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FOREWORD
 

VITA's Vitage Technotogy Handbook is important tool for
an 

development workers and do-it-yourselfers. First published in

1963 under the auspices of the U.S. Agency fur International
 
Development, the Village Technology Handbook 
is now in its
fifth major printina; versions 
in French and Spanish, as well
 
as English, appear on shelves in bookstores, on desks in
 
government offices and local 
organizations, in school librar
ies, and in the field kits of village workers and self-suffi
ciency innovators around 
the world. It is a handbook which
 
assists people in 
both Northern and Southern countries who
 
are working to improve their lives 
and to gain mastery of
 
their own resources.
 

VITA is committed to assisting appropriate growth: that
 
is, to progress based on self-expressed needs which leads 
to

increasing self-reliance. Access to 
clearly presented tech
nical information provides 
a key to such growth. Therefore,

VITA searches out, develops and disseminates techniques and
 
devices which have 
been made and used in villages. The Vi.
lage Technology Handbook represents one 
of VITA's efforts to
 
support appropriate growth and development by facilitating

the flow of information among the communities of the world.
 



A NOTE ON USING THE HANDBOOK
 

When the materials suggested in the handbook are 
not available, it may be possible to 
substitute other materials; but
be careful to make any changes 
in dimensiohs made necessary

by such substitutions.
 

Dimensions are given 
in metric units in 
the text, with
English units in parentheses. Only metric units 
are given
in the illustrations. Conversion tables are 
given in the
 
Appendix.
 

Reference materials, along with information on where they
can be obtained, are listed at the 
end of a specific entry
when they pertain to that entry. 
 When they refer more generally to the field covered in a section of the 
book, they
are given 
at the end of the section. If you cannot get
these publications, VITA may 
be able to help you.
 

If you want to use translations of material 
in the handbook, we ask you to 
let VITA know. The material you want
 may already be translated; 
if it is not, and if you translate it, VITA would like to 
make your translation available
 
to othe's.
 

If you have questions 
on the material prescnted here, if
you run into problems in implementing the handbook's 
suggestions, or 
if you have other technical problems, please

contact VITA for 
assistance.
 

The information 
in this handbook 
came from many sources;
VITA hopes the ideas presented here will generate new material 
which can become part of future editions and add
the information network. 
to
 

Therefore your comments 
and suggestions 
are of great Importance. 
 In order to facilitate
 
your review of this information, an evaluation form has
been inserted in 
this manual. Please 
remove it, and send
it back VITA w;th your observations and comments. VITA


to 

will then assemble and disseminate the new 
information)

thereby making it available to 
as many around the world as
 
possible.
 

( 



About VITA
 

VITA . . . 

is a private, non-profit development VITA currently publishes about 50
 
organization based inthe United appropriate technology manuals, many
 
States, Since 1960 VITA has supplied available in French and Spanish as
 
information and assistance, primarily well as English. These manuals deal
 
by mail, to people seeking help with with such specific topics as wind
technical problems inmore than 100 mills, solar cookers, water wheels,
 
developing countries. Providing its rabbit raising.
 
sew-vices in response to reque:ts from Inaddition, a number of VITA
 
individuals and groups working to im- Technical Bulletins are available.
 
prove homes, farms, communities, busi- These are plans and case studies
 
nesses, and lives, VITA helps select which present ideas and alternatives
 
and implement technologies appropriate to encourage further experimentation
 
to the situation, and testing and provide access to
 

VITA's technical services are pro- some of the best from VITA Volunteers
 
vided by a worldwide corps of 4500 and others. Complete lists of pub
skilled Volunteer experts and a cen- lications and technical bulletins
 
tral staff of twenty. are available upon request.
 
ViTA consultants can help design a VITA N" is a quarterly newsletter
 

bridge using local materials; collab- which provides an important communica
orate on a windmill plan for Pumping tions link among far-flung organiza
water or generating electricity; devise tions involved intechnology transfer
 
an agricultural implement, develop a and adaptation. The Neiu contains
 
method for reconstituting powdered reviews of new books, technical ab
milk for a school lunch program; find stracts, updates on worldwide activi
out why a pump being tested isnot ties, notices of new organizations.
 
working; evaluate a small leithercraft VITA is a dynamic, flexible or
business. ganization with an extremely cost-


Over the years VITA has qained world- effective program for meeting de
wide recognition for developing tech- velopment needs. Funding comes
 
nologies responsive to specific cultural from a variety of public and pri
and technical contexts. vate sources. As a non-profit

Areas of particular interest to VITA organization, VITA relies on in

are: 
-- agriculture and animal husbandry dividual, business and foundation 

support to ensure the continuation of
 -- alternative energy systems (wind, 
solar, bio-gas, etc.) its activities. Contributions inany
 
water and sanitation amount from people anywhere in the'
 

--food processing world are sincerely appreciated.
 

-- small-scale industries 
-- equipment design 
-- project feasibility and evaluation For further information, write to 
-- low-cust housing and construction VITA, 3706 Rhode Island Avenue, 
-- crafts production and marketing Mount Rainier, Maryland 20822 USA. 



SYMBOLS AND ABBREVIATIONS
 
USED INTHIS BOOK
 

@ . . . . at
 

" . inch 
foot 

C .... degrees Celsius (Centigrade) 
cc . . . cubic centimeter
 
cm . . . centimeter
 
cm/sec . centimeters per second
 
d or dia. diameter
 
F . . . . degrees Fahrenheit 
gm . . . gram 
gpm . . . gallons per minute 
HP . . . horsepuwer 
kg . . . kilogram 
km . . . kilometer 
1 . . . . liter 
lpm . . . liters per minute 
1/sec . . liters per second 
m . . . . meter 
ml . . . milliliters 
mm . . . millimeters 
m/m . . meters per minute 
m/sec . . meters per second 
ppm . . . parts per million 
R .. .. radius 
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Developing Wter Sources
 

There are three main sources of water 
for small water-supply systems: ground 
water, surface water and rainwater. The 
entries which follow describe the methods 
of getting water from these three sources: 

1. Getting Ground Water from Wells and 

Springs. 


2. Building Small Dams to Collect Sur-

face Water.
 

3. Collecting Rainwater inCisterns.
 

The choice of the source of water de
pends on local circumstances. A study

of the local area should be made to de-

termine which source is best for provid-

ing water which is (1) safe and wholesome,
 

GETTING GROUND WATER FROM WELLS AND SPRINGS
 

This section explains ground water and
 
then describes a variety of methods of
 
collecting ground water:
 

1. Tubewells
 

a. Well Casing and Platforms
 

b. Hand-Operated Drilling Equipment 


c. Driving Wells
 

2. Dug Wells
 

3. Spring Development
 

Ground Water 


Ground water issubsurface water which 

fills small openings (pores) of loose 

sediments (such as sand and gravel) or 

rocks. For example, ifwe took a clear 

glass bowl, filled itwith sand, and then 

poured insome water, we would notice 


(2)easily available and (3)sufficient
 
inquantity.
 

Once the water ismade available, it
 
must be brought from where it isto where
 
it isneeded and steps must be taken to
 
be sure that it is pure. These subjects
 
are covered insections on:
 

Water Lifting
 

Water Transport
 

Water Purification
 

An added section on Map Makinj gives

guidelines which will be helpful inirri
gation and drainage projects.
 

/U 

the water "disappear" into the sand (see

Figure 1). However, ifwe looked through
 
the side of the bowl, we would see water
 
in the sand, but below the top of the
 
sand. The sand containing the water is
 
said to be saturated. The top of the
 
saturated sand is called the.water table
 
it isthe level of the water in the sand.
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The water beneath the water table is 

true ground water available (by pumping)


0
for human us . There iswater inthe soil 

above the water table, but it does not 

flow into a well and is not available for 

usage by pumping, 


Ifwe inserted a straw into the satu-, 

rated sand in the bowl inFigure 1 and 

sucked on the straw, we would obtain some 

water (initially, we would get some sand 

too). Ifwe sucked long enough, the water
 
table or water level would drop toward 

the bottom of the towl. This isexactly
 
what happens when water ispumped from a 

well drilled below the water table. 


The two basic factors inthe occurrence 

of ground water are: (1)the presence 

of water, and (2) a medium to "house" 

the water. Innature, water isprimar-

ily provided by precipitation (rain and 

snow), and secondarily, by surface water
 
features (rivers and lakes). The medium 

isporous rock or loose sediments, 


The most abundant ground-water reser-

voir occurs in the loose sands and gravels 

in river valleys. Here the water table 

roughly parallels the land surface, that 

is,the depth to the water table is gen-

erally constant. Disregarding any drastic 

changes inclimate, natural ground-water 

conditions are fairly uniform or balanced. 

In Figure 2, the water poured into the 

bowl (analogous to precipitation) is bal-

anced by the water discharging out of the 

bowl at the lower elevation (analogous to 

discharge into a stream). This movemont 

of ground water isslow, generally centi-

meters or inches per day. 


WATER " 

Elc/6'e e r 

. 

;:"; 

A
ATER LoSr
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When the water table intersects the
 
land surface, springs or swamps are
 
formed (see Figure 3). During a partic
ularly wet season, the water table will
 
come much closer to the land surface than
 
it normally does and many new springs or
 
swampy areas will appear. On the other
 
hand, during a particularly dry season,
 
the water table will be lower than normal
 
and many springs will "dry up." Many
 
shallow wells may also "go dry."
 

Flow of Water to Wells
 

A newly dug well fills with water a
 
meter or so (a'Iew feet) deep, but after
 
some hard pumping it becomes dry. Has
 
the well failed? Was it dug inthe wrong
 
place? More likely you are witnessing
 
the phenomenon of drawdown, an effect
 
every pumped well has on te water table,
 
(see Figure 4).
 

Because water flows through sediments
 
slowly, almost any well can be pumped dry
 
temporarily if it is pumped hard enough.
 
Any pumping will lower the water level
 
to some degree, inthe manner shown in
 
Figure 4. A serious problem arises only
 
when the drawdown due to normal use lowers
 
the water table below the level of the
 
well.
 
After the well has been dug about a
 

meter (several feet) below the water
 
table, itshould be pumped at about the
 
rate itwill be used to see ifthe flow
 
into the well isadequate. If it is not
 
sufficient, there may be ways to improve
 
it. Digging the well deeper or wider wil
 
not only cut across more of the water
bearing layer to allow more flow into the
 
well, but itwill also enable the well to
 
store a greater quantity of water which
 
may seep in overnight. If the well is
 
still not adequate and can be dug no
 
deeper, itcan be widened further, per
haps lengthened inone direction, or
 
more wells can be dug. If it is pos
sible to do so safely, another method is
 
to dig horizontal tunnels out from the
 
bottom of the well. The goal of all
 



these methods isto intersect more of 
the water-bearing layers, so that the 
well will produce more water without 
lowering the water table to the bottom 
of the well. 
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Where to Dig 	a Well 


Four important factors to consider in 

choosing a well site are: 


1. Nearness 	to Surface Water
 
2. Topography
 
3. Sediment 	Type
 
4. Nearness 	to Pollutants
 

1. Nearness 	to Surface Water
 

Ifthere is any surface water nearby, 

such as a lake or a river, locate the
 
well as near 	itas possible. Itis like-

ly to act as a source of water and keep
 
the water table from being lowered as 

much as without it. This does not al-
ways work well, however, as lakes andL 


slow-moving bodies of water generally
 
have silt and slime on the bottom, which 

prevent water from entering the ground
 
quickly. 


There may not seem to be much point to
 
digging a well near a river, but the fil-

tering action of the soil will result in
 
water that is cleaner and more free of 

bacteria. Itmay also be cooler than 

surface water. Ifthe river level fluc-

tuates during the year, a well will give 

cleaner water (than stream water) during 

the flood season, although ground water 

often gets dirty during and after a flood; 

a well will also give more reliable water 

during the dry season, when the water 

level may drop below the bed of the river.
 
This method of water supply is used by 

some cities: a large well issunk next 

to a lake or river and horizontal tun-

nels are dug to increase the flow. 


Wells near the ocean, and especially 

those on islands, may have not only the 

problem of drawdown but that of salt 

water encroachment. The underground 

boundary between fresh and salt water 

generally slopes inland: Because salt 

water is heavier than fresh water, it 

flows in under it. If a well near the 


shore isused heavily, salt water may
 
come into the well as shown in Figure 5.
 
This shoL'Id not occur inwells from which
 
only a moderate amount of water isdrawn.
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2. Topography
 

Ground water, being liquid, gathers in
 
low areas. Therefore, the lowest ground
 
is generally 	the best place to drill or
 
dig. Ifyour area is flat or steadily
 
sloping, and there is no surface water,
 
one place isas good as another to start
 
drilling or digging. Ifthe land is
 
hilly, valley bottoms are the best places
 
"-o look for water.
 

You may know of a hilly area with a
 
spring on the side of a hill. Such a
 
spring could be the result of water mov
ing through a layer of porous rock or a
 
fracture zone inotherwise impervious

rock. Good water sources can result
 
from such features. Ifyou can see
 
layers of rock sticking out of the hill
side, you may be able to guess where a
 
water-bearing layer can be found by dig
ging down from higher on the hill. This
 
is because most layers continue over
 
short distances.
 



3. Sediment Type 


Ground water occurs in porous or frac-

tured rocks of sediments. Gravel, sand 

and sandstone are more porous than clay, 

unfractured shale and granite or "hard 

rock." 

Figure 6 shows in a general way the re-


lationship between the availability of 

ground water (expressed by typical well 

discharges) and geologic material (sedi-

ments and various rock types). For 

planning the well discharge necessary

for irrigating crops, a good rule of 

thumb for semi-arid climates -- 37.5cm 

(15") of precipitation a year -- is a 

1500 to 1900 liters (400 to 500 U.S. 

gallons) per minute well which will irri-

gate about 65 hectares (160 acres) for
 
about 6 months. From Figure 6, we see 

that wells in sediments are generally 

more than adequate. However, enough 

ground water can be obtained from rock, 

if necessary, by drilling a number of 

wells. Deeper water is generally of 

better quality. Water from shallow wells 

is generally harder than water from rock 

aquifers; this may be important for hos-

pitals and some industries. 


Sand and gravel are normally porous and 

clay is not, but sand and gravel can con-

tain different amounts of silt and clay 

which will reduce their ability to carry 

water. The only way to find the yield 

of a sediment is to dig a well and pump

it. 


In digging a well, be guided by the re-

sults of nearby wells, the effects of
 
seasonal fluctuations on nearby wells, 

and keep an eye on the sediments in your

well as it is dug. In many cases you

will find that the sediments are in 

layers, some porous and some not. You 

may be able to predict where you will 

hit water by comparing the layering in 

your well with that of nearby wells, 


Figures 7, 8 and 9 illustrate several 

sediment situations and give guidelines 

on how deep to dig wells. 
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4. Nearness to Pollutants
 

If pollution is in the ground water, it
 
moves with it. Therefore, a well should
 
alivays be uphill and 15 to 30 meters (50
 
to 100 feet) away from a latrine, barn
yard, or other source of pollution. If
 
the area is flat, remember that the flow
 
of ground water will be downward, like a
 
river, toward any nearby body o surface
 
water. Locate a well in the upstream
 
direction from pollution sources.
 

The deeper the water table, the less
 
chance of pollution because the pollutants
 
must travel some distance downward before
 
entering ground water. The water is purl
fied as it flows through the soil.
 

Extra water added to the pollutants
 
will increase their flow into and through
 
the soil, although it will also help di
lute them. Pollution of ground water is
 
more likely during the rainy than the
 
dry season, especially if a source of
 
pollution such as a latrine pit is al
lowed to fill with water. See also
 
"Introduction to Sanitary Latrines,"
 
p. 147. Similarly, a well that is
 
heavily used will increase the flow of

ground water toward it, perhaps even re
versing the normal direction of ground
 
water movement. The amount of drawdown
 
is a guide to how heavily the well is
 
being used.
 

Polluted surface water must be kept
 
out of the well pit. This is done by

casing and sealing the well.
 

Well Casing and Seal
 

The purpose of casing and sealing wells
 
is to prevent contaminated surface water
 
from entering the well or nearby ground
 
water. As water will undoubtedly be
 
spilled from any pump, the top of the well
 
must be sealed with a concrete slab to let
 
the water flow away rather than re-enter
 
the well directly. It is also helpful to
 
build up the pump area with dirt to form
 
a slight hill which will help drain away
 
spilled water and rain water.
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Casing is the term for the pipe, cement

ring or other material that supports the

well wall. 
 It is usually impermeable in
the upper part of the well 
to keep out 

polluted water (see Figure 7) and may be
perforated or absent in the 
lower part of

the well to 
let water enter. See also 

"-ll Casing and Platforms," p. 12, and

"Reconstructing Dug Wells," p. 59. 


In loose sediment, the base of the
 
well should consist of a perforated

casing surrounded by coarse sand and
small pebbles; otherwise, rapid pumping 
may bring into the well enough materia 
to form a cavity and collapse the well
itself. Packing the area 
around the
well 
hole in the water-bearing layer with
fine gravel will prevent sand from wash

ing in and increase the effective size
of the well. 
 The ideal gradation is from
sand to 6mm (1/4") gravel next to the

well screen. In a drilled well it may
 
be added around the screen after the pump

pipe is installed.
 

Well Development
 

Well development refers to 
the steps
taken after a well is drilled to insure
 

maximum flow and well life by preparing
the sediments around the well. 
 The layer
of sediments from which the water is
drawn often consists of sand and silt.
 
When the iswell first pumped, the finematerial wil be drawn into the well andmake the water muddy. You will want to 
pump out this fine material to keep itfrom muddying the water later and to make
the sediments near the well more porous.

However, if the is too
water pumped 
rapidly at first, the fine particles may
against the perforated casing or
the sand grains at the bottom of the
well and block the flow of water into it.
 

A method for removing the fine materialsuccessfully is to pump slowly until the
water clears, then at successively higher

rates until the maximum of the pump or

well is reached. 
Then the water level

should be permitted to return to normal
 
and the process repeated until consis
tently clear water is obtained.
 

Another method is surging, which is

moving a plunger (an attachment on a

drill 
rod) up and down in t,ewell. This
 causes 
the water to surge in and out of
 
the sedimentary layer and wash 
loose the
fine particles, as well as 
any drilling

mud stuck on the wall of the well. 
 Coarse

sediment washed into the well 
can be re
moved by a bailing bucket, or it may be
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left in the bottom of the well to serve 

as a filter. 


Sources: 


Michael T. Field, VITA Volunteer, Schenec-

tady, New York 


John Chronic, VITA Volunteer, Boulder, 

Colovado
 

David B.Richards, VITA Volunteer, Fort 

Collins, Colorado 


Yaron M. Sternberg, VITA Volunteer, 

Bloomington, Indiana. 


A Primer on Ground Water, H.L. Baldwin 

i-id C.L. McGuinness, U. S.Government 

Printing Office, Washington, D.C., 1964, 

26 pages, U.S. $0.25
 

This inexpensive booklet discusses ground

water inmore detail than this article 

and is a useful reference for anyone work-

ing with wells, 


Ground Water Hydrology, D. K.Todd, Wiley

& Sons, New York, 1959, 336 pages, U.S. 

$0.95. 


One of several textbooks available, this 

book describes the mathematical approach 

to ground water study. Italso contains

much information on related subjects such 

as well development and water law. 


Water Supply for Rural Areas and Small 

Communities, E.G. Wagner and J. N.
 
Lanoix, World Health Organization,

Geneva, 1959, 340 pages, $6.75. 


This excellent book has a variety of in-

formation on ground water, wells, and
 
water systems, all aimed at the village
 
level.
 

Hydro eolog, S. N.Davis and R.J. M.
 
DeWietWtley & Sons, New York, 1966,
 
300 pages, U.S. $11.00
 

Another textbook, but concentrates on
 
the importance of geology on the occur
rence of ground water.
 

Water Well Handbook, K. E.Anderson,
 
Missouri Water Well Drillers Association,
P.0. Box 250, Rolla, Missouri, 1965,
 
281 pages, U.S. $3.00.
 

Comprehensive handbook used by well

drillers and field engineers; includes
 
charts, tables, and other data dealing

with drilling equipment, hardware asso
ciated with well construction and in
stallation of pumps. Many consider
 
this the practical bible of water wells.
 

Ground Water and Wells, Edward E.Johnson,

In., Saint Paul, Minnesota 55104, "40
 
pages, 1966, about $5.00.
 

An excellent semi-technical reference book
 
used by the water-well industry covering

such items as: ground water occurrence,
 
well design as related to geology, well
 
drilling, well maintenance, and well eper
ation.
 

Wells, Department of the Army, Technical
 
Man-ual (T 5-297), 1957, Superintendant

of Documents, U.S. Government Printing

Office, Washington 25, D.C., 264 pages,
 
$1.00.
 

An elementary, comprehensive book on well
 
drilling and well construction. Easy to
 
read and understand, but not as up to

date as the other references above.
 

Small Water Supplies, Bulletin No. 10,

The Ross Institute, Keppel Street (Gower
 
Street), London, W.C. 1,England, 1967,

67 pages.
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TUBEWELLS
 

Where soil conditions permit, the tube-

wells described here will, if they have 

the necessary casing, provide pure
 
water. They are much easier to install
 
and cost much less than large diameter 

wells.
 

Tubewells will probably work well
 
where simple earth borers or earth 

augers work (i.e., alluvial plains with 

few-rocks in the soil), and where there
 
is a permeable water-bearing layer 15 

to 25 meters (50 to 80 feet) below 

the surface. They are sealed wells, 

and consequently sanitary, which offer
 
no hazard to small children. The 

small amounts of materials needed keep

the cost down. These wells may not 

yield enough water for a large group,

but they would be big enough for a fam-

ily or a small group of families.
 

The storage capacity in small dia-

meter wells issmall. Their yield de
pends largely on the rate at which water 

flows from the surrounding soil into
 
the well. From a saturated sand layer, 

the flow israpid. Water flowing in
 
quickly replaces water drawn from the 

well. A well which taps such a layer

seldom goes dry. But even when water-

bearing sand is not reached, a well with 

even a limitcd stordge capacity may 

yield enou'.': "ater for a household, 


Well Casing and Platforms 


Inhome or village wells, casing and 

platforms serve two purposes: (1)to 

keep well sides from caving in,and 

(2)to seal the well and keep any

polluted surface water from entering

the well. 


Two low-cost casing techniques are 

described here: 


1. Method A, from an American Friends 

Service Comnittee (AFSC) team in 

Rasulia ,Madhya Pradesh, India. 


2. Method B, from an International 


Voluntary Services (IVS) team in
 
Vietnam.
 

Method A. (See Figure 1)
 

Tools and Materials
 

Asbestos cement, tile, concrete, or
 
even galvanized iron will do.
 

Casing pipe (from pump to water
bearing layer to below minimum
 
water table).
 

Sand
 

Gravel
 

Cement
 

Device for lowering and placing
 
casing (see Figure 2).
 

Drilling rig - see "Tubewell Boring" 

Foot valve, cylinder, pipe, handpump.
 

The well hole isdug as deep as
 
possible into the water-bearing strata.
 
The diggings are placed near the hole
 
to make a mound, which later will
 
serve to drain spilled water away from
 
the well. This is important because
 
backwash is one of the few sources of
 
contamination for this type of well.
 
The entire casing pipe below water
 
level should be perforated with many

small holes no larger than 5mm (3/16")

in diameter. Holes larger than this
 
will allow coarse sand to be washed
 
inside and plug up the well. Fine
 
particles of sand, however, are expected
 
to enter. These should be small
 
enough to be pumped immediately out
 
through the pump; This keeps the well
 
clear. The first water from the new
 
well may bring with itlarge quantities

of fine sand. When this happens, the
 
first strokes should be strong and
 
steady and continued until the water
 
comes clear.
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Perforated casing is lowered, bell end 
downward, into the hole using the de

¢ONCR'MCOg 

SEfALS
ACCOyrA 

.. 

I.:': 

:a:e 
!..... 

X"and 

P/6tRa" /epINSr 

vice shown inFigure 2. When the cas
ing isproperly positioned, the tripcord is pulled and the next section pre
pared and lowered. Sirce holes are 
easily drilled in asbestos cement pipe, 

lowered into the well. Be sure the 
CA;kSP;IPE P.. bells point downward, since this wi'l 

Z' LARGER NID~ CAS/.Y0
LERrI CAL 

A:AsREsror cEMfovV-
CASIIN6 CANAIE I#iD 

I: 6 ETH/rR AS r/A'Y 

Affe ZWEED //.NT 

SPA CA' 710 CAT&E "WCLL ... 
,,tour w Pws.c, rufAv ,vowv. . 

1~Od/VWARD 

(.Yq1,LoXR 4LW Yf 

6 AVOX. .'j 8 A.rA 

~ALL CAShING 091-OWW!rRbArL EVEL, , ,tO prevent surface water or backwash from
WAAomrro wirA /7.5 entering the well without the purifying, LIEMaiN, filtration effect of the soil; it will
 

1.4YER 
 also keep sand and dirt from illing

the well. 
 Install the casing vertically

and fill the remaining space with
 
pebbles. This will 
hold the casing

plumb. The casing should rise 30 to
 
60cm (V to 2') above ground level and
 
be surrounded with a concrete pedestal
 
to hold the pump and to drain spilled 

,rOOT" VE.4NtrN water away from the hole. Casing

SO°".
•* TO 5CM. joints within 3 meters (10 feet) of the 

- surface should be sealed with concrete 
-- . or bituminous material. 
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Method B the ring-shaped space around the cas-


Plastic seems to be an ideal casing 

material, but because itwas not 

readily available, the galvanized 

iron and concrete casings described
 
here were developed inthe Ban Me Thuot 

area of Vietnam. The materials for one 

20 meter (65') well, not including a 

pump, cost about U.S. $17 in 1959. 


Tools and Materials
 

Wooden V-block, 230cm (7 1/2') long 

(see Figure 3) 


Angle iron, 2 sections, 230cm (7 1/2') 

long
 

Pipe, 10cm (4") in diameter, 230cm 
(7 1/2') long 

Clamps 


Wooden mallet 


Soldering Equipment 


Galvanized sheet metal: 0.4mm x 1 meter 

x 2 meter (0.016" x 39 1/2" x 79") 

sheets 


Plastic Casing 


Black plastic pipe for sewers ana 

drains was almost ideal. Its friction 

joints could be quickly slipped to-

gether and sealed with a chemical sol-

vent. Itseemed durable but was light 

enough to be lowered into the well by 

hand. Itcould be easily sawed or 

drilled to make a screen. Care must 

be taken to be sure that any plastic
 
used isnot toxic. 


Galvanized Sheet Metal Casing 


Galvanized sheet metal was used to 

make casing similar to downspouting. 

A thicker gauge than the 0.4mm (0.016") 

available would have been preferable. 

Because the sheet metal would not 

last indefinitely ifused by itself, 

the well hole was made oversize and 


ing was filled with a thin concrete 
mixture which formed a cast concrete 
casing and seal outside the sheet 
metal when ithardened.
 

The 1 meter x 2 meter (39 1/2" x
 
79") sheets were cut lengthwise into
 
three equal pieces which yielded three
 
2-meter (79") lengths of 10cm. (4")

diameter pipe.
 

The edges were prepared for making
 
seams by clamping them between the
 
two angle irons, and then pounding

the edges with a wooden mallet to
 
the shape shown inFigure 3.
 

_ _ c/_/_R_ _ 
. . -----... . 

The seam ismade slightly wider at
 
one end than at the other to give
 
the pipe a slight taper which allows
 
successive lengths to be slipped a
 
short distance: inside one another.
 

The strips are rolled by bridging them
 
over a 2-meter (79") wooden V-shaped
 
block and applying pressure from above
 
with a length of 5cm (2") pipe (see
 
Figure 4). The sheet r..
tal strips are
 
shifted from side to side over the V
block as they are being bent to pro
duce as uniform a surface as possible.
 
When the strip isbent enough, the two
 
edges are hooked together and. the 5cm
 
(2") pipe isslipped inside. The ends
 
of the pipe are set up on wooden blocks
 
to form an anvil, and the seam is firmly

crimped as shown in Figure 4.
 

After the seam isfinished, any
 
irregularities inthe pipe are removed
 
by applying pressure by hand or with
 
the wooden mallet and pipe anvil. A
 
local tinsmith and his helper were able
 
to make six to eight lengths (12-16
 
meters) of the pipe per day. Three
 
lengths of pipe were slipped together
 
and soldered as they were made, and
 
the remaining joints had to be soldered
 
as the casing was lowered into the well.
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The lower end of the pipe was perforated 

with a hand drill to form a screen, 

After the casing was lowered to the 

bottom of the well, fine gravel was 

packed around the perforated portion

of the casing to above the water 

level. 


The cement grouting mortar which was 

used around the casings varied from 

pure cement to a 1:1 1/2 cement : sand 

ratio mixed with weter to a very plastic 

consistency. The grout was put around 

the casing by gravity and a strip of 

bamboo about 10 meters (33 feet) long 

was used to "rod" the grout into place,

A comparison of volume around the 

casing and volume of grouting used 

indicated that there may have been some 

voids left probably below the reach of 

the bamboo rod. These are not serious 

however, as long as a good seal is 

obtained for the first 8 to 10 meters 

(26 to 33 feet) down from the surfdce. 

Ingeneral, the greater proportion of 

cement used and the greater the space

around the casing, the better seemed 

to be the results obtained. However, 

insufficient experience has been ob
tained to reach any final conclusions. 

Inaddition, economic considerations
 
limit both of these factors. 


Care must be taken inpouring te 

grout. Inone case, two sections of 


casing were not assembled perfectly
 
- straight: the casing, as a result, 

was not centered in the well, the 
pressure of the grouting was not equal
all the way around, and the casing col
lapsed. With reasonable care,
 
pouring the grout in several stages

and allowing :t to set in-between
 
should eliminate this. The grouting,

however, cannot be poured intoo many
 
stages because a considerable arbount
 
sticks to the sides of the well each
 
time, reducing the space for successive
 
pourings to pass through.
 

A proposed modification of the above
 
method which has not yet been tried is
 
as follow2 : Inareas such as Ban Me
 
Thuot, where the structure of the
 
material through which the well is
 
drilled issuch tnat there islittle
 
or no danger of cave-in, the casing
 
serves only one purpose, as a sanitary
 
seal. Itistherefore proposed that
 
the well be cased only about 8 meters
 
(26 feet) down from the ground sur
face. To do this, the well wouc' be

drilled to the desired depth with a
 
diameter roughly the same as that of
 
the casing. The well would then be
 
reamed out to a diameter 5 to Gcm (2"
 
to 2 1/4") larger than the casing

down to the depth the casing will go.

A flange fitted at the bottom of the
 
casing with an outside diameter about
 
equal to that of the reamed hole will
 
center the casing in the hole and
 
support the casing on the shoulder
 
where the reaming stopped. Grouting
 
would then be poured as in the original

method. This modification would (1)
 
save considerable costly material,
 
(2)allow the well to be made a
 
smaller diameter except near the top,

(3)lessen grouting difficulties, and
 
(4)still provide adequate protection
 
against pollution.
 

Concrete Tile Casing
 

Ifthe well isenlarged to an ade
quate diameter, precast concrete tile
 
with suitable joints could be used as
 
casing. This would require a device
 

15
 



for lowering the tile into the well The conclusion was reached that the
 
one by one and releasing them at the only really satisfactory platform would
 
bottom. Mortar would have to be used be a round, slightly convex one with a
 
to seal the joints aLove the water level, small gutter around the outer edge.
 
the mortar being spread on each suc- The gutter should lead to a concreted
 
cessive joint before itis lowered, drain which would take the water a con-

Asbestos cement casing would also be siderable distance from the well.
 
a possibility where i.was available
 
with suitable joints. Ifthe well platform is too big and
 

smooth, there isa great temptation
 
No Casing on the part of the vill.agers to do
 

their laundry and other washing around
 
The last possibility would be to use the well. This should be discouraged.
 

no casing at all. It is felt that when In villages where animals run loose
 
finances or skills do not permit the it isnecessary to build a small fence
 
well to be cased, there are certain around the well to keep out animals,
 
circumstances under which an uncaseo especially poultry and pigs, which
 
well would be superior to no well at are very eager to get water, but tend
 
all. This is particularly true in to mess up the surroundings.
 
localities where the custom isto boil
 
or make tea out of all water before Sources:
 
drinking it,where sanitation is
 
greatly hampered by insufficient Ex lanatory Notes on Tubewells, by
 
water supply, and where small scale Wen Mott, American Friends Ser
hand irrigation from wells car greatly vice Committee, Philadelphia, Penn
improve the diet by making gardens pos- sylvania, 1956 (mimeo).
 
sible inthe dry season.
 

Report by Richard G. Koegel, Inter-

The danger of pollution inan un- national Voluntary Services, Ban Me
 

cased well can be minimized by: (1) Thuot, Vietnam, 1959 (mimeo).
 
choosing a favorable site for the well
 
and (2)making a platforni with a drain
 
which leads away from the well,
 
eliminating all spilled water.
 

Such a well should be tested fre
qjently for pollution. Ifit isfound
 
ursafe, a notice to this effect should
 
be posted conspicuously near the well.
 

Well Platform
 

In the work inthe Ban Me Thuot
 
area, a flat 1.75 meter (5.7') square
 
slab of concrete was used around each
 
well. However, under village conditions,
 
this did not work well. Large quanti
ties of water were spilled, in part
 
due to the enthusiasm of the villagers
 
for having a plentiful water supply,
 
and the areas arnund wells became
 
quite muddy.
 

16
 



Hand-Operated Drilling Equipment 

Two methods of drilling a shallow 
tubewell with hand-operated equipment 
are described here: Method A operates 
by turning an earth-boring auger;
Method B uses a ramming action. 

--1o.NrA 

Method A was used by an American 
Friends Service Coimnittee (AFSC) team 
in India; Method B was used by an 
International Volunitary Services (IVS) 
team in Vietnam. 

Method A 

This simple hand-drilling rig was 
used by an American Friends Service 
Comnittee team in India to dig wells 
15 to 20cm (6" to8") in diameter up 
to 15 meters (50') deep. 

Tools and Materials 

Earth auger, with coupling to attach 
to 2.5cm (1") drill line (see entry 
on tubewell earth augers) 

,a ,/"V 

Standard weight galvanized steel pipe: 

For Drill Line: 

4 pieces: 2.5cm (1") in diameter and 
3 meters (10') long (2 
pieces have threads on one 
end only; others need no 
threads.) 

4/01/NT C 

AuGe 

2 pieces: 2.5n (1") in diameter and 
107cm (31/2') long 

For Turning Handle: 

2 pieces: 2.5cm (1") in diameter 

and 61cmn (2') long 
\ , 

2.5cm (1") T coupling 

For Joint A: 

4 pieces: 32m3 (1 1/4' in diameter 

and 30cm (1' long 



Sections and Couplings for Joint B: 


23cm (9") section of 32mm (1 1/4") 

diameter (threaded at one 

end only) 


35.5cm (14") section of 38mm (1 1/2") 

diameter (threaded at one
 
end only) 


Reducer coupling: 32mm to 25mm 

(1 1/4" to 1") 


Reducer coupling: 38mm,to 25mm 

(1 1/2"1 to 1"1) 

8 10mm (3/8") diameter hexagonal head
machine mahne1mm 


steel/bolts 45mm (1 3/4") long, 

with nuts 


2 l0mm (3/8") diameter hex head 

steel machine bolts 5cm 

(2") long, with nuts 


9 lOmm (3/8") steel hex nuts
 

To Make Toggle Bolt: 


1 3mm (1/8") diameter countersink 

head iron rivet 12.5mm 

(1/2") 


1 1.5mm (1/16") sheet steel, lOmm 

(3/8") x 25mm (1") 


Drills: 3mm (1/8"), 17.5mm (13/16"), 

8.75mm (13/32") 


Countersink 


Thread cutting dies, unless pipe is 

already threaded 


Small tools: wrenches, hammer, hack-

saw, files 


For platform: wood, nails, rope, 

ladder 


Basically the method consists of 

rotating an ordinary earth auger. As
 
the auger penetrates the earth, it 

fills with soil. When full it is 


pulled out of the hole and emptied.
 
As the hole gets deeper, more sections
 
of drilling line are added to extend
 
the shaft. Joint A in Figures 1 and
 
2 describe a simple method for attach
ing new sections.
 

Drill pipe
 

- (be sure 32mm 
pipe will fit 
over this) 

8.75mm, cm
 
(clear
 

hole forbolt) L20cm
II-

fIlUgEC
4
32mm.. 


Standard weight .5cm
 
steel qalvanized
 
pipe
 

JOINT A
 

By building an elevated platform 3
 
to 3.7 meters (10 to 12 feet) from the
 
ground, a 7.6 meter (25 foot) long sec
tion of drill line can be balanced up
right. Longer lengths are too diffi
cult to handle. Therefore, when the
 
hole gets deejer than 7.6 meters (25
 
feet), the drill line must be taken
 
apart each time the auger is removed
 
for emptying. Joint B makes this
 
operation easier. See Figures 1 and
 
3.
 

Joint C (see construction details
 
for Tubewell Earth Auger) is pro
posed to allow rapid emptying of the
 
auger. Some soils respond well to
 
drilling with an auger that has two
 
sides open. These are very easy to
 
empty, and would not require Joint C.
 
Find out what kinds , augers are
 
successfully used inyour area, and
 
do a bit of experimenting to find the
 
one best suited to your suil. See
 
the entries on augers.
 

Joint A has been found to be faster
 
to use and more durable than pipe
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threaded connectors. The pipe thredds 

become damaged and dirty and are dif-

ficult to start. Heavy, expensive pipe
 
wrenches get accidentally dropped into
 
the well and are hard to get out. By

using a sleeve pipe fastened with two
 
10mm (3/8") bolts, these troubles can 

be avoided. Neither a small bicycle

wrench nor the inexpensive bolts will 

obstruct drilling ifdropped in. Be
 
sure the 32rxn (1 1/4) pipe will fit 

cver your 25mm (1") pipe drill line 

before purchase. See Figure 2. 


Four 3 meter (10') sections and two 

107cm (31/2') sections of pipe are
 
the most convenient 	lengths for drill
ing a 15 meter (50') well. Drill an 

8.75mm (13/32") diameter hole through 

each end of all sections of drill line 

except those attaching to Joint B and 

the turning handle which must be 

threaded joints. The holes should be
 
5cm (2") from the end. 


When the well deeper than 7.6 met-

ers (25'), several features facilitate 

the emptying of the auger as shown in 

Figures 3 and 4. First the full auger

ispulled up until Joint B appears at 

the surface. See Figure 4A. Then a 

19m t3/4") diameter rod isput through

the hole. This allows the whole drill 

line to rest on itmaking itimpos-

sible for the part still in the well 

to fall in. Next remove the toggle

bolt, lift out the top section of line 

and balance it beside the hole. See 

Figure 4B. Pull up the auger, empty
 
it,and replace the section inthe
 
hole where itwill be held by the 19mm 

(3/4") rod. See Figure 4C. Next re-

place the upper section of drill 

line. The l0mn (3/8") bolt acts as a
 
stop which allows the holes to be
 
easily lined up for reinsertion of
 
the toggle bolt. Finally withdraw
 
the rod and lower the auger for the
 
next drilling. Mark the location for 

drilling the 8.75mm (13/32") diameter 

hole in the 32mnm (1 1/4") pipe through

the toggle bolt hole inthe 38mm
 
(1 1/2" pipe. Ifthe hole is located
 
with the 32mm (1 1/4") pipe resting on 


the stop bolt, the holes are bound to
 
line up.
 

- 25mm pipe
 

drill line
 

32m1 to 25mm
 
reducer coupling
 

. 2mm pipe 23cm long
 
-


7.5cm 	 38mm pipe
 
show
 
cut away
 

_ -10mm
 
toggle bolt
 

17.5mm 7 .5mm hole about 
holes in h le ou 

10cm clear inthpie torlear 
lOmm 	 32mm pipe to clear
 
bolts 	 the 10mm toggle
 

bolt--mark loca
tion thru 38mm pipe
 

- stop bolt
 
-lOmsteel bolt
 

5cmlong
 
17.5ml
 
hole
 

10cm 	clears
 
19mm support rod
 
rod / shown inplace
 

1
 
I
 

7.5cm
 

to 25mm 
reducer coupling
 

/65 	IO/ly8 
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Sometimes a special tool is needed to See the entries describing these de
penetrate a water-bearing sand layer, vices. The casing wi~l settle deeper
 
because the wet sand caves in as soon into the sand as sand is dug from be
as the auger is removed. If this hap- neath it. Other sections of casing
 
pens a perforated casing is lowered in- must be added as drilling proceeds.
 
to the well, and drilling is accom- Try to penetrate the water bearing
 
plished with an auger that fits inside sand layer as far as possible, (at
 
the casing. A percussion type with a least 3 feet). Ten feet of perforated
 
flap, or a rotary type with solid casing embedded in such a sandy layer
 
walls and a flap are good possibilities, will provide a very good flow of water.
 

20
 



Tubewell Earth Auger 


This earth auger ismade from a 15cm 

(6") steel tube. Similar devices 

have long been used with power drill
ing equipment, but this particular de-

sign needs field trial (see Figure 5). 


P/161I5 5 
T(/BEW'LL FARrY AU6ER 

This auger can be made without weld
ing equipment, but some of the bends
 
inthe pipe and the bar can be made much
 
more easily when the metal ishot (see

Figure 6).
 

An open eaith auger, which iseasier
 
to empty than this one, isbetter
 
suited for some soils. This auger
 
cuts faster than the Tubewell Sand
 
Auger.
 

Tools and Materials
 

Galvanized pipe: 32mm (1 1/4") in
 
diameter and 21.5cm (8 1/2") long
 

Hexagonal head steel bolt: lOmm
 
(3/8") in diameter and 5cm (2")
 
long, with nut
 

2 	hex. head steel bolts: lOmm
 
(3/8") indiameter and 9.5cm
 
(3 3/4") lung
 

2 Steel bars: 1.25cm x 32mm x 236.5mm

(1/2" x 1 1/4" x 9 5/16") 

4 	Round head machine screws: 10mm
 
(3/8") indiameter and 32mm
 
(1 1/4") long
 

2 	flat head iron rivets: 3mm (1/8")

in diameter and 12.5mm (1/2") long
 

Steel strip: 10mm x l.rmm x 2.5cm 
(3/8" x 1/16" x 1") 

Steel tube: 15cm (6") outside dia
meter, 62.5cm (24 5/8") long 

Hand tools
 

Source:
 

Wells, Technical Manoal 5-297, AFM 85-

T .S. Army and Air Force, 1957. 
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FIGURE 6 
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TubewellSand Auger 


This sand auger can be used to 

drill in loose soil or wet sand, 

where an earth auger is not so effec
tive. The simple cutting head requires 

less force to turn than the "Tubewell 

Earth Auger," but it is more difficult
 
to empty. 


: '-R6WV'OUS K/'Tay 

orrAls PARrS To 
CoNevoffr wflW 
DR/,S £,/N-. 

P/6rlfA 7
 

T/BaaWai SAIAO ..
NIgSW
 

A smaller version of the sand auger
 
made to fit inside the casing pipe can
 
be used to remove loose, wet sand.
 

This design needs field trial,
 
although similar devices have long been
 
used with power drilling equipment.
 

Tools and Materials
 

Steel tube: 15cm (6") outside dia.meter
 
and 46cm (18") long
 

Steel plate: 5mm x 16.5cm x 16.5cm
 
(3/16" x 6 1/2" x 6 1/2")
 

Acetylene welding and cutting equipment
 

Drill
 

Source:
 

Wells, Technical Manual 5-297, AFM 85-


U.S. Army and Air Force, 1957.
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Tubewe.l Sand Bailer 


The sand bailer can be used to drill 

from inside a perforated well casing

when a bore goes into loose wet sand 

and the walls start to cave in. Ithas 

been used inmaking many tubewells in 

India. 


Tools and Materials 


Steel tube: 12.5cm (5") indiameter 

and 91.5cm (3') long
 

Truck innertube or leather: 12.5cm 

(5") square 


Pipe cou ,:;g: 15cm to 2.5cm (5"to 


Small tools 


By repeatedly jarmming this "bucket" 
into the well, sand will be removed
 
from below the perforated casing allow

A'/Tvry o/v r"uloe 

ing itto settle deeper into the sand
 
layer. The casing prevents the walls

from caving in. The bell is removed
 
from the first section of casing; at
 
least one other section rests on top

of itto help force itdown as digging

proceeds. Try to penetrate the water
 
bearing sand layer as far as possible:
 
3 meters (10') of perforated casing

embedded in such a sandy layer will
 
usually provide a very good flow of
 
water.
 

Be sure to try your sand "bucket" in
 
wet sand before attempting to use it
 
at the bottom of your well.
 

Source:
 

Explanatory Notes on Tubewells, by

Wendell Mott, American Friends Service
 
Committee, Philadelphia, Pennsylvania,

1956 (mimeo).
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Method B 

The equipment described here has been 
used successfully inthe Ban Me Thuot 
area of Vietnam. One of the best per
formances was turned in by a crew of 
three inexperienced mountain tribesmen 
who drilled 20 meters (65') in a day 
and a half. The deepest well drilled 
was a little more than 25 meters (80'); 
itwas conpleted, including the installa
tion of the pump, insix days. One 
well was drilled through about 11 
meters (35') of sedimentary stone. 

R / 

The cost of the equipment, excluding 
labor, was U.S. $35.19 in 1957 in 
Vietnam. 

, o/Nra 

Tools and Materials 

For tool tray: / 
Wood: 3cm x 3cm x 150cn (1 1/4" 

1 1/4" x 59") 
x 

Wood: 3cm x 30cm x 45cm (1 1/4" x 
12" x 17 3/4") 

For safety rod: 

Steel rod: 1cm (3/8") in diameter, 
30cm (12") long 

./o.,Nr C 

Drill 

Hamer 

Anvil / 
Cotter pin 

For auger support: 

Wood: 4cm x 45cm x 
(1 1!2" x 17 

30cm 
3/4" x 12") 

Steel: 10c x 10cm x 4mm 
(4" x 4" x 5/32") LAU.5 

Location of the Well 

Two considerations are especially im
portant for the location of village 



wells: (1)the average walking dis-

tance for the village population should 

be as short as possible; (2)it should 

be easy to drain spilled water away 

from the site to avoid creating a mud-

hole. 


in the well, they can easily be re
moved. Since the soil of the Ban Me
 
Thuot area would stick to the auger,
 
itwas necessary to keep a small amount
 
of water inthe hole at all times for
 
lubrication.
 

In the Ban Me Thuot area, the final 

choice of location was in all cases
 
left up to the villagei-s. Water was 

found in varying quantities at all 

the sites chosen. (See "Getting 

Ground Water from Wells and Springs.) 


Starting to Drill 


A tripod isset up over the approx-

imate location for the well (see Fig-

ure 1). Its legs are set into shallow 

holes with dirt packed around them to 

keep them from moving. To make sure 

the well is started exactly vertically, 

a plumb bob (astring with a stone 

tied to it isgood enough) is then 

hung from the auger guide on the tri-

pod's crossbar to locate the exact 

starting point. It is helpful to dip
 
a small starting hole before setting
 
up the auger.
 

Drilling
 

Drilling isaccomplished by rarmming the
 
auger down to penetrate the earth and
 
then rotating itby its wooden handle
 
to free it in the hole before lifting

itto repeat the process. This isa
 
little awkward until the auger isdown
 
30cm to 60cm (1'to 2') and should be
 
done carefully until the auger starts
 
to be guided by the hole itself.
 
Usually two or three men work together
 
with the auger. One system which
 
worked out quite well was to use
 
three men, two working while the third
 
rested, and then alternate.
 

As the auger goes deeper itwill be
 
necessary from time to time to adjust
 
the handle to the most convenient
 
height. Any wrenches or other small
 
tools used should be tied by means of
 
a long piece of cord to the tripod so 

that ifthey are accidentally dropped
 

Emptying the Auger-


Each time the auger isrammed down
 
and rotated, it should be noted how
 
much penetration has been obtained.
 
Starting with an empty auger the pene
tration isgreatest on the first
 
stroke and becomes successively less
 
on each following one as the earth
 
packs more and more tightly inside
 
the auger. When progress becomes too
 
slow it :s time to raise the auger to
 
the surface and empty it. Depending
 
on the material being penetrated, the
 
auger may be completely full or have
 
30cm (1') or less of material in it
 
when it isemptied. A little experience
 
will give one a "feel" for the most
 
efficient time to bring up the auger
 

1/6711REZ 
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for emptying. Since the material in
 
the auger is hardest packed at the bot
tom, itis usually easiest to empty
 
the auger by inserting the auger

cleaner through the slot in the side
 
o -theauger partway down and pushing
the material out through the top of the 
auger in several passes. When the 
auger isbrought out of the hole for 
emptying, it is usually leaned up 
against the tripod, since this is 
faster and easier than trying to lay /35
itdowi.
 

Coupling and Uncoupling Extensions
 

The extensions are coupled by merely

slipping the small end of one into the 
large end of the other and pinning
them together with a 10mm (3/8") bolt. _ 

Ithas been found sufficient and time
saving to just tighten the nut finger
tight instead of using a wrench. 

Each time the auger isbrought up .rw~,poA

for emptying, the extensions must be 30o cOrR P/A
 
taken apart. For this reason the ex
tensions have been made as long as
 
possible to minimize the number of
 
oints. Thus at a oepth of 18.3 meters
 
60'), there are only two joints to be
 
uncoupled inbringing up the auger.
 

For the sake of both safety and speed,
 
use the following procedure in coupling
 
and uncoupling. When bringing up the
 
auger, raise ituntil a joint is just

above the ground and slip the auger
 
support (see Figures 2 and 3) into
 
place, straddling the extension so that
 .
the bottom of the coupling can rest on /0 

the small metal plate. The next step 
isto put the safety rod (see Figure 4) - 

through the lower side inthe coupling
and secure itwith either a cotter pin c 5AAE7Y Roo 
or a piece of wire. The purpose of 
the safety rod isto keep the auger SCALK:YLSIZE VAr!' 1Ao S gL
 
from falling into the well if itshould
 
be knocked off the auger support or
 
dropped while being raised.
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Once the safety rod is in place, re-

muve the coupling bolt and slip the
 
upper extension out of the lower. 

-an the upper end of the extension 


against the tripod between the two 

wooden pegs in the front legs, and
 
rest the lower end inthe tool tray 

(see Figures 5 and 6). The reason
 
for setting the extensions inthe tool 

tray is to keep dirt from sticking to 

the lower ends and making itdifficult 

to put the extensions together anC 

take them apart. 


To couple the extensions after empty-

ing the auger, the procedure isthe 

exact reverse of uncoupling. 


. .Information 

. --

-------- .for
'-


/,P/ 2E 5 rOOL T',AY 

Drilling Rock
 

When stone or other substances which
 
the auger cannot penetrate are met, a
 
heavy drilling bit must be used.
 

Depth of Well
 

The rate at which water can be taken
 
from a well isroughly proportional to
 
the depth of the well below the water
 
table as long as itkeeps going into
 
water-bearing ground. However, in
 
village wells where water can only be
 
raised slowly by hand pump or bucket,
 
this isnot usually of major importance.
 
The important point is that inareas
 
where the water table varies from one
 
time of year to thk next the well must'
 
be deep enough to give sufficient water
 
at all times.
 

on the water table vari
ation may be obtained from already 
existing wells, or it mry be necessary 
to drill a well before any information 
can be obtained. In the latter case 
the well must be deep enough to allow 

a drop inthe water table. 

Source:
 

Report by Richard G. Koegel, Inter
national Voluntary Services, Ban Me
 
Thuot, Vietnam, 1959 (mimeo).
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Equipment 


The following section gives con-

struction details for the equipment 

used with Method B for well-drilling:
 

1. Auger, Extensions and Handle 


2. Auger Cleaner 


3. De,iountable Reamer 


4. Tripod and Pulley 


5. Bailing Bucket
 

6. Bit for Drilling Rock 


Auger, Extensions and Handle
 

The auger is hacksawed out of 

standard-weight steel pipe about 10cm
 
(4") in diameter (see Figure 8). Light-

weight tubing is not strong enough. 

The extensions (see Figure 9) and han
dle (see Figure 10) make it possible 

to bore deep holes. 


,r/I', 7 

Tools and Materials
 

Pipe: 10cm (4") in diameter, 120cm
 
(47 1/4") long, for auger
 

Pipe: 34mm outside diameter (1" in
side diameter); 3 or 4 pieces 30cm
 
(12") long, for auger and exten
sion socket
 

Pipe: 26mm outside diameter (3/4" in
side diameter); 3 or 4 pieces 6.1 or
 
6.4 meters (20' or 21') long, for
 
drill extensions
 

Pipe: 18mm outside diameter (1/2"
 
inside diameter); 3 or 4 pieces
 
6cm (2 3/8") long
 

Hardwood: 4cm x 8cm x 50cm (1 1/2" x
 
3 1/8" x 19 3/4"), for handle
 

Mild steel: 3mm x 8cm x 15cm
 
(1/8" x 3 1/8" x 6")
 

4 	bolts: 1cm (3/8") in diameter and
 
10cm (4") long
 

4 Nuts
 

Hand tools and welding equipment
 

In making the auger, a flared-tooth
 
cutting edge is cut in one end o the
 
10cm pipe. The other end is cut, bent
 
and welded to a section of 34mm outside
diameter (1" inside-diameter) pipe,
 
which forms a socket for the drill
 
line extensions. A slot which runs
 
nearly the length of the auger is used
 
for removing soil from the auger.
 
Bends.are made stronger and more easily
 
and accurately when the steel is hot.
 
At first, an auger with two cutting
 
lips similar to a post-hole auger was
 
used; but it became plugged up and did
 
not cut cleanly. In scme soils, this
 
type of auger may be more effective.
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Auger Cleaner
 

Soil can be removed rapidly from the
 
auger with this auger cleaner (see Fig
ure 11). Figure 12 gives construction
 
details.
 

--/20 - IONA. 

400 

F/6UK// At/6EQ CLtANE 

Tools arid Materials
 

Mild steel: 10cm (4") square and 3mm
 
(1/8") thick 7_.S VIA. 70A 

L _ _ i AaM PiTr /AivDg 
Steel rod: 1cm (3/8") indiameter and T AUB't 

52cm (2f 1/2") long A761/.E2 

Welding equipment SCALE: 1 SIZe AIArA:AMfw 6r,,L 

Hacksaw
 

File
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Demountable Reamer
 

Ifthe diameter of a drilled hole 

has to be made bigger, the demountable 

reamer described here can be attached
 
to the auger.
 

Tools and Materials
 

Mild steel: 20cm x 5cm x 6mm (8"x 2" 
x 1/4"), to ream a well diameter of 
l9cm (7 1/2") 

2 	Bolts: 8am (5/16") in diameter and
 
10cm (4") long
 

Hacksaw
 

Drill
 

File
 

Hammer
 

Vise
 

The reamer ismounted to the top of
 
the auger with two hook bolts (see Fig
ure 13). Itismade from a piece of 

steel lcm (1/2") larger than the de-

sired well diameter (see Figure 14).
 

After the reamer is attached to the
 
top of the auger, the bottm of the
 
auger isplugged with some mud or a
 
piece of wood to hold the cuttings in
side the auger.
 

Inreaming, the auger is rotated with
 
only slight downward pressure. It
 
should be emptied before it istoo
 
full so that not too many cuttings will
 
fall to the bottom of the well when the
 
auger is pulled up. 


Because the depth of a well ismome
 
important than the diameter indeter
mining the flow and because doubling
 
the diameter means removing four times
 
the amount of earth, larger diameters
 
should be considered only under special
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Tripod and Pulley
 

The tripod (see Figures 15 and 16),
 
which is made of poles and assembled 
with l6mm (5/8") bolts, serves three 
purposes: (1) to steady the extension 
of the auger when it extends far above
 
ground; (2)to provide a mounting for
 
the pulley (see Figures 17 and 19) 
used with the drill bit and bailing
 
bucket; and (3) to provide a place
 
for leaning long pieces of casing,
 
pipe for pumps or auger extensions
 
while they are being put into or taken
 
out of the well.
 

When a pin or bolt is put through the
 
holes inthe two ends of the "L"
shaped pulley bracket (see Figures 15
 
and 18) which extend horizontally be
yond the front of the tripod crossbar, 

a loose guide for the upper part of
 
the auger extension is formed. 


To keep the extensions from falling 

when they a"' leaned against the tri-

pod, two 30cm (12") long wooden pegs
 
are driven into drilled holes near the 

top of the tripod's two front legs 
(see Figure 19). 

/' r--

( 

-


FI6U.RE 15 


/ 

--1a4e6 

Tools and Materials 

3 Poles: 15cm (3") in diameter and
 
4.25 meters (14') long
 

Wood for cross bar: 1.1 meter
 
(43 1/2) x 12cm (4 3/4") square
 

' For pulley wheel: 

, Wood: 25cm (10") in diameter and
 
5cm (2") thick
 

Pipe: 1.25cm (1/2") inside diameter,
 
5cm (2") long 

Axle bolt: to fit close inside
 
1.25cm (1/2") pipe 

An le iron. 80cm (31 1/2") long, 50cm 
t ?19 3/4") webs, 5mm (3/16) thick 

4 	Bolts: l2nE (1/2") indiameter,
 
14cm (5 1/2") long; nuts and washers
 

Bolt: 16mm (5/8") in diameter and
 
40cm (15 3/4") long; nuts and
 
washers
 

2 	Bolts: 16mm (5/8") in diameter and
 
25cm (9 7/8") long; nuts and washers
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Bore 5 places, thru center of
 
poles for assembly with 16 DIA. bolts
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its mirror image, make
 
one pulley bracket. (See
 
tripod drawing.) Attach
 
to crossbar with 12DIA. 4
/6.5 '


"l SCALE: 1/4 size
ATL: Mild Steel
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Bailing Bucket 


The bailing bucket can be used to 

remove soil from the well hole when 

cuttings are too loose to be removed 

with the auger. 


A1/6/A.E0 

Tools and Materials 


Pipe: about 8.5cm (33/8") in dia-

meter 1 to 2 cm (1/2" to 3/4") 

smaller indiameter than the auger, 

180cm (71") long 


Steel rod: lOmm (3/8") indiameter
 
and 25cm (10") long; for bail 

(handle) 


Steel plate: 10cm (4") square, 4mm 

(5/32") thick 


Steel bar: 10cm x 1cm x 5mm (4"x 

3/1" x 3/16") 


Machine screw: 3mm (1/8") india-

meter; l6mm (5/8") long; nut and 

washer 


Truck innertube: 4mm (5/32") thick, 

lOmm (3/8") square 


Welding equipment 


Drill, hacksaw, hammer, vise, file
 

Rope 


Both standard weight pipe and thin

walled tubing were tried for the bail
ing bucket. The former, being heavier,
 
was harder to use, but did a better job
 
and stood up better under use. Both
 
the steel bottom of the bucket and the
 
rubber valve should be heavy because
 
they receive hard usage. The metal
 
bottom isreinforced with a crosspiece
 
welded inplace (see Figures 20 and 21).
 

Using the Bailing Bucket
 

When water is reached and the cuttings
 
are no loniger firm enough to be brought 
up in the auger, the bailing bucket
 
must be used to clean out the well as
 
work progresses.
 

For using the bailing bucket the
 
pulley ismounted inthe pulley bracket
 
with a 16mm (5/8") bolt as axle. A
 
rope attached to the bailing bucket is
 
then run over the pulley and the
 
bucket islowered into the well. The
 
pulley bracket is so designed that the
 
rope coming off the pulley lines up
 
vertically with the well, so that there
 
isno need to shift the tripod.
 

The bucket is lowered into the well,
 
preferably by two men, and allowed to
 
drop the last meter or meter and one
half (3to 5 feet) so that itwill
 
hit the bottom with some speed. The
 
impact will force some of the loose
 
soil at the bottom of the well up
 
into the bucket. The bucket is then
 
repeatedly raised and dropped 1 to 2
 
meters (3to 6 feet) to pick up more
 
soil. Experience will show how long
 
this should be continued to pick up
 
as much soil as possible before rais
ing and emptying the bucket. Two or
 
more men can raise the bucket, which
 
should be dumped far enough from the
 
well to avoid messing up the working
 
area.
 

If the cuttings are too thin to be
 
brought up with the auger but too thick
 
to enter the bucket, pour a little
 
water down the well to dilute them.
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Bit for Drilling Rock
 

The bit described here has been used 

to drill through layers of sedimentary 

stone up to 11 meters (36') thick. 


* 

p/GaQE22 
.Afvy alr r O oR LmNG OCm 

Tools and Materials 


Mild steel bar: about 7cm (2 3/4") in 

diameter and about 1.5 meters (5') 

long, weighing about 80kg (175 

pounds) 


Stellite (a very hard type of tool 

steel) insert for cutting edge 


Anvil and hammers, for shaping 


Steel rod: 2.5cm x 2cm x 50cm (l" x 

3/4" x 19 3/4 ) for bail 


Welding equipment 


The drill bit for cutting through 

stone and hard formations is made from 

the 80kg (175-pound) steel bar (see 

Figures 22 and 23). The 90-degree 

cutting edge is hard-surfaced with 

stellite and a bail (or handle) for
 
attaching a rope is welded to the 

top. The bail should be large enough 

to make "fishing" easy if the rope 

breaks. A 2.5cm (1") rope was used 

at first, but this was subject to 


much wear when working in mud and
 
water. A 1cm (3/8") steel cable was
 
substituted for the rope, but it was
 
not used enough to be able to show
 
whether the cable or the rope is
 
better. One advantage of rope is that
 

Sit 
 gives a snap at the end of the fall
 
which rotates the bit and keeps it
 
from sticking. A swivel can be
 
mounted between the bit and the rope
 
or cable to let the bit rotate.
 

If a bar this size is difficult to
 
find or too expensive, it might be pos
sible to make one by welding a short
 
steel cutting end onto a piece of pipe
 
which is made heavy enough by being
 
filled with concrete. This has not
 
been tried.
 

In using the drilling bit, the pulley
 
is put in place as with the bailing
 
bucket, and the bit is attached to its
 
rope or cable and lowered into the well.
 
Since the bit is heavy, wrap the rope
 
once or twice around the back leg of
 
the tripod so that the bit cannot "get
 
away" from the workers with the chance
 
of someone being hurt or the equiptnent
 
getting damaged. The easiest way
 
found to raise and drop the bit was to
 
run the rope through the pulley and
 
then straight back to a tree or post
 
where it was attached at shoulder
 
height or slightly lower. Workers
 
line up along the rope and raise the
 
bit by pressing down on the rope; they
 
drop it by allowing the rope to return
 
quickly to its original position (see
 
Figure 24). This require, five to
 
seven men; occasionally more helped.
 
Frequent rests are necessary; usually
 
after every 50 to 100 strokes. Because
 
the work is harder near the ends of the
 
rope than in the middle, the positions
 
of the workers should be rotated to dis
tribute the work evenly.
 

A small amount of water should be
 
kept in the hole for lubrication and
 
to mix with the pulverized stone to
 
form a paste which can be removed with
 
a bailing bucket. Too much water will
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used to wrap the rope around a verti
cal pole pivoted on the ground and
 
held inplace by several men (see Fig
ure 26). When the above two failed,
 
itwas necessary to borrow a chain
 
hoist. Twice when the rope was allowed
 
to become too worn, itwas broken when
 
trying to retrieve a stuck bit. Itwas
 

,* ithen necessary to fit a hook to one of
 
the auger extensions, attach enough
 
extensions together to reach the de

j/,,v sired depth, and after hooking the bit,
\\, 	 to pull with the chain hoist. A rope 
or cable may also be used for this 
purpose, but itis considerably more 
difficult to hook onto the bit. 

slow down the drilling. 

The speed of drilling is,of course, 
dependent on the type of stone encoun
tered. Inthe soft water-bearing stone 
of the Ban Me Thuot area itwas pos
sible to drill several meters (about 
10 feet) per day. However, when hard 
stone such as basalt isencountered, 
progress ismeasured in centimeters 
(inches). The decision must then be 
made whether to continue trying to pene-
trate the rock or to start over in a 
new location. Experience in the past 
has indicated that one should not be 
too hasty inabandoning a location,since on several occasions what ware 

:j... 
' ' 

.5 K 
' 

apparently thin layers of hard rock 
were penetrated and drilling then con-
tinued at a good rate. 

VR 
/ ?, 

On occasion the bit has become stuck 
in the well and ithas been necessary 
to use a lever arrangement consisting 
of a long pole attached to the rope to 
free it (see Figure 25). On other oc
casions a crude windlass was used con
sisting of a horizontal pole which was 
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Drilling Mechanically
 

A method for raising and dropping the
 
bit mechanically, not used on the pro
ject but used successfully elsewhere,
 
is:
 

1. Jack up the rear wheel of a car
 
and replace the wheel with a small
 
drum.
 

2. Take the rope which is attached
 
to the bit and come from the tri
pod on the pulley and wrap it
 
loosely around the drum.
 

3. Pull the unattached end of the
 
rope taut and set the drum in
 
motion. The rope will move with
 
the drum and raise the bit.
 

4. Let the end of the rope go slack
 
quickly to drop the bit.
 

Itwill probably be necessary to pol
ish and/or grease the drum.
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DRY BUCKET WELL DRILLING 

The dry bucket method is a simple and 
quick method of drilling wells indry 
soil which isfree of rocks. Itcan 
be used for 5cm to 7.5cm (2"to 3") 
diameter wells inwhich steel pipe is 
to be installed. For wells which are 
wider indiameter, it is a quick method 
of removing dry soil before completing 
the bore with a wet bucket, tubewell 
sand bailer or tubewell sand auger. 

so~r 

CMA/V -

ROJOI -

* 

Mpop 

A 19.5-meter (64') hole was dug in 
less than 3 hours with this method in 
north Florida. The method works best 
insandy soil, according to the author 
of this entry, who has drilled 30 wells 
with it. 

Tools and Materials 

Dry bucket 

Rope: 16mT(5/8") or 19mm (3/4") in 
diameter and 6 to 9 meters (20' to 
30') longer than the deepest well to 
be drilled 

3 Poles: 10an (4") indiameter at large 
end and 3.6 to 4.5 meter- (12' to 
15') long 

Chain, short piece 

Pulley r 

Bolt: 12.Smm (1/2") in diameter and 
30 to 35an (12" to 14") long (long 
enough to reach through the upper 
ends of the three poles ) 

The dry bucket is held about 10an 
(several inches) above the ground, 
centered above the hole location and 
then dropped (see Figure 1). This 
drives a small amount of soil up 
into the bucket. After this is repeated 
two or three times, the bucket is re-
moved, held to one side and tapped 
with a hammer or a piece of iron to 
dislodge the soil. The process is 
repeated until damp soil is reached 
and the bucket will no longer remove 
soil. 

-----WY C.Jr 

Jr16z1E. 
L aiCcEr 
roe W/AL 

Oe1LJ1Nd 
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Dry Bucket for Well Drilling 

A dry bucket is simply a length of 
pipe with a bail or handle welded to 
one end and a slit cut inthe other. 

OA/0 I0 

/52 CM 

,4/6ZRCL5 

-V
38MM 

L £0C
c(1rr1,vrP A*4cr 

I /0CH 

Bend the iron rod into a U-shape
small enough to slide inside the pipe.
Weld it inplace as in Figure 2. 

File a gentle taper on the inside 
of the opposite end to make a cutting
edge (see Figure 3). 

Cut a slit inone side of the sharp
ened end of the pipe (see Figure 2). 

Tools and Materials 

Hacksaw 

File 

Iron rod: lmm (3/8") or 12.Smm 
(1/2") indiameter and 30cm (1')
long 

Iron pipe: sliyhtly larger indiam
eter than the largest part of cas
ing to be put in the well (usually
the coupling) and 152cm (5') long 

Source: 

John Brelsford, VITA Volunteer, New 
Holland, Pennsylvania 
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DRIVING WELLS
 

A pointed strainer called a well point,
 
properly used, can quickly and cheaply
 
drive a sanitary well, usually less
 
than 7.6 meters (25') deep. Insoils
 
where the driven well issuitable, it
 
is often the cheapest and fastest way
 
to drill a sanitary well. inheavy
 
soils, particularly clay, drilling with
 
an earth auger isfaster than driving
 
with a well point.
 

Tools and Materials
 

Well point and driving cap: usually
 
obtainable from the United States
 
for about $10, through mail.order
 
houses (see Figure 1)
 

Pipe: 3cm (") in diameterA 

Heavy hammer and wrenches 


Pipe compound
 

Special pipe couplings and driving 

arrangements are desirable but not 

necessary 


Driven wells are highly successful
 
in coarse sand where there are not too 

many rocks and the water table iswith-

in I meters (23') of the surface. 

They are usually used as shallow wells 

where the pump cylinder isat ground 

lpvel. Ifconditions for driving are 

very good, 10cm (4") diameter points 

and casings that can accept the cylinder 

of a deep well, can be driven to depths 

of 10 to 15 meters (33' to 49'). 


The most common types of well points 

are: 


1. a pipe with holes covered by a
 
screen and a brass jacket with 

holes. For general use, a #10 slot 

or 60 mesh isrecommended. Fine 

sand requires a finer screen, per-

haps a #6 slot or 90 mesh; 


2. a slotted steel pipe with no cover-

ing screen, which allows more water 

to enter but is less rugged. 


A 

-

Before starting to drive the point,
 
make a hole at the site with handtools.
 
The hole should be plumb and should be
 
slightly larger indiameter than the
 
well point.
 

The joints must be carefully made to
 
prevent thread breakage and assure air
tight operation. Clean and oil the
 
threads carefully and use joint compound
 
and special drive couplings when
 
available. To insure that joints stay
 
tight, give the pipe a fraction of a
 
turn after each blow, until the top
 
joint ispermanently set. Do not twist
 
the whole string and do not twist and
 
pound at the same time. The latter
 
may help get past stones, but soon
 
will break the threads and make leaky
 
joints.
 

Be sure the drive cap is tight and
 
butted against the end of the pipe (see
 
Figure 2). Check with a plumb bob to
 
see that the pipe isvertical. Test
 
it occasionally and keep it straight
 
by pushing on the pipe while driving.
 
Hit the drive cap squarely each time
 
or you may damage the equipment.
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Several techniques can help avoid pIG're2

damage to the pipe. The best way is
 
to drive with a steel bar that is
 
dropped inside the pipe and strikes
 
against the inside of the steel well 
 Cold Rolled Shafting -Supporting Cable
 
point. It is retrieved with a cable Weight 20 to 25 lbs. I Riser Pipe

of rope. Once water enters the well, Welded Joint
 
this method does not work. 
 Vent Hole Driving Bar
 

Another way is to use a driver pipe Pipe
 
which makes sure that the drive cap ipe -Coupling

is hit squarely. A guide rod can be Y!eight 25 to 30 lb C lFalling Weight
 
mounted on top of the pipe and a -Drive Cap 40 to 
50 lbs
 
weight dropped over it, or the pipe 
 Guide Rod
 
itself can be used to guide a falling I Sand Screen
 

Type of Driving Rate of Sound IResistance to
 
formation j conditions descent of blowi Rebound rotationSoft moist clay , Easy driving Rapid Dull 
 None Slight but continuous
 

Tough hardened clay Difficult driving Slow but steady None Frequent rebounding Considerable
 
Fine sand Difficult driving Varied None Frequent rebounding Slight

Coarse sand Easy driving Unsteady irregular Dull None Rotation is easy and
 

(especially when penetration for 
 accompanied by a
saturated with successive blows, Sgt
 

water).

Gravel 
 Easy driving Unsteady irregular Dull None Rotation is irregular


Penetration for 
 and accompanied by
 
successive blows. 
 a gritty sound
Boulder and rock Almost impossible Little or none Loud Sometimes of both Dependent on type of
 

hammer and pipe formation previous

ly passed through
by pine 

FIGUE 3 from: Wells, TM5-297/AFM 85-23, 1957
 
Army Technical Manual. P. 24
 



Figure 3 is a table which will help 

identify the formations being pene-

trated. Experience isneeded.. .but 

this may help you to understand what 

ishappening. 


When you think that the water-bear-

ing layer has been reached, stop 

driving and attach a handpump to try 

the well. Usually, easier driving 

shows that the water-beering level 

has been reached, especially in 

coarse sand. If the amount of water 

pumped isnot enough, try driving a 

meter or so (afew feet) more. If 

the flow decreases, pull the point back 

until the point of greatest flow is 

found. The point cai be raised by 

using a lever arrangement like a fence-

post jack, or, if a drive-monkey is 

used, by pounding the pipe back up. 


Sometimes sand and silt plug up the
 
point and the well must be 'developed' 

to clear this out and improve the flow. 

First try hard, continuous pumping at 

a rate faster than normal. Mud and 

fine sand will come up with the water, 

but this should clear inabout an hour. 

Itmay help to allow the water inthe 

pipe to drop back down, reversing the
 
flow periodically. With most pitcher 

pumps this iseasily acccnplished by
 
lifting the handle very high; this opens 

the check valve, allowing air to enter 

and the water rushes.back down the 

well.
 

If this does mt clear up the flow,
 
there may be silt inside the point.
 
This can be removed by putting a 19mm
 
(3/4") pipe into the well and pump
ing on it. Either use the pitcher
 
pump or quickly and repeatedly
 
raise and lower the l9mm (3/4") pipe.
 
By holding your thumb over the top
 
of the pipe on the upstroke, a jet
 
of muddy water will result on each
 
downstroke. After getting most of
 
the material out, return to direct
 
pumping. Clean the sand from the valve
 
and cylinder of the pimp after develop
ing the well. ifyou have chosen too
 
fine a screen, itmay not be possible
 
to develop the well successfully. A
 
properly chosen screen allows the fine
 
material to be pumped out, leaving a
 
bed of coarse gravel and sand that pro
vides a highly porous and permeable
 
water-gathering area.
 

The final step is to fill inthe 
starting borehole with puddled clay or, 
ifclay isnot available, with well
tamped earth. Make a solid, water
proof pump platform (concrete is best) 
and provide a place for spilled water 
to drain away. 

Source:
 

Water Supply for Rural Areas and Small
 
Communities, by E.G. Wagner and J.N.
 
Lanoix, World Health Organization, 1959.
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DUG WELLS
 

A village well must often act as a 

reservoir, because at certain hours of 

the day the demand for water isheavy,

whereas during the night and the heat 

of the day there isno call on the 

supply. What issuggested here is to

make the well large enough to allow the 

water slowly percolating in to accumu-

late when the well is not in use in 

order to have an adequate supply when 

the demand on it isheavy. For this 

reason wells are usually made 183 to 

213cn (6'to 7') indiameter. 


Wells cannot store rainy season
 
water for the dry season, and there is 

seldom any reason for making a well

larger indiameter than 213cm (7'). 


The depth of a well ismuch more im-

portant than the diameter in determin
ing the amount of water that can be 

drawn when the water level is low. A 

deep, narrow well will often provide

more water than a wide shallow one. 


Remember that tubewells are much

easier to copstruct than a dug well, 

and should be used ifyour region 

allows their construction and an ade
quate amount of water can be drawn 

from a tubewell during the busy

hours (see section on Tubewells). 


Deep dug wells have several dis-

advantages. The masonry lining

needed is very expensive. An open

well isvery easily contaminated by

organic matter which falls in from 

the surface and by the buckets used
 
to lift the water. There is an added 

problem of disposing of the great

quantity of soil removed from a deep 

well.
 

than a large-diameter lining as des
cribed inthe preceding entry. The
 
advantages are that it isrelatively
 
easy to build, easy to seal, takes up

only a small surface area and is low
 
in cost.
 
More than 45 of these wells were in

stalled in India by an American Friends
 
Service Committee Team there; all per
formed perfectly for several years,
 
except for one which was r)t dug deep

enough. The total cost of an installa
tion, excluding labor, was Rs. 230 or

about U.S. $50.
 

Tools and Materials
 

4 	reinforced concrete rings with iron
 
hooks for lowering, 91.5cm (3') in
 
diameter
 

1 	reinforced concrete cover with a
 
seating hole for casing pipe
 

Washed gravel to surround tank: 1.98
 
cubic meters (70 cubic feet)
 

Sand for top of well: 0.68 cubic
 
meters (24 cubic feet)
 

Concrete pipe: 15cm (6") indiameter,
 
to run from the top of the tank cover
 
to at least 30.5cm (') above ground
 

Concrete collars: for joints in the
 
concrete pipe
 

Cement: 4.5kg (10 pounds) for mortar
 
for pipe joints
 

Deep-well pump and pipe
 

Concrete base for pump
 

Tripod, pulleys, rope for lowering rings
 

Special tool for positioning casing

when refilling, see "Positioning
This well has an underground con- Casing Pipe," below
 

crete tank which isconnected to the
 
surface with a 
casing pipe, rather Digging tools, ladders, rope
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A villager inBarpali, India, working 'I61/.'I
with an American Friends Service Com
mittee unit there suggested this radi
cal new idea: make a masonry tank at
 
the bottom of the well, roof it over, PUMP ON
 
and draw the water from itwith a pump. CONCRETE
 

The resulting sealed well has many pA7rr4 CASING
 
advantages: Ar LEA6r JO cM
 

490W& GROUNDO 
1. Itprovides pure water, safe for
 

drinking.
 

2. 	Itpresents no hazard of children
 
falling in. =CASING MAD" 0 -= 

-c~sscR~rr ,4v~'ALi EXCAVArED SOIL 
3. 	Drawing water is easy, even for .- P/-JO AROUND
 

CAINOsmall children. 


4. 	The well occupies little space, a 
small courtyard can accommodate it. 

sp,cr To 11vP1CAr_
5. 	The cost of installation isgreatly AVAr.L ,,Sf E
 

DEEER AN SNOWNreduced. 


6. 	The labor involved ismuch reduced. ==PAC/IMo / SI-

7. 	There is no problem of getting rid _ _ _ 

of excavated soil, since most of ______=__==
 

it is replaced. _
 

8. 	The casing enables the pump and _ _ _ 

pipe to be easily removed for ser- __ 

vicing. CYIJAoPr_ .___ 

9. The gravel and sand surrounding the 
tank provide an efficient filter _ 

to prevent silting, allows a VA 6/'CA 
large surface area for percolating -6ONC :::.AVEL 30 

water to fill the tank, and in- -COv .R
 
creases the effective stored vol
ume inthe tank. Co '::'..t
 

.RIN4.
 
On the other hand, there are three _ .. 

minor disadvantages: only one person : 
can pump at one time, the pump might 
go out of order, and a certain amount 
of technical skill isrequired to 
make the parts used iothe well and
 
to install them properly.
 

' '
 A well isdug 122cm (4') in diameter . 

and about 9 meters (30') deep. The 
digging should be done inthe dry - *:... 

season, after the water table has _Tr VALVM Y5 = 
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dropped to its lowest level. There 

should be a full 3 meter (10') re-

accumulation of water within 24 hours 

after the well has been bailed or 

pumped dry. Greater depth is,of 

course, desirable, 


Ifconcrete or other casing pipe
 
cannot be obtained, a chimney made
 
of burned bricks and sand-cement 'mor
tar will suffice. The pipe is some
what more expensive, but much easier
 
to install.
 

Over the bottom of the well, spread

15cm (6") of clean, washed gravel or
 
small rock. Lower the fjur concrete 

rings and cover into the well and posi-

tion them there to form the tank. A 

tripod of strong poles with block and
 
tackle isneeded to lower the rings,

becauhp they weigh about 180kg (400

pounds) each. The tank formed by the
 
rings and cover is 183cm (6') high and
 
91.5cm (3') in diameter. The cover
 
has a round opening which forms a
 
seat for the casing pipe and allows
 
the suction pipe to penetrate to about
 
15cm (6") from the gravel bottom.
 

Positioning the Casing Pipe
 

The first section of concrete pipe

is positioned inthe seat and grouted 
(mortared) inplace. It isbraced ver
tically by a wooden plug with four
hinged arms to brace against the sides 
of the wall. Gravel ispacked around
 
the concrete rings and over the top of
 
the cover till the gravel layer above
 
the tank isat least 15cm (6") deep.

This is then covered with 61cm (2') of
 
sand. Soil removed from th- well is
 
then shoveled back until filled within
 
15cm (6") of the top of the first
 
section of casing. The next section
 
of casing isthen grouted in place,

using a concrete collar made for this
 
purpose. The well is filled and more
 
sections of casing added until the
 
casing extends at least 30cm (')

above the surrounding soil level.
 

The amount of soil which will not
 
pack back into the well can be used
 
to make a shallow hill around the
 
casing to encourage spilled water to
 
drain away from the pump. A concrete
 
cover is placed on the casing and a
 
pump installed.
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Deep Dug Well
 

Untrai,,cd workers can safely dig a 

deep, sanitary well with simple, light 

equipment, if they are well super-

vised. The basic method is outlined 

here.
 

Tools and Materials 


Shovels, mattocks 


Buckets 


Rope--deep wells require wire rope 


Forms--steel, welded and bolted to

gether 


Tower with winch and pulley 


Cement 


Reinforcing rod 


Sand 


Aggregate 


Oil 


The hand dug well is the most wide-

spread of any kind of well. Unfor
tunately, most of these wells were dug

by uninformed people and now are in-

fected by parasitic and bacterial 

disease. By using modern methods and 

materials, dug wells can safely be made 

60 meters (196.8') deep and will give 

a permanent source of pure water. 


Experience has shown that for one man, 

the average width of a round well for 

best digging speed is 1 meter (3 1/4'). 

However 1.3 meters (4 1/4') is best 

for two men digging together and they

dig more than twice as fast as one man. 

Thus, two men in the larger hole is 

usually best. 


Dug wells always need a permanent
 
lining (except in solid rock, where the
 
best method is usually to drill a tube
well).
 

The lining prevents collapse of the
 
hole, supports the pump platform, stops
 
entrance of contaminated surface water,
 
and supports the well intake which is
 
the part of the well through which
 
water enters. It is usually best to
 
build the lining while digging, since
 
this avoids temporary supports and reduces danger of cave-ins.
 

Dug wells are lined in two ways:
 
(1) where the hole is dug and the lin
ing is built in its permanent place and
 
(2) where sections of lining are added
 
to the top and the whole lining moves
 
down as earth is removed from beneath
 
it. The second method is called
 
caissoning. Often a combination of
 
both is best, as shown in Figure 2.
 

If possible, use concrete for the
 
lining because it is strong, permanent,
 
made mostly of local materials, and can
 
be handled by unskilled'workers with
 
good speed and results. (See section
 
on Concrete Construction).
 

Masonry and brickwork are widely 
used i many countries and can be 
very satisfactory if conditions are 
right. In bad goound, however, unequal 
pressures can make them bulge or col
lapse. Building with these materials 
is slow and a thicker wall is required
 
than with concrete. There is also
 
always the danger of movement during
 
construction in loose sands or swelling
 
shale before the cement has set firmly
 
between the bricks or stones. This
 
danger is prevented with concrete by

leaving the form in place to support
 
the lining, until the concrete is hard.
 
Also, there may not be any skilled
 
masons in the area; suitable stone
 
or well-fired brick may not be re.dily
 
available.
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Plumbing Peg
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Wood and steel are not good for lin-

ing wells. Wood requires bracing, 

tends to rot and hold insects; some-

times itwill make the water taste bad-

ly. Worst of all, itwill not make the 

well watertight against contamination, 

Steel isseldom used because it is 

expensive, rusts quickly and usually 

issubject to bulging and bending, 


The general steps in finishing the
 
first 4.6 meters (15') are: 


set up a tripod winch over cleared, 

level ground and reference points 

for plumbing and measuring the 

depth of the well. 


two men dig the well while another 

raises and unloads the dirt until
 
the well isexactly 4.6 meters 

(15') deep. 


the hole isaccurately trinneq to 

size using a special jig mounted 

on the reference points.
 

the forms are carefully placed and
 
filled one by one with tamped con-

crete. 


After this is done, dig to 9.1
 
meters (30'), trim and line this part
 
also with concrete. A 12.5cm (5) gap

between the first and second of these 
sections is filled with pre-cut concrete 
which isgrouted (mortared) in place. 
Each lining isself-supporting as it 
has a curb. The top of the first 
section of lining is thicker than the 
second section and extends above the 
ground to make a good foundation for 
the pump housing and to make a safe 
seal against ground water. 

This method isused until the water
bearing layer isreached where an
 
extra-deep curb isconstructed. From
 
this point on, caissoning isused.
 

Caissons are concrete cylinders
 
fitted with bolts for attaching them
 
together. They are cast and cured
 
on the surface in special molds,
 
prior to use. Several caissons are
 
lowered into the well and assembled
 
together. Then a workman digs and the
 
caissons drop lower as earth is re
moved from beneath them. The concrete
 
lining guides the caissons.
 

Ifthe water table ishigh when the
 
well isdug, extra caissons are bolted
 
in place so that the well can be finish
ed by a small Lmount of digging and
 
without concrete work, during the dry
 
season.
 

Evaluation
 

Details on plans and equipment for
 
this process are found inWater Supply
 
for Rural Areas and Small Cormnunities,
 
by E. G. Wagner and J.N. Lanoix,
 
World Health Organization, 1959.
 

Source
 

Water Supply for Rural Areas and Small
 
Communities, Wagner and Lanoix.
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Reconstructing Dug Wells
 

Open dug wells are not very sanitary, Tools and Materials
 
but they can often be rebuilt by re
lining the top 3 meters (10') with a 
 Tools and materials for reinforced
 
watertight lining, digging and cleaning 
 concrete
 
the well and covering it; this method
 
is to install a buried concrete slab; A method for entering the well
 
see Figure 3 for construction details.
 

Pump and drop pipe
 

F~g ] 

F1
 

NOTE: Concrete well platform to be laidf after backfill has sufficiently
steeled.
 

•

CLOSED TOP PUMP 

- _ Weep hole to be placed belowTE: Pump stand and base muse be in 
 - frost depth to provide antifreeze 
one piece, joined by flanged or \ installation. 
threaded connection. h7 1
 

Cylinder to be placed below i|Asphaltic 
 Original

point of maximum drawdown. Seal Reinforcing Ground


Cobble Platform /Steel Line

Drain Dra .mmMIN.
 

%Earth Backfill 
 OR PIDDLED C 
 I
 
Tamped - CLA
 

CASING
 

PUDDLED CLAY 
 0BACKFILC.
 

WEEP HOLE--_/ 
NASP-ALTIC -] REINFORCING' 

NOTE: 
 ' SEAL'-- - "STEEL.; . . 
Embed inconcrete one or two 12,5m" 

:
strap iron casing clamps of MIN I NOT E Excavate and remove old curbing
sufficient strength and sizel 
 , ' to point not less than 3mm fromto rigidly support casing 15mn;. T surface where existing curbingand pump. MIN. , found to be solid. Grouting 

_. should extend a sufficient depth 
02 --1 below this point to provide propc 

watertight protection for cap. 
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Before starting, check the following: 


Isthe well dangerously close to
 
a privy or other source of contam-

ination? Is it close to a water 

source? Is it desirable to dig a 

new well elsewhere instead of 

cleaning this one? Could a privy 

be moved, instead? 


Has the well ever gone dry? Should 

you deepen it as well as clean it? 


Surface drainage should generally 

slope away from the well and there 

should be effective disposal of 

spilled water. 


What method will you use to remove 

the water and what will it cost? 


Before entering the well to inspect 

the old lining, check for a lack
 
of oxygen by lowering a lantern or 

candle. If the flame remains lit,
 
it is reasonably safe to enter the 

well. Ifthe flame goes out, the 

well isdangerous to enter. When 

the well isentered, have a rope 

tied to the person and two strong 

men to pull him out in case of 

accident, 


Relining the Wall 


The first job isto prepare the upper 

3 meters (10') of the lining for con-

crete by removing loose rock and chip-

ping away old mortar with a chisel, as 

deep as possible (see Figure 4). The 

next task is to clean out and deepen 

the well, if that is necessary. All 

organic matter and silt should be bail- 

ed out. The well may be dug deeper,
 
particu"arly during the dry season, 

with the methods outlined inthe arti
cle on "Deep Dug Wells." One way to 

increase the water yield isto drive 

a well point deeper into the water-

bearing soil. This normally will not 

raise the level of water inthe well, 

but may make the water flow into the 

well faster. The well point can be 

piped directly to the pump, but this 


will not make use of the reservoir
 
capacity of the dug well.
 

The material removed from the well
 
can be used to help form a mound
 
around the well so water will drain
 
away from the well site. Usually,
 
additional soil will be needed for this
 
mound. A drain lined with rock should
 
be provided to take spilled water
 
away from the concrete apron that
 
covers the well.
 

Reline the well with concrete
 
troweled in place over wire mesh re
inforcement. The largest aggregate
 
should be pea-sized gravel and the
 
mix should be fairly rich with concrete,

using no more than 5 1/2 to 6 gallons
 
of water to a 94-pound sack of cement.
 
Extend the lining 70cm (27 1/2 inches)

above the original ground surface.
 

Installing the Cover and Pump
 

Cast the well cover so that it makes
 
a watertight seal with the lining to
 
keep surface impurities out. The
 
cover will also support the pump. Ex
tend the slab out over the mound about
 
a meter (afew feet) to help drainage
 
away from the site. Make a manhole and
 
space for the drop pipe of the pump.
 
Mount the pump off center so there is
 
room for the manhole. The pump is
 
mounted on bolts cast into the cover.
 
The manhole must be 10cm (4") higher
 
than the surface of the slab. The
 
manhole cover must overlap by 5cm (2")
 
and should be fitted with a lock to
 
prevent accidents and contamination.
 
Be sure that the pump issealed to the
 
slab.
 

Disinfecting the Well
 

Disinfect the well by using a stiff
 
brush to wash the walls with a very
 
strong solution of chlorine. Then add
 
enough chlorine in the well to make
 
itabout half the strength of the
 
solution used on the walls. Sprinkle
 
this last solution all over the sur
face of the well to distribute it
 

60
 



A--C 


A = EXISTING MASONRY OR BRICK WALLS WITH CRACKED MRTAR JOINTSB = OLD MORTAR REMOVED WITH CHISEL AS FAR BACK AS POSSIBLE 
= STONE OR BRICKS DUG OUT TO PROVIDE KEY FOR NEW CONCRETE LINING 
=
D 	NEW CONCRETE LINING, BUILT TO A DEPTH OF AT LEAST 3M (lOFT)
•ELOW OUTSIDE GROUND LEVEL, OR TO LOW WATER LEVEL IN WELL. 
-OR CONCRETE, USE PEA-SIZED GRAVEL AND WIRE-4ESH FOR TEM-
PERATURE REINFORCEMENT. 

E = N.EW CONCRETE WELL TOP, INCORPORATING SANITARY FEATURES (MAN-
HOLE WITH RAISED EDGES, SLOPE FOR PROPER DRAINAGE, PROPER
 
PUMP INSTALLATION, ETC.).


F = 	OUTSIDE GROUND LEVEL (ADEQUATE )RAINAGE BEING PROVIDED FOR 
EXCESS WATER OR SURFACE RUN-OFF) 

G= BACKFILL WITH CLAY, WELL TAMPED IN LAYERS 15cm (61N) THICK
 



evenly. Cover the well and pump up
 
the water until the water smells strong
ly of chlorine. Let the chlorine re
main inthe pump and well for one
 
day and then pump ituntil the chlorine
 
is gone.
 

Testing the Water
 

Have the well water tested several
 
days after disinfection to be sure that
 
it is pure. If it is not, repeat the
 
disinfection and testing. If it is
 
still not pure, get expert advice.
 

Sources:
 

Water Supply for Rural Areas and Small
 
pommunities, by E. G. Wagner and J. N.
 

Lanoix, world Health Organization,
 
1959.
 

Manual of Individual Water Supply

'ystems,Department of Health,U.S. 

Education and Welfare, Public Health 
Service Publication No. 24. 
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Water Lifting and Transport 

Once a source of water has been found 

and developed, four basic questions must

be answered: 


1. What is the rate of flow of water

needed inyour situation? 


2. Between what points must the water 

be transported? 


3. What kind and size of piping is

needed to transport the required

flow? 


4. What kind of pump, ifany, isneces-

sary to produce the required flow? 


The information in this section will 

help you to answer the third and fourth

questions, once you have determined the 

answers to the first two. 


Water Transport
 

The first three entries are equations

and alignment charts (also called nomo-

graphs) which give simple methods of 

estimating the flow of water under the 

force of gravity, that is,without pump-

ing. The ourt tells hcw to measure 

flow by observing the spout from a hori-

zontal pipe. 


Pipe Size 


You will note that in these and other 

alignment charts, the term "nominal diam-

eter, inches, U.S. Schedule 40" isused 

along with the alternate term, "inside 

diameter incentimeters," inreferring 

to pipe size. 


Pipes and fittings are usually manu-

factured to a standard schedule of sizes. 

U.S. Schedule 40, the most common inthe 

United States, isalso widely used in 

other countries. When one specifies "2 

inch Schedule 40", one automatically

specifies the pressure rating of the pipe

and its inside and outside diameters 


(neither of which, incidentally, isactu
ally 2"). Ifthe schedule isnot known,
 
measure the inside diameter and use this
 
for flow calculations.
 

Water Lifting
 

The next four entries follow the steps

required to design a water-pumping sys
tem with piping.
 

The first entry inthis group, "Pump

Selection" presents all factors that must
 
be considered inselecting a pump. One
 
should fill out the form included inthe
 
entry and make a piping sketch whether he
 
plans to send it to a consultant for help

or do the design and selection himself.
 

The next three entries enable the read
er to design his own piping system and
 
specify his own pump.
 
Selecting 


a Pump
 

The first information needed for se
lecting pump type and size is: (1)the
 
flow rate of water needed and (2)the
 
"head" or pressure to be overcome by

the pump. This "head" iscomposed of
 
two parts, (a)the height the liquid
 
must be raised and (b)the resistance
 
to flow created by the pipe walls (fric
tion-loss).
 

The friction-loss "head" isthe most
 
difficult factor to measure. 
 The entry,

"Determining Pump Size and Horsepower

Requirement," page 82 describes how to
 
select the economic pipe size(s) for the
 
flow desired. With the pipe(s) selected
 
one must then calculate the friction-loss

head. The entry "Estimating Flow Resist
ance of Pipe Fittings" makes itpossible

to estimate extra friction caused by con
strictions of pipe fittings. With this
 
information and the length of pipe, it
 
ispossible to estimate the pump power

requirement using the entry, "Determining

Pump Size and Horsepower Requirement."
 



These four entries have another very 

important use. You may already have a
 
pump and wonder "Will itdo this job?" 

or "What size motor should I buy to do 

this job with the pump I have?". The 

entry "Pump Selection" can be used to 

collect all the information on the pump 

and on the job you want it to do. With 

this information, you can ask a consul
tant or VITA if the pump can be used or 

not.
 

Pumps 


There are many varieties of pumps for 

lifting water fro:i where itis to where
 
itis to be delivered. But, for any par-

ticular job, the,'e are probably one or 

two kinds of pumps which will serve bet-

ter than others. We will discuss here
 
only two broad classes of pumps: lift 

pumps and force pumps. 


Lift Pumps 


A lift or suction pump is located at 

the top-of a well and raises water by 

suction. Even the most efficient suc-

tion pump can create a negative pres
sure of only 1 atmosphere: theoreti
cally, it could raise a column of water
 
lO.3m (34') at sea level. But because
 
of friction losses and the effects of
 
temperature, a suction pump at sea
 
level can actually lift water only
 
6.7m to 7.6m (22' to 25'). The entry
 
on "Lift Pump Capability" explains how
 
to find out the height a lift pump will
 
raise water at different altitudes with
 
different water temperatures.
 

Force Pumps
 

When a lift pump is not adequate, a
 
force pump must be used. With a force
 
pump, the pumping mechanism isplaced
 
at or near the water level and pushes
 
the water up. Because itdoes not de
pend on atmospheric pressure, it is
 
not limited to a 7.6m (25') head.
 

Construction Details
 

Construction details are given on two
 
irrigation pumps which can be made at the
 
village level. An easy-to-maintain pump
 
handle mechanism isdescribed. Sugges
tions are also given on using bamboo for
 
piping.
 

Further details on pumps are given in:
 

Water Lifting Devices for Irrigation, by
 
Aldert Molenaar, Food and Agriculture
 
Organization of the United Nations, Rome,
 
1956.
 

Small Water Supplies, The Ross Institute,
 
The London Schoo oT Hygiene and Tropi
cal Medicine, London, 1967.
 

Water Supply for Rural Areas and Small
 
Communities, by Edmund G.-Wagner and
 
J.N. Lanoix, World Health Ov. anization,
 
Geneva, 1959.
 

Wells, TM 5-297/Armed Forces Manual 85
27-overnment Printing Office, Washing
ton, D.C., 1957.
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ESTIMATING SMALL STREAM WATER FLOW 

A rough but very rapid method of esti-

mating water flow in small streams is 

given here. In looking for water 

sources for drinking, irrigation or
power generation, one should survey all 

the streams available.
 

If sources are needed for use over a 

long period, it isneessary to collect
information throughout the year to de-

temine flow changes--especially high

and low flows. The number of streams
that must be used and the flow variations 

are 
important factors in determining the 

necessary facilities for utilizing the 

water. 


Tools and Materials
 

Timing device, preferably watch with sec
ond hand
 

Measuring tape
 

Float (see below)
 

Stick for measuring depth
 

AT 6
 

The following equation will help you
to measure flow quickly: Q= K x A x V, 
where: 

Q (Quantity) = flow in liters per minute
 

A (Area) = cross-section of stream, per
pendicular to flow, in square meters
 

V 	(Velocity) = stream velocity, meters
 
per minute
 

K 	(Constant) = a corrected conversion
 
factor. This isused because surface

flow is normally faster than average

flow. For normal stages use K 
= 850; 
for flood stages use K = 900 to 950. 
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To Find A (Area) of a Cross-Section 


The stream will probably have differ-

ent depths along its length so select 

a place where the depth of the stream 

isaverage. 


1. Take a measuring stick and place it 

upright in the water about 50cm
 
from the bank. 


2. Note the depth of water, 


3. Move the stick 1 meter from the bank 

ina line directly across the stream, 


4. Note the depth, 


5. Move the stick 1.5 meters from the 

bank, note the depth, and continue 

moving itat 50cm intervals until
 
you cross the stream. 


Note the depth each time you place the 

stick upright in the stream. Draw a 

grid, like the one in Figure 2, and mark 

the varying depths on itso that a cross-

section of the stream isshown. A scale 

of 1cm to 10cm isoften used for such 

grids. By counting the grid squares and
 
fractions of squares, the area of the 

water can be estimated. For example,
 
the grid shown here has a little less 

than 4 square meters of water.
 

.1*66 Z .25 ::. 
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To Find V (Velocity)
 

Put a float inthe stream and measure
 
the distance of travel inone minute
 
(or fraction of a minute, ifnecessary.)
 
The width of the stream should be as
 
constant as possible and free of rapids,
 
where the velocity is being measured.
 

A light surface float, such as a chip,
 
will often change course because of
 
wind or surface currents. A weighted
 
float which sits upright in the water
 
will not change course so easily. A
 
lightweight tube or tin can, pirtly

filled with water or gravel so that it
 
floats upright with only a small part
 
showing above water, will not change
 
course so easily and makes a better
 
float for measuring.
 

Measuring Wide Streams
 

For a wide, irregular stream, it is
 
better to divide the stream into 2 or
 
3 meter sections and measure the area
 
and velocity of each. Q is then cal
culated for each section and the Qs
 
added together to give a total flow.
 

Example (see Figure 2):
 

Cross section 	is 4 square meters
 

Velocity of float = 6 meters trav
eled in 1/2 minute
 

ream flow is normal
 

Q=850 x 4 x 	6 meters
 
.
Tii
 

Q= 40,800 liters per minute 
or
 

liters per second
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Using English Units
 Example:
 

If English units of measurement are
 
used, the equation for measuring stream Cross-section is 15 square feet
 
flow Is: Q = K x A x V, where: 

Velocity of float = 
20 feet traveled
 
Q = flow in U.S. gallons per minute in 1/2 minute
 

A = crosr-section of stream, perpendic- Stream flow is normal
 

ular to flow, in square feet
 Q =6.4 x15 x20 Feet 
,-mT-ute
V = stream velocity in feet per minute .-

K = a corrected conversion factor: 6.4 Q = 3800 gallons per ninute
 

for normal stages; 6.7 to 7.1 for 
Source:
flood stages 


The grid to be used would be similar Design of Fishways and Other Fish Facili

to the one in Figure 3; a commonly used ties by C. H. Clay, P. E. Department of 

scale is 1" to 12". FThWeries of Canada, Ottawa, 1961. 

' / / , I - : 

orI 2-()P//RE -.ii1F&i(!( 
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MEASURING THE FLOW OF WATER INPARTIALLY FILLED PIPES
 

The flow of water in partially-filled

horizontal pipes or circular channels 

can 	be determined--if you know the in
side diameter of the pipe and the depth

of the water flowing--by using the 

alignment chart (nomograph) inFigure

2. 


This method can be checked for low 

flow rates and small pipes by measur-

ing the time required to fill a bucket 

or drum with a weighed quantity of water. 

A liter of water weighs 1kg (1U.S.
 
gallon of water weighs 8.33 pounds). 


Tools and Materials 


Ruler to measure water depth (ifruler 

units are inches, multiply by 2.54 to 

convert to centimeters) 


Straight edge, to use with alignment
 
chart 


The alignment chart applies to pipes

with 2.5cm to 15cm inside diameters, 20 

to 60% full of water, and having a rea
sonably smooth surface (iron, steel, or
 
concrete sewer pipe). The pipe or chan
nel must be reasonably horizontal if
 
the result isto be accurate. The eye,

aided by a plumb bob line to give a
 
vertical reference, isa sufficiently

good judge. Ifthe pipe is not hori
zontal another method will have to be 
used. To use the alignment chart, 
simply connect the proper point on the
"K" scale with the proper point of the 
"d"scale with the straight edge. The 
flow rate can then be read from the 
"q"scale. 

q = 	rate of flow of water, liters per

minute 8.33 pounds = 1 gallon.
 

d = 	internal diameter of pipe incen
timeters.
 

K = decimal fraction of .-rtical diam
eter under water. Calculate K by
 
measuring the depth of water (h)

in the pipe and dividing itby the
 
pipe diameter (d), or K = h (see

Figure 1).
 

Example:
 

What isthe rate of flow of water in
 
a pipe with an internal diameter of 5cm,

running 0.3 full? A straight line con
necting 5 on the d-scale with 0.3 on
 
the K-scale intersects the q-scale at a
 
flow of 18 liters per minute.
 

Source:
 

Greve Bulletin, Purdue University (12,

No. 5, 192B, Bulletin 32).
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DETERMINING PROBABLE WATER FLOW WITH KNOWN
 
RESERVOIR HEIGHT AND SIZE AND LENGTH OF PIPE
 

The alignment chart inFigure 1 gives 

a reasonably accurate determination of
 
water flow when pipe size, pipe length

and height of the supply reservoir are 

known. 


The example given here is for the
 
analysis of an existing system. To 

design a new system, assume a pipe diam-

eter and solve for flow-rate, repeating

the procedure with new assumed diameters 

until one of them provides a suitable 

flow rate.
 

Materials 


Straight edge, for use with alignment 

chart
 

Surveying instruments, ifavailable 


The alignment chart was prepared for
 
clean, new steel pipe. Pipes with
 
rougher surfaces or steel or cast iron
 
pipe which has been inservice for a 

long time may give flows as low as 50
 
percent of those predicted by this 

chart. 


The available head (h)is inmeters
 
and istaken as the difference in
 
elevation between the supply reservoir
 
and the point of demand. This may be
 
crudely estimated by eye, but for
 
accurate results some sort of surveying
 
instruments are necessary.
 

For best results, the of pipe

(L)used should include the equivaet
lengths of fittings as described in 
handbook entry "Flow Resistance of 
Pipe Fittings," p. 80. This length
(L)divided by the pipe internal diam
eter (D)gives the necessary "L/D"

FaTto. Incalculating L/D, note that
 
the units of measuring both "L" and 
"D"must be the same, e.g.: feet 
divided by feet; meters divided by
 
meters; centimeters by centimeters.
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Example:
 

Given Available Head (h)of 10 meters, 
pipe internal diameter (D)of 3cm, and 
equivalent pipe length (L)of 30 meters = 
3000cm. 

Calculate L/D = 3000cm = 1000
 
m
 

The alignment chart solution is in two
 
steps:
 

1. Connect Internal Diameter 3cm to
 
Available Head (10 meters), and make
 
a mark on the Index Scale. (Inthis
 
step, disregard "Q"scale)
 

2. Connect mark on Index Scale with L/D
 
(1000), and read flow rate (Q)of
 
approximately 140 liters per minute.
 

Source:
 

Crane Company Technical Paper #407, pages

54-55.
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ESTIMATING WATER FLOW FROM HORIZONTAL PIPES
 

If a horizontal pipe is discharging a 

full stream of water, you can estimate
 
the rate of flow from the alignment chart 

in Figure 2. This isa staidard engi-

neering t'chnique for estimating flows; 

its resui, are usually accurate to with-

in 10 percent of the actual f.low rate.
 

Materials 


Straightedge and pencil, to use align-

ment chart 


Tape measure
 

Level
 

Plumb bob 


The water flowing from the pipe must
 
completely fill the pipe opening (see
 
Figure 1). The results from the chart
 
will be most accurate when there is no
 
constricting or enlarging fitting at the
 
end of the pipe.
 

Example:
 

Water isflowing out of a pipe with an
 
inside diameter (d)of 3cm (see Figure
 
1). The stream drops 30cm at a point
 
60cm from the end of the pipe.
 

Connect the 3cm inside diameter point
 
on the "d"scale inFigure 2 with the
 
60cm point on the "0"scale. This line
 
intersects the "q"scale at about 100
 
liters per minute, the rate at which
 
water is flowing out of the pipe.
 

Source:
 

"Flow of Water from Horizontal Open-end
 
Pipes," by Clifford L.Duckworth, Chem
ical Processing, June 1959, p. 73.
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PUMP SPECIFICATION: Choosing a Pump for 

a Specific Job or Evaluating an Available 

Pump 

The form given inFigure 1, the "Pump 

Application Fact Sheet," is a check list 

for collecting the information needed to 

get help inchoosing a pump for a parti-

cular situation. Ifyou have a pump on
 
hand, you can also use the form to esti-

mate what its capabilities are. The
 
form isan adaptation of a standard pump 

specification sheet used by engineers, 


Ifyou are doubtful about how much in-

formation to give, it is better to give 

too much information rather than risk 

not giving enough. When seeking advice 

on how to solve a pumping problem or 

when asking pump manufacturers to spec-

ify the best pump for your service,
 
give complete information on what its 

use will be and how itwill be installed, 

If the experts are not given all the 

details, the pump chosen may give you
 
trouble. 


To give a better idea of how to use 

the "Pump Application Fact Sheet," it 

is shown filled in'for a typical situ-

ation. For your own use, make a copy 

of the form. The following comments on
 
each numbered item on the fact sheet 

will help you to complete the form ade-

quately.
 

1. Give the exact composition of the 

liquid to be pumped: fresh or salt 

water, oil, gasoline, acid, alkali, 

etc. 


2. Weight percent of solids can be found 

by getting a representative sample 

in a pail. Let the solids settle 

to the bottom and decant off the 

liquid (or filter the liquid through
 
a cloth so that the liquid coming 

through isclear). Weigh the solids 

and tha liquid, and give the weight 

percent of solids, 

Ifthis isnot possible, measure 

the volume of the sample (inli
ters, U.S. gallons. etc.) and 
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the volume of solids (incubic
 
centimeters, teaspoons, etc.) and
 
send these figures. Describe the
 
solid material completely and send
 
a small sample ifpossible. This
 
is important since, ifthe correct
 
pump isnot selected, the solids
 
will erode and t'eak moving parts.
 

Weight percent of solids = 

100 x weight of solids inliquid sample
 
weight of liquid sample
 

3. 	Ifyou do not have a thermometer to
 
measure temperature, guess at it,
 
making sure you guess on the high
 
side. Pumping troubles are often
 
caused when liquid temperatures at
 
the intake are too high.
 

4. Gas bubbles or boiling cause special
 
problems, and must always be men
tioned.
 

5. 	Give the capacity (the rate at which
 
you want to move the liquid) in any
 
convenient units (liters per minute,
 
U.S. gallons per minute) by giving
 
the total of the maximum capacity
 
needed for each outlet.
 

6. 	Give complete details on the power
 
source.
 

A. Ifyou are buying an electric
 
motor for the pump, be sure to give
 
your voltage. Ifthe power isA.C.
 
(Alternating Current) give the
 
frequency (incycles per second)
 
and the number of phases. Usually
 
this will be single phase for most
 
small motors. Do you want a pres
sure switch or other special means
 
to start the motor automatically?
 

B. Ifyou want to buy an engine
 
driven pump, describe the type and
 
cost of fuel, the altitude, maximum
 
air temperature, and say whether the
 
air isunusually wet or dusty.
 

C. 	Ifyou already have an electric
 



PUMP APPLICATION FACT SHEET
 

NAME 	 O AN E 9~ 

1. Liquid to be handled: 

2. Erosive effect of liquid:
 
Sa)Weight percent of sol S.--9
 
b Type of solids:
 
c Size of solids:
 

3. Maximum temperature of liquid entering pump: .9"°6.. 

4. Special situations (explain):
 
(a)Gases in liquid:
 
(b)Liquid boiling:
 

5. Capacity required: liters per minute
 
or: oo kilograms per hour- -- >4 
or: 6 n , , '4,.,.X"'&)v A 4' 

6. Power source available:
 
(a)Electrical: We volts
 

AC: 	 phase or: DC: volts 
3 3 cycles per second 

Fuel: 

c Other:
 
(b) 	 __________________________ 

7. Differential head and suction head: .
 

8. 	 Pipe material: Suction: _
 
Discharge:
 

9. Pump connections required:

Pipe size (inside diameter): Inlet: -k "Tutlet: rT,
Aa,j,,
 

10. Sketch of piping (all fittings and valves shown) eaeuAoL. 

11. Other comments:
 

Figure 1. Pump Specification Fact Sheet. Make a copy of this form for your own use.
 

NOTE: For advice on pump selection or application, send the completed form (keeping
 
a copy for your own information)to a local university, a pump manufactdrer or to
 
VITA, College Campus, Schenectady, New York, 12308, U.S.A.
 

* Actually this piping is the same as 2" U.S. Schedule 40. 



motor or engine, give as much in-

formation about itas you can. Give 

the speed, sketch the machine, being

especially careful to show the power 

shaft diameter and where itiswith 

respect to the mounting. Describe 

the size and type of pulley ifyou 

intend to use a belt drive. Finally, 

you must estimate the power. The
 
best thing is to copy the nameplate 

data completely. Ifthe following 

data is available for your engine, 

give the number of cylinders, their
 
size, and the stroke if possible. 


7. 	 The "head" or pressure to be overcome 
by the pump and the capacity (or re-
quired flow of water) determine the 
pump size and power. The entry
"Pump Size and Horsepower Require-

ment", page 82, explains the cal-

culation of simple head situations. 

The best approach is to explain the
 
"heads" by drawing an accurate piping 

sketch (see Item 10 inthe "Pump

Application Fact Sheet"). Be sure 

to give the suction lift and piping

separately from the discharge lift 

and piping. An accurate description

of the piping isessential for cal-

culating the friction head. See 

Figure 2. 


8. The piping material, inside diam-

eter, and thickness are necessary 

for making the head calculations
 
and to check whether pipes are 

strong enough to withstand the
 
pressure. See "Water Lifting and 

Transport" for comments on specifying 

pipe diameter.
 

9. 	Connections to commercial pumps are
 
normally flanged or standard pipe 
thread.
 

10. 	 Inthe sketch be sure to show the
 
following:
 

(a)Pipe sizes; show where sizes
 
are changed by indicating re
ducing fittings. (Read "In
troduction" for comments on
 
pipe diameter.)
 

(b)All pipe fittings--elbows,
 
tees, valves (show valve
 
type), etc.
 

(c)Length of each pipe run in a
 
given direction. Length of
 
each size pipe and vertical
 
lift are the most important
 
dimensions.
 

11. 	 Give information on how the pipe will
 
be used. Comment on such informi
tion as:
 

Indoor or outdoor installation?
 

Continuous or intermittent service?
 

Space or weight limitations?
 

NOTE: For advice on pump selection or
 
application, send a completed "Pump
 
Application Fact Sheet" to a local uni
versity, a pump manufacturer or to VITA,
 
College Campus, Schenectady, New York
 
12308, U.S.A.
 

Source:
 

Benjamin P. Coe, P.E./Executive Director,
 
VITA, Schenectady, New York
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DETERMINING PIPE SIZE OR VELOCITY OF WATER INPIPES
 

The choice of pipe size isone of 

the first steps in designing a simple
 
water system. 


The alignment chart inFigure 1 can 

be used to compute the pipe size needed 

for a water system when the water 

velocity is known. The chart can also 

be used to find out what water velocity 

isneeded with a given pipe size to 

yield the required rate of flow. 


Tools and Materials 


Straightedge and pencil 


Practical water systems use water 

velocities from 1.2 to 1.8 meters per
 
second. Very fast velocity requires 

high pressure pumps which in turn re-

quire high pressure pumps which in
 
turn require large motors and use
 
excessive power. Velocities which
 
are too low are expensive because
 
larger pipe diameters must be used.
 

Itmay be advisable to calculate the
 
cost of two or more systems based on
 
different pipe size. Remember, it is
 
usually wise to choose a little larger
 
pipe ifhigher flows are expected in
 
the next 5 or 10 years. Inaddition,
 
water pipes often build up rust and
 
scale reducing the diameter and there
by increasing the velocity and pump
 
pressure required to maintain flow at
 
the original rate. Ifextra capacity
 
isdesigned into the piping system,
 
more wate," can be delivered by adding
 
to the pump capacity without changing
 
all the piping.
 

To use the chart, locate the flow
 
(liters per minute) you need on the
 
Q-scale. Draw a line from that point,
 
though 1.8m/sec velocity on the V-scale
 
to the d-scale. Choose the nearest
 
standard size pipe.
 

Example:
 

Suppose you need a flow of 50 liters
 
per minute at the time of peak demand.
 
Draw a line from 50 liters per minute
 
on the Q-scale through 1.8m/sec on
 
the V-scale. Notice that this inter
sects the d-scale at about 2.25. The
 
correct pipe size to choose would be
 
the next largest standard pipe size:
 
e.g. 1"nominal diameter, U.S. Schedule
 
40. Ifpumping costs (electricity or
 
fuel) are high, itwould be well to limit
 
limit velocity to 1.2m/sec and in
stall a slightly larger pipe size.
 

Source:
 

Crane Company Technical Paper #409,
 
pages 46-47.
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ESTIMATING FLOW RESISTANCE OF PIPE 

FITTINGS 


One of the forces which a pump must
 
overcome to deliver water is the 

friction/resistance of pipe fittings and 

valves to the flow of water. Any bends,
 
valves, constrictions or enlargements 

(such as passing through a tank) add to 

friction.
 

The alignment chart in Figure 1 gives 

a simple but reliable way to estimate 

this resistance: it gives the equivalent 

length of straight pipe which would have
 
the same resistance. The sum of these 

equivalent lengths isthen added to the
 
actual length of pipe: this gives the 

total uialentielenth, which is 

used n ry, "Deter-

mining Pump Capacity and Horsepower Re-

quirement," to determine total friction 

loss. 


Rather than calculate the pressure 

drop for each valve or fitting separate-

ly, this chart will give the equivalent 

length of straight pipe.
 

Valves: Note the difference inequiva
Tenf-Tength depending on how far the 

valve isopen. 


Example I:
 

Pipe with 5cm inside diameter 


a. Gate Valve (fully open) 


1. Gate Valve - full opening valve; can
 
see through itwhen open; used for
 
complete shut off of flow.
 

2. Globe Valve - cannot see through it
 
when open; used for regulating flow.
 

3. Angle Valve - like the globe, used
 
for regulating flow.
 

4. Swing Check Valve - a flapper opens
 
to allow flow inone direction but
 
closes when water tries to flow in
 
the opposite direction.
 

Fittings
 

Study the variety of tees and elbows:
 
note care!fully L,e direction of flow
 
through the tee. To determine the equi
valent length of a fitting, (a)pick
 
proper dot on "fitting" line, (b)con
nect with inside diameter of pipe,
 
using a straight edge; read equivalent
 
length of straight pipe inmeters, (c)
 
add the fitting equivalent length to
 
the actual length of pipe being used.
 

Source:
 

Crane Company Technical Paper #409,
 
pages 20-21.
 

Equivalent Length in Meters
 

.4
 
b. Flow into line - ordinary entrance 1.0
 
c. 5udden enlargement into 10cm pipe
(J/D = 1/2? 1.0 

d. Pipe length 10.0
 

Total Equivalent Pipe Length 12.4
 

Example .2:
 

Pipe with 10cm inside diameter Equivalent Length inMeters
 

a. Elbow (standard) 4.0
 
b. Pipe length 10.0
 

Total Equivalent Pipe Length )4.0
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Resistance of Valves and Fittings 
to Flow of Fluids 

6XAMPI. / - ..,/D /IN 

Globe Valve, Open Gate Valve 

e3AClosed 
- Clo d 

I Cloed -500 
Fully Open -400 

-- 48-- 20 

Angle Valve, Open Standard Tee /40 36-
30--

Square Elbow SO 22-

Swing Check Valve, i6-
Fully Open /r Borda Entrance 

Close Return Bend Sudden Enlargement " 

Standard Tee 
" Through Side Outlet 1 o 

StandardTee reduced 
taadd/ Ordinary Entrance 6-

Medium Sweep Elow orrduDn 
run of Tee reduced , 

d/D IA,4 

"d/ - .0A 

Long SAeep Elbow or 
run of Standard Tee 

iJ 
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DETERMINING PUMP OUTLET SIZE AND HORSEPOWER REQUIREMENT
 

With the alignment chart in Figure 

2,you can determine the necessary 

pump size (diameter of discharge out-

let) and the amoun: of horsepower
 
needed to power the pump. The power 

can be supplied by men or by motors. 


A man can generate about 0.1 horse-

power (HP) for a reasonably long peri
odwhere 

Motors are designed for varying amounts 

of horsepower. 


Tools 


Straight edge and pencil for alignment 

chart
 

To get the approximate pump size
 
needed for lifting liquid to a known 

height through simple piping, follow 

these steps: 


1. Determine the quantity of flow de-

sired in liters per minute. 


2. Measure the height of the lift re-

quired (from the point wherethe'
 
water enters the pump suction
 
piping to where itdischarges), 


3. Using the entry "Determining Pipe 
Size or Velocity of Water ir. 
Pipes," page 78, choose a pipe 

size which will give a water ve-

locity of about 1.8 meters per 

second (6'per second). This 

velocity ischosen because it 

will enerally give the most
 
economical combination of pimp 

and piping; Step 5 explains how 

to convert for higher or lower 

water velocities.
 

4. Estimate the pipe friction-loss 
"head" (a3-meter "head" repre
sents the pressure at the bottom 
of a 2-meter-high column of 
water) for the total equivalent 
pipelength, including suction 
and discharge piping and equi
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valent pipe lengths for valves
 
and fittings, using the follow
ing equation:
 

Friction-loss head = 
F x total equivalent pipe length
 

10
 

F equals approximate fric
tion head (inmeters) per 100
 
meters of pipe. To get the value
 
of F, see the table in Figure 1.
 
For an explanation of total equiv
alent pipe length, see e pre
ceding entry.
 

5. To find F (approximate friction
 
head inmeters per lOOm of pipe)
 
when water velocity is higher or
 
lower than 1.8 meters per second,
 
use the following equation:
 
F x V2
 x
F = Fat 1.8m/sec


l.8m/sec
 

where V = higher or lower velocity
 

Example: 

If the water velocity is 3.6m per 
second and rat l.8m/sec is 16, then: 

2 = 
F = 16 x 3.6 16 x 13 = 64
 

1.82 3.24
 

6. Obtain "Total Head" as follows:
 
Total Head = Height of Lift +
 
Friction-loss Head
 



Pipe inside diameter: cm 2.5 5.1 7.6 10.2 15.2 20.4 30.6 61.2 

inches* 1" 2" 3"1 4" 6" 8" 12" 24" 
F (approximate friction 
loss inmeters per 100 

16 7 5 3 2 1.5 1 0.5 

meters otpipe) 

Figure 1. Average friction loss inmeters for fresh water flowing through steel
pipe when velocity is 1.8 meters (6feet) per second.
 

*For the degree of accuracy of this method, either actual inside diameter in
 
inches or nominal pipe size, U.S. Schedule 40, can be used.
 

7. Using a straight edge, connect the 

proper point on the T-scale with 

the proper point on the Q-scale;

read ,otor horsepower and pump

size on the other two scales, 


Example: 


Desired flow: 400 liters per min-

ute 


Height of lift: 16 meters, No 

fittings 


Pipe size: 5cm 


Friction-loss head: about I 
meter 


Total head: 17 meters 


Solution: 


Pump size: 5cm 


Motor horsepower: 3HP 


Note that water horsepower is less
 
than motor horsepower (see HP-scale,

Figure 2). This is because of friction
 
losses in the pump and motor. The
 
alignment chart should be used for
 
rough estimate only. For an exact de
termination, give all information on
 
flow and piping to a pump manufacturer
 
or an independent expert. He has the
 
exact data on pumps for various appli
cations. Pump specifications can be

tricky especially if suction piping

islong and the suction lift isgreat.
 

Conversion to Metric Horsepower
 

Given the limits of accuracy of this
 
method, metric horsepower can be con
sidered roughly equal to the horse
power indicated by the alignment chart.
 
Actual metric horsepowe- can be ob
tained by multiplying horsepower by

1.014.
 

Source:
 

Nomgraphic Charts, by C. A. Kulman,
 
McGraw-Hill Book Co., New York, 1951,
 
pages 108-109.
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DETERMINING LIFT PUMP CAPABILITY
 

The height that a lift pump can raise cylinder down inthe well, close enough

water depends on altitude and, to a les- to the lowest expected water level to
 
ser extent, on water temperature. The be certain of proper functioning.

graph in Figure 1 will help you to find
 
out what a lift pump can do at various The graph shows normal lifts. Maxi
altitudes and water temperatures, mum possible lifts under favorable con

ditions would be about 1.2 meters
 
Tools 
 higher, but this would require slower
 

pumping and would probably give much
Measuring tape difficulty in "losing the prime."
 

Thermometer Check predictions from the graph by

measuring lifts innearby wells or by


Ifyou know your altitude and the tem- experimentation.
 
perature of your water, Figure 1 will
 
tell you the maximum allowable distance Source:
 
between the pump cylinder and the lowest
 
water level expected. Ifthe graph Mechanical Engineer's Handbook, by

shows that lift pumps are marginal or Theodore Baumeister, 6th edition,

will not work, then a force pump should McGraw-Hill Book Co., New York, copy
be used. This involves putting the right 1958. Used by permission.
 

(Adapted.)
 

Example: 45
 

Suppose your elevation 4
 
is 2000 meters and the
 
water temperature
 
is 25C. The graph 36
 
shows that the normal
 
lift would be 4 meters.
 

3o-a
 

Z, 

t - 100 Ii 

Figure 1.Graph show
ing lift pump capabili-
ties at various altitudes 

o
' T i m 

and water temperatures. o 2 3 4 S 6 7 8 9 
Broken lines indicate 
example given in text. , uT IN METRS

PIGULRE I 



BAMBOO PIPING
 

Where bamboo isreadily available, 

itseems to be a good substitute for 

metal pipe. Bamboo pipe iseasy to
 
make with unskilled labor and local 

materials. The important features of
 
the design and construction of a bam-

boo piping system are given here.
 

Bamboo pipe isextensively used in
 
Indonesia to transport water to vil-

lages. Inmany rural areas of Taiwan,

bamboo iscommonly used inplace of 
galvanized iron for deep wells up to 
a maximum depth of 150 meters (492'). 
Bamboos of 50mm (2") diameter are 
straightened by means of heat, and the 
inside nodes knocked out. The screen 

ismade by punching holes in the bam-

boo and wrapping that section with a 

fibrous mat-like material from a palm 

tree, Chamaerops humilis. Infact, 


SPRING OR W&LL 

j~) M/IV Pipe 

such fibrous screenf are also used in
 
many galvanized iron tube wells.
 

Tools and Materials
 

Chisels (see text and rigure 2)
 

Nail, cotter pin or linchpin
 

Caulking materials
 

Tar
 

Rope
 

Bamboo piping can hold pressure up
 
to two atmospheres (about 2.1kg per
 
square centimeter or 30 pounds per
 
square inch). Itcannot, therefore be
 
used as pressure piping. Itismost
 
suitable inareas where the source of
 

PRDSSURNr RfEW 

CMANAIN./ 2 

.... ff..l'F
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supply is higher than the area to be 

served and the flow isunder gravity.
 

Health Aspects 


Ifbamboo piping is to carry water 

for drinking purposes, the only pre-

servative treatment recommended is 

boric acid: borax ina 1:1 ratio by

weight. The recommended treatment is 

to immerse green bamboo completely in 

a solution of 95 percent water ana 5 

percent boric acid: borax, 


After a bamboo pipe isput into oper-,

ation itgives an undesirable odor to 

the water. This, however, disappears

after about three weeks. Ifchlorina-

tion is done before discharge to the 

pipe, a reservoir giving sufficient 

contact time for effective disinfection 

is required since bamboo pipe removes 

chlorine compounds and no residual 

chlorine will be maintained inthe 

pipe. To avoid possible contamination

by ground water, an ever present dan-

ger, it isdesirable to maintain the 

iLernal pressure within the pipe at 

a 'iigher level than any external water 

pressure outside the pipe. Any leak-

age will then be from the ppe, and 

contaminated water will not ener
 
the pipe. 


Design and Construction
 

Bamboo pipe ismade of lengths of
 
bamboo of the desired diameter by bor
ing out the dividing membrane at the

joints. A circular chisel for this
 
purpose isshown in Figure 2. One end
 
of a short length of steel pipe is
 
belled out to increase the diameter
 
and the edge sharpened. A length of
 
bamboo pipe of sufficiently small diam
eter to slide into the pipe isused as
 
a boring bar and secured to the pipe

by drilling a small hole through the
 
assembly and driving a nail through the
 
hole. This nail isalso known as a
 
cotter pin or linchpin. Three or more
 
chisels ranging from smallest to the
 
maximum desired diameter are required.

At each joint the membrane isremoved
 
by first boring a hole with the small
est diameter chisel, then, progressive
ly enlarging the hole with the larger
 
diameter chisels.
 

Bamboo pipe lengths are joined ina
 
number of ways, as shown in Figure 3.
 
Joints are made watertight by caulking

with cotton wool mixed with tar, then
 
tightly binding with rope soaked in
 
hot tar.
 

Bamboo pipe ispreserved by laying
 

87
 



the pipe below ground level and ensur-

ing a continuous flow in the pipe. 

Where the pipe islaid above ground 

level, itis protected by wrapping it 

with layers of palm fiber with soil 

between the layers. This treatment 

will give a life expectancy of about 

3 to 4 years to the pipe; some bamboo 

will last up to 5-6 years. Deteriora
tion and failure usually occur at the 

natural joints, which are the weakest
 
parts. 


Where the depth of the pipe below 

the water source issuch that the maxi-

mum pressure will be exceeded, pres-

sure relief chambers must be installed.
 
A typical chamber isshown inFigure
 
4. These chambers are also installed
 
as reservoirs for branch supply lines
 
to villages en route.
 

TAR SOAKED ,AOPE 

A diagrammatic sketch of a bamboo
 
pipe water supply system for a number
 
of villages isshown inFigure 1. Size
 
requirements for bamboo pipe may be
 
determined by using the pipe-capacity

alignment chart in Figure 5. A design
 
for a public fountain made from bamboo
 
isshown inFigure 6.
 

Source:
 

"Water Supply Using Bamboo Pipe," AID-

UNC/IPSED Series Item No. 3, Inter
national Program in Sanitary Engineer
ing Design, University of North
 
Carolina, 1966.
 

TR AOX/D WITlOlTOra 

88
 



.a (Jol".. 
SINgS 

F"! OVgN#FSOW 

AA 

wasoormvwa 
-. _-_ 

(MRag NEOVID) 

F°CAN (ROOP MfM0Io) 

ra .aoop 0o.2( --

Sflo' ON ,SEICTION asAA' O' 

89
 



FIGURE 5
 

NOMOGRAPH FOR FLOW INBAMBOO PIPE
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CHAIN PUMP FOR IRRIGATION
 

The chain pump, which can be powered
by man or animal, is primarily a shal
low-well pump to lift water for irri
gation 	(see Figure 1). Itworks best
 
when the lift is less than 6 meters
 
(20'). The water source must have a
 
depth of about 5 chain links.
 

Both the pump capacity and the power
 
requirement for any lift are propor
tional to the square of the diameter
 
of the tube. Figure 2 shows what can
 
be expected from a 10cm (4") diameter 
tube operated by four men working in
 
two shifts.
 

The pump is intended for use as an
 
irrigation pump because it is diffi
cult to seal for use as a sanitary pump.
 

Tools and Materials
 

Welding or brazing equipment
 

Metal-cutting equipment
 

Woodworking tools
 

Pipe: 	 10cm (4") outside diameter, 

length as needed 


Sm (2") outside diameter, 

length as needed 


Chain with links about 8mm (5/16") in 

diameter, length as needed 


Sheet steel, 3mm (1/8") thick 


Sheet steel, 6mm (1/4") thick 


Steel rod, 8mm (5/16") in diameter 


Steel rod, 12.7mm (1/2") in diameter 


Leather or rubber for washers 


The entire chain pump isshown in
 
Figure 3. Details of this pump can be 

changed to fit materials available and 

structure of the well. 


The piston links (see Figures 4, 5,
 
6 and 7) are made from three parts:
 

1. a leather or rubber washer (see
 
Figure 4)with an outside diame
ter about two thicknesses of a
 
washer larger than the inside di
ameter of the pipe.
 

2. a piston disc (see Figure 5).
 

3. a retaining plate (see Figure 6).
 

The piston link ismade as shown in
 
Figure 7. Center all three parts,
 
clamp them together temporarily, drill
 
a hole about 6mm (1/4") in diameter
 
through all three parts and fasten
 
them together with a bolt or rivet.
 

The winch isbuilt as shown inFig
ure 3. Two steel discs-6mm (1/4")
 
thick are welded to the pipe shaft.
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Twelve steel rods, 12.7mm (1/2") 
 The pipe can be supported by threadthick, are spaced at equal distances, ing or welding a flange to its upper
at or near the outside diameter and end (see Figure 8). The flange shouldare welded in place. The rods may be be 8nm to lnm (5/16" to 3/8") thick.laid on the outside of the discs, if 
 The pipe passes through A hole inthe
desired. 
 bottom of the trough and hangs from
 

A crank and handle of wood or metal the trough 4nto the well.
 
isthen welded or bolted to the winch Sources:
 
shaft. 

The supports for the winch shaft (see 
Robert G.Young, VITA Volunteer, New
Holland, Pennsylvania, Chapter


Figure 3)can be V-notched to hold the

shaft, which will gradually wear its 
 Water Lifting Devices for Irrigation,
own groove. A strap or block can be 
 by Aldert Molenaar, Rome an
added across the top, ifnecessary, to Agriculture Organization of the United
hold the shaft inplace. Nations, 1956.
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INERTIA HAND Pb'4P
 

The inertia hand pump described here 

is a very efficient pump for lifting
 
watur short distances. It lifts water 

4 meters (13') at the rate of 75 to
 
114 liters (20 to 30 U.S. gallons) per 

minute. Itlifts water 1 meter (3.3')
 
at the rate of 227 to 284 liters (60 

to 75 gallons) per minute. Velivery

depends on the'number of persons pump-

ing and their strength.
 

The pump iseasily built by a tin
smith. Its three moving parts require 

almost no maintenance. The pump has
 
been built in three different sizes 

for different water levels.
 

0ICOU'CE 

0 


W-

J7-Valve-bottom: 


The pump ismade from galvanized

sheet metal of the heaviest weight 

obtainable which can be easily worked 

by a tinsmith (24 to 28-gage sheets
 
have been used successfully). The 

pipe isformed and made air tight by

soldering all joints and seams. The 

valve ismade from the metal of dis-

caided barrels and a piece of truck
 
inner tube rubber. The bracket for
 
attaching the handle is also made from 

barrel metal. 


Tools
 

Soldering equipment
 

Drill and bits or punch
 

Hammer
 

Saws
 

Tinsnips
 

Anvil (railroad rail or iron pipe) 

Materials for 1-meter (3.3)pup: 

Galvanized iron (24 to 28 gage): 

Shield: 61cm x 32cm, I piece
(2'x 12 5/8") 

Shield cover: 21cm x 22cm, 1 piece
 
(8 1!4" x 8 5/8")
 

Pipe: 140cm x 49cm, 1 piece
 
(55 1/8" x 19 1/4")
 

Top of pipe: 15cm x 15cm, 1 piece 
(6" x 6") 

""Ipipe: 49cm x 30cm, I piece
 
(19 1/4" x 12")
 

Barrel metal: 

Bracket: 15cm x 45cm, 1 piece 
(6"x 21 1/4") 

12cm (43/4") in 
diameter, I piece 

Valve-top: 18cm (7 1/8") indiam
eter, 1 piece 

Wire: 

Hinge: 4mm (5/32") in diameter, 
32cm (12 5/8") long 

This pump can also be made from plas
tic pipe or bamboo.
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There are two points to be remembered Inbuilding the two larger size pumps 
concerning this pump. One is that the it is sometimes necessary to strengthen 
distancc trom the top of the pipe to the pipe to keep it from collapsing if 
the top of the hole where the short ithits the side of the well. Itcan 
section of pipe isconnected must be be strengthened by forming "ribs" about 
20mn (8"). See Figure 2. The air every 30an (12") below the valve or 
which stays inthe pipe above this banding with bands made from barrel 
junction serves as an air cushion (to metal and attAched with 6mm (1/4") 
prevent "hammering") and regulates the bolts. 
number ot strokes pumped per minute. 
The second point Isto remember to the hai:le isattached to the pump 
operate the pump with short strokes, and post with a bolt l0mm (3/8") in 
15 to 20cm (6" to 8") and at .arate of diameter, or a large nail or rod of 
about 80 strokes per minute. There is similar size. 
a definite speed at which the pump 
works best and the operator will soon 
get the "feel" of his particular pump. 
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C Ax S I /7D 


SM/ESO 6ALVANIZE0 7/NtV 
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S 4 4 4 
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/0 C'M 2o10 CM I To 2 MErERS /14 re / 

I6 CM1 140 CMl I fZEZ7 	 to 284 

Figure 5 gives the dimensions of Source:
 
parts for pumps of three different
 
sizes. Figure 6 shows the pumping Dale Fritz, VITA Volunteer,
 
capacity for each size. Washington, D.C.
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HANDLE MECHANISM FOR HAND PUMPS 

The wearing parts of this durable 

hand-pump handle mechanism are wooden 

(see Figure 1). They can be easily 

replaced by a village carpenter. 

This handle has been designed to re-

place pump handle mechanisms which are 

difficult to maintain. Some have been 

inuse for several years inIndia with 

only simple, infrequent repairs.
 

Tools and Materials
 

Saw 


Drill
 

Bits
 

Tap: 12.5mm (1/2") 

Tap: lOmm (3/8") 

Chisel 


Drawknife, spokeshave or lathe
 

Hardwood: 86.4cm x 6.4cm x 6.4cm 
(34" x 2 1/2" x 2 1/2") 

Mild steel rod: 19mm (3/4") indiameter 
and 46.5cm (16") long 

Strap iron, 2 pieces: 26.7cm x 38mm 
x 6rrm(10 1/2" x 1 1/2" x 1/4") 

The mechanism shown inFigure 1 is 
bolted to the top flange of your pump.
The mounting holes A and C Inthe block 
should be spaced to fit your pump (see
Figure 6). Figure 2 shows a pump with 
this handle mechanism which ;s being
manufactured by F.Humain and firos., 
28 Strand Road, Calcutta, Indii.
 

ROD 14iGR PIN 

wANJ, ROD 

LINK 

BLOCK 

DOLT HARDWARE
 

Number of Number of 
Number of 


bolts reqd. 


1 


1 


2 


2 


1 


Dia. Length Number of lock- plain 
mm mm nuts reqd. washers washers 

10 38 0 0 0 

10 76 0 0 2 

12.5 89 2 4 4 

12.5 ? 2 2 2 

12.5 ? I 1 0 

Purpose 
fastens:
 

76nm bolt to
 
rod
 

Rod to Handle
 

Link to Handle
 
Link to Block
 

Block to your
 
pump
 

Rod to piston
 



Handle. Make the handle of tough
 
harBWW,shaped on a lathe or by hand
 
shaving. The slot should be cut wide
 
enough to accommodate the rod with two
 
plain washers on either side. See Fig
ure 3.
 

Rod. The rod ismade of mild steel
 
as sibwn inFigure 4. A lOmm (3/8")

diameter machine bolt 38nn (1 1/2")

long screws into the end of the rod
 
to lock the rod hinge pin inplace.

The rod hinge pin is a lOmm (3/8")

diameter machine bolt which connects
 
the rod to the handle (see Figure 1).

The end of the rod can be bolted di
rectly to the pump piston with a
 
12.5mm bolt. If the pump cylinder
istoo far down for this, a threaded
 
12.Smm (1/2") rod should be used in-


SIstead.
 

O MLinks. The links are two pieces of 
flat steel strap iron. Clamp them to
gether for drilling to make the hole
 
spacing equal. See Figure 5.
 

Block. The block forms the base of
 
the -ever mechanism, serves as a lubri
cated guide hole for the rod, and pro
vides a means for fastening the mecha-


A2 nism to the pump barrel. If the block 
isaccurately made of seasoned tough

hardwood without knots, the mechanism
 
will function well for many years.

Carefully square the block to 22.9cm x
 
6.4cm x 6.4cm (9"x 2 1/2- x 2 1/2").

Next holes A, B, C,and D are drilled
 

SLOT ,,xNx8YYN 

1ANDLE
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BLOCK 
perpendicular to the block as 
shown in 
 second oil duct hole E isdrilled in
Figure 6. The spacing of the mounting the upper-section of the block to meet
holes A and C from hole B is deter-
 hole D. Use lcockwashers under the iead
mined by the spacing of the bolt holes 
 and nut of the link bolts to ',ock the
inthe barrel flange of your pump. 
 bolts and links together. Use plain
Next saw the block inhalf ina plane washers between the links and the wooden
3.5cm (13/8") down from the top side, 
 parts.,

Enlarge hole B at the top of the lower 
 Source:
 
section with a chisel to form an oil
 
well around the rod. This well is 
 APmpDesignedfor VillageUse, by
fillc.d with cotton. 
A 6mm (1/4") hole, Dr.EdwinAbbott, ercan Friends
F, isdrilled at an angle from the oil 
 Service Committee, Philadelphia,
well to the surface of the block. 
 A Pennsylvania, 1955.
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USING A HYDRAULIC RAM
 

A hydraulic ram is a self-powered 

pump which uses the energy of falling
 
water to lift some of this water to a 

level above the original source. lhis
 
entry explains the use of commercial 

hydraulic rams, which are available • 

insome countries.
 

Tools and Materials 


Commercial hydraulic ram 


Steel pipe and fittings 


Pipe wrenches
 

Materials to make a small dam or res
ervoir 


Use of the Hydraulic Ram 


A hydraulic ram can be used wherever
 
a spring or stream of water flows with 

at least a 91.5cm (3') fall inaltitude, 

The source must be a flow of at least 

11.4 liters (3gallons) a minute. 

Water can be lifted about 7.6 meters
 
(25') for each 30.5cm (12") of fall in 

altitude. Itcan be lifted as high as 

152 meters (500'), but a more common 


C 


0 

lift is 45 meters (150').
 

The pumping cycle (see Figure 1)is:
 

1. Water flows through the drive pi e 
(D)and out the outside valve (F
 

2. The drag of the moving water
 
closes the valve (F).
 

3. The momentum of water inthe drive
 
pipe (D)drives some water into
 
the air chamber (A)and out the
 
delivery pipe (1).
 

4. The flow stops.
 

5. The check valve (B)closes.
 

6. The outside valve (F)opens to
 
start the next cycle.
 

This cycle is repeated 25 to 100
 
times a minute; the frequency is
 
regulated by moving the adjustment
 
weight (C).
 

The length of the drive pipe must be
 
between five and ten times the le'ngt
of the fall (see Figure 2). Ifthe
 

A. A4 CRAM5Aq
 
9. CMWC# VASV 

C. AVDUArMEsyr Wf/H" 

4P. DWIv. P/Pg 

_r. 04TH VALVEr 

Cs..cAsr IRON BAsE 

M. AM AfEDER VALVE 
/. EPLIVERY PIPE 
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distance from tha source to the ram is 

greater than ten times the length of 

the fall, tilelength of the drive
 
pipe can be adjusted by installing a 

stand pipe between the source and the 

ram 	(see B in Figure 2). 


Once the ram is installed there is 

little need for maintenance and no 

need for skilled labor. The cost of
 
a small ram which will raise water 

about 45 meters (150') is about U.S. 

$150, not including the cost of the
 
pipe and installation. Although the 

cost may seem high, it must be remem
bered that there is no further power
 
cost and a ram will last for 30 years 

or more. A ram used in freezing cli-

mates must be insulated.
 

A double-acting ram will use an im-

pure water supply to pump two-thirds
 
of the pure water from a spring or 

similar source. A third of the pure
 
water mixes with the impure water. A 

supplier should be consulted for this 

special application.
 

To calculate the approximate p:,mping 

rate, use the following equation: 


Capacity (gallons per hour) = V x F x 40 

E 


V = gallons per minute from source 

F = fall in feet
 
E = height the water is to be raised 


in feet 


Data Needed for Ordering a Hydraulic
 
Ram
 

1. 	Quantity of water available at the
 
source of supply in liters (or
 
gallons) per minute
 

2. 	Vertical fall in meters (or feet)
 
from supply to ram
 

3. 	Height to which the water must be
 
raised above the ram
 

4. 	Quantity of water required per day
 

5. 	Distance from the source of supply
 
to the ram
 

6. 	Distance from the ram to the stor
age tank
 

Sources:
 

Loren G. Sadler, New Holland, Pennsyl
vania, VITA Chapter
 

Rife Hydraulic Engine Manufacturing
 
Company, Box 367, Millburn, New Jersey,
 
U.S.A.
 

The 	Hydraulic Ram, by W. H. Sheldon,
 
Extonsion Bulletin 171, July 1943,
 
Michigan State College of Agriculture
 
and Applied Science.
 

"Country Workshop," Australian Couljtry,
 
September 1961, pages 72-33.
 

"Hydraulic Ram Forces Water to Pump
 
Itself," Popular Science, October 1948,
 
pages 231-233.
 

"Hydraulic Ram," The Home Craftsman,
 
March-April 1963, pages 20-22. 
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Water Storage and Water 

SPRING DEVELOPMENT
 

Springs, particularly in sandy soil, 

often make an excellent water source, 

but they should be dug deeper, sealed, 

protected by a fence and piped to the 

home. If fissured rock or limestone 

are present, get expert advice, 


Tools and Materials 


Hand tools for digging 


Reinforced concrete 


Screens 


Pipes 


Prcper development of a spring will 

increase the flow of ground water and 

lower the chances of contamination
 
from surface water. 


Springs 	are usually either: 


1. 	Gravity Seepage, where the water-

iearng
soil reaches the surface 


over an impermeable layer, or 


2. 	Pressure or artesian, where the 

water, under pressure and trapped 

by a hard layer of soil, finds an 

opening and. rises to the surface, 

(In some parts of the world, all
 
springs are called artesian.) 


Dig a small hole near the spring to 

learn the depth to the hard layer of 

soil and to find out whether the spring
 
is gravity-seepage or pressure. Check 

uphill and nearby for sources of con-

tamination. Test the water to see if 

it must be purified before being used 

for drinking. A final point: Find 

out if the spring runs during long dry 

spells. 


Usually the soil is dug to the hard,
 
underlying part and a tank is made 


Power 

with watertight concrete walls on all
 
but the uphill side (see Figures 1 and
 
2). The opening on the uphill side
 
should be ined with porous concrete
 
or stone without mortar, so that it
 
will admit the gravity seepage water.
 
It can be backfilled with gravel and
 
sand, which helps to keep fine materi
als in the water-bearing soil from
 
entering the spring. If the hard soil
 
cannot be reached easily, a concrete
 
cistern is built which can be fed by
 
a perforated pipe which is placed in
 
the water-bearing layer of earth.
 
With a pressure spring, all sides of
 
the tank are made of watertight rein
forced concrete, but the bottom is
 
left open. The water enters through
 
the bottom.
 

Read the section ir this handbook
 
on cisterns before developing your
 
spring.
 

No matter how the water enters your
 
tank, you must make sure the water is
 
pure by:
 

building a complete cover to stop
 
surface pollution and keep out
 
sunlight, which causes algae to
 
grow.
 

installing a locked manhole with
 
at least a 5cm (21) overlap to
 
prevent entrance of polluted ground
 
water.
 

installing a screened overflow
 
which discharges at least 15cm
 
(6") above the ground. The water
 
must land on a cement pad or rock
 
surface to stop the water from
 
making a hole in the ground and to
 
insure proper drainage away from
 
the spring.
 

arranging the spring so that sur
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face water must filter through at 

least 3 meters (10') of soil be
fore reaching the ground water. 

Do this by making a diversion 

ditch for surface water about 

15 meters (50') or more from the 

spring. Also, if necessary, cover
 
the surface of the ground near 

the spring with a heavy layer of 

soil or clay to increase the dis-

tances that rainwater must travel, 

thus insuring that it has to filter
 
through 3 meters (10',. of soil. 


making a fence to keep people and 

animals away from the spring's 

immediate surroundings. The sug
gested radius is 7.6 meters (25'). 


installing a pipeline from the
 
overflow to the place where the 

water is to be used. 


Before using the spring, disinfect
 
it thoroughly by adding chlorine or
 
chlorine compounds. Shut off the over
flow to hold the chlorine solution in
 
the well for 24 hours. If the spring
 
overflows even though the water is
 
shut off, arrange to add chlorine so
 
that it remains strong for at least
 
30 minutes, although 12 hours would
 
be much safer. After the chlorine is
 
flushed from the system have the water
 
tested. (See section on "Chlorination
 
and Superchlorination.")
 

Source:
 

Manual of Individual Water Supply
 
Systems, U.S. Department of Health,
 
Eucation and Welfare, Public Health
 
Service Publication No. 24.
 

Water Supply for Rural Areas and Small
 
Coimnunities, E. G. Wagner and J. N.
 
Lanoix, World Health Organization,
 
Geneva, 1959.
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CISTERNS
 

Cisterns for family use are most prac-

tical in &reas of adequate rainfall 

and where ground water is difficult to 

obtain or where it contains too many

minerals. A sealed well usually re-

quires no filtration, no chemical dis-

infection and little upkeep, while a
 
cistern needs all of these. Cisterns 

cost more to build than wells. Cistern
 
water has few minerals, however, and is 

ideal for washing clothes. 


A cistern water supply has four 

basic parts: tank, catchment area, 

filter and a pump. (Pumps are dis-

cussed in the section on "Water Lift-

ing.")
 

Cistern Tank 


The tank described here can be used 

for sanitary storage of rainwater for 

family use. 


Tools and Materials 


Tools and materials for reinforced con-

crete 


Asphalt sealing compound 


Screening 


Pipe 


The cistern tank must be watertight 

to prevent surface contamination from 

polluting the supply. Reinforced con-

crete isthe best material because It 

isstrong, it has a long life and it 

can be made watertight.
 

A manhole and drain must be provided 

so the tank can be cleaned. (See Fig-

ure 1.) A vent and a place through 

which chlorine can be added easily for 

disinfection are also necessary. 


The size of the cistern depends on 

the family's daily needs and the 

length of time between rainy period,.

If a family needs 94.6 liters (25 U.S. 


gallons) of water a day and there are
 
125 days between rainy periods, then
 
the cistern must hold:
 

94.6 liters x 125 days - 11,835
 
liters
 

or
 

25 U.S. gallons x 125 days = 3,125
 
U.S. gallons
 

A cistern with an inside size of 2
 
meters x 2 meters x 2 meters (71/2'
 
x 7 1/2' x 7 1/2') holds 11,355
 
liters (3,000 U.S. gallons).
 

To be sure that the cistern iswater
tight, use about 28 liters of water per
 
50kg sack of cement (5 1/2 U.S. gallons
 
per 94 pound or one cubic foot sack
 
when mixing the concrete. (See section
 
on "Concrete Construction.") Tamp the
 
concrete thoroughly and keep the sur
face damp for at least 10 days. If
 
possible, pour the walls and floor at
 
the same time. The manhole entrance
 
must be 10cm (4") above the cistern
 
surface and the cover should overlap

by 5cm (2"). Slope the bottom of the
 
cistern., making one part lower than
 
the rest, so that water can be more
 
easily siphoned or bailed out when the
 
cistern isbeing cleaned. You can do
 
this by scraping the bottom to the
 
proper contour. Do not use fill dirt
 
under the cistern because this may
 
cause the cistern tc settle unevenly
 
and crack. A screened drain pipe and
 
valve will make cleaning ecsier.
 

An overflow pipe is not needed ifa

roof-cleaning butterfly valve ispro
perly used. Ifthe overflow is in
stalled, be sure to cover the outlet
 
carefully with copper window screen.
 
A screened vent isnecessary ifthere
 
is no overflow, to allow displaced
 
air to leave the cistern. The hand
 
pump must be securely mounted to bolts
 
cast into the concreLe cistern cover.
 
The flanged base of the pump should be
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solid, with no holes for contamination 

to enter, and sealed to the pump cover, 

or the drop pipe must be sealed in 

'th concrete and asphalt sealing com-


pound. 


A small pipe with a screwed-on cap

isneeded through which to measure the 

water inthe cistern and to add chlor-

ine solution after each rainfall. The 

amount of water in the cistern is meas-
ured with a stick marked in thousands 

of liters (or thousands of gallons).

To disinfect Gfter each rainfall, add 

a 5 parts per million dosage of chlo-

rine (see section on "Chloriration"). 


A newly built or repaired cistern 

should always be disinfected with a 

50 parts per million chlorine solu-

tion. The cistern walls and the fil-

ter should be thoroughly washed with 

this strong solution and then rinsed, 

A small-pressure system can be disin-

fected readily by pumping this strong 

solution throughout the system and 

letting itstand overnight.
 

Catchment Area 


A catchment area of the proper size
 
is a necessary part of a cistern water 

supply. Rainwater for a cistern can 

be collected from the roof of a house.
 
The method given here for estimating

catchment size should be checke: 

against the actual size of nearby catch
ment installations. 


Tools and Materials 


Galvanized iron roof or equivalent 


Trough collectors 


Downspout 


The catchment or collecting area 

should be a smooth, watertight mate-

rial, like a galvanized sheet-metal 

roof. Wood or thatch roofs may taint 

the water and retain dust, dirt and 

leaves; water from these roofs con-

tains more organic matter and bacteria 


than water from smooth surfaces.
 
Stone, concrete and plastic film
 
catclhments are sometimes built on the
 
ground. For family use, roofs are
 
usually best because humans and
 
animals cannot contaminate them.
 

To estimate your required catchment
 
area, estimate the minimum yearly rain
fall and the amount of water required
 
by the family during one year. Some
times, the government meteorological
 
section can give you the minimum rain
fall expected. If they cannot, esti
nate the minimum rainfall at two-thirds
 
of the yearly average. Take the aver
age amount of water needed by the fam
ily for one day and multiply itby
 
365 to learn how much is needed for
 
one year. Then use the chart to find
 
how much roofspace is needed (Figure
 
2). Add 10 percent to the area given
 
by the chart to allow for water lost
 
by evaporation and by discarding
 
watpr at the beqinning of each rainfall.
 
Example:
 

Suppose you have an average rainfall
 
of 75cm a year and a family needs'135
 
liters a day, then:
 

2/3 x 75 = minimum annual rainfall
 
of 50cm
 

365 x 135 liters/day = 49,275 liters
 
a year.
 

Round this figure off to 50,000 liters
 
a year. The example worked out on the
 
chart shows that a catchment area of
 
about 115 square meters isneeded. Add
 
10 percent to this area to allow for
 
water loss, giving a total required
 
catchment area of about 126.5 square
 
meters.
 
A collecting trough and downspout are
 

needed. Be sure there is a good
 
pitch to the trough so that the water
 
flows freely and does not hold small
 
puddles that can breed yellow-fever
 
mosquitos and other Insects. Troughs

and downspouts need periodic inspection

and cleaning. Ifyou extend the trough,

it increases the catchment area.
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Cistern 	Filter
 

The sand filter described here will
 
remove most organic matter from water 

but itwill not produce safe drinking
 
water by removing all harmful bacteria. 

Water collected in the cistern tank
 
should be chlorinated after each rain
fall. 

Tools and Materials 


Tools and materials for making re-
inforced 	concrete 

Screen 


Fine, clean sand 


Graded gravel 


Asphalt 	sealing compound
 

A catchment area always collects
 
leaves, bird droppings, road dust and
 
insects. A cistern filter removes as 

much of 	this material as possible be-

fore the 	water enters the cistern. 


The sand filter isusually built at 
ground level and the filtered water 
runs into the cistern, which is mostly 
underground. The largest pieces, such 
as leaves, are caught inthe splash 

plate. The splash plate also distri

the filter, so that the water does not 
make holes in the sand. A piece of 
window screen forms the splash plate. 

Ifa filter ismade too small to
 
handle the normal rush of water from 
rainstorms, the water will overflo., 
the filter or dig a channel in the 

sand, ruining the filter. The filter 

area should not be less than one-tenth 

of the catchment area. A typical

filter would be 122oa x 122ai (4'x 

4') for a gamily-sized unit where
 
rainfall Intensity is average.
 

About every 6 months, remove the
 
manhole cover dnd clean the filter.
 
Remove all matter from the splash
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plate and scrape off and remove the 

top 1.25cm (1/2") of sand. When the
 
sand is down to 30cm (12") indepth, 

rebuild itwith clean sand to the 

jricinal depth of 46cm (18").
 

The first runcff from the roof, 

which usually contains a great deal 

of leaves and dirt, should be dis-

carded. The simplest way to do this
 
isto have a butterfly valve (like a 

damper in a stovepipe) inthe down-

spout (see Figure 3). After the rain 

has washed the roof, the valve is 

turned to let the runoff water enter
 
the filter. A semi-automati' filter
 
isshown inFigure 4.
 

Inbuilding the filter, it is im
portant to use properly-sized sand
 
and gravel and to make sure the filter
 
can be cleaned easily. The filter
 
must have a screened overflow.
 

Sources:
 

Cisterns, State of Illinois, Department
 
of Public Health, Circular No. 833.
 

Manual of Individual Water Supply

Systems, U.S. Department of Health,
 
Education and Welfare, Public Health
 
Service Publication No. 24.
 

Water Supply for Rural Areas and Small
 
Comunities, by Edmund G. Wagner and
 
J. N.Lanoix, World Health Organization,
 
Geneva, 1959.
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SELECTING A DAM SITE
 

A water reservoir can be formed by

building a dam across a ravine. 
 The 

preliminary evaluation described here

will help to determine whether or not 

a particular site will be good for
building a dam. Ifthe information 

collected in this investigation shows 

that the site has good possibilities,

consult an expert before starting to 

build. 


Materials 


Maps 


Rainfall data
 

Building a dam takes time, labor,

materials and money. Furthermore, if 

a dam which holds more than a few acre-

feet of water breaks, a great deal of

damage could be caused. Therefore it 

isimportant to choose a 
dam site carefully, to guard against dam collapse,

and to avoid excessive silting, porous

soil, polluted water and lack of water 

because of a small catchment area. 


One acre-foot of water equals 1 foot 

of water covering an acre uf land (30cm

of water covering 0.4 hectares). One

acre-foot equals 1233.49 cubic meters. 


Six factors are important in site 

selection: 


1. Enough water to fill the reservoir, 


2. Maximum water storage with the 

smallest dam. 


3. A sound, leakproof foundation for 

the reservoir, 


4. Reasonable freedom from pollution.
 

5. A storage site close to users, 


6. Available materials for construction, 


The annual rainfall and type of

catchment (or natural drainage) area 
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will determine the amount of water
 
which the reservoir will collect.
 

Ca'chment Area
 

A catchment area with steep slopes

and rocky surfaces isvery good. If
 
the catchment area has porous soil on
 
a leak-proof rock base, springs will
 
develop and will carry water to the
 
reservoir, but more slowly than rocky

slopes. Trees with small leaves, such
 
as conifers, will act as windbreakers
 
and reduce loss of water from evapo
ration.
 

Swamps, heavy vegetation, permeable

ground and slight slopes will decrease
 
the yield of water from a catchment
 
area.
 

Rainfall
 

The average catchment area will, in
 
a year, drain 5 acre-feet (6167.45 cu
bic meters) into a reservoir for every

inch (2.5cm) of arnual rainfall fall
ing on a square mile (2.59 square kilometers); that is,about 10 percent of
 
the rainfall.
 

Location
 

The best location for building a dam
 
iswhere a broad valley narrows with
 
steep sides and a firm base on which
 
to build the dam (see Figure 1).
 
Ground which contains large boulders,

weathered or fissured bedrock, allu
vial sands or porous rock isnot good.
 
The best bases for building a dam are
granite or basalt layers at or near
 
the surface or a considerable depth'

of silty o- sandy clay.
 

Location of a dam upstream from its
point of use can lower pollution and
 
may allow for gravity feed of the
water to its point of use.
 

It isbest ifstone is nearby when

building a masonry dam. 
When building
 



GOOD 

p-


Granite or basalt base
 
for dam site
 

F/6U~ef / 

an earthen dam, rock will still be re- Careful selection of the dam site
 
quired for the spillway. The best will save labor and material costs
 
soils to use for earth dams contain and help insure a strong dam.
 
clay with some silt or sand. There
 
should be enough of this soil close Source:
 
to the dam site for building the
 
entire dam of reasonably uniform mate- Water Supply for Rural Areas and Small
 
rial. Communities, by E. G. Wagner and J. N.
 

Lanoix, World Health Organization,
 
Geneva, 1959.
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RECIPROCATING WIRE POWER TRANSMISSION
 
FOR SMALL WATER WHEELS
 

A reciprocating wire can transmit Tools and Materials
 
power from a water wheel to a point
 
up to O.8km (1/2 mile) away where it Wire - galvanized smooth fece wire
 
is usually used to pump well water.
 
These devices have been used for many Water wheel with eccentric crank to
 
years by the Amish pecple of Pennsyl- give a motion slightly less than
 
vania. Ifthey are pruperly in- largest stroke of farmyard pump
 
stalled, they give long, trouble
free service. Galvanized pipe for triangle frames:
 

2cm (3/4") by 10 meters long (32.8')
 
The Amish people use this nethod to
 

trarsmit mechanical power from small Welding or brazing equipment to make
 
water wheels to the barnyard, where the frames
 
reciprocating motion is used to pump
 
well 'later for home and farm use. Concrete for counterweight
 
The waLer wheel is typically a small
 
undershot wheel (with the water flow- 2 Poles: 12 to 25cm (6"to 10") in
 
ing under the wheel) one or two feet diameter
 
indiameter. The wheel shaft is
 
fitted with a crank, which is attached As the water wheel turns, the crank
 
to a triangular frame which pivots on tips the triangular frame back and
 
a pole (ste Figure 2). A wire is forth. This action pulls the wire back
 
used to connect this frame to another and forth. One typical complete back
 
identical unit located over the well. and forth cycle, takes 3 zo 5 seconds.
 
Counterweights keep tne wire tight. Sometimes power for several transmission
 

wires comes from one larger water wheel.
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Turns can be made inorder to follow 
hedgerows by mounting a small triangu
lar frame horizontally at the top of 
a pole as shown in Figure 4. 

HEAVY 
NAIL 

Water Wheel 

Figures 5,6 and 7 show how to build 
and install a small water wheel made 
from wood and bamboo. 

Source: 

New Holland, Pennsylvania VITA Chapter. 

~1OR 2M 

Jr/(9tR' 3 . POWER WIRE 

STEEL ROD OR PIPESUNK INTO POLE 

PIPE FRAME WELDED 

The wire is mounted up on poles to 
keep itoverhead and out of the way. 
If the distance from stream to court
yard isfar, extra poles will be 
needed to help support the wire. 
Amish folks use a loop of wire covered 
with a small piece of garden hose 
attached to the top of the pole. The 
reciprocating wire slides back and 
forth through this loop. Ifthis is 
not possible, try making the pole 1-2 
meters higher than the power wire. 
Drive a heavy nail near the pole top
and attach a chain or wire from itto 
the power iire as shown in Figure 3. 

' 

.. POLE 

FIG. 4 
DEVICE FOR 

TURNING CORNERS 
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Water Purification 

Thr purification ot unsafe water re-
quirc. sne trained sulrvision if it 
isto 'Lie done effectiveil. Suc!' super-
vision is rarely availab'e in 1tne vil-

lages and the procedure tL:.ds .o be
 
neglected sooner or later. , der 

these circumstances every effort must 

be made to obtain a source that pro
vides a naturally wholesome water and 

then to collect that water and protect 


at
aainst piiution-by the methods 

already descvibed. fhus, the neces
sity for treaunent of the water may

be avoided, and the practical impor-

tance of managing this can hardly be 

over-emphasized, 


Water treatment under rural condi-

tions should be restricted by the re-

sponsible control agency to cases where 

such treatment is necessary and where 

proper plant operation and maintenance 

isassured, 


If the water needs treatment, this 

should, if at all possible, be done 

for the whole community and certainly

before, or on entry to '.,e dwelling 

so that the water from all the taps 

inthe house is safe. The practice, 

common inthe Tropics, of sterilizing 

(by filtration and boiling) only the 

water to be used for drinking, teeth-

cleaning, etc., though efficient in 

itself (when carefully done) is 

frequently nullified by carelessness. 

Furthermore, children are likely to 

use water from any tap. Contrary 

to an all too common opinion, ordi
nary freezing of water, though itmay

retard the multiplication of bacteria, 

does not kill them, and ice from a 

household refrigeretr is no safer 

than the water from which itwas made. 


The principal methods of purifying 

water on a small scale are, boiling, 


chemical disinfection and filtration.
 
These methods may be used singly or
 
in combioation, but ifmore than
 
filtration isneeded the boiling or
 
chemical disinfection should be done
 
last.
 

The entries which follow this gen
eral introduction are:
 

Boiler for Drinking Water, Chlori
nation of Polluted Water, Water Purifi
cation Plant and Sand Filter.
 

ppjjjn is the most satisfactory way

ofdestroying disease-producing organ
isms inwater. It isequally effective
 
whether the water isclear or cloudy,
 
whether itis relatively pure or heav
ily contaminated with organic matter.
 
Boiling destroys all forms of disease
producing organisms usually encounter-

Ed inwater, whether they be bacteria,
 
viruses, spores, cysts or ova. To be
 
safe the water must be brought to a
 
good "rolling" boil (not just simmer
ing) and kept there for some minutes.
 
Boiling drives out the gases dis
solved in the water and gives it a
 
flat taste, but if the water is left
 
for a few hours in a partly filled
 
container, even though the mouth of
 
the container iscovered, itwill ab
sorb air and lose its flat, boiled
 
taste. It iswise to store the water
 
in the vessel inwhich itwas boiled.
 
Avoid pouring the water from one
 
receptacle to another with the object

of aerating or cooling it as that in
troduces a risk of re-contamination.
 

Chlorine isa good disinfectant for
 
drTiiwater as it iseffective
 
against the bacteria associated with
 
water-borne disease. In its usual
 
doses, however, it is ineffective
 
against the cysts of amoebic dysentery,
 
ova of worms, cercariae which cause
 
schistosomiasis and organisms embedded
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insolid particles, 


Chlorine iseasiest to apply in the 

form of a solution and a useful solu
tion isone which contains 1 percent 

available chlorine, for example,
 
Milton Antiseptic. Dakin's solution 

contains 0.5 percent available chlorine, 

and bleaching powder holds 25 percent to
 
30 percent available chlorine. About 

37cc (21/2 tablespoons) of bleaching

powder dissolved in0.95 liter (I 

quart) of water will give a 1 percent 

chlorine solution. To chlorinate the 

water, add 3 drops of 1 percent solu-

tion to each 0.95 liter (Iquart) of 

water to be treated (2tablespoonfuls
 
to 32 Imperial gallons), mix thoroughly 

and allow itto stand for 20 minutes or 

longer before using the water. 


Chlorine may be obtained intablet 
form as "Sterotabs" (formerly known 
as "Halazone"), "Chlor..dechlor" and 
"Hydrochlorazone," which are obtain
able on the market. Directions for 
use are on the packages. 

Iodine i!,a good disinfecting agent.
 
Twoirs ef the ordinary tincture of
 
iodine are sufficient to treat 0.95
 
liter (1quart) of water. Water that
 
iscloudy or muddy, or water that has
 
a noticeable color even when clear,
 
isnot suitable for disinfection by

iodine. Filtering may render the water
 
fit for treatment with iodine. If the
 
water isheavily polluted, the dose
 
should be doubled. Though the higher
 
dosage isharmless itwill give the
 
water a medicinal taste. To remove
 
any medicinal taste add 7 percent
 
solution of sodium thiosulphate ina
 
quantity equal to the amount of iodine
 
added.
 

Iodine compounds for the disinfection
 
of water have been put into tablet form, 
for example, "Potable Aqua Tablets,"
 
"Globaline" and "Individual Water Puri
fication Tablets"; full directions for
 
use are given on the packages. These
 
tablets are among the most useful dis
infection devices developed to date
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and they are effective against moeba
 
cysts, cercariae, leptospira and some
 
of the viruses.
 

Source:
 

Small Water Supplies, Bulletin No. 10,
 
The ROSS institute, London, 1967.
 

Other Useful References:
 

Manual of Individual Water Supply
 
ystems, Public Health Service Pub
lication No. 24, U.S. Department of
 
Health, Education and Welfare,
 
Washington, D.C. Revised 1962.
 

Water Supply for Rural Areas and
 
Small Communities, by Edmund G.
 
Wagner and J. N. Lanoix, World
 
Health Organizations, Geneva, 1959.
 



BOILER FOR DRIN(ING WATER
 

The boiler described here will pro-

vide safe preparation and storage of

drinking water inareas where pure

water is not available and boiling is 

practical. When the unit has been

used inwork camps inMexico, a 208-

liter (55-gallon) drum has supplied

20 persons with water for a week.
 

Tools and Materials 


208-liter (55-gallon) drum 


lgimm (3/4") pipe nipple, 5cm (2") long
 

Bricks for two 30cm (1') layers to 

support drum 


Sand and 1 sack of cement for mortar 

and base of fireplace 


Large fuinel and filter medium for 

filling drum
 

Metal plate to control draft infront 

of fireplace
 

19nm (3/4") valve, prefera~ly all metal,

such as a gate valve, which can with-

stand heat
 

The fireplace for this unit (see Fig
ure 2) issimple. Itshould be ori
ented so that the prevailing wind or
 
draft goes between the bricks from the
 
front to the back of the drum. A

chimney can be provided, but itis not
 
necessary.
 

When filling the drum, do not fill
 
it completely, but leave an air space

at the top as shown in Figure 1. Re
place the funnel with a filler plug,

but leave the plug completely loose.
 

Water must boil at least 15 minutes
with steam escaping around the loose
 
filler plug. i.ke sure that the
 
water inthe pipe nipple and valve
reach boiling temperature by letting
about 2 liters (2quarts) of water out 
through the valve while the drm is
 at full boil.
 

Source:
 

Chris Ahrens, VITA Volunteer, Housing

Specialist, Eastern Kentucky Housing

Development Corporation, Inc.
 

F-25
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CHLORINATION FOR POLLUTED WATER AND SUPER-CHLORINATION
 
OF WELLS, SPRING ENCASEMENTS AND CISTERNS
 

Chlorination, when properly applied,

isa simple way to insure and protect

the purity of water. Guidelines given 

here include tables to give a rough

indication of the amounts of chlorine-

bearing chemical needed. Instructions 

are also given for super-chlorination
 
for disinfecting newl./ built or re-

paired wells, spring encasements or 

cisterns. Chlorine-bearing compounds 

are used because pure chlorine is 

difficult and dangerous to use. 


The amounts of chlorine suggested

here will normally make water reason-

ably safe. A water-tretment system

should be checked by an 3xpert. In 

fact, the water should bc tested peri-

odically to make sure that itremains
 
safe. Otherwise, the system itself 

could become a source of disease. 


Tools and Materials 


Container to mix chlorine 


Chlorine insome form 


Scale to weigh additive 


The safest way to treat water for 

drinking isto boil it (see "Boiler 

for Drinking Water"). However, under 

controlled conditions, chlorination 

is a safe method; it is often more 

convenient and practical than boiling, 

Proper treatment of water with chlorine 

requires some knowledge of the process

and its effects. 


When chlorine isadded to water, it 

attacks and combines with any suspended 

organic matter as well as some minerals 

such as iron. There isalways a certain 

amount of dead organic matter inwater, 

as well as live bacteria, virus and
 
perhaps other types of life. Enough 

chlorine must be added to oxidize all 

of the organic matter, dead or alive, 

and to leave some excess uncombined, 


or "free" chlorine. This residual free
 
chlorine prevents recontamination.
 
Residual chlorine inwater isnot harm
ful, because water which contains a
 
harmful amount of chlorine is extremely
 
distasteful.
 

Some organisms are more resistant to
 
chlorine than others. Two particularly
 
resistant varieties are amoebic cysts
 
(which cause amoebic dysentery) and the
 
cercariae of schistosomes (which cause
 
bilharziasis or schistosomiasis). These,
 
among others, require much higher levels
 
of residual free chlorine and longer
 
contact periods than usual to be safe.
 
Often special techniques are used to
 
combat these and other specific diseases.
 

Italways takes time for chlorine to
 
work. Be sure that water is thoroughly
 
mixed with an adequate dose of the
 
dissolved chemical, and that itstands
 
for at least 30 minutes before consump
tion.
 

Polluted water which contains large
 
quantities of organic matter, or cloudy

water, isnot suitable for chlorination.
 
Itisbest, and safest to choose the
 
clearest water available. A settling
 
tank, and simple filtration can help
 
reduce the amount of suspended matter,
 
especially particles large enough to
 
see. Filtration that can be depended
 
upon to remove all of the amoebic cysts,
 
schistosomes, and other parthogens

normally requires professionals to set
 
up and operate.
 

NEVER depend on home-made tilters
 
alone to provide drinking water. How
ever, a home-made slow sand filter is
 
an excellent way to prepare water for
 
chlorination.
 

Depending on the water to be treated,
 
varying amounts of chlorine are needed
 
for adequate protection. The best way
 
to control the process is to measure
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Water Condition Initial Chlorine Dose inParts Per Million(ppm)
 

No hard-to-kill 

organisms suspected, 


Very Clear, few 5 ppm 

minerals, 


A coin in the bottom 

of 1/4 - liter (8 

ounce) glass of the 10 ppm 

water looks hazy. 


Hard-to-kill organisms
 
present or suspected.
 

Get expert advice; in
 
an emergency boil and
 
cool water first, then
 
use 5 ppm to help pre
vent recontamination.
 
Ifboiling is impos
sible, use 10 ppm.
 

Get expert advice; in
 
an emergency boil and
 
cool first. Ifboil
ing isimpossible use
 
15 ppm.
 

Figure 3. Initial chlorine dose to safeguard drinking water supply.
 
Parts per million (ppm) is the number of parts by weight of chlorine
 
to a million parts by weight of water. It is equivalent to milli
grams per liter.
 

Figure 4 - Amounts of chlorine compound to add to drinking water
 

Chlorine 
Percent by 
Weight Active 

Quantity to add to 1000 
U.S. gallons of water 

Quantity to add 
to 1000 liters to 

Compound Chlorine required strength get required strength 

5 PPM 10 PPM 15 PPM 5 PPM 10 PPM 15 PPM 

High test Calcium
 
Hlypochlorite Ca(OCl) 2 70% 1 oz 2 oz 3 oz 8 gms 15 gms 23 gms
 

Chlorinated Lime 25% 2 1/2 oz 5 oz 7 1/2 oz 20 gms 40 gms 60 gms
 

Sodium hypochlorite
 
NaOCl 14% 5 oz 1O oz 15 oz 38 gms 75 gms ll3 gms
 

Sodium hypochlorite 10% 7 oz 13 oz 20 oz 48 gms 95 gms 143 gms
 

Bleach - A Solution usually
 
of Chlorine inwater 5.25% 13 oz 26 oz 39 oz 95 gms 190 gms 285 gms
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Application Recommended Dose Procedure
 

New or repaired well 50 ppm 

Spring encasements 50 ppm 

Cisterns 100 ppm 

1. Wash casing, pump exteri
or and drip pipe with
 
solution.
 

2. Add dosage to water in
 
well.
 

3. Pump until water coming
 
from pump has strong
 
chlorine odor (for deep
 
wells, repeat this a
 
few times at 1 hour in
tervals).
 

4. Leave solution inwell
 
at least 24 hours.
 

5. Flush all chlorine from
 
well.
 

Same as above.
 

1. Flush with water to re
move any sediment.
 

2. Fill with dosage.
 

3. Let stind for 24 hours.
 

4. Test for residual chlo
rine. If there isnone,
 
repeat dosage.
 

5. Flush system with
 
treated water.
 

Figure 5. Recommended doses for super-chlorination. To find the
 
correct amounts of chlorine compound needed for the required dosage,
 
multiply the amounts given under lOppm in Figure 4 or 5 to get 50ppm
 
and by 10 to get lOOppm.
 

the amount of free chlorine in the 

water after the 30 minute holding peri-

od. A simple chemical test which uses 

a special organic indicator called 

orthotolidine can be used. Orthotoli-

dine testing kits available on the 

market come with instructions od their 

use. 


When these kits are not available,
 
the chart in Figure 3 can be used as
 
a rough guide to how strong a chlorine
 
solution isnecessary. The strength
 
of the solution ismeasured inparts
 
by weight of active chlorine per million
 
parts by weight of water, or "parts per
 
million" (ppm).
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The chart inFigure 4 gives the er. Inthis case, with an 8000-gallon

amoLnt of chlorine-compound to add 
 tank, try to add the bleach to sev
to 1300 liters or to 1000 gallons of eral different locations inthe tank
 
water to get the solutions recommended to make the mixing easier. After
 
inFigure 3. mixing, test the water by sampling
 

different locations, if possible.

Usually it isconvenient to make up a Check the corners of tank especially.


solution of 500 ppm strength which
 
can then be further diluted to give Example 2:
 
the chlorine concentration needed.
 
The 500 ppm solution must be stored A new cistern has been built to

in a sealed container ina cool dark 
 hold water between rainstorms. On its
 
place, and should be used as quickly initial filling it is to be super
as possible since it does lose strength. chlorinated. How much chlorinated
 
Modern chlorination plants used bottled 
 lime should be added? The cistern is
 
chlorine gas, but this can only be used 2 meters indiameter and 3 meters high.

with expensive machinery by trained
 
experts. Solutiorn:
 

Super-chlorination 
 First calculate the volume ot water.
 
For a cylinder, Volume is D- H (D


Super-chlorination means applying a 

dose of chlorine which ismuch stronger isdiameter, H is height and 

4
llis 3.14.)


=
than the dosage needed to disinfect Here D 2 meters H = 3 meters.
 
water. Itisused to disinfect new
 
or repaired wells, spring encasements V = 3.14 x (2 meters)x (2meters)

and cisterns. The chart inFigure 5
 
gives recommended doses. x (3meters)
 

Example 1: V 9.42 cubic meters
= = 9,420 liters.
 
(Each cubic meter contains 1000 liters.)


A water-holding tank contains 8000 
 From Figure 5 we learn that a cistern
 
U.S. gallons. The water comes from should be super-chlorinated with 100
 
a rapidly moving mountain stream and ppm of chlorine. From Figure 4,we
 
is passed through a sand filter before learn that ittakes 40 grams of
 
storage. How much bleach should be chlorinated lime to bring 1000 liters
 
added to make this water drinkable? of water to 10 ppm Cl. To bring it to

How long should the water be mixed 100 ppm, then, will require ten times
 
after adding? this amount, or 400 grams.
 
Solution: 400 grams
 

thousand liters x 9.42 thousand liters = 
Inthis case 5 ppm are probably suf

ficient to safeguard the water (from 3758 grams.

Figure 3.) To do this with bleach
 
requires 13 ounces per 1000 gallons.

Therefore the weight of bleach to be
 
added is 13 x 8 or 104 ounces.
 

Suurce:
 
Always mix thoroughly, for at least
 

a half hour. A good rule of thumb is Environmental Sanitation, by J. S.
 
to mix until you are certain that the Salvato, John Wiley TSons, Inc.,

chemical is completely dissolved and New York, 1958.
 
distributed and then ten minutes long- Field Water Supply, TM 5-700.
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WATER PURIFICATION PLANT
 

The water purification plant described 

here uses laundry bleach as source of
a 

chlorine. 
Although this manually-oper-

ated plant isnot as reliable as a

modern water system, itwill provide

safe drinking water ifit isoperated

according to instructions.
 

Many factors in this system require

operating experience. When starting

to use the system, itissafest to have

the assistance of an engineer experi-

enced inwater supplies. 


Tools and Materials 


3 	Barrels, concrete tanks or 208 liter 

(55-gallon drums)
 

20cm (8") funnel, or sheet metal to
 
make a funnel 


2 Tanks, about 20 liters (5gallons)

insize 


4 Shut-off valves 


Throttle or needle valve (clamps can be

used instead of valves if hose is 

used) 


Pipe or hose with fittings
 

Hypochlorite of lime or sodium hypo-

chlorite (laundry bleach) 


The water purification plant ismade 

as in Figure 6. The two at the top of

the structure are for diluting the 

bleach. 
 (The system can be simplified

by eliminating the concentrate tank;
the bleach is then added directly to 

the mixing tank.) 


The two smaller tanks on the shelf 

below are for holding equal amounts
of diluted bleach solution and water 

at a constant pressure; this makes the 

solution and the water flow at the 

same speed into the hoses which lead
to the mixing point. The mix, which 


can be seen through the open funnel, is

further controlled by the valves. 
 If a

needle or throttle valve isnot avail
able a throttle action can be obtained
 
by installing another shut-off valve in
 
series with Valve #4.
 

Placing the two barrels at a height

of less than 1.8 meters (6') above the

float valve causes a pressure of less
 
than 0.35kg per square centimeter (5

pounds per square inch). Thus, the

plumbing does not have to be of high

quality except for Valve #1 and the
float valve of the water hold-up tank,
 
ifthe water supply isunder higher
pressure.
 

A trial and error process is necessary
 
to learn how much concentrate should be
put in the concentrate tank, how much
 
concentrate should flow into the mixing
 
tank and how much solution should be
allowed past the funnel. A suggested
 
starting mixture is 1/4 liter (1/2 pint)
of concentrated bleach for a 
mix tank

capacity of 190 liters (50 gallons) to
 
treat 1900 liters (500 gallons) of
 
water.
 

The water inthe distribution tank
should have a noticeable chlorine taste.
 
The amount of bleach solution required
 
depends on how dirty the water is.
 
1. Mix concentrated bleach with water
 

in the concentrate tank with all
 
valves closed. The mixing tank
 
should be empty.
 

2. Fill the pipe from the mixing tank
 
to the solution tank with water
 
after having propped the float valve
ina closed position.
 

3. Let a trial amount of concentrate
 
flow into the mixing tank by open
ing Valve #2.
 

4. Use a measuring stick to see how
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much concentrate was used. 


5. Close Valve #2and open Valve #1 so 

that untreated water enters the mix
ing tank. 


6. 	Close Valve #1 and mix solution in 

the mixing tank with a stick.
 

7. 	Remove the prop from the float valve
 
of the solution tank so that it will 

operate properly, 


8. 	Open wide the needle valve and Valve 
#4 to clean the system. Let 4 
liters (L gallon) drain through thk 
system. (Steps 2, 7 and 8 can bt 
omitted after the first charging of 
the system, if the pipe mentioned 

inthe second step is not permitted
 
to empty before recharging tolemix
ing tank.)
 

9. 	Close down the needle valve until
 
only a stream of drops enters the
 
funnel.
 

10. 	Open Valve #3.
 

The flow into the funnel Lind the taste
 
of the water in the distribution tank
 
should be checked regularly to insure
 
proper treatment.
 

Source:
 

Chris Ahrens, VITA Volunteer, Eastern
 
Kentucky Housing Development Corporation,
 
Inc. 
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SAND FILTER
 

Surface water from streams, ponds or 

open wells isvery likely to be con- 

taminated with leaves and other organic 

matter. A gravity sand filter can re-

move most of this suspended organic 

material, but itwill always let virus 

and some bacteria pass through. For 

this reason, it is necessary to boil or 

chlorinate water after ithas been 

filtered.
 

Although sand filtration does not make 

polluted water safe for drink-ing, a 
sand filter which is properly built and 

maintained will prepare water for boil-

ing or chlorination. Sand filters must 

be cleaned periodically, 


The household sand filter described 

here should deliver 1 liter (1quart) 

per minute of clear water, ready for
 
boiling or chlorinating. 


Tools and Materials 


Steel drmn: at least 60cm wide by 75cm 

(2' x 29 1/2") 


Sheet metal, for cover: 75cm (29 1/2") 

square
 

Wood: 5cm x 10cm (2" x 4"), 3 meters
 
(9.8') long 


Sand: 0.2 cubic meter (7cubic feet) 


Gravel
 

Blocks and nails 


Pipe, to attach to water supply 


Optional: valve and asphalt roofing 

compound to treat drum
 

The gravity sand filter isthe easi-

est type of sand filter to understand 

and set up. The gravity filter uses
 
sand to strain suspended matter from 

the water, although this does not al-

ways stop small particles or bacteria, 


Over a period of time, a biological 
growth forms in the top 7.5cm ?3") 
of sand. This film increases the 
filtering action. Itslows the flow 
of water through the sand, but it 
traps more particles and up to 95 
percent of the bacteria. The water 
level must always be kept above the 
sand to protect this film. 

Sand filters can get partially
 
clogged with organic matter; under
 
some conditions this can cause bac
terial growth inthe filter. Ifthe
 
sand filter is not operated and main
tained correctly, itcan actually add
 
bacteria to the water.
 

By removing most of the organic
 
matter, the filter:
 

1. Removes larger worm eggs, cysts,
 
and cercariae, which are difficult
 
to kill with chlorine.
 

2. Allows the use of smaller and
 
fixed doses of chlorine for disin
fection, which results indrinkable
 
water with less taste of chlorine.
 

3. Makes the water look cleaner.
 

4. Reduces the amount of organic
 
matter, including living organisms
 
and their food, and the possibility
 
of recontamination of the water.
 

The drum for the sand filter shown
 
inFigure 7 should be of heavy steel.
 
Itcan be coated with asphalt materi
al to make itlast longer. The 2mm
 
(3/32") hole at the bottom regulates
 
the flow: itmust not be made larger.
 

The sand used should be fine enough
 
to pass through a window screen. It
 
should also be clean; it is best to
 
wash it.
 

The following points are very impor
tant inmaking sure that a sand filter
 
operates properly:
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I. Keep a continuous flow of water 

passing through the filter. Do
 
not let the sand dry out, because 

this will destroy the microorganisms 

which form a film on the surface 

layer of sand. The best way to in-

sure a continuing flow isto set
 
the intake so that there is always
 
a small overflow.
 

2. Screen the intake and provide a
 
settling basin to remove as many
 
particles as possible before the
 
water goes into the filter. This
 
will keep the pipes from becoming
 
plugged and stopping the flow of
 
water. Itwill also help the
 
filter to operate for longer periods
 
between cleanings.
 

3. Never let the filter run faster than
 
3.6 liters per square meter per min
ute (4gallons per square foot per
 
hour) because a faster flow will
 
make the filter less efficient by
 
keeping the biological film from
 
building up at the top of the sand.
 

4. Keep the filter covered so that it
 
isperfectly dark to prevent the
 
growth of green algae on the sur
face of the sand. But let air
 
circulate above the sand to help
 
the growth of the biological film.
 

5. When the flow becomes too slow to
 
fill daily needs, clean the filter:
 
Scrape off and discard the top
 
1/2cm (1/4") of sand and rake or
 
scratch the surface lightly.
 

After several cleanings, the sand
 
should be raised to its original height
 
by adding clean sand. Before doing
 
this, scrape the sand in the filter
 
down to a clean level. The filter
 
should not be cleaned more often than
 
once every several weeks or even months,
 
because the biological growth at the
 
top of the sand makes the filter more
 
efficient.
 

Source:
 

Water Supply for Rural Areas and Small
 
Communities, by Edmund G. Wagner and
 
J. N.Lanoix, World Health Organiza
tion, Geneva, 1959.
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the 16mm (5/8") dimension (which ex
tends most of the length of the center
 
piece) will permit a 6mm (1!4") bolt 
to pass through. The blunt end of
 
the center piece has been inserted
 
up through the opening formed by the 
two plates and the two side rails:
 
a 6rmm (1/4") bolt may be passed through
 
the hole inone side rail, through the
 
slot inthe center piece and then
 
through the 6mm (1/4") hole in the
 
other side rail; the wing nut isthen
 
put on. See Figure 4.
 

"
I1 /A
 

5IC' 

. 

TWE5sE MG/17 ISCM

"
 

BE MADE O
 
MrETAL ABOUT
 

W"E ,IMkC65
 
OF r14 7r -RoAy

OLD UA IRRSZS ..
 
PU00,V W/,',W
 
W4OOD Sc.9.irIV
 

ZZ CAI 

ISLOT'
 
I.16MM
 

454 

TRIP00 LEG 

138
 



CONSTRUCTION OF A PLANE TABLE FOR MAP
 
MAKING
 

The plane table described here can
 
be used for mapping villages, roads,
 
trenches and fields. This type of
 
plane table has been widely used by
 
professional surveyors.
 

Tools and Materials
 

Some boards of soft wood, about
 
1858 square centimeters (2.qquare feet)
 
approximately 2.5cm (1") thick
 

Some boards of a fairly strong wood,
 
l9mm (3/4") to 2.5cn (1") thick, and
 
at least im (3') liong
 

7 	bolts, 6mm (1/4") indiameter and
 
5cm (2") long
 

Nuts for each of the bolts, preferably
 
wing nuts, and washers
 

Saw
 

Drill and 6mm (1/4") bit
 

Drawing Surface
 

From the soft wood, make a flat draw-

ing surface. The one shown in Figure 1 

is 40.5cm x 53.5cm (16" x 21") but any 

dimension of this general size-range 

is satisfactory. The surface should 

be sanded smooth and should be soft 

enough to permit easy use of thumb
 
tacks and pins. 


Pivot 


To allow the table to be rotated 

on the tripod, a pivot is required. 

Inthe illustration, two 15cm (6") 

circles of 2.5cm (1") wood were cut.
 
A 6mm (1/4") hole was drilled in the 

center of each circular block and one 

of the 6mm (1/4") bolts used as an 

axis. The head of the bolt was coun er 

sunk so that a flush surface was avail-

able for nailing or screwing the upper 

block to the under side of the drawing 

board. This block should be centered. 


Tripod Legs
 

The tripod legs are extendable, As
 
Figures 2 and 3 show, each leg has two
 
side rails, lOmm x 9imm x 81.3cm
 
(3/8" x 3/4" x 32"), and a slotted
 
center piece, 2.5cm x l6mm x 71.1cm
 
(" x 5/8" x 28"), which has been pointed
 
at one end.
 

The legs are now assembled as follows:
 
One end of two side rails is rounded
 
inthe l9mm (3/4") direction and a 6mm
 
(1/4") hole isdrilled 13mm (1/2") in
 
from that end. A 6mm (1/4") hole is
 
also drilled 15cm (6") from the other
 
end.
 

Two wooden plates, lOmm x 4.5cm x
 
12.7cm (3/8" x 1 3/4" x 5") are nailed
 
one on each side of the pair of side
 
rails at the unrounded end. See Fig
ure 3. This plate should space the
 
side rails, such that the center piece
 
may move ,easonably freely but not be
 
loose. The 6mm (1/4") wide slot in
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In order to affix the two side
 
rails to the lower block, the latter 

must be cut away in it fashion to space
 
the side rails 2.5cm (l") apart. It 

must be cut back somewhat more than 

the wi4th,.22mm (7/8"). of the side

rail. This'lower block is cut away 


in this manner in three equally spaced
ends. ofTheidris . A n(14
locations, so that the legs will be 

equally spaced. A 6inm(1/4") hole 

is then drilled in line with the pre-

viously drilled holes in the rounded
ends of the side rails. A 6ram(1/4") 


bolt may then be inserted through the
 
three holes and a nut placed on the
 
other end. See Figure 5. 


" 

m "tate 


/ 5 

LOWZq RZOci 


An alternate method of making the 

lower block, which will make the block 

stronger and should be used when it is 

made from soft wood, is shown in Fig-

ure 6. Three blocks of wood, 2.5cm x
 
3.8cm x 7.6cm (1"x 1 1/2" x 3"), are 

screwed to the 15cm (6") diameter
 
lower block. A 6mm (1/4") diameter 

hole is drilled 13mm (1/2") from the 

end of each block, in the direction
 
of the 2.5cm (") thickness, to allow 

for attaching the leg. 


The advantage of this method is the 

strength obtained by having the grain 
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of the wood always at right angles to
 
the bolt holding the leg in place.
 
In the first method the grain will be
 
parallel to one of the bolts and it
 
will break if it is handled roughly,
 
as it probably will be.
 

It is now possible to (1) change the
 
length of the legs so that the table
 
can be accommodated to sloping ground;
(2)to change the spread of the legs
 
to better accommodate setting up the
 
table on rough grounds and; (3)ro

the drawing board in relation
 
to the tripod.
 

The blown-up drawing in Figure 7 
will be helpful in assembling the 
plane table. A table whose legs can
not be extended would still be useful. 
In this case, use single pieces, 22m 
x 45mm x 142cm (7/8" x 1 3/4" x 56"), 
which are pointed on one end and cut 
away at the other end to allow for the 
same sort of connection to the lower 
end. 

Source:
 

Dr. Robert G. Luce, VITA Volunteer,
 
Schenectady, New York
 

Dale B. Fritz, Village Technology
 
Director, VITA.
 

Ray Gomez, VITA Volunteer, Arcadia,
 
California
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MAP-MAKING USING A PLANE TABLE
 

Instructions are given here for making 

serviceable maps using a plane table, 

Such maps are valuable for irrigation, 

drainage and village layout plans. 


Before aerial photography, most topo-

graphical maps were made by the use of
 
plane tables. 


Tools and Materials 


Plane table (see preceding entry) 

Paper 

Pencil 

Ruler 

Pins 

Tape measure (optional)

Spirit level (optional) 


Measuring Pace 


Ifno long tape measure isavail-

able, the first step for a map maker 

is to measure his pace: A 30-meter
 
(100-foot) distance should be measured 

out on level ground. Ifonly a 30cm
 
(12") ruler isavailable, this can 

be used to mark out a meter (3'or 4') 

on a stick; this stick inturn can 

be used to measure the 30m (100'). 


Being careful to walk normally, the
 
map maker then counts the number of
 
paces he takes inwalking the 30m
 
(100') interval. Simple division
 
will then give the average length of
 
a pace.
 

lap Scale
 

The next step is to decide on a
 
scale for the map. This is deter
mined by judging the longest distance
 
to be mapped and the size of the map
 
desired. The map does not have to be
 
made on a single sheat of pape'; it
 
can be pFeced together from several
 
sheets when it is completed. For
 
example: ifyou want a map 80cm
 
(21/2') long of an area Whose long
est dimension is800 meters (1/2 mile
 
or 2540 feet), then a scale of 1 meter
 
to 1cm (100 feet to the inch) would
 
be convenient.
 

Map Making
 

1. Place paper Gn the plane table and
 
orient the plane table on or near some
 
principal feature of the area; for
 
example, a path, road, creek or tree.
 

ROCK
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2. Place a pin vertically inthe spot
 
on the map to locate this feature.
 

3. Make the plane table level; for 

example, by using a spirit level. If
 
a spirit level is not available, you
 
can level the table by using anything

which rolls easily.
 

4. Rotate the table to a proper

orientation, so that the map will be
 
made inthe desired direction. 


5. Sight dlong the first pin to another 

principal feature which isvisible from
 
the table location ta bend ina road,
 
a hill or any feature which will tie 

the map together, moving the second pin

into the line of sight (see Figure 1).

A ruler can be useJ for this purpose

if ithas a sighting edge; signch" 

edge can be made by stickin: a couple

of pins into the ruler.
 

6. Draw a line in the direction defined 

by the two pins. 


7. Measure the distance to the feature 

observed either by pacing or with a 

tape measure. 


8. Scale this distance along the line 

drawn on the map, starting at the first 

pin. 


9. Repeat this process for other 

principal features which can be seen 

from this location (see Figure 2). 


10. When this has been done, move 

the table to one of the points just

plotted, selecting one which will 

enable you to move over the area
 
conveniently. For example, follow 

a lane or creek or some feature
 
which ties things together. 


11. Set the plane table over this 

point and re-orient the table by

putting pins in the map at the present

and previous locations. This procedure

locates the line joining the two loca
tions on the map in the sane direction' 

as the line exists innature, making it 

possible to go on to the next step with 

the map oriented properly, 


ROAD
 

ROOK
 

CREEK
 

//UR
 

12. From this new location, map in the
 
principal features which can be con
veniently sighted.
 

Inthis way the entire region to be

mapped may be covered in a systematic
 
way. Ifgaps appear or if more detail
 
isneeded, go back and set up over
 
some mapped feature, reorient the map

by sighting on a second feature, and
 
proceed to map in the detail.
 

To map features which -enot going

to be used as plane table locations in
 
the mapping process, draw a line in
 
the direction of each feature from two

plane-table locations. The inter
section of these two lines correspond
ing to a single feature locates the
 
feature on the map. This avoids the
need for measuring distances. Note,

however, that the distances between
 
plane-table locations must be measured.
 

Relative Elevations
 

Ifa spirit level isavailable, it
 
ispossible to level the plane table
 
accurately and, using a ruler or
 
other sighting device, plot relative
 
elevations on the map.
 

A stick about 2 or 3 meters (6'or
 
8') long should be marked off in
 
centimeters (irches). A person holding

the stick vertically can, by moving his
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finger up or down, identify to-the Source:
 
person sighting the distance up from
 
the ground through which the line of Dr. Robert G. Luce, VITA Volunteer,

sight passes. Schenectady, New York
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Sanitary Latrines 
The proper disposal of human waste is 


one of the most pressing public health
 
problems inmany rural communities. 

The use of sanitary latrines or privies 

can be very effective inhelping to 

control disease. To stop filthborn 

disease, it isalso necessary to have 

sanitary water supply, sanitary food 

handling, sufficient medical service
 
and adequate diet. 


Human nightsoil (nightsoil isa 

term used for human excrement inmany 

parts of the world) is a carrier of
 
many diseases. These diseases are 

spread by water, soil, insects or hands. 

The sanitary latrine breaks this cycle, 

Some sicknesses that can be controlled 

by widespread use of sanitary latrines
 
are dysentery, cholera, typhoid and 

worms. The human suffering and eco-

nomic loss caused by these isstagger
ing. Ithas been said that half of 

the food raised by a man with intestin-

al parasites isconsumed by the very
 
worms that make him sick. 


However, a latrine program must reach 

most or all of the people. This means
 
a carefully planned, continuing long-

range program with participation by 

government agencies, foreign workers,

community leaders and most of all by

the individual families. Proper la-

trine designs which fit the cultural
 
pattern are economically possible and 

can satisfy the sanitary needs of a 

successful latrine program. Selected 

plans and designs for sanitary latrines 

are given inthe entries which follow.
 
Before starting a latrine program for 

your village, it is recommended that 

you contact government and agency

health organizations, observe their 

programs and obtain their cooperation, 


The recommended kinds of privies are:
 

1. Pit privies: a simple hole in
 
the ground, covered with a 

properly built floor, hole and 

shelter. Ithas two forms, the 

dry pit which does not pene-

trate the water table and the
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wet pit, which does.
 

2. Water privies: where a water
tight tank receives the night
soil through a drop pipe or chute.
 
An overflow pipe takes the di
gested material to an underground
 
seepage pit or drainage area.
 

Finally a water-seal slab may be used
 
to cover either of these types of priv
ies to provide a completely odorless
 
privy.
 

Other types of simple latrines are not
 
recommended for general use, because
 
they usually fail to provide enough
 
sanitary protection.
 

A good privy should fulfil the follow
ing conditions:
 

Itshould not contaminate the sur
face soil.
 

There should be no contamination
 
of ground water which can enter
 
springs or wells.
 

There should be no contamination
 
of surface water.
 

Nightsoil should not be accessible
 
to flies or animals.
 

There should be no handling of
 
fresh nightsoil; ifit isneces
sary, itshould be handled as
 
little as possible.
 

There should be no odors or un
sightly conditions.
 

The method used should be simple
 
and inexpensive inconstruction
 
and operation.
 

Source:
 

Excreta Disposal for Rural Areas and
 
small Communities, by Edund G. agner

and J.N. Lanoix, World Health Organ
ization, Geneva, 1958.
 



PRIVY LOCATION
 

Outhouses or privies should be close 

to the home, but they should be lower 

than water sources and far enough away 

from these sources that they will not 

pollute the water, 


The information given here covers 

most normal situations, but it is al
ways best to have a trained sanitary 

engineer review your installation or 

program. 


A latrine site should be dry, well-

drained and above flood level, 


Ifthe bottom of a privy pit is in 

dry soil and at least 3 meters (10') 

above the highest ground water table, 

there is very little danger that it 

will contaminate water supplies. This 

isbecause the pollution will move 

downward no more than 3 meters with 

only 1 meter (3.3') of side movement.
 
(See section on "Ground Water"). If 

the privy pit enters the water table
 
or comes close to itwhen the water 

isat its highest level, pollution 

will spread to the water and endanger 

health. 


These rules do not apply inregions
 
containing fissured rocks or limestone
 
formation. Expert advice isnecessary
 
inthese cases, because pollution can
 
be carried great distances through
 
solution channels to the drinking water
 
supply.
 

It is important to keep the latrine
 
close to the house so that itwill be
 
used, but not too close. Putting the
 
privy downhill also encourages use.
 
People are more apt to keep a privy
 
clean if it is close to the house.
 

Remember that all privies have to be
 
moved when filled. This should be made
 
easy or there will be a tendency to let
 
them become overfull. This always re
sults invery unsanitary conditions
 
and extra work to put the system in
 
proper working order.
 

Source:
 

Excreta Disposal for Rural Areas and
 
Small Communities, by E. G. Wagner and
 
J. N.Lanoix, World Health Organization,
 
Geneva, 1958.
 

Figure 1 shows the movement of pol
lution through the soil. It is partic
ularly important to understand this
 
movement when choosing a site for a
 
privy or well. Put the privy downhill
 
from the water source, or as far to
 
one side as possible. On flat or
 
gently slopingland, water moves toward
 
the well as though itwere going down
hill. This isbecause when water is
 
removed from a well, water from the
 
surrounding soil flows toward it. Thus
 
pollution from a nearby privy would
 
move toward the well. Ifthe land is
 
flat or ifthe well isdownhill from
 
the privy, do not put the privy closer
 
to the well than 15 meters (50'). In
 
sandy soil, a distance of 7.5 meters
 
(25') is sometimes enough because sand
 
helps to stop bacterial pollution.
 

148
 



BACTERIAL AND CHEMICAL SOIL POLLUTION PATTERNS AND MAXIMUM MIGRATIONS*
 

MOVEMENT OF POLLUTION IN UNDERGROUND WATER 
5m T-6m Bacterial soil pollution pattern
 

, - -t' , -

JWR O N G .- -- " 
RIGHT..... •-_ - - 25m ' m 

z .-. _, ..- ' 70m 
A_--Chemical soil Pollution Pattern
 

C
 
-GROUND WATER FLOW

1 to 3m/day.
 

A = Top Soil
= B Water-bearing formation

C = Direction of ground-water flow 
 TOP SOIL 

FINE SANDY SOIL", .:.-_ - . 

' IMPERVIOUS-

FIGURE 1 

The source of contamination in these studies 
was human excreta olaced in
table. a hole which penetrated the cround-water
Samples positive for coliform organisms were picked up quite soon between 4m and 6m (13ft and l9ft) from
the source of contamination. 
The area of contamination widened out to a width of approximately 2m (7ft) at a
point about 5m (16ft) from the privy and te)ered off at about llm (36ft). Contamination did not move "upstream"
or against the direction of flow of the ground water. 
After a few months the soil around the privy became
clogged, and positive samples could be picked up at only 2m to 3m (7ft to lOft) from the pit.
The chemical pollution pattern is similar in shape to that of bacterial pollution but extends to much greater

distances.


From the point of view of sanitation, the interest is in the maximum migrations and the fact that the direction
of migration is always that of the flow of ground water. 
In locating wells, it 
must be remembered that the
water within the circle of influence of the well flows towards the well. 
 No Part of the area of chemical or
bacterial contamination may be within reach of the circle of influence of the well.
 



PRIVY SHELTERS
 

Several designs of privy shelters 

which have been found satisfactory in 

many parts of the world are shown in
 
Figure 2. Important points to con-

sider when designing a shelter are 

listed below, 


Tools and Materials 


Corrugated sheet metal roofing: 1.2m 

x 1.2m (4'x 4') or larger 


Wooden posts: 5cm x 5cm (2"x 2") and
 
20m (66') long 


Boards: 2cm (3/4") thick, 20cm (8") 

wide, 40m (132') long 


Nails 


Handtools
 

Paint: 2 liters (2quarts)
 

The shelter should be built to suit
 
the abilities and desires of the local
 
people, because sanitary precautions
 
are less important for the shelter
 
than for the pit and slab. For a
 
properly built shelter:
 

1. 	Choose a standardized design for
 
economy in building.
 

2. 	Build the shelter to last as long
 
as the pit, 8 to 15 years.
 

3. 	Build the shelter to fit the floor
 
slab. It should not be so large
 
that people will be tempted to use
 
any part of the floor when the area
 
around the hole has been soiled by
 
earlier users. The roof should
 
be 2m (6 1/2') high at the entrance.
 

4. 	Openings at the top of the shelter's
 
walls, for airing the interior,
 
should be 10cm to 15cm (4"to 6")
 
wide.
 

shade over an uncovered seat or hole
 
that flies will not be attracted.
 

6. 	The latrine should be kept neat
 
and clean so that people will
 
continue to use it. Paint or
 
whitewash the shelter. Cut back
 
nearby vegetation. The roof should
 
have a large overhang to protect
 
the walls and the mound from rain
 
damage and to keep the privy area
 
from getting muddy.
 

Source:
 

Excreta Disposal for Rural Areas and
 
Small Communities, by Edmund G. Wagner
 
and J. N. Lanoix, World Health Organ
ization, Geneva, 1958.
 

5. 	Some natural light should be let in,
 
but the structure should give enough
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WATTLE HOUSE WITH PALM THATCH ROOF
 
COMPLETED PRIVY, SHOWI,G PALM THATCH WALL
 

AND ROOF COVERING
 

-. HOUSE OF CUT LUMBER WITH CORRUGATED METAL 
• OR ASBESTOS CEMENT ROOF
 

P/Gc/Q- 2 

TYPE OF SUPERSTRUCTURE RECOMMENDED BY
 
US PUBLIC HEALTH SERVICE
 

HOUSE OF BRICK WITH TILE ROOF
 

A Vent pipe with lateral outlet 

Adapted, by permission, from United States
 
Public Health Service (1933) The santayu ..
 
pIvf, Washinqton, D.C. (Revised type No...... :.

IV of"Pubt. 11,h Rep. (Wuh. , Suppl .108).
 



FIG. 3 	VARIOUS PARTS OF A
 
SANITARY PRIVY
 

The pit privy described here isthe
 
simplest recommended latrine or privy. 6
 
Itconsists of hand-dug hole, a proper
ly mounted slab and a shelter. Of the
 
many existing designs for privies, the
 
sanitary pit privy is the most widely F_
 
applicable.
 

PIT PRIVY 


Tools and Materials
 

_Materials for building the shelter 


Handtools for digging the pit, making B
 
concrete and building the shelter
 

The Pit 	 D
 

The pit isround or square, about
 
lm (3.3') in diameter or Im (3.3')
 
on each side, and usually from lm. .
(3.3') to 3m (10') deep. The pit A = Pit 
 E = House, 

B = Base including door 
= 
C Floor F = Ventilation
 

D = Mound G = Roof
 

Estimated volume and depth*
 

for hole with 1 square meter area
 

Personal Cleansing Material
 

Solid (for example,
 
W a t e r grass or paper)
 

Years Volume in Volume in 
Pit of cubic Depth in cubic Depth in 
Type Service meters meters meters mters 

4 0.7 0.7 1.1 1.1
 
Wet-Pit 8 1.5 1.5 2.3 2.3
 

15 2.7 2.7 4.2 4.2
 

4 1.1 1.1 1.7 1.7
 
Dry-Pit 8 2.3 2.3 3.4 3.4
 

15 4.2 4.2 - -

Figure 4. Privy capacities for a family of five. A wet-pit privy is one which
 
penetrates the water table. A dry-pit privy does not.
 
*Add 50cm to the depth given inthe table, because the pit should be closed and
 
filled with earth when the waste comes to within this distance from the surface.
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may have to be lined with brick,

wood, bamboo or some other material
 
to keep it from caving in,even in
hard soil. 
 The top 50cm (19 1/2")

of the 	hole should be lined with
mortar 	to make a 
solid base for the
slab and the shelter. 
The table in Figure 4 will help you 

to estimate the depth of hole to make.
 

The Base 

The base (see Figures 3, 5 and 6)
serves 	as a 
solid, 	waterproof support
for the floor. Italso helps to prevent hookworm larvae from entering.

Ifproperly made of a 
hard, strong
material, it helps to keep burrowing

rodents and surface water out of the

pit. The pit lining will inmost
 cases 
serve as a base although itmay
need to be strengthened at the ground
surface. 


,/ 


t,,/". 

. ......
 

.
 
'. 'Soak 

.- ' ..... ;
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The Slab
 

A concrete water-seal slab isbest.
Itis inexpensive but itmeans added
labor and construction. 
A concrete
open-hole slab is the next best, while
 
a wooden floor isadequate. A builtup floor of wood and compacted soil is
 
sometimes used but itisdifficult to
keep clean; as it gets soiled, it is
likely 	to spread hookworm.
 
o The concrete should not be weaker
 

than I part cement to 6 parts of
 
aggregate with a minimum of water.It should be reinforced with strips 

..lo of bamboo about 2.5cm (1') wide whose....... 

weaker fibers have been stripped away.
the bamboo inwater overnight be-xo- fo	re use .
 

Slabs (see Figure 7)are cast upside
 

down inone operation. The footrests
 
shaped by removing part of the
wooden 	 form so a, to make two separate

indentations in the wood. 
 Sheet metal
isplaced around the form so that the
metal extends above the wood to the
thickness of the slab. 
 Side walls of
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FIGURE 7SELTIOM 0--d-

Measurements shown are in centimeters.
 

back of centre if slab is 80cm (31 in.) in diameter; centre open hole 8.0cm
 
A = Centre open hole 2.5cm (1 in.) 


(3 in.) back of centre if slab is 90cm (35 in.) in diameter
 

B = Between back centre foot-rests
 
C = Reinforcement
 

Notes on construction of slab
 

Concrete for slabs should be not weaker than 1 part cement to 6 parts 
aggregate, with a minimum of water.
 

Reinforcing strips are about 2.5cm (1 in.) wide,
 
Slab is reinforced with strips of bamboo of timber quality. 
 water overnight before use.
 

have had innEr, weaker fibres stripped away, and have been soaked in 

Base of form is of wood with indentations for foot-rests.
 Slabs are czst upside down in one operation. 
 Side walls of hole form and
 

Base of form is encircled by sheet metal strip v'ich makes outer wall 
of form. 


Form for open hole is removed when concrete
 foot-rests are made with slight slope so as to come out easily. 

Slabs are removed from form in about 40 hours and stored under water, 

preferably for
 
has taken initial set. 


Since these slabs are round, they may be rolled some distance when conveyance 
is difficult.
 

10 days or more. 




the hole and footrests are made with 

a slight slope so as to conhe out easily,

The form for the open hole isremoved 

when the concrete first sets. Slabs 
are removed from the forms inabout 
40 hours and should be stored under 

water for 10 days or more. 


Round slabs can be rolled some dis-

tance when carrying isdifficult, 


The Mound
 

The mound (see Figure 3)protects the
 
pit and base from surface run-off which 

otherwise might enter and destroy the 

pit. Itshould be built up to the level 

of the floor and be very well tamped.

Itshould extend 50cm (20") beyond the
 

base on all sides. The mound may be
 
built much higher than the ground in
 
areas where protection isneeded against

floods and high tides. Itwill normally

be built with earth removed from the pit
 
or the surrounding area. A stone facing

will help to keep itfrom being washed
 
away by heavy rains. Infront of the
 
entrance door, a masonry or brick step
 
can be built to help keep the floor
 
clean.
 

Source:
 

Excreta Disposal for Rural Areas and
 
Small CoI
mmunities, by Edmund G.Wagner

and J.N. Lanoix, World Health Organi
zation, Geneva, 1958.
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WATER PRIVY
 

A water ( or aqua) privy uses a 

watertight tank inwhich human ex-

creta and urine partially decompose, 

A sewer pipe connects the tank's 

overflow pipe to an underground 

drain area or seepage pit. 


This is a sanitary and permanent 

installation when it is properly 

built, used daily and maintained
 
properly. Itcan be placed near a 

building. The first cost of a water 

privy is high, but itis not expen-

sive inthe long run because itwill 

be used for many years. Itneeds 

some water and cannot be used in 

freezing climates. The water privy 

may not be successful in rural areas 

with no organized sanitation and 

health education services. 


The Process 


The digesting or decomposing tank
 

48.5 L WATGr 3.8 

isusually made of watertight con
crete (see Figures 8,9 and 10). A
 
drop-pipe, 10cm (4") in diameter,
 
attached to the squatting plate or
 
seat hangs down 10cm (4") below the
 
surface of the liquid in the tank.
 
This forms a water seal which keeps
 
bad odors from rising into the privy
 
shelter.
 

The decomposition process forms
 
a sludge inthe tank. The amount of
 
sludge isonly one-fourth the volume
 
of the total waste deposited inthe
 
pit, because some of the solid matter
 
breaks down into very small pieces,
 
liquid and gas. The liquid and the
 
pieces of waste matter run out the
 
overflow pipe to the drain field.
 
The material which flows out iscalled
 
efiluent. The gas escapes through a
 
vent p-pe.
 

...
 

156
 



30 ,30 0
 

IALL DIMENSIOS AV' CA 

The Tank 	 flushing. Nightsoil may stick in
 
the pipe from time to time and must
 

The tank must be watertight. If be flushed or poked down to stop

the tank leaks, the liquid level will odors and to keep flies from breed
fall below the drop pipe, odors will ing. The pipe may be up to 20cm
 
form, flies and mosquitos will breed, (8") indiameter and reach 20cm be
and the soil and ground water will 	 low the surface of the water in the
 
be polluted. Tanks made from bricks 	 pit, which will prevent sticking,
 
or stone and mortar must be faced 	 but this size will release more
 
with a coat of rich cement plaster 	 odors and cause splashing, and the
 
to make sure they are watertight, 	 pipe may crust over.
 

The tank can be made of plain Disposal of Effluent 
concrete sewer pipes go or 120cm 
(36" to 47") indiameter and sealed Disposal of effluent from a family 
at the bottom with concrete (see unit isusually done inseepage pits
Figure 10). or by below ground irrigation. The 

amount of effluent is equal to the
 
Family-sized units should not be amount of nightsoil and water put


less than 1 cubic meter (35 cubic into the digesting pit. This aver
feet), which will usually allow 6 ages 4.5 liters a person each day,
 
years or more between cleanings. but the drainage system should be
 
Thus the family water privy need designed to handle 9 liters a person
 
not be too deep, which isan ad- each day. When a water tap is inside
 
vantage in rocky ground where the the privy, the effluent disposal

water table ishigh. system must be much larger. Too much
 

water causes poor digestion of sludge.
Drop-pipe
 

The area of below ground irrigation

The 10cm drop-pipe with its end ditches or seepage pits needed for
 

10cm below the surface, prevents a family of five will be from 1.4
 
water from splashing and improves 	 square meters (10.7 square feet) in
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very light soil to 5 square meters 

(53 square feet) insoils that are
 
hard to penetrate. 


These methods are not practical

inregions where the water table 

rises to within lm (3') of the ground 

surface, or inclay soils or swampy 

land. Here some type of sand filter
 
may help, but this requires help and 

approval from local health experts

and continued maintenance, 


Operation 


The first step inputting a new 

water privy into operation isto fill 

the tank with water up to the overflow 

pipe. Digested sludge from another 

privy can be added to the tank; this
 
will seed the water and start the de-

composition process. Ifthe tank is 

not seeded, itwill take about 2 months
 
for the process to get going effici-

ently. Once this level of operation

is reached, the privy will keep the 

process going, provided it isused 

daily. Cleaning and flushing the 

slab and bowl daily with 25 to 40 

liters (6to 10 U.S. gallons) will
 
give the tank the small amount of
 
water it needs to keep the process

going.
 

Removing Sludge
 

The sludge which forms in the tank
 
must be bailed out before the tank
 
is half-full, about 6 to 8 years

after the privy is put into operation.

A manhole, often located outside the
 
shelter, ismade for this job.
 

Notice inFigure 8 that the tank
 
floor slopes toward the manhole for
 
easier cleaning. Both the vent and
 
the drain are easily reached. The
 
drain has a T-shaped section which
 
helps to keep hard surface scum from
 
entering and plugging the drain and
 
whose shape makes iteasy to clean.
 
The overflow pipe inFigure 10 is an
 
elbow.
 

Bury the sludge inshallow trenches
 
about 40cm (16") deep.
 

Source:
 

Excreta Disposal for Rural Areas and
 
Small Communities, by Edmund G. Wagner

and J.N. Lanoix, World Health Organi
zation, Geneva, 1958.
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PHILIPPINE WATER-SEAL LATRINE
 

A water-seal bowl improves a latrine
 
by keeping flies out of the pit and
 
preventing odors from escaping. The
 
mold described here (see Figure 11)
 
has been made and used successfully 

insanitary latrine programs inthe
 
Philippines. The advantage of this
 
mold over a concrete mold is that its
 
manufacture requires no drying time.
 

Tools and Materials
 

Wood: l9mm (3/4") thick, 31cm 
(12 1/4") wide and 152.5cm (5') 
long 

Galvanized iron: 0.75mm x 32cm x
 
40.5cm (1/32" x 12 1/2" x 16") 


Large nails: 18 

Cement and clean sand 

Galvanized wire: 5mm (3/16") in 


diameter and 30.5cm (') long, 

for interior mold handle 


Bamboo pole or iron rod: 30.5cm 

(1') long, to position interior 

mold 


Making the Mold 


Ifthe materials for the mold are 

cut according to Figures 12 and 13,
 
the bowl is easy to make.
 

1. Nail the metal sheet around the 

curved back of the mold (see 
Figure 11). 


2. Attach the two front pieces with 

large nails through the loose-

fitting holes. These holes make 

iteasy to remove the front pieces. 

The extension at the bottom of 

piece No. I isimportant inmak-

ing sure that the bowl will seal 


well below the water level. 


Making the Bowl 


Since the mold has no bottom, find 

a flat place to work where the mold 

can be propped against a wall. Fill
 
the mold with a mixture of two parts
 
fine sifted sand to one part cement. 


. .... 

FIGURE 11 

Use only enough water to make the
 
mixture workable. Pack it in so that
 
there are no airpockets. Let it set
 
for 15 to 20 minutes until the mix
ture is stiff. Next, with a ruler,
 
measure a 38mm (1 1/2") wall around
 
the top and outlet and dig out the
 
inside with a tablespoon (see Figure
 
14).
 

Keep a straw handy to gage the
 
thickness of the walls of the bowl
 
while digging, because it is difficult
 

.... ...- 50.8cm
 

MOLD SIDE - TWO NEEDED 

17
 
1 LQ. SU IT
 

DIMENSIONS SHOW
ATE
APPROXIM 

APROAT E
 

- LOCATION OF ONE
 _ PIT ON CURVE
 

cm BACK
 
13.5cm 13.5cm
 

... 2.5cm
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T -J 
to judge otherwise. 
Dig out the large interior first, 

then the outlet. The finished in
teror of a bowl isshown in Figure 

20.1CM 

1- -6~ 15. 

[-bC 4 *.,46\Y~ 

-ut 

".: ._ .u........ 

.8 

Be sure you can inset three fingers 
vertically, 5cm (2"), through the 
hole leading to the outlet. Be care
ful to release front piece No. 1 by
inserting the spoon around the edges
(see Figure 16). 

38-aCM. 
... 

__ 

....... 

After the interior has been dug out,
the walls will have slumped down 
about an inch. Use the cement taken 
from the interior to build the walls 
biick up; then smooth all exposedsurfaces with the back of the spoon 
as in Figure 17. To be completelysanitary, the bowl must be as smooth 

as possible so that germs cannot 
accumulate increvices. 

P/GU I /~again 

For a finishing coat one of two 
methods may be used: (1) immediately 
after smoothing, sprinkle dry cement 
over the still wet surfaces and siooth 

with the spoon; or (2) let the 
bowT set for half an hour and apply a 
mvlxture of pure cement and water -
a coconut husk brush is good enough.
Either method gives good results. 
See Figure 17. 
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F/6&URE 17 

For a luxury product, use white or 
 Making an Interior Mold
 
red cement for the finishing coat;

several coats are necessary. Because digging by hand istedious
 

and because itmust be done very
The finished bowl should be left 
 carefully to make the walls con
inthe mold to dry 48 hours. Itcan sistently thick, itis better and
be removed after 24 hours only if 
 faster to use an interior mold.
 
extreme care istaken. Pull 
out the
 
front nails and remove pieces No. 1 
 After the first bowl has hardened
and No. 2; pull the sides and back thoroughly, fill the outlet with
 away from the bowl. 
 dry sand so that the cement cannot
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flow into it. This would make it 

impossible to remove the interior 

mold when it hardens (see Figure 15). 

Line the large interior with paper 

and fill it with cement -- a 4 to 1 

sand-cement ratio is good enough. 

Insert a heavy wire loop in the top
 
so that the interior mold can be 

positioned on the exterior mold with
 
an iron bar or bamboo pole. 


aPper LUiinq 

San 

S d 


-

F/ UE/8 


When an interior mold is used, it 

is only necessary to dig out the out-

let. It is a good idea to have several 


interior molds, but not necessary to
 
have one for each exterior mold. The
 
interior mold should he removed after
 
15 to 20 minutes so that the bowl can
 
be smoothed and finished. Then it
 
can be used to make the next bowl.
 

Using the Interior Mold
 

To use the interior mold, fill the
 
wooden mold about 12.5cm (5") from
 
the bottom and insert the interior
 
mold in the correct position. See
 
Figure 16. Push the cement around
 
the mold with a stick and pack it
 
well to get rid of air spaces. After
 
the molds are removed, the finished
 
bowl should be left to dry until it
 
is rock hard -- a week is usually
 
safe -- before delivery.
 

A sand-cement ratio of 2 1/2 to 1
 
has been used successfully with the
 

bowls. A ratio wider than this may
 
be too much of a sacrifice of strength

for profit; customers may be dissatis
fied and sales may drop. There are
 
many ways to strengthen cement; ex
periments may bring a cheaper and
 
better profit. One possibility is
 
to add short coconut husk or abaca
 
fibers.
 

P/IU.QE 19 
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Installing the Toilet 


For use in private homes, dig a 

pit about l.5m (5') deep and Im 

(3') square. The deeper the pit and 

the smaller the width the better, 

since a small slab ischeaper (see
 
"Pit Privy" Section). Itcan even 

be dug under the house -- especially 

in cities -- because the toilet 

gives off very little odor, unless 

of course this position endangers 

the household water supply. The pit 

may be lined or unlined, depending 


upon the soil. Hard clay soil need
 
not be lined. But, ifthe house is
 
near the sea or on sandy soil, the
 
pit should be lined with, for ex
ample, bamboo poles or hollow blocks
 
as shown in Figure 20.
 

Place boards around the outside
 
of the pit 15cm (6") from the edge
 
of the pit to form the perimeter of
 
the slab (see Figure 21). Place
 
large pieces of bamboo split in half
 
across the pit as a base for the slab.
 
Place the bowl between two of the
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bamboo pieces with a piece of wood 

under the front and back; nail these 

to the bamboo. After the bowl is 

positioned in this way, pour water 

into itto be sure it will seal off 

the outlet. The top of the bowl 

should be 7.5cm (3") above the bam-

boo base. 


Now put bamboo slats across the pit 

at right angles to the large pieces
 
of bamboo, completely covering the 

pit. Cover this with several thick-

nesses of newspaper. Pour cement 

around the bowl until the slab is
 
about 5cm (4") thick. A mixture of 

two kerosene cans of gravel, two of 

sand and one of cement is good. The 

slab can be reinforced by placing 

bamboo slats between two layers of
 
cement. Make sure that the outer
 
edge of the slab ishigher than the 

bowl and slants toward the center,
 
so that the toilet can be easily 

cleaned. Apply a finishing coat of 

pure cement to the slab. Many people
 
prefer to add foot rests and urine
 
guard--there is room for imagination.
 

It is extremely important to have
 
an ample water supply at hand. About
 
1 liter (1quart) of water is needed
 
to flush the toilet, and people will
 
be discouraged from using the latrine
 
properly ifthey have to go some
 
distance for water. It is a good idea
 
to have an oil drum or a small cement
 
tank nearby to supply water for the
 
latrine.
 

Do not use the latrine for at least
 
3 days --d week is best --after it
 
is Installed.
 

A pit with the suggested dimensions 
should last a family of eight about 
five years. One person uses about 
28 liters (1 cubic foot) a year. 

Source:
 

"Campaigning for Water-Sealed Toilets,"
 
by Gordon Zaloom, Peace Corps Volunteer.
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THAILAND WATER-SEAL PRIVY SLAB
 

The Thailand Water-Seal Privy Slab,
 
made from concrete, isuseful for large
scale privy programs. The slab, which
 
includes a bowl and trap, isused to
 
cover an ordinary pit privy. Itcomes
 
from a long-established privy program
 
inThailand.
 

Master molds for the bowl and trap
 
are used to make secondary molds from
 
which the bowl and trap are actually
 
me.de. The master molds can be made 
from the plans in the entry which 
follows. The master molds can some
times be purchased from local health 
officers. InThailand, they can be - /
purchased from the Village Health 
and Sanitation Project, Ministry of op P/M/S.4'EF . 
Public Health, Bangkok. 

The finished slab isquite strong

because its three parts are cast at 3. A concrete core for shaping the
 
the same time (see Figure 10). The inside of the water-seal trap

method described here can be applied (see Figure 9).
 
to other water-seal slab designs.
 

The water-seal trap is curved back
 
Tools and Materials under the bowl as shown inFigure 2a.
 

Master molds
 
Materials for making concrete
 
Wood for platform forms
 
Reinforcing rod and wire
 
Clay
 
Crankcase oil
 
Beeswax and kerosene (optional) A.
 
Steel bars: 19mm x l9mm x 7.5cm
 

(3/4" x 3/4" x 5")
 

The basic method for making these
 
water-seal slabs. isto cast the slab,
 
bowl, and water-seal trap using three
 
forms: 

1. A wooden form for shaping the
 
slab (see Figure 6).
 

2. A concrete bowl core for shaping
the inside of the butw (see Figure X.AP 
3). 

FIWW'2. WA ."AL MRS
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This makes flushing more difficult, 4. Let the concrete set at least 24
 
but prevents erosion of the back of hours before removing the bowl core
 
the pit on loose soil. The same gen- from the master mold. The bowl core
 
eral method could be used to make a can be used to make another master
 
forward flushing trap (see Figure 2b). 


The forms used when making a slab
 
must stay in place until the concrete 

is strong enough, usually 24 hours.
 
For this reason, many sets of forms 

are necessary if a reasonable number 

of slabs are to be cast every day. 

Here iswhere the three master molds 

are needed: one of them to cast the 

bowl core, and the other two to cast
 
the trap core (see Figures 14 and 18).
 

Casting the Bowl Core
 

1. Oil the inside of the master bowl
 
mold and insert a 19mm x I9mm x 7.bcr,
 
(3/4" x 3/4" x 5") steel bar into the
 
bottom.
 

2. Add a fairly loose mixture of
 
cement and water, called neat cement, 

to a depth of about (6"). Then fill 

to brim with a 1:1 cement-sand mixture.
 
The 1:1 should be firm, not runny,
 
and should be laid into the loose neat 

cement without stirring to insure a 

smooth finish on the bowl core. 


3. After the bowl core has become
 
firm enough, scoop a depression into
 
the surface to install two steel hooks
 
made from the reinforcing rod. They
 
should be about 22.5cm (9") apart,
 
and should not protrude above the
 
surface of the concrete. See Figure 3.
 

'OePRECS51/O I' LOWA COREC 

A1011Ue'r 5 oow CO.ql0WD16 

mold and the master mold can be used
 
to make more cores.
 

Casting the Trap Core
 

1. Add about 2.5cm (I")of 1:1
 
cement-sand mix to the oiled trap
 
master mold and put in some wire for
 
reinforcing. Then fill itwith 1:1
 
almost to the brim. See Figure 4.
 

F/6u2 	 RJ/vo*CN 7' 

reAP CORE 

2. Put the oiled insert mold into
 
place and scrape off excess. See
 
Figure 5.
 

OFICSUe 5 P4ACIN6 T09 
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3. After 45 minutes, remove the in
sert and put a square sheet metal pipe
19mm (3/4") high into the cubical in-

dentation left by the insert. The
 
pipe ismade by wrapping sheet metal

around :, l9s (3/4" xa 29m 3/4c)

steel bar. Let 'he concrete dry in 

the mold for 24 hou,'s. 


4. Remove the finished trap core by

tapping the master mold gently with 

a wooden block.
 

Making the Wooden Slab Form
 

1. Make a wooden platform 90tm x 90cm
(35 1/2" x 35 1/2") out of 2.5cm (111)

thick planks.
 

2. Cut out of the platform a hole 
10cm x 33cm (4"x 13") for the hooks
 
of the bowl core to extend into. The
back of the hole should be 28cm (11")

from the back of the platform. To 

determine the location of this hole, 

draw the outline of the bottom nf 

the bowl on the platform, with . .q
back of the bowl outline 23cm (9')

from the back of the platform,


(See Figure 6.) The back of the hoie 

should be 28cm (11") from the back 

of the platform.
 

FM 7 R 16 

t 11 

£.P .1 

0 
1 r 

6 

• " 
CO. 

SoCf. 

NI.Rt 6 PttVV SLAB OtnJL.t 

3. Using 38m x 38m (1 1/2" x 1 1/2")
wood, make a frame with inside dimensions
 
of 80cm x 80cm (31 1/2" x 31 1/2"). (See

Figure 7.)
 

4. Gouge out the footrests with a 
wood chisel. The inside of the foot
rests should be about 12.5mm (1/2")
from the outline of the bowl.
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astngte 

chips.
of 5 cement: 
 5 color: 1 granite
With these three forms finished, 

After the forms are removed,

polish with a 
carborundum stone and
you are ready to cast the first water- plenty of water.)
seal slab.Plnyowae.
 5. Cover the bowl
1. Use a paintbrush to coat the 

core with a 1:2 ce
ment-sand mixture to a
bowl core and the trap core with a total thicknesslayer of wax about 3mnn(1/8") thick, of (1/2"). a2.5nnsmooth lip on the cement Make aPrepare the wax lmi (3/8")by dissolving 1kg(2.2 pounds) of melted beeswax in 
from the top of the bowl core as in
Figure 9. This lip isyour water
 

0.5 liter (Ipint) of kerosene.
The wax coating will last 5 
seal. 


to 6 Use fairly dry cement and let

castings adding U.S. $0.01 

itset for 15 minutes before cutting
to the 
 this lip.
cost of each slab. 
 Wax makes removing the cores much easier, but
itisnot absolutely necessary, 6. Place the trap core on the bowl
Let it dry before oiling. core and seal the crack with clay.

2. Place the bowl Also add a little clay on each side
core on the wooden 

of the form (near the thumb in Figure 9) to prevent cement from getslab form and fill all cracks with 
 ting to the front lip.
clay. 
See Figure 8.
 

S5IE L1 CRACk'S W/1/M CqK- T ?AP . AOf " r Tr"A4- Coler

7. Cover with 1:2 cement-sand

mixture to a thickness of 12.5nm
 

Do not exceed the 12
.5mm
 
thickness below the trap
3. Oil the bowl, platform and frame, core or you will not be u.le to remove this core.
4. Apply a 6nm (1/4'!) thick coat ofbowlcor 8. Fill the slab form with a mixpltfoman.turepasty cement and water mixture to the 

of I cement: 2 sand:bowl cor 3 cleanand platform. 
 (Many Thai
people prefer to spend U.S. $0.25 
gravel or crushed rock almost to
more for an attractive polished slab. 
the top. InPreparing the concrete,
To do this, instead of using a mix-
first mix cement and sand, then add
ture of cement and water, use a 
gravel and water.
mix Use water conservatively. 
The looser the mix
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Tap the trap core gently and
 
ture, the weaker the concrete will 

13. 

Add a little water and
 

be. check to see ifyour seal is lOm

slip itout. 


9. Press in 4 pieces of 6mm (1/4".) (3/8"). 
Keep the slab damp and covered
 steel reinforcing rod. See Figure 14. 


for a minimum of 3 days and preferably
0. 

week to gain strength.
a 


Source:
 

Thailand's Water-Seal Privy Program,
 
by Barry Karlin, MPH, Sanitation
 

Advisor, USOM/Korat, Thailand.
 

FIGURE /0. PLACI4'G RE//NORC/N6 ROD. 

to top of frame and smooth.
10. Fill 

Allow at least 24 hours for setting.
 

11. Remove the frame by tapping
 

lightly with hamier.
 

Turn the slab form over on a
 

wooden stand and use simple levers
 

to remove the bowl 


12. 


core. You must
 

remove the bowl core before the
 

trap core. See Figure 11.
 

REMOVINGF/I'RE / q. Mr 

SOWM Cese. 
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MASTER MOLDS FOR THE THAILAND WATER-SEAL PRIVY SLAB
 

This entry describes how to make 
the three master molds from which 
cores can be cast. The cores in turn 
are used for casting Thailand Water-
Seal Privy Slabs. 

Tools and Materials 


Cardboard
 
Materials for making concrete
 
Steel rod, l90,n
(3/4") square
 

Sheet metal (tin-can metal is 

satisfactory)
 

Reinforcing wire
 
Clay

Oil (used crdnkcase oil is satis-


factory)
 
Paint brush 


Making the Master Molds 


Itmay be necessary to make master 

molds rather than to purchase them. 

Study the entry "Thailand Water-Seal
 
Privy Slab" before starting to make 

these master molds: 


1. The Master Bowl Mold, 

2. The Master Trap Mold, and 

3. The Trap Mold Insert. 


Making the Master Bowl Mold 


1. Cut out profiles of the bowl out-

line from Figure 13, which is full
 
size. 


2. Shape a mound of clay using the 

carboard profiles as a guide. 


3. Form a little square pipe, 19mm
 
(3/4") long, of sheet metal on the 

19mm (3/4") square steel rod. Make 

several of these as they will be 

used later when casting the cores. 

Fill the square pipe with clay and 

press it into the top of the clay 

mound a little bit. This will be 

used later to "key" the cores to-

gether. See Figure 12.
 

4. Use a paint brush to paint the 


0 

1 CLAY I4VP 

clay mound with oil; old crankcase
 
oil isfine.
 

5. Cover the clay mound with a stiff
 
mixture of cement and water to a
 
thickness of 12.5mm (1/2"). If the
 
clay mound was properly prepared, the
 
inside finish of the bowl mold will
 
need no further smoothing.
 

6. After this cement has set 30
 
minutes, build up the thickness to
 
38mm ( 1/2") with 1:1 cement-sand
 
mix. Let this set 24 hours and
 
carefully lift the finished master
 
bowl mold from the clay mound. The
 
finished bowl mold is shown inFig
ure 14.
 

Making the Master Trap Mold
 

1. Make cardboard profiles of the
 
trap from Figure 17, which ii full
 
s;ize. Shape the outside of the trap
 
from clay, and let itharden over
night. 

2. Shape the under side by hand with
 
a trowel using Figure 15 and the in
sert profile from Figure 17'as guides.
 
Mark the location for a 19mm (3/4")
 
square metal pipe by holding the clay
 
trap over the clay mound used to
 
shape the bowl mold, and letting the
 
square sheet metal 'cube mark the trap.
 

3. Insert the sheet metal pipe into
 
the clay trap and scoop out the clay
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F/G&/2E 14. 80APZ' NOW 

from inside. See Figure 15. Check
 
the clay trap on the bowl mound again
 
to be sure it lines up properly.
 

4. Oil the clay trap. 


5. Put a heel shaped piece of clay 

under the clay trap and trim the
 
sides. This will prevent the cement
 
from running under the mold. See
 
Figure 16.
 

6. Cover with cement and water to
 
l9mm (3/4"), add steel reinforcing
 
wire, and cover with 19mm (3/4") more
 
of 1:1 cement-sand mixture.
 

7. Flatten the top and insert wire 

handles. Let it set at least 24
 
hours. This completes the master 

trap mold. 


F/6fRW IS.ClAY TRAP 

PRiPAR/N 
C AY TRAP 
FOR CASTN6 MOLD 

Making the Trap Mold Insert
 

1. Turn the master trap mold over
 
carefully, and remove the heel-shaped
 
clay plug.
 

2. Oil all inner surfaces and fill
 
to the brim with 1:1 cement-sand mix.
 

3. Insert a small wire handle and
 
let the concrete set for at least
 
24 hours before separating the finished
 
molds.
 

173
 



ou--1 
i I~ 

I iD 

PROFIZS5 FOIArW~-eMW 
Ao MAIAL5Z



Source:
 

Thailand's Water-Seal Privy Program,

by Barry Karlin, MPH Sanitation
 
Advisor, USOM/Korat, Thailand.
 

,4/61,96/8. ;TAP MoW4
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Figure 18 shows the completed master
 
trap mold and insert.
 

175
 



._.___C Adult mate 	 & femate. 
Lic.""eO.

z.scvc-al 	 ycavi. 

Liver -E-9 	 pdenetrate/Viso bowel. ---. _..-- s obIradder pe nt vatrt'e 
VIn vei. of al of bladder ito urin 

X. Arteries. 
Li(~s" IN MAN. Urine cacuated, 

W/ins. in water 

SKIN 

-- IN \\ATER---.----.-..-	 Eg@ inwater\ . r" .. " ' .. :- . . .. . . .. ... Z : </ halchI out /
Free . -..	 ra Swimminmming

",-cariae - ....- -mira-	 resimm.ngmale s.fe.a-	 - --

Cyst bursts 'f 4 	 'iracidiaL sets free , Dcvelopment il cyst Petra Ic 
cercartae. 	 in liver ,atcr snai. 

of snait. 

.A/- lee . / s z- A-od-u 
,C76UP? / -The life cycle of Schistosoma hoemotobium (Bilharzia). A blood fluke. 

http:resimm.ng


Bilharziasis 
Bllharziasis (also called schisto-


somiasis) isone of the most wide
spread human diseases caused by

parasites. This entry explains in

general terms what isnecessary for 

personal protection from bilharzia 

and for ridding an area of the di-

sease. Further information from the 

references given isneeded. Cooper-

ation with government or other pro
grams isessential. 


An estimated 150 to 250 million 

people suffer from the disease. It 

is found inmuch of Africa, the Tigris

and Euphrates valleys, parts of Israel 

northern Syria, Arabia, Iran, Iraq,

parts of Puerto Rico, Venezuela, 

Dutch Guiana, Brazil, Lesser Antilles,

Dominica, Taiwan and parts of China,

the Philippines, Japan and a few 


villages insouthern Thailand.
 

The Parasites
 

A basic understanding of the life
 
cycle of the parasites, called schis
tosomes, and the characteristics of
 
each phase is the first step inpre
venting the disease (see Figure 1.)
 

The disease has been found, besides
 
inman, inbaboons, monkeys, rodents,
 
water buffalo, horses, cattle, pigs,
 
cats and dogs. When water iscon
taminated by urine or feces from a
 
victim of the disease, the eggs con
tained in these hatch out larvae which
 
penetrate certain types of fresh-water
 
snails. Inthe snail host, the larvae
 
develop into cercarlae which work
 
their way out of the snail and become
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free-swimming, this is the form which 

Infects man. Itcan suryive inwater 

for a few days under favorable con-

ditions.
 

The disease iscontracted by con
tact with water containing cercariae. 

Typical ways are bathing, drinking,

washing teeth, washing pots and clothes, 

walking through water, irrigating and 

cultivating crops. Once the parasite

has contacted a host, 5 minutes may 

be enough for it to penetrate the 

skin.
 

Itis important to note that
 
bilharziasis cannot be passed from 

human to human; itdepends on the 

snail interr.ediary. A victim must 

live inor have visited an area 

where the parasite is found, 


Symptoms 


At the spot where the parasite pene-

trates the host, a red itching eruption
 
lasting several days usually develops. 

After the host is infected, symptoms
 
relate particularly to the large bowel, 

the lower urinary tract, liver, spleen,
 
lungs and the central nervous system. 

The most characteristic symptoms are 

bladder a.,d colon irritation, ulcer-

ation and bleeding. Three to twelve 

weeks after infection, a victim will
 
likely deveJop fever, malaise, ab-

dominal pain, cough, itchy skin, 

sweating, chills, nausea, vomiting 

and sometimes mental and neurological 

symptoms. Later developments may in-

clude frequent painful urination with 

blood in the urine, dysentery with 

blood and pus in the stool, loss of 

weight, anemia and enlargement of the 

liver and spleen. Numerous compli-

cations are possible. 


Typically the acute phase subsides 

and host and parasite live together 

over a period of years, sometimes as 

long as thirty, with the host suffer-

ing a variety of symptoms of inter-

mittent and variable types. Bladder 


and bowel troubles are the most
 
characteristic symptoms inthis
 
period.
 

Treatment
 

The disease can be treated with
 
drugs, but only well-trained persons

should undertake to treat a victim.
 
Supportive treatment, which includes
 
good diet, nursing care, rest and
 
treatment of other ailments and in
fections, is important.
 

Diagnosis
 

The variety of vague and general
 
symptoms isconsiderable and may not
 
be very specific. Examination of
 
urine and/or feces isvery important;
 
special concentration techniques may
 
be necessary to reveal the eggs.

Tissue tests and skin tests can be
 
used by medically-trained personnel
 
to identify the disease.
 

Prevention
 

The disease can be prevented by:
 

1. Using uncontaminated water -- a
 
properly built sealed well or an
 
improved sealed spring is safe.
 
(See section on "Water Resources.")
 

2. However, it is important to re
member that all water used must be
 
safe. Avoiding contact -- a practical
 
method for personal protection. Never
 
bathe in or touch water you wouldn't
 
drink. Avoid suspected water. If.it
 
is necessary to use questionable water,
 
boil it, or treat it with iodine or
 
chlorine. If you must enter suspected
 
waters, wear rubber gloves and wading
 
boots, and put repellent on your skin;
 
insect repellent (either'diethyl tolu
amide or dimethyi phthalate), benzyl
 
benzoate, cedar wood oil, or tetmosol
 
give effective protection for about
 
8 hours if applied to the skin before
 
contact with the water. In case of
 
accidental contact, rub your skin
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immediately with a dry cloth. Once 

cercariae have penetrated the skin, 

no preventive measures are possible.
 

3. Chlorination - Chlorine kills 

cercariae slowly, but properly 

chlorinated water systems are almost
 
always free of the larvae. Use 2 

halazone tablets ina liter (quart) 

of clear water; 4 tablets ifthe water 

is cloudy. In a water system, use 

I part per million chlorine. Iodine 

is even more lethal to cercariae. 

See section on "Chlorination of 

Polluted Water." 


4. Filtering - Cercariae are just 

big enough to be seen with the unaided 

eye, and can be filtered from the water, 

However, dependence on filtration is
 
questionable, since improperly made 

or operated filters will not only allow 

cercariae to pass, but may even provide 

a place for the host snail to live. 

Inshort, filtering is a poor technique. 


5. Storage - Storing water at temper-

atures over ?lC (70 F)completely 

isolated from snail hosts for four days 

will allow the cercariae to die; al-

though at cooler temperAtures they may 

live as long as 6 days. This is seldom 

a practical approach. 


Elimination of the snail intermediate 

host isat present the most effective
 

streamwater from a fast moving
 
spot.
 

3. Be sure filters and reservoir tars
 
are kept covered and dark, and keep
 
them clean.
 

4. Since snails prefer the stagnant
 
water of canals, irrigation ditches
 
and dams, control has bern possible
 
where the water level inditches
 
has been-varied, where it has been
 
turned off completely for periods,
 
and where canals have been lined
 
with cement or pipes have been
 
used. Although the latter is
 
initially expensive, itpays divi
dends not oily inbetter health,
 
but also in less water evaporation.
 

5. Poison snails with coFper sulfate,
 
copper chromate, or other copper
 
salts. Use a dose of 15-30 parts
 
per million by weight of copper
 
and try to hold the copper-treated
 
water over the snails for 24 hours.
 
All or most of the aquatic vegetation
 
should be stripped from stream bed
 
or pool before treatment. Results
 
for other than small controlled
 
pools have been poor. Before
 
attempting to treat streams, lakes,
 
or other natural waters, study the
 
reference material and seek experi
enced help.
 

single method of controlling bilharziasis. Ridding an Area of Bilharziasis
 
The following methods are recommended:
 

1. Use a sealed, covered well or proper-

11 developed spring for a water 

supply. Make sure it is covered; 

this prevents access of organic 

matter which snails eat, cuts out
 
light which would allow plants to 

grow for snail food, and prevents 

infected people from bathing inor 

contaminating the water.
 

2. Ifsurface water must be used, put 

long lasting (copper) screens o ' 

the intake; draw lake water far 

from vegetated shoreline, and 

preferably 2.4 m (8') deeD; take 


Education isa major step in a contin
uing campaign against bilharziasis.
 
Basic steps involved in improving your
 
local waters so they will not spread
 
the disease are as follows:
 

1. Inform yourself. Study this article,
 
locate reference material cited below,
 
consult any available health officials.
 

2. Learn to identify dangerous snails;
 
for Africa, Professor Mozley's book
 
isvery helpful. To find the percentage
 
of snails harboring schistosomes, collect
 
a large sample of suspects (use rubber
 
glovesrepellant and snail scoop), put
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individually in test tubes or glass jars

of water. Those shedding cercariae 

are readily detected, as the cercariae 

(0.5mm long and easily visible to the 

naked eye) are released in clouds. This 

test reveals only the snails harboring 

mature cercariae. Observe precautions 

at all times when collecting and hand-

ling snailst 


3. Find dangerous snails locally, 

collect (again using rubber gloves,

repelletljand snail scoop) and kill 

them.-Mail empty shells to an expert

to confirm your identification. Visit 

him if possible. Find out about
 
government or other programs and 

participate inthese. This will 

probably involve steps 4 through 8. 


4. Makea personal survey on foot 

(wearing boots) of local waters, using 

maps and keeping exact recor ! to 

locate all dangerous snails. Local 

people can often hdlp here. Aerial 

photographs are also helpful, 


5. Survey types and intensity 

of bilharzia present inpopulace.

Differences may help localize in-

fection points. Keep special re-

cords for three to six year olds, 

who are the most recently infected;

these records will show most accurately 

the incidence of new infections. 


6. Educate the public as much as 

possible, and get them to participate 

in the program. (Improved sanitary

facilities are worthless if nobody 

uses them.) Encourage people to live
 
in villages away from infected waters, 

construct culverts or bridges at 

places where paths cross streams.
 
The number of such crossings should 

be reauced. Any improvement should 

cater to local customs or offer an 

attractive alternative.
 

7. Personally supervise, partici
pate in, and measure the effectiveness 

of poisoning the snails. 


8. Take continuing steps to destroy 


180
 

the nntural breeding places of snails,.

particularly at sites where humans and
 
snails congregate. For example,

where a stream crosses a road isa
 
focal point: people stop to drink and
 
bathe; they cook and wash out pots,

providing food for snails. The
 
culvert and er'jankments slow and im
pound the water, making ideal breeding
 
conditions. Finally, under a bridge

isa favorite sheltered place to
 
defecate. Filling inplaces where
 
wat.er stands, changing drainage
 
patterns and eliminating food sources
 
are possible techniques.
 

9. Maintain a continuing surveillance
 
of focal spots and repeat poisoning
 
periodically when necessary.
 

10. Most important iseducation of
 
the populace, improvement in (and use
 
of) sanitation, safe disposal of night

soil, improved nutrition, better
 
medical service and an elevated standard
 
of living.
 

Sources:
 

The Snail hosts of Bilharzia inAfrica:
 
Their Occurrence and Destruction, by

Alan Mozley, H. K.Lewis & Co. Ltd.,
 
London, England.

Schistosomiasis, Bulletin No. 6, The
 
Ross Institute, The Londonn School of
 
Hygiene and Tropical Medic;e, Keppel
 
Street (Gower Street), London, W.C. 1,
 
England.
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Earth Moving Devices 
for Irrigation and Road-Building 

Moving soil for irrigation and 

road-building is important to good

farming. Careful preparation of
 
land for irrigation and good water 

usage saves water, labor and soil;

italso increases crop production.

Farmers often try to irrigate rough
land without enough field ditches or 

with no meahs of controlling water.

Improved roads make communication 

easier between farmers, their sup
pliers and their markets. 


Although modern heavy equipment is 

often sought for such work, it isnot
 
necessary. Land can be prepared ef-

fectively with small equipment which
 
can be made by farmers of small manu
facturers and can be pulled by animals
 
or farm tractors. Descriptions of 

yokes and harnesses are given inFarm 

Implements for Arid and Tropical Reions,
by H. Hoppen Food and Agriculture
Organization of the United Nations,
 
Rome, 1960.
 

The following seven articles de
scribe such small equipment:
 

1. Drag Grader
 

2. Fresno scraper*
 

3. Barrel fresno scraper
 

4. Float with adjustable blade
 

5. Buck scraper*
 

6. V-Drag*
 

7. Multiple Hitrhes
 

*The fresno scraper, buck scraper and
 
V.drag are designed for use with large
 
horses.
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DRAG GRADER
 

This simple metal-edged wooden grader 

isdesigned for two medium-sized work 

horses or oxen. The grader can be 

scaled down for use with one horse or 

with smaller animals. 


Road-building does not require giant
 
tractors and earth movers. The grader 

described here was used for dirt and 

gravel roads in the midwestern United 

States about 1925. Similar graders 

were used in the original construction
 
of U.S. Highway No. 1 from Maine to 

Florida. 


Tools and Materials 


Lumber: 7.5cm x 30.5cm (3"x 12") 


2 pieces: 243cm (8') long 

1 piece: 152cm (5' long 

2 pieces: 30.5cm (1') long 


Lumber: 7.5cm x 15cm (3" x 6") 


I piece: 37cm (41/2") long
 

4 	Metal edges: 6mm to 12.5mm
 
( 1/4" to 1/2") thick, 10cm (4") 

wide, 243cm (8') long 


17 Lag screws: 16mm (5/8") in 

diameter, 18cm (7") long
 

2 Eye bolts, 7.5cm (3") diameter,
 

and large lock washers
 

Heavy chain: 3.7m (12')
 

32 Flathead steel woodscrews,
 
7.5cm (3") long. (Carriage bolts
 
with lock washers would strengthen
 
the grader.)
 

Hitch ring
 

Construction details for the grader
 
are shown inFigure 1. The metal edge
 
overhangs the surfaces of the 243cm
 
(8') beara by 2.5cm (I"). Each edge
 
isattached with eight large wood
screws or cdrriage bolts. Lockwashers
 

should be used throughout to keep
 
strains and tensions from loosening
 
the nuts. The metal edges are attached
 
to both top and bottom so the grader
 
can be turned over to reverse thi di
rection inwhich the soil is cast.
 

If the grader is to be used for clean
ing ditches, the angle between the 152cm
 
(5') and 243cm (8') beams should be
 
30 degrees.
 

The drawing position of the grader
 
isadjusted by changing the hitching
 
point on the chain. The hitch link
 
should be such that when the small end
 
is put over a link itwill not slide.
 
Reverse the hitch ring to slide it a
long the chain.
 

Ifwelding equipment isavailable,
 
the same design can be used for mak
ing steel road graders, and the cut
ting edges can be hard-surfaced to

make them last longer. 

Source:
 

Richard Hunger, John McCarthy and
 
John Rediger, VITA Volunteers, Peoria,
 
Illinois. Vernon E. Moore, VITA
 
Volunteer, Washington, D.C.
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FRESNO SCRAPER
 

This scraper isused for moving

larger amounts of earth from higher 

spots to low areas. It can be made
 
at low cost by farmers or small man-

ufacturers, ifmaterials and a well
equipped blacksmith shop are avail-

able. The scraper can do the work of 

larger, more expensive equipment, 


Implements which slide soil on soil
 
are inefficient. They require a 

large amount of power to move a small 

amount of soil. The fresno scraper 

can move soil more easily because it 

slides on its metal bottom. 


The fresno scraper is used for moving

large amounts of soil from high spots 

to low areas to prepare land for ir-

rigation. It is a large metal scoop

that can be built in a number of sizes, 

depending on the number of animals that 

can be used to pull it. Good results 

will be obtained by using the size 

described here with 2 oxen or 2 to 4 


horses. Construction details are given

in Figures 2 to 5.
 

Using the Fresno
 

Plow the high spots that you want to
 
remove, as this will make iteasier
 
to load the fresno and save a great

deal of power.
 

The fresno ismade so that the power

used to pull itwill also help in load
ing and unloading. The rope in the
 
handle isused for pulling the scoop
 
into position for loading and to spread

the soil evenly when unloading.
 

Always be careful when operating the
 
fresno. Do not have any part of your
 
body directly above the handle. Al
ways keep a firm grip on the handle,
 
while loading or getting ready to un
load. A sudden jerk or unseen rough
 
spot may cause the handle bar to fly
 
up and strike you.
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Tools and Materials
 

2 	steel plates for sides: 

6mm x 40cm x 60cm 

(1/4" x 15 3/4" x 23 5/8") 


1 	steel plate for blade: 

6mm x 35cm x 1.24 meters 

(1/4" x 13 3/4" x 48 7/8") 


1 	steel plate for backplate:

6mm x S2cm x 1.24 meters 

(1/4" x 20 1/2" x 48 7/8") 

4 	steel plates for.stiffener plates:
6mm x l0cn x 18cm 
(1/4" x 4" x 7 1/8") 

1 steel plate for stiffener plate:

6mm x lOcm x 28cm 
(1/4" x 4" x 11") 


75 flathead rivets: 

15mm x 3cm (19/32" x 1 1/8") 

12 flathead rivets: 

20mm x 3cm (25/32" x 1 1/8") 


2 	angle irons for runner: 
6cm x 45mm x 45mm x 1.57 meters 
(1/4" x 1 3/4" x 1 3/4" x 62 13/16") 

2 steel plates for shoes: 

6mm x 12.5cm x 66cm
 
(1/4" x 5" x 26") 

2 strap irons for bar brace: 
lOmm x 4cm x 32cm 
(3/8" x 1 9/16" x 12 5/8") 

I iron bar for handlebar: 

15mm x x5cm 1.6 meters 
(9/16" x 2" x 63") 


1 rope:
13mm x 2 meters
 
(1/2" x 78 3/4") 


2 	side plates, draft clamp stock:
 
20mm x 21cm 

(25/32" x 8 1/4") 


2 	machine bolts with nut end washer 
13mm x 4cn (1/2" x 1 9/16k) 

2 	draft bar rod stock:
 
20m x 1.2 meters
 
(25/32" x 47 1/4")
 

2 	draft bar rod stock:
 
20mm x 95cm
 
(25/32" x 37 3/8")
 

2 	draft bar loop stock:
 
20m x 45cm
 
(25/32" x 17 3/4") 

2 draft bar loop stock:
 
20m x 38cm
 
(25/32" x 15")
 

2 eye bolts with n'its and washers:
 
20rm x 25cm 
(25/32" x 9 7/8")
 

2 strap iron clevis stock
10mm x 4cm x 60cm
 
(3/8" x 1 9/16" x 23 5/8")
 

2 machine bolts with nuts and washers: 
13mm x 10cm 
(1/2" x 4")
 

1 oak draft bar.6cm x 15c6,x 1.52m
 
(2 3/8 x x 59 7/8")
 

4 machine bolts with nuts and washers: 
13mm x 6cm
(1/2" x 2 3/8") 

8 machine bolts with nuts and washers: 
13mm x 4cm 
(1/2" x 4 9/16")
 

1 	oak stop bar:
 
4cm x 8cm x 1.45 meters
0 	 9/16" x 3 1/8" x 57 1/8) 

2 stop bar stock:

threaded one end 

2 	stop bar ball nuts and washer:
 
13cm (1/2")
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SHOES
 

12.5cm x 6m x 66cm plate
 
Rivet to Runners, 6-20mm countersunk rivets
 

1L2cm4-l2.cm2i'
 

50.8cm
 

U1
 

Uq 

U I 

Rune
 

4.5cm x 4.5cm x 6m Angle
 
157cm long (overall)


j9h



A' 1arwp GOviC" 

To load the fresno, simply lift the 

handle until the front of the bit goes 

into the ground at a depth the animals
 
can pull. Do not try to make too deep 

a cut or the fresno will be pulled 

over or the animals pulled to a stop.

You will soon learn how to hold the 

handle for the proper cut and smooth
 
loading. 


When the fresno is full, push down 

on the handle and itwill go forward
 
without touching the ground until you 

are ready to unload it. Lift the handle 

when you are ready to unload and the 

pull of the animals will turn it into 

the dumping or spreading position. The 

stop bar across the top of the fresno
 
can be moved to change the depth of 

the spreading of soil. Move itforward
 
for a shallow depth or back for a deep-

er spread, 


After ithas been emptied and re-

turned to the point of loading give the 
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(Vor 70 SC41 _)
 

"1/4'Z$ FW-e.MO 94R 8RACES, STOPVS4,e 
ANDA1/AMD.LE BMT 

rope a hard pull and the fresno will
 
fall back into position for loading.
 

Usual hitches for animals pulling

the fresno are...
 

two horses
 

two oxen
 

three horses
 

Two lines are used. Each outside horse
 
istied back to the hame or collar
 
of the center horse. The center horse
 
is then guided by the inside strap from
 
the lines.
 

Source:
 

Construction and Use of Small Equipinent

for Farm Irrigation, by Carl M. Forsberg,
 
James D.Metzger and John C. Steele,

USOM/Turkey incooperation with the
 
Turkish Ministry of Agriculture.
 

192
 

http:1/AMD.LE


1--A ~ Ilem / PWA.A 

51DE5 PI.A~T DRApr CLAMP 

END L~OOPJScW ".0 

12/IN 0/1. 

DAAC Sam 

20~ PMIA. BaRS 
0~ 6?ac/I, vo v.e-No 

ZOMH7 £NL00P3I SCMf 1.0~ 

193 



BARREL FRESNO SCRAPER
 

The barrel fresno scraper isa lighter,

simpler version of the fresno scraper

described inthe preceding entry. It
 
isa low-cost implement to move soil
 
efficiently (see Figure 1). Itcan be
 
pulled by a team of bullocks and is
 
operated by one man. The scraper,

which iswell-adapted to production

by a village blacksmith, ismade from
 
an old barrel and scrap metal. The
 
scraper can be adapted for heavy duty

use. 
 &BARRTZ AR Mo 

A barrel fresno scraper was built SCRAPER 
and tested inAfghanistan in1964. It 
was found that itcould move approxi- er. The scraper worked better whenmately twice as much soil as the shovel the high spots were ploLd with a 
moldboard nomdlly used by the Afghan farm-
 board plow which breaks up the soil,
 

.........
 

F1GU/R- 2. 
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making Iteasier to pick up. Using Bolt, 1 piece, 1cm diameter by 10cm
 
the local wooden plow was satisfactory (3/8" x 4")

but it left the soil cloddy.
 Nails, 5 pieces, 9cm (3 1/2") long
 
The scraper was not tested over an
 

extended period to determine how long 

itwould last. It is estimated that 

it could be used for 8 to 10 years
 
under norma: use on the average Afghan 

farm. Under other conditions, partic-

ularly where the soil is sandy or
 
where the scraper is used for road 

or terrace construction, its life 

would be much shorter.
 

Tools
 

Heavy hammer 
Chisel - for cutting barrel 
Punch - for making holes inbarrel 
Saw - for cutting wood 
Drill - for boriag holes inwood 
Pliers 

Welder or access to the services of a 


welder
 

Materials 


Barrel, 208-liter (55-U.S. gallon) as 
new and strong as possible. Rust 

weakens the jnetal and a rusty barrel
 
should not be used. 


Blade, metal, 1 piece, 5 to 8mm
 
(3/16" to 5/16") thick, 88cm (34 5/8") 

long. Have a blacksmith taper the 

blade until ithas this shape when
 
viewed from the end. The blade should 

be sharp. Old truck springs make good 

blades, 


Blade holder, metal, 2 pieces, 5 to 8mm
(3/16" to 5/16") thick
 

Handle, wood, 1 piece, if soft wood 4 

by 8cm (1 9/16" x 3 1/8") or pole 8cm 

(3 1/8") indiameter at large end, 

3m (9'10") 


Handle brace, wood, I piece, 3cm by 

8cm by 150cm (1 3/16" x 3 1/8" x 59") 


Block wood, 1 piece, 3cm by 8cm by 12cm 

(03/16" x 3 1/8" x 4 3/4") 


Wire, heavy - at least 3mm (1/8") thick, 
12m (39') long 

Chain, 4m (13'), made from 7mm (9/32")
 
rod, with hook at each end. See Figure I
 

Rope, 12nrn (1/2") diameter, 3m (9'10")
 
long
 

Construction
 

1. Cut the barrel, starting next to
 
the welded seam, as shown inFigure 3
 
below. Also see Figure 1. The cut is
 
exactly half way around the barrel.
 

2. Pull the cut-out section forward
 
and flatten itwith a hammer. See
 
Figure 4.
 

3. Fold the cut-out section back 17
 
to 20 cm (63/4" to 7 7/8") from'the
 
end of the cut, depending on the
 
width of the blade, to form a double 
bottom. See Figure 5.
 

4. The blade can be installed by
 
welding or by riveting.
 

A. To install the blade by welding
 
(see Figure 1):
 

(1)Butt the blade (see materials)
 
against the barreT n-d-n
spot weld it. Five spots of
 
weldirg 3cm (1 3/16") long,
 
evenly spaced, are enough.
 

(2)The lower tip of the blade
 
holder (see materials)
 
should be even with the end
 
of the cut.
 

(3)Weld the blade holder at
 
the outside of the barrel to
 
the heavy rim.
 

(4)Weld the blade to the bottom
 
of the blade holder.
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B. To install the blade by riveting: (6)The folded part of the barrel
 
bottom should extend 3cm (1 3/16")
(1)No blade holder isrequired, 
 under the blade and be riveted to

the bottom of the blade.
 

(2)The metal for the blade should
 
be 5 to 8mm (3/16" to 5/16") 5. Install the handle and handle brace.
 
thick, 8 to 12cm (31/8" to See Figure 7.
 
4 3/4") wide and 164 cm (64 1/2")

long. Taper and sharpen the (1) Position the barrel so the edge

blade before bending. 	 of the blade isexactly 4cm above the
 

floor.
 
(3)Bend the blade up at right


angles 40cm (15 3/4") from 
 (2) Taper the end of the handle and

each end. This will leave place itin the position shown inthe

the main part of the blade sketch, making sure itis inthe cen
86cm (33 7/8") long to fit ter of the barrel.
 
inside the barrel.
 

(4) Insert the blade. 
 (3) Punch a hole through the bottom
 
of the barrel, drill a hole through

the end of the handle and bolt the
 
handle to the barrel.


(5)Drill holes and rivet as shown
 
inFigure 6. 
 (4) Bend 2 1/2 cm of the edge of the
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barrel metal up as shown in Figure 1. 6. Install the brace wires and rope.Punch 2 small holes in the metal and 
 See Figure 8.
drive 2 nails through the holes into
the end of the wooden brace. 
 (1) Punch holes through the side and
 
()Making sure theblade isstill 

end of the barrel halfway between
the bolt and brace end.
4)cm from the floor, nail the wooden

block against the end of the wooden 
 (2) Fix 4 strands of wire through
 

bracethe 
 holes and around the brace and
(6) Drive a nail through the end of
the brace into the handle. handle.

(3)Twist the wires with a 
small stick
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to tighten the wire braces, making sure 


the handle isat right angles to the barrel. 
.
 

(4)Drill a 1 1/2cm hole, 20cm from
 
the end of the handle. Thread the 

end of the rope through the hole 
and make u knot at each end. 


7. Make holes for installing chain.
 

See Figure 9. 


8. Instfli chain. See Fgures 1 and 2. 


Operation 


Always be careful, when uperating
 
the barrel fresno scraper, not to have 

any part of your body directly above 

the handle. 


Keep a firm grip on the handle while 

loading nr getting ready to unload.
 

FORq ChANOOMV 
1AO'jrEL INOV£W WIrA 

WIRSS ANO ROPE 

An unseen rough spot may cause & sudden
 
Jerk which will make the handle fly up
and strike you.
 

Before using the scraper, plow the
 
remove.high spots that you want to 

This will make iteasier to load the
 
soil. 

The power used to pull the scraper
 
will also helo in loading and unloading.
 
Use the rope inthe handle to pull the
 
scraper into position for loading and
 

for spreading the soil evenly when un
loading.
 

To load the scraper, simply lift the
 
handle to let the blade go into the
 
soil. Do not make too deep a cut:
 
this would either pull the scraper
 
over or pull the animals to a stop.
 

CN/,V/ 
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You will learn by experience how to 

hold the handle for a proper cut and
 
smooth handling. 


When the scraper is full, push down 

on the handle to let the loaded scraper 

slide forward without picking up more
 
soil to where you want to unload it. 


To unload, lift the handle. The pull 

of the animals will move the scraper

i;,to dumping position. To spread the 

soil evenly, hold the rope tight. To 

dump the soil in a pile, let the rope
 
go. 


Repairing the Barrel Fresno Scraper 


To repair the scraper when the bottom
 
stao'ts to wear through, cut off the 

unworn part of the cut-out section of
 
the barrel and weld or rivet itover 

the old bottom. When the rims of the 

barrel, which serve as ranners, start
 
to show wear, weld or rivet old truck
 
springs or similar heavy strap iron
 
over their entire length.
 

Adapting for Heavy Duty
 

To adapt the barrel fresno scraper
 
for heavy duty, the two wearing points,

the bottom and the runners must be
 
reinforced.
 

To reinforce the scraper bottom, cover
 
itwith a heavy iron plate 4 to 6mm
 
(5/32" to 1/4") thick from the rear
 
of thlblade to the bolt which holds
 
the handle. Weld or rivet the plate
 
inplace.
 

To reinforce the runners, weld or
 
rivet old truck springs or other heavy
 
strap iron as described in the paragraph
 
on repairing the s~raper.
 

Source:
 

Dale Fritz, VITA Volunteer,
 
Washington, D.C.
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FLOAT WITH ADJUSTABLE BLADE
 

The float is very useful for leveling 

a field before planting a crop. Itcan 

be made by a small manufacturer or a 

carpenter-blacksmith with locally-avail-

able materials (see Figure 1). 


All earth moving operations, where any

quantity of soil ismoved, leave the land 

surface inan uneven condition. The 

float is the best piece of equipment for 

obtaining a smooth, even surface.
 

Itis difficult to do a perfect job of 

leveling the first season after earth has 

been moved. The areas from which the soil 

has been removed are usually hard and 

the areas to which it has been moved are 

soft so that uneven settling results, 

Also, general tillage and plowing oper-

ations sometimes roughen the land surface.
 
Using the float over the entire field 

each season before planting the crop will 

help answer these problems. Best re

sults may be obtained by floating the
 
field inboth directions (at 90 degrees),

golng back and forth. The last floating

should be in the direction of the irri
gation flow.
 

When borders are built ina field for
 
border irrigation it isusually best to
 
use the float over the entire areas be
tween the borders before seeding.
 

The float can be built invarious
 
widths according to the available power.

Itisnecessary, however, that the
 
float be at least 5 meters (16 feet)

long to insure a good job of leveling

the earth. The adjustable blade is
 
optional but it isoften desirable if
 
a buck scraper is not available.
 

Common hitches for the float are the
 
same as used with the fresno.
 

F/6Ab' / A F4o0 0O 
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Tools and Materials
 

Wcod: 


5.5 meters
2 runners, 5cm x 30cm x 

(2"x 12" x 18') 


1.8 meters
30cm x
3 blades, 5cm x 

(2"x 12" x 70 7/8") 


20cm x 1.9
2 cross braces, 5cm x 

meters (2"x 7 7/8" x 74 13/16") 


2 diagonal braces, 5cm x 15cm x 3.75 

meters (2" x 5 7/8" x 12'4")
 

2 diagonal braces, 5cm x 15cm x 3
 
meters (2" x 5 7/8" x 919") 


4 side blocks, 5cm x 30cm x 45cm
 
(2"x 12" x 17 3/4")
 

1 lever, 5ai x 10cm x 1.5 meters
 
(2" x 4" x 59")
 

2 strap iron runner plates, 7mm x 50 n x
 
6 meters (9/32" x 2" x 1917")
 

3 angle iron cutting edges, 7mm x 50mm x
 
1.8 meters (9/32" x 2" x 70 7/6")
 

2 steel tie rods (threaded both ends), 

7mm x 2 meters (9/32" x 78 3/4")
 

4 nuts, 7mm (9/32") 

8 washers, 7mm (9/32")
 

1 pipe axle, lcm (2") diameter x 2 meters
 
(78 3/4") 

2 steel plates, l0mm x 20cm x 20cm
 
(3/8" x 7 7/8" x 7 7/8") 


3 u-bolts, with nuts and washers, 13mm x

20cm (1/2" , 7 7/8") 

2 hitch stocks, 7mm x 50mm x 70cm 

(9/32" x 2" :( 27 9/16") 

50 flat head screws, 4cm (19/16") (No.
14)
 

15 flat head stove bolts, with nuts and

washers, 6mm~ x 8cm (1/4" x 3 5/32")
 

4 carriage bolts, with nuts and washers,

l3imm x l3chi (1/2" X 5 1/8")
 

1.5kg nails, Ijcm (40d) %a 1/8")
 

1.5kg nails, 10cm (20d) (4")
 

1 rope, l0,mm x 4 meters (3/8" x 13')
 

1 chain or cable hitch, 5 meters (16' 5")
 

Construction details for the float are
 
given inFigure 2.
 

Source: 

Construction and Use of Small Equipment for Farm rriaton, ar 
Forsberg, James D. Metzger and John 
C. Steele, USOM/Trkoy ir cooperation

with Turkish Ministry of Agriculture. 
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SUCM FLOAT WITH ADJUSTABLE BLADE 

,, 
lC 

13mm Washers 
I~Piate 

7mmx50mm Str~p Iron 7mmx50 nx50mm Angle Iron 

Use No 14 flat head screws Use 6mmx8cm flat head stove bolts - front 
60cm c.c. DETAIL B & No 14 flat head screws - bottom. 

DETAIL C l3mmxl3cm Bolts
DETAIL A 


-- I ,2 


•cm

7m -T] 

L 7njnx50mm Strap Iron . / 20cm 

FIGURE 2
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BUCK SCRAPER
 
This buck scraper may be used for
leveling snrall humps of earth where the 


haul distance is short. 
 It can be made
by a small manufacturer or by a car-
penter-blacksmith 
if equipment ard

materials are available, 


This buck scraper has been designed
for use with large horses 
or oxen. 


The buck-scraper can be used for fill-
ing ditches or for smoothing border ir-
rigation systems. 
 After the border

levee has been made, it is very important
to smooth the area 
between and close to
the levees. 
 The buck scraper can be used 
very effectively for this purpose by
shortening the hitch on one side and

allowing the blade of the scraper to run
at an 
angle, thus shoving the soil into
the rough areas 
around the newly-built 

levee. 


After using the fresno to move large
amounts of soil from high spots to 
low
spots, the surface of the cut and fill 

areas will usually be rough. 
 The buck 


scraper is useful for smoothing out the
uneven 
spots caused by the fresno.
 

Earth moving may be aided by loosening
the soil to be moved by plowing before

using the burk scraper.
 

The buck .craper is loaded by pushing

moves 
forward.
down on the )andle &s the equipment
The handle must be held
down while the soil 
is being transported.
The scraper is unloaded by lifting up on
the handle. 
A shal!ww spread is made by
lifting the handle 
slightly and a
deeper spread by pushing the handle
 
farther forward.
 

The most common hitches with the buck
 scraper are:
 

2 oxen

2 oxe s
 
3 horses
 

3 horses
 
The buck scraper may be made in different sizes according to the available
 

power.
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ols and Materials
 

2 eye bolts, l6mm x 9cm
 
I buck board, 5cm x 30cm x 183cm 


(5/8" x 3 1/2")(2 x 12" x 6') 
x 13cm (I/2" x 

30cm x 122cm 2 carriage bolts, 13mm 
1 trailer board, 5cm x 


5 1/8")
(2"x 12" x 4') 


4 carriag- bolts, 13mm x 10cm tI/2" x
 
1 iron pipe handle, 3cm x 2cm 
 4")

(3/4" x 1 3/16') 


x22 carriage bolts, 13mn 8cm 
1 strap iron cutting edge, 6mm x 


x 4"x 6') (1/2" x 3 1/8")
lOom x 183cm (1/4" 


2 washers, 16mm (5/8")

4 strap iron hinges, 6am x 4cm x 30cm 


x 12") 28 washers, 13nm (1/2")(1/4" x 1 9/16" 


2 strap iron, 6mm x 4cm x 30cm
 
x 12") 1 chain cable hitch, 5am (3/16")

(1/4" x l 9/16" or 


2 strap iron pipe clamps, 6mnix 4cm x
 
15cm (1/4" x 1 9/16" x 6") Source:
 

2 band strap iron pipe clamps, 6mm x Construction andUseof SmallEquipmnt
 
4cm x 20cm (1/4" x 1 9/16" x 7 7/8") for Farm Irriation, by Carl M. Forsbrg,

John C. Steele,U.Metger andJTames 
USOM/Turkey in cooperation with Turkish 

1 bolt for hinge, 16mm x 46cm 
Ministry of Agriculture.

(5/8" x 18 1/8") 


-x - - 5x00CmA -A 3 Cm 

- Strap Hinges, 
4cC.Lc 7 3cm Iron Pipe0 4cm >A 

B 5m Chain, Rod or 
0
V_ U"Cable
 

-Y6mmxlOcmxl8 3cm Blade ,'z 

B13mmxlOcm 
13rml3cm Blts gBol ts 

s cmxlcm P1. 

FIGURE 26mmx4cmx2Ocm 6 
BUCK SCRAPER FOR WET AND DRY LEVELING
 Bent Pl. 3m Pipe-flattened at 


Bearing
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V-DRAG FOR PLOWING DITCHES AND BUILDING LEVEES
 

The V-Drag isused for making ditches 

for irrigation and drainage of fields 

and roads. Itcan also be used to make 

levees (banks) or borders for border 

irrigation. The V-Drag can be made
 
locally by carpenter-blacksmiths or 

small manufacturers ifmaterials are 

available. 


Materials 


(See Figure 2 for list of materials) 


Construction details are given inFig-

ure 2.
 

Using the V-Drag for Plowing Ditches 


After the desired ditch line has been 

established by means of a level or trans- 

sit, the plow may be used to make a 


furrow where the line has been staked.
 
Plow down one way, then turn and plow

back again in the same furrow but throw
ing the soil the other way.
 

When the furrcw has been made by
 
plowing down and back, use the V-Drag
 
to move the soil out of the furrow.
 
By making a complete round (down and
 
back) the soil can be thrown out on both
 
sides of the ditch. By alternately

plowing and using the "-Drag to throw
 
the soil out, any desired depth of
 
ditch can be obtained.
 

The method of hitching the animals is
 
important. If two horses are used, it
 
isnecessary to hitch them far enough
 
apart so that both can walk outside the
 
ditch. If two oxen are used it isim
portant that the yoke be long enough to
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QUALITY OF MATERIAL 
& 

S 

I. 2o 
I7 . .. 

, 
'A 

5_ 

5 

__ 

' - o z2-- _9 

r=_ 

( 

2 

. 

-

L-2-T 

PAPT 

18 
17 
16 
15 
14 
13 
12 
11 

10 

8 
7 
6 
5 

4 
3 
2 
1 

DESCRIPTION 

Bolt* 
Spring Washer 
Sprinq Washer 
Spring Washer 
Round Head Bolt & Nut* 
Round Head Bolt & Nut* 
Round Head Bolt & Nut* 
Reinforcement Sheet 
Short Wing Angle-Iron 
Long Wing Angle-Iron
Nose Plate 
Handle Bracket 
Tie Rod 
Hitch 

Handle* 
Wing Brace* 
Short Winq* 
Long Wing* 

QTY 

2 
23 
2 
2 
25 
2 
4 
2 

1 
1 
1 
1 
1 
1 

1 
I 
I 
1 

RAW MATERIAL HEASUREMT 

I/2" 
Sheet 3x24x24 
Sheet 3x28x28 
Sheet 3x36x36 
Nuts 318"x70 
Nuts 1/2"x40
Nuts 5/8 x180 
Sheet 4x50x220 
Angle-Iron 50x50x1470 
Angle-Iron 50x50x2000 
Sheet 4x270x620 
Sheet 4x230x285 
Iron 12x775 
Iron 18x700 

Oak 52x105x1080 
Oak 50x100x660 
Oak 50x270xl770 
Oak 50x270x22,15 

WEIGHT 

0.054 
0.023 
0.037 
0.062 
1.000 
0.310 
0.340 
0.691 

5.542 
7.540 
5.257 
2.060 
0.690 
1.400 

6.000 
4.000 

24.000 
50.000 

( 
" 

COVSretuC-rO,, Z)"FZo- rOe r- ' A- I 6-
All dimensions in mm - except as 

*Manufactured. 
indicated. 



permit each animal to walk on the outside 

of the ditch.
 

Ifthe soil ishard and more power is 

required, 3-horses can be used and one 

horse car. walk inthe ditch and one on 

each side. 


The depth of cut made by the V-Drag
 
can be adjusted to thc, available power.

Shortening the litch will redLce the
 
depth of cut as will shifting your

weight to the back of the drag. Either
 
lengthening the hitch or shifting your

weight to the front will increase the
 
depth of cut.
 

The handle of the V-Drag can be used
 
to vary the width of the ditch. Press
ing down will widen itwhile lifting up

will narrow the width.
 

Using the V-Drag to Build Levees or
 
Borders for Lorder Irrigation Systems
 

After the desired location has been
 
selected for constructing a levee, or
 
border, the plow may be used to plow

down and back twice and throw the soil
 
into the border line. The V-Drag can
 
then be used to crowd the soil into a
 
'idge.
 

When a border irrigation system is
 
constructed inthis manner it isnec
essary to smooth around the border
 
with a buck scraper (see page 203).

Ifthe hitch on the scraper isshort
ened on one side itwill roll the dirt
 
into the border.
 

The Hitch
 

The hitch on the V-Drag isthe same
 
for construction of a ditch or a border.
 
Two horses, two oxen, or three horses
 
are usually satisfactory.
 

Source:
 

Construction and Use of Small Equipment

for Farm Irrigation, by Carl M. Forsberg,

James D. Metzgerand John C. Steele,

USOM/Turkey incooperation with Turkish
 
Ministry of Agriculture.
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MULTIPLE HITCHES
 

Multiple hitches or load eveners are
 
necessary when more than one animal is
 
used for pulling equipment to adapt the
 
proper power to the load and the job.
 A.II(.R..-R
Correctly-made hitches enable each 

animal to do his share of the work and
 
exert an even pull on a piece of equip
ment.
 

Various combinations of hitches may
 
be used, according to the job. The most
 
comon hitches are:
 

double trees, or 2-horse evener
 
3-horse evener
 
4-horse evener
 
6-horse evener
 

Figure I shows a four-horse evener and
 
a three-horse evener. This illustration
 
ishelpful in reading the construction
 
details inFigure 3.
 

The major parts of the hitches can be
 
adapted for use with oxen/or bullocks.
 
Figure 2 shows simpler eveners which can
 
be used with horses, oxen or bullocks.
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Tools and Materials
 

2-horse evener: 


1 oak plank, 4cm x 10cm x 1 meter 
(19/16" x 4"x 39 3/8") 

2 oak bars, 4cm x 6cm x 77cm 

(1 9/16" x 2 3/8': x 30 5/16") 


4 strap iron, lOni x 4cm x 22.5cm 

(3/8" x 1 19/16" x 8 7/8") 


4 machine bolts with nuts and washers, 
13am x 8cm (1/2" x 3 1/8") 

2 carriage bolts with nuts and washers, 

l0mm x 12cm (3/8" x 4 3/4") 


3-horse evener: 


I oak plank, 4cm x 12cm x 1.52 meters
 
(1 9/16" x 4 3/4" x 59 7/8") 

1 oak bar, 4cm x 6cm x 77cm (19/16" x 
2 3/8" x 30 15/16") 

2 strap iron, lOmm x 4cm x 46.5cm 
(3/8" x 1 9/16" x 18 5/16") 


2 strap iron, l0mm x 4cm x 34cm 

(3/8" xl 9/16" x 13 3/8") 


4 machine bolts with nuts and washers, 

13mm x 8cm (1/2" x 3 1/8")
 

2 carriage bolts with nuts and washers,
 
10nm x 14crh (3/8" x 5 1/2")
 

plus material for one 2-horse evener
 

4-horse evener: 


1 oak plank, 4cm x 16cm x 1.96 meters 

(19/16" x 6 5/16" x 78") 


4 strap iron, lmm x 4cm x 40cm 

(3/8" x 1 9/16" x 15 3/4") 


4 machine bults with nuts and washers, 

13mm x 8cm (1/2" x 3 1/8")
 

2 carriage bolts with nuts and washers,
 
lOmm x 18cm (3/8" x 7 1/16")
 

plus materials for two 2-horse eveners
 

6-horse evener:
 

1 oak plank, 6cm x 20cm x 2.84 meters 
(23/8" x 7 7/8" x 9' 3 3/4") 

4 strap iron, l0mm x 5cm x .45cm
 
(3/8" x 12.5cm x 5/32")
 

2 machine bolts with nuts and washers,
 
20m x 8cm (3/4" x 3 1/8") 

2 machine bolts with nuts and washers,
20m x 10cm (3/4" x 4") 

2 carriage bolts with nuts and wishers,
 
10mm x 22cm (3/8" x 8 5/8")
 

plus materials for two 3-horse evensrs
 

Clevis (U-shaped piece by which draft
 
animal isconnected to hitch)
 

1 clevis stock, 20mm x 70cm
 
(3/4" x 27 1/2")
 

1 machine bolt with nut and washers, 
20mm x 12cm (3/4" x 4 3/4") 

(one clevis is needed for each horse)
 

Sources:
 

Construction and Use of Small Equipment

for Farm Irrigation, by Carl M. Forsberg,
 
James D.Metzger and John C. Steele, USOM/
Turkey, inconperation with the Turkish
 
Ministry of Agriculture.
 

Farm Implements for Arid and Tropical

Regions, by H.J. Hoffen, Food and
 
Agriculture Organization of the United
 
Nations, Rome, 1960.
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Irrigation 

SIPHON TUBE
 

The metal siphon tube described here are often expersive, easily broken and
 
can be used for irrigation (see Figure usually impossible for local people to
 
1). Itcan be easily made and repaired repair.
 
by tinsmiths. A siphon can also be made
 
from a piece of rubber hose or by bending There are several good ways to start
 
a piece of plastic tube. a siphon tube. The simplest way is to
 

put the tube in 0ie ditch until it fills
 
Tools and Materials with water. Holding one hand over the
 

end of the tube, vo that air cannot get
 
Galvanized sheet metal in,lift the tube out and place it as
 

shown inFigure 1. Be sure the other
 
Tinsmith tools: solder, tinsnips, ham- end of the tube does not come out of
 
mers, anvil the water while placing the tube. When
 

the tube is inplace, remove the hand
 
Construction details are given inFig- and the water will begin to flow. The
 

ure 2. 	 end of the tube outside the ditch must
 
be lower than the level of the water in
 

The purpuse of this siphon tube is to the ditch.
 
carry water out of a ditch without cut
ting a hole in the ditch bank. Inmany Source:
 
soils a small hole cut inthe ditch
 
bank soon becomes a large hole because Dale Fritz, VITA Volunteer,
 
of erosion. Imported plastic siphons Washington, D.C.
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USING TILE FOR GARDEN IRRIGATION AND DRAINAGE
 

An irrigation or drainage system 

made with the concrete tiles described
 
here can help to keep a garden inpro-

duction during.both wet and dry seasons. 

Itwill make good use of irrigation 

water and, during the wet season, will 

drain off surplus water. 


The entries which follow explain 

how to make a concrete-tile machine
 
and how to use the machine for making 

tiles. 


Drainage and underground irrigation

using these tiles have worked atisfac-

torily inPanama. 


Inregions of heavy rainfall, the tile 

drainage can be combined with good sur-

face drainage by making raised beds in 

gardens, shoveling out 30cm (1') wide 

pathways which will be 15cm (6") lower 

than the beds. Put the beds over the 

tile lines and make them I meter (3')

wide. Use the pathways also as drdinage 

ways and connect them with a good out-

let to lower ground, 


This system of under-ground irrigation

(and drainage) can serve under fruit 

trees or gardens. Itcan also be used
 
around the foundations of buildings 

where drainage isa problem, 


_AlFA' rA f r or 

AOSE M~vr~L 
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Tools and Materials
 

Concrete tile
 
Cement for mortar, concrete
 
Sand for mortar and tile coviring
 
Gravel or crushed stone for concrete
 
Wood for plugs
 
Optional - Brass outlet box collar
 
Shovels, concrete-mixing tools
 

Concrete irrigation tiles, whether
 
for irrigation or drainage or both are
 
laid 30cm (12") deep in lines 1.2m (4')

apart (the latter measurement depending
 
on the texture of the soil: more
 
distance between lines for clay soils
 
and less for sandy soils). The garden

should be almost level, with good

surface drainage. By making upright

"elbows" at the ends of the lines,
 
one can give access to the tile at
 
either end. A garden hose can de
liver the water from its source to the
 
upright ends of the tile lines. While
 
tile lines must be level, they do not
 
have to be straight; they can follow
 
a contour line or double back to make
 
a more convenient system of installation,

with four or more lines connected to
 
make one unit. (See Figure 2.)
 

Indry seasons, the tiles supply
 
water to the plant roots. See Fig
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ure 1. Inwet seasons, the water "elbow" (made of two tiles cut to
 
escapes through the sand and gravel 45-degree angle) to make a place

&round the tile and follows the con- for putting the hose at one end,
 
crete tube formed by the tiles' to a and use other elbows to turn
 
drainage outlet (see Figure 2). corners.
 
While passing downward through the
 
soil to the tile, the'water draws air 3. Put a piece of tar paper (or used
 
into the soil and supplies oxygen to linoleum) over each joint (see

the helpful bacteria and to the plant Figu,,e 3) to keep the dirt out of
 
roots. Seedlings cannot grow without the line. A piece 5cm x 12.5cm
 
oxygen. (Plants do not grow in a (2" x 5") is large enough. Cut
 
flower pot without a drain hole in with tin snips.
 
the bottom, because they do not get

oxygen.) 4. Cover the tile with sand to give


the water an opportunity to soak
 
How to Install Concrete Irrigation Tile out into the soil or (inthe case
 

of drainage), to seep into the
 
1. Grace the garden plot to within tile. The bottom 12.5cm (5") of
 

5cm to 7cm (2"to 3") of level and the trench are filled with sand
 
mak trenches 30cm (12") deep, or gravel (around the tile) and
 
accLrding to the design inFigure the top 17.5cm (7") are filled
 
2. 'his will give an even dis- with soil.
 
tribution of the waLer. Check the
 
bottom of the tile ditches to be 5. Near the outlet, make a,upright
 
sure they are level. Only the concrete box with two holes near
 
drainage outlet will have a drop. the bottom to let drainage water
 

run through and on out to an out
2. Lay the tile, end to end, in the let. The box should be large


bottom of the trench. Use an enough so that one can reach in
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to it to install a plug in the
 
drain side of the box when the
 
system is used for irrigation.
 
A brass or aluminum collar in
stalled in the concrete will
 
make it easier to close this
 
hole completely and thus avoid a
 
loss of water.
 

6. Put covers over both ends to keep
 
out small animals (see Figure 1). 


7. 	 Do not water more frequently than 
once or twice a week, so that 
plant roots will not enter the 
tile line to obstruct it. 

8. Be careful not to injure the tile
 
with tillage equipment.
 

9. For irrigation the tile system is 

used with its drain plug securely 

closed (see Figure 2). Water is
 
run into the line once or twice
 
a week, by means of a hose, until
 
the soil becomes moist. For
 
drainage, simply pull the plug.
 

Source:
 

A Machine for Making Concrete Tile for
 
Irrigation and Drainage, by J. Oscar
 
Brown, U.S. Department of Commerce,
 
O.T.S. Information Kit, Vol. II #2,
 
November, 1961.
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MAKING A CONCRETE TILE MACHINE
 

This all-steel tile-making machine can 

be made of scrap metal inany shop with
 
welding equipment. The machine makes 80 

to 100 tiles to a sack of cement. One
 
man can make about 300 tiles inan 8-hour 

day. Construction of the machine isa 

good welding project for students. 


A tile-making machine made from wood
 
is illustrated in Figure 15. The tiles 

made with this machine are the same 

size as those mcde with the all-metal 

machine. 


A.mAwkr 
BFRACAr 

8. MAKrf 

F, " / 

M4,V4w9 .RACM.Yr WAR.P
AND TILE owoq*I 

Tools and Materials
 

See text
 

All the drawings of the form and its 
several parts inthis entry show the
 
form inits up-side-down, or emptying
 
position.
 

The machine can be made of used or new
 
materials. To make the form, it isde
sirable to hve both electric and acety
lene welding equipment, although either
 

i 
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will serve. The thicker parts are 

assembled by arc welding and the thin-

ner parts have to be put through other 

parts before welding, as will be explain-

ed below. We shall refer to each indi-

vidual part by its number, which appears 

on the sketches. 


The assemblies made of parts No. 10, 

11 and 12 (see Figures 8 and 14) ar%
 
simply a convenient means of taking hold 

of the levers to open the end doors. 

These levers are made of parts Hr).5 and 

13 as described below and shown inFig-

ures 9, 10 and 11 and they work against 

the two springs which hold the doors 

shut,--tl~a tencion being made sufficient
 
to hold the doors closed against the
 
force of tamping.
 

The hole in the end door isshown as
 
3mm (1/8") larger than the diameter of
 
the pipe which shapes the interior sur-

face of the concrete tubes. This 3mm
 
(1/8") is an allowance of clearance
 
necessary to keep the sand particles from
 
making the pipe dirffcult to remove
 
after the mortar is tamped around it. 

Greater clearance would hurt the uni-

formity of t tilp. The finished tile
 
should have a i ,orm 13mm (1/2") wall 

and part No. 1 must be shaped and so 

related to the pipe that the thickness 

of the tile wall will be correct (see 

Figure 6). 


Parts No. 7 are bronze welded to the 

sides of No. 1 (..e Figure 6). These 

parts, like other parts which touch the 

hands, should be dressed to a smoothness 

sufficient to avoid injury to the oper-

ator. The outside of the form should be 

well painted but the inside cannot be 

painted, as paint would cause the mortar 

to stick to the inside. When the form 

is not inuse, the inside should be kept 

oiled. 


The pipe may need to be dressed light-

ly in the lathe to make iteasier to re-

move from the form after the mortar is
 
tamped around it. In turning, it is 

advisable to make the end opposite the 

handle end 0.5mm (1/64") smaller, as 
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this will facilitate its removal in the
 
emptying process. This lathe work
 
should be done after the end of the pipe
 
opposite the handle end has been welded
 
shut with a disc of galvanized sheet
 
metal. Ifthis end isnot closed, ce
ment will enter the pipe and thus be
 
spilled into the inside of the tile to
 
become an obstruction there.
 

Part No. 19 is a wire or 3m (3/32")
 
diameter steel welding rod with the
 
shape shown in Figure 2, but one of the
 
eyes has to be formed after the part
 
has been threaded tnrough the hole in
 
poart No. 8 (see Figures 1 and 8).
 

S/AP O PARr&O./? 

The following paragraphs are listed
 
by part numbers:
 

1. The inside walls of the form are
 
made of 16-gage galvanized iron.
 
Part No. 1 as shown inFigure 1
 
ismade from a sheet cut to a
 
true rectangle 26.6cm x 30.5cm
 
(10 1/2" x 12"5. This isbent to
 
shape by putting a 6mm (1/4")
 
fold on each of the 30.5cm (12")
 
sides; bending 19mm (3/4") more of
 
same sides to a right angle; and
 
then shaping the sheet according
 
to the curve shown in Figure 3.
 
This lining isthen fitted into
 
the cradle which ismade of parts
 
No. 2 and 3. Parts No. 6 will be
 
the end doors, which are also made
 
ol 16-gage sheet iron. The in
side of the form should not be
 
painted, as this interferes with its
 
operation.
 

2. For part No. 2, two pieces of angle 
iron, 38mn x 38mm x 3mm x 30.5cm 
(01/2" x 1 1/2" x 1/8" x 12") are 



tween the sheet metal lining of the
 
ASA 	 form and the metal pipe. Notice
 

that the tile wall will be uniform
ly 13mm (1/2") thick. See Figures
 
4 and 8.
 

4. Mild steel rods, 10mm x 15.2cm
 
(3/8" by 6"). See Figure 13. Two 

F/ U.RE3 are needed. These are welded in 
SNP0,V; .A0*R/-O.I place to make the form stand a 

little taller so the levers will
 
not touch the work bench while the
 
mortar isbeing tamped into the
 

needed, 	 form. They also piovide a wider
 
base.
 

3. Angle iron, 38mm x 38mm x 5mm 
i 1/2" x 1 1/2" x 3/16"), 95mm 5. Mild steel rods, lOmm x 22.9cm 
3 3/4") long. Two are needed. (3/8" x 9"). See Figure 10. Four
 

Parts No. 2 and 3 are welded together are needed. These are bent to form
 
to form the cradle. Parts No. 8 are the levers and are welded into pairs

welded inplace on parts No. 2 and by means of the connecting piece,

corrections are made for shape .- No. 13. See Figure 9. Notice the
 
fore No. 1 istack welded into the tiny appendages which are welded to
 
cradle which has thus been formed, the handle end of the levers. These
 
The design above gives some idea are to keep the hand hold from turn
of final relationship to be kept be- ing or sliding endwise from its
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proper position. By the "hand hold" 

we mean the assembly made of Parts 

No. 10, 11 and 12. 


6. 	Galvanized sheet ,etal, 16-gage, 
14cm x 16.5cm (5 1/2" x 6 1/2"). 
Two are needed. These are the 
doors and the parts which hold the 

center pipe in its proper position, 

They should be cut and shaped after 

Pirt No. I has been tack-welded in 

its 	place. See Figure 5. 


7. 	Galvanized sheet metal, 16-gage, 
38mm x 10.2cm (1 1/2" x 4"), bent 
to angle as showii in Figure 6. Two 

are needed. These are handles for 

lifting the form. They are dressed 

smooth and bronze welded to the sides 


Doo0qI 

U1AMYSACa'( 

AA'D TAC CORNZeS 

of No. I after the doors are proper
ly installed as explained under No.
 
15 below.
 

8. 	Mild steel bar, 9mm x 6mm x 7cm 
(3/4" x 1/4 x 2 3/4"). Four are 
needed. See Figure 1. They are 
welded to No. 2 to complete the
 
cradle for the lining of the form.
 
Then the lining, part No. 1 is
 
welded to No. 8 at the fold in the
 
edge of No. 1. Check to see that
 
the space for the thickness of the
 
tile wall remains l3mm (1/2").
 

g. 	Screen door spring, cut into coils
 
as shown, 14cm (5 1/2") long with
 
the end loops bent out to form eyes.
 
Two are needed. See Figure 7.
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10. 	 Channel iron, 31mm x 19nxn x 8.2cm 

(1 1/4" x 3/4" x 3 1/4"). Two are 

needed. Countersink hole for 

screw head. Dress parts No. 10 

and 11smooth as they are handles.
 

11. 	 Strap irn, 2.5cm x 3rmi x 8.2cm 

(1"x 1/8" x 3 ./4"). Two are
 
needed. See Figures 8 and 14. 

Drill and thread hole to match the 

screw hole inpart No. 10. Make 

guide holes for the round appen-

dages which are welded to the end 

of the levers, No. 5. The appen
dage on No. 5 is made by sawing
 

06 - /53 AfM
Cff5PFORk jrrCA'IN6) 

1Oj1 

off a 10rm (3/8") length of 10mm
 
(3/8") diameter rod and bronze
 
welding itto the end of the
 
handle as shown.
 

12. 	 Machine screw, flat head, 6mm x
 
19mm (1/4" x 3/4"). Two are needed.
 
This unites No. 1.0and 11.
 

13. 	 Mild steel rod, IOmm x 12.7cra (3/8"
 
x 5"). Two are needed. See Figure
 
11. Parts No. 5 are made in pairs
 
by welding to the ends of part No.
 
13. Before welding, insert part
 

,J6UA'I-7 (2 

M*A'e rivo 6RVI.5 A 52 
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13 in the tube, No. 14, which will 

become the pivot (after No. 14 is 

welded to the inside angle of No. 

3). 	 Thus we have the levers which 

open 	the end doors, 


14. 	Pipe, lmm (3/8"), 7.6cm (3") long. 

Two are needed. They form the pi
vots for levers. 


15. 	 Steel welding rod, 6m x 10.8cm 

(1/4" x 4 1/4"). The ends are 

ground flat and smooth. Two are 

needed. See Figure 14. These are 

the hinge pins for the doors. 


After the hinge holes, No. 16 are 

welded to part No. 3, parts No. 15 

are put in place in the holes, 

Then parts No. 6, the doors, are
 
put inplace, checked for exact 

position and bronze welded to the 

hinge pins, No. 15. This weld 

extends almost the entire distance
 
between one pivot hole (part No.
 
16) and the other. The weld holds
 
the door to the hinge pin and pre
vents the hinge pin from sliding 

out of place. 


16. 	 Steel bar, 19mm x 2.5cm x 6mm (3/4" 

x 1" x 1/4"). See Figure 13. Four 

are needed. Bore 6mm (1/4") hole 

for the hinge rod as shown. No. 15 

pivots in these holes to make hinges
 
for the donrs. Parts No. 16 are
 
welded to part No. 3 in such position
 
as to be as far to the outside edge
 
of the dour as possible. It is best
 
to make a trial positioning of the
 
door and parts No. 15 and 16 by tack
 
welding No. 16 lightly before weld
ing itpermanently. Then it ispos
sible to make sure that the door is
 
going to be insuch place that the
 
pipe will have its proper position.
 

17. 	 Common nails, 6 penny, with strong
 
heads. See Figure 14. Four are
 
needed. Connect the nail to the
 
spring by a wire through the hole
 
in No. 8. Put the wire through
 
the holes before forming the second 
end loop.
 

18. 	 Piston, 5cm (2") galvanized pipe
 
40.6cm (16') long. (The 5cm (2;)
 
measurement isthe inside diameter
 
of the pipe.) Weld one end shut by
 
bronze we1ding a metal disc to the
 
end. Then dress lightly in the
 
lathe, making the closed end 0.5mm
 
(1/64") smaller than the other.
 
Itwill serve well without turning,
 
but will be easier to operate it
 
dressed.
 

19. 	 Wire or welding rod, 2mm (3/32")
 
to make the connection between parts
 
No. 9 and 17. See Figures 2 and 14.
 

Source:
 

A Machine for Making Concrete Tile for
 
irrigation and Drainage, by J.Uscar
 
Brown, U.S. Department of Commerce,
 
O.T.S. Information Kit, Vol. 2, No. 2,
 
(November 1961).
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MAKING CONCRETE TILE
 

Using the detailed directions presented 

here for using the "Concrete Tile Machine,"
 
it ispossible for one man to make two 

tiles per minute, although a good day's
 
work would be 300 or more. The mortar 

remains in the form only c few seconds, 

The cement mixture is tamped into the
 
form with a tamper. Then the form is 

immediately turned up-side-down on a
 
(slightly oiled) concrete floor and 

emptied, leaving the tile completed and
 
ready to start its curing process. The 

same general method can be adapted for
 
the wooden tile-making machine inFig-

ure 15 of the preceding entry.
 

1- /DZA/ 

P/rrZ1Ar& / rY& F/V4 O M2E 

Tools and Materials
 

Fresh Portland Cement
 

Clean sand, screened through a 6mm (1/4"
 
screen
 

Clean water
 

All-metal tile machine
 

Metal tamper
 

Plastering trowel
 

Work bench
 

Shop with concrete floor
 

One (11-liter) bucket
 

D-handled shovel (square point)
 

Large hoe for mixing cement
 

A strong dust pan with a handle.
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Steps in making tile 


1. 	Screen the sand and spread 

out 28 liters (1 cubic foot) 

on the shop floor.
 

2. 	Spread 7 liters (1/4 cubic 

foot) cement over the sand. 


3. 	Mix thoroughly with shovel 

and hoe. 


4. 	Spread the pile out and 

scatter the mixing water 

over it. 


5. 	Make the batch into tile 

before 45 minutes of time 

elapses. Put mortar on
 
work bench after mixing. 


6. 	Fill the form (without the 

pipe) 1/4 full and tamp
 
the ends with two strokes
 
with the (gloved) left 

hand.
 

7. 	Insert the pipe and fill 

the form with mortar.
 

8. 	Tamp the sides of the tile.
 

9. 	Fill the form again.
 

10. 	 Turn the tamper over and 

pack the cement again.
 

11. 	 Use the trowel to finish 

the tile. 


12. 	 Carry the tile and form 

to a place where the 

floor has been lightly 

oiled.
 

13. 	 Place the form carefully 

on its sid2 on the floor 

and then tip it quickly to
 
an upside down position.
 

14. 	 Pull out the pipe, turning 

it slightly first. Hold 

the 	form down with the 
left 	hand.
 

Important suggestions
 

1. 	Use 28 liter (1 cubic foot) meas
uring box without a bottom.
 

2. 	Measure in the box, filling it
 
1/4 full.
 

3. 	Turn over the pile four to six
 
times.
 

4. 	The amount of water will be no 
more than 2/3 the volume of ce
ment, including any water in 
the damp sard. The mix should
 
be as dry as possible and still
 
be plastic.
 

5. Cement loses its strength if put
 
into the form too long after
 
mixing.
 

6. 	This gives the tile perfect ends.
 

7. 	One dip with a strong dust pan

without a handle.
 

8. 	Three strokes with the iron tamper.
 

9. 	Another dip with dust pan.
 

10. Three strokes with the flat sur
face 	of the tamper.
 

11. 	 Strike off the surplus with one
 
stroke and leave the surface
 
trowelled level with a second
 

stroke.
 

12. 	 In carrying the form, do not
 
touch the pipe.
 

13. 	Hesitation in the middle of t.,, 
tipping action way cause the 
mortar to fall out. 

14. 	 If the pipe is too hard to re
move, it may have irregularities
 
and need to be dressed lightly
 
in the lathe.
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15. 	 Lay the pipe on top of the 

form. 

16. 	 Gripping the sides of the 

form with both hands, push 

down on the levers which 

open the hinged ends and
 
then lift the form off the
 
tile.
 

17. 	 Leave the tile in its place 

on the floor over night. 


18. 	 The next day the tile can be 

picked up by gripping itat 

its middle with the hand. 

Stack the tile at the side 

of the shop to clear the 

center floor space for
 
another day of production.
 

19. 	 When tiles are one day old, 

it isa good time to make 

45-degree ends on such tile 

as have been injured in 

manufacture.
 

20. 	 Keep the tile wet at least 

a week. 


15. 	 This gives the form a slight
 
jar.
 

16. 	 In lifting use leg action and
 
hip action. Bending the elbows
 
may knock an end off the tile.
 

17. 	 Sprinkle very lightly with
 
water if itbegins to get dry.
 
To dry at this stage would ruin
 
it.
 

18. 	The first day, stack only two
 
layers high, as the tile isnot
 
strong yet. The second day,
 
they can be stacked as high as
 
desired.
 

19. 	 One needs about 5% (or more) of
 
the tile made with a 45-degree
 
end for use inturning corners
 
in the tile line.
 

20. 	The strength is increased by
 
each day tha. the tiles are kept
 
wet.
 

21. 	 Ifyou need further instruction in regard to the fundamental prin
ciples of good concrete construction, study the entries on concrete.
 
The machine used inthe tile-making operation outlined above can be
 
manufactured in a good modern farm shop, if the mechanic has the ?nty 
"Concrete Tile Machine."
 

Source:
 

A Machine for Making Concrete Tile for Irrigation and Drainage, by
 
J. uscar brown, U.S. Department ot commerce, u.I.S. intormaton Kit,
 
Vol. 2, No. 2 (November 1961).
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Seeds and Weeds 

SEED CLEANER
 

This seed cleaner was developed in 
Afghanistan to remove round seeds of 	 /I*-i.
 
weeds from wheat grains. The round
 
seeds could not be separated by a sieve 
because they were the same size as the 
wheat grains. The cleaner described 
here takes advantage of the round 7 
shape of the weed seeds to separate 80M 
them from the wheat. The wheat grains, /#.9ON
which roll down the chute slowly, col
lect at the base of the inclined plat
form ("x" inFigure 1); while the round 
seeds roll faster and fall off the side
 
opposite the chute ("y" inFigur- 1).
 

Tools and Materials:
 

Nails or screws x 

Inclined Platform --- T 
Galvanized iron sheet: 70cm x 70cm I 

(2'3" x 2'3")RUD5.*
 
"
 

COLLErCTS6 N,'eA
68cm (4pieces)
Wood: 	 2cm x 4cm x 


(3/4" x 1 1/2" x 2'2 3/4")
 

Wood: 2cm x 4cm x 25cm (1piece) 
(3/4" x 1 1/2" x 10" Make the chute and the inclined plat

form as shown inFigure 1. 
Attached to platform to support

chute The chute isattached at thietop to
 

the 80cm (2'7") support by nails whose
Wood: 	 2cm x 8cm x 34cm (2pieces) heads have been removed. This makes it
 
(3/4" x 3" x 1'3 1/2") easy to remove the chute when itisnot
 

being used. The chute's lower end sits
Legs fnr platform on the 2cm x 4cm x 25cm (3/4" x 1 1/2" 
x 10") support attached to the platform. 

Chute 
The seed should first be cleaned with 

Galvanized iron sheet: 24cm x 140,.m sieves to remove as much dirt and chaff
 
(9 1/2" x 47") as possible. To use the seed cleaner,
 

drop the seed very slowly onto the top

Wood: 2cm x 8cm x 80cm (1piece) of the chute,
(3/4" x 3" x 2'7")
 

Source: 
Dale Fritz, VITA Volunteer,
 
Wood: 2cm x 8cm x 80cm (1 piece) Washingtori,D.C.
 

(3/4" x 3" x 12")
 



SEED CLEANING SIEVES
 

An important step for improving crop 

production isthe effective cleaning

of crop seeds. The sieves described 

here have been found effective inmany 

countries. 


Tools and Materials 


Wood: 	 12 pieces: 2.5cm x 5cm x 46cm 

(1"x 2" x 18") 


Wood strips: 12: lcm x 2.5cm x 43.5cm 

(1/2" x I"x 17") 


Galvanized screen:
 

6mm (1/4") mesh: 


5mm (3/16") mesh: 


3rmn (1/6") mesh: 


Hammer
 

Saw
 

Nails
 

46cm (18") square
 

46cm (18") square 


46cm (18") square
 

CiALVANIZED WIR4E 

3 CONAILS, S 


OS-- QA /8 N-28
 

For construction details, see Figure 1.
 

The exact size of these sieves is not
 
important, but 3mm (1/8"), 5mm (3/16")
 
and 6mm (1/4") mesh make convenient sizes
 
for cleaning wheat, barley, corn and
 
seeds of similar size. The sieves are
 
also useful for grading certain seeds.
 
Grading consists of removing the small,
 
weak seeds which will produce small
 
weak plants or will rot grow at all.
 
Less seed can be planted per acre, if
 
it is properly cleaned and graded, and
 
still produce a good crop.
 

Source:
 

Dale Fritz, VITA Volunteer,
 
Washington, D.C.
 

S ,,"
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DRYING GRAIN WITH WOODEN BLOCKS
 

Small blocks of wood treated with cal
cium chloride, a low-cost chemical, can
 
be used to dry grain. The blocks, which
 
absorb moisture from the grain, can be
 
used repeatedly by drying them in an
 
oven after use. The blocks can absorb 
 T
 
water up to one-fourth their weight.
 

In a test using balsa blocks, the 
moisture content of grain dropped from CWA'A'srORaq 
17 percent to 12 percent inthree days. cleer-cAPAEIny 
The blocks were not dried at this point; APPROx.400aos. 
in the next five days, moisture content 
did not change. The blocks were then 
dried in an oven and put back in with 
the grain. Three more days of drying o " 
brought the moisture content down to 110 
percent, at which grain resists mold and 
insects. 

Tools and Materials
 

Balsa or cedar: Cedar absorbs water and
 
is durable. Balsa absorbs more water,
 
but it breaks easily. Other woods
 
can also be used.
 

Calcium chloride (CaCl 2 ): Add enough to
 
a liter of water to make the solution
 
weigh 1.2kg (or to a quart of water to
 
make the solution weigh 2.5 pounds).
57CM
 

Waterproof chest which will keep out va
por, to dry and store the grain. A
 
steel drum or sheet metal cabinet would
 
be good. A wooden chest can be used
 
if it is vapor-proof, as in Figures 1,
 
2 and 3.
 

Saw
 

Coarse Screen: 2.5cm (1") mesh
 
srOR4 G
 
C0^4'TAIAR Preparing the Blocks 
CAP:3s Z/7rJzs -5,05. 
F/,(RV2 1. Cut the wooden blocks so that as 

much as possible of the surface
 
is end grain. A good size is 3cm
 
x 3cm x 0.75cm (" x 1" x 1/2").
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2. 	Dry the blocks in a 90 to 100C.
 
(194 to 212F.) oven or double
 
boiler to remove all moisture (see
 
Figures 4 and 5).
 

3. Cook the blocks in the calcium chlo
ride solution for four hours 
at a 

temperature just below the boiling
 
point, 100C. (212F.)
 

4. 	Let the solution cool; let the
 
blocks soak in the solution for 24
 
hours.
 

5. 	Dry the blocks again as in Step 2.
 

6. 	When the blocks are dry, wipe off
 
any calcium chloride on their sur
face before putting them in the
 
grain.
 

7. 	Mix the blocks with grain in 
a con
tainer. 
The blocks should be

spaced throughout the container so
 
that the grain will dry evenly in 

the shortest time possible. The 

blocks should not take up more than 

10 percent of the container's space. 

Small containers (see Figure 1) are
 
helpful when there are several
 
kinds of grain to dry. They also
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make it easier to remove and replace

the blocks. These containers are
 
placed inthe waterproof chest.
 

8. After three to five days, remove
 
the blocks. They can be separated

from the grain easily with a coarse
 
screen. Dry the blocks as inStep

2.
 

9. 	Continue re-drying J,eblocks and
 
placing them back in the grain until
 
the blocks no longer absorb moisture.
 
To find out when this point is
 
reached, weigh the blocks after
 
three or four days in the grain:

if they weigh the same as dry blocks,

the 	grain is dry.
 

H o' " I 

-f /Nver 
"crlo,2 Im$,crloA 
A77AC" cur.~z>o5s
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Source:
 

Grain Drying and Storage for Warm, Humid
 
Climates .by Norton C. Ives (Turrlalba,
 
Costa Rica: Inter-American Institute
 
of Agricultural Sciences, 1951).
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BUCKET SPRAYER
 

The bucket sprayer described here has S(A, V
 

been designed primarily to meet the need
 
for a sprayer which can be built inan CLAMPS
 
area where production facili, es are
 
limited. This sprayer, which can be
 
made by the local artisans, isintended} 
 ,
 
only for water solutions of insecticides
 
or fungicides.
 

The sprayer Ihasbeen found useful in U /
 
Afghanistan.
 

MTA
 

Two people operate it: one sprays 
while the other pumps. .'MA SoLT. 

3.5CM LONG /CALO/V 
Tools and Materials ;,SVETCS 

Galvanized iron 30cm x 30cm (V x 1') Qj

plus 10cm x 20cm (4" x 8")
 

Barrel metal 10cm x 20cm (4" x 8") 

6mm (1/4") hose (high pressure) 4m (13')
 

6mm (1/4") pipe (truck brake line may 

be used) 50cm (19 5/8") 


Wood for handle 2cm x 15cm x 30cm (3/4" x
 
6" x 12") 


2.5cm (l") Galvanized iron pipe (thin
walled) 120cm (4') long
 

4mm (5/32") wire: 20cm (8") 


Truck inner-tube material: 10cm x 20cm 

(4"x 8")
 

lmm (1/32") Galvanized wire: 30cm (12") 


4 - 5mm (3/16") bolts, 1cm (3/8") long 

2 - 5mm (3/16") bolts, 3.5cm (13/8") long 


The sprayer pump operates on the same
 
principle as the Inertia Pump (see page 

97). The top of the 2.5cm (1") iron 

pipe isplugged and a simple valve is 

located 8cm (31/8") from the top. The 

valve is a piece of truck inner-tube 

rubber wr4pped around the pipe and held 

inplace by wire. One corner of the 


WIooEMtV C ,/P ,/
 

M S VAVA/ZEP
 
-ioM P/p-


J 

rubber is over a hole inthe pipe. Some
 
careful adjustment is necessary when
 
placing the rubber to make sure itworks
 
properly and does not leak.
 

The pressure tank encloses the valve
 
assembly and, as the liquid ispumped
 
into the tank, builds up pressure suf
ficient to operate the simple disk type
 
spray nozzle. The tank isbuilt so that
 
itcan be removed inorder to service
 
the valve.
 

The length of the hose can be deter
mined by the maker of the sprayer but
 
itshould be about 4m (13') to allow the
 
man doing the spraying to cover quite a
 
large area before having to move the
 
bucket. Also, the length of the small
 
pipe and the angle of the spray nozzle
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8cm
~3cmi 

I Covei' 6m 

-Wire (lmm galvanized) Clamps - 2 required 4mm
Soldered, Valve inplace galvanized wire.
 

8cm 	 Holero53cm-


Hole 1cm
 

Rubber
Valve, Inner 	Tube 

Rubber gasket


truck
 
tube
 

.Iron pipe 2.5cm Holes lmm
 
30cm galvanized, drilled at
 

total length 120cm angle
 

~Gasket Ribber 

ZPressure tank. 
galvanized Iron 

6mm pipe soldered 
tu tank 

6mm hose Galvanized iron 
disk with 6mm pipe 

5mmBolt - soldered on truck 
Solder -,-'hydraulic line may be 

, .2cm Tank Flange used 

===-Barrel Metal FIGURE 3 

2cm. 
-Rubber 

. Gasket 
DISK NOZZLF 

Pipe flange 	will be determined by the kind.of crops
 

being sprayed.
3cm Wooden Handle 


_At times itwill be necessary to
Oc 	 "prime" the sprayer pump: if the valve
 
rubber is too tight and the air cannot
 
be forced through the valve, or ifthe
 
rubber is stuck to the pipe. To prime
 

!IGURE 2 . the pump turn itup-side-down and fill
 
'UMP CROSS SECTION the pipe with water. Holding your


thumb over the pipe, turn the pump
 
over, lower it into the bucket of liq
uid and stzart pumping in the usual man

233
 



ner. Ifpriming does not start the Source:
 
pump itwill then be necessary to remove
 
the pressure tank to inspect and repair Dale Fritz, VITA Volunteer,
 
the valve. Washington, D.C.
 

Only very clean water should be used
 
0 make the mixture fur spraying. !t
 
shLu'ld be straine-d through a cloth ater
 
mixiog ta remove any particles which
 
might :ause t~ienozzle to plug. Ifa
 
very fine br;Ass screen isavailable, it
 
should be put in the nozzle to keen the
 
dirt from plugging the holes.
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BACKPACK CROP DUSTER
 

The backpack duster described here, 

designed so that itcan be easily made 

by tinsmiths, has been used by Afghan

farmers to dust sulfu,- on their grapes 

to control powdery mildew. The duster 

ismade from easily available materials. 

Its feed rate isadjustable (see Fig-

ure 1). 


The springs needed for the duster 

can be made with the simple spring winder 

shown in the following entry, 


Tools and Materials 


Soldering equipment 


Sheet-metal working tools 


Carpentry tools 


How the Duster Operates 


Inoperating the duster, the rod 
(23)
 

is used to pump the inner-tube bellows, 

which pivots about point A (see Figure

1). 


Air isadmitted to the bellows through 

valve (4), also made of innertube rubber, 

and passes down the pipe (18). A meas-

ured amount of dust is injected into pipe

(18) at point B. The feed mechanism 

consists of a 6mm (1/4") rod (7)covered
 
by a spring (17). As the bellows is 

worked up and down, the rod and spring 

go inand out of the hole (at point B)

inthe delivery pipe (18). The dust 

lodges between the loops of the spring

and is carried into the pipe. The amount 

of dust delivered is controlled by stretch-

ing the spring on the rod so that there 

ismore space between the loops. The
 
greater the space between the loops,

the greater the amount of dust carried 

into the pipe. An easily adjustable 

clamp (13) and (14) is provided on the
 
rod to regulate the amount of dust applied
 
to the plants. The air-dust mixture is
 
blown out the delivery pipe at (24).
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The bellows of the duster ismade from
 
truck inner-tube rubber. There are sev
eral sizes of inner tubes. If the size
 
shown in the list of parts isnot used,
 
the diameter of the hopper must be ad
justed to the size of the tubes avail
able. The hopper ismade from galvanized
 
tin, from 24 to 28 gage.
 

Inthe illustrations, the feeder rod
 
(7)isshown as being straight. Hoiever,
 
itisnecessary to bend the rod to allow
 
it to work inand out of the hole inthe
 
delivery pipe without binding.
 

To fill the duster, slip the bellows
 
off of the top of the hopper. The hopper
 
must not be filled above the top of the
 
delivery pipe. The top of the delivery
 
pipe (18) iscut so as to prevent dust
 
from spilling in the tube during filling,
 
and to provide a means for fastening it
to the hopper (19).
 

Adjusting the Duster
 

To increase the amount of dust being
 
applied:
 

1. Slip the bellows (8)off of the top
 
of the hopper (19).
 

2. Loosen the bolt (13).
 

3. Pull up on the clamp (14) stretching
 
the spring (17).
 

4. Tighten the bolt (13).
 

5. Replace the bellows and test the
 
amount of dust delivered to see if
 
it is satisfactory.
 

To decrease the amount of dust, the pro.

cedure is the same except that the clamp
 
ispushed down on the rod.
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Part 
No. Name 

1 Bellows 

Support 

2 Screws 

3 Bellows 
Plug 

4 Valve 

5 Screws 

6 Feeder Rod 
Anchor 

7 Feeder 
Rod 

8 Bellows 

9 Bellows 


Support 


10 Brace 


11 	 Nails 


12 Rivets
 

13 Bolt 


14 	 Clamp 


15 	 Nut 


16 	 Agitator 

Spring
 

17 	 Feeder 

Spring
 

18 	 Pipe 


19 	 Hopper 


20 	 Floor 


Material 


Wood 


Wood 


Rubber 


Barrel 

Metal
 

6mm (1/4") rod 


Truck inner-

tube rubber 


Barrel 


metal
 

Galvanized tin 


6mm (1/4") rod 


Barrel metal 


6mm (1/4") nut 


Tire bead wire 


Tire bead wire 


Galvanized tin 


Galvanized tin 


Galvanized tin 


Description
 

38m x 7cm x 2cm (15" x 2 3/4" x 3/4"). 

4cm (19/16") long.
 

22cm (85/8") in diameter, 2.5cm (1")
 
thick.
 

4cm x 5cm (19/16" x 2") see Figure 2.
 

2cm (3/4") long.
 

See Figure 3.
 

See Figure 3. Total length 50cm
 
(19 3/4").
 

30cm (12") lung on long side. Tube
 
measures 29cm (11 3/8") from edge when
 
laid flat.
 

20cm (8") long. See Figure 4.
 

33cm (13") long. See 11igure 4.
 

3cm (1 3/16") long.
 

See Figure 5.
 

See Figure 5.
 

See Figure 5.
 

3.5cm (1 3/4") diameter. See Figure 6.
 

9mm (11/32") diameter. See Figure 3.
 

3.5cm (1 3/4") diameter, 71cm (28")
 
long. See Figures 6 and 7.
 

22cm (85/8") diameter, 48cm (18 7/8")
 
high. See Figure 7.
 

Make to fit. See Figure 7.
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21 Strap 
Holder 

22 Strap 

23 Handle 

24 Pipe 

2 o 

Galvanized 

wire 


Webbing 


8m (5/16") 

rod
 

Galvanized 

tin 


4mm (5/32") diameter. Soldered to
 
hopper.
 

6cm (2 3/8") wide, 3m (9110") long.
 
Tied at waist.
 

Total length 1 meter (39 3/8").
 

3.5cm (13/4") diameter, 140cm (55 1/4")
 
long. See Figures 1, 6 and 8.
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mVPY/fi' 6 Filling the Duster 

Before filling the duster, make sure
A1/SU-VIF8. OEMA/LO0.- that all lumps of dust have been broken
PART R4 /' up. Putting the dust through a piece
 
of window screen isa good way to break
 
up the lumps. This will also remove
 
any foreign matter.
 

Source:
 

Dale Fritz, VITA Volunteer,
 

Washington, D.C.
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SPRING WINDER
 

This method for winding springs can be 

used to make springs of any size. Fig
ures 
1 and 2 show spring winders for

springs which will be the right size for 
use in the Backpack Crop Duster described 
inthe preceding entry. 

Tools and Materials 

Drill 

Drill bit: 2mm (1/12") 

Drill bit: 6mm (1/4") 

Drill bit: 12.5mm (1/2") 

Wood: 10cm x 10cm x ]m (4" x 4" x 39") 

Metal rod: 6mm (1/4") by Im (39") long 


Metaj pipe: 12.5mm (1/2") by 30cm (12")

long 


4 small nails 


Steel spring wire 


A69MM~rabout 

W/r

ii 

/ . ,M,/pf 
I /% 
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Spring Wire
 

A good source of spring wire is from the
 
bead of an old tire. The rubber should
 
not be burned off as this destroys the
spring-strength of the wire.
 

Making the Winders
 

A 6mm (1/4") hole is drilled in one end
 
of the wood block and a 2mm (1/12") hole
 
is drilled in the other end. 
A 12.5mm
 
(1/2") hole is drilled through the 6mm
 
(1/4") rod and through the 12.5mm (1/2")

pipe to insert the end of the wire. 
A
 
6mm (1/4") hole is drilled through the
 
12.5mm (1/2") pipe to hold the winding

handle. 
Drive two nails close together,
 

1.5mm to 2mm (1/12" to 1/16") from

each hole in the wood block. Put the
 
pieces together as shown in Figures 1
 
and 2.
 

The wire is fed through the nail wire
 
guide and then through the 1/12 inch hole
 
'in the rcd or pipe spool. The spool is
then turned in a clockwise direction un
til the desired length of spring is wound.

The springs for the backpack duster are

9mm (11/32") from the 6am (1/4") spool 
and 3.5cm (1 3/8") from the 2.5cm (1/2")
 
spool.
 

Source:
 

Dale Fritz, VITA Volunteer,
 
Washington, D.C.
 



Poultry Raising 

Brooder with Corral for 200 Chicks
 

This booder (see Figure 1) is hinged 

for easy access to corral and brooder, 

The brooder has been used successfully 

in Ecuador and elsewhere to raise broilers 

for a cash crop. 


This chick brooder is heated by a reg-


ular electric light bulb, placed under
 
the brooder floor. Depending on the tem
perature rise required, the wattage of
 
the light bulb will have to be chosen by
 
experimentation. The metal floor and
 
roof prevent predators such as rats from
 
entering the brooder. If electric power
 

FIGURE 1
 

Corral lid covered with
 
hardware cloth
 

/ 	 Roof cut away to show
 
burlap suspended - leave
 
10cm opening
 

Roo is wooden frame hinged.
at back covered with tar paper
 
and aluminum roofing
 

Corral and brooder frame resLs oo 

S2.0 2.0-- _6 

I 	 _ 

ade of
.Brooder 

Floor of corral made of 

hardware cloth may need 

wooden supports 


base shown below
 
_ __-__ .6 

floor made of
 
aluminum roofin
 
covered with
 
vsand
to 	hold
 

This base rests on ground Steel rods heat
 
supports frame support floor
 

Hole for insert ng
 
light bulb for heat
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isnot available, an excavation can be 

made for a lantern. Be sure the lan-

tern has adequate ventilation.
 

Tools and Materials 


Small carpentry tools 


Hardware cloth 1.2 x 2m (4'x 6' 6 3/4"), 

2 pieces this size needed.
 

Aluminum roofing:
 

1 piece: 1.2m x 1.6m (4'x 5'3") 


1 piece: 1.2m x 1.7m (4'x 5'7") 


Wood, approximately 30cm x 2cm x 20m (' x 

3/4" x 65'8") 


Steel rod 1cm (3/8") diameter x 3.2m (10'
6" ) 


4 hinges about 8cm (3 1/8") long 


Woodscrews for hinges 


2 buckets clean dry sand 


Nails, tacks, staples 


Source: 


in Rural Missions,

Article by George Kreps icover 

Issue #122, publishad by Agricultural 

Missions, Inc.
 

Paraffin (Kerosene) Lamp Brooder for 75
 
to 100 Chicks
 

This brooder was used by more than 300
 
farmers in eastern Nigeria. The earlier
 
design was modified later: several holes
 
were drilled inthe legs which were
 
bolted; this made it possible to vary
 
the height of the brooder.
 

1. Nail legs to side (see Figure 2).
 

LIC
 

[ ijjjj(i jjjjjjJ F] 
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2. Assemble and nail top support rails
 

lcm (3/8") below the upper edge of
 
the sides (see Figure 3).
 

3. Make the top of plywood, sheet metal
 

or wooden boards o that the top

fits inside the frame and rests on
 
the support rails (see Figure 4).

The hole in the center of the top is
 
for ventilation. A swinging metal
 

regulates the size of the
 
opening.
 

4. A bush or hurricane lamp isplaced
 
inside wire mesh or a perforated tin
 
can to protect the chicks and to
 
help radiate the heat (see Figure

5).
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Brooder for 300 Chicks
 

1/ " This brooder (see Figure 6) is similar
 

to the other two brooders. It can be
 
used with either lanterns or electric
 
light bulbs. If lanterns are used, their
 
wicks should be cleaned daily. Con
straction details are given io Figure
 
7. 

The dimensions given in the illustra
tions can be altered slightly to use Source:
 
available materials.
 "Brooder for' 300 Chicks," by W. W.
 

The wcks of the lanterns should be Stopper, Poultry Advisor, U.S. Techni
cleaned daily to cut down on soot. cal Cooperation Mission to India, New
 

Delhi (mimeo).
 
Source:
 

W. H. McCluskey, Poultry Science Depart
ment, Oregon State University, Corvallis.
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BAMBOO POULTRY HOUSE
 

This bamboo poultry house has a thatch 

roof and slat walls to provide good ven-

tilation. The elevated slat floor keeps 

chickens clean and healthy while the egg 

catch and feed troughs simplify mainte-

nance.
 

The poultry house which costs nothing 

but labor to build, is certain to pro-

duce healthier, more productive chickens.
 
Ithas been used successfully in the
 
Philippines and Liberia.
 

Tools and Materials
 

Bamboo
 

Nails 


Thatching materials
 

Small tools
 

House 

The house isbuilt on a frame of small
 
poles, with floor poles raised about lm
 
(3) from the ground. (See section on
 
construction with bamboo, p.302). The
 
floor poles are covered with large bam
boo stalks, split into strips 38m 
(1 1/2") wide, spaced 38m (0 1/2") 
apart. Floors so constructed have sever-
A] 4vantages: better ventilation, no 
problem of wet moldy litter during 
rainy season or dry dusty litter during 
dry season; droppings fall between split 
reeds to ground away from chickens. 
This eliminated parasites and diseases 
normally passed from hen to hen through 

droppings remaining wam and moist in
 
litter. However, it has been suggested
 
that wide spacing of floor and wall
 
slats might invite marauders such as
 
weasels and snakes.
 

Tin shields on the support poles will
 
keep rats and other pests from climbing
 
(see Figure 2).
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Walls are made from vertical strips of 

bamboo 38mm (1 1/2") wide, spaced 6cm to 

8cm (21/2" to 3") apart. This also 

allows ample ventilation, needed to 

furnish oxygen to the chickens and to 

allow evaporation of excess moisture 

produced in the droppings. Inthe 

tropics the problem is to keep chickens 

cool, not warm. Using a closed or tight
walled poultry house with a solid floor 

would keep them too warm and result in 

lowered production and increased res-

piratory problems. Shade over and 

around these houses is very important, 

Ifthe ground around the houses is not 

shaded, heat will bounce into the
 
houses. 


Roof 


The roof must protect the chickens 

from the weather. InLiberia thatch 

roofing keeps the birds cool, but it 

must be replaced more often than most 

other materials. Since itis cheap and 

readily available to the small farmer 

or rural family, it ismost likely to 

be ,ised. Aluminum, w' h reflects the 

heat of the sun, and asbestos, an effi-

cient insulator, are desirable roofing

materials inthe tropics. Zinc, which 

iscommonly used to roof houses in 

Liberia, isundesirable for chicken 

houses because itis an efficient con-

ductor of heat. 


Whatever the roofing material, the 

roof must have an overhang of Im (3') on 

all sides to prevent rain from blowing

inside the house. Itmay be desirable 

to slope the overhang toward the ground, 


Feeders 


Feeders and waterers are made from 

10cm to 12.5cm (4"to 5") diameter bam-

boo of the desired length (see Figure 1).

A node or joint must be left intact in 

each end of the bamboo section to keep 


the feed or water in. A section 7.5cm
 
to 10cm (3"to 4") wide around half the
 
circumference of the bamboo, except for
 
7.5cm (3") sections on the ends, isre
moved to make a kind of trough. All
 
nodes between the ends are removea.
 
These feeders must be fastened at the
 
base, to keep them from rolling.
 

The feeders are fastened to the outside
 
of the walls about 15cm (6") above floor
 
level. The hens place their heads through
 
the bamboo strips to feed or drink, thus
 
conserving floor space for additional
 
chickens.
 

Nests
 

The demonstration nests are 38cm (15")
 
long, 30cm (12") wide, and 35.5cm (14")

high (see Figure 3). The strips used on
 
the floor of the nest are about 13mm
 
(1/2") wide, spaced 13mm (1/2") apart,

and must be very smooth. The floor slopes
 
13mm (1/2") from front to back, so that
 
when the eggs are laid they will roll to
 
the back of the nest. An opening 5cm (2")

high at the back of the nest allows the
 
eggs to roll out of the nest into an egg

catch (see Figure 1). This type of nest
 
results incleaner eggs and fewer broken
 
eggs. Italso yields better quality eggs

because they begin to cool as soon as
 
they roll out of the nest. Inaddition,
 
the eggs are outside the nest where egg
eating hens cannot reach them. Placing

the egg catch so itprotrudes outside the
 
wall of the house allows the eggs to be
 
gathered from outside. Placing the
 
nests 1 meter (3') above the floor con
serves floor space and permits more lay
ing hens to be placed in the laying house.
 
One nest is put infor every five hens.
 

Inlaying houses, nests are also con
structed of split bamboo for unobstructed
 
ventilation. Conventional lumber nests
 
are hotter; this may cause hens to lay
 
eggs on the floor instead of in the nests.
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This means more dirty eggs, more broken deteriorates very fast under these con
eggs, and more likelihood of the hens ditions.
 
eating the broken eggs. The only way to
 
cure a hen of eating eggs once the habit Source:
 
is formed, is to kill her. In addition,
 
as the hens enter the nests they sit on USAID, Monrovia, Liberia, described in
 
eggs laid previously by other hens, OTS Information Kit, Vol. I, No. 5, May
 
keeping them warm. The quality of eggs 1961.
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EARTH BORER
 

This simple, lightweight inqxpensive
 
earth borer developed in India can be
 
used for digging post holes, latrine
 
holes and in fact any hole with a
 
diameter from 20cm (8") to 61cm (24")
 
or even larger. Itworks well only
 
incertain types of soil.
 

The borer can be used for making
 
holes up to 4.5m (15') deep. A steel
pipe handle would increase this to about
 
7.6m (25').
 

A similar earth borer, the Ulti-Balti,
 
ismanufactured by the Agricultural
 
Development Society, P.O. Naini,
 
Allahabad, U.P., India.
 

Tools and Materials
 

Pole: 4.5m (15') to 5.5m (18') long,
 
38mn (1 1/2") indiameter. Bamboo
 
will serve, but isnot very strong.
 
2.5cm (1") diameter pipe would be
 
good.
 

Barrel metal: 23cm x 63.5cm (9" x
 
25"), for blade. (Tough steel
 
l.Smm (1/16") thick isbetter.)
 

Strap iron: 6mm x 2.5cm x 28cm (1/4"
 
x I"x 11"), 2 pieces.
 

2 	Machine bolts: lmm x 5cm (3/B" 
x 2") with nuts and lockwashers, 
for attaching handle to straps. 

4 	Machine bolts: l0mm (3/8") in
 
diameter and 19mm (3/4") long with
 
nuts and lockwashers for attaching
 
straps to blade,
 

8 	Iron rivets: 6mm (1/4") in diameter
 
and lOmm (3/8") long, to fasten blade
 
seam. 


Drill, with 6mm (1/4") and lOmm (3/8")
 
bits. (If a drill isnot available, 

holes in the seam of the blade can 

be punched.) 


Hammer and anvil Heavy tinsnips 

Wrench File 


0 

Making the Earth Borer
 

1. Trace the outline of Figure 2 on
 
the metal, and cut the blade to shape.
 
Mark the locations for bolt holes for
 
attaching the straps. (The straps can
 
be riveted with 8 rivets rather than
 
bolted with 4 bolts.)
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2. Drill the lOmm (3/8") diameter 

holes for the strap bolts.
 

3. Bend the blade into an open cone, 

15.2cm (6') diameter at the top'and 

17.8cm (7") diameter at the bottom, with 

a 2.5cm (1") overlap and rivet or braze, 


4. Mark the location for the holes in 

the end of the straps from the holes 

already drilled in the blade to be sure 

they will line up. 


5. Drill the holes in the straps to
 

attach to the blade.
 

6. Bend the straps to shape and bolt 

on to the outside of the blade, 


7. Drill the holes for attaching the 

handle with the bamboo in place to
 
insure that these holes line up and that 

the mounted handle will be straight.
 

8. Mount the handle, and file off any 

rough spots or sharp corners. 


-rOAp 
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Using the Earth Borer
 

To work with the earth borer, clear
 
the site of weeds and dig a shallow
 
hole of the proper diameter. Bring
 
the borer down into the hole with
 
force, then raise it; repeat this up
 
and down motion until the borer fills
 
with soil. Because the blade tapers
 
toward the top, dirt is held tightly
 
inside the cutter. Once the borer is
 
full, remove it from the hole, empty
itand repeat the operation.
 

For holes with diameters larger
 
than that of the borer, move the blade
 
around on different strokes to cover
 
the whole area.
 

Source:
 

Mason Vaugh, VITA Volunteer, Wooster,
 
Ohio. Agricultural Development Society
 
Catalog.
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Silage for Dairy Cows 
The small dairy farmer who maintains
 

five or six cows on two or three hect
ares (four or five acres) of fodder and
 
pasture grass is usually faced with a
 
serious decline inmilk production dur
ing dry or cold periods. The decline
 
inmilk production is invariably the
 
result of the seasonal scarcity of
 
fresh, succulent, nutritious feed. The
 
absence of good feed usually means that
 
cows are obliged to eat dry, strawy, N, 
weedy grass which not only lacks nutri
tive value, but often causes digestive
troubles, constipation, and difficult 
birth. All these troubles can be com
pletely eliminated from the farm, eaily
and cheaply; good health and a high lev- , ' i 
el of production can be maintained--by
 
the use of silage.
 

Silage can be stored in permanent or
 
temporary silos. Permanent silos can A'16t1,S. rLE-BLOcOV roWER 5/o
 
be either upright tower-shaped structures LwrH r/Lr CL/-UTE.

(see Figure 1) or horizontal, like the
 
trench silo (see Figures 2, 3 and 4).

Upright stack silos (see Figure 5) and
 
fence silos are examples of temporary

silos. The use of successive rings of
 
fencing isbecoming widespread; these
 
silos can be lined with plastic or Detailed instructions on silo building
 
paper or they can be unlined. Many are given in:
 
farmers have saved the money needed for
 
permanent silos by using temporary si- "Farm Silos," Miscellaneous Pub
los for several years. lication No. 810, Agricultural
 

Research Service, U.S. Depart-

Losses of silage vary with the type ment of Agriculture, 1967 (re

of silo, the crop ensiled, its stage vised). For sale by the Super
of maturity and moisture content, fine- intendent of Documents, U.S.
 
ness of chopping and the extent to whick Government Printing OFfice,
 
air and water have been excluded from Washington, D.C. 20402. Price
 
the silage. Losses run from 5 to 20 20 cents.
 
percent in permanent upright silos;
 
from 10 to 30 percent inpermanent Itisnot wiorth while to make a silo
 
horizontal silos; from 15 to 50 per- of less than four tons capacity, except

cent intemporary trench, fence and under very special conditions. Spoilage

stack silos, insmaller silos isoften excessive. A
 

cow of average size not provided with

A silo should be located near the barn any other fodder will consume about 23kg


to keep to a minimum the time and labor (50 pounds) of silage in24 hours; on
 
involved in feeding. 	 this basis a farmer knowing the number
 

of cows to be provided for and the ap
proximate length of the period during
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F/6U'PE 2 

which silage isto be used, may estimate 

the quantity needed; for example: 


20 cows @23kg 

(50 pounds) 

per day for
 
90 days 41,400kg ( 90,000 pounds) 


5 heifers @14kg 

(30 pounds) 

per day for 

90 days 6,300kg ( 13,500 pounds) 


5 calves @7kg 

(15 pounds)
 
per day for 

90 days 3,150kg ( 6,750 pounds) 


50,850kg (110,250 pounds) 


51 metric tons (56 short tons) 
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The bare requirements would be 51 met
ric tons (56 short tons) of silage, and
 
an allowance for wastage should be added.
 
The tables may be used to estimate the
 
dimensions of a silo.
 

A silo of ten tons capacity or less
 
should be filled intwo operations,

that is,on two separate days with two
 
or three days between operations. Sim
ilarly, a larger silo should be filled
 
inproportionate operations, though
 
this isnot so essential as with the
 
smaller size.
 

Material for silage varies consider
ably: Corn, guinea corn, sugar cane
 
leaves, uba cane leaves, napier grass,

guatemala grass may be used singly or
 
inmixtures; the important point to be
 
borne inmind isthat the material
 



Approximato

KAI1ogr*0s nutritious than grass. silage can be pro
(Pounds) of dured by combining fresh young legumi

01imensfons inHaters (Fet.. Silage Per nous fodders with grass when filling

]FOP Nott= ' 30cm (V ,of the silo. Cow peas, edua peas, soya

WANt width Cepth of Length' 

2.4 8 1.8 6 1.8(6) 756 1680 

ri 2.1 7 1.8 6 918 2040 

3712 2.4 1.8 6 1080 2400 
2.4 8 1.8 6 21~7 882 1960 
3711 2.1 2:1 (7 1071 2380 
3 12 2.4 8 2.1 7 1260 2800 
3 10 1.8 6) 2.4(8 i152 2560 
3.7(12 2.4 8 2.4(8 14%,*t 3200 
4.3 14 3 10) 2.4(8 i728 384O 


Table 1. Trench silo capacities 


should be young, fresh and green. Uba 

and sugar cane should be cut before 

the stem is formed, guinea grass should 

be cut before flowering and seeding 

takes place; napier, guatemala, and 

elephant should be cut while the stems 

are still tender and green. Ifonly 

fresh, leafy growth described above is 

used, there isno need for chopping 

the material as it isbroug! t to the 

silo. Itshould be scattered thinly
 
over the entire surface of the silo, and 

should be constantly trampled to cause 

consolidation. Trampling close to thL 

walls isespecially important. 


Silage which isconsiderably more 


Inside
 

beans, Bengal beans, and St. Vincent
 
plum fodders have been used with suc
cess at the level of 20-25% of the
 
total bulk. But this material must be
 
chopped.
 

The use of molosses is recommended
 
inall silos, for increased palatability

increased nutritive value, and in the
 
case of young grasses, or silage with
 
leguminous mixtures, as an aid to the
 
essential fermentation. Molasses should
 
be used at the rate of 10kg per metric
 
ton (20 pounds per ton) of grass mate
rial, as follows: if the material is
 
wet with rain or dew, add two parts of
 
water to one of molasses before appli
cation; if the material is dry, add four
 
parts of water to one of molasses. As
 
each layer of material, several centi
meters or a few inches thick, is laid
 
down, sprinkle on the molasses -water
 
mixture, unless a blower with a contin
uous molasses sprayer attached isused.
 
Inleguminous mixtures 25% more molasses
 
should be used.
 

When it isnot possible to obtain
 
young, fresh material, and older mate
rial must be used, then chopping ises
sential. Once the material has been
 
chopped the remaining operations are
 
similar to those described above, with
 

Diameter Depth of Silage inMeters
 
of ,ilo 
in 4ters 2.4 3 3.7 4.3 4.9 5.5 6.1 6.7 7.3 7.9 8.5 9.1 

3 9.9 12.6 15.3 18 20.7 23.4 25.2 28.8 31.5 35.1 37.8 42.3 
3.7 14.4 18 21.6 26.1 29.7 34.2 56 40.C 45 49.5 54.9 60.3
4.3 18.9 24.3 29.7 35.1 40.5 45.9 48.6 54.9 61.2 67.5 74.7 81.9 
4.9 25.2 31.5 38.7 45.9 53.1 61.3 63.9 72 81 88.2 

Table 2. Number )fmetric tons of silage in a vertical silo. 
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the exception that only 6kg of molasses Silage made inthe spring of the year
 
need be used per metric ton (12 pounds when grass isyoung and nutritious will
 
per ton) of grass material plus 35% keep perfectly until the winter or
 
more if legumes are included, drought period comes; then it is possi

ble t. supply cows with feed every bit
 
After a silo has been filled level as nutritious and as palatable as 

with the top and has been thoroughly fresh grass in the natural state. It 
trampled, the silage will settle grad- istrue that some cows do not take 
ually over a period of several days, naturally and readily to silage, but 
bringing the need for refilling once they may be taught to consume itwith 
or perhaps twice to compensate for relish. 
shrinkage. After the final refill a 
thick layer of dried grass should When a silo isopened to feed cows, 
be laid over the silage and trampled logs and the dried grass layer should 
down; finally, a few heavy logs laid be removed. Itiscommonly found that 
over the dried layer will assist con- a layer of silage several centimeters 
solidation. A pointed roof over the (afew inches) thick from the top down
silo with eaves reaching down below wards will have spoiled--turned black 
the rim will shed rain water, or slimy with white streaks of fungus 

.5AuOW P171h' rep olYIre$OAcwrVC*CWwrze.-aoAtJ tLO 

~ ~....Ro,,f TRaNCA9 

tRA~cAy suO 

OF TRENCH S0.... O.... . .R . ... ........5LO 8E 


0*1R!t,- GAS, 0M~ R' IkN SILOS . 

......... .. is...... p.
.. 

,m.nIIsky-be:prasnt ,aroun s1. D r Ofm en dioxie
bein V s .SIt SWor i

Tw ting ou: fafmenttin atge$ only 4jur4 MIT nda" frMxtlyCA'rbo dioxide, si- ft, of 'tin's ......form ,In -l1:1 wek~or 

sLoR, li IOSH(L E LOOF TRNC% 

A rM I S WP, , I It r g : of .caIr e ft s am s , i sa eS 

whIb A":atl* P& I.011 ! l!i 



.Y6LLA'- 4 
15 CAf OW ffAwr7l 

FROM ~r.ViY*V 
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.3M 7106N OF $IOPZE PER 
.- 4OOR CROWYo 1. M4OfP7W~ OFr 5jo jvq4J
ACR 8ffrFZ 
FogIAA 7PEA. 

here and there. This should be thrown Source:
 
away.
 

The Farmer's Guid" Jamaica Agricultural
 
The color of the good silage exposed Society, Kingston, Jamatca, 1962 and
 

below may be green, yellow-green, or Marvin D.Van Peursem, VITA Volunteer,
 
brownish-green, and itwill have a Newton, Iowa
 
strong pleasant smell; there will be
 
no slimin-ss or streaks of fungus. The
 
silage may be fed at will to cattle,
 
care being taken only that each day's M=W 
supply should be removed from the whole ,
 
surface of the silage rather than from
 
one spot; in this way an even surface
 
will be maintained and no one section
 
will be over-exposed to air. After c
 
each day's supply has been taken out, '
 
the surface of the silage should be coy
ered with old bags to prevent drying -, .out; if it should become necessary to "' : -

interrupt the feeding of silage for
 
more than a day or two, then the silage .
 
must be sealed off as it was when the . .,,.-. .. ,. '. , 
silo was first filled. 
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Storing Food at Home 

You work hard when you grow food and 

orepare it to eat. If you buy food it 

takes money. You do not want to waste 

it. To keep food clean and safe in
 

%iVORTANT 

the home you must have good storage
 
space, suitable containers and a way
 
to keep foods cool and dry.
 

Only water which is pure enough to-drink should be used 

for washing or cooking food. If the purity of watar is 

.indoubt, it should be boiled for:10 minutes or disin

fected.
 

HOW TO CARE FOR VARIOUS KINDS OF FOOD
 

Different kinds of food jed special 

care. Treating each food properly 

will make it keep longer.
 

Dairy Foods 


Fresh milk is safe if it irz boiled, 

If you do not have refrigeration, boiled 

milk will keep longer than milk that 

has been pasteurized. Cream will keep 

longer if it is boiled.
 

After milk and cream are boiled,
 
then cooled, store them in clean con-

tainers in a cool place. In warm cli
mates these foods will keep longer if
 
stored in an iceless or mechanical
 
refrigerator.
 

If canned, evaporated, condensed or
 
dried milk is used, add water and boil
 
for 10 minutes. Unsafe milk should
 
not be added to hot or cold beverages. 


diately in hot climates. Do not
 
store.
 

Dried milk in its original containers
 
will keep for several mo;iths in a cup
board or on open shelves. Close the
 
container properly after using. The
 
milk will take up moisture and become
 
lumpy if exposed to air. Then it is
 
hard to mix with water and food.
 

t--

, . I1 

Cooked foods using milk or cream
 

spoil very quickly. Use them irme- A/6,.e" /
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Canned evaporated milk and condensed Rubbing cured or smoked meats with
 
milk may be stored at room temperature dry baking soda may help prevent mold
until opened. Before opening shake ing. Ifmeat isattacked by insects
 
the can to avoid separation of the or shows spoilage, cut out the bad
 
milk. After opening, cover tightly part.
 
and store inan iceless or mechanical
 
refrigerator ifpossible. Eggs
 

After dried milk has had safe water Sort eggs as soon as they are brought
 
added to it,store itthe same as from the poultry yard or market.
 
fresh fluid milk. Cracked ones should be removed and
 

cooked for ifrediate use. Spoiled
 
Butter should be kept in a cool eggs should be thrown away. Rough
 

plac-T,
in a covered container.
 

Keep hard cheese in a cool place.
 
Wrap tightly in a clean cloth or paper
 
to keep out air. Put in a box or metal
 
container ifpossible. Before using,

trim away any mold that forms on the 
surface.
 

Soft cheeses should be stored ina
 
tightly covered container in a cool
 
place.
 

Fresh Meat, Fish, Poultry
 

The moist surfaces of dressed meats,
 
poultry and fish attract bacteria
 
that cause spoilage. Keep these foods
 
clean, cold and dry. They should be
 
allowed some air when stored. Wrap handling, changes intemperature, and
 
loosely with a clean cloth or paper. fertility affect the keeping quality
 
Wipe or scrape off any dirt before of eggs.
 
wrapping.
 

Keep eggs in a covered container in 
These foods spoil very quickly. a cool, dry, clean place. 

They should not be kept long inwarm, 
moist climates. Wash all eggs incooled boiled water 

just before using. Water removes the 
thin film on the shell which protects 

. .... .. .the egg. This film helps to stop 
evaporation, the entrance of harmful 

. . bacteria and the absorption of odors. 

Fresh Fruits and Vegetables
 

Most fresh fruits and vegetables need
 
to be kept clean and in a cool place

with good air circulation. Such con

ditions help to prevent spoilage.
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Sort fruits and vegetables before 

storing. Use bruised ones immediately,
 
throw away decayed or spoiled ones. 

Ripe fruits and vegetables should be 

used in 2 or 3 days. Allow them to 

ripen in the open air out of the sun.
 
Wash fruits and vegetables before 

using them. 


Fruits and vegetables stored in 

boxes, baskets, barrels and bins should
 
be sorted frequently to remove decayed 

or spoiled ones. Some fruits such as 

oranges and apples may be wrapped in 

separate papers. The wrappers help to 

keep the fruit from bruising each 

other and also help to avoid mold.
 

-\ 

jw 

Ifpossible, soft fruits such as
 
berries, peaches, and plums should be____
 
spread out on clean wrapping paper or
 
in shallow pans or platters rather
 
than deep containers.
 

Fats and Oils
 

Keep all fats cool, covered and in
 
lightproof containers. Heat, light
 
and air help to make fats rancid.
 

Mold on the surface of fats shows
 
moisture is present. Remove the mold
 
carefully. Ifpossible, heat the fat
 
to drive off the moisture.
 

Foods like nuts and chocolate which
 
have some fat may get rancid. Nuts
 
keep best when left in shells. Keep
 
these foods cool and clean, in light
proof containers.
 

Baked Goods
 

Cool bread, cakes, pies, cookies and
 
other baked goods rapidly after they
 
are taken from the oven. Be sure the
 
place is free from dust and insects.
 
Wrap bread with a clean cloth or paper.
 

Store baked goods in a clean tin box
 
or other suitable container off the
 
floor.
 

Molds grow on bread. Scald and air
 
the bread box at least once a week.
 
Inhot humid weather do not shut the
 
bread box tightly when it is filled
 
with fresh bread.
 

Store bread, crackers, and crisp
 
cookies inseparate containers to
 
retain crispness.
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Dried Foods
 

Dried meats and dried frui.s and
 
vegetables may be kept in closely
 
woven cloth bags. Hang these bags

of food in a cool, dry place. If
 
these dried foods are hung in a damp
 
place they are likely to mold.
 

Open bags of dried foods should be
 
kept in a pottery or metal container.
 
Cover the container tightly to keep
 
out insects and rodents.
 

Canned Goods 


Canned foods should be kept ina 

clean, dry, cool place. Arrange so 

air may circulate around the cans. 

Canned vegetables and fruits may

Icak. Destroy any swelled or leaking
 
cans. Clean off other cans left on 

the shelf. Wash the shelves with hot
 
soapy water. 


WHENIS FOOD SPOIL D? 

Food generally shows when it is 
spoiled. Check itoften. Itmay have
 
an unpleasant appearance, taste or
 
smell.
 

Look for these signs of food spoilage:
 

slime on the surface of meats
 
bad odors
 

* sour taste inbland foods 

It is important to destroy.spoiled

foods as soon as they are found. Throw 
away any food that has a bad smell., -

K%&_R (VfChoppedmeat, eggs, and sea food usually 
spoil rapidly. Watch grains for signs

of weevils. Look for insects and mold"
 

-
indried foods. Destroy therpart which
 
has insects or mold at once.
 

Ifany jars or cans offood are leak-:
 
Ing or bulging, get rid of the food.
 
Itcan make you sick.
 

Leftover Cooked Foods
 

Moist cooked foods, particularly
 
those made with milk, eggs, meat or
 
fish, spoil easily. Leftover cooked
 
foods should be cooled quickly.

Store in an iceless or mechanical re
frigerator or a cool place. Use at
 
the next meal.
 

Leftover cooked foods should be
 
brought to a boil or thoroughly
 
heated before being served again.
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OY F006 SPOILS:-.
 

Foodsmaybe spiled by: 


*..bacteria and molds 
. agras$tes Of awat anfnwims-
* insects and rodents
 
:irm 	 air, freezing'tempratures and 

light
to-lttle-or.too. ich oisture 

'Dirt 'and careless handling increase 

food spoilage.. Good a e of food in

the home can help avoid waste. Keep
 
food ina clean and safe place. 


Bacteria are living things so small 

you ca--tsee them. 


Many are harmful. They live almost 

everywhere. Sometimes food ismade
 
unsafe because bacteria causing disease 

have gotten into it. Food can carry 

these diseases: 


amoebic dysentery and other dysen-

teries 


typhoid 

botulism 

tuberculosis
 
diptheria 

salmonellosis 


People may appear healthy and still 

carry these disease bacteria in their 

bodies. When they handle food, the 

bacteria may be passed on to the food. 

Then the food is-unsafe for others.
 

Bacteria infoods may be destroyed 

by: 


drying 

heating 

exposure to the sun 

removal of air
 
chemical substances 


Molds can be harmful. They grow 

where it is damp. Molds look like
 
delicate velvety or powdery growths 

of various colors spread through food. 


Ifmeat or cheese have mold on the
 
surface, cut away the moldy part. The
 
food that is left may be eaten. Throw
 
away moldy canned foods.
 

Parasites, such as tapeworm and
 
tr-icTna -Tive inmeat animals. The
 
tiny larvae of these parasites may be
 
inthe lean meat. They are waiting to
 
complete their development inthe human
 
body or some other place.
 

Thorough cooking of meat isthe best
 
way to destroy these parasites. Pre
servatives such as salt and smoke do
 
not destroy them. There isgreat

danger ineating uncooked sausages
 
even though they have been smoked.
 

Bacteria need water to live. Re
moving water prevents their growth.
 
Foods are dried to preserve them.
 
Then they are kept dry. Some foods
 
that are dried are meat, fish, beans,
 
peas, grapes, figs and currants.
 
They are dried in the sun or smoked
 
over a fire.
 

Cooking foods destroys many kinds
 
of bacteria.
 

When foods are canned, air is re
moved and the container issealed.
 
This process removes air that many
 
bacteria need to grow.
 

Many chemical substances either
 
destroy certain harmful bacteria or
 
prevent their growth. For food, two
 
of the simplest to use are common
 
salt and sugar. Salt is used for
 
meat and vegetables. Sugar isused
 
to preserve fruits.
 

Insects and Rodents may destroy

foods. They may also leave dangerous
 
bacteria on them.
 

The house fly may spread typhoid
 
fever, cholera, dysentery and tuber
culosis.
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The "fly specks" often found on food 

or dishes may have disease germs and 

the eggs of dangerous parasites in 

them. 


The rat destroys many types of food. 


To help keep these pests out of 

food: 


keep it covered or in closed con

tainers 

get rid of garbage and trash 


Poisoned bait, powders, or sprays 

may be necessary to rid storage 

areas of household pests. 


Ask your health department sanitation 

or other official to tell you what pes
ticide to use, where to get it and how 

to use it. These people have special

training on how to control household 

pests. They want to help you. 


Use pesti ides with care. They are
 
POISONOUS tu people and animals. Keep

them out of reach of children. Never
 
store insecticides inthe same place
 
you store food. Always wash off any

dust, spray, or solution that gets on
 
you. When spraying remove dishes,
 
pots and pans, other cooking utensils,
 
and food from the room. Ifyou have
 
a cupboard with solid, tight fitting

doors store the dishes and cooking
 
equipment here while spraying. Never
 
use oil spray or solutions near a
 
fire.
 

Temperature affect3 food. Many

fresh fruits ripen rapidly when left
 
ina warm room. Ifthey are left at
 
room temperature too long after they
 
are ripe they spoil. Nuts become
 
rancid more quickly if left ina room
 
where the air iswarm.
 

Freezing temperatures can ruin the
 
texture and flavor of some foods.
 
Frozen potatoes are watery and have
 
an unpleasant flavor.
 

Light makes fresh fruits and vege
tabl-esripen faster. Some canned
 
and dried foods keep their color
 
longer in lightproof containers such
 
as tin cans.
 

Moisture inthe air isnecessary

where green leafy vegetables are stored.
 
If there isnot enough moisture in the

air, the moisture from these vegetables

will evaporate into the air. Then they

become wilted or limp. These vegetables
 
keep best when stored inan iceless or
 
mechanical rpfrigerator.
 

Crackers and co(Aies lose the3ir crisp
ness by absorbing moisture from the air.
 
They should be stored ina dry place

where there is no moisture in the air.
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CONTAINERS FOR FOOD
 

It is very important to have good 

containers for storing food. Some foods 

must be stored in containers with tight 

fitting covers. Generally each food 

is best stored in a separate container, 

Label food containers to save time and 

avoid mistakes, 


Dry foods should be stored in glass, 

pottery, wooden, tin or other metal 

containers. The type of container will 

depend on the food to be stored and 

whether the container can be washed.
 
Dry tin quickly to avoid rust. 


For moist and watery foods the 

choice of containers is more limited, 

Leakage must be avoided. You must 

consider the effect acids in ...
,.tery 

foods have on metals. A Lontainer 

that can be washed and aired before 

fresh supplies are stored in it is 

best.
 

Pottery jars are good for storing 

many kinds of food. Jars that are 

glazed on the inside are best. They 

can be washed easily. If the jars
 
do not have a tight fitting cover,
 
make one. Use a plate, saucer, or
 
piece of metal. A good cover helps to
 
keep out insects and rodents.
 

Glass jars with tight lids are also
 
good for storing many foods. Foods
 
that are affected by light should not
 

No 


;_!-

be stored in glass jars unless the
 
jars can be stored in a dark place.
 
Glass jars can be used again. Wash
 
them in hot soapy water. Rinse them
 
with hot water that has been boiled
 
for 10 minutes. Dry them in the sun
 
if possible.
 

Bottles are good for storing liquids
 
and some dry foods. In many countries
 
people preserve fri-it and vegetable
 
juices in bottles.
 

Coconuts, gourds and calabashes may
 
be used for storing sane dry foods for
 
a short time. Covers can be made of
 
closely woven materials. Insects tend
 
to eat away the soft lining of these
 
containers. So they are not good for
 
storing meal and flour fbr long. Wash
 
these containers often to keep out
 
weevils. Dry in the sun.
 

/// e t) ~aM 
--- _____
 

-


A simple cupboard can be made from
 
a wooden box with shelves. The door
 
is made of chicken wire so air can
 
circulate. Use it to store root vege
tables and sane fruits.
 

Tin cdns of all sizes are good for
 
storing foods. Sometimes the lids of
 
cans containing food have been re
moved with a hand or mechanical can
 
opener. Then the lid does not fit.
 
If you use these cans to store food,
 
make a cover out of a plate, saucer,
 
or a piece of metal.
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and other i seots ihn Oti tOi-L' 19 ..
 
on a table in a'; jrlllOVwrW (_oitjii (r.. Food Lontriers 11(us;t be kept. clean.
 
You Cal Maki. food cover out of I[; - 'ash and dry containers before fresh
 
qui to netti nI ,rmda c t,,e(Or wVooden suoplies are stored in thes.
 
frame (,op ). tools8ur' tore 
this way foy- I 'UJrt ti t. only. Water for waSilinq Contajiiers houjd

he clean dii hot. Roil it for 10O 
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wood. I'uLnjc ii 1o , , i end for air ers careful ly wi ti ioar 'Ic an wa ter. 
circul1tion. Dry then if) the ,Ur it 5OU (1.dll. 

Open bas, its ar- jool for storing Do not store food in ,ontainer, 
fresh fruit, ind vegetables for short which hav held ke o,1ene,jaiol in, 
periods. A ti ht cover is not needed heavy 0 i I r ,1.cti.cid s. 
for these foods. 

Containlers holding food that does 
not need to be kept cool may be stored 
on shelves or on a table.
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IHE TORAGE AREA 

A good storage area is: Good Venti ldtion 

well ventilated Ventilation is important for, good
cool and dry food storage. Good circulation is 
free of rodents and insects needed around food to carry off odors, 
clean and neat to keep the right temperiatore and the 

right amount of moisture. Food needs 
You may ,tore food in the kitchen in to breathe. Good ventila tion helps to 

cupboirds on open Ahelves, or in a keep food cool. 
closet with -,helves. Soeties a 
separate room net to the ki tchen, Keep the Storain ADrra ool ad y 
called a pant.r', is used for storing 
food. Al so cel lars , caves and out- Many fresh fruits soon spoil in a 
door pits are used in some parts of warn place. Then they are unsafe to 
the wo'ld for food storage. eat. Cooking oils, table fats, and 
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other foods with fat inthem may get 

a stronger flavor ifstored in a warm 

place. A dry storage area helps to 

avoid mold on foods such as bread, 

cheese and berries. Italso prevents 

rust on tin cans inwhich food may be
 
canned or stored. 


Keep the Storage Area Clean 


There isno substitute for :leanli
ness. Scrub shelves, cupboards and
 

floors often. Pairtt, whitewash, or
 
line shelves with clean paper. Clean
 
the walls, then paint or whitewash
 
them. Keeping the storage area clean
 
helps to keep away household pests.
 

Remember, cleaning destroys insecti
cides. Apply them after you clean not
 
before.
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KEEP FOODS COOL
 

Some foods are quite perishable.

They are: 


fresh meat, fish and poultry 

some fresh fruits and vegetables

milk, butter, margarine and cream 

leftover cooked foods 


EVAPORATIVE FOOD COOLER
 

The evaporative food cooler is cooled
 
by the evaporation of water from its
 
cloth cover. The cloth ismoistened
 
as capillary action moves water frovi
 
the pans through it.
 

Ifthe climate isdry and the cooler
 
iskept ina breezy spot inthe shade,
 
itwill cool food considerably below
 
the prevailing temperature. To be safe, 

the cooler must be kept clean. The 

cooler's cloth cover kteps flying in
sects out. The wat-i-filled lower pan
discourages roaches and other crawling 
insects.
 

flow to Make the [vaporative food Cooler 

Make the wooden frame to fit the tpper 
pan (see Figure 2). This might be the 
bottom of a discarded 5-iallon oil can. 
The lip of the pan fits over the top of
 
the frame to keep the pan from falling
 
into the refrigerator. Hinge the door
 
carefully so that it swings easily,
 
and make a simple wooJen or thong latch.
 
Paint or oil all the wooden parts. The 
upper and lower pans should also be 
painted to prevent rust. Cover the 
shelves (see Figure 3) and fran4_ with 
screcing or hardware cloth and tack it 
in place.*
 

The frame can be strentheneu by putting 
the screen on diagonally, although this 
wifl take more material than applying 
it with the wires parallel to the frame. 
Make the shelves adjustable by providing
 
several shelf supports. Flatten the
 
pointed ends of the nails ,lightly to
 
keep the wood from splitting when it is
 
fastened.
 

Ina warm climate it isbest to buy

these foods insmall quantities and
 
use them quickly rather than store them.
 
Ifyou have to store these foods, keep

them as cool as possible. This isone
 
way to keep them fresh and prevent
 
spoilage.
 

.
 
-. .
 

0 
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Tools and Materials
 

Saw Screen, hardware cloth or galvanized
 
iron: 2m x 2m (78 3/4" x 78 3/4")
Hammer 
 (non-rusting)
 

Nails, tacks Hinges: 2 pair
 

Burlap or other cloth: 2m x 2m Pan larger than 30cm x 36cm (11 13/16"
(78 3/4" x 78 3/4") x 14 3/16") for legs to stand in 

Wood for frame: 3cm x 3cm x 13m Paint for wooden and metal parts
(11/4" x 1 1/4" x 42.7') 

Pan: 10cm (4") deep, 24cm x 30cm Buttons or lacing material for cover 
(97/16" x 11 13/16") for top 

PANI /0 CRV. DEEP 

3I0CM. C"l 
MAX. 
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268 



Make two covers of canton flannel, Jute
 
burlap (not sisal or henequin burlap) or
 
heavy-grade absorbent coarse cloth to
 
fit the frame. Wash and sun one cover
 
while using the other. On the front,
 
fasten the cover to the door instead of
 
the frame. 
 Allow a wide hem to overlap 
the door closing. To ferm wicks which 
will carry water from the pans, into the 
cover, the top and bottom of the frame 
and door covers should extend Into the 
upper and lower pans. Ifthe cloth 
cover does not stay moist, extra pieces 
of cloth can be placed at the top of AZ/AW1,5-Fk 
the frame to serve as additional wicks. 
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ICELESS COOLER
 

Materials 3. Arrange the bricks or stones in 
the container so the basket will 

A 	basket with loose fitting cover, balance evenly on them.
 
May be made of bamboo or other
 
slender wood with open weave. 4. Sew burlap around the rim of the
 
The size depends upon the family's basket. Let ithang loose arcund
 
needs, the bottom and extend into the
 

earthenware or metal container.
 
A 	container to set the basket in.
 
This may be square or round, of 5. Sew burlap loosely over the cover
 
earthenware or metal. A clean of the basket.
 
oil drum could be used. This con
tainer should be about 30cm (12") 6. Set the basket on the bricks.
 
high and wider than the basket
 

7. Place food in the basket and cover.
 
Bricks or stones
 

8. Put water inthe bottom of the con-

Burlap of the soft jute type. tainer. Wet the cover of the
 

basket the first time the basket
 
Building the Cooler (see Figure 14) is used. Later do this just occa

sionally.
 
1. Select a cool place inthe kitchen
 

away from the stove for your cooler. 9. Tha basket should not be inwater.
 
The burlap cover should hang down
 

2. Place the outer container here. into the water.
 

Ae orui 
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WINDOW BOX
 

In some countries window boxes are 

used to store foods during the cool 

months of the year. They must have
good ventilation and tight covers to 

keep out rain or snow. An ordinary 

light wooden box may be used or you
can make one. 


Installing A Window Box 


1. Fit the box to the outside of the 

window. The window isthe door.

Select the window that is inthe 

shade longest during the day. 


2. Put a shelf on the window sill. 

Support the shelf with wooden
braces. 


3. Set the box on the shelf.
 

4. Fasten the box to the window case 

with screws or nails, 


5. Fit a sloping top over the box to
 
shed the rain.
 

6. Make holes inthe end of the box
 
so air can circulate. Screen them.
 

7. Shelves may be made of heavy screen
ing, poultry wire, or wood.
 

8. Rest the shelves on cleats fastened
 
to the sides of the box.
 

9. Paint the box inside and out. It
 
will be easier to keep clean.
 
Wash the inside with soap and water

from time to time.
 

10. Food placed in the box should be
 
inclean covered containers.
 

A food storage closet may also be
built on the outside of the house. You
 
can make it open into a room by a spe
cial door through the wall.
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OTHER WAYS TO KEEP FOOD COOL
 

A mechanical refrigerator is ideal On some farms cold water pumped from 
for storing perishable foods. How- deep wells for livestock may first be 

used to cool foods, by running it
ever, refrigerators are not available 

inall parts of the world. Where a through a suitable storage box. Also
 
refrigerator is used, it needs special 
 a house or box may be built over a
 

spring or brook to keep foods cool.
care. 


Clean and defrost it regularly. To Special wells or caves are sometimes
 
built for cool storage of foods.
do this, turn itoff. Allow the ice 


to melt. Wash inside the refrigerator
 
thoroughly, using warm water and soap.
 
Pay special attention to the corners.
 

An ice chest can be iade at home. 
Line a wooden packing case with gal- . 

vanized iron. You will need to put ,. ' t, 
insulation between the wooden box and 
iron to keep out heat. Use sawdust, 
cork or similar material. Make a hole 
at the bottom for water to drain out 
as the ice melts. Keep the ice chest 
clean. Wash itwith soap and water
 
often.
 

A wooden keg lined with cement makes
 
a good-food cooler. You may store
 
leafy vegetables such as spinach and
 
lettuce here. The vegetables can be
 
kept in a strong, paper or plastic
 
bag. Hang the bags on a hook screwed
 
into the cover of the keg. Fill the
 
bottom with water.
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Storing Vegetables and Fruits 
for Winter Use 

Insome countries the climate istoo 

cold to grow foods the year around, 

Farmers and gardeners inmany parts of 

the world have found good ways to store
 
some vegetables and fruits. 


Some of their methods may be ones you 

will want to study and tell others 

about. An agricultural advisor can 

help you decide which type of storage 

isbest for your climate and the foods
 
grown inyour area. Storage methods 

described here are practical only in 

areas where outdoor winter temperatures 

average -lC (30F) or lower, 


Some vegetables, like tomatoes, can 

be 	planted late in the season so that
 
they can be picked Just before frost. 

Ifpicked when white or turning red,
 
tomatoes will ripen in a warm room. 
To store then, for longer periods, they 
can be packed in boxes of sawdust; 

when they are to be used, the boxes are 

opened and the tomatoes are put ina
 
warm room to ripen. 

Beans can be kept for winter use by 

piclng the pods as soon as they are 
mature and spreading them in a warm, 
dry place until dry. The beans are 

then shelled, stored inbags and hung 

in a cool, dry, ventilated place until
 
needed. Cellars are usually too damp

for storing dry beans. Dry lima beans, 

soybeans and peas can be stored this 

way. 

Root crops such as beets, carrots, 

celerykohlrabi, turnips, winter 

radish and horse radish are not stored 

until late fall. When the soil isdry,

the roots are pulied and the tops are 

removed. Cone-shaped pits make good 


them. But, put a few inunderground
 
storage for use when the ground is
 
frozen.
 

Sweet potatoes store best ina warm,
 
moderately dry place. A small supply
 
can be placed near a cooking stove or
 
a warm chimney or some other place
 
where the temperature'will stay around
 
12C to 15C (55F to 60F).
 

Late maturing pumpkin and squash can
 
be kept inrows out of doors until
 
late winter. They can also be kept
 
on shelves in an area with a tempera
ture ranging from 12C to 15C (55F to
 
60F).
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Pits," Home and Garden Bulletin No. 119, 

U.Se Department of Agriculture. For 

sale by the Superintendent of Documents 

U.S. Government Printing Office, Wash
ington, D.C. 20402. Price 15 cents. 


Fruits and vegetables can be stored
 
inpits, trenches, outdoor cellars or
 

Post-Plank Cellar
 

This type of storage cellar is low 

incost, but does not last long as the 

wood will decay. (See Figure 18). If 

creosote or other waterproofing material 

isavailable, paint the wood with itto 

slow down decay.
 

1. Dig a hole big enough to hold the
 
foods to be stored and 120cm (4') 

deep. 


2. Keep the soil piled nearby and use 

it to cover the roof and bank the 

sides. 


3. Set two rows of posts of the same 

height inthe bottom of the pit. 

near the side walls. 


ftta.tin F,_n

" 

caves to keep them thr6ugh the winter
 
ifthe average temperature is-IC(30F)
 
or less.
 

Here are some kinds of storage you
 
can build.
 

4. Set a middle row of posts about
 
150cm (5') higher than the outside
 
posts. Put a ridge pole on the
 
center row. Lay planks on the two
 
outside rows.
 

5. Next place a roof of planks.
 

6. Close the ends and cover the whole
 
cellar except the door with soil.
 
The door may be made of planks or
 
other durable material. The thick
ness of the cover depends upon the
 
climate.
 

7. Be sure that water drains away from
 
the cellar and that a pipe extends
 
from the storage area up through the
 
dirt for ventilation.
 

Cabbage Pits
 

A good way to store cabbage, collards
 
and other greens is in a pit made of
 
stakes and poles covered with straw
 
(see Figure 19).
 

1. Dig a trench long enough to hold
 

~~PLAK OR d'Z
POLe2 
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the number of cabbages to be
 
stored.
 

2. Pull the plants by the roots and 

set them side by side in the
 

trench. 


3. Pack soil around the roots. 


4. Build a frame a~out 60cm (2') high
 
around the bed. This may be of 

boards, poles or stakes driven into 

the ground.
 

5. Bank the soil around the frame.
 

6. Place poles across the top to hold 

the covering of straw, hay, leaves 

or corn fodder.
 

Cabbages can also be stored above 

ground in an area protected by drains
 
from excess moisture (see Figure 20). 

Cabbage plants are pulled out by the 

roots, placed head down in the storage
 
area and covered with soil. The ad-

vantage of this method of storage is 

that you can remove a few heads of
 
cabbage without disturbing the rest of 

the pit. 


Cone-Shaped Outdoor Pits 


1. Build the pit either on the surface 

of the ground, or in a hole 15cm to 

20cm (8"to 10") deep in a well
drained location.
 

Dirt_ 
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2. Spread a layer of straw, leaves or
 
similar material on the ground.
 

3. Stack the food to be stored on the
 
litter in a cone-shaped pile.
 

4. Cover the food with more straw,
 
leaves or similar material.
 

5. Cover the entire pile with 7cm to
 
10cm (3"to 4") of soil.
 

6. Firm the soil with the back of a
 
shovel to make itwaterproof.
 
More soil may be needed invery
 
cold weather.
 

7. Dig a shallow drainage ditch around
 
the pit to carry away water.
 

, 

11W'' Ground-Level 
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8. Ventilation or air circulation is " "
 
necessary.
 

Small pits with 100 to 150 liters
 
(afew bushels) of vegetables will get
 
enough air if the straw between the
 
vegetables and soil extends through
 
the soil at the top opening. To keep
 
out rain, cover the top with a board
 
or piece of sheet metal held with a.
 

stone.
 

Lare pits - Place two or three rough

boards or stakes up through the center
 
of the pile of vegetables to form a
 
flue. Cap the flue with two boards P
 

nailed together at right angles. ,' j 


9. Opening the pit - Once the pit is "
 4 

opened it is best to remove all the . • . 

food at once. Itis better to make . .'
 
several small pits rather than one k. • .,,
 
large one, and place small amounts . I a.vi' 


,.
of vegetables in each pit. When 

several kinds of.vegetables are A.,
 
stored inthe same pit, separate .7 Pk,
 
them with straw or leaves. .,,
 

10. 	 Pits should be made in a different 
place every year to avoid decay z. ,4 coNr swArP~r-&%ro 
from spoiled food left in an old AoR sr-1Mw. Por4ro-s.4
pit.
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How tc Salt Fish 
Salting, one of the oldest methods of 


preserving food, isan art as well as 

a science. The process of salting fish 

is influenced by weather, size and spec-

ies of fish and the quality of salt 

used. Therefore, experience isneeded 

to adapt the process outlined here to 

your situation. Start by salting 

small lots of different varieties of 

the available fish. By salting small 

amounts of fish at first, you will 

learn how much time isrequired for
 
each step. Salted fish, ifproperly 

packed to protect it from excessive
 
moisture, will not spoil. 


Quality and Cleanliness. Of special
 
importance are: 


1. The quality of the fish to be salted-
the fish must be top quality; salt- 

ing will not help poor quality, old
 
or rotten fish; and 


2. Cleanliness inall operations - all
 
water used must be unpolluted; all 

waste must be removed from working 

and drying areas; whatever comes in 

contact with the fish, including all 

the equipment, must be kept clean. 


Caution. One word of caution: Start 

by salt-ng non-fatty, white-meated var
ieties of fish. The salting of fatty 

fish brings up problems of rancidity, 

rusting and spoilage which can be 

handled better after you have experience
 
insalting. 


Tools and Materials 


A clean sharp knife 


Salt: the amount varies with local con-

ditions, but figure about 1 part salt 

(by weight) to 5 parts of raw, pre-

pared fish 


Clean containers for washing fish 


Clean, flat working surfaces; e.g. tables 


Clean containers for removing waste 


277
 

Waterproof vats: one or more, depending
 
on the amount of fish to be salted.
 
The dimensions are not too important;
 
a good size is 183cm x 152cm and 91cm
 
deep (6'x 5' x 3'). But fish can be
 
salted ina container as small as a
 
wide-mouthed glass jar. Metals other
 
than stainless steel should not be
 
used. Wooden boards will work be
cause moisture will swell the wood
 
and seal it effectively.
 

Clean boards and weights (for pressing).
 

Clean slats or lines for hanging fish
 
(see Figures 3 and 4).
 

Portable thatch-roof shelters or small
 
roofed sheds (see Figure 5).
 

Salting the Fish
 

The process of salting fish has four
 
operations:
 

A. Preparing the fish
 
B. Salting
 
C. Washing and drying to remove
 

excess salt
 
D. Air drying
 

A. Preparing the Fish
 

1. Beheading and Gutting. Fish should
 
be gutted and beheaded as soon as
 
possible after catching.
 

2. Beheading. Remove the head by

cutting it off on a slanted line
 
following the gills. Sharks can be
 
beheaded at the last line of gill
 
slits. (Only the "wings" of rays
 
or skates are usually considered
 
edible). Fish which weigh 250gm
 
(1/2 pound) do not have to be be
headed but they should generally
 
be gutted. Local custom will deter
mine whether or not they should be
 
beheaded.
 

3. Gtig. Ingutting a fish, cut
 
from t e gill cavity along the
 
ventral fold to the anal vent (see
 



Figure 1). All the guts must be 

removed. Itis also good commer-

cial practice to remove the black 


0, , 
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membrane located inthe visceral 

cavity (the hollow in the body of 

the fish which contains the guts) 

of many species.
 

4. Bleeding. All species of fish must 

be thoroughly bled: ifthe head
 
has not been removed, cut the 

throat; remove the gills and all 

blood vessels. Blood clots can 

cause discoloration, as well as
 
bacterial infection which would
 
make the fish unfit for eating.
 

5. Cutting. The shape into which the
 
fish is cut depends on local cus
tom. But, for a rule of thumb:
 
under 0.5kg (1 pound), the fish
 
may be left whole; from 0.5kg to
 
5kg (1 to 10 pounds) it should be
 
split inhalf from head to tail
 
(see Figure 2); over 5kg (10
 
pounds), split the fish intwo again
 
from head to tail. The collarbone
 
behind the gills should be left
 
intact when a fish is split in half.
 

B. Salting
 

1. Sprinkle a thin layer of salt, just
 

enough to completely cover the
 
bottom of a waterproof vat.
 

2. Place a layer of fish, flesh side
 
up, with enough room for each fish
 
to avoid overlapping. Try for a
 
neat pattern, alternating head to
 
tail and tail to head.
 

3. Cover the fish with salt - a thin 
layer, but with no open spaces. 

4. Repeat Steps 2 and 3 up to two or
 
three layers of fish from the top

of the vat.
 

BONE 
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5. Reverse the fish, packing them SKIN 

side up to the top of the vat, 

alternating with layers of salt. 

The top layer must be salt. 


6. The salt will extract moisture from 

the fish, forming a brine. Use 

boards and weights to keep all the 

fish under the salt. 


7. The brine must be kept saturated 

(90 Salinometer- or when no more 

salt can be dissolved) at all times,

As moisture isextracted, more 

salt must be added to keep the 

brine saturated. Too little salt
 
will cause the fish to spoil. Too 

much will detract from the flavor 

and cause rehydration.
 

8. As moisture isextracted from the 

fish, the level of fish inthe vat 

will fall. More fish can be added, 

skin side up - alternating a layer

of fish with a layer of salt, the 

top layer always being salt. Con-

tinue to add salt to keep the brine 

saturated, 


9. Length of Cure. The fish are 


"struck tnrough," or thoroughly im
pregnated with salt, in 12 to 15
 
days inwarm weather. Incold
 
weather, the fish should stay in
 
the brine for 21 days or more; in
 
the tropics, 15 days may be a good

limit. The higher the temperature,
 
the quicker the fish will be struck
 
through. When properly salted, the
 
flesh of the fish is translucent.
 
It isfirm but yields to gentle
 
pressure. Ithas a whitish salt
 
cover. An odor of fish and brine
 
should prevail. There should be no
 
spoilage odors.
 

C. Washinq and Drying to Remove Excess
 
Salt.
 

1. When the fish are struck through,

they are removed from the vat and
 
washed inunpolluted sea water or
 
fresh brine to remove excess salt.
 

2. Then place the fish on flat surfaces,

using any arrangement of boards and
 
weights to press them as flat as
 
possible:
 

a. to remove excess moisture;
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b. to make the fish thinner, which 

will reduce the length of the 

air-drying process and improve 

the appearance of the fish for 

marketing. 


D. Air Drying. 


1. The final drying can be done either
 
by sunlight and natural air currents 

or by artificial heat and air cur- 

rents generated by fans. Inmost 

areas, in the proper season, drying 

can be done outdoors in the sun and 

fresh air. Choose an open area to 

get the most sunlight and wind. 

Avoid swampy areas, locations near 

human or animal waste and, especially, 

fly-breeding areas.
 

2. When freshly salted fish is first 

brought out to dry, there is danger 


of sunburn. Iffish isexposed at
 
this stage to the direct rays of the
 
sun, itmay harderf on the outside
 
and turn yellow. This will keep
 
the inside from drying properly.
 
To avoid this, keep the fish under
 
shade or semi-shade for the first
 
day.
 

3. After the first day, expose the fish
 
to as much sunlight and wind as pos
sible. One method is to lay the
 
fish on triangular slats - so that it
 
rests on the least possible amount of
 
surface - flesh side facing the sun
 
(see Figure 3). Another method is
 
to hang the fish by the tail (see
 
Figure 4).
 

4. Protect the drying fish against
 
dampness. The fish can be sheltered
 
by portable thatch roofs (see Figure
 

280
 



.5)or moved into small roofed sheds 

built nearby for protection from 

rainfall and night-time dampness.

The fish should be free of discolor-

ation, mold or other defects. Split 

fish should not have ragged edges, 


5. Length of Process. Generally, six
 
warm days with winds of more than 

5km (3miles) per hour should dry ,
 
the fish enough to prevent spoiling

instorage or shipping, provided 

the fish isproperly packed to 

protect itfrom excessive moisture.
 

IMPORTANT POINTS TO REMEMBER
 

1. Use only top quality fish
 

2. Work cleanly 


3. Work fast 


4. Keep the brine in the salting vats
 
saturated - when indoubt, add more 

salt. 


5. Try to follow local custom in style 

and length of cure. 


6. All water used must be unpolluted.
 

Using Salted Fish
 

Salted fish isusually soaked overnight,
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with at least one change of water, to re
move most of the salt before it is eaten.
 
The longer it is soaked, the more salt is
 
removed. Then itis used inthe same way
 
as fresh fish, except that it is not good
 
for frying.
 

Source:
 

Daniel Casper, Product Manager,
 
Seabrook Farms, Co., Seabrook,
 
New Jersey
 

Useful Rtference
 

Home Curing ish, by Sue T. Murry.

Covers catching and handling, clean
ing and curing (salting, drying and
 
smoking), and how to use cured fish.

18 pages. 1967. Available from:
 

Agriculture and Rural Development
 
Service
 
Office of the War on Hunger

Agency for International Development
 
Washington, D.C. 20523 U.S.A.
 





Concrete Construction 

Concrete is a strong and inexpensive
 
construction material when itis pro-

perly prepared and used. This intro
duction explains the importance of a
 
good mixture and describes the materials
 
used in the mixture. Following this are
 
entries on:
 

1. Calculating amounts of materials for
 
concrete.
 

2. Mixing concrete by machine or by
 
hand.
 

3. Testing concrete mixtures.
 

4. Making forms for concrete.
 

5. Placing concrete informs. 


6. Curing concrete.
 

7. Making quick-setting concrete.
 

8. Useful sources of information on 

concrete, 


Concrete ismade by combining the 

proper proportions of cement, water,
 
fine aggregate (sand) and coarse aggre- 

gate (gravel). A chemical reaction, 

hydration, takes place between the water 

and cement, causing the concrete to 

harden or set rapidly at first, then 

more slowly over a long period of time.
 

Importance of a Good Mixture 


After concrete har set, there isno 

simple non-destructive test to find out 

how strong it is. Therefore, the entire
 
responsibility for making concrete as 

strong as a particular job demands rests 

with the supervisor and the people who 

prepare, measure and mix the ingredients, 

place them in the forms, and watch over 

the concrete while ithardens. 


,.
 

.....................
....
........ 


P/G.,A . 

The most important factor Inmaking
 
strong concrete isthe amount of water
 
used. Beginners are likely to use too
 
much. Ingeneral, the lower the ratio
 
of water to cement - the stronger the
 
concrete will be.
 

The proper proportioning of all
 
materials isessential. The sectii on
 
the "Calculating Amounts of Materials
 
for Concrete" provides the necessary
 
information.
 

Aggregates: Gravel and Sand
 

To make strong concrete, the coarse
 
aggregate (yravel) and fine aggregate
 
(sand) must be the right size, have the
 
right shape and be properly graded.
 

Coarse aggregate sizes nan vary from 
0.5cm (1/4") to 4 or 5cm (i1/2" or 2") 
in diameter. The maximum size deperds 
on the nature of the work. Ingeneral, 
the largest particles should not be more 
than one-fourth the thickness of the 
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slab. 
Sand can vary from sizes smaller
 
than 0.5cm down to, but not including,
 
silty material.
 

Very sharp, rough, or flat aggregate

should not be used inconcrete. The

best aggregate iscubical material (from

a rock crusher) or rounded gravel (from 

a stream bed or beach).
 

Proper grading means that there are not 

too many grains or pebbles of any one

size. To visualize this, think of a 

large pile of stones all 5cm (2") in
diameter. 
There would be spaces between 

these stones where smaller pebbles would

fit. We could add to the pile just

enough smalP3r stones to fill the largest

spaces. 
 Now the spaces would be smaller
 
yet, and even smaller pebbles could fill
these holes; and so forth. Carried to 

an extreme, the pile would become nearly

solid rock, and only a 
very small amount 

of cement would be needed to fill the 

remaining spaces and hold the concrete
together. The resulting concrete would 

be very dense, strong, and economical, 


Itisextremely important that the 

aggregate and sand be clean. 
Silt,

clay or bits of organic matter will 

ruin concrete iftoo much is present,

A very simple test for cleanliness 

makes use of a clear wide-mouth jar.
Fill the jar to a depth of 5cm with the

fine aggregate (sand) and then add 

water until the jar is three-quarters

full. Shake the mixture vigorously for 

a minute. 
The last few shakes should 

be sideways to let the sand level off.

Then let it stand for three hours. If 

there is silt in the sand, itwill form 

a distinct layer above the sand. 
 Ifthe

layer of very fine material ismore than

3mm deep, the concrete made from itwill 

be weak.
 

Ifthere is too m:uch fine or silty
material, another source of sand should 

be found. If this isimpractical, it is 

possible to remove the fine 
 particles.

This can be done by putting the sand in 

a container like a drum. 
Cover the sand

with water, stir or agitate vigorously, 
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let it stand for a minute, then pour

off the liquid. A few such treatments
 
will remove most of the fine 
 and organic
 
matter.
 

Invery dry climates, the sand may be
 
perfectly dry. Very dry sand will pack
 
into a much smaller volume than sand
 w 
ch ismoist. If2 buckets of water
 
are added to 20 buckets of bone dry sand,

you can carry away about 27 buckets of

damp sand. Ifyour sand iscompletely

dry, add some water to it.
 

Another point to consider inselecting

an aggregate is its strength. About the
 
only simple test is to break some of the
 
stones with a hammer. Ifthe effort re
quired to break the majority of stones
 
isgreater than the effort required to

break a piece of concrete of about the
 
same size, the aggregate will make strong

concrete. 
 Ifthe stone breaks easily,

the concrete made of these stones will

be no stronger than the stones themselves.
 

Water
 

The water used to prepare concrete must

be clean, and free of organic matter.
 
Water acceptable for drinking is pre
ferable. Any cleer, fresh water is

acceptable. Salt water may be used if

fresh water is not readily available,
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but itwill reduce the strength ofmcon-

crete about 15%. 


Ifbrackish or dirty water has to be 

used, a tablespoon of soap powder added
 
to the water for every sack of cement 

used will compensate for much of the 

organic matter and other impurities in 

the water. Itwill also make the con-

crete more workable at lower water-to-

cement ratios, which will produce 

stronger concrete. Dissolve the soap
 
in a small amount of water and then 

add it to the mix. 


Cement for concrete, if it is a United 

States brand, comes in42.6kg (94 pound) 

sacks, and is28.4 liters (exactly 1 cubic 


foot) in volume! Itmust be kept per
fectly dry prior to use, or the chemical
 
action will begin and the cement will be
 
ruined.
 

Mixing the materials, getting them in
 
place rapidly, tamping or compacting to a
 
dense mixture, and proper curing are im
portant parts of the construction process
 
These will be discussed inthe sections
 
on mixing and curing concrete.
 

Concrete reinforced with steel rods is
 
used for structures such as large build
ings and bridges. Proper design of rein
forced concrete and placement of steel
 
reinforcing is a complex procedure which
 
requires the help of a trained engineer.
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CALCULATING AMOUNTS OF MATERIALS FOR CONCRETE
 

Three methods are given here for 

finding the correct proportions of 

cement, water and aggregate for con
crete: 


1. A "Concrete Calculator" fold-

out chart.
 

2. Using water to estimate propor-

tions. 


3. 	A "rule of thumb." 


Concrete Calculator 


The amounts of materials needed for 

a concrete construction job can be 

estimated quickly and accurately with 

the "Concrete Calculator" chart. The 

chart is given in both English (Chart A)

and 	metric (Chart B) units. 


Information Needed 


To use one of the charts, you must 

know: 


1. The area of concrete needed in
 
square meters or square feet. 


2. The thickness of concrete needed 

incentimeters (inches).
 

3. The kind of work to be done (see 

Definitions). 


4. The wetness of the sand (see 

Definitions). 


Using the "Concrete Calculator"
 

1. 	Make a light pencil mark on Scale 1,
 
representing the area of concrete 

needed. If the volume is less than 

400 liters or 15 cubic feet, multiply
 
itby a convenient factor (for ex-

ample, 10); then, when you find the
 
amounts of materials the chart says 

to use, divide them by the same 
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factor to get the actual amounts
 
needed.
 

2. 	Make a similar mark on Scale 2,
 
the slanted scale indicating thick
ness.
 

3. Draw a straight line through the
 
two marks intersecting Scale 3 to
 
find the volume of concrete needed.
 

(Ifthe shape of the area iscom
plex, measure it in sections, add
 
up the volumes of all the parts
 
and mark the total volume on Scale
 
3.)
 

4. Mark the kind of work on Scale 4.
 
A line through the marks on Scales
 
3 and 4 to Scale 5 will give the
 
amount of fine aggregate needed.
 

5. 	Continue on a zig-zag course as
 
shown inthe KEY to calculate the
 
rest of the materials.
 

6. Add 10% to the amounts indicated
 
by the chart to allow for wastage
 
and miscalculation.
 

7. 	Ifthe mix istoo wet or too stiff,
 
see page 295 for instructions on
 
adjusting it.
 

Materials can be measured inbuckets.
 
Most buckets are rated by the number of
 
gallons they hold. To convert to liters,
 
multiply gallons by 3.785. To convert
 
to cubic feet: 1 cubic foot = 7.5
 
gallons. A 4-gallon bucket would hold
 
15.15 liters or 0.533 cubic feet.
 

Definitions
 

The definitions used inthe chart
 
are:
 

1. 	Kind of Work:
 

"5"means "5-gallon paste" (5
 
gal-alons or 19 liters of water to
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one sack of cement), for concrete 

subjected to severe wear, weather
 
or weak acid and alkali solutions. 

An example is the floor of a com-

mercial dairy, 


"6"means "6-gallon paste," for 

concrete which is to be water-

tight or subjected to moderate
 
wear or weather. Examples: 

watertight basements, driveways, 

septic tanks, storage tanks,
 
structural beams and columns. 


"7"means "7-gallon paste," for 

concrete not subjected to wear,
 
weather or water. Examples:
 
Foundation walls, footings and
 
mass concrete where water tight
ness and abrasion resistance are
 
not important.
 

2. Fine Aggregate:
 

Sand or rock screenings up to
 
0.5cm (1/4") in diameter. It
 
should be free from fine dust,
 
loam, clay and organic matter or
 
the concrete will be beak. The
 
particles should vary insize.
 

3. Coarse Aggregate:
 

Pebbles or broken rock from
 
0.5cm (1/4") up to 4 or 5cm
 
(1 1/2" or 2"). Nothing larger
 
than 2cm (3/4") should be used
 
with a 5-gallon paste.
 

4. Condition of Sand:
 

Dr : feels slightly damp but
 
eaves very little water on the
 
hands.
 

Average: feels wet, leaves a 
little water on the hands. 

Wet: dripping wet, leaves a 
1iE of water on the hands. 

Gallons: Chart A isbased on
 
the U.S, gallon (0.835 Imperial

Gallon).
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Alternate Method
 

The "Concrete Calculator" chart assumes 

that the aggregate iswell graded. When 

the aggregate isnot well graded, an 

a;ternate method can be used to find the 

correct proportions for a concrete
 
mixture. The advantage of this method 

is that only a small sample of the un-

graded aggregate needs to be divided 

into coarse and fine particles, 


Well-graded aggregate seldom occurs 

naturally. Some "pre-mix" processing 

would be needed to grade it. 


Remember that when you make concrete, 

you are filling the spaces in the aggre-

gate with cement mortar or paste. The 

amount of cement paste needed can be 

found by adding water to a known vol-

ume of aggregate. To do this: 


I. Divide a sample of the aggregate 

into coarse and fine particles by 

sifting it through a 0.5cm (1/4")
 
screen. 


2. Fill a pail with the coarse aggre
gate (dry). 


3. Fill the pail with water. The 

amount of water used equals the 

amount of fine aggregate and
 
cement paste needed to fill the 

spaces. 


4. Into another pail, put an amount 

of fine aggregate equal to the
 
volume of water used in Step 3. 


5. Fill the pail with enough water to 

bring the water level to the top 

of the fine aggregate. The volume 

of water used equals the volume of 

cement paste needed to fill the
 
remaining spaces. 


Add about 10 percent to this volume 

to allow for waste and to make the 

mix more workable.
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6. To find the correct ratios of
 
materials, divide the volume of
 
cement paste needed into the vol
umes of fine and coarse aggregates.
 

7. Add these two ratios to get the
 
ratio for ungraded aggregate. For
 
example: Ifyou are using a 19
liter (5-gallon) pail, and it
 
takes 12.8 liters (3.4 gallons) of
 
water to fill the pail inStep 3,
 
put 12,8 liters (3.4 gallons) of
 
fine aggregate inthe second pail

(Step 4). IfStep 5 takes 6.4
 
liters (I.7 gallons) of water,
 
this is the volume of cement paste
 
needed. Divide this volume into
 
the volumes of fine and coarse
 
aggregates to get the ratios of
 
materials:
 

19 liters (coarse agoreiate) = 3
 
6.4 liters (cement paste) 

12.8 liters (fine aggregate) = 2
 
6.4 liters (cement paste)
 

The sum of the two ratios is 5, so the
 
ratio of ingredients inthis case is 1:5,
 
or 1 part cement paste to 5 parts.ungraded
 
aggregate, by volume.
 

See Definitions, page 288, to find the
 
ratio of water to cement. For directions
 
on adjusting a mixture which iseither
 
too wet or too stiff, see page 295.
 

"Rule of Thumb" Proportions
 

For a variety of small concrete con
struction tasks and for repair and patch
work, the following simple "rule of thumb"
 
can be used as a simple guideline:
 

Use the ratio 1:2:3, by volume, to
 
proportion the cement and aggregate and
 
use a water-cement ratio of 6 tn l; that
 
is,for every sack of cement (28.4 liters
 



or 1 cubic foot) used, add 56.8 liters 

(2cubic feet) of fine aggregate and 

85.2 liters (3cubic feet) of coarse 

aggregate. Add 28.7 liters (6gallons) 

of water for each sack of cement, 


A home-made box of 28.4-liter (1-cubic-

foot) volume will help in proportioning 

the mixture. The volume of concrete 

produced by a one-sack batch using the
 
proportions given above will be about
 
142 liters (5cubic feet).
 

The most common mistakes made by
 
inexperienced persons are using too
 
much cement, which increases the cost,
 
and using too much water, which produces
 
weak concrete.
 

See page 295 for directions on adjusting
 
a mixture which iseither too wet or too
 
stiff.
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Mixing Concrete By Machine or By Hond
 

Concrete must be thoroughly mixed to
 
yield the strongest product. For machine
mixing, allow 5 or 6 minutes after allo 

the materials are in the drum. First,
 

put 	about 10 percent of the mixing water
 
in the drum. Then add water uniformly
 
with the dry materials, leaving another 

10 percent to be added after the dry 

materials are in the drum.
 

Mixing By Hand
 

On many self-help projects, the amount 

of concrete needed may be small or it 

may be difficult to get a mechanical 

mixer. Concrete can be mixed by hand; 

if a few precautions are 	taken, it can 

be as strong as concrete mixed in a
 
machine. 


Tools and Materials 


183cm x 91.5cm x 5cm
 Lumber, 2 pieces: 


(6' x 3' x 2") 


Galvanized sheet metal: 	 183cm x 91.5cm 

(6' x 3') 


Nails 


Saw 


Hammer
 

Or:
 

Concrete for a mixing floor: about 284
 
liters (10 cubic feet) of concrete is
 
needed for a 244cm (8') diameter mixing 

floor which is 5cm (2") thick with a
 
10cm (4") high rim. 


Shovel
 

The first requirement for mixing by
 
hand is a mixing erea which is both
 
clean and water-tignt. This can be
 
a wood and metal mixing boat (see Figure
 
3) or a sirmple round concrete flonr
 
(see Figure 4).
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The ends of the wood and metal mixing
 
boat are curved to make it easier to
 
empty. The raised edge of the concrete
 
mixing floor prevents loss of water
 
while the concrete is being mixed.
 

The 	procedure is:
 

1. 	Spread the fine aggregate evenly
 
over the mixing area.
 

2. 	Spread the cement evenly over the
 
fine aggregate and mix these materials
 
by turning them with a shovel until
 
the color is uniform.
 

3. 	Spread this mixture out evenly and
 

spread the coarse aggregate on it
 
and mix thoroughly again.
 

' uIii,
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4. Form a hollow in the middle of 
the mixture and slowly add the 

correct amount of water and,

again, mix thoroughly. 


The mixture should be placed inthe
 
forms within 20 minutes after it is com-

pletily mixed. 


When work is finished for the day, be
 
sure to rinse concrete from the mixing
 
area aod the tools to keep them from
 
rusting and to prevent cement from cak
ing on them. Smooth shiny tools and
 
boat surfaces make mixing surprisingly
 
easier. The tools will also last much
 
longer. Try to keep from getting wet
 
concrete on your skin because itis
 
caustic.
 

A workable mix should be smooth and
 
plastic --neither so wet that itwill
 
run nor so stiff that itwill crumble.
 

If the mix istoo wet, add small
 
amounts of sand and gravel, inthe pro
er.leroportion, until the mix iswork-


If the mix istoo stiff, add small
 
amounts of water and cement, maintaining 

the proper water-cement ratio, until the
 
mix isworkable.
 

Note the amounts of materials added
 
so that you will have the correct pro-

portions for subsequent batches.
 

If a concrete mix istoo stiff, it 

will be difficult to place in the forms.
 
Ifit isnot stiff enough, the mix 

probably does not have enough aggre-

gate, which isuneconomical, 


Slump Cone 


A "slump cone" isa simple device for 

testing a concrete mixture to see that 

ithas the right proportion of materials. 


Tools and Materials 


35.5cm x
Heavy galvanized iron sheet: 

63.5cm (14 1/8" x 25 1/2") 


Iron strap: 3mm x 2.5cm x 7.5cm (1/8" x 
1" x 3"} 4 pieces 

16 Iron rivets: 3rmi indiameter and 
6mm long 

Wooden dowel: l6m indiameter and
 
61cm long
 

:
 

A
iYLLW .5, 

Testing
 

To perform the test:
 

1. Prepare the cone and rod (see Fig
ures 6, 7 and 8).
 

2. Dampen the slump cone and set it
 
on a flat, moist non-absorbent
 
surface. Stand on the clips at
 
the bottom of the cone to hold it
 
down.
 

3. Fill the cone inthree layers
 
approximately equal involume.
 
Because the diameter at the
 
bottom of the cone islarge, the
 
first layer should fill the cone
 
to about one-fourth its height.
 

4. Stroke each layer 25 times with
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35.5 CM. 
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j. *IocA T the wooden dowel. 

5. After the top layer has been strokedwith the dowel, smooth the surfaceof the concrete so the cone is 
filled exactly. 

0.5 Ci. 6. Carefully lift the cone off the con
crete. 

C 20CM M/OWD-D0W-
CZIP 9 

7. Place the cone alongside the concre,.e
and measure the difference between 
the height of the cone and the height
of the concrete. This difference is 
the slump. 
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Suggested slumps for various types of 

construction are: 


Reinforced walls and footings: 5cm to 

13cm (2"to 5") 


Unreinforced walls and footings: 2.5cm 

to 10cm (1"to 4") 


Thin reinforced walls, columns and slabs: 

7.5cm to 15cm (3"to 6")
 

Pavements, walkways, culverts, drainage 

structures and heavy mass concrete: 

2.5cm to 7.5cm (1"to 3") 


Correcting the Mixture 


Ifthe slump isnot within the desired
 
range, or if the mixture isobviously

either too fluid or too stiff, the pro-

portions of the mixture must be changed.

To make the mixture more fluid and in-

crease the slump, increase the propor-


/6M,
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tion of water and cement without chang
inthe water-cement ratio. To make
 

t ixture stiffer and decrease the

slump, increase the proportion of the
 
aggregates without changing the fine
 
aggregate-coarse aggregate ratio. 
 Do
 
not add just water to make the mix more
 
fluid; this will weaken the concrete.
 

Making Forms for Corcrete
 

Fresh concrete isheavy and plastic.

Forms for holding it inplace until it
 
hardens must be well braced and should
 
have a smooth inside surface. Cracks,

knots, or other imperfections inthe
 
forms may be permanently reproduced'in
 
the concrete surface.
 

Wood iscommonly used for forms, be
cause of its light weight and strength.

Since cracks between boards can mar the
 
concrete surface, plywood, which has
 
a special high-density overlay surface,
 
isoften used. The firish on plywood
 
provides a smooth casting surface and
 
makes 4t easier to remove the forms for
 
reuse.
 

Ifunsurfaced wood isused for forms,

oil or grease the inside surface to
 
make removal of the forms easier and
 
to prevent the wood fro,, drawing too
 
much water from the concrete. Do not
 
oil or grease the wood ifthe concrete
 
surface will be painted or stuccoed.
 

Forms for flat work, such as pave
ments, may be 5cm x 10cm (2"x 4") or
 
5cm x 15cm (2"x 6") lumber, the size

depending on the thickness of the slab.
 
Stakes spaced 122cm (4') apart hold the
 
forms in place.
 

Figures 9 and 10 show forms for
 
straight-wall construction. To prevent

the forms from bulging, opposite studs
 
should be tied together with 10- to 12
gage wire which should be twisted to
 
draw the form walls tight against wooden
 
spacer blocks. (The blocks are re
moved as the concrete isplaced.)
 

The ties should be spaced about 76cm
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(21/2') vertically on the studs. 

When the forms are removed, clip the 

wires close to the concrete and punch 

them back. Pit holes caused by punch-

ing back the wires should be pointed 

up with mortar. 


Forms should be ea3y to fill with
 
concrete and easy to rsmove once the 

concrete has hardened. Screws or double
 
headed nails which can be taken out 

easily can be a 2reat help inremoving 

wooden fo~irs without damaging the con-

crete. 


Forms are sometimes made of other 

materials. For example, meta' fuming 

ismore economical for repeated work, 

such as curbs, slip forming for mono-

lithic concrete tanks or silos, and 

reinforced concrete floors for multi-

story buildings. 


SC.M. 
AM 

The finest natural finish on a con
crete surface can be obtained by
 
casting on polyethylene. Sometimes
 
polyethylene forms are used for decor
ative work, or a kraft paper with a
 
polyethylene film surface .sused as
 
form liner.
 

Placing Concrete inForms
 

To make strong structures, it is im
portant to place fresh concrete in the
 
forms correctly. The wet concrete mix
 
should not be handled roughly when it
 
isbeing carried to the forms and out
 
in the forms. It is very easy, through
 
joggling or throwing, to separate the
 
fine aggregate from the coarse aggre
gate. Do not let concrete drop freely
 
for a distance greater than 90 to 120cm
 
3' to 4'). Concrete isstrongest when
 
the various sizes of aggregates and
 

.NO. 10 
WIRE TIE 

FIGURE 9--Forms for a straight wall on level ground.
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FIGURE 10--Forms for a basement or cellar wall. 
 The earth can be used as
 
the outside form if sufficiently firm.
 

cement paste are well mixed. The con-

crete mix should be firmly tamped into 

place with thin iron rod (about 2cm
 
or 3/4" Tn diameter), a wooden pole or 

a shovel. 


Curing Concrete 


When the forms are filled, the hard 

work is done, but the process is not 

finished. The concrete must be pro-

tected until it reaches the required 

strength. It starts to harden almost 

limediately once the water is adced, 

but the hardening action may not be
 
complete for several years. 


The eorly stage of curing is 

extremely critical. Special steps 

shculd be taken to keep the concrete 

wet. In temperate climates, the 

mixture should be kept wet for at least 

7 days; in tropical and subtropical 

climates, it should be kept wet for 

at least 11 Jays. COnce concrete dries, 

it will stop hardening; after this hap-


pens, re-wetting will NOT re-start the
 
hardening process.
 

Newly-laid concrete should be pro
tected from the sun and from drying
 
wind. Large areas such as floors or
walls which are exposed to the sun or
 
wind should be protected with some
 
sort of covering. Protective covers
 
often used are: canvas, mpty cement
 
bags, burlap, palm leaves, straw and
 
wet sand. The covering should also
 
be kept wet so that it will not absorb
 
water from the concrete.
 

Concrete is strong enough for light
 
loads after 7 days. In most cases,

foms can be removed from standing
 
structures like bridges and walls after
 
4 or 5.days, but if they are left in
 
place they will help to keep the 
con
crete from drying out. In small ground
supported structures such as street
 
drains, the forms can be removed within
 
6 hours of completion provided this is
 
done carefully. Plans will usually
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sy if forms should be left inplace

longer. 


Concrete reaches the strength for
 
which itwas designed after 28 days. 

Concrete which ismoist cured for a 

month isabout twice as strong as 

concrete which cures in the open air. 


Making Quick-Setting Concrete 


To produce quick-setting concrete 

with high initial strength, calcium
 
chloride can be added to the concrete 

mixture. 


Quick-setting cement isoften useful;

for example, wer, repeated castings 

are needed from the same mold. A 

concrete mixture which contains calcium 

chloride as an accelerator will set
 
about twice as fast as a mixture which 

does not. The mixed batch must be put

into the forms faster, but since quick-

setting tatches are usually small, this 

isnot a problem. Calcium chloride
 
does not lessen the strength of fully
cured concrete.
 

No more than 1kg (2pounds) of cal
cium chloride should be used per sack
 
of cement. Itshould be used only if
 
it isin its original containers, which
 
should be moisture-proof bags or sacks
 
or air-tight steel drums.
 

The best way to add the calcium chloride
 
isto mix up a solution containing
 
1/2kg per liter (1pound per nuart) of
 
water. Use this solution as part of the
 
mixing water at a ratio of 2 liters (2

quarts) per sack of cement (42.6kg or
 
94 pounds).
 

Useful Sources of Information on Concrete
 

Useful sources of informatiun on concrete,
 
including how-to-do-it manuals are:
 

Portland Cement Institute
 
18 Kew Road
 
Richmond
 
Johannesburg, South Africa
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Instituto del Cemento Portland Argentino

San Martin 1137
 
Buenos Aires, Argentina
 

Cement and Concrete Association of
 
Australia
 

147-151 Walker Street
 
North Sydney, Australia, N.S.W.
 

Associacao Brasileria de Cimento Portland
 
Caixa Postal 30886
 
Sao Paulo, Brazil
 

Cement and Concrete Association
 
52 Grosvenor Gardens
 
London, S.W. 1,England
 

The Concrete Association of India
 
P.0. Box 133 
Bcnbay 1, India 

Portland Cement Association
 
33 West Grand Avenue
 
Chicago, Illinois 60610
 
U.S.A.
 



Sources for the Section on Concrete: 


VITA Volunteers: 


John Bickford, Connecticut 

Robert D. Cramer, New York 

Kenneth D. Hahn, California 

R. B. Hei-kler, Florida
 

A Building Guide for Self-Help Projects, 


Departnent of Social Welfare and Com
minity Development, Accra, Ghana. 1961. 


Design and Control of Concrete Mixtures, 


Portland Cement Association, 33 We3t 

Grand Avenue, Chicago, Illinois 60610,
 
U.S.A.
 

Use of Concrete on the Fann, Farmers'
 
Bulletin No. 2203, U.S. Department of
 
Agriculture. Revised May 1965. For
 
sale by the Superintendent of Docu
ments, U.S. Government Printing Office,
 
Washington, D.C. 20402, U.S.A. Price
 
15 cents.
 

Other Useful Publications:
 

Basics of Concrete, Ideas and Methods
 
Exchange No. 49, U.S. Department of

Housing and Urban Development, Division 
of Internati3nal Affairs, Washington,
 
D.C., U.S.A.
 

Concrete Technology: Student Manual,

Delmar Publishers, Albany, New York,
 
U.S.A.
 

Making Quality Concrete for A ricultural
 
and Home Structures, by WesleyHobs-,
 
Head of Agricultural Technology, Haile
 
Sellassie I University, Addis Ababa,

Ethiopia.
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Bumboo Construction 

Bamboo is one of the oldest materials
 
used by men to increase comfort and well
isaing. In today's world of plastics ana
 
steel, besides continuing to make its
 
traditional contributions, bamboo is
 
growing in importance. Outstanding
 
varieties of bamboo from throughout the
 
world are being tested to find out how
 
they can contribute to local economies.
 

As the best species are identified and
 
disseminated, their use will help to im
prove the lives of many. With a few
 
plants of superior bamboos in the back
yard, a family will have at hand the 
wherewithal to fence the garden, build 
a pigpen or chicken coop or add a room .. T _ _ 
to the house. The family will also be iY1TTTJI 
able to increase its daily income by I .i 
making baskets or other specialties for r
sale or exchange.
 

Bamboos are prominent elements in the
 
natural vegetation of many parts of the
 
tropical, subtropical and mild temper
ate regions of the world, from sea level
 
to altitudes of More than 13,000 feet
 
(4000m). Men have widened the distri
bution of many species of bamboo. But
 
some of the more valuable species have .--'
 
not been distributed as much as they
 
could be. Much remains to b& done to
 
make these varieties more generally F GUR' 1--From supporting posts to rafters
 
known and available. and sheathing, this cottage in the Ecuadoran
 

lowlands is made entirely .f native bdmboo,Bamboo can be prepared for use in con- Guadua annustifolia. The posts may snrve 
struction with simple tools. Once pre- f6r-fiveyears-:-the si6,nq may remain in 
pared, bamboo can be used extensively in serviceable condition for decades.
 
the construction of houses: in making
 
foundations, frames, floors, walls, par
titions, ceilings, doors, windows, roofs,
 
pipes and troughs. For further detail,
 
see Bamboo as a Building Material, by
 
F. A. McCTure.
 

The entries which follow explain. 3. Bamboo Preservation
 

1. Splitting Bamboo 4. Making Bamboo Buard
 

2. Bamboo Joints 5. BaL.oo Walls, Partitions and Ceilings
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SPLITTING BAMBOO 

To prepare bambo) for use in construc-
tion, the culms (svems) must be carefully 
split. 

- 7. 

Tools and Materials 

Iron or hardwood bars, 2.5cm (1") 

Ax 

thick 

pur SR, z 

Steel Wedges 

Wooden posts 

Splitting knives (see Figures 1 and 4) 

0 

Several devices can be used for split
ting culms. When bamboo is split, the 
edges of the bamboo strips can be razor
sharp; they should be handled carefully. 

For splitting small culms to make withes 
(strips for weaving and lashing 

1. Use a splitting knife with a short 
handle and broad blade to make four 
cuts, at equal distances from each 
other, in the upper end of the culm 
(see Figure 2). 

2. Split the culm the rest of the way by 
driVing a hardwood cross along the 
cuts (see Figure 3). 

3 Using a long-Pindled knife (see Figure 
4), cut each strip in half (see Figure 
5). A strip of bamboo can be held on 
the blade to make it thicker and speed 
up the work. 

U 
PI6ORE44 

1/ 
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X/61RE 7
 

4. 	Use the same knife to split the soft,
 
pithy inner strip from the hard outer
 
strip (see Figure 6). The inner
 
strip isusually discarded.
 

F'/6b'U 6
 

To split heavy culms: 	 - . , 

1. 	Build a cross of iron or hardwood bars
 
about 2.5cm (1") thick, and place it
 
on firmly set posts about 10cm (4")
 
thick and 90cm (3') high (see Figure
 
7).
 

2. 	At the top end of the culm, use an ax
 
to make two pairs of breaches at
 
right angles to each other (see Fig
ure 	7).
 

3. 	Hold the breaches open with steel
 
wedges placed a short distance from
 
the end of the culm, until the culm is
 
on the cross as shown in Figure 7.
 

4. 	Push and pull the culm until the
 
cross splits the whole culm.
 

5. To split the culms againoafter they FICU2E9 


are split into four strips, use a
 
simple steel wedge mounted on a post
 
or block of wood (see Figure 8).
 

6. 	Paired wedges solidly mounted on a
 
block or heavy bench can be used to
 
split strips into three narrower
 
strips (see Figure 9).
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BAMBOO JOINTS
 

A number of methods of Joining bamboo or mortise, weakens it; therefore,

for making implements or for construction mortise and tenon joints should not be
 
are shown InFigures 10 and 11. used with bamboo. However, notches or
 

saddle-like cuts can be made at the upper

Tools and Materials ends of posts which hold cross pieces
 

(see Figure 10, C and D).

Bamboo
 

Bamboo parts are usually lashed together

Lashing material: cord or wire 	 because nails will split most culms. The
 

withes (strips) for lashing are often
Machete, hacksaw, knife, drill and other 	 split from bamboo and sometimes from
 
bamboo working tools rattan. When all local bamboo yields
 

brittle withes, lashing must be done with
 
Bamboo is useful for heavy construction bark, vines or galvanized iron wire.
 

because it is strong for its weight. This
 
isbecause it is hollow with the strongest Inbending bamboo--f(r example, for the
 
fibers on the outside where they give the "Double Butt Bent Joint" in Figure 11-
greatest strength and produce a hard you can help to keep the bamboo from split.

attractive surface. Bamboo has solid ting by boiling or steaming it and bending

diaphragms across each joint or node, which itwhile itishot.
 
prevent buckling and allow the bamboo to
 
bend considerably before breaking. Local artisans often know the best
 

species of bamboo and they have frequently
Any Cut inthe bamboo, such as a notch 	 worked out practical methods for making

joints.
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B
 

I D F 

FIGURE 10--Details of bamboo construction: A, fitting and binding
culms at joints in roof and frame; B, fittin and securinq bamboo
boards of floor; C and D, saddle joint; E and F, use of inset block
to support horizontal load-bearing elements; G-and H. use of stump
of branch at node of post 
to support horizontal load-bearinq elements.
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e nstcro' 

TENON KEY JOINT FOR HEAVY 

DUTY OR FINE WORKot~wsl0 


DOUBLE BUTT TIED JOINT ongpeen-/ , cesP-

JOINT FOR CONNTION ' 
OF SMALL MEMBERS TOnOv.OOe
 

LARGE MEMBERS V Y C' 'V t/1 I -0 tnnq.e 

sec r,o, 

CONNECTION OF BAMBOO 
...... SI .. 'I. TO ROUND PIN, ETC 

slo 01 f# ,10"W tIDE
,I 


tenO, wne 
 SINGLE 
en ng...- 01 , BUTT JOINT 

DOUBLE BUTT
 
BENT JOINT
 

5 cJeo!Ueaouijour L SfcTION
Tic SEC,/dre
-~d ,,o us
"OIZONTA, S£thO' 

FIGURE 11--Joints used in building with bamboo.
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BAMBOO PRESERVATION 

Most bajboos are subject to attack by 

rot fungi and wood-eating insects. Bam-

boos with higher moisture and starch con-

tent seem to be more prone to attack, 

There are many methods for making bamboo
 
more resistant to attack. A simple

method, which combines proper curing and 

the use of DDT, is described here. 


Ifbamboo is to be used to hold food or 

water, the only treatment recomnmended is 

immersion of green bamboo ina borax-

boric acid solution (see Bamboo Piping). 


Tools and Materials 


Machete and hacksaw for felling and trim-

ming bamboo culms 


Mixture of 5 percent DDT and 95 percent 

talc. Iftalc isnot available, other 

dry dusty materials such as dry clay 

can be used. 


Dusting bag (made from cloth with an open

weave) 


Bamboo should not be cut before it is
 
mature. This is usually the end of the 

third season. Freshly-cut bamboo culms 

should be dried for 4 to 8 weeks before 

being used in building. 


A clump-curing process tested by the 

U. S. Department of Agriculture Federal
 
Experiment Station inPuerto Rico helps 

to reduce attack by insects and rot 

fungi. The steps are: 


1. Cut the bamboo off at the base, but
 
keep itupright in the clump.
 

2. Dust the fresh-cut lower end of the
 
culm at once by patting itwith a
 
dusting bag filled with the DDT
talc mixture. An alternative method
 
of dusting is to dip the ends of the
 
culms into a tray which has a layer
 
of the mixture.
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3. To keep the bamboo from being stained
 
or rotted by fungi, raise each culm
 
off the ground by putting a block of
 
stone, brick or wood under it.
 

4. Leave the culms inthis position for
 
4 to 8 weeks, depending on whether the
 
weather isdry or damp.
 

The culms should be as dry as pos
sible before being placed rear build
ings, where wood eating insects
 
usually are.
 

5. When the culms have dried as much as
 
conditions will permit, take them
 
down and trim them. Dust all cut
 
surfaces immediately with thI DDT
talc mixture.
 

6. Finish the seasoning in a well-aired
 
shelter where the culms are not ex
posed to rain and dew. Rain will
 
stain the culms when they become dry.
 

This method will prevent damage by

wood-eating insects while the culms
 
are drying.
 

Iftie bamboo isto be stored for a long

time, stacks and storage shelves should
 
be sprayed every six months with 5 per
cent DDT mixed inwater or light oil.
 
Local conditions may shorten or lengthen

the time between sprayings.
 

Inboth storage and use, bamboo culms
 
are best preserved when they are protect
ed against rain ina well-ventilated
 
place where they do not touch the ground.
 



BAMBOO BOARDS
 

Bamboo culms can be split and flattened
 
to form boards for use in sheathing, walls
 
or floors.
 

Tools and Materials
 

Machete
 

Ax--lightweight, with a wedge-shaped head
 

Spud--a long-handled shovel-like imple
ment with a broad blade set at an angle
 
to work parallel to the surface of the
 
board
 

Large bamboo culms
 

FIGURE 13--Final step in making a
 
bamboo board--removing diaphragm
 
fragments from the newly opened
 
culm. It may be done with a
 
machete, as here, or with an adze
 
or a long-handled, shovellike
 
curved spud.
 

Not all of the tools listed above are
 
necessary, but they speed up the work when
 

, a large quantity is being produced.
 

S.1. 	 Remove the thick-walled lower part
 
, ... 
 of the culm.
 

. 2. Use an ax with a well-greased blade to
 
split each node of the culm in several
 
places (see Figure 12). This should
 

FIGURE 12--An ax with a well- be done carefully to avoid injuring
 

greased bit is used in Ecuador one's feet.
 

for making bamboo boards. 	 Each
 
node is split in several places; 3. Spread the culm wide open with one
 
then with one long split, the long split.
 
culm is spread wide open. Not 4. Remove the pith at the joints with a
 
used for oards is the thick- mche p ud (ee its 13).
 
walled basal part of the culm. machete, adz or spud (see Figure 13).
 

5. Store the boards as shown in Figure
 
14.
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FIGURE 14--Bamboo boards
 
stand ready for use. The 

making of these boards is a
 
well-developed trade in both
 
Ecuador and Colombia; and
 
the firished product might
 
well become an export item.
 

BAMBOO WALLS, PARrITIONS AND CEILINGS
 

Bamboo buildings can be built to meet a 

variety of requirements for strength,
 
light, ventilation and protection against 

wind and rain. A few of the methods of
 
building with bamboo are described here. 


The parts of a building which are not
 
usually made from bamboo are the founda-

tion and the frame.
 

Both split and unsplit bamboo culms dre 
used in building. They can be used either 

horizontally or vdrtically. Culms which
 
are exposed to the weather, however, will 

last longer if they abe vertical because
 
they will dry better after rain.
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Tools and Materials
 

Local bamboos
 

Bamboo-working tools, such as machete,
 
hacksaw, chisel, drill
 

Lashing material: wire or cord
 

Nails
 

Barbed wire
 

Plaster or stucco
 



kA+
 

for many purpo....
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SPRING STRIP CONSTRUCTION 

cvonm,co/ Bam'bov, 

sprung 

fiod to 
foce 

pot$ C~t 

Brich or stone bO$, 

WOVEN OR WATTLE CONSTRUCTION 

RooCnSucb/n 

~bamb boo. 
Postt boleso 

Other strips 

' /lostso r ' "
 

st#ucco .".
 

Soneo, bt"ck 

FIGURE 16--Types of wall construction used with bamboo.
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Walls 


A method commonly used inEcuador for 

making walls is to lash wide bamboo strips

or thin bamboo culms, horizontally and at 

close intervals, to both sides of hard-

wood or bamboo uprights. The spaces be-

twaen the strips or culms are filled with 

mud alone or with mud and stones (see Fig-

ure 15).
 

In Peru, flexible bamboo strips are
 
woven together and then plastered on one 

or both-sides with mud (see Figure 16). 


An attractive but weaker wall can be
 
built by using bamboo boards, stretched 

laterally as they are attached, as a base 

for plaster or stucco. Barbed wire can be 

nailed to the surface to provide a better 

bond for the stucco. The exterior can be 

made very attractive by whitening itwith
 
lKne or cement. 


Partitions 


Partitions are usually much lighter and 

weaker than walls. Often they are no 

more than~a matting woven from thin bam
boo strips and held inplace by a light

framework of bamboo poles. Bamboo matting

isoften used to finish ceilings and both 

interior and exterior walls; bamboos
 
with thin-walled, tough culms are usually 

used for this. 


Ceilings 


Ceilings can be built with small, un-

split culms pl'ced close together or with 

a lattice of lath-like strips split from 

larger culms. There should be some space
 
to let smoke from kitchen fires escape.
 

Source:
 

Bamboo as a Building Material, by F.A.
 
McClure, Foreign Agricultural Service,
 
U. S. Department of Agriculture, 1953;
 
reprinted 1963 by Office of International
 
Housing, Department of Housing and Urban
 
Development, Washington, D.C. 20410,
 
U.S.A. Lists selected references.
 

Other Useful Publications:
 

Bamboo inthe Economy of Oriental Peoples,

by F. A.McClure. Smithsonian Institution
 
Washington, D. C. 1958.
 

"Utilization of Bamboos" by A. Purushotham
 
Forest Research Institute, Dehra Dun, Indi
 
Reprinted from the Journal of the Timber
 
Dryers' & Preservers' Association of India
 
V-T. IX,No. 2 (April 1963).
 

Sources of information on bamboo are:
 

Forestry Division
 
Joint Commission on Rural Reconstruction
 
37 Nan Hai Road
 
Taipei, Taiwan
 

Forest Research Institute
 
P. 0.New Forest
 
Dehru Dun, India
 

Tropical Products Institute
 
56-62 Grays Inn Road
 
London, WC 1
 
England
 

Federal Experiment Station inPuerto Rio
 
U.S. Department of Agriculture

Mayaguez, Puerto Rico
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Glues 
CASEIN GLUE
 

Strong, water-resistant casein glue, 

which produces joints as strong as or 

stronger than most of the common species 

of wood, ismade from skim milk and common
 
chemicals. Casein glue joints are water-

resistant but not waterproof. They will 

withstand occasional soaking; but, ifthey
 
are repeatedly soaked ana dried, they will 

fail. 


Tools and Materials 


Mixer: paddle and bowl 


Containers
 

Scale or balance 


Skim milk 


2. Drain the whey nff, and then wash the
 
curd by adding water and draining it
 
off.
 

3. Press the curd in a cloth to remove
 
most of the moisture.
 

4. Break the curd into small particles
 
and spread it out to dry.
 

5. Grind the dry curd to a powder and
 

pass itthrough a 20-mesh screen.
 

Proportions for Glue
 

Formula 11 (not restricted by patent),
 
U. S.Forest Products Laboratory:
 

Hydrated lime, Ca(OH)2 , also known as slak- Casein (powder) 

ed lime. This should be a good quality Water 

lime: high in calcium and low inmag
nesia. Hydrated Lime (powder) 


Water 

Silicate of soda, also called "waterglass"
 

Parts by Weight
 

100
 
150 to 250
 

20 to 30
 
100
 

and sodium silicate. The preferred solu- Silicate of soda (solution) 70
 
tion should have a density of about 40
 
degrees Baume' (Density 1.38) with a 

ratio of silica to soda of approximately 

3.25. to 1.
 

Cupric chloride, CuCl2 (cupric sulfate, 

CuS04, also called "blue vitteol" can 

be substituted)
 

Wire screen or 20-mesh sieve with 0.033" 

(0.84mm) openings 


Cloth for squeezing moisture out of curds 


Making Casein 


Casein povder ismade from skim milk by 

the followiig steps: 


Cupric chloride (powder) 2 to 3
 
Water 30 to 50
 

Ifhydrated lime isnot available, quick
lime (CaO) can be used inthe following
 
ways:
 

A mixture of 15.1 parts CaO and 104.9
 
parts water by weight can be substituted
 
for 20 hydrated lime and 100 water.
 

A mixture of 23.5 CaO and 106.5 water
 
can substitute for 30 hydrated lime and
 
100 water.
 

When CaO is added to the water, itmust
 
be stirred for 15 minutes to get a unifonh
 

1. Let the ailk sour naturally or sour it slurry.
 

by slowly adding dilrite hydrochloric Mixing Casein Glue
 
or sulfuric acid until curds fom.
 
The milk will separate into curd and The bowl and paddle for mixing casein
 
whey. glue should be made of wood, iron or some
 



other material which will not be corroded 

by the alkali in the glue and can be
 
cleaned easily. All the ipgredients 

should be weighed rather than measured by

volume so that the proportions will be 

accurate. ItiY especially important not 

to use too much water, 


1. Put the casein and water in the mixing 

bowl and mix them weTFlenough to dis- 

tribute the water throughout the
 
casein. Ifthe casein used has been 

ground to pass through a 20-niesh 

screen, let it soak in the water for 

15 to 30 minutes before going on to 

the next step. The soaking period can 

be reduced ifthe casein isground 

more finely. 


2. Mix the hydrated lime and water ina 

separate container.
 

3. D'ssolve the cric chloride inwater 

ira separate container and add it-, 

wile stirring, to the moistened 

casein. 


4. Immfndiately pour the hydrated lime-

water mixture into the casein mixture. 

Wn casein and lime are mixed, large

lumps form at first but they break 

up rapidly and finally disappear,

The solution becomes somewhat thinner, 

Thorough stirring isvery important 

at this point, 


5. About a minute after the lime is 

mixed with the casein, the glue .be
gins to thicken. Add t:.esilicate 

of soda at this time. 


6. The glue will thicken momentarily, 

but continue stirring the mixture
 
until the glue is free of lumps.

This should take no longer than 20 

minutes. 


Ifthe glue is a little too thick,
 
a small amount of water cai be added. 

If itis too thin, start the whole 

process over again, using a smaller
 
proportion of water.
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Using Casein Glue
 

The working life of glue isthe length

of time itstays fluid enough to be work
able. The silicate of soda extends this
 
time. The glue produced by the formula
 
used here will be useable for more than
 
7 hours at temperatures between 21C and
 
24C (70F and 75F). Workinq life will be
 
shorter at higher temperatures.
 

Casein glue is fluid enough to be spread

by a roll spreader or by hand with*a
 
brush or scraper. Very heavy preads
 
are wasteful because excess glue will be
 
squeezed from the bond. Very light spread
 
can produce weak joints. A suggested
 
minimum is29.5 kilograms (65 pounds) of
 
wet glue per 92.8 square meters (1,000
 
square feet) of olue-joint area.
 

Tc obtain good contact between wooden
 
members of a joint, apply pressure while
 
the glue isstill wet. There isnot much
 
drying before 15 or 20 minutes. Under or
dinary circumstances, a pressure of
 
ln5,450 to 140,600 kilograms per square
 
eter (150 to 200 pounds per square inch)
 

will give good results.
 

Ifcasein glue joints are exposed for
 
long periods to conditions which favor the
 
growth of molds, they will eventually fail
 
The joints will be permanent only ifthe
 
moisture content of the wood isnot
 
greater than 18 to 20 percent for long or
 
repeated periods.
 

Dry casein can be kept for a long time
 
in a cool, dry place.
 

Sources:
 

Casein Glue!. Their Manufacture, Pre a
ration, and-A-p-lTTation, Forest Pro ucts
 
Laboratory, Forest Service, U.S. Depart
ment of Agriculture, Madison, Wisconsin.
 

Dr. Louis Navias, VITA Volunteer,
 
Schenectady, New York
 



PREPARATION OF LIQUID FISH GLUE
 

Cold liquid glue can be made from the 

heads, skitis and skeletal wastes of cod, 

haddock, mackerel, hake and pollack. A
 
great advantage of liquid fish glue is 

that itremains in liquid fo,.n and con-

sequently has an almost permanent working

life. An advantage of using itto make 

wood joints is that it sets slowly and 

therefore penetrates further than other 

glues before hardening, 


Since liquid fish glues are not very

water-resistant, a casein or other glue

should be used where water-resistance is 

needed. Thick fish glues produce stronger

Joints than thin solutions.
 

Tools ard Materials
 

Fish heads, skins and skeletal waste 


Large pan for washing fish parts 


Steam bath or double boiler 


Paddle for stirring 


filter, such as cheese cloth
 

Haking the Glue
 

1. Wash the fish material thoroughly to
 
remove blood, dirt and salt. If
 
salted fish are used, wash them in
 
running water for 12 hours.
 

2. Once the material iswashed and
 
drained, put it into a large container
 
cover itwith water and cook itslowly
 
at a low temperature, about 60C
 
(140F). Cooking inan open pot helps
 
to eliminate unpleasant odors in the
 
glue. A steam bath or double boiler
 
should be set up so that live steam
 
surrounds the pot. Stir the contents
 
occasionally. The length of the cook
ing period varies with the kind of
 
fish material used.
 

3. Let the cooked mixture settle, thei,
 
skim off and discard the grease.
 

4. Pour the remaining contents of the pot
 
onto a filter.
 

5. Concentrate the filtered fluid by

slow heating to the desired thickness.
 
This is the glue; it can be stored in
 
convenient containers.
 

6. Take the fish materiai remaining on
 
the filter and cook itagain to extract
 
more glue, then repeat the filtering
 
and concentrating.
 

Sources:
 

Encyclopedia of Chemical Technology, pp.

211-212.
 

Glue and Gelatine, by Paul I.Smith,
 
Chemical Publishing Co., Inc., 1943, pp.

54-56.
 

Modern Wood Adhesives, by Thomas D. Perry,

Pitman Publishing Co., 1944, pp. 91-92.
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SOLAR WATER HEATER
 

As the sun heats the water in this 
solar water heater, thc hot water cir-
culates to top of the storage tank, 
and cool water from the bottom of the 
tank moves into the heater. The heater 
was designed to supply hot water for a 
hand-operated washing machine. 

This solar water heater was built and 

tested in Kabul, Afghanistan, in 1961. 

Three sizes were tested: 75cm x 135cm 

(29 1/2" x 53 1/8"), 90cm x 180cm
 
(35 7/16" x 70 7/8") and 90cm x 240cm 

k35 7/16" x 94 1/2"), which were the 

sheet-metal sizes available in Kabul. 

Considering the cost of materials and 

the amount of water needed, the 90cm 

x 180cm (35 7/16" x 70 7/8") size was
 
best: 70 liters (74 quarts) of water 

were heated to 60C (140F) between sun-

ris_ and noon on a clear summer day
 
with a temperature of about 32C (gOF). 


Tools and Materials 


Galvanized sheet metal: 2 pieces, 90cm 

x 180cm (35 7/16" x 70 7/8") (for
 
heater). 


Galvanized sheet metal pipe: 2 pieces, 

5cm (2") long and 2.5cm (1") in
 
diameter (for connectors).
 

Rubber hose: 2 pieces, 120crr (47 1/4") 

long and 2.5cm (l") in diameter. 


Galvanized stove bolts: 28, 0.65cm
 
(1/4") in diameter and 2.5cm (I")
 
long.
 

Metal washers for 0.65cm (1/4") bolts:
 
56.
 

Rubber washers for 0.65cm (1/4") bolts:
 
These can be cut from heavy truck
 
inner tubes: inside diameter, 0.35cm
 
(1/8'); outside diameter, 2cm (3/4").
 

Galvanize,, sheet metal tank: 70-liter
 
(74-quart; capacity, with faucet,
 
removable 1:1, and 2.5cm (1") hose
 
connectors onL near the top and one
 
near the bottom.
 

Tinsmith's tools: hamncrs, anvils,
 
soldering equipment, tinsnips.
 

Drill and 0.65cm (1/4") bit
 

Screw driver
 

Pliers or 0.65cm (1/4") wrench
 

Flat black paint
 

Quantity of mud bricks
 

kI T0w 
Z.-vXI Amo,,
 
rA'/5
 

L " " ",',4/ o Ar 4E-Afr 
4'5 CAI ov 3_cR/c' 

500.-Ole 7~sA 
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Making the Heater
 

To make this solar wat-r heater, cut 

2cm (3/4") off the length and 2cm (3/4") 

off the width of one of the sheets of 

galvanized steel, so that itwill be
 
lcm (3/8") smaller than the other sheet 

on all four sides. Place the two sheets 

together. Using a hammer and anvil, 

fold the 1cm (3/8") overlapping edges,

Then fold the edges again and solder 

them to make an airtight seal (see Fig-

ure 2). To keep the shcet, from being

forced apart when the heater isfilled 

with water, they are held together by

0.5cm (3/16") bolts placed at regular

intervals, like buttons in a mattress. 

Place rubber and metal washers at each 

end of the bolts (see Figure 3) to make 

the heater watertight. Inlet and out-

let connections are installed at the
 
upper and lower right hand corners of 

the front of the he-ater to connect the 

heater with the qtoraga tank (see Fig-

ure 4). 


Paint the front of the heater black 

so that itwill absorb the sunlight

rather than reflect it. Flat black 

paint isbetLer than enamel. 


The storage tank should hold about
 
70 liters (74 quarts). One piece of 

hose i!;used to connect the upper con
nectors of the tank and the heater; 

the other is used to connect the lower 

connectors. Using a small table or a
 
brick platform, raise the tank about
 
45cm (17 3/4") off the ground so that
 
the coolest water will be in the heater.
 

Many materials, such as mud, straw or
 
sawdust, can be used to insulate the
 
tank to cut down on heat loss.
 

The heater should be set up to face
 
the sun. Raise the top of the heater
 
about 45cm (17 3/4") ;o that the sun
light will strike the black surface
 
as directly as possible. A simple
 
way to raise the heater isto build
 
up the back and the sloping sides with
 
mud brick (see Figure 1). Prop up

the back with small boards while the
 
bricks are being laid. When the bricks
 
are laid, remove the boards and seal
 
any holes with mud. This will form a
 
dead air space which will serve as
 
insulation.
 

The hot water will rise to the top
 
of the tank. When all of the water is
 
to be used, itcan be drained from the
 
faucet. When only a small amount of
 
water isneeded, the hottest water can
 
be taken from the top of the tank.
 
Whenever water isbeing heated, the
 
water level should be kept above the
 
tank's upper hose connection to allow
 
the water to circulate.
 

Source:
 

Dale Fritz, VITA Volunteer,
 
Washington, D.C.
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SIMPLE HAND-OPERATED WASHING MACHINE 

This hand-operated washer, which is 
simple for a tinsmith to build, simpli
fies washing. 

The washing machine has been used 
successfully inAfghanistan. 

Tools and Materials 

Tinsnips 

Pliers 

Hammer 

Soldering Equipment 

Heavy galvanized sheet metal: 

140cm x 7ncm (55 1/8" x 27 9/16") for 
tub 

100cm x 50cm (39 3/8" x 19 11/16") 
for lid and bottom AAF,&R

36cm x 18cm (14 3/16" x 7 1/16") for 
agitator 

Wooden handle 140cm (55 1/8") long,
about 4cm (11/2") indiameter I 0CM HOLE 

LID - . r 
- -  

,; .-

R I B 5 
( SE T t, 19 L)T 

WOODEN H4NDLE -

AGITATkR 
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Making the Washing Machine 
 str%,lthe agitator should come com-


Figures 1 to 4 show how this washing 
pletly out of the water. The agitator
should.{ not hit the bottom of the tub
machine ismade. The tub, lid and agi-
 on the downward stroke because this
tator are made of heavy galvanized would damage both the tub and the


sheet metal, 
 clothes.
 

Using theWashing Machine
 

To operate the washing machine, work Source:
 
the agitator up and down with a quick
motion but with a slight pause between Dale Fritz, VITA Volunteer,

strokes. The movement of the water 
 Washington, D.C.

caused by the agitator will continue
 
for a few seconds before additional
 
agitation isneeded. On the upward
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HAND-OPERATED WASHING MACHINE
 

This easily-operated washing machine work. A pilot model of the machine was
 
can be built by a good carpenter from made by the U.S. Department of Agricul
materials easily found inmost countries. ture and tested inthe U.S.D.A. Home
 
It is easy on clothes, effective and san- Economics Laboratory, Beltsville, Mary
itary. The machine, which can take 3- land. Under test conditions, a compari
kilogram (6-pound) load of clothes, can son with standard electric commercial
 
be shared by several families, washers was very favorable. Ifthe
 

cost of the machine istoo much for one
 
Clothes will last much longer if they family, it can be used by several. How

are washed inthis washing machine rather ever, ifthere are too many users, com
than beaten or scrubbed on rocks. Wash- petition for times of use will become
 
ing with the machine isalso much less keen and the machine will wear faster.
 

TWO PIECE COVER -

CLEATS TO HOLD 
COVER IN PLACE 

REMOVABLE PIN 

Aet 

90.~ 

L-TAPERED PLUG 
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Tools and Materials 


Tub 'onstruction - Moderately firm soft-
wood (such as cedro of Latin America) 
free from large heartwood growth.
 

Sides - 2 pieces - 2.5 x 45.7 x 96.5cm
 
1"x 18" x 38" 


Ends - 2 pieces - 2.5 x 30.5 x 40.6cm
 
I" x 12" x 16"
 

Bottom - 2 pieces - 2.5 x 15.2 x 40.6cm 
1"x 6" x 16" 

Bottom - 1 piece - 2.5 x 40.6 x 66.0cm 
1"x 16" x 26" 

Legs - 4 pieces -2.5 x 10.2 x 76.2cm 

1" x 4" x 30" 

Round Plungers 

25.4cm diameter
2 pieces - 2.5 x 

1"x 10" diimeter 


2 pieces - 3.8 x 12.7cm diameter
 
1.5" x 5" diameter 


Cover (may be omitted) 


2 pieces - 2.5 x 20.3 x 91.4cm 

1"x 8"x 36" 


6 pieces - 2.5 x 7.6 x 20.3cm 

1"x 3" x 8" 


Operating parts - Moderately firm hard
wood such as Caoba of South America. 

Lever 


1 piece - 2.5 x 7.6 x 122cm long 
i" x 3" x 48" 

Plunger stems 


2 pieces - 2.9cm square 38.1cm long
 
1 1/8" square 15" long
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Uprights
 

2 pieces - 2.9 x 7.6 x 61.Ocm long

1 1/8" x 3" x 24" long
 

Pivot and Handle
 

2 pieces - 3.2cm diameter x 45.7cm long 
1 1/4" diameter x 18" long 

Metal Parts
 

Plunger connections 

4 pieces iron or brass plate 
.64 x 3.8 x 15.2cm long

1/4" x 1 1/2" x 6" long 

10 rods - 3.6 or .79cm diameter
 
1.4" or 5/16" diameter
 

45.7cm (18") long with threads
 
and nuts on each end - iron or
 
brass.
 

20 washers about 2.5cm (1") diameter
 
with hole to fit rods.
 

1 rod - .64 x 15.2cm (1/4" x 6") with
 
loop end for retaining pivot.
 

6 bolts - .64 x 5.1cm long (1/4" x
 
2" long)
 

24 screws - 4.4cm x #10 - flat head
 
(1 3/4" x #10)
 

50 nails - 6.35cm (21/2")
 

Strip Sheet Metal with turned edge 
6.4cm wide, 152.4cm long (2 1/2" wide, 
72" long) 

Small quantity of loose cotton or soft
 
vegetable fiber for caulking seams.
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TURNED EDGE SHELT M~ETAL EDGE
 

PLUNVGER SECTION 0 

TOP VIEW OF 

PLUNGER 
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Minimum Tools Needed 


Tape measure or ruler 


Hammer 


Saw 


Wood chisel 	1.3 or 1.9cm wide 

1/2" or 3/4" 


Screw Driver 


Pliers 


Adjustable Wrench 


0.64cm (1/4") drill, gimlet or similar
 

tool 


Draw knife or plane and coping saw
 

The machine reverses the principle used 

in the usual commercial washer, inwhich 

the clothes are swished through the water
 
for various degrees of a circle until the 

water ismoving, and then reversed. In 

this machine, the clothes stay more or
 
less stationary while water is forced 

back and forth through the clothes by the
 
piston action of the plungers. One plunger 

creates suction as itrises and the other
 
plunger creates pressure as itmoves down-

ward. The slopes at the ends of the tub
 
bottom help the churning action of the 

water caused by the plungers (see Figure 1). 


A rectangular tub isbest for this 

method of operation. This isfortunate 

since the rectangular box iseasy to
 
build. Ingeneral, any moderately 

strong wood that will not warp excessive-

ly (such as cedro inLatin America) will 

be satisfactory. The sides should be 

grooved for the ends and bottom of the
 
tub as indicated inFigure 1 and bolted 

with threaded rods extending through

both sides with washers to draw them
 
tight. The bolting isnecessary to pre-

vent leaks, 


' The size described in the drawings is 

large enough for an average family in
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the U.S. The same principle may be used
 
for a larger or sma ler machine provided

the basic proportions are maintained.
 
The tub should be slightly less than half
 
as wide as it is long to get a proper
 
surge of water. The pistons should be
 
wide enough to move within a couple of
 
inches of each side of the tub. lhe
 
lever pivoL should be high enough to per
mit the plungers to move up and down
 
several inches without the edge of the
 
lever hitting the edge of the tub.
 
Likewise, the length of the rods on the
 
plungers must be such that the plungers
 
go well into the water and the clothes
 
come completely out of the water at the
highest position.
 

Mark and groove sides for end and
 
bottom members (see Figures 1 and 4).
 

Drill holes 	for cross bolts.
 

Cut off corners and trim ends of side
 
members to length.
 

Bevel ends and bottom pieces to fit
 
into groove inside members.
 

Miter bottom and end members together.
 

Assemble and bolt.
 

Cut and install legs.
 

Caulk seams between ends and bottom
 
members with loose cotton or other vege
table fiber to make seams water-tight.
 
Ifjoints to side members are carefully
 
made. they may not need caulking.
 

Bore hole and make plug for draining
 
tub. NOTE: This is shown on side in
 
drawing but it is better inbottom of
 
tub.
 

Make and install upright pivot mem
bers.
 

Make and install plunger lever. NOTE
the cross pivot member (round) should
 
be shouldered or notched at each pivot
 
to prevent side movement.
 



Make plungers and install (see Fi6jres

2,3 and 4). 


Here are several suggestions for using

this washing machine: Fill the washer 

with fifteen gallons of warm or hot 

water depending on what isavailable. 

Remove stains. Rub soap into the areas 

of garments like cuffs and collars which 

come inclose contact with the body. Soak 

very dirty clothes before putting them 

in the washer. Soap can be dissolved by

shaving it into strips and then heating

it in a small quantity of water before a
 
adding itto the wash water. A three kilo-


gram load of clothes isthe right size
 
load for best cleaning. Wash at a moder
ate speed, about fifty strokes a minute,

for ten minutes --longer if Itseems
 
necessary. After washing and rinsing

the clothes, rinse the washer clean
 
and then replace the stopper. To keep

the wood from drying out and causing

the tub to leak, put "out 3cm of
 
water in the washe, en it is not
 
in use.
 

Source:
 

"How to Make a Washing Machine,"
 
by V.C. Pttit and Dr. K.Holtzclaw, A.I.D,
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FIRELESS COOKER
 

Where fuel is scarce, this easy-to
build fireless cooker can be a contri
bution to better cooking. It keeps
 
food cooking with a small amount of 

heat stored in hot stones; loss of heat
 
is prevented by a thick layer of insulat
ing material around the pot. 


Fireless cookers have been success-

fully used in many countries. Once the
 
principle of operation, heat retention 

through insulation, is understood, the 

reader may develop plans which are
 
better suited to his locale than those
 
described here. In some countries, 

fireless cookers are built into the 

ground. In others, they are built from
 
surplus tin cans, one can fitted into
 
another tin can or box but separated by 

paper, sawdust or other layers of in-

sulation. 


Materials 


Outside container with lid - 37.5cm to 

60cm (15" to 24") in diameter 


Inside container or well - at leart 

15cm (6") smaller indiameter and 

15cm (6") shorter than outside con-
t a i n e r 


Cooking pot with lid
 

Cloth for cushion: 1.2 square meters
 
(1 1/2 square yards)
 

50 	sheets newspaper or other insulation, 


Cardboard 


Sand: .95 liter (4 cups) 


Cement: .95 liter (4 cups) 


Oilcloth for collar (optional): 

04 square meters (1/2 square yard). 


The outside container can be a wooden 

bucket, kerosene can, garbage can, pack-

ing crate or even a hole in dry ground, 

The inside container or well can be a 
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pail or can with a lid. It must allow
 
for 7.5cm (3") of insulation between it
 
and the outside container ard should hold
 
the stone and cooking pot w thout much
 
vacant -pace.
 

Insulation can be made of shredded
 
newspapers, wool, cotton, sawdust, straw,
 
rockwool, fiberglass or other material.
 
The insulation should be at least 7.5cm
 
(3) thick on all sides, top and bottom. 
Be sure that it is very dry. The bottom 
layer of insulation must be strong enough 
to support the weight of the well, stone 
and cooking pot. A natural stone carved
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to shape or a piece of concrete may be 

used for the heating stone. The cushion
 
isa cloth sack, 7.5cm (3") thick, 

filled with shredded newspapers or other 

insulation. Itshould fit snugly in the 

outside container. The cooking pot must 

have a tight lid, and fit nicely into 

the well when the stone is inplace. Be 

sure it can be easily removed when full
 
of hot food. 


How to Make the Fireless Cooker (See g-

Figure 1) 


Wash and dry the containers and lids. 


Cut 10cm - wide strips of newspaper

several layers thick. Roll each into a 

cylinder with a center hole no greater 

in diameter than a pencil. Pack these 

on end into the bottom of the outside 

container. They will support the well, 

stone, and conking pot. 


Put the well inplace and pack the 

insulation around it to within Icm (1/2")

of the top. 


Make a cardboard collar covered with
 
oilcloth. Though this is not necessary,

it improves appearance and cleanliness. 


Place about 2.5cm (1") of clean sand 

in the bottom of the well. This will 

prevent the hot stone from scorching the 

paper rolls "rd possibly causing a fire. 


To make a concrete heating stone, place
 
a 5cm-wide cardboard band or collar on
 
heavy paper or board to form a circle
 
the size of the stone desired. Mix .95
 
liter (4cups) each of cement and sand
 
(the sand should first be washed free
 
of silt); then mix in enough water
 
(about .35 liter or 1 1/2 cups) to form
 
a stiff mush. Fill the collar, casting

in a wire handle for lifting the hot
 
stone. Let the stone stand for 48 hours,
 
then remove the collar, place it incold
 
water and boil for 30 minutes. Cool it
 
slowly.
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Using the Fireless Cooker
 

Itis important to keep the cooking
 
pot and well carefully washed and open,

in the sunshine if possible, when not
 
in use. The cooker's lid should be
 
left partly open and the stone kept

clean and dry.
 

Itis not necessary to use much water
 
when cooking ina fireless cooker for
 
there is little loss by evaporation.

Most foods should be brought to a boil
 
and cooked for 4 to 5 minutes on another
 
stove. The heating stone isheated and
 
placed in the cooker. Then the covered
 
cooking pot is set on the hot stone in
 
the cooker and the lid isplaced on the
 
well. Cereal may be left inthe cooker
 
all night. Rice and cracked or whole
 
wheat are especially good. Beans should
 
be soaked over night, boiled for 5 min
utes and then placed inthe cooker for
 
4 to 5 hours. Dried fruit should be
 
aashed, soaked for an hour in 2 parts
 
water to 1 part fruit, boiled for 5
 
minutes, then placed in the cooker for
 
4 hours.
 

Source:
 

Home Making Around the World,
 
U.S. Department of State, Agency

for International Development,
 
reprinted 1963.
 



CHARCOAL OVEN
 

This simple charcoal-fired oven is
 
made from two 5-gallon oil tin cans.
 
With practice, all types of baking and
 
roasting can be done effectively.
 

This oven isbeing used successfully
 
ina number of countries. 


Tools and Materials
 

Tin nips
 

Heavy knife
 

Nail for scriber and punch
 

Hammer 

Screwdriver 


Pliers 


Rricks and sand
 

Metal bar, 20cm (7 5/8") long with 

square edge for bending tin 


5-gallon cans (2) 


Tin (for shelf, top strip & latch)
 

Light rod, 50cm (19 5/8") long 


Light hinges with bolts (2pairs) 


Stove bolts, 5mm x l3mm 1.3/16" x 1/2")
 
(15) 


How to Build the Charcoal Oven 


Mark the two 5-gallon cans tor cutting 

(see Figure 2), making sure that the 

second can ismarked the reverse of the 

first. Do not cut the corner which has 

a vertical seam: Besides being hard 

to cut, the seam will strengthen the
 
oven. The material removed will be 

easiBr to make into doors if it is 

seamless, 
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Cut along the marks with a heavy

knife, keeping the cut-out sections as
 
undamaged as possible. Fold the edges
 
of the oven-door openings back 1cm
 
(3/8") (see Figure 2).
 

With the nail, punch 5mm (3/16")
 
holes around the opening in the side
 
of the can to be used for the left
 
hand section of the oven (see Figure

2). Place the second can against the
 
one just punched and mark the holes
 
with the nail. Punch holes inthe
 
second can. Bolt the cans together,
 
using 10 stove bolts.
 

Flatten sections cut from cans and
 
mark for doors (see Figure 3). Using
 
the tin snips, cut doors to size and
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fold back the 1cm (3/8") edge (see 

Figure 4). Position doors as shown in 

Figure 1 butting the edge of each 

door against the edge of the opening 

to which it will be attached. Install
 
hinges. 
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The door latch (see Figure 1)is 
made by folding a 6cm x 38cm (2 3/8" x
15") strip three times lengthwise,

forming a piece 2cm (3/4") wide. 8cm
 

(3 1/4") is cut from the end of the
 
folded strip to form a hook--which is
 
then bolted (use 2 bolts) to the center

of the door on the right. The 30cm
 
(11 3/4") piece is bolted loosely to
 
the center of the door on the left.
 
Th3 unattached end is bent up to form
 
a handle.
 

A triangular-shaped hole at the top
 
of the doors where the two cans come
 
together must be plugged to keep heat
 
from escaping. This can be done by
 
shaping a small piece of tin to fit
 
the opening, with a tail which is inserted between the joined cans to hold
 
it in place.
 

Construct shelf as shown in
Figure 5
and install (see Figure 1). The shelf
 
should be bolted in place 15cm (5 7/8")

from the floor of the oven (see Fig

ure 5).
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The oven should be cleaned thoroughly 

and heated at least once before use to 

burn out any remaining oil inthe cans.
 

How to Use the Charcoal Oven
 

lcm (3/8") of sand in the bottom
 
of the oven and place the oven on bricks
 
as inFigure 1. The oven can be re
moved until the charcoal starts to burn,
 
then put inplace.
 

A little time isrequired before the
 
proper temperature is reached because
 
the sand must first absorb and dissipate
 

the heat. For very high baking temper
atures, or to brown the top surface of
 
baked goods, additional pieces of char
coal can be placed on top of the oven.
 
An extra rim can be added to the top
 
edge of cans for this purpose (see Fig
ure 1).
 

Sources:
 

V.C. Pettit, U.S. Agancy for Inter
national Development
 

Dale Fritz, VITA Volunteer,
 
Washington, D.C.
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SMOKELESS COOKING STOVE
 

This smokeless cooking stove can be
 
built completely from local materials.
 
The stove will burn wood, charcoal or
 
cowdung without smoking. Itmay be 

necessary to build several stoves before 

finding the best method.
 

The smokeless stove can be built out
side the house and moved into the kitchen 

after itdries. 


The stove ismade from a compact block 
of clay 75cm x 75cm and 25cm high (30" x 
30" x 10"). To make the block: mix 5 
to 10 baskets of clay to each basket of 

straw cuttings; mix enough water with 

this material to make it easy to work. 

At this point, some stove-makers add 

10 percent of fresh cowdung and leave 

the mixture in the shade for a week,
keeping itwet, to help the stove dry 
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hard and strong. After kneading the
 
clay into a homogeneous paste, make the
 
block. To keep the block from sticking

to the ground, sand or ashes can be
 
spread where the stove isto be made.
 

Use a compass (made with two sharpened

sticks joined by string) and ruler to
 
design the stove on the clay block (see

Figure 3). The sizes of the three 1,,
holes and the distances between them
 
depend on the sizes of the pots to be
 
used, especially if there are no iron
 
rings to make the holes smaller. With
 
a knife and trowel, carefully hollow
 
out the clay slab as shown inFigures

2,3, 4, 5 and 6. Do not undercut the
 
bridges between the top holes. The roof
 
of the passages, however, should not be
 
thicker than 2.5cm (1") so that the
 
stream of hot air will hit the pots (see

Figures 2 and 7).
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Part 
No. Name 

1 Bellows 

Support 

2 Screws 

3 Bellows 
Plug 

4 Valve 

5 Screws 

6 Feeder Rod 
Anchor 

7 Feeder 
Rod 

8 Bellows 

9 Bellows 


Support 


10 Brace 


11 Nails 


12 Rivets
 

13 Bolt 


14 Clamp 


15 Nut 


16 Agitator 

Spring
 

17 Feeder 

Spring
 

18 Pipe 


19 Hopper 


20 Floor 


Material 


Wood 


Wood 


Rubber 


Barrel 

Metal
 

6mm (1/4") rod 


Truck inner-

tube rubber 


Barrel 


metal
 

Galvanized tin 


6mm (1/4") rod 


Barrel metal 


6mm (1/4") nut 


Tire bead wire 


Tire bead wire 


Galvanized tin 


Galvanized tin 


Galvanized tin 


Description
 

38cm x 7cm-x 2cm (15" x 2 3/4" x 3/4").
 

4cm (19/16") long.
 

22cm (85/8") indiameter, 2.5cm (1")
 
thick.
 

4cm x 5cm (19/16" x 2") see Figure 2.
 

2cm (3/4") long.
 

See Figure 3.
 

See Figure 3. Total length 50cm
 
(19 3/4").
 

30cm (12") lang on long side. Tube
 
measures 29cm (11 3/8") from edge when
 
laid flat.
 
20cm (8") long. See Figure 4.
 

33cm (13") long. See Figure 4.
 

3cm (1 3/16") long.
 

See Figure 5.
 

See Figure 5.
 

See Figure 5.
 

3.5cm (1 3/4") diameter. See Figure 6.
 

9mm (11/32") diameter. See Figure 3.
 

3.5cm (1 3/4") diameter, 71cm (28")
 
long. See Figures 6 and 7.
 

22cm (B5/8") diameter, 48cm (18 7/8")
 
high. See Figure 7.
 

Make to fit. See Figure 7.
 

237
 



21 Strap Galvanized 4mrn (5/32") diameter. Soldered to
 
Holder wire hopper.
 

22 Strap Webbing 6cm (23/8") wide, 3m (9'lO") long.
 
Tied at waist.
 

23 Handle m (5/16") Total length 1 meter (39 3/8").
 
rod
 

24 Pipe Galvani7ed 3.5cm (13/4") diameter, 140cm (55 1/4")

tfi iong. See Figures 1,6 and 8.
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Tools and Materials
 
*Sheet metal: 20cm x 35cm (8" x 14")


Clay
 

Straw cuttings 
 String
 

Chininey tile: 10cm (4") in diameter Trowel
 

*Iron rings 
 Knife
 

*Small grate: 
 18cm x 18cm (7" x 7"), Ruler
 
or a series of 18cm iron rods.
 

*These items will improve the stove but
 
they are not absolutely necessary.
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After digging out the passage to the 

ash pit (see Figures 2, 3 and 4), put 

the small grill through the pot hole 

nearest the fuel entrance and install
 
it in place under the hole to separate 

the fire area from the passage to the 

ash pit. This may be difficult with 

some grates: a narrow slot to hold the 

grate may be needed inthe side of the 

passage under the pot hole away from the 

third hole. 


Cut a slit inthe side of the stove
 
for a damper (see Figure 3). Work in 

the 2Ocm x 35cm piece of sheet metal, 

which serves as the damper, forming
 
grooves. Again, be careful not to 

undercut the top side of the stove, 


Press a round-bottomed pot in each hole 

and turn itso that itsits firmly inthe 

hole. A close fit will stop the smoke
 
from coming up around the pots when the 

stove is in use. 


Place covers (vessels or flat stones) 

over the three pot holes. Start a fire
 

in the stove to bake it until it is dry.
 
Use wet clay to cover any cracks which
 
shnw while the stove is drying.
 

Dig an ash pit in the kitchen floor
 
(see Figures 2, 3 and 4)and put the
 
stove inplace. Now build the chimney
 
tiles over the chimney hole and up
 
through the roof. Plaster all joints
 
carefully with clay. Ifthe climate
 
is windy or wet, the top of the chimney
 
must be covered.
 

Always cover the openings with vessels
 
or flat stones.
 

Adjust the damper tc t'ieposition at
 
which the fuel burns best.
 

Use iron rings, if they are available,
 
so the pot holes can hold smaller vessels
 

Whenever cracks appear, cover them with
 
wet clay.
 

Remove soot periodically.
 

Sources:
 

"Magan Choola (Smokeless Cooking Oven),"
 
Gandhiniketan Ashram, T. Kalluppatti,

Madurai District, India, 1955.
 

"Smokeless Kitchens for the Millions,"
 
by S.P. Raju. The Christian Literature
 
Society, Post Box 501, Park Town,
 
Madras 3, India, 1966.
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OUTDOOR OVEN
 

An outdoor oven iseasy to build and should be tight-fitting so that hot

good for baking bread, potatoes, beans, air will not leave the oven when the
 
cereals, cakes, and other things, openings are closed.
 

Tools and Materials 
 Plaster the inside and outside with
 
a clay mixture or cement. The stove
Adobe blocks or brick: should be re-plastered at least once
 

35cm x 25cm x 10cm a year.

(14" x 10" x 4").
 

With the door and smoke-hole open,

Wood or metal for door and smoke hole build a fire inthe oven.
 

covers.
 
When the fire has burned to ashes,


Clay or cement for plastering sweep out the ashes.
 

-/.25 /. OIO-_'r - JMoArr (R0,5OAR5 
/'rCAI. 0/A. SOARO 

30 cMr. 5140)E-CM.E 

-'.:::Oo vf 

6099. ( 'I\OR 
/33(M. 71O1f WDO f44M/7AG 

F/60R'EI. THE OUTO0CO, OVE£f P/61URE2. TYA OUroooe 1/51 0o covprU ~4

BEFORF. HE'IN6 P iR1AgE,5FL. OV-A' '4FTER ,glE/ 0Pf11/NO A//P SMO~ra 

Lay bricks on the ground to make a 
 Put the food to be cooked inside the
 
base, 120cm x 120cm square and 30cm oven. Use trays or be sure the oven
 
high (4'x 4' x 1'), on which to floor isvery clean.
 
build the oven. After making the
 
base, build the oven walls in an oval Cover the door opening and smoke
shape as shown inFigures I and 2. hole tightly.

Lay the bricks flat and lengthwise

starting from each side of the door Experience will teach how long food
 
opening, using the center of the should be cooked. Bread takes an hour
 
square base as a guide. To form the to an hour and a half.
 
dome shape and oval door opening cut
 
the corners of the Pricks as you lay This type of oven has been used in
 
them. The inside space should be villages throughout South Asia.
 
about 75cm (30") indiameter and 90cm
 
(3') high. Leave a front opening for
 
the ovn door and a small opening at Source:
 
the top to let the smoke escape (see

Figure 2). Home Making Around the World,
 

U.S. Agency for International
 
Now make wooden or metal covers to Development.


fit tightly over the door opening and
 
the smoke-hole (see Figure 3). These
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HOME SOAP MAKING
 

Soap can be made on a small-scale in 

the home or village cheaply and easily, 

The main ingredients are fats and lye, 

both of which can be made from materi- 

als found throughout the world.
 

Making soap at home ispractical when 

there iswaste fat or oil and when there 

Isno cheap source of soap. 


Soap isan essential cleaning agent,
 
helping people to keep themselves and 

their surroundings clean. Cleanliness 

helps to keep disease from spreading. 

When soap ismixed with water, itforms
 
a lather which washes out dirt and 

grease far better than water alone, 


Two Basic Methods 


The two basic methods for small-

scale soap making are:
 

Method 1. With commercial lye: This 

method isused when commer-

cially-prepared lye or 

caustic soda (sodium hydrox-

ide crystals) isavailable, 


Method 2. With lye leached from ashes
 
(potash): This method is
 
patterned after a process
 
used by early settlers of
 
North America.
 

The first method, soap-making with 

commercial lye, is recommended because 

it is simpler and more reliable. 


Ingredients for Soap 


Fats and Oils. Soap can be made from 

either animal fat or vegetable oil. 

Mineral oil cannot be used. Animal 

fats commonly used are tallow, mutton
 
and lard. Vegetable oils used include
 
the oils from coconuts, palm nuts, 

maize, olives, cottonseeds, soybeans,
 
groundnuts, safflowers and castor oil.
 
Chicken fat, which isnot a hard fat,
 
isconsidered an oil. The best soap
 
ismade from a mixture of fat and oil.
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Ifyou want a hard soap for use in
 
hot water, use six pounds of tallow
 
made from melting rendered sheep,
 
cattle or horse fat.
 

Ifyou want a good laundry soap,
 
use 3 pounds of tallow and 3
 
pounds of lard or cooking grease
 
from melted hog fat, skin and
 
bones.
 

Ifyou want a fine toilet soap,
 
use 3 pounds of tallow with 3
 
pounds of vegetable oil.
 

The best vegetable oils are made
 
from crushing dried coconut meat,
 
palm nut kernels or the outer pulp

of the palm nut. The last makes a
 
harder soap than the coconut meat or
 
kernels.
 

Lye. Either commercially-prepared lye,
 
also caled caustic soda or sodium hy
droxide (NaOH) crystals, or lye leached
 
from ashes, called potash, can be used.
 
Caustic soda ischeap and is sold in
 
the markets of most countries.
 

Lye is a corrosive poison; It
 
can cause serious burnms. Do not
 
let the lye crystals, dust., or
 
solution touch your skin. Ifany
 
of tem do touch your skin, wash
 
with water and then with a vinegar

solution. If any offthem are
 
swallowed, take as much vinegar,
 
citrus Juice or rhuharb as pos-.
 
sible and call adoctor.
 

* * KEEP LYE AWAY FROM4 CHILDREN * * 



Borax. Borax is not necessary for mak- Cotton cloth or waxed paper for lining
 
Ingsoap, but it improves the soap's the molds. Cut the cloth or paper
 
appearance and increases the amount of into two strips: one should be a
 
suds produced. little wider than the mold and the
 

other should be a little longer.

Perfume. Artificial perfumes or essen- This lining will make it easier to
 
ti-al-oils are not necessary ingredients remove the soap from the molds.
 

°
but they can be used to make a more A thermometer which ranges from -18 to
 
pleasant soap, particularly if rancid 65*C. (0' to 150*F.) is helpful, but
 
fat is used. If soap is made from not necessary.
 
tallow, citrus oil or juice will improve
 
its smell and serve as a preservative.
 

Water. The best water to use is soft
 
water. Water which is not too hard Recipes:
 
can be used, but if it is very hard
 
it is best to soften it. Hard water
 
contains mineral salts which hinder For 4.1 kg (9 pounds) of soap:
 
the cleansing action of soap. To Oil or clean, hard fat: 13 cups (3

soften hard water: Add 15ml (1 liters) or 2.75kg (6 pounds)

tablespoon) of lye to 3.8 liters (1 Borax (optional): 57mi (1/4 cup)

gallon) of hard water, stirring the Lye (sodium hydroxide crystals):
 
water as it is added. Let the mixture 370g (13 ounces)

stand for several days. Pour off the Water: 1.2 liters (5 cups)
 
water from the top. This is the soft Perfume (optional), use one of the
 
water for soap making. The water and following:
 
particle mixture at the bottom of the Oil of sassafras: 20nil(4 tea
container can be thrown away. spoons)
 

Oil of wintergreen: lOml (2 tea-

Soft water can also be obtained by spoons)


collecting rain water. Oil of citronella: lOml (2 tea
spoons)


Soap Making with Commercially-Prepared Lye Oil of lavender: lOml (2 tea
spoons)


The directions given here will make Oil of cloves: 5ml (I teaspoon)

4.lkg (9 pounds) of good quality soap. Oil of lemon: 5ml (l teaspoon)
 
But the amount can be changed as long
 
as thr techniques and proportions are
 
folloNed. For one bar of soap:
 

Equirment Oil or clean, hard fat: 230ml (I
 
cup)
 

Bowls, buckets, pots or tubs made of Borax (optional): 5ml (1 teaspoon)
 
enamel, iron or clay. Never use Lye (sodium hydroxide crystals):
 
aluminum; lye destroys it. 23.5g (5 teaspoons)
 

Measuring cups of glass or enamel. Water: llSml (1/2 cup)
 
Wood or enamel spoons, paddles, or Perfume (optional): a few drops
 

smooth sticks for stirring.
 
Wood, cardboard or waxed containers
 

for molding soap. The molds can
 
be of any size but those which are
 
5cm to 7.5cm (2" to 3") deep are
 
best. Gourds or coconut shells
 
can also be used for molds.
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How to Make the Soap
 

The fat used in making the soap should
 
be clarified. To do this: put the fat
 
ina kettle with an equal amount of
 
water; boil this mixture. Remove the
 
kettle from the fire and strain the
 
mixture through a sieve or a piece of
 
cheesecloth... Add 1 part cold water
...
 
to 4 parts of hot liquid. Do not stir
 
the mixture; let it stand until itcools.
 
The clarified fat can then be removed
 
from the top. To help in cleaning the
 
fat, a sliced unpared potato can be
added before the mixture is boiled.
 

Measure carefully the amount of fat 

required and melt it down in the kettle 

to be used for soap making. 


Measure the amount of water required.
 

Measure the lye required.
 

To the water previously measured 

slowly add the measured lye. For 

safety always add the lye to t-water; 

never add water to lye. The resulting 

solution wil'become very hot and may

spatter. Cool the lye mixture down to 

a body temperature. To test when the 

solution has reached body temperature,

place your hand under the vessel hold-

ing the lye solution: there should be 

no noticeable difference between the
 
temperature of your hand and that of 

the vessel. Do not put your finger in 

the solution, 


Cool the melted fat to body tempera
ture. If borax is used, add it to the 

fat when it has cooled, 


Then add the lye mixture to the melted 

fat. The lye mixture should be poured

into the fat very slowly ina small 

stream. As this is being done the whole 

mixture isstirred slowly and evenly in
 
one direction. After the lye solution 

is added, the mixture isstirred until
 
the spoon makes a track. This usually

takes about 30 minutes. After this 

let the mixture stand, stirring itonce 

or twice every 15 or 20 minutes for 


FIGUREZ. L//E r-/-iEMOLD BoxOW Wlr/
7Wo SrRIAS OF C0t7ON CIo7-b 

xSr iPS 0TrO/V IX'
pp ASyO
 

R'MoA rhr SOAP.
 

several hours. When the mixture is
 
very thick and honey-like inconsistency,
 
pour it into the molds lined with cloth
 
or waxed paper (see Figure 1).
 

Cover the mold and let itset for 48
 
hours. Keep itdry and at room temper
ature. Ifit is moved or struck while
 
it is setting, the ingredients may
 
separate.
 

At the end of this puriod, the soap

should be firm and can be removed from
 
the mold. Ifit isnot firm, let it
 
set longer until itis.
 

Ifgrease isvisible on the top of
 
the soap at the end of the 48-hour cur
ing period, itshould stand a while
 
longer. Ifthere isliquid at the
 
bottom of the box, cut the soap into
 
bars and let them stand a day or two
 
to see if the liquid will be absorbed.
 

Reclaiming Unsatisfactory Soap
 

Ifsome of the ingredients are still
 
separated after this curing period, if
 
the soap is curdled or grainy, or if
 
you wanta finer, smoother soap, add
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F/6f1e 2. WV/EN tME OAP IS FIRM,
REMOVE IT FROM T/E MOLD AND, 
U1/NO A T'JIN WRCA'O iR'E, Ce'r 
/r INTO BAU5. 

water to it in this way: 


Cut the soap into small pieces and
 
put it into a pot with 2.8 liters (12
 
cups) of water and any liquid left in
 
the molding box. Avoid tcuching the
 
soap with your hands by wearing
 
rubber gloves ifpossible, as there
 
may be some free lye on the surfaces
 
of the pieces of soap.
 

,p 3. 5rACK r7E &/qR so t Ar 
AIR cow CIRCULArE AROeVW AND 
rMRO'(.46 MriEM. 


Bring it slowly to a boil and boil 

for 10 minutes, stirring occasionally, 

Ifyou wish, you can add lOml (2tea-

spoons) of wintergreen, lemon or
 
other oil at this stage for perfume.
 
Pour into a mold box, let stand 48
 
hours, and follow the procedure below.
 

F/fi1E 4. WlE/v r#-r sOqp Is 
COMPL&TALY CURED, I" SNAO&D 
SUAVE PROW A'A' ARv 11V aW. 

Empty the soap from the box and cut
 
itinto bars with a string or wire (see
 
Figure 2). Place the bars in an open
 
stack so that air can circulate around
 
and through them (see Figure 3). Leave
 
them in a warm, dry place for 2 or 4
 
weeks.
 

How to Know Good Soap
 

The soap should be hard, white, clean
 
smelling and almost tasteless. Itshould
 
shave from the bar in a curl (see Figure
 
4). It should not be greasy or taste
 
harsh when touched by the tongue. If
 
the soap is unsatisfactory for these or
 
any other reasons, reclaim itby the
 
procedure given above.
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Making Soap with Lye Leached from Ashes
 

This method, patterned after one
 
used by the early settlers of North
 
America, produces soft soap by combiln
ing fat and potash (lye obtained by

leaching wood or plant ashes.)
 

This recipe has been tried success
fully with waste cooking grease, olive
 
oil, peanut oil and cocoa butter.
 

Equipment for Leaching Lye
 

Several medium sized rocks.
 

A 	flat stone with a groove and a run
off lip chipped into it.
 

19-liter (5-gallon) wooden bucket with
 
several small holes in the bottom.
 
A hollowed log with the same capacity 

can be used. 


Collection vessels for the lye. These 

should be made of iron, steel,

enamel, or clay. An aluminum vessel
 
should not be used, since lye would
 
corrode it. 


Small twigs 


Straw 


19 liters (5gallons) of ashes. The 

ashes may be from all types of woods. 

The ashes from the hardwoods yield the 

best lye. Ashes from the burning of 

plants and leaves of trees may be used

(see Table 1). Ashes of burnt seaweed 

are particularly useful as these produce 

a sodium-based lye from which hard soap 

can be made. Lye leached from the 

ashes of plant life (excepting seaweed)

ispotash or potassium carbonate (K2C03), 

an alkali. This alkali reacts with 

fat to form soft soap. Ashes from 

other materials such as paper, cloth,

and garbage cannot be used. 


7.6 liters (2gallons) of soft or
 
medium-hard water. 


344
 

oF . ROCA'5 A P/&r ro 
FORM A BA45E FOR rAf" 'Ar 

" G OO;s!- SrOI- 04 WAI/CA
 
r, SCAr IrIs PACO.
 

Leaching the Lye
 

Pile the rocks so that the flat,
 
grooved stone rests evenly on top (see

Figure 5). Set the wooden bucket on
 
this stone.
 

Inthe bottom of the bucket, make a
 
filter to trap the ashes by criss
crossing two layers of small twigs and
 
placing a layer of straw on top (see

Figure 6).
 

Fill the bucket with dry ashes. To
 
keep the lye from being leached
 
accidentally, the ashes must be kept

dry before they are used.
 

Pour warm water into the bucket, making

the ashes moist and sticky. To make sure
 
that the water passes through the ashet
 
at the correct rate for leachina the lye,
 
move the ashes up at the sides of the
 
bucket to form a depression inthe center.
 

Add all the remaining water insmall
 



Scientific Name 


Arthrocnemum indicum 

Atriplex repers 

Avicennia nitida 

Cocos nucifera 


Halocharis violocea 

Haloxylon recurm 

Haloxylon multiflorum 

Haloxylon salicornicum 

Kochia indica 

Salicornia brachiata 

Salsola foetida 

Suaeda fruticosa 

Suaeda monoica 

Suaeda maritima 

Suaeda nudiflora 


Common Name 


mangrove 

salt bush 

mangrove 

coconut palm 


camel food 


Aden balsam 


Prominent location
 

Indian coast
 
Indian coast
 
Philippino swamps
 
coasts of all
 

tropical regions
 
Indian coast
 
Indian coast
 
Indian coast
 
Indian coast
 
Indian coast
 
Indian coast
 
Indian coast
 
Indian coast
 
Indian coast
 
Indian coast
 
Indian coast
 

Table 1.Tropical plants whose leaf ashes yield lye for soap making.
 

amounts in the following manner: Fill
 
the center depression with water; let
 
the water be absorbed; fill the depres-

tion again. When about two-thirds of
 
the water has been added, the lye or
 
potash, a brown liquid, will start to 

flow from the bottom of the bucket. 

Use more water, if necessary, to start
 
this flow. The lye flows over the
 
flat stone into the groove and then
 
into the collection vessel below.F
 
the run-off lip. Ittakes about an
 
hour to start the flow of lye. 


The yield from the amounts given here
 
isabout 1.8 liter (73/4 cups) lye. 

The results vary according to the
 
amount of water loss from evaporation
 
and the kind of ashes used.
 

If the lye is of the correct strength, 

an egg or p,.tato should float in it. 

A chicken feather dipped in the solution 

should be coated, but not eaten away. 

Ifthe solution isweak, pour it through 

the barrel again, or through a new
 
barrel of ashes, or concentrate itby
 
boiling. Thirty-five liters of ashes
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is about the right amount for 2 kilo

grams of fat (a bushel of ashes for 

4 pounds of fat). This proportion,

although cited in soap-making recipes 

of the colonial period in the United 

States, has not been tested. Many of
 
the recipes of that era differ on the 

proportion of ashes to fat. 


Equipment for Making Soft Soap 


Iron Kettle 

Wooden spoon or stick for stirring 

Measuring vessels
 
Wooden, steel, iron, glass or clay 


vessels for storing the soap 


Ingredients 


Clarified fat (see Soap Making with 

CommerciallX-Prepared Lye for clean
ing process) 


Lye which floats an egg or potato 

(see Figure 7) 


Making the Soap
 

Put 115m1 (1/2 cup) of lye in the
 
kettle for every 230ml (1 cup) of
 
fats or oils to be used.
 

Add the measured amount of fat.
 

Boil the lye and fat together until
 
the mixture becomes thick, rubbery,
 
and foamy.
 

Remove the kettle from the fire
 
and let it cool.
 

The soap is a thick, jelly sub
stance that ranges in color from tan
 

dark brown depending on the fats
 or oils used and the length of
 

boiling time.
 
Upon strong mixing in water, the
 

soap will lather up into white suds
 
and serve as an effective cleaning

agent. This soap greatly improves
 

with age. Store it in a container
 
for at least a month before using it.
 

230mi (1 cup) of fat yields 230mi
(1cup) of soft soap.
 

Sources:
 

Mrs. Marietta Ellis, VITA Volunteer
 
Bedford, Massachusetts
 

Dr. S.K. Barat, VITA Volunteer, Adyar,
 
Madras, h;Jia
 

Honre Life in Colonial Days, Alice Morse
 
Earl, MacMillan Company, New York - A
 
good description of soap making using
 
potash.
 

Make Your Own Soap., Federal Extension
 
Service,7US. Department of Agriculture.
 
Contains a good recipe and mere detailed
 
instructions for making soap with com
mercial lye. Available free from the
 
Agency for International Development.
 

"Pioneer Life," World Book Encyclopedia.
 
Field Enterprises Educational Corporation,
 
Chicago - Contains interesting sketches
 
of pioneer soap making.
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A NEST OF LOW;COST BEDS
 

This nest of three beds will save 

space ina small room during the day-

time because it takes up only the space 

needed for one bed. 


These low-cost beds are easy to make 

from local materials. Dimensions sug-

gested here are approximate. The exact 

dimensions depend on the kind of wood
 
used. 


Tools and Materials
 

Carpenter's tools 


Wooden boards 2.5cm x 7.5cm (1"x 3"),
 
of varying lengths 


Wooden posts 5cm x 5cm (2" x 2"), of 

varying lengths 


Nails 


Paint 


Bailing wire, burlap strips, rope or wood 

for the "spring" of the beds 


All of the beds are the same width
 
but the length and height of each bed
 
varies so they fit under each other
 
(see Figure 1).
 

The wood used inthe largest bed is:
 
2 boards, 2.5cm x 7.5cm x 183cm
 
(" x 3"x 72")
 

2 boards, 2.5cm x 7.5cm x 91.5cm
 
(1"x 3" x 36")
 

4 legs, 5cm x 5cm x 51cm
 
(2" x 2"x 20")
 

Nail the legs to the ends of each of
 
the 91.5cm (36") boards. Then join
 
these boards by nailing the 183cm (72")
 
boards to them as in Figure 1. This
 
completes the framework, which isnow
 
ready for the spring to be attached.
 

The spring can be made by nailing bail
ing wire, burl.ap strips used as webbing
 
or wood to the frame. Another method is
 
to bore holes in the framework and pass
 

F/161Ai. Ti/F T/ve'EE BiDs Aga mAos ro r/T O6 £iVA1Oe rMl 
OTHER 5ASAVG ON SPACE WHEW No IN USE . MRAE 0IrAERWAIr 
KINDS OF 5PRIN& AR"E 9 WIVn'ooq ol r,#E LARaEST BED, 
ROPE OM TlE AlO0DA.-51ZF BED ANO CRICk'A WIRE Q'V 
T//& 5/'IILkSr .93D. 
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rope through the holes as shown in the 

middle-size bed in Figure 1. 


are made the same
 

way. They use 

The other two beds 


the following materials: 


Middle-size bed: 

* 2 boards, 2.5cm x 7.5cm x 168cm 

(1" x 3" x 66") 

2 boards, 2.5cm x 7.5cm x 91.5cm 

(0" x 3" x 36") 


4 legs, 5cm x 5cm x 38cm 

(2" x 2" x 15") 


NIGHT 
A5 A 50A IN TH7E DAYTIMrIE. 

Smallest bed:
 
. 2 boards, 2.5cm x 7.5cm x 152cm(1"x 3" x 60") 

. 2 boards, 2.5cm x 7.5cm x 91.5cm 

(l" x 3" x 36") 

. 4 legs, 5cm x 5cm x 25cm 
(2" x 2" x 10") 

More detailed instructions are given

in: Low Cost Beds Made at Home,
 
Federal Extension Service, U. S. Depart
ment of Agriculture. Available free
 
from the Agency for International De
velopment.
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A LOCALLY-MADE MATTRESS
 

This low-cost mattress ismade from
 
materials available inmost areas. It
 
can be used as a bed at night and as a
 
sofa by day. The mattresses are widely

used. 


Tools and Materials 


Cotton 


Corn shucks, rice or wheat straw, hay, 

banana or palm leaves 


Cloth 


Strong needles 


Waxed cord 


Oil felt or double-thickness ticking cut 

ina round shape, for tufts, 


Hand paddle with small nails
 

Sharp knife 


The first step isto dip the corn
 
shucks inboiling water and, while they
 
are still moist, shred them into small
 
strips with a hand paddle that has
 
small nails in it. The tough top part
 
of the shuck isthen cut off with a
 
sharp knife. When dry, the shredded
 
corn shucks are ready for use.
 

Cut six pieces of cloth...
 

two pieces the size of the bed to
 
make the top and bottom of the
 
mattress.
 

two pieces 15cm (6") wide and the
 
length of the bed for the mattress
 
sides.
 

two pieces 15cm (6") wide and
 
slightly longer than the width of
 

,C/6RAE I. CORN s11CK45 OR 5, IL.A FLUING ATER/A46 AMRE 
TUFF, /A TO 7-, COVER, WY/CA/IC4 AS MADE FROM SIX PIECS 

C cLOTH 5 W// TO Foq/M A BOX WIT- 5041- COMWEQs. 
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the bed, for the ends of the 

mattress, 


Sew the pieces together to form a box 

with rounded corners. Attach the bottom 

piece on just one side, leaving the
 
bottom open for filling the mattress. 

Twelve feed sacks full of tightly-Fpcked 

corn shucks are enough for a double 'ed
 
mattress. A single bed mattress neeos 

less. 


Pack the filling material into the 

cloth cover ineven layers. Otherwise
 
the mattress will be lumpy. After each 

layer, pull the bottom piece over the 

filling material and beat the mattress 

gently to distribute the material evenly.

Then pull the bottom piece back and con-

tinue filling the mattress. When the
 
mattress is filled, sew the bottom
 
piece inplace. If there are still
 
high and low spots in the mattress,
 
beat itgently again: hitting the
 
high spots to drive the filler into the
 
low spots. Only a few strokes should be
 
needed.
 

Making a Roll Edge:
 

A roll edge will keep the cotton in
 
place and help the mattress to hold its
 
shape. Mark a faint line 6cm (21/4")
 
in from the edge seam all around the
 
mattress top. Mark another faint line
 
1.5cm (1/2") below the seam. Sew the
 
two lines together with stitches about
 
1.5cm (1/2") apart, working enough

filler into the roll with each stitch
 

to make the roll finn. Fill the roll
 
evenly. Inrounding the corners, make
 
the stitches closer and take shorter
 
stitches on top of the roll than on the
 
bottom.
 

Turn the mattress over and make a roll
 
edge on the other side.
 

Use the strong needle and waxed cord
 
to sew the round pieces of oil felt or
 
doubled ticking for simple tufts that
 
will hold the filling in place.
 

More detailed instructions are given

in: Making a Cotton Mattress, Federal
 
Extension Service, U. S.Department of
 
Agriculture. Available free from the
 
Agency for International Development.
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SMALL RECTANGULAR KILN
 

The small rectangular kiln was de
signed for both bisque and glaze firing

of small pottery pieces. In bisque- '
 
firing, pottery is cured but not '1 0W
 
glazed. It can be glazed either in '
 
the first firing or in subsequent 
 -

firings. The kiln can be larger or
 
smaller than the dimensions given here.
 
Its capacity depends on the size of
 
the base.
 

Materials
 
GAs
 

Common (pressed) brick .Low
 

Firebrick (Note: Sandstone blocks 	 71E tO*6 RECrAUlY 4R
F'/IZOO8t ISA RED PAMM)were used before the invention 	 or rvs o r Ar 771E ora.s. 
of firebrick.) 	 Ss6 LOW CIMNWAOkUp TWHURc/le


7WE A(lIL/N I .7y,
Cy4 /vE /c

POTTERY 16 PWCED ANO "W5iv

Clay or mortar 
 Ou'r rRUouGa T.'A CAI/A,,,.,wy
OPA'//4IIN 98B0Y& TN5 CMQ'4IaER 

The dimensions shown in Figures 4 to
 
8 are based on the 23cm x 11.5cm x
 
6.5cm (9" x 4 1/2" x 2 1/2")
 
straight brick commonly found in the
 
United States. The driensions can 
 '
 
be changed to suit the size of
 
locally available brick.
 

~A
 

. , o 	 i-- ' ,/G/A? 3 . Ti5 R~CTAIV64ILR A-11NV 
IS OE515MLO rP 807V 8154- AND 
GLAZE' .='1A1"MG O~r .5mALL Por7E?Y
P/ECES. TIHE OPENING 	 4'S6OV-. TA'E 
Flq~csoxopElv/MG 1qr mE/ENp /6
£1550 FrOA i4.901YC AMO VNLOOO/iDIV6 

F/1./e Z.MODL OF A PIQRTIrLZY 
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.417ffAC4yq L4ICAF5 R'WCM MWragR ZEA 

9X.S"Y- ARE SrOOD ~. XM3 'M 

The joints in the kiln, except for 

those in the loading area, should 

be mortared. The preferable mortar
 
isa refractory cement; that is,one 

which is highly resistant to the 

action of heat. Ifthere is a brick 

plant in the area, find out what 

material isused there. Ifrefractory 

cement is not available, make itby 

mixing crushed firebrick with your 

purest clay, which will be white or 

light incolor. As a last resort, use 

clay alone. Inany case, have the 

mortar fill as much of the joint as 

possible. Each time the temporary 

door for loading is rebuilt (see 

Figure 4), it should be mortared with
 
the purest clay available. 


In laying up the brickwork, stagger 


5ec-k")"'- .. A 90C' ONLC7 

5ioppar S/ieLvEs 

the joints ineach layer to cut heat
 
loss.
 

Dig a hole 76cm x 126cm and 19cm
 
deep (30" x 49 1/2" x 7 1/2") -
or whatever base size isneeded for 
available brick --in level ground.
Note in Figures 4, 5 and 7 that the 
first three horizontal courses are: 
first, gravel or comon brick; seconid, 
common brick; and third, firebrick. 
This foundation isunder the firebox.
 
The firebox, with its ends open for
 
loading, is built with firebrick. I'f
 
charcoal, coke or coal isused as a
 
fuel, the firebox should have grates.
 

The firebox is a long rectangular

chamber, fired from both ends so that
 
the hot gases flow inward and upward
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475 C.. .Lowest visible red ... .............. 8850 F.
 
475 - 650 C...Lowest visible red to dark red. ..... 885 - 12000 F.
 
650 - 750 C.. .Dark red to cherry red ...........
.. 1200 - 13800 F.
 
750 - 815 C.. .Cherry red to bright cherry red . . . . 1380 - 15000 F.
 
815 - 900 C.. .Bright cherry red to orange .. ...... 1500 - 16500 F.
 
900 - 1095 C.. .Orange to yellow ... ............ 1650 - 20000 F.
 
1095 - 1315 C.. .Yellow to light yellow ... ......... 2000 - 24000 F.
 

Table 1. The glow of the inner mass of the kiln gives a rough indication
 
of temperature.
 

(see Figure 1). Between and above the 

fires is the kiln chamber in which the 

pottery is placed. The hot gases rise
 
through the chamber and go out the 

chimney opening at the top. Both the 

chamber and the firebox are surrounded 

by a layer of common brick. Figures 4 

through 8 show how the bricks should 

be arranged. Note the staggering of 

joints in alternate courses. 


When the kiln is built, its sides 
should be insulated with dry loose sand 

and/or crushed brick (see Figures 5 and 

6). 


If the kiln is outdoors, cover the 

loose insulation and brickwork to keep
 
it from getting wet. Sheet metal is 

suitable. If large pieces are not 

available, use flattened tin cans to 

build a shingle-type cover. 


In building up the temporary door 

after the kiln is loaded (see Figures 

3 and 4), be sure to leave a peephole 

to watch the inside of the kiln.
 

Firing 


The first time the kiln is fired, 

heat-up will take longer and require 

more fuel than usual because the kiln
 
must be dried out. 


Sunbake the pottery before firing it, 

to be sure that it is completely dry. 

Load the sun-dried pottery on the 


shelves of the kiln, leaving enough
 
space for adequate ventilation.
 

After the kiln has heated up somewhat,
 
you can save fuel by cuttiag down on
 
the draft. Do this by partly covering
 
the top flue openings with bricks.
 
The pottery begins to shrink at about
 
870C. (1600F.). To measure temperature, 
the ceramic i.ndustry uses pyrometric 
cones. Suppliers of these cones are: 

The Edward Orton (Jr.) Ceramic
 
Foundation
 
144 Summit Street 
Columbus, Ohio
 
U.S.A.
 

Bell Research, Inc.
 
Box 757
 
East Liverpool, Ohio
 
U.S.A.
 

Bell Clay Co.
 
Gleason, Tennessee
 
U.S.A.
 

If no temperature-measuring devices
 
are available, the color of the glow

in the inner mass of the kiln can in
dicate the approximate temperature of
 
the kiln. See Table 1.
 

The kiln should be heated slowly to
 
870C. (1600F.). This process should
 
take about eight hours. Chemical and
 
physical changes caused during the
 
heating of the kiln can destroy the
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pottery if they take place too quickly.

For example, dehydration of clay and 

other minerals takes place throughout

the whole temperature range, but par-

ticularly between 430C. (906F.) and 

815C. (1500 F.) , organics and sulfides 
are oxidized between 595C. (1OOF.)

and 980C. (1800F.). 


Several hours at 870C. (1600F.) and 

higher are needed to complete the fir-

ing. 


When the firing is completed and the 

fire isout, block the flue and firebox
 
openings so that the kiln will cool 

slowly. Let the kiln stand this way 

overnight. When the temperature of the
 

kiln has dropped, open the flue and
 
firebox openings. This slow cooling
 
keeps the pottery from being cracked
 
by thermal stresses. Slow cooling

through the dark red heat range ismost
 
critical.
 

The time and temperature required to
 
fire an unknown clay can be learned
 
only be experimenting. Heating and
 
firing times may vary from those given
 
here.
 

Source:
 

Irwin M. Lachman, VITA Volunteer,
 
Corning, New York
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SALT GLAZE FOR POTTERY
 

This method can be used for apply-

ing a very thin, transparent glaze to 

pottery such as clayware and stone- 

ware. Examples are: brick, sewer
pipe, stoneware shapes and containers. 


Open pieces, such as bowls, will 
become glazed inside and out. Nar-
row-necked pieces must be glazed in
side by a slip-glaze method inwhich 
the pottery isdipped into the glaze, 

Some ceramic articles will take a 

salt glaze. Others, under certain 

conditions, will not. Experimen
tation is the best way to discover
 
how to glaze an unknown clay. 


Tools and Materials 


Common salt (NaCI) -- may be used 

alone, and this iscommon practice.

Boric acid or borax -- may be added
 
to the salt to improve the glaze and 

lower the firing temperature. 


Kiln -- Salt glazing can be done in
 
a wTde range of temperatures, 670 C. 

to 1360 C. (1230 F. to 2470 F.); the 

more usual range is 1200 C. to 1300 C.
 
(2185 F. to 2375 F.).
 

How to Firethe Pottery
 

Place the pottery on the shelves
 
of the kiln. The pieces should not
 
touch so that there isplenty of
 
room for ventilation.
 

Mix 9 parts salt with I part borax
 
or boric acid. This mixture can be
 
dampened with water: 5 to 10% by

weight of the mixture. For ordinary

fire-clay pottery, about 285 to 570gm

(10 to 2G ounces) of salt isneeded
 
for 0.028 cubic meters (1cubic foot)
 
of kiln capacity.
 

When the kiln isas hot as itwill
 
get, throw the mixture into the fire
 
heating the kiln.
 

This step ray be repeated several
 
times when the temperature gets back
 
up to the hottest point. The kiln is
 
then gradually cooled.
 

The sodium (Na) separates from the
 
heated salt and combines with the clay
 
body to form a very thin, uniform glaze

which shows the colors of the ceramic
 
body.
 

Sources:
 

"Salt Glazing and Ceramic Ware,"
 
by H.G. Schurecht, Bulletin of the
 
American Ceramic Society, Vol. 23,
 
No. 2.
 

Ceramic Glazes, by Cullen W. Parmalee,
 
Cahners Publishing Company, Chicago,
 
IL,60603.
 

Dr. Louis Navias, VITA Volunteer,
 
Schenectady, New York
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BAMBOO OR REED WRITING PENS
 

This low-cost, easy-to-make pen has
 
been in use inJordan since 3000 B.C.
 
Pens of different sizes can be made for
 
work ranging from fine writing to large
 
block letters. These pens have also
 
been used inThailand.
 

Tools and Materials
 

Dry bamboo 15cm x 1cm x 0.5cm
 
(6V x 3/8" x 3/16")


Small rubber band or fine wire
 
Sharp knife
 
Fine Sandpaper
 

How To Make The Pen
 

Whittle one end of the bamboo to
 
the desired width, and then shave
 
itdown to make it flexible (see
 
Figure 2). Be sure that the writ
ing tip ismade from the more dura
ble material near the outside of
 
the bamboo.
 

Cut the writing end straight a
cross with a sharp knife. Use sand

* 
.

• 


F/6URrl. PEN6 CAN gE MADE FROM
5AMUoo FOR WORJI(.AMN6; AROMAINE WR/r/VO 72:8LOCle LATTERS. 

164VRQE Z. OWF-&N Or MWE
GAMBOO0 /S WAk'/tro 7Wmm 
1F.L5RE0 W/T//. 77EN Ir I 

5AIAVEO 0OWN O MAH /T
C1EX/B.1

paper to make the end smooth. The
 
point of the pen can be shaped to the
 
proper writing angle for your hand by

gently writing on the sandpaper with
 
the dry pen.
 

To make a retaining hole for ink,
 
place the tip of the knife on the pen,
 
at least 3mm (1/8") up from the point
 
of the pen, and then rotate the knife
 
to drill a hole about 2mm (3/32") in
diameter.
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,

Th'E PxV A'EED LESs o/7EM. 

The pen can now be used for writ- Source:
 
ing, but itwill need to be reinked
 
frequently. T6 make a reservoir pen, The Multiplier, Vol. 3, No. 10 (May

attach a thin bamboo cover plate to 1960), pubis ed by the U.S. Depart
the pen as shown inFigure 3. Attach ment of State, Agency for International
 
the cover plate by wrapping a small Development.
 
rubber band or a piece of fine wire
 
around the notches provided for this.
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SILK SCREEN PRINTING
 

Silk screen printing is a simple,
 
inexpensive method of producing mul
tiple copies of attractive visual
 
aids, posters and other materials,
 
including typewritten pages. A
 
squeegee forces very thick paint
 
through those parts of the silk
 
screen which are exposed by the 

stencil onto paper placed under-

neath the screen. 


Tools and Materials 


Hinges, about 2.5cm x 7.5cm
 
(1"x 3")
 

Wing or regular nuts
 
Squeegee
 
Trigger support 

Wood for fram.e
 
Baseboard o'smooth table top 

Silk or other sheer cloth 

Thumbtacks 

Silk screen paint 

Paper for copies 

Water-soluble paint (e.g. 

finger paint) 


NIN6r 

7"0&NorIDKr
 

61,1k MAO 

7VR56,57RA1"IV 

2~5Ego~R O~4 £4OOOEA' 

T,084.C"TOp 

F1C2,t14w. OLT Thr HIN6EO 
BASEBOARO WkOOo,0VOR 

,Af/,N6 r-MANf 
OAlgww- SI.k X1EN.-q .PR-
FIVr.1o/Nr coim'SrRCr/oN5R 5mc0,wv 4r --,cl,,O'VE'ANE SA'OIVCO Aa/r q, cAeivr 
r5-o rMb .o//fl%5 o- rA#c4o 


Building a Silk Screen Printer
 

1. Build a frame (see Figures 1
 
and 2), using 1.9cm x 5cm (3/4" x
 
2") plywood or other wood. The
 
frame should be big enough for the
 
largest prints to be made. Average
 
inside frame dimensions would be
 
38.1cm x 50.8cm (18" x 24"). Make
 
sure that the corners are square
 
and the frame lies flat against a
 
flat baseboard or table top. The
 
ba~eboard can also be made of 1.9cm
 
(3/4") plywood. A few coats of
 

'suppoRT" 

G(//DfS. 

1S rD TO UJVg iP PAPSR 

EAt OF TlhE PFRM- TO 14 FAr 
TBLE TOP. 
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shellac on the wooden frame will 

make it longer lasting and less apt 

to warp. 


2. Stretch the silk very tightly 

over the underside of the frame, 

using tacks every 2.5cm (I").

Making sure that the threads of the 

silk run parallel with the edges of 

the frame, pull the silk over the 

outside bottom edges and tack the 

silk around the outside of the frame 

(see Figure 2). 


3. Make a squeegee (see Figure 3). 


0 8.AE 3,WOO'woG MAp
OF sr/,V RVDDA. WOo 
ORfSTMI COVENED WITHf 

0 IMMEM7uIS mR OW 
AVOM"IIVF r JNG&P 

0 WOW/r. 

rU/~ rr V Mr5gr 

A/619gZ 5. A 5OSEc6BE A4M 

SIMPIZ IF IVON" ARA A4/qZABSL_-.
 

Printing 


1. Cut the stencil and attach itto 

the sreen according to the instruc
tions on page 372. 


2. Place the paper or cardboard to 

be printed under the screen and stencil, 

Draw about lOml (2teaspoons) of water
soluble paint (for example, finger paint) 

ina line along the edge of the silk just 

inside one end of the frame. The paint 

should be thick, about like auto trans-

mission grease, so that itwill not just 

fall through the screen without being 


pushed by the squeegee. (Oil-soluble
 
paint works well, but a solvent is need
ed to clean itoff the screen.)
 

3. Using an edge of the squeegee, pull
 
the paint across the surface of the
 
silk. This squeezes the paint through

all the open areas of the paper stencil.
 
Lift the screen and remove the print,
 
replacing itwith the next piece to be
 
printed. Pull the paint back in the
 
opposite direction for this print. The
 
correct technique isto put the amount
 
of paint on the screen which, combined
 
with the right pressure on the squeegee,

will produce a good print with one stroke
 
of the squeegee.
 

Y. 

"1611RE 4. MlE 5QIEE6AE /Y (/SEt 70
 
DRAW THE rmc'r PAqNr qcoss
 
r" SIZH 5CMAEDE" 

Make sure that the cPint contains no
 
dried paint particles. They could
 
damage the screen.
 

4. When a printing is completed, pull

the stencil off the screen. Remove
 
the wing nuts and wash the frame under
 
running water.
 

5. The pieces to be printed can be
 
registered (lined up so that the print
ed image appears inexactly the same
 
place on each piece). Registration
 
guides can be made of thin cardboard
 
or several layers of tape (see Figure 2).
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Thicker guides could break the silk
 
when the squeegee presses the screen
 
against them. The guides should be
 
taped on the baseboard at the edges
 
of three sides of the sheets to be
 
printed.
 

6. Ifmore than one color is to be
 
printed, registration becomes very
 
important. The procedure to follow
 
is this: 


a. Print the first color, using 

registration guides.
 

b. Wash the screen as inStep 4
 
above, and attach the next stencil. 


c. Place a piece of wax paper 
or
 

thin translucent paper under the 

second screen to be printed, and 

t-pe this paper on one edge.
 

d. Print an image of the second 

screen on this paper. 


e. Raise the screen. 


f. Slide a sample of the first 

printing into position beneath the
 
taped paper. Adjust the sample so 

that the second image will appear

inthe right place on the pieces

already printed. 


g. When the sample islined up,
 
carefully hold the first printing
 
sample inposition and remove the
 
wax paper.
 

F1 J/MPE ORY/A' eQC/ 
C&, BE MAE PARM C.CMXsi. 
"PRIS-' I'7WS.fCi.x2.5C 

h. Tape new registration guides on

three sides of the sample.
 

i. More colors can be printed by
 
returning to Step 6b.
 

7. Several colors can be printed
 
over one another iftransparent paints
 
are used.
 

8. A drying rack (see Figure 5) is
 
helpful when many prints are to be
 
dried.
 

Source:
 

John Tomlinson, VITA Volunteer,
 
Rochester, New York
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PREPARING A PAPER STENCIL
 

This method of preparing a stencil 

for silk screen printing ismore ver-

satile for some effects than the 

usual stencil technique: for example, 

the letter "0"can be formed without
 
connecting lines to hold the center 

in place. But the method has these 

limitations: the stencil will last 

for only a few hundred impressions;

the paoer stencil will not hold up

with wacer-base paint; images must 

be bold and simple designs; a paper

stencil cannot be stored, 


Tools and Materials 


Stencil paper 

Somewhat-trans:ldrent white bond
 
paper works well. Commercial 

stencil paper can be used, but 

the edge of the printing may be
 
fuzzy. Thick paper leaves a 

thick layer of paint when the 

squeegee draws the paint across 

the screen.
 

Mimeograph stencils can be used to 

to reproduce typing. 


Stencil knife
 
A small-blade knife with a handle
 
about as thick as a pencil ismost 

convenient.
 

Cutting the Stencil 


1. Place the stencil paper over the
 
image to be reproduced an' fasten
 
both to a hard level surface, like
 
the baseboard of the silk screen.
 

2. Trace the design and then cut
 
around the areas where one color is
 
to be printed. Press just hard
 
enough to cut through the stencil
 
paper without cutting the original.
 
Do not strip the cut-out parts away
 
yet; leave the stencil intact.
 

3. Put a pad of newspaper on the
 
baseboard of the silk screen so that
 
when the screen islowered itwill
 
hit the stencil firmly.
 

4. Place the stencil on this pad

inthe position desired. Slip

several pieces of tape, sticky side
 
up, under the edges of the stencil;
 
this will tape the stencil to the
 
screen when the screen islowered.
 
Mask the open areas of the screen
 
beyond the edges of the stencil.
 

5. To make the stencil stick to the
 
screen, draw paint across the screen
 
with the squeegee.
 

6. Remove the cut-out parts of the
 
stencil.
 

7. At the end of the printing run,
 
peel the paper stencil and masking
 
from the screen. Clean the screen.
 

A mimeograph stencil is prepared as
 
itwould be for a mimeograph machine.
 
Attach itto the screen the same way
 
a paper stencil isattached.
 

Source:
 

Mrs. Benjamin P.Coe, VITA Volunteer,

Schenectady, tew York
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SILK SCREEN PAINT
 

The paints described here for silk 

screen printing should have a shelf
 
life of several months when they are 

stored injars with tight-fitting lids. 

The recipes have been tried successfully

in a temperate climate. Paints colored 

with powdered tempera are more brilliant 

than those colored with food colors or 

ink. Other water-soluble dyes can prob
ably be used also. 


Materials 


Starch or cornstarch 

Soap Flakes
 
Gelatin (optional) 

Coloring matter (food color, tempera 


powder, ink or a dye of some sort 

that iswater soluble) 


Recipes 


Recipe #1 


Linit starch (not instant) 

115ml (1/2 cup) 


Boiling water 345mi (1 1/2 cup)
 
Soap flakes 115ml 1/2 cup) 


Mix starch with enough cold water 

to make a smooth paste. Add boiling 

water and cool until glossy. Stir
 
insoap flakes while mixture iswarm.
 
When cool, add coloring.
 

Recipe #2
 

Cornstarch 57.5ml (1/4 cup)
 
Water 460m1 (2cups)
 
Soap flakes 29m1 (l/B cup)
 

Bring water to a boil. Mix corn
starch with a small amount of cold
 
water and stir the two together.

Bring to a boil and stir until
 
thickened. Add soap flakes while
 
warm. Color.
 

This recipe produces paint which
 
seens quite lumpy but this does not
 
affect the printing quality.
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Recipe #3
 

Dissolve 115ml (1/2 cup) cornstarch
 
in172.9ml (3/4 cup) cold water
 

Dissolve 1 envelope gelatin (15ml
 
or 1 tablespoon, unflavored) in57.5m
 
(1/4 cup) cold water
 

Heat 460ml (2cups) of water, pour
 
incornstarch. Add dissolved gelatin.

Boil, and stir until thickened. Cool
 
and add 115ml (1/2 cup) soap flakes.
 
Color.
 

NOTE: Adding 5 to lOml ( 1 to 2 tea
spoons) of glycerine to any of these
 
recipes will make the paint easier to
 
use.
 

Never let dried particles of paint get
 
mixed into the paint or fall onto the
 
screen because they may puncture the
 
silk during the printing. A small hole
 
inthe silk can be repaired with a
 
small drop of shellac.
 

Source:
 

Mrs. Benjamin P. Coe, VITA Volunteer,
 
Schenectady, New York
 



INEXPENSIVE RUBBER CEMENT
 

Inexpensive rubber cement can be made 

easily with ordinary gasoline and raw 

sheet rubber.
 

Imported pastes are often expensive. 

Many of these are not good for mounting

pictures and similar materials; they

soak through the paper and wrinkle both 

the picture and the mount, 


Rubber cement does not wrinkle the 

pieces to be Joined. Ithas another 

advantage: if itsmears, itcan be 

rubbed off with the fingers when it 

is dry. 


SftEE7 
R'aa e 

Al/./PA' 1. R4U8eR CeMAfRN /5
MAD 0)Y "/X/N RAW 5A-IrCA 
RMBBER W171M OROINARY6ASOL/ME. GASOL/NA iS 8xPI. 
O5/VA-. Be CAREiriz WMeN 
AMINIA' OR S./A'; C- AM-Nr. 

Tools and Materials
 

Ordinary gasoline: 250cc (16 ounces)
 
Raw sheet rubber inone piece: 5gm
 

(1/5 ounce) 

Jar with lid
 
Stirring rod 
Brown bottle*Tin can 
*Charcoal 
*Small pieces of cloth 


*Needed only if gasoline iscolored.
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The rubber to be used should be a trans
lucent, light-brown sheet.
 

Any brand of gasoline can be used.
 
Some gasolines are highly colored. This
 
coloring should be removed so thtt the
 
rubber cement will not stain when it
 
isused. To remove the coloring, pour
 
the gasoline over conmmon charcoal
 
several times (see Figure 2). Use a
 
clean tin can with a hole in the bottoi.
 
Put a small piece of cloth in the
 
bottom of the can to keep the charcoal
 
from falling into the filtered gaso
line. You may have to change the
 
charcoal several times before the
 
gasoline isclear.
 

CAUTION: Gasoline will burn and ex
plode. Be careful when mixing or
 
applying the cement. Do not inhale
 
the gasoline vapors. Make the rubber
 
cement in a well-ventilated place.
 

CWARCOAL 

AAG
 

/GV, Z, /,r THA-GA501/NV /5
coeOR'ED Ir CAN Br AI/rERED'
T./RO411/ (,1/"9'oC COt rOA'67OVA" 7VE COOR. ,W/-
W" ,,A'P 7"-C 0'AEP 
Cz&*'/ir' FROt 45rA/A'/NG. 



Put the 5 grams (1/5 ounce) of raw 

sheet rubber in a jar and pour in 

the 250cc (16 ounces) of ordinary 

gasoline (see Figure 1). Cover the 

jar. 


Ittakes about three days for the 
rubber to dissolve completely inthe 
gasoline. Stir the mixture several 
times during this period, esieciblly 
when the mixture becomes thick. If 
some of the rubber does not dissolve, 
moPe stirring will break itup. When 
the rubber isdissolved, you will have 
a smooth, milky-colored cement. 

To store the rubber cement, it is 
best to use a brown bottle because the 
cement will become thin if it is ex
posed to sunlight for a long time. 

Mark the bottle:
 

DANGER: EXTREMELY FLAMMABLE,
 
HARMFUL OR FATAL IFSWALLOWED
 

The cement should be kept in a venti
lated cupboard when it is not being 
used. 

To make a handy dispenser for the
 
cement: C't a hole inthe cover of
 
the jar, laryi enough for the handle
 

/FPI/6E3. A DISPENSER CAN BE MAOE 
BY CUrruN9 4 ROLE /N 7rk4 CO-ER
A6" /VOU16W AOR TAM DLME4C 

09 2.6"C BRUSA. MHE D/SPP/SER
MST ME A/R7'*1S11 50 Trq7 TE CEfM. 
E/rV WILL NOr DR'y oe'r. 

6f a 2.5cm (1") brush (see Figure 3).
 
Push the handle through the hole and
 
leave the brush inthe jar. This
 
should be airtight because the cement
 
hiardens quickly when exposed to air.
 

Source:
 

"Rubber Cement in a Tropical Climate,"
 
by Robert J. Bunyard, Consultant, Col
lege of Education, Bangkok, Thailand.
 
(The Multiplier, Vol. 2, No. 6, July
 
196.)
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APPENDIX 

Simple methods are givon here for
 
converting English and metric units
 
of measurement. Following these is
 
a series of useful conversion tables
 
for units of area, volume, weight,
 
pressure and power.
 

377
 



LENGTH CONVERSION
 

The chart inFigure 3 isuseful
 
for quick conversion from meters and
 
centimeters to feet and inches, or
 
vice versa. For more accurate results FIGURE 1
 
and for distances greater than 3 meters, Equations:
 
use either the tables in Figure 2 or
 
the equations. 1 inch = 2.54cm
 

1 foot = 30.48cm
 
The chart inFigure 3 has metric divi- = 0.3048m 

sions of one centimeter to three nieters, 1 yard = 91.44cm 
and English units ininches and feet = 0.9144m 
to ten feet. It is accurate to about 1 mile = 1.607km 
plus or minus one centimeter. = 5280 feet 

lcm = 0.3937 inches
 
Example: Im 	 = 39.37 inches
 

= 3.28 feet
 
An exanple will explain how to use 1km = 0.62137 miles 

the tables. Suppose you wish to find = 1000 meters 
how many inches are equal to 66cm. On 
the "Centimeters into Inches" table look
 
down the leftmost column to 60cm and then
 
right to the column headed 6cm. This
 
gives the result, 25.984 inches.
 

INCH[S INTO CENTIMETERS FIGURE 2
 
(I in. = 2.539977 cm.) 

-h. I 2 3 4 5 9 

0 cn. 2.54 5.08 7.62 10.161 12.70 15.24 17.78 20,32 22.86 10 25.40 27.94 10 481 33 02 35.56 38. 10, 4 178 .4274.248.26240.064 	 40.4 I84572 
20 50.80 53.34 55.88 58.42! B0.96,63.80, 6 O4l 88581 71:121 73.66
 
30 76.20 78.74' 81.28 83.82 80 38 88 90 91.44' 9:.98 96 52 9
 

114.30110.84119.38121.9224.46
4 01.60 04.141106.688 '09.22'111.76 


50 127.0W 129.54,13.08, 134.62' 139.70 144.78 147.321149.86
137.11 142.24 

60 152.40 162.56 170.18 172.72 175.26
154.94157.48160.021 105.10167.84 
70 177.81) 180.34'182.88 185.42 187.96 100.50 193.04195.58 198.12200.66 
80 203.20205.74 '08.'8 210.82213.36 215.90 218.4422098 -3 5226 06. 
90 228.60 231.14233.6823622 238.76,241.3024:1.84246d8,24 92l251.46
S 

CEN"'MMTER INTO INCHES 

(I cm. 0.3937 in.) 

0 1I 2 1 3 , I I S I , 

0 0.394! 1 1.5751 0 2.3621 

10 3.937 4.331! 4.724 5.118 5.512 5..0 6.-20 6.693 7.087 7.48 
20 7.87418.268 8.861 9.0,55 9.449'9.84310.230, 0.63011.0241.101730 11.811 12.2051 12.9921
12.598, 1338611:780t14.17314.630141111.4.
 

40 15.,748 16.92917.323 17.7171 
16,142!16.535' 18.110 18.504 18.898119.21 
60 19.68,520.079 21.260 21.654 22.047 22.441 22.835:23.22820.472120.366 
60 23.622124.016 25.197 25.59125.98426.378,26.772 27.16524.409,24.8031 

70 27.559 27.953 28.34628.740,29.134 29,528129.021 30.315'070931.102 
80 31.496131.890,32.283132.677133.071133.465 646'35.03933.85834.252'34 
90 135.433135.827136.2236.61437.008'37.402,37.795 38.18938.583I38.976i 
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WEIGHT CONVERSION
 FIGURE 5 -


The chart inFigure 5 converts pounds 9
and ounces to kilograms and grams or 4 
vice versa. For weights greater than 
ten pounds, or more accurate results, 
use the tables (Figure 4)or conversion 
equations. See "Length Conversion," 
Figure 2, for an example of the use of B--
the tables. 

On the chart, notice that there are
 
sixteen divisions for each pound to
 
represent ounces. There are 100 divi
sions only in the first kilogram, and 7
 
each division represents ten grams.
 
The chart isaccurate to about plus - 3
 
or minus twenty grams.
 

Equations:
 

1 ounce = 28.35 grams

1 pound = 0.4536 kilograms
 
1 gram = 0.03527 ounce 7

1 gram = 2.205 pounds
 
5 

FIGURE 4 KmILoaRmms ,mro PouNDs 
(I kg. 2.20463 lb.) 

0 ,, 2..' 4.41 6.61' 8.82 11.02 13.23, 15.4317.64 1.84 4 
10 22.05 4 28.66 30.86' 33.071 35.27 37.48 39.68 41 89624.252.4620 44.(9 46.30 48.50i .71 52.91 55.12 57.32 59.53 61.73 03.93
 
30 66.14 68.34 7(.55 72.75 74.56I77.16179.371 81.571 83.78 85.98
 ,
40 88.19 90.391 02.59:14.80 97.00 99.211 01.41103.62 105.821108.03
 
51 110.23 112.44 114.64 I 19.05 121.23 125.66127.87130 07
116.85 123.46 

60 132.28134.48136.69138.89141.10 143.30 145.51147.71j149.911152.12
 
70 154.32156.53158.73110.941161 14GO:118 7.55 169.76 171.96174.17
 
80 176.371178.581180.78'182.98119 

, 
18739 189.6011.80'194.0196.21
 

90 25.42 20. 62 202.83 205.031 2 41220944,211.64213.5 216.05218.26
 

POUNDS INTO KILOORAbII 

(1 lb. 0.45359kg.)
 

1b. 0 2 :1 4 6 
.. . . . . .I . . . . 4..0..82

0 kg. 0.454 0.90711.361 1.814 2.268 2.122 3.175 3.6291 4.082 
4.56 4.990 5.4431 5.897 6.35 6.8041 7.257 7.711 8.165 8.618 _- 

10.8861 12.701,13.154 
30 13 608 14 061 14.515' 14.06915.422115.876 16.329 10 .78317.237117.690 
40 18.144, 18.59719.0511 19.504119.958 20.41220 865 21.31921.772.22.226 oo 
50 22.680 23.133 23.587124.040 25.401 

20 9.072 9.525 9.979110.433 11.34011.79312.247 


24.494124.948 25.85526.30826.76 
29.03029.48429.9371 30.391,30.844131.298
 

70 31 751 32.205 32 659 33 112;33.566 34.019 34.473 34.927,35.38035 834
 
60 27.216 27.669128.123'28.570 


19537.648'38.102 38.55539.00939.46339.91640.370 o 
90 40.823 41.277,41.730,42.184,42.638 43.998,4.452 44.906 
80 36.287136.741137 .
 

43.091143.545 
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TEMPERATURE CONVERSION 170 

The chart inFigure 1 is useful for 
quick conversion from degrees Celsius 
(Centigrade) to degrees Fahrenheit and 
vice versa. Although the chart is fast 
and handy, you must use the equations
below ifyour answer must be accurate 
to within one degree. 

Equations: 

Degrees Celsius = 5/9 x (Degrees 
Fahrenheit -32) 

Degrees Fahrenheit = 1.8 x (Degrees 
Celsius) +32to 

Io 

so 

50 

40 

to 

140 

150 

io 

Ito 

Example: 

This example may help to clarify the 
use of the equations; 72F equals how 
many degrees Celsius? 

72F = 5/9 (Degrees F -32) 20 

so 

70 

1z 

72F = 5/9 (72 -32) 

72F = 5/9 (40) to go_ 

72F = 22.2C 40 

Notice that the chart reads 22C, an 
error of about 0.2C. 

0 

-10 

to 

20 

-30. 
- 3 

-40 -40
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Conversion Tables
 

Units of Area
 

1 Square Mile = 640 Acres = 2.5899 Square Kilometers
 

1 Square Kilometer = 1,000,000 Square Meters = 0.3861 Square Mile
 

1 Acre = 43,560 Square Feet
 

1 Square Foot = 144 Square Inches = 0.0929 Square Meter
 

1 Square Inch = 6.452 Square Centimeters
 

1 Square Meter = 10.764 Square Feet
 

1 Square Centimeter = 0.155 Square Inch
 

Units of Volume
 

1.0 Cubic Foot = 1728 Cubic Inches = 7.48 U.S. Gallons
 

1.0 British Imperial Gallon = 1.2 U.S. Gallons
 

1.0 Cubic Meter = 35.314 Cubic Feet = 264.2 U.S. Gallons
 

1.0 Liter = 1000 Cubic Centimeters = 0.2642 U.S. Gallons
 

Units of Weight
 

1.0 Metric Ton = 1000 Kilograms = 2204.6 Pounds
 

1.0 Kilogram = 1000 Grams = 2.2046 Pounds
 

1.0 Short Ton = 2000 Pounds
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Units of Pressure
 

1.0 Pound per square inch 


1.0 Pound per square inch 


1.0 Pound per square inch 


1.0 Pound per square inch 


1.0 Atmosphere 


1.0 Atmosphere 


Conversion Tables
 

= 144 Pounds per square foot 

= 27.7 Inches of Water* 

= 2.31 Feet of Water* 

= 2.042 Inches of Mercury* 

= 14.7 Pounds per square inch (PSI) 

= 33.95 Feet of Water 

1.0 Foot of Water = 0.433 PSI = 62.355 Pounds per square foot
 

1.0 Kilogram per square centimeter = 14.223 Pounds per square inch
 

1.0 Pound per square inch = 0.0703 Kilogram per square centimeter
 

* at 62 degrees Fahrenheit (16.6 degrees Celsius)
 

Units of Power
 

1.0 Horsepower (English) 


1.0 Horsepower (English) 


1.0 Horsepower (English) 


1.0 Kilowatt (KW) = 1000 Watts 


1.0 Horsepower (English) 


1.0 Metric Horsepower 


1.0 Metric Horsepower 


= 746 Watts = 0.746 Kilowatt (KW)
 

= 550 Foot Pounds per second
 

= 33,000 Foot Pounds per minute
 

= 1.34 Horsepower (HP) English
 

= 1.0139 Metric Horsepower (cheval-vapeur)
 

= 7r Meters X Kilogram/Second
 

= 0.736 Kilowatt = 736 Watts
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