground or overground
construction have on the life of the ferro
cement tank ?

- What damages can occur when acidic earth is
touching the cement wall, and how can this be
avoided?

- What sand quality is necessary to build a good
and long lasting water tank?

- What is the minimum reinforcement when- taking
into consideration the relatively poor quality
of. steel bars, plain wire and chicken wire?

- How to make the shuttering for" the wall and the
roof construction so that the material can be
used for all sizes of ferrocement tanks?

- How to keep the water cool in the storage tank ?
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These Are only a few questions which we faced when we
designed the standardisation for the new ferracement
tanks. Desi gns from other regions of Nepal gave us some good and
useful suggestions for our revised* standardisation designs.

On the other hand, while designing the new standardisation I also
realised that there Are some few, but nevertheless important
disadvantages like:

- The reinforcement material is not yet manu-
factured in Nepal and therefore sometimes also
not available in the local market.

- In the case of any damages, the village
maintenance worker is dependent on the help of
our office.We have to train these village
maintenance workers also in this subject to
make sure that the VMW can do maintenance by
himself in future.

- The normal cement work, the Nepali skilled
labourers are used to making is not good enough
for a ferrocement tank.The WSST therefore has to
bring skilled labour from Pokhara to the vil-
lage.

- Although the WSST knows how to build a ferro-
cement tank he needs supervision. A -few of the
supervisors un-f ortunatel y still do not really
know how to build a •ferracement tank. Especi al ly
the lack of hands—on experience on the part of
the overseers is an impediment for good super—
vision.

- For ferrocement fresh cement should be used,or
at least the best cement that is available.

- E::act work is essential for the ferracement
tank.

- The sand quality must be very good and for
that the villagers have to collect the sand
sometimes from very far away.

These Are some of the disadvantages of the new ferrocement
tank.Or rather not so much disadvantages but rather factors that
influence not so critically other methods of construction.

But the advantages Are iar more, so that the introduction of
the ferrocement tank is more then justified.
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The construction o-f the tank takes only three
weeks which is very short compared with a
masonry tank.

It is a very cheap type o-f reservoi r ,because a
lot less cement is necessary and therefore the
porterage charge is also less.

The contribution of the villagers is far
then for a masonry tank.

Arch-frames are not any more necessary for
roof construction.

1

the

- The 32mm HDP pipe used for the shuttering of the
tank can be used afterwards for the water
distribution network of the project.

These are the advantages of the ferrocement tank. Certainly
the cost(refer to table)and the transport of the material have
been decisive in introducing the ferrocement tank construction in
the Western development region.

COST OF VARIOUS TYPES OF TANKS

cost in Nc. .4.5 m3 f5 m3bamboo ferro

Total

.10 m3ferro 9 m3stone ZZ m,stone

5700 14800 21100 28500 51200

,20 m3f erro

CWSS-Progr. 4500 13500 19000 23000 40700 24800
Village 1200 1300 2100 5500 10500 3200

28000

From the table it can be seen that the construction cost of
the ferrocement tank is considerably lower than the stone masonry
type.For example the cost at the roadhead of the 10 m3 tank is
197- less than the 9 m3 (compensated for volume/cost ratio) ,and the
20 m3 even 357. less than the 22 m3. The differences between the
community contributions for the various tanks are even greater.

The cost of a bamboocement tank are estimated at Nc.5700 if
all the cost have to be borne by the agency.In case the villagers
arc? putting in their own labour and locally available materials
the bamboo tank can already be made for roughly Nc.3000.

In fact, about 987. of our programme is located at hilly
regions which means that more or less al the required project
material has to be carried by people to the project side. Only
107. of our drinking water projects can be reachc?d by road. The

1 7
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rest o-f the projects are as far away as 1 to 5 days walk. Hence
ferrocement construction makes a big di-f-f erence in transport cost
for our programme.In addition it also means a reduction in Dukha
for the villagers who have to collect le?ss sand and stones -from
o-f ten -far away.

In the last two construction seasons-1983/84;1984/85-a total
of 35 -ferrocement tanks have been constructed. An achievement
much liked by Nepali villagers with their penchant -for tanks.

But not only water tanks can be built with this new
technology,also ferrocement squatting slabs and water break
pressure tanks ^rc being constructed successfully in
Nepal . Ferrocement allows a very flexible kind o-f work. In the long
run I believe that the ferrocement construction will be an
integrated part of developing work in Nepal, because it saves
material and money for the government, as well as strenuous work
for the villagers.

CHAPTER 5 BAMBOO REINFORCED WATER TANKS

This type of new technology was introduced in 1982. In order
to find again a cheaper method to build , or even to repair
ferrocement tank leaks, we started research work on bamboocement.

The first experiment was made with two ready—made baskets.
We plastered the inner and outer side with mortar. The containers
were filled with water to test its water tightness.They have been
filled for the last two years and still are not leaking.One of
them was partially destroyed,to see how the bamboo looks but no
deterioration was found.

The second experiment took place during the village
maintenance'worker course in 1983 in Sirsekat, Syangja District.
A 5001t. container was built and since two years no leaks have
been seen. In Sirsekot we made the first experiences on how to
construct a pukka bamboo cement tank.

The success encouraged us to conduct a special training with
a few WSST. In 1984, during this training a total 5 bamboo
reinforced water tanks were built. The capacity was ranking
between 1000 It and 4500 It. Different type of bamboo were used
for the reinforcement in order to find out the best and most
appropriate bamboo type.The bamboo type is an important factor
for the life-span of the tank.Together with the WSST I gained
quite a lot of experience? and I feel it is worthwhile to train
all our WSST in this new type of work.

liany of our WSST are requested in the village were they are
building a water project, to help the villagers to build private

18
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water tanks or even water tanks were the district has given the
necessary material like pipe and cement.Most 1y the villagers do
not have the money to buy expensive steel-bars, chicken-wire and
plain—wire to make a ferrocement tank. A bamboo reinforced tank
is much cheaper for them , because bamboo is available every-
where.

It has come into praxis that were we have build a school
latrine that instead of a expensive water drum, a bamboo water
container is being built. These small containers are easy to
build and very cheap.A farmer, living near by a school latrine
were we also have built a bamboo cement container , adopted the
new idea and has built his own bamboo reinforced water container
of 200 It.

If villagers start copying such technologies it shows me
that we Are on the right track.Still some tricks how to make a
bamboo reinforced water tank or container must be known.

The main problems with bamboo reinforced containers are
associated with the proper bonding between the mortar and the
bamboo net.Also when building a bigger sized tank the joints of
the bottom and roof with the wall requires attention. One should
not be too much fixed using only local materials. It is better to
put a few meter chickenwire in the joint between the bottom and
the wall.Smaller size containers do not require this "to be on
safe side" measure.

What effect does it have when one makes the bamboo
reinforced tank underground?I do not know what will happen when
the tank is in contact with mud, without protection. But I assume
that it will affect the shrinkage of the bamboo.The bamboo is
always wet and the damage could be that the bamboo will too soon
decay. If the tank is built overground, this may not happen so
soon. That the bamboo once will rot I think is
unavoidable.Therefore the lifetime of a bamboo tank will be not
more than say 8 to 10 years, which is quite acceptable relative
to the cost of construction, which is about 3000.- NC or 180.-
US* for a 4500 It. tank.

During the bamboo cement tank construction, we were trying
to use the local knowledge on bamboo -as much as passibl e. Local
people told me, to cut the bamboo used for that kind of special
activities only by full moon and at mi d m ght. Local people know a
lot about the best use of bamboo, and they am familiar with its
weaving technique.lt therefore should nut be too difficult for
them to learn to build bamboo reinforced water tanks for their
own usie.

1 9
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E<amboo cement activities

1982 The -first two bamboo cement containers were made
on the compound o-f RD Pokhara.

1983 During the village maintenance worker course at
Sirsekot the -first bamboo cement tank was
constructed,5001t.

One of our WSST built a 25001t. tank during a
training for new peace corps staff.

For a school latrine at Phul—Bhari,Pokhara two
water drums were constructed,2x30011.

For two private latrines at Pokhara two small
containers were made of each 50 It.

One latrine superstructure,si mi 1ar to the type
built in Zimbabwe,was made at RD Pokhara.

1984 The first bamboo reinforced water tank training
was conducted with 10 WSST.During this
training ,the following tanks were constructed:

One 4500 It tank at Nadipur Pokhara.
One 4500 It tank at Arwa CWSS.
One 4500 It tank at Naya—Bazar primary school.
One 1000 It tank at Naya—Bazar primary school
One 1000 It tank at RD Pokhara.

Not during the training was built:

One 2000 It tant at Arwa CWSS.

5 One 20G« It tank at Sunpandeli.

This list shows the bamboo cement construction activities
during the last ttiree years within the CWSS programme in
Pokhara.To include all activities our WSST have done in their
private time is not possible and I think also not necessary.It
shows enough that this activity is likely to incrase in the next
years.I feel that bamboo reinforced water tanks will turn out to
be a quite attractive arid passible alternative to solve water
-storage problems in the? villages in the hilly regions of Nepal.



Annex VIII

Worksheet for Calculation of a Latrine Pit



Annex VII I

Worksheet for Calculations for Privy Pit

Capacity of Pit

1. Number of users = o

2. Designed l i f e of p i t in years = Q

3. Line 1 x Line 2 = JfS

4. Is there a pour-flush bowl? [x j no ( \ yes

5. I f "no", then Line 3 x 0.06 = 2 . f f

6. I f "yes", then Line 3 x 0.04 = m3

7. Do anal cleansing materials readily decompose? [xj yes [~~| no

8. I f "yes", then capacity = Line 5 (or Line 6) = 2.8 m3

9. I f "no", then capacity = 1.5 x (Line 5 or Line 6) = m3.

Dimensions of Pit

10. Capacity (from Line 8 or Line 9) = 2.8 m3

11. Pit is for (check one): | |.pit privy |j<j ventilated p i t privy

offset p i t privy

12. Theoretical depth

13

diameter
choosen

0,90 m

1,00 m

1,00 m

1,20 m

1,30 m

14

volume
per lm depthe

0,64 m3/ml

0,78 m3/ml

0,95 m3/ml

1,13 m3/ml

1,33 m3/ml

12

theoretical

dcoth - l i n e 10
d o p t h " column 14

2-S =, 3 0

15. Required total depth = column 12 + 0,50 m m



Comparision with prerequisites at the si te (comp. chapt. 11.3)

16. bottom of p i t at least 1,0m above
groundwater tabel

17. bottom of p i t at least 1,0m above
impervious layer

18. Required depth (column 13) is not
more than 3,5 m

19. Check wether l ine 16, 17 and 18 ind i -
cate a l l yes:

yes [ K ] : The p i t can be constructed according to the choosen

diameter (column 13) : 1,0 >•* and the calculated

depth (column 15): _3j£_rp

yes

yes

yes

0

1 K 1

no

no

no

D

D

D

no P ] : any of the choosen parameters need to be changed:

- increasement of diameter

- reduction of l i f e span

- type of latr ine (e.g. pour-flush instead of p i t )
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Annex X

Draft of a Manual for Latrine-Construction and Use
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