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Foreword 

The Viklage Technology Handbook has becn an important tool for development 
workers and do-it-yourselfers for 25 years. First published in 1%3 under the 
auspices of the U.S. Agency for International Development, the Handbook has 
gone though eight major printings. Versions in French and Spanish, as well as 
English, are on shelves in bookstores, on desks in government offices anJ local 
organizations, in school libraries and techcirJ centers, and in the field kits of 
village workers around the world. The technologies it contains, like the chain and 
washer pump, the evaporative food cooler, and the hay box cooker, have been 
Suilt for technology fairs and democstration centers throughout the developing 
wodd-and more importantly, Save been adopted and adapted by people everywhere. 

Because the Handbook has been a faithfui friend for so long, this revision was 
approached with care. As even the best of friendships needs an occasional 
reassessment, our question was how to update the book without damaging its 
fundamental utility-to avoid throwing the baby out with the bath watcr. 

We began by circulating sections of the book to VITA Volunteers with expertise 
in the various technical areas. We asked thcm to take a good hard look at what 
was presented and let us know what should be revised, updated, discarded, 
replaced. The volunteers' replies affirmed what tens of thousands of users around 
the world have recognized over the years, that the basic material was sound. 
Where they suggested changes, additions, and deletions, we have done our best to 
oblige. 

Concurrently, we reviewed the comments that many of those users have sent to 
us over the years. Comments on what worked, what caused trouble, and what 
would be nice to have included. With so much going on in the development of 
small-scale, village technologies, the latter category was extensive. But because so 
much of the original book is still very applicable today, we opted to make the 
additions and changes selectively. We made the decision to add to this volume 
where it seemed most feasible, and to begin to compile a companion volume that 
will cover a selection of those other technologies. 

Since the Handbook is primarily intended for "do-it-yourselfers" in villages and 
rurd regions, most space still is allocated to the development of water resources 
and to agriculture. And rather than simply replacing everything and starting over, 
this new edition reorganizes some sections, updates several of the original 
articles, and includes a number of new ones on frequently requested topics. The 
new articles cover energy efficient stoves, the use of wind power to pump water, 



s t a b i i d  earth construction, a nove: ceramics kiln, small-scale candle and paper 
production, high yield gardening, oral rehydration therapy, and rnnlaria control. An 
all-new reference section is also provided. 

VITA is committed to assisting sustainable growth: that is, to progress, based on 
expressed needs, that increases self reliance. Access to clearly presented technical 
information is a key to such growth. VITA searches out, develops, and dissem- 
inates techniques and devices that contribute to self suffiency. The Village 
Technology Handbook is one such VITA effort to support sustainable growth with 
easy to read technical information for the communi!ies of the world. 

VITA Vo!unteers are similarly committed to helping VITA help others, and many 
of them were involved in this project, reviewing material in their technical fields. 
VITA wishes to thank Robert M. Ross and David C. Neubert for reviewing the 
sections on agriculture; Phi D. Weinert, Charles G. Burney, Walter Lawrence, and 
Steven Schaefer, water resources and purification; Malcolm C. Bourne and Norman 
M. Spain, food processing and preservation; Dwight R. Brown and William Perea- 
chio, construction; Charles D. Spangler, sanitation; Jeff Wartluft, Mark Hadley, 
Marietta Ellis, Gerald Kinsman, and Peter Zweig, home improvement; Dwight 
Brown and Victor Palmeri, crafts and village industries; and Grant Rykken. 
communications. 

Most especially, we would like to thank VITA Voluntcer engineer and literacy 
specialist Len Doak, who was coaxed out of retirement and away from the fishing 
docks to coordinate the revision, sort out the comments, and pull the new pieces 
together. 

VITAP staff who were involved included Sulanne Brooks, administrative sllppcirt and 
graphics; Julie Berman, administrative support; Margaret Crouch, editorial; and 
Mvia  Garth, typesetting. 

And finally, this effort has given all of us a new respcct for Dan Johnson, one of 
VITA'S "founding fathers" and currently a member of the Board of Directors, who 
devoted a year of his life to putting the original Handbook together a quarter of 
a century ago. That so mnch of that work has stood the test of time is due in no 
small measure to the care with which he and the other VITA Volunteers who 
worked with him approached their task. 

-VITA F'ublications 
January 1988 

xiv 



Notes on Using the Handbook 
INTRODUCTION 

The Village Technology Handbook contains eight major subject sections, each con- 
taining several articles. The articles cover both the broad topic areas such as 
agriculture, as well as specific agricultural projects such as brlilding a scraper. 

If you are planning an entirely new project you vould benefit by reading the en- 
tire section through. If you are planning a s,~cific project (such as building a 
wind-driven water pump) only that article need be read 

The skills needed for each of the projects described vary considerably, but none 
of the projects requires more than the usual construction anci trade skills such as 
carpentry, welding, or farming that are generally found in most modest sized vil- 
lages. 

When the materials suggested in the Handbook are not available, it may be pos- 
sible to substitute other materials. Be careful to make any changes in dimensions 
made necessary by such substitutions. 

If you need translations of articles from the Hundboolc, we ask that you let us 
know. The book itself has been translated into English, French, and Spanish, and 
some individual articles may be available in other languages. 

The articles in the Handbook came from many sources. Your comments and sug- 
gestions for changes, difficulties with any of the projects described, or ideas for 
new articles are welcome. Those kinds of comments were a very important ele- 
ment in preparing this revised edition, and we expect to rely on them in the 
future as well. Please send your comments so that we may continue to share. 

SUMMARY OF THE HANDBOOK BY SECTION 

Section 1. Water 

Water resources are so vital that extensive coverage is provided. Much of this 
material is from the original, but it has been reorganized and updated. The 
sequence of articles begins with principles of hydrology that explain where 
underground water is likely to be found. This is followed by articles on types of 
well- ::nd how to make well drilling tools and how to drill or dig the wells. 



Next come articles on practicd methods to lift water from wells and to transport 
it. Articles on sevcrai pumps and water piping occur here. A new article on wind- 
driven pum2s is in this section. A number of charts and tables help in the 
calculation of pipe size and water flow. 

Water storage and purification are the topics of the next series of articles. This 
section is unchanged from the earlier edition, but several new references are 
listed. 

Section 2. Health and Sanitation 

Next to pure water, sanitation is one of the most critical health needs of any 
society. This section begins with two brief articles on the principles for disposal 
of human waste. These are followed by details of how to build various types of 
latrines. Also included is an article on bilhardasis (schistosomiasis) and a new 
articles on malaria control and oral rehydration therapy. 

Section 3. Agriculture 

Sevzn topics are covered, beginning with earth moving devices to level fields and 
build irrigation ditches. This is followed by directions for an irrigation system 
based on concrete tile, including how to make the tile in the field. A variety of 
mbterial on raising poultry is included, and a new article on small, high yield 
gardens has been added. 

Section 4. Food Processing and Preservation 

The articles in this section describe storage and handling of different types of 
food, evaporative coolers and other cold storage technologies, and a variety of 
other storage and processing systems and devices. The section has been revised 
and updated and new references have been added. 

Section 5. Construction 

Much of this section deals with construction of buildings and walls using concrete 
or bamboo. A new article on stabiied earth construction has been added, and 
instructions for n;akiing glues to use in construction are also included. 

Section 6. Home lImprovements 

Washing clothes, cooking, making soap, and making bedding are covered here. An 
important new addition is an article on the construction of an energy efficient 
cookstove developed in West Africa. The stove has shown more than double the 
fuel efficiency of the traditional open fue. 



Section 7. Crafts and Village Industry 

Traditional crafts that lend themselves to development as small businesses are 
discussed in this section--pottery, hand papermaking, and candle making. Ceramic 
kilns described include an alternative kiln design fueled by waste motor oil. 

Section 8. Communications 

This section remains unchanged from the original on the premise that while 
changes in communications could actually fill volumes on their own, there are 
many places in developing areas where the simple technologies presented here are 
still quite useful. Simple writing instruments and silk screen printing are dis- 
cussed. The skills and materials described should be available in most rural 
villages. 

SOURCES OF ADDITIONAL INFORMATION 

Each article in the Handbook concludes with one or more source references. These 
and other sources of information have been compiled into the new expanded 
Reference section at the back of the book. VITA publications that are listed may 
be ordered directly from VITA Publications, Post Office Box 12028, Arlington, 
Virginia 22204 USA. 

You may also request technical assistance from VITA Volunteer experts by writing 
to VITA, 1815 North Lynn Street, Suite 200, Arlington, Virginia 22209 USA. 



About VITA 
Volunteers in Technical Assistance (VITA) is d private, nonprofit, international 
development organization. It makes available to individuals and groups in develop- 
ing countries a variety of information and technical resources aimed at fostering 
self sufficiency-needs assessment and program development support; by-mail and 
on-site consulting services; information systems training; and management of long- 
term field projects. 

Throughout its history, VITA has concentrated on practical and workable tech- 
nologies for development. It has collected, organized, tested, synthesized, and 
disseminated information on the:: technologies to more than 70,000 requesters and 
hundreds of organizations in the developing countries. As the information revolu- 
tion dawned, VITA found itself in a leadership position in the effort to bring the 
benefits of that revolution to those in the Third World who are traditionally 
passed over in the development process. 

Perhaps of greatest significance is VITA'S emphasis on technologies that are 
comlnercially viable. These have the potential of creating new wealth through 
adding value to local materials, thereby creating jobs and increasing income as 
well as strengthening the private sector. We have increasingly translated our 
experiences in information management to the implementation of projects in the 
field. This evolution from information to implementation to create jobs, bus- 
inesses, and new wealth is what VITA is really about. It provides missing links 
without creating dependency. 

VITA places special emphasis on the areas of agriculture and food processing, 
renewable energy applications, water supply and sanitation, housing and construc- 
tion, and small business development. VITA'S activities are facilitated by the 
active involvement of thousands of VITA Volunteer technical experts from around 
the world, and by its documentation center containing specialized technical 
material of interest to people in developing countries. 

VITA currently publishes over 150 technical manuals, papers, and bulletins, many 
available in French and Spanish as well as English. Manuals deal with construction 
or implementation details for such specific topics as windmills, reforestation, 
water wheels, and rabbit raising. In addition, VITA Technical Bulletins present 
plans and case studies of spcific technologies to encourage further experimenta- 
tion and testing. The technical papersRUnderstanding Technology"-offer general 
introductions to the applications and necessary resources for technologies or 
technical systems. Included in the series are topics that range from cornposting to 



Stirling engines, from sanitation at the community level to trcpical root crops. 
Publications catalogues are available upon request. 

W A  News is a quarterly magazine that provides an important communications 
link among far-flung orgaizations involved in technology transfer and adaptation. 
The News contains articles about projects, issues, and organi7ations around the 
world, revicws of new books, technical abstracts, and a resources bulletin board. 

VITA derives its income from government, foundation, and corporate grants; fees 
for services; contracts; and individual contributions. 

For further information write to VITA, 1815 North Lynn Street, Suite 200, 
Arlington, Virginia 22209 USA. 

MI 



Symbols and Abbreviations 
Used in this Book 

@ .  . . . at 
" . . . . i n c h  
' . . . . foot 
C . . . . degrees Celsius (Centigrade) 
cc . . . . cubic centimeter 
cm. . . . centimeter 
cm/sec . . centimeters per second 
d 9r dia . . diameter 
F . . . . degrees Fahrenheit 
gm. . . . gram 
gpm. . . . gallons per minute 
HP. . . . horsepower 
kg . . . . kilogram 
km. . . . kilometer 
1 . . . . liter 
l/pm . . . liters per minute 
I/ses . . . 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 





Developing Water Sources 
There are three main sources of water for small water-supply systems: gromd 
water, surface water, and rainwater. The choice of the source of water depends 
on iocal circumstances and the availability of resources to develop the water 

A study of the local area should be made to determine which source is best for 
providing water that is (1) safe and wholesome, (2) easily available, and (3) 
sufficient in quantity. The entries that follow describe the methods for tapping 

o Tubewells 
- Well Casings and Platforms 
- Hand-Operated Drilling Equipment 
- Driven Wells 

o Spring Development 

Once the water is made available, it must be brought from where it is to where it 
is needed and steps must be taken to be sure that it is pure. These subjects are 
covered in the major sections that foliow: 

o Water Lifting and Transport 
o Water Storage and Treatment 

GETl'ING GROUND WATER FROM WELLS & SPRINGS 

This section defies ground water, discusses its occurrence, and explains its 
movement. It describes how to decide on the best site for a well, taking into 
consideration the nearness to surface water, topography, sediment type, and 
nearness to pollutants. It also discusses briefly the process of capping and sealing 
the well and developing the well to assure maximum flow of water. 

Ground Water 

Ground water is subsurface water, which fills small openings (pores) of loose 
sediments (such as sand and gravel) or rocks. For example, if we took a clear 
glass bowl, filled it with sand, and then poured in some water, we would notice 



:hc water "disappcar" into the sand (sce Figurc 1). However, if we looked through 
the side of the bowl, wc would sce watcr in the sand, but bclow the top of thc 

sand. The sand containing the 
water is said to be saturated. The 
top of thc saturatcd sand is callcd 
the watcr table; it is the lcvcl of 
the water in the sand. 

F/6Uk'Z 1 
The water beneath thc watcr table 
is true ground water available (by 
pumping) for human use. There is 

water in the soil above thc water tablc, but it docs not flow into a well and is 
not available for use by pumping. 

If we inserted a straw into the saturated sand in the bowl in Fipurc 1 and suckcd 
on the straw, we would obtain some watcr (initially, we would get some sand too). 
If we sucked long enough, the water table or water lcvei would drop toward the 
bottom of the bowl. This is exactly what happens when water is pumped from a 
well drilled below the water table. 

The two basic factors in the occurrence of ground water are: (1) the presencc of 
water, and (2) a medium to "house" thc water. In nature, water is provided by 
precipitation (rain and snow) and surface watcr features (rivers and lakes). The 
rncdium is porous rock or loose sediments. 

The 11lost abundant ground water reservoir 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 gcncrally constant. Disrcgarding any drastic 
changes in climate, natural ground water conditions are fairly uniform or balan- 
ced. In Figure 2, the water poured into the bowl (analogous to precipitation) is 
balanced by the water discharging out of the bowl at the lower elevatioll (analo- 

gous to discharge into a stream). 
This movement of ground water is 
slow, generally just centimcters or 
inches per day. 

/=/GU.QE 2 
When the water table intersects the 
land surface, springs or swamps ate 
formed (see Figure 3). During a 
particularly wcl season, the water 4 VYATER f OST 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 wii be lower than normal and many springs will "dry up." Many shallow 
wells may also "go dry." 
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Flow of Water to Wells 

A newly dug well fills with water a meter or so (a few feet) deep, but after some 
hard pumping it becomes dry. Has the well failed? Was it dug in the wrong place? 
More likely you are witnessing the phenomenon of drawdow~r, an effect every 
pumped well has on the 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, in the manner shown in Figure 4. A serious problem arises only 
when the drawdown due to normal use lowers the water table below the lzvel of 
the well. 

OR/G/NA L WAtER TABLE ------------- 

After the well has been dug about a meter (several feet) below the water table, it 
should be pumped at abmt the rate it will be used to see if the flow into the 
well is adequate. If it is not sufficient, there may be ways to improve it. Digging 
the well deeper or wider will not only cut across more of the water-bearing layer 



to allow more flow into the well, but it will also enable the well to store a 
greater quantity of the water that may seep in overnight. If the well is still not 
adequate and can be dug no deepcr, it can be widened further, perhaps lengthened 
is sue direction, or more wells can be dug. The goal of all these methods is to 
intersect more of t l~e water-bearing layers, so that the well will produce more 
water without lowering the watei [able to the bottom of the well. 

Where to Dig a Well 

Four important factors to consider in choosiilg a well site are: 

o Nearness to Surface Water 
o Topography 
o Sediment Type 
o Nearcess to Pollutants 

Nearness to Surface Water 

If there is surface water nearby, such as a lake or a river, locate the wsll as 
near to it as possible. It is likely to act as a source of water and keep the water 
table from being lowered as much as without it. This does not always work well, 
however, as lakes and 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 
filtering action of the soil will result in water that is cleaner and more free of 
bacteria. It may also be cooler than surface water. If the river level fluctuates 
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 is sunk next to a lake or river and horizontal tunnels 
are dug to increase the flow. 

Wells near the ocean, and especially those on islands, may have not only tLc 
problem of drawdown, but that of salt water encroachment (see Figure 5). The 

FRESH 
VVA 7= 

. . . . .  
A .  NATURAL CQND/7/ONS i'; , . 

B.  SALT /NTRC/S/ON CAUSED 
BY PUMPED WELL. 



underground boundary between fresh and salt water generally slopes inland: 
Because salt water is heavier than fresh watcr, it flows in under it. If a wcll 
near the shore is used heavily, salt water may come into the well as shown. This 
should not occur in wells from which only a moderate amount of water is drawn. 

Ground water, being liquid, gathers in low areas. Therefore, the lowest ground is 
generally the best place to drill or dig. If your area is flat or steadily sloping, 
and there is no surface water, one place is as good as another to start drilling or 
digging. If the land is hilly, valley bottoms are the best places to 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 moving through a layer of porous rock or a fracture 
zone in othenvise impervious rock. Good water sources can result from such 
features. 

Sediment Type 

Ground water occurs in porous or fractured rocks or 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 relationship 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 tbumb 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 that will irrigate about 65 hectares (160 acres) for about six months. From 
Figure 6, we see that wells in sediments are generally more than adequate. 
However, enough ground water cart be obtained from rock, if necessary, by 
drilling a number of wells. Deeper water is generally of better quality. 

Sand and gravel are normally porous and clay is not, but sand and gravel can 
contain 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 results of nearby wells and the effects of 
seasonal fluctuations on nearby wells. And keep ar. 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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HGURE 6: Availability of Ground Watcr in Water Bcaring Scdirncnts or Rock Types 
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Aquifers (water bearitlo sediments) of Sand and Gravel. Generally 'eld 11,400 
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shale). 
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known to yield more than ixl 8 LPM (1000 gpm) due to cavems or nearness - - 
of sueam,-etc. 
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yield less (enough for a small household). 

Aquifers of Shale, Yield less than 38 LPM (IOgpm), not much good for anything 
I except as a last resort. 
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Nearness to Pollutants 

If pollution is in the ground water, it moves with it. Therefore, a well should 
always be uphill and 15 to 30 metcrs (50 to 100 fcet) away from a latrine, 
barnyard, or other source of pollution. If the area is flat, remember that thc flow 
of ground water will be downward, like a river, toward any nearby body of 
surface water. Locate a well i r  the upstream direction from pollution sources. 

The deeper the water table, the less chance of pollution because the pollutants 
must travel some distancc downward before cntering ground water. The water is 
purified 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 dilute 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 allowed to fill with water. See also the O v c ~ e w  to the 
Sanitary Latrines section, p. 149. Similarly, a well that is heavily used will 
bcrease the flow of ground water toward it, perhaps even reversing 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 and providing good drainage around the well cover. 

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 soil to form a slight hill that will help drain away 
spilled water and rain water. 

Casing is the term for the pipe, concrete or grout 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 "Well Casing and Platforms," p. 
12, and "Reconstructing Dug Wells," p. 57. 

In loose sediment, the base of the well should consist of a perforated casing 
surroundcd by coarse sand and small pebblcs; otherwise, rapid pumping may bring 
into the well enough material 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 washing in and increase the effective size of the well. The 
ideal gradation is from sand to 6mm (114") gravcl 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 ensure 
maximum flow and well life by preparing the sediments around the well. The layer 
of sediments from which the water is drawn oftcn consists of sand and silt. When 
the well is first pumped, the fine material will be drawn into the wcll and make 
the water muddy. You will want to pump out this fine material to kccp it from 
muddying the water later and to make the sediments near the well more porous. 
However, if the water is pumped too rapidly at first, the fine particles may 
collect 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 .laterial successfully 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 consistently clear water is obtained. 

Another method is surging, which is moving a plungcr (an attachment on a drill 
rod) up and down in the well. 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 
removed by a bailing bucket, or it may be left in the bottom of the well to serve 
as a filter. 

Sources: 

Anderson, K.E. Water WeN Harzdbook. Rolla, Missouri: Missouri Water Wells 
Drillers Association, 1965. 

Baldwin, H.L. and McGuinness, C.L. ,4 Primer on Ground Wafer. Washington, D.C.: 
U.S. Government Printing Office, 1%4. 

Davis, S.N. and Dewiest, RJ.M. Hydrogeology. New York: Wiley & Sons, 1966. 

Todd, D.K. Ground Water Hydrology. New York: Wiley & Sons, 1959. 

Wagner, E.G. and Lano& J.N. Water Supply for Rural Areas arzd Snzall Com- 
munities. Geneva: World Health Organization, 1959. 

I Ground Water and Wells. Saint Paul, Minnesota: Edward E. Johnson, inc., 1966. 

1 Small Water Supplies, Bulletin No. 10. London: The Ross Institute, 1967. 

U.S. Army. Wells. Technical hianual 5-297. Washington, D.C.: U.S. Government 
Printing Office, 1957. 



TUBEWELLS 

Where soil conditions permit, the tubewclls described here will, if they have the 
necessary casing, provide pure watcr. Thcy 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 family 
of a small group of families. 

The storage capacity in small diameter wells is small. Their yield depends largely 
on the rate at which water flows from the surrounding soil into the well. From a 
saturated sa;.d layer, the flow is rapid. Water flowing in quickly replaces water 
drawn from the well. A well that taps such a layer seldom goes dry. But even 
when water-bearing sand is not reached, a well with even a limited storage 
capacity may yield enough water ior a household. 

Well' Casing and Platforms 

In home 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 f.rom entering it. 

Two lo~v-cost casing techniques are described here: 

1. Method A (see Figure I), from an American Fiiends Service Committee (AFSC) 
t e ? a  in Rasulia, Madhya Pradesh, India. 

2. Mcthod B, from an International Voluntary Services (IVS) team in Vietnam. 

Method A 
Tools and Materials 

Casing pipe (from pump to water-bearing layer to below minimum water table)-As- 
bestos cement, tile, concrete, or even galvanized iron pipe will do 
Sand 
Gravel 
Cement 
Device for lowering and placing casing (see Figure 2) 
Drilling rig - see Tubewell Boring" 
Foot valve, cylinder, pipe, hand pump 
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The well hole is dug as deep as 
possible into the water-bearing 
strata. The diggicgs 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 contamina- 
tion 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 allol~ 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 firs? water from the new 
well may bring with it large 
quantities of fine sand. When this 
happens, the first strokes should be 
strong and steady and continued 
until the water comes clear. 

Perforated casing is lowered, bell 
end downward, into the hole using 
the device shown in Figure 2. When 
the casing is properly positioned, 
the trip cord is pulled and the next 
section prepared and lowered. Sice 
holes are easily drilled in asbestos 
cement pipe, they can be wired 
together at the joint and lowered 
into the well. Be sure the bells 
point downward, since this will 
prevent surface water or backwash 
from entering the well without the 
purifying filtration effect of the 
soil; it will also keep sand and dirt 
from filling 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 (1' to 
2 )  above grocnd level and be 
surrounded with a concrete pedestal 
to hold the pump aind to drain 
spilled water away from the hole. 
Casing joints withic 3 meters (10 
feet) of the surface should be 
sealed with concrete or bituminous 
material. 

Method B 

Plastic seems to be an ideal casing material, but because it was not readily 
available, the galvanized iron and concrete casings described here were developed 
in the Ban Me Thuot area of Vietnam. 

Tools and Materials 

Wooden V-block, 23Ocm (7 1/27 long (see Figure 3) 
Angle iron, 2 sections, 230cm (7 112') long 
Pipe, lOcm (4") in diameter, 230cm (7 112') long 
Clamps 
Wooden mallet 
Soldering equipment 
Galvanized sheet metal: 0.4mm x lm x 2m (0.0"r x 39 1/2" x 79") 

1 Plastic Casing 

Black plastic pipe for sewers and drains was almost ideal. Its friction joints could 
be quickly slipped together and seded with a chemical solvent. It seemed durable 
but was light enough to be lowered into the well by hand. It could be easily 
sawed or driUed to make a screen. Care must be taken to be sure that any plastic 
used is non-toxic. 





The cement grouting mortar used around the casings varied from pure cement to a 
1:l 112 cement : sand ratio mixed with water 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 cornparis011 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 S to 10 
meters (26 to 33 feet) down from the surface. In general, the greater proportion 
of cement used and the grcater the space around the casing, the better seemed to 
be the results obtained. However, insufficient expcrience has been obtained to 
reach any final conclusions. In addition, economic considerations limit both of 
these factors. 

Care must be taken in pouring the grout. If the sections of casing are not 
assembled perfectly straight, the casing, as a result, is not centered in the well 
and the pressure of the grouting is not equal all the way arouad. The casing may 
collapse. With reasonable w e ,  pouring the grout in several stages and allowing it 
to set in-between should eliminate this. The grouting, however, cannot be poured 
in too many stages because a considerable amount sticks to the sides of the well 
each time, reducing the space for successive pourings to pass through. 

This method o n  be modified for use in areas where the structure of the material 
through which the well is drilled is such that there is little or no danger of 
cave-in. In this situation, the casing serves only one purpose, as a sanitary seal. 
The well will be cased only about 8 meters (26 feet) down from the ground 
surface. To do this, the well is drilled to !he desired depth with a diameter 
roughly the same as that of the casing. The well is then reamed out to a 
diameter 5 to 6cm ( 2  to 2 114) larger than the casing down to the depth the 
casing wiil go. A flange fitted at the bottom of the casing with an outside 
diameter about equal :o that of the reamed hole will center the casing in the 
hole and support the casing on the shoulder where the reaming stopped. Grouting 
is then pocred as in the original method. This modification (1) saves considerable 
costljj material, (2) allows the well to be made a smaller diameter except near the 
top, (3) lessens grouting difficulties, and (4) still provides adequate protection 
against pollution. 

1 Concrete Tile Casing 

If the well is enlarged to an adequate diameter, Frecast concrete tile with 
suitable joints could be used as casing. This would require a device for lowering 
the tiles into the well one by one and releasing them at the bottom. Mortar 
would have to be used to seal the joints above the water level, the mortar being 
spread on each successive joint before it is lowered. Asbestos cement casing 
would also be a possibility where it was available with suitable joints. 



No Casing 

The last possibility would be to use no casing at all. It is felt that when finances 
or skills do not permit the well to be cased, there are certain circumstances 
under which an uncased well would be better than no well a: all. This is par- 
ticularly true in localities where the cust3m is to boil or make tea out of all 
water before drinking it, where sanitation is greatly hampered by insufficient 
water supply, and where small-scale hand irrigation from wells can greatly 
improve the diet by making gardens possible in the dry season. 

The danger of pollution in an uncased well can be minimized by: (1) choosing a 
favorable site for the wcll and (2) making a platforrn with a drain that leads 
away from the well, eliminating all spilled water. 

Such a well should be tested frequently for pollution. If it is found unsafc, a 
notice to this effect should bc posted conspicuously near the well. 

Well P!atform 

In the work in the Ban Me Thuot area, a flat 1.75-meter (5.7') square slab of 
concrcte was used around each well. Howcvcr, undcr village conditions, this did 
not work well. Large quantities of water were spilled, in part due to the en- 
thusiasm of the villagers for having a plentiful water supply, and the areas around 
wells became quite muddy. 

The conclusion was reached that the only really satisfactory platform would be a 
round, slightly convex one with a small gutter arognd the outer edge. The gutter 
should lead to a concreted drain that would take the water a considerable 
distance from the well. It is worth noting that in Sudan and other very arid areas 
such spillage from community wells is used to water vegetable gardens or 
community nurseries. 

If the well platform is too big and smooth, there is a great temptation on the 
part of the villagers to do their laundry and other washing around the well. This 
should be discouraged. In villages where animals run loose it is necessary to build 
a small fence around the well to keep out animals, especially poultry and pigs, 
which are very eager to get water, but tend to mess up the surroundings. 

Sources: 

Koegel, Richard G. Report. Ban Me Thuot, Vietnam: International Voluntary 
1 Services, 1959. (Mimeographed.) 

Mott, Wendell. Explanatory Notes on Tubewells. Philadelphia: American Friends 
Service Committee, 1956. (hiirneographed.) 



Hand-Operated Drilling Equipment 

Two methods of drilling a shallow tubewell with hand-operated equipment are 
described here: Method A, which was used by an American Friends Service 
Committee (AFSC) team in India, operates by turning an earth-boring auger. 
Method B, developed by an International Volunlary S e ~ c e s  (IVS) team in 
Vietnam, uses a ramming action. 

Earth Boring Auger 

This simple hand-drilling rig can be used to dig wells 15 to 20cm (5" to 8") 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) 
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.) 

2 pieces: 2.5cm (1") in diameter and 107cm (3 112") long 

For Turning Handle: 

2 picces: 2.5cm (1") in diameter and 61cm (2') long 
2.5cm (1") T coupling 

For Joint A: 

4 pieces: 32mm (1 114") in diameter and 30cm (1') long 

Sections and Couplings for Joint B: 

23cm (9") Section of 32mm (1 114") diameter (threaded at one end only) 
35.5cm (14") Section of 38mm (1 112") diameter (threaded at one end 
only) 
Reducer coupling: 32mm to 25mm (1 114" to 1") 
Reducer coupling: 38mm to 25mm (1 112" to 1") 
8 lOmm (318") diameter hexagonal head machine steel bolts 4Smm (1 
314") long, with nuts 
2 lOmm (318") diameter hexagonal head machine steel bolts 5cm (2") 
long, with nuts 
9 10mm (318") steel hexagonal nuts 



For Toggle Bolt: 

13mm (1/8") diameter countersink head iron riv.:t,12.5mm (112") long 
1 1.5mm (1116") sheet steel, 10mm (318") x 25mm (1") 

Drills: 3mm (1/8"), 175mm (13/16"), 8.75mm (13132") 
Countersink 
Thread cutting dies, unless pipe is already threaded 
Small Tools: wrenches, hammer, hacksaw, 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 (Figures 1 and 2) is a simple method for attaching new 
sections. 

By building an elevated platform 3 to 3.7 meters (10 to 12 feet) from the ground, 
a 7.6-meter (25 foot) long section of drill line can be balanced zpright. Longer 
lengths are too difficult to handle. Therefore, when the hole gets deeper than 7.6 
meters (25 feet), the drii line must be takec 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 proposed 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 of augers are successfully used in your area, and do 
a bit of experimenting to find the one best suited to your soil. See the entries on 
augers. 

Joint A has been found tc be faster to use and more durzble than pipe threaded 
connectors. The pipe threads become damaged and dirty and are difficult to start. 
Heavy, expensive pipe wrenches get accidentally dropped into the well and arc 
hard to get out. These troubles can be avoided by wing a sleeve pipe fastened 
with two lOmm (318") bolts. Neither a small bicycle wrench nor the inexpensive 
bolts will obstruct drilling if dropped in. Be sure the 32mm (1 114") pipe will fit 
over your 25mm (1") pipe drill line before purchase. See Figure 2. 

Four 3-meter (10') sections and two 307cm (3 112') sections of pipe are the most 
convenient lengths for drilling 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 is deeper than 7.6 meters (259, several features facilitate the 
emptying of the auger, as show in Figures 3 and 4. First, pull up the full auger 
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until Joint B appears at the surface. See Figure 4A. Then put a 19mm (314") 
diameter rod through the hole. This allows the whole drill line to rest on it 
making it impossi'~le for the part still in the well to fall in. Next remove the 
toggle bolt, lift out the top section of l i e  and balance it beside the hole. See 
Figure 4B. Bull up the auger, empty it, and replace the section in the hole where 
it will be held by the 19mm (314") rod. See Figure 4C. Next replace the upper 
section of drii line. The lOmm (318) bolt acts as a stop that allows the holes to 
be easily lined np 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 
(13132") diameter hole in the 32mm (1 114") pipe through the toggle bolt hole in 
the 38mm (1 112") pipe. If the hole is located with the 32mm (1 114") pipe resting 
on the stop bolt, the holes are bound to line up. 

Sometimes a special tool is needed to penetrate a water-bearing sand layer, 
because the wet sand caves in as soon as the auger is removed. If this happens a 
perforated zasing is lowered into the well, and drilling is accomplished with rr, 
auger that fits inside the casing. A percussion type with a flap, or a rotary bpe 
with solid walls and a flap are good possibilities. See the entries describing these 
devices. The casing will settle deeper into the sand as sand is dug from beneath 
it. Other sections of casing must be added as drilling proceeds. Try to penetrate 
the water bearing sand layer as far as possible (at least three feet-one meter). 
Ten feet (three meters) of perforated casing embedded in such a sandy layer will 
provide a very good flow of water. 



Tubewell Earth Auger 

This earth auger (Figure 5), which is similar to designs used with power drilling 
squipment, is made from a 15cm (6") steel tube. 

The auger can be made without 
welding equipment, but some of the 
bends in the pipe and the bar can 
be made much more easily when 
the metal is hot (see Figure 6). 

An open earth auger, which is 
easier to empty than this one, is 
better suited for some soils. This 
auger cuts faster than the Tubewell 
Sand Auger. 

F/6&!! 5 
TUBEWELL EARTH AUGER 

Tools and Materials 

Galvanized pipe: 32mm (1 114) in diameter and 21.5cm (8 112") long 
Hexagoaai head steel bolt: lOmm (318") in diameter and 5cm (2)  long, with nut 
2 hexagonal head steel bolts: lOmm (318") in diameter and 9.5cm (3 3/47 long 
2 Steel bars: 1.25cm x 32mm x 236.5mm (1/2" x 1 114" x 9 5/16") 
4 Round head machine screws: 10mm (31s") ia diameter and 32mm (1 114") long 
2 Flat head iron rivets: 3mm (1/8") in diameter and 12.5mm (1/2") long 
Steel strip: lOmm x 1.5mm x 2.5cm (3/8 x 1/16" x 1") 
Steel tube: 15cm (6") outside diameter, 62.5cm (24 518") long 
Hand tools 

Source: 

U.S. Army and Air Force. Wells. Technical Manual 5-297, AFM 85-23. Washington, 
D.C.: U.S. Government Printing Office, 1957. 



FIGURE 6 



Tubewell Sand Auger 

This sand auger can be used to drill in loose soil or wet sand, where an earth 
auger is not effective. The simple cutting head requircs less force to turn than 
the Tubewell Earth Auger, but it is more difficult to empty. 

PRdYlOuS CZTRY 
A smaller version bf the sand auger made to 

o ~ r m ~ ~ s  ~ ~ n r s  fit inside the casing pipe can be used to 
CONNCCT W I I N  
DulLL L I ~ O - .  remove loose, wet sand. 

The tubewell sand auger is illustrated in 
Figure 7. Construction diagrams arc given in 
Figure 8. 

Tools and Materials 

Steel tube: 15cm (6") outside diameter and 
%cm (18") long 
Steel plate: 5mm x 16.5cm x 16.5cm (3116" x 6 
1/2' x 6 1/2") 
Acetylene welding and cutting equipment 
Drill. 

FIGURE 7 
7UBlWCLL SAND AUGE.. 

Source: 

Wells, Technical Manual 5-297, AFM 85-23, U.S. Army and Air Force, 1957. 

Tubewell 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. It has been used to 
make many tubewells in India. 

Tools and Materials 

Steel tube: 12.5cm (5") in diameter and 91.5cm (3') long 
Truck innertube or leather: 12.5cm (5") square 
Pipe coupling: 15cm to 2.5cm (5" to 1") 
Small tools 





Repeatedly jamming this "bucket" into the well will remove sacd from bclo~v the 
perforated casing, allowing the bucket to 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 it to help force it 
down as digging proceeds. Try to penetrate the water bearing sand layer as far as 
possible: 3 meters (10') cf perforated casing embeddrd in such a sandy layer will 
usually provide a very good flow of watcr. 

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

Source: 

Z5planafoy Notes on Tubewells, Wendell Mott, American 1I7rit:nds Service Commit- 
tee, Philadelphia, Pennsylvania, 1956 (Mimeographed). 



Ram Auger 

The equipment described here has been used successfully in the Ban Me Thuot 
area of Vietnam. One of the best performances was turned in by a crew of three 
inexperienced mountah tribesmen who drilled 20 meters (65') in a day and a half. 
The deepest well drilled was a little more than 25 meters (80'); it was completed, 
including the installation of the pump, in six days. One well was drilled through 
about 11 meters (35') of sedimentary stone. 

Tools and Materials 

For tool tray: 

Wood: 3cm x 3cm x 150cm (1 114" x 1 114 x 59)  
Wood: 3cm x 30cm x 45cm (1 114 x 12" x 17 314) 

For safety rod: 

Steel rod: lcm (3/SW) in diameter, 30cm (12") long 
Drill 
Hammer 
Anvil 
Cotter pin 

For auger support: 

Wood: 4cm x 45cm x 30cm (1 113" x 17 314 x 12") 
Steel: lOcm x lOcm x 4 r i n  ( 4  x 4 x 5/32") 

Location of the Well 

Two considerations are especially important for the location of village wells: (1) 
the average walking distance for the village population should be as short as 
possible; (2) it should be easy to drain spilled ;;.stzr away from the site to avoid 
creating a mudhole. 

In the Ban Me Thuot area, the final choice of location was in all cases left up to 
the villagers. Water was found in varying quantities at all the sites chosen. (See 
"Getting Ground Water from Wells and Springs.") 

Starting to Drill 

A tripod is set up over the approximate location for the well (see Figure 1). Its 
legs are set into shallow holes with dirt packed around them to keep them from 
moving. To make sure the wel! is started exactly vertically, a plumb bob (a string 
with a stone tied to it is good enough) is hung from the auger guide on the 



tripod's crossbar to locate the 
exact starting point. It is helpful 
to dig a small starting hole before 
setting up the auger. 

Drilling 

Drilling is accomplished by ramming 
the auger down to penetrate the 
earth and then rotating it by its 
wooden handle to free it in the 
hole before lifting it to repeat the 
process. This is a little awkward 
until the auger is down 30cm to 
60cm (I' to 2') and should be done 
carefully until the auger starts to 
be guided by the hole itself. 
Usually two or three people work 
together with the auger. One 
system that worked out quite well 
was to use three people, two 
working while the third restcd, and 
then alternate. 

As the auger goes deeper it will 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 if they 
are accidentally dropped in the 
well, they can easily be removed. 
Since the soil of the Ban Me Thuot 
area would stick to the auger, it 
was necessary to keep a small 
amount of water in the hole at all 
times for lubrication. 

Emptying the Auger 

Each time the auger is rammed 
down and rotated, it should be 
noted how much penetration has 
been obtained. Starting with an 
empty auger the penetration is 



greatest on the first strokc and becomes successively less on each following one 
as the earth packs more and more tightly inside the augcr. When progress 
becomes too slow it is time to raise the auger to the surface and empty it. 
Depending on the material being penctratcd, the auger may be completely full or 
have 30cm (1') or less of material in it whcn it is emptied. A little experience 
will give one a "feel" for the most efficicnt time to bring up the auger for 
emptying. Since the matcrial in the augcr is hardest packed at the bottom, it is 
usually easiest to empty the auger by inserting the augcr deancr through thc slot 
in the side of the auger part way down and pushing the material out through the 
top of the auger in several passes. When the auger is brought out o i  the hole for 
emptying, it is usually leaned up against the tripod, since this is faster and easier 
than trying to lay it down. 

Coupling and Uncoupling Extensions 

The extcnsions are coupled by merely slipping the small end of one into the large 
end of the othcr and pinning them together with a lOmm (318") bolt. It has been 
found sufficient and time-saving to just tighten the nut finger-tight instead of 
using a wrench. 

Each timc the augcr is brought up for emptying, the extensions must be taken 
apart. For this reason the extcnsions have been made as lorig as possible to 
minimizc the numbcr of joints. Thus at a depth of 18.3 meters (607, there arc 
only two joints to be uiicoupled in bringing up the auger. 

For the sake of both safety and speed, 2 s ~  the following procedure in coupling 
and uncoupling. When bringing up the auger, raise it until a joint is just above 
thc ground and slip the augcr support (see Figures 2 and 3) into place, straddling 

the extension so that the bottom of 
the coupling can rest on the small 
metal plate. The next step is to put 
the safety rod (see Figure 4) 
through the lower side in the 
coupling and secure it with eicher a 
cotter pin or a piece of wire. The 
purpose of the safety rod is to 
keep the auger fror.1 falling into 
the well if it should be knocked 
off the auger support or dropped 
while being raised. 

Once the safety rod is in place, 
I ren:ove the coupling bolt and slip 

the upper extension out of the 
lower. Lean the upper end 01 the 
extension against the tripcd he- 
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tween the two wooden pegs in the front legs, and rest the lower end on the tool 
tray (see Figures 5 and 6). The reason for putting the extensions on the tool tray 
is to keep dirt from sticking to the lower ends and making it difficult to put the 
extensions together and take them apart. 

To couple the extensions after emptying the auger, the procedure is the exact 
reverse of uncoupling. 



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

The rate at which water can be taken from a well is roughly proportional to the 
depth of the well below the water table as long as the well keeps going into 

water-bearing ground. However, in 
village wclls where water can only 
be raised slowly by handpump or 
bucket, this is not usually of L G Z ~ G ~  

importance. The important point is 
that in areas where the watcr table 
varies from one time of year to 
another the well must be deep 
enough to give sufficient water at 

Information on the water table 
variation may be obtained from 
already existing wells, or it may be 
necessary to drill a well before any 
information can be obtained. In the 
latter case the well must be deep 
enougli to allow for a drop in the 
water table. 

Report by Richard G. Koegel, International Voluntary Services, Ban Me Thuot, 
Vietnm, 1959 (Mimeographed). 



The following section gives construction details for the well-drilling equipment 
used with the ram auger: 

o Auger, Extensions, and Handle 
o Auger Cleaner 
o Demountable Reamer 
o Tripod and Pulley 
o Bailing Bucket 
o Bit for Drilling rock 

Auger, Extensions, and Handle 

The auger is hacksawed out of standard-weight steel pipe about lOcm (4") in 
diameter (see Figure 8). Lightweight tubing is not strong enough. The extensions 
(see Figure 9) and handle (see Figure 10) make it possible to bore deep holes. 

Tools and Materials 

Pipe: lOcm (4") in diameter, 120cm (47 114) long, for auger 
Pipe: 34mm outside diameter (1" inside diameter); 3 or 4 pieces 30cm (12) long, 
for auger and extension socket 
Pipe: 26mm outside diameter (314" inside diameter); 3 or 4 pieces 6.1 or 6.4 meters 
(20' or 21') long, for drill extensions 
Pipe: lOmm outside diameter (112" inside diameter); 3 or 4 pieces 6cm (2 318") 

4 Bolts: lcm (3/8") in diameter and lOcm (4") long 

Hand tools and welding equipment 

In making the auger, a flared-tooth cutting edge is cut in one end of the lOcm 
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 that 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 
:-iger was used; but it became plugged up and did not cut cleanly. In some soils, 
however, this type of auger may be more effective. 







Auger Cleaner 

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

Tools and Materials 

Mild stet): lOcm (4") square and 3mm (118") thick 
Steel rod: lcm (318") in diameter and 52cm (20 112") long 
Welding equipment 
Hacksaw 
File 
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Demountable Reamer 

If the diameter of a drilled hole has to be made biggcr, the demountable rcamcr 
described here can be attachcd to the augcr. 

Tools and Materials 

Mild steel: 20cm x 5cm x 6mm (6" x 2" x 1/4), to ream a weU diametcr of 19cm 
(7 112") 
2 Bolts: 8mm (5116") in diametcr and lOcm ( 4 )  long 
Hacksaw 
Drill 
File 
Hammer 
Vise 

The reamer is mounted to the top of the auger with two hook bolts (see Figure 
13). 1 1 ~  .s made from a piece of stcel lcm (112) larger than the desircd well 
dimetzr (see Figure 14). 

After thc reamer is attached to the 
top of the auger, the bottom of the 
auger is plugged with some mud or 
a piece of wood to hold the 
cuttings inside the auger. 

In r ea~ ing ,  the auger is rotated 
with only slight downward pressure. 
It should be emptied before it is 
too 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 is 
more important than the diameter 
in determining the flow and 
because doubling the diameter 
means removing four times the 
amount of earth, larger diameters 
should be considered only under 
svecial circumstances. (See "Well 

F/G URE /3 easing and Platforms," page 12.) 
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Tripod and Pulley 

The tripod (see Figures 15 and 16), which is made of poles and assembled with 
P6mm (518") bolts, serves three purposes: (1) to steady the extcusion of the auger 
when it extends far above ground; (2) to providc 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 augcr extensions while 
they are being put into or taken out of the wcll. 

When a pin or bolt is put through the holes in the two ends of the "L"-shaped 
pullq bracket (see Figures 15 and 18) that extend liorizontally beyond the front 
of the tripod crossbar, a loose guide for the upper par1 of the auger exten:jions is 
formed. 

To keep the extensions from falling when they are leaned azdiilst the tripod, two 
30cm (12") long wooden pegs are driven into drillcd holes near the top of the 
tripod's two front legs (see Figure 19). 

Tools and Materials 

3 Poles: 15cm (3) in diameter and 4.25 meters (14') long 
Wood for cross bar: 1.1 meter (43 112") x 12cm (4 314) square 
For pulley wheel: 
Wood: 25cm (10") in diameter and 5cm (2)  thick 
Pipe: 1.25cm (112") inside diameter, 5cm (2") long 
Axle bolt: to fit close inside 1.25cm (112") pipe 
Angle iron: Wcm (31 112") iong, 50cm (19 3/47 webs, 5mm (3116") thick 
4 Bolts: 12mm (112") in diameter, 14cm (5 112") long; nuts and washers 
Bolt: 16mm (518") in diameter and 40cm (15 3/4") long; nuts and washer 
2 Bolts: 16mm (518") in diametzr and 25cm (9 718") long; nuts and washex 
Bore 5 places through center of poles for assembly with 16mm bolts 



Bore 5 places thru center of 
poles for  assembly with 16 D I A .  bol ts  
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Bailing Bucket 

The bailing bucket can be used to remove soil from the well shaft when cuttings 
are too loose to be removed with the auger. 

Tools and Materials 

Pipe: about 8.5cm ( 3 318") in diameter, 1 to 2cm (112" to 314) smaller in 
diameter than the auger, 180cm (71") long 
Steel rod: lOmm (318") in diameter and 25cm (10") long; for bail (handle) 
Steel plate: lOcm (4)  square, 4mm (5132") thick 
Steel bar: lOcm x lcm x 5mm (4" x 318" x 3/16") 
Machine screw: 3mm (118) in diameter by 16mm (518") long; nut and washer 
Truck innertube: 4mm (5132") thick, 10mm (318") square 
Welding equipment 
Drill 
Hacksaw 
Hammer 
V i e  
File 
Rope 

Both standard weight pipe and thin-walled tubing were tried for the bailing 
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 buckct and the 
rubber valve should be heavy 
because they receive hard usage. 
The metal bottom is reinforced 
with a crosspiece welded in place 
(see Figures 20 and 21). 

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

For using the bailing bucket the pulley is mounted in the pulley bracket with a 
lfjmm (5/8") bolt as axle. A rope attached to the bailing bucket is then run over 
the pulley and the bucket is lowered 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 is no need to shift the tripod. 

The bucket is lowered into the well, preferably by two people and allowed to drop 





the last meter or mctcr and onc-half (3 to 5 fcct) so that it will hit thc bottom 
with some spccd. Thc impact will forcc somc of the loosc soil at the bottom of 
thc wcll up into thc buckct. Thc buckct is thcn rcpcatcdly raised and dropped 1 
to 2 meters (3 to 6 fcct) to pick ~p morc soil. Expcricncc will show how long 
this should be continued to pick up as much soil as possible bcforc raising and 
emptying the buckct. Two or morc people can raise the buckct, which should bc 
dumped far enough from the wcll to avoid mcssing up the wcirking area. 

If the cuttings are too thin to bc brought up with the auger but too thick to 
enter the buckct, pour a littlc watcr down thc wcll to dilutc thcm. 

Bit for Drilling Rock 

The bit described here has bccn uscd to drill through layers of scdimcntary stonc 
up to 11 meters (36') thick. 

Tools and Materials 

Mild steel bar: about 7cm (2 3/49 in diamctcr and about 1.5 meters (5') long, 
weighing about 8Okg (175 pounds) 
Steliite (a very hard typc o i  tool stccl) inscrt for cutting cdgc 
Anvil and hammers, for shaping 
Steel rod: 2.5cm x 2cm x 50cm (I" x 314" x 19 314) for bail 
Welding equipmcnt 

The drill bit for cutting through stonc and hard formations is made from thc 80kg 
(175-pound) steel bar (scc Figures 22 and 23). The 9U-degree cutting edge is hard- 

surfaced with stellite. A bail (or 
handle) for attaching a rope or 
cable is wclded to the top. The bail 
should be large enough to makc 
"fishing" easy if the rope brcaks. A 
2.5cm (1") ropc was uscd at first, 
but this was subject to much wcar 
when working in mud and water. A 
lcm (318") steel cablc was substitu- 

F/GUQ E Z 2  tcd for the rope, but it was not 
HEAVY 017 FOR D R / L L / N G  ROC& used enough to be able to show 

I 

whether the cable or the ropc is bettcr. One edvantage of rope is that it gives a 
snap at the end of the fall which rotates the bit and keeps it from sticking. A 
swivel can be mounted between thz bit and the rope or cable to let the bit 
rotate. 

If a bar this size is difficult to find or too expensive, it may be possible, 
depending on the circumstances, to make one by welding a short steel cutting end 
onto a piece of pipe, which is made heavy enough by being filled wi-h concrete. 





In using the drilling bit, put the pulley in placc as with the bailing bucket, attach 
the bit to its rope or cable, and lower it into the well. Since the bit is heavy, 
wrap the rope once or twice around the back leg of thc tripod so that the bit 
cannot "get away" from the workers with the chance of someone being hurt or 
the equipment getting damaged. The easiest way to raise and drop t!~c bit is to 
run the rope through the pulley and thcn straight back to a tree or post wherc it 
can be attached at shoulder height or slightly lowcr. Workers linc up along the 
rope and raise the bit by pressing down on the rope; they drop it by allowing thc 
rope to return quickly to its original position (see Figure 24). This rcquircs five 
to seven workers, occasionally more. Frequent rtsts 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 

it; It; Y; 
1, , , 

positions of the workers should be 

!,, l b ,  rotated to distribute the work 
eve;;ly. 

\ 
A small amount of water should be 
kept in the hole for lubrication and 
to mix with the pulverized stonc to 
form a paste that can be removed 
with a bailing bucket. Too much 
water will slow down the drilling. 

' ,  

dl?' !o The speed of drilling, of course, 
r : ~  depends on the type of stone 

.cd F/GL/.Q& 2.P encountered. In the soft water- 
bearing stone of the Ban Me Thuot 

area it was possible to drill several meters (about 10 feet) per day. However, 
when hard stone such as basalt is encountered, progress is measured in cen- 
timeters (inches). The decision must thcn be made whether to continue trying to 
penetrate the rcck or to start over in a new location. Experience in the paqt has 
indicated that one should not be too hasty in abandoning a location, since on 
several occasions what were apparently thin layers of hard rock were penetrated 
and drilling then continued at a good rate. 

Occasionally the bit may become stuck in the well and it will be necessary to use 

1 a lever arrangement consisting of a long pole attached to the rope to free it (see 
Figure 25). Alternatively, a windlass nay be used, consisting of a horizontal pole 
used to wrap the rope around a vertical pole pivoted on the ground and held in 
place by several workers (see Figure 26). If these fail, it may be necessary to 
rent or borrow a chain hoist. A worn rope or cable may break when trying to 
retrieve a stuck bit. If this happens, fit a hook to one of the auger extensions, 
attach enough extensions together to reach thz desired depth, and after hooking 
the bit, pull with the ch3in hoist. A rope or cable may also be used for this 
purpose, but are considerably more difficult to hook onto the bit. 



Drilling Mechanically 

The following method can be used fur raising and dropping the bit 

Jack up the rear wheel of a car and replace the wheel with 2 mall 
d m  (or me the rim as a pulley). 

Take the rope that is attached to the bit, coiie from the tripod on 
the yulley, and wrap the rope loosely around the d m .  

Pull the unattached end of the rope taut and set the drum in 
motion. The mpe will move with the dnun and mke the bit 

Let the end of the rope go slack quickly to dmp the bit. 

Dry Bucket Well Drilling 

The dry bucket method is a simple and quick method of drilling wells in dry soil 
that is free of rocks. It can be used for 5cm to 7.5cm (2" to 3") diameter wells in 
which steel ? i r  i is to be installed. For wells that are wider in diameter, it is a 
quick methou of removing dry soil before completing the bore with a wet bucket, 
tubewell sand bailer, or tubewell sand auger. 

A 19.5-metcr (64') hole can be dug in less than three hours with this method. 
which works best in sandy soil, according to the author of this entry, who has 
drilled 30 wells with it. 



Tools and Materials 

Dry bucket 
Rope: 16mm (518") or l9mm (3/4") in diameter and 6 to 9 meters (20' to 30') 
longer than the deepest well to be drilled 
3 Poles: 20cm (4") in diameter at large end and 3.6 to 4.5 meters (12' to 15') long 
Chain, short piece 
Pulley 
Bolt: 12.5mm (1/2") in di;?meter and 30 to 35cm (12" to 14") long (long enough to 
reach through the upper ends of the three poles) 

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

The dry bucket is held sbout lOcm (several inches) above the ground, centered 
above tile hole location and then dropped (see Figure 1). This drives a small 
amolint of soil up into the bucket. After this is repeated two or three times, the 
bucket is removed, held to one side and tappcd 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. 

To make the dry bucket, you will need the following toois and materials: 

Hacksaw 
Fie 
Iron rod: lOmm (3/8") or 12.5mm (1/2") in diameter and 30cm (1') long 
Iron pipe: slightly larger in diameter than the largest part of casing to be put in 
the well (usually the coupling) and 152cm (5') long 

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

File a gentle taper on the inside of the opposite end to make a cutting edge (see 
1 F i g ~ r e  3). 

Cut a slit in one side of the sharpened end c?f the pipe (see Figure 2). 





Driven 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. In soils where the 
driven well is suitable, it is often the cheapcst and fastest way to drill a sanitary 
well. In heavy soh, particularly clay, drilling with an earth auger is faster than 
driving with a well point. 

Tools and Materials 

Well point and driving cap (see Figure I): 
usually obtainable through mail order houses 
from the United States and elsewhere 
Pipe: 3cm (1") in diameter 
Heavy hammer and wrenches 
P i p  compound 
Special. pipe couplings and driving arrange- 
ments are desirable but not necessary 

Driven wells are highly successful in coarse sand where there are not too many 
rocks and the water table is within 7 meters (23') of the surface. They are usu- 
ally used as shallow weUs where the pump cylinder is at ground level. If condi- 
tions for driving are very good, iOcm (4") diameter points and casings that can 
accept the cylinder of a deep well can be driven to depths of 10 - 15 meters (33' 
to 49'). (Note that suction pumps generally cannot raise water beyond 10 meters.) 

The most cornmos types of well points are: 

o a pipe with holes covsred by a screen and a brass jacket with holes. For 
general use, a #10 slot or 60 me;h is recommended. F i e  sand requires a 
Finer screen, perhaps a #6 slot or 90 mesh; 

o a slotted steel pipe with no covering screen, which allows more water to 
enter but is less rugged. 

Before starting to drive the point, make a hole at the site with hand tools. The 
hole should be plumb and slightly larger in diameter than the well point. 

The joints of the drive pipe must be carzfully made to prevent thread breakage 
and assure airtight operation. Clean ?and oil the threads carefully and use joint 
compound and special drive coupl;;lgs when available. To ensure that joints stay 
tight, give the pipe a fraction of a turn after each blow, until the top joint is 



permanently 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 thrcads 
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 is vertical. 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. 

Several techniques can help avoid 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 point. It is retrieved with a cable of rope. Once water enters thc 
well, this method does not work. 

Another way is to use a driver pipe, which makes sure that the drive cap is hit 
squarely. A guide rod can be inounted on top of the pipe and cveiglit dropped over 
it, or the pipe itself can be used to guide a falling weight that strikes a special 
drive damp. 

Cold  i l o l l ed  Sha f t i nq  
' 

Weight 20 t o  25 l bs .  

Welded J o i n t  

--- Vent Hole 

D r i v e  Cap 

Rlser  Plot. 

D r i v i n q  Bar 

Sand Screen 

D r i v i n q  Po in t  

F a l l i n g  !.leiqht 
40 t o  50 1  bs 

Gu~de  Rod 

Dr ive  Head 

Coup1 i nq  

R iser  Pipe 

The table hi Figure 3 will help identify the formations being penetrated. Ex- 
perience is needed, but this may help you to understand what is happening. When 
you think that the water-bearing layer has becn reached, stop driving and attach 
a handpump to try the ~ z l l .  





Usually, easier driving shows that the water-bearing level has been rcachcd, 
especially in coarse sand. If the amount of watcr pumped is not enough, try 
driving a meter or so (a few feet) more. If the flow decreases, pull the point 
back until the point of greatest flow is found. The point can 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. 

1 Sometimes sand and silt plug up the point and the well must be "developed" to 
I clear this out and improve the flow. First try bard, continuous pumping at a rate 

faster than normal. Mud and fine sand will come up with the water, but this 
should clear io about an hour. It may help to zllow the water in the pipe to drop 
back down, reversing the flow periodica!ly. With most pitcher pumps this is easily 
accomplished by liftkg the handle very high; this opens the check valve, allowing 
air to enter, and the water rushes back down the well. 

If this does not clear ur, the flow, there may be silt inside the point. This can be 
removed by putting a 19mm (314") pipe into the well and pkmping on it. Either 
use the pitcher pump or quickly and repeatedly raise and lower the 19mm (314") 
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. Clear1 the sand from the valve and cylinder of the 
pump after developing the well. If you have chosen too fine a screen, it may not 
be possible to develop the well successfully. A properly chosen screen allows the 
fine material to be pumped out, leaving a bed of +:oar;e gravel and sand that 
provides a highly porous and permeable water-gathering area. 

The final step is to fill in the starting borehole with puddle clay or, if clay is 
not available, with well-tamped earth. Make a solid, water-proof pumr platform 
(concrete is best) and providz a place for spilled water to drain away. 

Source: 

Wagner, E.G. and Canoix, J.N. Water S~lpply for Rural Areas and Snzall Com- 
munities. Geneva: World Iiealth Organiizition, 1959. 

DUG WELLS 

A village well must often act as a reservoir, because at certain hours of the day 
the demand for water is heavy, whereas during the night and the heat of the day 
there i no call on the supply. What is suggested here is to make the wel! large 
enough to allow the water slowly percolating in to accumulate when !he well is 
not in use in order to have an adequate supply when demand is heavy. For this 
reason wells are usually made 183 to 213cm (6' to 7') in diameter. 

Wells cannot store rainy season water for the dry season, and there is seldom any 
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reason for making a well largcr in 
diameter than 213cm (7'). 

The depth of a well is much more 
important than the diamctcr in 
determining the amount of water 
that can be drawn whcn the water 
level is low. A deep, narrow well 
will often provide more water than 
a widc shallow one. 

Remember that tubewells are much 
easier to construct than dug wells, 
and should be used if your region 
allows their construction and an 
adequate amount of water can be 
drawn from them during the busy 
hours (see section on Tuhewells). 

Deep dug wells have several 
disadvantages. The masonry lining 
needed is very expensive. Construc- 
tion is potentially very dangcrous; 
workers should not dig deeper than 
one and a half meters without 
shoring up the hole. An open well 
is very easily contaminated by 
organic matter that 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 dug we!l. 

Sealed Dug Well 

The well described here has an 
underground concrete tank that is 
connected to the surface with a 
casing pipe, rather than a large- 
diameter lining as described in the 
preceding entry. The advantages are 
that it is relatively easy to build, 
easy to seal, takes up only a small 
surface area, and is low in cost. 



Many of these wclls were installed in India by an Amcrican Fricnds Scrvicc 
I Committee team thcrc; thcy pcrform wcll unless thcy are not dccp enough or 

sealed and capped properly. 

Tools and Materials 

4 reinforced concrete rings with iron hooks for lowering, 91.5cm (3') in diamctcr 
1 reinforced concrete cover with a scating holc for casing pipc 
Washed g-.i~cl to surround tank: 1.98 cubic mctcrs (70 cubic fcct) 
Sand for t l  .: of well: 0.68 cubic meters (24 cubic feet) 
Concre. . , +e: 15cm (6)  in diamcter, to run from the top of the tank cover to at 
least 30.5cn (1') above ground 
Concrete collars: for joints in the concrctc pipc 
Cement: 4.5kg (10 pounds) for mortar for pipc joints 
Deep-well pump and pipe 
Concrete base for pump 
Tripod, pullcys, rope for lowering rings 
Special tool for positinning casing when refilling, see "Positioning Casing Pipe," 
below 
Digging tools, ladders, rope 

A villager in Barpali, India, working with an American Friends Service Committee 
unit there, suggested that thcy make a masonry tank at the bottom of the wcll, 
roof it over, and draw the water from it with a pump. The resulting sealcd well 
has many advantages: 

o It provides pure water, safe for drinking. 

o It presents no hazard of children falling in. 

o Drawing water is easy, even for small children. 
I 

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

1 o The cost of installation is greatly reduced. 

o The l a b ~ r  involved is much reduced. 

o There is no problem of getting rid of excavated soil, since most of it is 
replaced. 

I o The casing enables the pump and pipe to be easily removed for servicing. 

o The gravel and sand surrounding the tank provide an efficient filter to 
prevent silting, allow a large surface area for percolating water to fill the 
tank, and increase the effective stored volume in the tank. 



On the other hand, compared to a well where people draw their own buckets or 
other containers of water, thcre are thrce minor disadvantages: only onc person 
can pump at a time, the pump requires regular maintenance, and a certain amount 
of technical skidl is required to make the parts uscd in thc: well and to install 
them properly. 

A well is dug 122cm (4') in diameter and about 9 meters (30') deep. The diggin:! 
should be done in thz dry season, after the water table has dropped to its lowest 
level. There should be a full 3 meter (10') reaccumulation of water within 24 
hours after the well has been bailed or pumped dry. Greatcr depth is, of course, 
desirable. 

Spread 15cm (6") of cleaa, washed gravel or small rock over the bottom of the 
wzU. Lows the four concrete rings and cover into the well and position them 
there to form the tank. A tripod of stropg poles with block and tackle is needed 
to lower the rings, because they weigh about 180kg (440 pounds) each. The tank 
f o r ~ e d  by the rings and ewer is 183cm (6') high and 9B.5cm (3') in diameter. The 
cover has a round opening which form; a scat for the casing pipe and allows the 
suction pipe to penetrate to about 15cm (6)  from the gravel bottom. 

The first section of concrete pipe is positioned in the seat and grouted (mortared) 
in place. Pt is braced vertically by a wooden plug with four hinged arms to brace 
against the sides of the wall. Gravel is packed a r s ~ n d  the concrete rings and over 
the top of the cover ti11 :he gravel layer above the tank is at least 15cm (6 )  
atxp. This is then covered with 61cm (2') of sand. Soil removed from the well is 
then shoveled back until the shaft is filled within 15cm (6 )  of the top of the 
first section of casing. The next section of casing is then grouled 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 (1') above the surrounding 
soil level. 

The soil that will not pack back into the  ell can be used to make a shallow hill 
around the casing to encourage spilled watcr to drain away from the pump. A 
concrete cover is placed on the casing and a pump installed. 

If concrete or other casing pipe m n o t  be obtained, a chimney madc of burned 
bricks and sand-cement mortar wili suffice. The pipe is somewhat more expensive, 
but much easier to install. 

Source: 

A Safe Economical Well. Philadelphia: American Friends Senice Committee, 1956 
(Mimeographed). 



Deep Dug Well 

Untr&ed workers can safely dig a deep sanitary well with simple, light equip- 
ment, if they are well supe~vised. The basic method is outlined here. 

Tools and Materials 

Shovels, mattocks 
Buckets 
Ropedeep wells requi-e wire rope 
Forms-steel, welded and bolted together 
Tower with winch and pulley 
Cement 
Reinforcing rod 
Sand 
Aggregate 
Oil 

Thc hand dug well is the most widespread of any kind of well. Unfortunately, in 
many places these wells are dug by people unfamiliar with good sanitation 
methods and become infected by parasitic and bacterial disease. By using modern 
methods and materials, dug wells car. safely be made 60 meters (196.8') deep and 
v.ill give a permanent source of pure water. 

Experience has shown that for one person. the averagc 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 workers digging together and they dig more than twice as fast as one person. 
Thus, two workers 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 tubewell). 

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 asd reduces danger of 
cave-ins. 

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

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

I 
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Masonry and brickwork are widely used in many cc.a~tiks and c~rr  be very 
satisfactory if conditions arc right. In bad ground, ;-.>wevcr: unequzl pressures can 
make them bulge or collapse. Building with these iila!:rials is sici..; and a thicker 
wall is required than with concrete. There is also uhay:. the danger ~f movement 
during construction in loose sands or swelling shale befor=. the mortar has set 
firmly between the bricks or stones. 

Wood and steel are not good for lining wells. Wood requires bracing, tends to rot 
and hold insects, and sometimes makes the water taste bad. Worst of all, it will 
not ~ a k e  the well watertight against contamination. Steel is seldom used because 
it is eqensive, rusts quickly, and if it is not heavy enough is subject to bulging 
and bending. 

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

o set up a tripod winch over cleared, level ground and mark refercncc points 
for plumbing and measslring the depth of the well. 

o have two workers dig the well while another raises and unloads the dirt 
until the well is exactly 4.6 meters (15') deep. 

o trim the hole to size using a special jig mounted on the reference points. 

o place the forms carefully and fill one by one with tamped concrete. 

After this is done, dig to 9.1 meters (W), 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 that is grouted (mortared) in pl ,ce. Each lining is 
self-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 is used until the water-bearing layer is reached; there an extra-deep 
curb is constructed. From this point on, caissoning is used. 

Caissons are coricrete cylinders fitted with bolts to attach 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. As workers dig, the caissons 
drop lower as earth is removed from beneath them. The concrete lining guides the 
caissons. 

If the water table is high when the well is dug, extra caissons are bolted in place 
so that the well can be finished by a small amount of digging, and without 
concrete work, during the dry scason. 
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Details on plans and equipment for this process are found in Water Supply lor 
Rural Areas and Small Communities, by E. G .  Wagner and J. N. Lanoix, World 
Health Organization, 1959. 

Reconstructing Dug Wells 

Open dug wells are not very sanitary, but they can oftei. be rcbuik by relining 
the top 3 meters (10') with a watertight lining, digging a ~ d  cleaning the well and 
covering it. This method involvcs installation of a buried ccncretc slab; scc Figure 
3 for construction details. 
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Tools and Materials 

Tools and materials for reinforced concrete 
A method for entering the well 
Pump and drop pipe 

1 Before starting, check the following: 

o Is the well dangerously close to a privy or other source of contamination? 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? 

o Has the well ever gone dry? Should you deepen it as well as clean it? 

o Surface drainage should generally slope away from the well and there should 
be effective disposal of spilled water. 

o Whai zzthod will you use to remove the water and what will it cost? 

o 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. If the flame goes out, the well is dange- 
rous to enter. Tie a rope around the person entering the well and have two 
strong workers on hand to pull him out in case of accident. 

Relining the iVall 

The first job is to prepare the upper 3 meters (10') of the lining for concrete by 
removing loose rock and chipping away old mortar with a chisel, as deep as 
possib~t (see Figure 4). The next task is to clean out 2nd deepen the weil, if that 
is necessary. All organic matter and silt should be bailed out. The well may be 
dug deeper, particularly during the dry season, with the methods outlined in "Deep 
Dug Wells." One way to increase ths water yield is to drive a well point deeper 
into the water-bearing soil. This normally will not raise the level of water in the 
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 wc11. 

' j The material removed from the well can be used to help form a mound around the 
i well so water will drain away from the opening. Additional soii will usually be 
I needed for this mound. A drain lined with rock should be provided to take spilled 

i water away from the concrete apron that covers the well. 

Reline the well with concrete troweled in place over wire niesh reinforcement. 
The largest aggregate should be pea-sized gravel and the mix should be fairly rich 
with concrete, using no more than 20-23 liters (5 112 to 6 gallons) of water to a 



FIGURE 4 

' .  . , 

A = FXISTING rMsmFtY OR BRICK WALLS WITH CRACKED MDRTAR JOINTS 
B = CID M~RTAR R ~ W D  WITH CHISEL AS FAR BACK AS P O s s I n u  
C = STONE OR BRICKS W(; OUT TO PROVIDE KEY FOR PlDl CONCRETE LINING 

- - D = f'kW CONCRETE LIPIING, BUILT TO A DEPTH OF AT LEAST 3~ ( 1 0 ~ ~ )  
E L M  OUTSIDE GROCW LEVEL, OR 10 LOtI WATER L W L  I N  M E U ,  

PERATURE REINFORCFJIENT, 
E = F ~ w  CONCRETE WELL TOP, INCORPORATING SANITARY FEATURES (IN- 

HOLE WITH RAISED mES, SLOPE FOR PROPER DRAINAGE, PR9PE9 
. . . PUMP INSTALLATION, ETC , ) , 

. . . F = OUTSIDE GROUVD LEVEL (ADEQUATE RAINAGE BEING ~ V I D E D  R oil 
EXCESS PlATER OR SURFACE RUN-OFF 7 

G = BACKFILL WITH CLAY, WEU TNIPED IN LAYERS 15CM ( 6 1 ~ )  THICK 



43kg (94 pound) sack of ccmcnt. Extcnd the lining 70cm (27 112) sbove the 
original ground surface. 

Installing the Cover and Pump 

Cast the well cover so that it makes a watertight seal with the lining to kecp 
surface impurities cut. Thc cover will also support the pump. Extend the slab out 
over the mound ;ibout a meter (a few fcet) to help drain water away from the 
site. Make a mailhole and space for the drop pipc of the pump. Mount the pump 
off center so t!~ere is room for the manhole. The pump is mounted on bolts cast 
into the cover. The manhole must be lOcm (4") higher than thz surface of the 
slab. The manhole cover must o v e i ! ~ ~  by 5cm ( 2 )  and should be fitted with a 
lock to prcvent accidcnts and contaminatio.1. Be sure that the pump is scaled to 
the slab. 

Disinfecting the Well 

Disinfect the wcll by using a stiff brush to wash the walls with a very strong 
solution of chlorine. Thcn add cnough chlorine in the well to make it about half 
th: strength of the solution used on the walls. Sprinkle this last solution all over 
the surface of the well to distribute it evenly. Cover the well and pump cp the 
water until the water smells strongly of chlorine. Let the chlorine remain in the 
pump and well for one day and then pump it until the chlorine is gone. 

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

Sources: 

Wagner, E.G. and Lanoix, J.N. Water Supply for Iiurai Ar-as and Small C0171- 

munities. Geneva: Wor!d Health Organization, 1959. 

Manual of Individuai Water Supply Systerns, Public Health Service Publication No. 
24. Washington, D.C.: Department of Health and Human Seriices. 

SPRING DEVELOPMENT 

Springs, particularly in sandy soil, often make excellent water sources, but they 
should be dug deeper, sealed, protected by a fence, and piped to the home. Proper 
development of a spring will increase the flow of ground water and lower the 
chances of contamination from surface water. If fissared rock or limestone are 
present, get expert advice before attempting to develop the spring. 

Springs occur where water, moving through porous and saturated underground 



layers of soil (aquifer), emergcs at the ground surface. They can be either: 

o Gravity sccpagc, where the water bearing soil reaches the surface over an 
impermeable layer, or 

o 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 artesiaa) 

The following steps should bs considered in developing springs: 

1) Observe the seasonal flow variations over a period of a year if possible. 

2) Determine the type of spring--sl:epage or artesian-by digging 3 small 
hole. An earth auger with extensions is the most suitable tool for that 
job. It may not be possible to reach the underlying impermeable layer. 

3) Have chemical and biological tests made on samples of the water. 

Dig a small hole near the spring to learn the depth of the hard layer of soil and 
to find out whether the spring is gravity seepage or pressure. Check uphill and 
nearby for sources of contamination. 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. 

For gravity-fed springs, the soil is usually dug to the hard, underlying layers and 
a tank is made with watertight concrete walls on all bvt the uphill side (see 
Figures 1 and 2). The opening on the ilphill side should be lined 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 materials in 
the water-bearing soil from entering the spring. If the hard soil cannot be 
reached easily, a concrete cistern is built that can be fed by a perforated pipe 
placed in the water-beari~g layer of earth. With a pressure spring, all sides of 
the tank are made of watertight reinforced concrete, but the bottom is left open. 
The water enters through the bottom. 

Read the section in &is hadbook on cisterns 'before Zcc-hpbg your spring. No 
matter how the warp- enbtis yas: tank, yo:: mu;t rmkc s~:; Lit: w i e r  is pure by: 

o building a complete cover LO stop surface pollution ana kecp out sunlight, 
which causes algae to gvw. 

o installing a locked manhole with at least a 5cm (2)  overlap to prevent 
entrance of polluted ground water. 



Ftg. I. PROPERLY PROTECTED SPRING (I) 

P, = Protective drainage dit:h t o  keep dra~nage water a safe dtstance from spring 
d = Origtnal slope and ground line 
C - Screened outlet plpe : a n  discharge freely or be piped t o  vtllage o r  restdence 

Sprtngs can offer an economical and safe source of water. A thorough search should 
be made for s1gr.s of ground-water outcropping. Sprlngs that can be piped to  tlie user by 
gravtty oHer an excellent solution. Rainfall var~ation may influence the yield, so dry- 
weather flow should be checked. 

Fig. Z . PROPERLY PROTECTED SPRING (11) 

A 

A = Protective drainage ditch t o  keep drainage water a safe distance from spring 
B = Screened outlet ripe : t o  discharge freely o r  be piped t o  village o r  residence 
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o installing a screened overflow that dischargcs at lcast 15cm (6,') abovc thc 
ground. The water must land on a ccmcnt pad or rock surface to kcep thc 
water from making a hole in the ground and to cnsurc propcr drainage away 
from the spring. 

o arranging the spring so that surface watcr must filter through at lcast 3 
mctcrs (10') of soil before reaching the ground watcr. Do this by making a 
diversion ditch for surface watcr about 15 mctcrs (50') or more fron. thc 
spring. Also, if necessary, cover the surface of thc ground ncar thc spring 
with a heavy layer of soil or clay to increase thc distances that rainwalcr 
must travel, thus ensuring that it has to filter through 3 mctcrs (10') of 
soil. 

o making a fence to kecp people and ailimals away from the spring's immcdiate 
surroundings. The suggested radius is 7.6 mcters (25'). 

o installing a pipeline from the overflow to the placc whcrc the water is to bc 
used. 

Before using the spring, disinfect it thoroughly by adding chlorine or chlorine 
compounds. Shut off the overflow to hold the chlorine solution in thc 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 clilorine is flushed from the system have the 
water tested. (See section on "Superchlorination.") 

Sources: 

Wagner, E.G. and Lanoix, J.N. Water Supply for Rur,zl Areas and Sntall Conz- 
munities. Geneva: World Health Organization, 1959. 

Manua! of Individual Water Supply Systems, Public I-Iealth Service Publication No. 
24. Washington, D.C.: US. Department of Health and Huma;. Services. 
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Water Lifting land Transport 

Once a sour- of water has been found and developed, four basic questions must 

1. What is the rate of flow of the water in your situation? 
2. Behrveeu what points must the water be transported? 
3. What End and size of piping is neded to transport the required flo;.:? 
4. What kind of pump, if any, is necessary to produce the required flow? 

Tbc dormation in this section will help you :0 answer the third and fourth 
q:lestions, once you have determined the answers to the fust two. 

The fvst three entries in this section discuss the flow of wztrllr i u  !.- 111 streams, 
partially filled pipes, and when the height of the reservoir asd sb - oi pipe are 
known. They include equa'Lioas and alignmeat charts ( a h  ca'iczi fuvmgraphs) that 
give simple methods of estimating the flow of water under ;::o iorce of gravity, 
that is, without pumping. The fourth "Us how to measure flow by obsening the 
spout from a horizontal pipe. 

Four entries follow on piping, including a  disc^.^. ..I,,. of pipes made of bamboo. 

You will note that in the alignrnp,nt charts here and elsewhere, the term "nominal 
diameter, inches, U.S. Schedule 40" is used along witex the alternate term, "inside 
diameter i i ~  centimeters," in referring to pipe size. 

Pipes and fittings are usually manufactured to a standard schedule of sizes. U.S. 
Schedule 40, the most common in the United Statcs, is a h  widely used in other 
countries. When one specifies "2-inch Schedule 40," one automatically specifies thc 
pr-essure rating sf the pipe and its inside and outside diameters (neither of which, 
incidentally, is actually 2"). If the schedule is not known, meacure the inside 
diameter and use this for 8ow calculations. 

Next, seveal entries follow the steps requirzd to design a water-pumping system 
with piping. m e  fust entry in this group, "Pump Specificalions: Cboosirlg or 



Evaluating i\ P, mp," presents all thc factors that muct bc considcrcd in sclccting 
a pump. Fill -?up ;he form includcd there and makc a piping skctch, whcthcr you 
plan trt ssend it to a consultant for hclp or do thc dcsign and selection yourself. 

The firzt pieces of information ncedcd for sclccting pump type and sizc arc: (1) 
the flow ~ L L Z  of watcr nccdcd and (2) the bcad or pressure to bc ovcrcomc by 
the pump. The head is composcd of two parts: thc height to which the liquid rnust 
bc raised, and the resistancp, to flow creatcd by the pipc walls (friction-loss). 

Thr; friction-lots hcad is the most difficult factor to mcasurc. Thc entry "Deter- 
~ilning Pimp Capacity and Horscpowcr Requircmcnts" describes how to select the 
elxncr, . pipe ,:ze(s) for the flow dcsircd. With the pipc(s) selcctcd one must 
l ien calculate the friction-loss head. The cntry "Estimating Flow Resistance of 
Pip: F)tting~.' makes it possible to estimate extra friction caused by constrictions 
<if :TI: ' '..PPs. With this information and the lcngth of pipe, it is possible to 

: .. gump pwer requireme% using the entry, "Determining Pump Capacity 
- :iJiqlei Requirements." 

"! ';i~ , i;n;rhes k.ave another very important use. You may already have a pump and 
wonder "Will it 30 this job?" or "What size motor should I brly to do this job 
with the pump I have?" The entry "Pump Specifications: Choosing or Evaluating a 
Purcp" 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 consultant or VITA if the 
pump can be used or not. 

There arc many varieties of pumps for lifting water from where it is to where it 
is to be delivered. But for any particular job, there are probably one or two kinds 
of pumps that will serve better than others. We w i ~ i  discuss here only twa broad 
classes at pumps: lift pumps and force pumps. 

A Tift or sucion p.mp is located at the top of a well and raises water by 
suction. Even the most efficient suction pump can create a negative pressure of 
only 1 atmosphere: theoreticaliy, it could raise a column of water 10.3m (34') at 
sea level. Bu: 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 
"Determining Li Pump Capability* explains how to find oat the height a lift 
pump will raise water at different altitudes viith different water temperatures. 

When a lift p l ~ ~ l p  is not adequate, a foroe pump must be used. With a force pump, 
the pumping mechanism k placed at or near the water level and pushes the water 
up. Because it does ~ o t  depend on atmospheric pressure, it is not limited to a 
7.6m (25') head. 

Construction details are given for two irrigation sumps that can be made at the 
village level. An easy-to-maintain pump handle mechanism is described. Use of the 
hydraulic ram, a self-powercd pump, is described. 



Finally, there are entries on Reciprocating Wire Power Trrqmission for Water 
Pumps, and on Wind Energy for Water Pumping. Further detaw: on pumps can be 
found in the publications listed below and in the Reference section at the back of 
the book. 

Margaret Crouch, ed. Sir Simple Pumps. Arlington, Virginia: Volunteers in 
Technical Assistance, 1982. 

Molenaar, Aldert. Water Lifting Devices for Imgation. Rome: Food and Ae..Siculture 
Organization, 1956. 

Small Water Supplies. London: The Ross Institute, The London School of Hygiene 
and Tropical Medicine, 1%7. 

WAmR TRANSPORT 

Estimating Small Stream Water Flow 

.4 rough but vcry rapid method of estimating 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 is necessary to collect information throughout the year to deter- 
mine 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 Mataids 

Timing device, preferably watch with second hand 
Measuring tape 
Float (sce below) 
Stick for measuring depth 



The following eqiiation will help you to measure flow quickly: 

Q = KxAxV, 

where: 

Q (Quantity) = flow in liters per L mute 

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

V (Velocity) = stream velocity, meters per minute 

K (Constant) = a corrected conversion factor. This is used because surface flow 
is normally faster than average flow. For normal stages use K = 850; for 
flood states use K = 900 to 950. 

To Find Area of a Cross-Section 

The stream will probably have different depths along its length so select z place 
where the depth of the stream is average. 

o Take a measuring stick and place it upright in the water about one-half 
meter (1 1/2') from the bank. 

o Note the depth of water. 

Move the stick 1 meter (3') from the bank in a line directly across the 
stream. Note the depth. 

o Move the stick 1.5 meters (4 1/2') from the Smk,  note the depth, and 
continue moing it at half-meter (1 112') 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 it so that a cross- 

section of the stream is shown. A 
scale of lcm to lOcm is often 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 nere has a little less than 4 
square meters of water. 
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To Find Velociy 

Put a float in the ctreani and measure the distance of travel in ollc minutc (or 
fraction of a minute, if necessary.) The width of the stream where the vcYocity is 
being ~easurec: shculd b:: as constant as possible and free of rapids. 

A light surfxe Coat, 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, partly filled with water or 
gravel so that it flouts upright with only a small part showing above water, 
makes a good float for measuring. 

Measuring Wide Streams 

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

Example (see Figure 2): 

Cross section is 4 squsre meters 

Velocity of float = 6 meters traveled in 112 minute 

Stream flow is normal 

C = 850 x 4 x 6 meters 
.5 minute 

Q = 40,800 liters per minute or 680 liters per second 

Using English Units 

If English units of measurement are used, the equation for measuring stream flow 
is: Q = K x A x V, where: 

Q = flow in U.S. gallons per minute 

A = cross-section of stream, perpendicular to flow, in square feet 

V = stream velocity in feet per minute 

K = a corrected conversion factor: 6.4 for nalzal stages; 6.7 to 7.1 for flood 
stages 

The grid used would be like the one in Figure 3; a common scale is 1" to 12". 
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Example: 

Cross-section is 15 square feet 

Float velocity = 20' in 112 rninutc 

Stream flow is normal 

Q = 6.4 x 1.5 x 20 feet 
.5 minute 

Q = 3,800 gallons per minute 

Source: 

Clay, C.H. Design of Fishways and Other Fish Facilities. Ottawa: P.E. Department 
of Fisheries of Canada, 1961. 

Measuring Water Flow in Partially-Filled Pipes 

The flow of water in partially-filled horizontal pipes (Figure 1) or circular 
channels can be determbed-if you know the inside diameter of the pipe and the 
depth of the water flowing-by using the aiignment chart (nonrograph) in Figure 2. 

This niethod can be checked 
for lovr flow rates and small 
pipes by measuring the time 
required to fill a bucket or 
drum with a weighed quantity 
of water. A liter of water 
weighs lkg (1 U.S. gall07 of 

FIGURE water weighs 8.33 pcunds). 

Tools and Materials 

Ruler to measure water depth (if ruler 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% N1 of water, and having a reasonably smooth surface (iron, steel, or 
ccncrete sewer pipe). The pipe or channel must be reasonably horizontal if the 
result is to be accurate. The q e ,  aided by a plumb line to give a vertical 
reference, is a sufficiently good judge. If the pipe is not horizontal another 
method will have to be used. To use the alignment chart, simply connect the 
proper ooint on the "K" scale with the proper point on the "d" scale with the 



straight edge. The flow ratc 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 in centimeters. 

K = decimal fraction of vertical diameter under water. Calculate K by 
measuring the depth of water (h) in the pipe and dividing it by the 
pipe diameter (d), or i< = h (see Figure 1). 

d 

Example: 

What is the rate of flow of water in a pipe with an internal diameter of 5cm. 
running 0.3 full? A straight line connecting 5 on the d-scale with 0.3 on the K- 
scale intzrsects the q-scale at flow of 18 liters per minute. 

Source: 

Greve Bulletin 32, Volume 12, No. 5, Purduc University, 1928. 

F/GL/RE 2 

0 aCAL€ Q S C A L E  K SCALE 



Determinin Probable Water Flow with Known 
Reservoir I f  eight and Size and Length of Pipe 

The alignment chart in Figure 1 givcs a reasonably accurate determination of 
water flow when pipe size, pipc le~*gth, and height of the supply reservoir are 
known. Thz example given here is for the analysis of an existing system. To 
design a new system, assume a pipe diameter and solve for flow rate, repeating 
the procedure with new assumed diameters until one of them provides a suitable 
flow rate. 

Tools and Materials 

Straightedge, for use with a l i p e n t  chart 
Surveying instruments, if available 

The alignment chart was prepared for clean, new steel pipe. Pipes with rougher 
surfaces or steel or cast iron pipe that has been in service for a long time may 
give flows as low as 50 percent of those predicted by this chart. 

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

For best resul,ts, the length of pipe (L) used shocld include the equivalent !engths 
d fittings as described in the section, "Estimating Flow Resistance of Pipe 
Fittings," p. '76. Tlhis length (L) divided by the pipe internal diameter (D) gives 
the necessary "L/IDW ratio. In calculating LID, 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. 

Example: 

Given available head (h) of 10 meters, pipe internal diameter (D) of 3cm, and 
equivalent pipe length (L) of 30 meters (3,Wcm). 

Calculate LID = 3.000cm = 1,000 
I 3cm 

I The alignment chart solution is in two steps: 

1. Connect internal diameter Scn to available head (10 meters), and make a 
mark on the Index Scale. (In thi; step, disregard "Q" scale) 

I 2. Connect mark on Index Scale with i / D  (*,OW), and read flow rate (Q) of 

I approximately 140 liters per minute. 



/NOEX SCALE 

Alignment chart f o r  determining probable water f low with known reser- 
vo i r  height and size and length o f  pipe. 

Source: 

Crane Company Technical Paper #407, yages 54-55. 
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Estimating Water Flow from Horizontall Pipes 

If a horiiontal pipe is discharging a full stream of watcr, you can estimatz the 
rate of flow from the alignment chart in Figure 2. This is a standard engineering 
technique lor estimating flows; its results are usually accurate to within 10 
percent of the actual flow rate. 

Tools and Materials 

Straightedge and pencil, to use alignment 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 co~.stricting 
or enlarging fitting at the end of the pipe. 

Example: 

Water is flowing 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 i1 Figure 2 
with the 60cin point on the "D" scale. This line intersects ihe "q" scale 
at about 100 liters per minute, the rate at which water is flowing out 
of the pipe. 

Source: 

Dudworth, Clifford C. "Flow of Water from Horizontal Open-end Pipes." Chemical 
Processing, June 1959, p. 73. 





Determining Pipe Size or Velocity sf Water in Pipes 

The choice of pipc sizc is onc of the first stcps in designing a simple I 
system. 

The alignment chart in Figure 1 can be used to compute the pipe sizc nccde 
a water system when the water velocity is known. The chart can also br, usc 
frnd out what water velocity is needed with a given pipe size to yielc 
required rate of flow. 

Tools and Materials 

Straightedge 
Pencil 

Practical water systems use water velocities from 1.2 to 1.8 meters (3.9 t 
feet) per second. Very fast velocity requires high pressare pumps, which in 
require large motors and use excessive power. Velocities that are too lo\ 
expensive because larger pipe diameters must be used. 

It may be advisable to calculate the cost of two or more systems base 
different pipe sizes. Remember, it is usually wise lo choose a little larger p 
higher flows are expected in the next 5 to 10 years. In addition, water 
often build up rust and scale, reducing the diameter and thereby increasin 
velocity and pump pressure required to maintain flow at the original rate. If 
capacity is designed into the piping system, more water can be delivert 
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. 
Draw a line from that point, through lSm/sec velocity on the Y-scale, to 1 
scale. Choose the nearest standard size pipe. 

For example, suppose you need a flow of 50 liters per minute at the time 01 
demand. Draw a line from 50 liters per minute on the Q-scale through 1.8; 
on the V-scale. Notice that this intersects the d-scale at about 2.25. The c 
pipe size to choose would be the next !argest standard pipe size, e.g., 1" nc 
diameter, U.S. Schedule 40. If pumping costs (electricity or fuel) are hi 
would be well to limit velocity to 1.2m/sec and install a slightly larger pipe size. 

Source: 

Crane Company Technical Paper #W, pages 46-47. 





Xstirnating Flow Resistance of Pipe Fittings 

One of the forces a pump must overcome to deliver water is the friction/resis- 
tance of pipe fittings and valves to thc 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 
resistauce: it gives the equivalent length of straight pipe that would have the 
same resistance. The sum of these equivalent lengths is then added to the actual 
length of pipe. This gives the total equidcnt pipc Iclragth, which is used in the 
entry, "Determiling Pump Capacity and Horscpovrer Requirements," to dztermine 
total friction loss. 

Rather than calculate the pressure drop for each valve or fitting separately, 
Figure 1 gives the equivalent Iength of straight pipe. 

Valves 

Note the difference in equivalent length depending on how far the valve is open. 

1. Gate Valve: full opening valve; can see thr~ugh it when open; used for 
complete shut off of flow. 

2. Globe Valve: cannct 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 in one direction but 
closes when water tries to flow in the opposite direciion. 

Example 1: 

Bipewith 5cm inside diameter 

Eqllivalent Length in Meters 

a. Gate Valve (fuily open) 
b. Flow k t o  line - ordinary entrance 
c. Sudden edsrgement into lOcm pipc 

(d/D = 112) 

I d. Pipe Iength 



Resistance of Valves and Fittings 
to Flow of Fluids 

EXAMPLE / - SOLID L/#& 
EXAMPLE 2 - SROKhN UNE 



Example 2: 

Pipe with lOcm inside diameter 

Equivalent Length in Meters 

a Elbow (standard) 
b. Pipe length 

Total Equivalent Pipe Length 14.0 

Fittings 

Study the variety of tees and elbows: note carefully the direction of flow through 
the tee. To determine the equivalent length of a fitting, (a) pick proper dot on 
"fitting" line, @) connect with inside diameter of pipe, then using a straight edge 
read equivalent length of straight pipe in meters, and (c) add the fitting 
equivalent length to the actual length of pipe being used. 

Source: 

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

Bamboo Piping 

Where bamboo is readily available, it seems to be a good substitute for metal 
pipe. Bamboo pipe is easy to make with unskilled labor and local materials. The 
important features of the design and construction of a bamboo piping system are 
given here. 

Bamboo pipe is extensively used in Indonesia to transport water to villages. In 
many rural areas of Taiwan, bamboo is commonly used in place 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 is made by punching holes in the bamboo and wrapping that section 
with a fibrous mat-like material from a palm tree, Chamaerops humilis. In fact, 
sucb fibrous screens are also used in many galvanized iron tube wells. 

Bamboo piping can hold pressure up to two atmospheres (about 2.lkg per square 
centimeter or 30 pounds per square inch). It cannot, therefore, be used as 
pressure piping. It is most suitable in areas where the source of supply is higher 
than the area to be served and the flow is under gravity. 

Figure 1 is a sketch of a bamboo pipe water supply system for a number of 
villages. Figure 2 shows a public water fountain. 





If bamboo piping is to carry water for drinking purposcs, the only preservative 
treatment recommended is boric acid: borax in a 1:l ratio by weight. The recom- 
mended treatment is to immerse green bamboo completely in a solution of 95 
percent water and 5 percent boric acid. 

After a bamboo pipe is put into operation it gives an undesirable odor to the 
water. This, however, disappears after about three weeks. If chlorination is done 
before discharge to the pipe, a reservoir giving sufficient contact time for 
effective disinfection is required since bamboo pipe removes chlorine compounds 
a d  no residual chlorine will be maintained in the pipe. To avoid possible con- 
tamination by ground water, an ever present danger, it is desirable to maintain 
the pressure within thc pipe at a higher level than any water pressure outside the 
pipe. Any leakage will then be from the pipe, and contaminated water will not 

Design and Construction 

Tools and Materials 

Baniboo pipe is made of lengths of bamboo of the desired diameter by boring out 
the dividing membrane at the joints. A circular chisel for this purpose is shown 
in Figure 3. One end of a short length of stzel pipe is belled out to incrcase the 
diameter and the edge sharpened. A length of bamboo pipe of sufficiently small 
diameter to slide into the pipe is uscci as a boring bar and secured to the pipe by 
drilliig a small hole through the assembly and driving a nail through the hole. (A 



Bamboo pipe lengths are joined in a number of ways, as shown in Figure 4. Joints 
are made watertight by caulking with cotton wool mixed with tar, then tightly 
biiiiing with rope soaked in hot tar. 

Bamboo pipe is preserved by laying the pipe below ground level and ensuring a 
continuous flow in t5e pipe. Where the pipe is laid above ground level, it is 
protected by wapping 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. Deterioration and failure usually occur at the 
natural joints, whicl? are the weakest parts. 

Where the depth of the pipe below the water sosrce is such that the maximum 
PI.CSSU~C will be exceeded, pressure relief chambers must be installed. A typical 
cErrrnber is shown in Figure 5. These chambers are also installed as reservoirs for 
b r a d  supply lines to villages en route. 

Size requirements for bamboo pipe may be determined by using the pipe capacity 
alignment chart in Figure 6. 

Water Supply Using Bamboo Pipe. AID-UKC/IPSED Series Item No. 3, International 
Program h Six-dary Engineering Design, University of North Carolina, 1966. 





F / 6 U R E  6 

NOMOGRAPH F;? FLOW IN BAMBOO P I P E  

EXAMPLE : 

Given 0 = 6 0 m  
1 = 0.0445m/m 

So lu t i on  Q = 2.05 l /sec .  
V = 67.5 cm/sec. 



WATER LIFTING 

Pump Specifications: Choosing or Evaluati~g a Pump 

The form given in Figure 1, the "Pump Application Fact Sheet," is a check list 
for collecting the information needed to get help in choosing a pump for a 
particulax situation. If you have a pump on hand, you can also use the form to 
estimate Its capabilities. The form is an adaptarion of a standard pump specifi- 
cation sheet used by engineers. 

Fill out the form and send it off to a manufacturer or a technical assistance 
organization like VITA to get help in choosing a pump. If you are doubtful about 
how much information to give, it is better to give too much information than to 
risk not giving enough. When seeking advice on how to solve a pumping problem 
or when askng p m p  manufacturers to specifj the best pump for your service, 
give complete information on what its use will be and how it will be installed. If 
the experts are not given all the details. thc pump chosen may give you trouble. 

The "Pump Application Fact Sheet" is shown filled in for a typical situation. For 
your own use, make a copy of the form. The following comments on each number- 
ed item on the fact sheet will help you to complete the form adequately. 

1. Give the exact composition of the liquid to be pumped: Frcsh 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 the liquid (or filter 
the liquid through a cloth so that the liquid coming through is clear). Weigh 
the solids and the liquid, and give the weight percent of solids. 

If this is not possible, measure the volume of the sample (in liters, U.S. 
gallons, etc.) and the volume of solids (in cubic centimeters, teaspoons, etc.) 
and send these figures. Describe the solid material completely and send a 
small sample if possible. This is important; if the correct pump is not 
selected, the solids will erode and/or break moving parts. 

Weight percent of solids = 

100 x weight of solids in liquid samnle 
weight of liquid sample 

3. If you 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 higk. 

4. Gas bubbles or boiling cause special prcb!ems, and must always be mentioned. 



PUMP APPLICATION FACT SHEET 
,-, 

NAME 
ADDRE 

1. L i q u i d  t o  be handled: 

2. Erosive e f f e c t  o f  l i q u i d :  
(a )  Weight percent o  
b  Type o f  so l ids :  
c  S ize  o f  so l i ds :  1 1  

3. Flaximum temperature 

4. Special s i t u a t i o n s  (exp la i n )  : 
(a )  Gases i n  l i q u i d :  iia 
(b) L i q u i d  b o i l i n g :  7 

5. Capaci ty required:  1  i t e r s  p e r  minute 
or: 1500 ki lograms pe r  hour-mtc.&.~.;p.f 
or :  h n n / ~ ~ ~ ~ / . / ~ . ~ , / r ~ e  4.-J,y&l& 

c ~ j u C f l  + C C  Xc p/i /:, 4tt 4 ~ ' ~ ~ ~  ry.pl/fiL~(it r / 

6. Power source ava i l ab le :  
( a )  E l e c t r i c a l :  v o l t s  

AC: bydL phase o r :  DC: v o l t s  - cyc les  pe r  second 

(b )  Fuel :  
(c )  Other: 

7. D i f f e r e n t i a l  head and suc t ion  head: A&-& 
8. Pipe ma te r i a l :  Suction: 

10. Sketch o f  p i p i n g  ( a l l  f i t t i n g s  and valves shown) nrriickl 

11. Other c o n e n t s :  

F igure  1. Pump S p e c i f i c a t i o n  Fact  Sheet. Make a  copy o f  t h i s  form f o r  your  own use. 

NOTE: For adv ice  on pump se lec t i on  o r  app l i ca t i on ,  send t he  completed form (keeping 
a  copy f o r  y o u r  own i n f o r m t i o n ) t o  a  l o c a l  u n i v e r s i t y ,  a  pump manufacturer o r  t o  
VITA. 

* A c t u a l l y  t h i s  p i p i n g  i s  t he  same as 2" U.S. Schedule 40. 



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

B. If you want to buy an engine driven pump, describe the type and cost 
of fuel, the altitude, maximum air tcmperature, and say whether the air 
is unusually wet or dusty. 

C. If you already have an electric motor or engine, give as much informa- 
tion about it as you can. Give the speed and sketch the machine, being 
especially careful to show the power shaft diameter and where it is 
with respect to the mounting. Describe the size and type of pulley if 
you intend to use a belt drive. Finally, you must estimate the power. 
The bcst thing is to copy the name plate data completely. If possible 
give the number of cylinders in your engine, their size, and the stroke. 

7. The "head" or pressure to be overcome by the pump and the capacity (or 
required flow of water) determine the pump size and power. The entry 
"Determining Pump Capacity and Horsepower Requirements," explains the 
calculation of simple head situations. The best approach is to explain the 
heads by drawing an accurate piping sketch (see Item 10 in the "Pump 
Application Fact Sheet"). Be sure to give the suction lift and piping sepa- 
rately from the discharge lift and piping. An accurate description of the 
piping is essential for calculating the friction head. See Figure 2. 

8. The piping material, inside diarnetcr, 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-Overview" for 
comments on specifying pipe diameter. 

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

1 10. In the sketch be sure to show the following: 

(a) Pipe sizes; show where sizes are changed by indicating reducing 
fittings. 



(b) All pipe fittings-clbows, 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 wed. Comment on such points as: 

o Indoor or outdoor installation? 
G Continuous or intermittent service? 
o Space or weight limitations? 

Source: 

Beiljamin P. Coe, VITA Volunteer, Schenectady, New York. 

- RCDUCKQ FfrTINGS 

I 

Lowfa T DIOCUAP~E 
L/FT -6.26 C# I. 0. PIPS 

3 n 

I ., 
s u c r l c w T  LIFT [ ' 

cSUCT/ON PIPE Sf= .' 5.26 CM I. D. 
7orLI~ SUOION PIPS LCN6Tu: / .6M 

CHSCK 
VALVE P/PC SIZE 

I RPTIU. IN C U  
r8vslD Our91Ol 

5.28 



Determining Pump Capacity and Horsepower Requirements 

With the alignment chart in figure 1, you can determine the necessary ?ump size 
(diameter or discharge outlet) and the amount of horsepower needed to powcr the 
pump. The power can be supplied by people or by motors. 

An average healthy person can generate about 0.1 horsepower (HP) for a reason- 
ably long period and 0.4HP for short bursts. Motors are designed for varying 
amounts of horsepower. 

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 desired i7 liters per minute. 

2. Measure the height of the lift required (from the point where the water 
enters the pump suction piping to where it discharges). 

3. Using the entry "Determining Pipe Size or Velocity of Water in Pipes," page 
74, choose a pipe size that will give a water velocity of about 1.8 meters 
per second (6' per second). This velocity is chosen because it will generally 
give the most economical combination of pump and piping; Step 5 explains 
how to convert for higher or lower water velocities. 

4. Estimate the pipe friction-loss head (a 3-meter head represents the pressure 
at the bottom of a Zmeter-high column of water) for the total quivalent 
pipe Iclyth, including suction and discharge piping and equivalent pipe 
lengths for valves and fittings, using the following equation: 

Friction-loss head = F x total eauivalent pipe len~th 
100 

where F equals approximate friction head (in meters) per 100 meters of pipe. 
To get the value of F, see the table below. For an explanation of tdal 

1 equivalent pipe length, see preceding sections. 

5. To fmd F (approximate friction head in meters per lOOm of pipe) when 
water velocity is higher or lower than 1.8 meters per second, use the 
following equation: 

where V = higher or lower velocity 





Example: 

If the water velocity is 3.6m per second and F at 1.8mlsec is 16, then: 

6. Obtnin "Total Head" as f~iiows: 

Total Head = Height of Lift + Friction-loss Head 

Average fiction loss iu meters for fresh watcr flowing through steel pipe 
vclodty is l.8 m d e ~ s  (6 feet) ger second 

Pipe inside diameter: cm 2.5 5.1 7.6 10.2 15.2 20.4 30.6 61.2 
inches* 1" 2" 3" 4" 6" 8" 12" 24" 

F (approximate friction 16 7 5 3 2 1.5 1 0.5 
loss in meters per 100 
meters of pipe) 

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

7. Using a straightedge, connect the proper point on the T-scale with the 
proper point on the Q-sde; read motor bsisepower and pump size on the 
other two scales. 

Example: 

Desired flow: 400 liters per minute 
Height of lift: 16 meters, No fittings 
Pipe size: 5cm 
Friction-loss head: about I meter 
Total head: 17 meters 

Solution: 

Pump size: 5crn 
Motor horsepower: 3HP 

Note that water horsepower is less than motor horsepower (see HP-scale, Figure 
1). 7% is because of frictioc losses in the pump and motor. The alignment chart 
should be used for rough estimate only. For an exact determination, give all 
information on flow and piping to a pump manufacturer or an independent expert. 



He has the exact data on pumps for various applications. Pump specifications can 
be tricky especially if suction piping is long and the suction lift is great. 

For conversion to metric horsepcwer given the limits of accuracy of this method, 
metric horsepower can be considered roughly equal to the horsepower indicated by 
the alignment chart (Figue 1). Actual metric horsepower can be obtained by 
multiplying horsepower by 1.014. 

Source: 

Kulman, CA. Nomographic Charts. New York: McGraw-Hill Book Co., 1951. 

Determining Lift Pump Capability 

The height that a lift pump can raise water depends on altitude and, to a lesser 
extent, on water temperature. The graph in Figure 1 will help you to find out 
what a lift pump can do at various altitudes and water temperatures. To use it, 
you will need a measuring tape and a thermometer. 

If you know your altitude and the temperature of your water, Figure 1 will tell 
you the maximum allowable distance between the pump cylinder and the lowest 
water level expected. If the graph shows that lift pumps are marginal or will not 
work, then a force pump should be used. This involves putting the cylinder down 
in the well, close enough to the lowest expected water level to be certain of 
proper functioning. 

The graph shows normal lifts. Maximum possible Sits under favorable conditions 
would be about 1.2 meters higher, but this would require slower pumping and 
vrauld probably give much difficulty in "losing the prime." 

Check predictions from the graph by measuring lifts in nearby wclls or by 
experimentation. 

Example: 

Suppose your elevation is 2,000 meters and the water temperature is 
25OC. The graph shows that the normal lift would be four meters. 

Source: 

Baumeister, Theodore. Mechanical Engineer's Handbook 6th edition. New York: 
McGraw-Hi Book Co., 1958. 
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SIMPLE PUMPS 

Chain Pump for Irrigation 

SUCTION LIFT IN METERS 

F/GURE I 

The 
well 

chain pump, which can be powered by 
pump to lift water for irrigation (see 

hand or animal, is primarily a shallow- 
Figure 1). It works best when the lift 

is less tban 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 
proportional to the square of the 
diameter of the tube. Figure 2 
shows what can be expected from a 
lOcm (4") diameter tube operated 
by four people working in two 
shifts. 

The pump is intended for use as an 
irrigation pump because it is 
difficult to seal for use as a 
sanitary pump. 
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Tools and hlaterials 

Weldiig or brazkg equipment 
Metal-cutting equipment 
Wood\vorKig tools 
Pipe: 10cm (4") outside diameter, length as needed 

5cm (2") outside diameter, length as needed 
Chain with l i d s  about 3mm (5116") in diameter, length as needed 
Sheet steel, 3mm (118") tLick 
Sheet steel, Gmm (114") thick 
Sl.eel rod, 8mm (5116") in diameter 
SI:ee! rod, 12.7mm (112") in diameter 
Leather or rubber for washers 

The entire chain pump is shown in Figure 3. Details of this pump can b:: changed 
to fit matcrials available and strilcture of the well. 

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

1. a leather or nisber washer (see Figure 4) with an outside diameter about 
two thicknesses of a washer larger than the inside diameter of the pipe. 

2. a piston disk (see Figure 5). 

3. a retaining plate (see Figure 6). 

The piston link is made as shoun in Figure 7. Center all three parts and clamp 
them together temporarily. Drill a hole about 6mm (114") in diameter through all 
three pxts and fasten them together with a bolt or rivet. 

The winch is built as shown in Figure 3. Two steel disks 6mm (114") thick are 
welded to the pipe shaft. 

Twclve steel rods, 12.7mm (112") thick, are spaced at equal diitances, at or near 
the outside diameter, and are welded in place. The rods may be laid on the 
outside of the disks, if desired. 
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A crank and handle of wood or metal is then welded or bolted to the winch 
shaft. 

The supports for the winch shaft (see Figure 3) can be V-notched to hold the 
shaft, which will gradually wear its own groove. A strap or block can be added 
across the top, if necessary, to hold the shaft in place. 

The pipe can be supported by threading or welding a flange to its upper end (see 
Figure 8). The flange should be 8mm to lOmm (5116" to 318") thick. The pipe 
passes through a hole in the bottom of the trough and hangs from the trough 
into the well. 

Sources: 

Robert G. Young, VITA Volunteer, New Holland, Pennsylvania 

Molenaar, Aldert. Water Lifiing Devices for Imgation. Rome: Food and Agriculture 
Organization, 1956. 
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Inertia Hand Pump 

The inertia hand pump de- 
scribed here (Figure 1) is a 
very efficient pump for lifting 
water short distances. It lifts 
water 4 meters (13') at the 
rate of 75 to 114 liters (20 to 
30 U.S. gallons) per minute. It 
lifts water 1 meter (3.3') at 
the rate of 227 to 284 liters 
(60 to 75 gallons) per mimte. 
Delivery depends on the num- 
ber of persons pumping and 
their strength. 

The pump is easily bu i l~  by a 
tinsmith. Its three moving 
parts require almost no main- 
tenance. The pump has been 
built in three different sizes 
for different water levels. 

The pump is made from gal- 
vanized sheet metal of the 
heaviest weight obtainable 
that can be easily worked by 
a tinsmith (24- to 28-gauge 
sheets have been used suc- 
cessfully). The pipe is formed 
and made air tight by sold- 
ering all joints and seams. 
The valve is made from the 
metal of discarded barrels and 
a piece of truck inner tube 
rubber. The  bracket for 
attaching the handle is also 
made from barrel metal. 

Figure 1 shows the pump in 
operation. Figure 2 gives the 
dimensions of parts for pumps 
in three sizes and Figure 3 
shows the apacity of each 
size. Figures 4, 5, and 6 are 
construction drawings. 



Tools and Materials 
(for 1-meter (33') pump) 

Soldering equipment 
Drill and bits or punch 
Hammer, saws, tinsnips 
Anvil (railroad rail or iron pipe) 
Galvanized iron (24 to 28 gauge): 
Shield: 61cm x 32cm, 1 piece (24" x 12 518") 
Shield cover: 21cm x 22cm, 1 piece (8 114" x 8 518") 
Pipe: 140cm x 49m, 1 piece (55 118" x 19 i/4") 
Top of pipe: 15cm x 15cm, 1 piece (6" x 6") 
"Y" pipe: 49cm x Ncm, 1 piece (19 114" x 12") 
Barrel metal: 

Bracket: 15cm x 45cm, 1 piece (6" x 21 114") 
Valve-bottom: 12cm (4 314") in diameter, 1 piece 
Valve-top: 18cm (7 118") in diameter. 1 piece 

Wire: 
Hinge: 4mm (5132") in diameter, 32cm (12 518") long 

This pump can also be made from plastic pipe or bamboo. 

There are two points to be remembered concerning this pump. One is that the 
distance from the top of the pipe to the top of the hole where the short section 
of pipe is connected must be 20cm (8"). See Figure 4. The air that stays in the 
pipe above this junction serves as a cushion (to prevent "hammering") and 
regulates the number of strokes pumped per minute. The second point is to 
remember to operate the p m p  with short strokes, 15 to 20cm (6" to 8"), and at a 
rate of about 80 strokes per n;lnute. There is a definite speed at which the pump 
works best and the operators will soon get the "feel" of their own pumps. 

In building the two larger sue pumps it is sometimes necessary to strengthen the 
pipe to keep it from collapsing if it hits the side of the well. it can be strength- 
ened by forming "ribs" about every 30cm (12") below the valve or banding with 
bands made from barrel metal and attached witb 6mm (114") bolts. 

The handle is attached to the pump and post with a bolt lOmm (318") in diameter, 
or a large nail or rod of similar size. 

Source: 
Dale Fritz, VITA Volunteer, Schenectady, Ncw York. 
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Handle Mechanism for Hand Pumps 

The wearing parts of this durable handpump handle mechanism are wooden (see 
Figure 1). They can bbe easily replaced by a village carpenter. This handle has 
been designed to replace pump handle mechanisms which are difficult to maintain. 
Some have been ia use for several years in India with only simple, infrequent 
repairs. 

The mechanism shown in Figure 1 is bolted to the top flange of your pump. The 
mounting holes A and C in the block should be spaced to fit your pump (see 
Figure 5). Fibwp_ 2 shows a pump with this handle mechanism that is manufac- 
tured by F. Humane and Bros., 28 Strand Road, Calcutta, India. 

Tools and Materials 

saw To ‘4'NGr 

Drill 
Bits 
Tap: 12.5mm (112") 
Tap: lOmm (318") 
Chisel 
Drawknife, spokeshave or lathe 
Hardwood~.4cm x 6 .km x 6.4cm 

(34" x 2 112" x 2 112") 
Mild steel rod: 10mm (3/4) in diameter 

and 46.5cd (16") long 
Strap iron, 2 pieces: 26.7cm x 38mm x 6mm 

(10 112" x 1 112" x 1/4") 

BOLT HARDWARE 

Number Number Number Number 
of bolts Dia. Length of nuts of lock- of plain Purpose 
needed mm mm needed washers washers fastens: 

1 10 38 0 0 0 76mm bolt to rod. 
1 10 76 0 0 2 Rod to handle * 
2 12.5 89 2 4 4 Link to handle 

Link to block 
2 12.5 ? 2 2 2 Block to pump 
1 12.5 ? 1 1 0 Rod to piston 



Handle 

Make the handle of tough hard- 
wood, shaped on a lathe or by hand 
shaving. The slot should be cut 
wid2 enough to accommodate :he 
rod with two plain washers 0.1 

either side. See Figure 3. 

Rod 

The rod is made of mild steel as 
shown in Figure 4. A lOmm (318") 
diameter machine bolt 38mm (1 
112") long screws into the end of 
the rod to lock the rod binge pin 
in place. The rod hinge pin is a 
10mm (3,'s") diameter machine bolt 
that connects the rod to the handle 
(see Figure 1). The end of the rod 
can be bolted directly to the pump 
piston with a 12.5mm bolt. If the 
pump qlhder is too far down for 
this, a threaded 12.5mm (112") rod 
sbould be used instead. 

FIG 3 
a N D L E  

Links 

The links are hvo pieces of Bat steel strap iron. Clamp them together for drilling 
to make the bole spackg equzl. See Figure 5. 

Block 

The block forms the base of the lever mechanism, serves as a lubricated guide 
hole for the rod, and provides a means for fastening the mechanism to the pump 
barrel. If the block is accurately made of seasoned tough hardwood without knots, 
the mechanism will function well for many years. Carefully square the block to 
22.9crn x 6.4cm x 6.4cm (9" x 1 1/2" x 1 112"). Next holes, A, B, C, and D are 
drilled perpendicular to the block as shown in Figure 6. The spacing of the 
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mounting holes A xid  C from hole B is determhed by the spacing of the bolt 
holes in ,Se barrel flange of your pump. Next saw the block in half in a plane 
55cm (1 3/8") down from the top side. Enlarge hole B at the top of the lower 
section with a chisel to form an oil well around the rod. This well is filled with 
cotton. A 6mm (114") hole, J?, is &ied at an angle from the oil well to the 
surface of the block. A second oil. duct hole E is drilled in the upper section of 
the block to meet hole D. Use iockwashers under the head and nut of the lid 
bolts to lock the bolts and links together. Use plain washers between the links 
and the wooden parts. 

Source: 

Abbott, Dr. Edwin. A Pump Designed for Village Use. Philadelphia: American 1 Friends S e ~ c e  Committee, 1955. 



Hydraulic Has m 

A hydraulic ram is a self-powered pump that uses :he energy of falling water to 
lift some of the water to a level above the original source. This entry explains 
the use of commercial hydraulic rams, which are available in some countries. Plans 
for building your own hydraulic ram are also available from VITA and elsewhere. 

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 in altitude. The source must be a flow of at least 11.4 
liters (?gallons) a minute. Water can be lifted about 7.6 meters (25') for each 
30.5cm (12") of fall in altitude. It can be lifted as high as 152 meters (500'), but 
a more common lift is 45 meters (150'). 

The pumping cycle (see Figure 1) is: 

o Water flows through the drive pipe (D) and out the outside valve (F). 

o The drag of thc moving water closcs the valve (F). 

o The momentum of water in the drive pipe (D) drives some water into the air 
chamber (A) and out the delivery pipe (I). 

The flow stops. 

o The check valve (B) closcs 

o The outside valve (I?) opens to start the next cycle. 

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

A. 4lU CHAMBER 
5. CYfClC  VALVZ 

C.  ADJU6r.UENr WATIWf 
0 .  OWVE P/pE 
E. GATE V4LVE 

F. OUrS/OS YaLVE 
6. CAST IRON 8As 
hf. AAIR FfEOba VALVE 
1 .  QSII VELZY PlPE 



The length of the drive pipe must be bctween five and tcn times thc lcngth of 
the fall (see Figure 2). If tine distance from the source to the ram is greater than 
ten timcs the length of the fall, the length of the drive pipe can be adjusted by 
installing a stand pipe between thc sourcc and the ram (sec B in Figure 2). 

Once thc ram is installcd there is little need for maintenance and no nced for 
skilled labor. The cost of a hydraulic ram systcrn must includc the cost of thc 
pipe and installation as well as the ram. Although the cost may seem high, it 
must be remembered that there is no further power cost and a ram will last for 
30 years or more. A ram used in freezing climates must be insulated. 

- 0 . ~ 4 7  
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A double-acting ram will usc an impure water supply to pump two-thirds of the 
pure water from a spring or similar source. A iGrd of the pure water mixes with 
the impure water. A supplicr should be consulted for this special application. 

To calculate the approximate pumping rate, use the following equation: 

Capacity (g lons  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 ihe water must be raised above the ram 

4. Quantity of water required per day 

5. Distance from th6 source of supply to the ram 

6.  Distance from the ram to the storage tank 

Sources: 

Loren G. Sadler, New Holland, Pennsylvania --% 

Rife Hydraulic Engine Manufacturixig Company, Millburn, New Jersey 

Sheldon, W.H. l l te Hydraulic Rar?~. Extension Bulletin 171, July 1943, Michigan 
State College of Agriculture and Applied Science. 

"Country Workshop." Australian Country. September 1961, pages 32-33. 

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



WECPPROCATING WIRE POWER TIUNSMPSSION 
FOR WATER PUMP 

A reciprocating wire can transmit power from a water wheel to a point up to 
0.8km (112 mile) awiay where it is usually used to pump well water. These dcviccs 
have been used for many years by the Amish people of Pennsylvania. If they are 
properly installed, they give long, trouble-free service. 

The Amish people use ;his method to transmit mechanical power from small water 
whec:ls to the barnyard, where the reciprocating lnotion is used to pump well 
water for home and farm use. The water wheel is typically a small undershot 
wheel (with the water flowing under the wheel) one or two feet in diameter. The 
wheel shaft is fitted with a crank, which is attached to a triangular frame that 
pivots on a pole (see Figure 2). A wire is used to connect this frame to another 
idenltical unit located over the well. Counterweights keep the wire tight. 

Tools and Materials 

Wke: galvanized smooth fence wire 
Water wheel with eccentric crank to give a motion slightly less than largest 
stroke of farmyard pump 
Galvanized pipe for triangle frames: 2cm (314) by 10 metcrs long (32.8') 
Welding or brazing equipment to make frames 
Concrete for counterweight 
2 Poles: 12 to 25cm ( 6  to 10") in diameter. 
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As :he water wheel turns, the 
v POLE ci'2d: tips the triangular frame 

back and forth. This action pulls 
the wire back and forth. One 
typical complcte back and forth 
cycle takes 3 to 4 seconds. 
Sometimes power for several 
transmission wires comes from one 
larger water wheel. 

The wire is mounted up on poles to 
keep it overhead and out of the 

& way. If the distance from stream to *' courtyard is far, extra poles will be 
needed to help support the wire. 

F/GURE 3 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. If this is not possible, try 
making the pole 1-2 meters higher 
than the power wire. Drive a heavy 
nail near the pole top atd attach a 

TEEL ROD OR PIPE chain or wire from it to the power 
SUNK INTO wire as shown in Figure 3. 

'IPE FRAME WELDED Turns can be made in order to OR BRAZED 
follow hedgerows by mounting a 
small triangular frame horizontally 
at the top of a pole as shown in 
Figure 4. 

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

DEVICE FOR 
TURNING CORNERS 

Source: 

New Hoilad, Pennsylvania VITA Chapter. 
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WIND ENERGY FOR WATER PUMPING 

Overview 

There are many places in the world wherc wind energy is a good alternativc for 
pumping water. Specifically these include windy areas with limited access to othcr 
forms of power. In order to determine whether wind power is appropriate for a 
particular situation an assessment of its possibilities and the alternatives should 
be undertaken. The necessary steps include the following: 

1. Identify the users of thc water. 

2. Assess the water rcquirement. 

3. Find the pumping height and overall power rcquircments. 

4. Evaluate the wind resources. 

5. Estimate the size of the wind machine(s) needed. 

6. Compare the wind machine output with the watcr rcquircmcnt on a 
seasonal basis. 

7. Sciect a type of wind machine and pump from the available options. 

8. Identify possible suppliers of machines, spare parts, repair, etc. 

9. Identify alternative sources for water. 

10. Assess costs of -various systems and perform economic analysis to find 
least cost alternative. 

11. If wind energy is chosen, arrange for obtaining and installing the 
machines and for providing for their maintenance. 

Decision Making Process 

The following summarizes the key aspects of those sugested steps. 

1. Identiff, the Users 

This step seems quite obvious, but should not be ignored. By paying attention to 
who will use the wind machine and its water it will be possible to develop a 
project that can have continuing success. Questions to consider are whether they 
are villagers, farmers, or ranchers; what their educational level is; whether they 
have had experience with similar types of technology in the past; whether they 



have access to or experience with metal working shops. Who will be payjng for 
the projects? Who will be owning the equipment; wLo will be responsible for 
keeping it running; and who will be benefitting most? Another important question 
is how many pumps are planned. A large project to supply many pumps may well 
be different than one looking to supply a single site. 

2. Assess the Water Requirements 

There are four main types of uses for water pumps h~ areas where wind energy is 
likely ~o be used. These are: 1) domestic use, 2) livestock watering, 3) irrigation, 
4) drainage. 

Domestic use will depend a great deal on the amenities available. A typical 
villager may use from 15 - 30 liters per day (4-8 gallons per day). When indoor 
plumbing is use;. water consumption may increase substantially. For example, a 
flush toi!ci consumes 25 liters (6 1/2 gallons) with e:ach use and a shower may 
take 2'40 (@ gallons.) When estimating water requirements, one must also consider 
population growth. For example, if the growth rate is 3 percent, water use would 
increase by nearly 60 percent at the end of 15 years, a reasonable lifetime for a 
water pump. 

Basic livestock requirements range from abo3t 0.2 liters (0.2 quart) a day for 
chickens or rabbits to US liters (36 gallons) a day for a milking cow. A single 
cattle dip might use 7500 liters (2000 gallons) a day. 

Estimation of irrigation requirements is more complex and depends on a varie~y of 
meteorological factors as well as the types of crops involved. The amount of 
irrigation water needed is approximately equal to  the difference between that 
needed by the plants and that provided by rainfall. Various techniques may be 
used to estimate evaporation rates, due for example  to wind and sun. These may 
then be related to plant requirements at different stages during their growing 
cycle. By way of example, in one semi-arid region irrigation requirements varied 
from 35,000 liters (9,275 gallons) per day per hectare (2.47 acres) for fruits and 
vegetables to 100,000 liters (26,500 gallons) per day per hectare for cotton. 

Drainage requirements are very site dependent. Typical daily values might range 
from 10,000 to 50,000 liters (2,650 to 13,250 gallons) per hectare. 

In order to make the estimate for the water demand, each user's consumption is 
identified, and summed up to find the total. As will become apparent later. It is 
desirable to do this on a monthly basis so that the demand can be related to the 
wind resource. 



3. Find Pumping Height and Total Power Requirement 

If wells are already available their depth can be measured directly. If ncw wclls 
me to be dug, depth must be estimated by reference to other wclls and knowledge 
of ground water characteristics in the area. The tctal elevation, or head, that the 
pump must work against, however, is always greatt;; than the static well depth. 
Other contrilwtors are the well draw down (the lowc-ing of the water table in 
the vicinity of the well while pumping is underway), t h ~  height above ground to 
which the water will be pumped (such as to a storage tank), and frictional losses 
in the piping. In a propcrly designed system the well depih and height above 
ground of the outlct are the most important determinants of pumping head. 

The power required to pump water is proportional to its mass per unit volumc, or 
density (1000 kg/m3), the acceleration of gravity (g= 9.8 m/s2, the total pumping 

3 head (m), and the volume flow rate of water (m 1s). Power is also inversely 
proportional to the pump efficiency. Note that 1 cubic meter equals 1000 liters. 
Expressed as a formula, 

Power = Density x Gravity x Head x Flow rate 

Example: 

To pump 50 m3 in one day (0.000579 m3/s) up a total head of 15 m 
would require: 

Power = (1000 kg/m3) (9.8m/s2) (15m) (.000579m3/s) = 85 watts. 

Actual power required would be more because of the less than perfect 
efficiency of the pump. 

Sometimes needed pumped power is described in terms of daily hydraulic require- 
ment, which is often given in the units of m3- m/day. For example, in the above 

3 example the hyciraulic requirement is 750 m -m /day. 

4. Evaluate Wind Resource 

It is well known that the power in the wind varies with the cube of the wind 
speed. Thus if the wind speed doubles, the available power increases by a factor 
of eight. Hence it is very important to have a good understanding of the wind 
speed patterns at a given site in order to evaluate the possible use of a wind 

I pump there. It is sometimes recommended that a site should have an average wind 
speed at the height of a wind rotor of at least 2.5 m/s in order to have potential I for water pumping. That is a good rule of thumb, but by no means the whole 
story. Fis t  of all, one seldom knows the wind speed at any height at a prospec- 
tive windmill site, except by estimate and correlation. Second, mean wind speeds 



generally vary with the time of day and year and it makes an enormous difference 
if the winds occur when the water is needed. 

Thc best way to evaluate the wind at a prospcctive site is to monitor it for at 
least a year. Data should be summarized at least monthly. This is often impossible, 
but there should be some monitoring done if a large wind project is envisioned. 
The most practical approach may be to obtain wind 3ata from the nearest weather 
station (for reference) and try to correlate it with that at the proposed wind 
pump site. If at all possible the station should be visited to ascertain the 
placement of the measuring instrument (anemometer) and its calibration. Many 
times anemometers are placed too near the ground or $re obscured by vegetation 
and so greatly underestimate the wind speed. The correlation with the proposed 
site is best done by placing an anemometer there for a relatively short time (at 
least a few weeks) and comparing resulting data with that taken simultaneously at 
the reference site. A scaling factor for the long-tern data can be deduced and 
used to predict wind speed at the desired location. 

Of course, possible locations for wind machines are limited by the placement of 
the wells, but a few basic observations should be kept in mind. The entire rotor 
should be well above the surroundiilg vegetation, which should be kept as low as 
possible for a distance of at least ten times the rotor diameter in all directions. 
W i d  speed increases with elevation above ground, usually by 15-20 percent with 
every doubling of height (in the height range of most wind pumps). Because of 
the cubic relationship between wind speed and power, the effect on the latter is 
even more dramatic. 

5. Estimate Wind Machines Size 

A typical wind pump is shown in Figure 1. Most wind pumps have a horizontal 
axis (that is, the rotating shaft is parallel to the ground). Vertical axis machines, 
such as the Savonius rotor, have usually been less successful in practice. 

In order to estimate wind machine's size it is first necessary to have some ides 
how it will perform in real winds. As previously mentioned, the power in wind 
varies with the cube of the wind speed. It is also proportional to thc density of 
the air. Atmospheric density is 1.293 kg/m3 at sea level at standard conditions but 
is affected by temperature and pressure. The power that a wind machine produces, 
in addition, depends on the swept area of its rotor and the aerodynamic charac- 
teristics of its blades. Under ideal conditions the rotational speed of the rotor 
varies in direct relation to the wind speed. In this case the efficiency of the 
rotor remains constant and power varies as the cube of the wind speed (and 
rotational speed). 

With wind pumps, however, the situation is more complicated. The majority use 
piston pumps, whose power requirements vary directly with the speed of the 
pump. At high wind speeds the rotor can produce more power than the pump can 



use. The rotor speeds up, causing its efficien- 
cy to drop, so it produces less power. The 
pump, coupled to the rotor, also moves more 
rapidly so it absorbs more power. At a 

PA- certain point the power from the rotor equals 
the power used by the pump, and the rota- 
tional speed remains constant until the wind 
speed changes. 

The net effect of all this is that the whole 
system behaves rather differently than an 
ideal wind turbine. Its actual performance is 
best described by a measured characteristic 
curve (Figure 2), which relates actual water 
flow at given pumping heads to the wind 
speed. This curve also reflects other impor- 
tant information such as the wind speeds at 
which the machine starts and stops pumping 
(low wind) and when it begins to turn away 

FIGURE 1: Mica1 Wind Pump in high ~ h d i s  (furling). 
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Most commercial machices and those developed and tested more recently have 
scch curves and these should be used if possible in predicting wind machine 
output. On the other hand, it should be noted that some manufacturers provide 
incomplete or overly optimistic estimates of what their machines can do. Sales 
literature should be examined carefully. 

In addition to the characteristic curve of the wind machine, one must also know 
the pattern of the wind in order accu~ately to estimate productivity. For example, 
suppose it is known how many hours (frequency) the average wind speed was 
between 0-1 m/s, 1-2 m/s, 2-3 m/s, etc., in a given month. By referring to the 
characteristic curve, ,me could determine how much water was pumped in each of 
the groups of hours corresponding to those wind speed ranges. The sum of water 
from all groups would be the monthly total. Usually such detailed information on 
the wind is not known. However, a variety of statistical techniques are available 
from which the frequencies can be predicted fairly accurately, using only the 
long-term mean -wind speed and, when available, a measure of its variability 
(standard deviation). See Lysen, 1983, and Wyatt and Hodgkim, 1984. 

Many times there is little information known about a possible machine or it is 
just desircd to know very approximately what size machine would be appropriate. 
Under these conditions the following simplified formula can be used: 

Power = Area x 0.1 x ( ~ ~ i e a n ) ~  
where 

Power = useful power delivered in pumping the water, watts 

Area = swept area of rotor (3.14 x Radius squared), m 2 

Vmean = mean wind speed, m/s 

By rearranging the above equation, ar, approximate diameter of the wind rotor can 
be found. Returning to the earlier example, to pump 50 m3/day, 15 m would 
require an average of 85 watts. Suppose the mean wind speed was 4 m/s. Then 
the diameter (twice the radius) would be: 

Diameter = 2 [Powel /(3.14) x 0.1 x vmean3)) 
or 

Diameter = 2 x [85/(3.14 x 0.1 x 43)] = 4.1 m 

1 6. Compare Seasonal Water Productiofi to Requirement 

This procedure is usually done on a monthly basis. It consists of comparing the 
amount of water that could be pumped with that actually needed. In this way it 
can be told if the machine is large enough and conversely if some of the time 
there vhll be excess water. This information is needed to perform a realistic 



economic analysis. The results may suggest a change in the size of machines to be 
used. 

Comparison of water supply and requirement will also aid in determining the 
necessary storage size. In general storage should be equal to about one or two 
days of usage. 

7. Select Type of Wind Machine and Pump 

There is 2 variety of types of wind machines that could be considered. The most 
common use relatively slow speed rotors with many blades, coupled to a recipro- 
cating piston pump. 

Rotor speed is described in tr:rms of the tip speed ratio, which is the ratio 
between the actual speed of the blade tips and the free wind speed. Traditional 
wind pumps operate with highest efficiency when the tip speed ratio is about 1.0. 
Some of the more recently developed machines, with less blade area relative to 
their svJepL area, perform best at higher tip speed ratios (such as 2.0). 

A primary consideration in selecting a machine is its intended application. 
Generallj- speaking, wind pumps for domestic use or livestock supply are designed 
for unattended operation. They should be quite reliable and may have a relatively 
high cost. Machines for irrigation are used seasonally and maj be designed to be 
mal; ~Ily operated. Hence they can be more simply constructed and less expensive. 

For most wind puinp applications, there are four possible types or sources of 
equipment. These are: 1) Commercially available machines of t? sort developed 
for the American West in the late 1800s; 2) Refurbished machines of the first 
types that have been abandoned; 3) Intermediate technology machines, developed 
over the Ias! 20 years for production and use in developing countries; and 4) Low 
technolngy niachines, built of local materials. 

The traditional, American "fm mill," is a well developed technology with very 
high reliability. It incorporates a step down transmission, so that pumping rale is 
a quarter to a third of the rotational speed of the rotor. This design is par- 
ticularly suitable for relatively deep wells (greater than 30m--100'). The main 
problem with these machiies is their high weight and cost relative to their 
pumping capacily. Production of these machines in developing countries is often 
difficult because of the need for czsting gears. 

Refurbushing abandoned traditiolial pumps may have more potential than might at 
first appear likely. In many wiudy parts of the world a substantial number of 
these machines were installed early in this century, but were later abandoned 
when otber forms of power became available. Often these machiies can be made 
operational for much less cost than purchasing a new one. In many cases parts 
from newer aachines are interchangeable with the older ones. By coupling refur- 



bishing with a training program, a maintenance and repair infrastructure can be 
created at the same time that machines are being restored. Development of this 
infrastructure will facilitate the successful introduction of ncwcr machines in the 
future. 

For heads of less than 30m, the intermediate technology machines may be most 
appropriate. Sozic of the groups working on such designs are listed at the end of 
this entry. These machines typically use a higher speed rotor and have no gear 
box On the other hand they may need an air chamber to compensate for adverse 
acceleration effects due to the rapidly movicg piston. The machines are made of 
steel, and require no casting and minimal welding. Their design is such that they 
can be readily mad2 in machine shops in developing countries. Many of' these wind 
pumps have undergone substantial analysis and field testing and can br: considered 
reliable. 

Low technology machines are intended to be built with locally available materials 
and simple tools. Their fabrication and maintenance, on the other hand, are very 
labor intensive. In a number il cases projects using these designs have been less 
successful than had been hoped. If such a design is desired, it should first be 
verified that machines of that type have actually been built and operated success- 
fully. For a sobering ap~raisal of some of the problems encountcred in building 
wind machines locally, see W ~ r d  Energy De~efo~~ntertl bt Kertya (see Sources). 

Although most wind machines use piston pumps, other types includ: mono pumps 
(rotating), centrifugal pumps (rotating at high speed), oscillating vanes, com- 
pressed air pumps, and electric pumps driven by a wind electric generator. 
Diaphragm pumps are sometimes used for low head irrigation (5-10 m or 16-32'). 
No matter what type of rotor is used, the pump must be sized appropriately. A 
large pump will pump more water at high wind speeds than will a small one. On 
the other hand, it will not pump at all at lower wind speeds. Since the power 
required in pumping the water is proportional to the head and the flow rate, as 
the hcad increases the volume pumped will have to decrease accordingly. The 
piston travel, or stroke, is generally constant (with some exceptions) for a given 
windmill. Hence, piston area should be decreased in proportion to the pumping 
head to maintain optimum performance. 

Seiecting the correct piston pump for a particular application involves considera- 
tion of two *es of factors: 1) the characteristics cf Lhc rotor and the rest of 
the machine, and 2) the site conditions. The important machine characteristics 
are: 1) the rotor size (diameter); 2) the design tip speed ratio; 3j the gear ratio; 
and 4) the stroke length. The first two have been discussed earlier. The gear 
ratio reflects the fact that most wind pumps are geared down by a factor of 3 to 
4. Stroke length increases with rotor size. The choice is affected by structural 
consideratiors. Typical values for a machine geared down 3.51 range from 10 cm 
(4") fcr a rotor diameter of 1.8 m (6') to 40 cm (15)for a diameter of 5 m (16'). 



Note that it is the size of the crank driven by the rotor (via the gearing) that 
determines the stroke of the pump. 

The key site conditions are: 1) mean wind speed and 2) well depth. These site 
factors can be combined with the machine parameters to find the pump diameter 
with the use of the following equation. This equation assumes that the pump is 
selected so that the machine performs best at the mean wind speed. 

DP = (DENSW) (G) (HEIGW (TSR) (STROKE) 

where: 
DP = Diameter of piston, m 
?C = 3.1416 
DIAMR = Diameter of the rotor, m 
VMEAN = Mean wind speed, m/s 
GEAR = Gear down ratio 
DENSW = Density of water, 1000 k m3 5! G = Acceleration of gravity, 9.8 m/s 
HEIGHT = Total pumping head, m 
TSR = Design tip speed ratio 
STROKE = Sist~n stroke length, m 

Example: 

Suppose the wind machine of the previous examples has a gear down ratio of 
3.5:1, a design tip speed ratio of 1.0 and a stroke of 30 cm. Then the 
diameter of the piston would be: 

8. IdentifL Suppliers ofinachinery 

Once a type of machine has been selected, suppliers of the cquipment or the 
designs should be contacted for information about availability of equipment and 
spare parts in the region in question, references, cost, etc. If the machine is to 
be built locally, sources of materiai, such as sheet steel, angle iron, bearings, etc. 
will have to be identified. Possible machine shops should bc visited ?ad their work 
on similar kinds of fabrication should be examined. 

9. Identijj Alternative Power Sourcesfor Water Pumping 

There are usually a nsmber of alternatives in any given situation. What might be 
a good option depends on the specific conditions. Some of the possibilities include 



pumps using human power (hand pumps), animal power (Persian wheels, chain 
pumps), internal combustion engines (gasoline, diesel, or biogas), external combus- 
tion engines (steam, Stirling cycle), hydropower (hydraulic rams, norias), and solar 
power (thermodynamic cycles, photovoltaics). 

10. Evaluate Economics 

For al l  the realistic options the likely costs should be assessed and a life cycle 
economic analysis performed. The costs include the first cost (purchase or 
manufacturing pricej, shipping, installation, operation (including fuel where 
applicable), maintenance, spare parts, etc. For each system being evaluated the 
total useful delivered water must also be determined (as described in Step 6). The 
life cycle analysis takes account of costs and benefits that accrue over the life of 
the project and puts them on a comparable basis. The result is frequently 
expressed in an average cost per cubic meter of water (Figure 3). 

U.S. ~ e n t s  per m3. m. 1 2 3 4 5 6 7 

U.S. cents per m3. m. (Frankel. 1986) 

FIGURE 3: Expected range o unit energy costs for two levels of demand, 5 100 and 1000 m .m/day, for different types of prime mover. 



It should be noted that the most economic option is strongly affected by the size 
of the project. In general, wind energy is seldom competitive when mean winds 
are less than 2.5 m/s, but it is the least cost alternative for a wide range of 
conditions when the mean wind speed is greater than 4.0 m/s. 

11. Install the Machines 

Once wind energy has been selected, arrangements should be made for the 
purchase or construction of the equipment. The site must be prepared and the 
materials all brought there. A crew for assembly and erection must be secured, 
and instructed. Someone must be in charge of overseeing the installatior. to 
ensure that it is done properly and to check the machine out when it is up. 
Regular maintenance must be arranged for. 

With proper planning, organization, design, construction, and maintenance, the 
wind machines may have a very useful and productive life. 

Source: 

James F. Manwcll, VITA Volunteer, University of Massachusetts. 
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Water Storage and Treatment 
CISTERNS 

Cisterns for family use are most practical in areas of adequate rainfall and where 
ground water is difficult to obtain or where it contains too many minerals. A 
sealed well usually requires no filtration, no chemical disinfection, and littlc 
upkeel?, while a cistern needs all of these. And cisterns generally 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 
pump. (Pumps are discussed in the section on "Water Lifting.") 

Cistern Tank 

The tank described here can be used for sanitary storage of rainwater for family 
use. It can be constructed of reinforced concrete sealed with asphalt sealing 
compound. 

The cistern tank must be watertight to prevent surface contamination from 
polluting the supply. Reinforced concrete is the best material because it is strong, 
it has a long life and it can be made watertight. 

A manhole and drain must be provided so that the tank can be cleaned. (See 
Figure 1.) A vent and a place through which chlorine can be added easily for dis- 
infection are also necesssry. (Note: Chlorine can be added through the vent by 
removing the U elbow. Lubricate the threads of the elbow to make removal easy.) 

The size of the cistern depends on the family's daily needs and the length of 
time between rainy periods. 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 

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



FIG. I CISTERN WITH SAND FILTER (PUMP INSTALLATION 
OPTIONAL) 
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A &tern with an inside size of 3 meters x 2 meters x 2 meters (7 112' x 7 1/2' 
x 7 112') holds 11,355 liters (3,000 U.S. gallons). The top surfaces of the cistern 
wzlls should be about lOcm above ground. 

To be sure that the cistern is watertight, use about 28 liters of water pcr 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 surface danip for at least 10 days. If possible, pour th- 
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 is being 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 to settle unevenly and crack. A 
screened drain pipe and valve will make cleaning easier. 

An overflow pipe is not needed if a roof-cleaning butterfly valve is properly used. 
If the overflow is Installed, be sure to cover the outlet carefully with copper 
window screer?. A screened vent is necessary if there is no overflow, to allow 
displaced air to leave the cistern. The hand pump must be securely mounted to 
bolts cast into the concrete cistern cover. The flanged base of the pump shculd 
be solid, with no holes for contamination to enter, and sealed to the pump cover, 
or the drop pipe must be sealeci in with concrete and asphalt sealing compound. 

A small pipe with a screw-on cap is needed to allow for measuring the water in 
the cistern and adding chlorine solution dier each rainfall The amount of water 
in the cistern is measured with a stick marked in thousands of liters (or thou- 
sands of gallons). To disinfect al'ter each rainfall, add a 5 parts per million 
dosage of chlorine (see section on "Chlorination"). 

A newly built or repaired cistern should always be disinfected with a 50 parts per 
million chlorine solution. The cistern walls and the filter should be thoroughly 
washed with this strong solution and ther. rinsed. A small-pressure system can be 
disinfected readily by pumping this strong solution throughout the system and 
letting it stand overnight. 

Catchment Area 

A catchment area of the proper size is a necessary part of a cistern water 
supply. Xainwater for a cistern can be collected from the roof of a house. The 
method gisven here for estimating catchment size should be checked against the 
actual size of ncarby catchment installations. 

R e  aichment or collecting area should be a smooth, watertight material, like a 
galvanized sheet-metal roof. Wood or thatch roofs may taint the water and retain 
dust, dirt and leaves; water from these roor's contains more organic matter and 



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

To estimate your required catchment area, estimatc the minimum yearly rainfall 
and the amount of water required by the family during one year. Sometimes thc 
govcrnment meteorological section can give you the minimum rainfall cxpccted. If 
they cannot, estimate the minimum rainfall at two-thirds of thc ycarly average. 
Take the average amount of water necded by thc family for one day and multiply 
it by 365 to learn how much is needed for one year. Then use the chart to find 
how much roof space is needed (Figure 2). Add 10 percent to the area given by 
the chart to allow for water lost to evaporation and discarded at the beginning of 
each rainfall. 

Example: 

With an average rainfall of 55cm a year, and a family nccding 135 liters of 
water a day, then: 

213 x 75 = minimum annual rainfall of 50cm 

365 x 135 literslday = 49,275 liters a ycar. 

Round this figure off to 50,000 liters a year. The example worked out on the 
chart (Figure 2) shows that a catchment area of about 115 square meters is 
needed. 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 docs not hold small puddlcs that 
can attract mosquitoes a1.J other insects. Troughs and downspouts need periodic 
inspection and cleaning. Extending the trough increases the catchment area. 

Cistern Filter 

The sand filter described here will remove most organic matter from wa!pr but it 
will not produce safe drinking water by removing all harmful bactcria. Water 
collected in the cistern tank shoi~ld be chlorinated after each rainfall. A catch- 
ment area always collects leaves, bird droppings, road dust, and insects. A cistern 
filter removes as much of :his material as possible before the watcr enters the 
cistern (Frgure 3). 
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The sand filter is usually built at 
ground level and the filtered water 
runs into the cistern, which is 
mostly underground. The largest 

1.1 pieces, such as leaves, are caught 
in the splash plate. The splash 
plate also distributes the water 
over the surface of the filter, so 

TO Cast f r o n  p ipe  w i t h  leaded j o i n t s  that the water does not make holes 
CISTERN o r  wrouqht i r o n  p i p e  w i t h  screw in the sand. Several layers of 

j o i n t s .  
copper window screen form the 

FIGURE 3 splash plate. 

If a filter is made too small to handle the normal rush of water from rahstorrns, 
the water will overflow the filter or dig a channel in the sand, ruining the filter. 
The filter area should be not Iess than one-tenth of the catchment area. A typical 
filter would be 122cm x 122cm (4' x 4') for a family-sized unit where rainfall 
intensity is average. 

About every 6 months, remove the manhole cover and clean the filter. Remove all 
matter from the splash plate and scrape off and remove the top 1.25cm (112) of 
sand. When the sand is down to 30cm (12) in depth, rebuild it with clean sand to 
the original depth of 46cm (28"). 

The first runoff from the roof, 
which usually contains a great deal 
of leaves and dirt, should be 
discarded. The simplest way :o do 
this is to have a butterfly valve 
(like a damper in a stovepipe) in 
the downspout. After the rain has 
washed the roof, the valve is 
turned to let the runoff water 
enter the filter. A semi-automatic 
filter is shown in Figure 4. 

F i l t e r  50cm minimum: 
Sand ~ f f ' e c t i v e  s i z e  .3mm In building the filter, it is impor- 

tant to use properly-sized sand and 
gravel and to make sure the filter 
can be cleaned easily. The filter 

TO CISTERN must have a screened overflow. 



Sources: 

Wagner, E.G. and Lanoix, J.N. Wafer Supply for Rural Areas and Snlalf Communi- 
lies. Geneva: World Health Organization, 1959. 

Cistenis. State of Illh~ois, 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. 

SELECTING A DAM SITE 

A water reservoir can be formed by building a dam across a ravine. Building a 
dam takes time, labor, materials, and money. Furthermore, if a dam holding more 
than a few acre-feet of water breaks, a great deal of damage can be caused. 
Therefore, it is important to choose a dam site carefully, to guard against dam 
collapse, and to avoid excessive silting, porous soil, polluted water, and water 
shortages because the catchment area is too small. Careful selection of the dam 
zite will save labor and material costs and help ensure a strong dam. 

The preliminary evaluation described here will help to determine whether or not a 
particular site will be good for building a dam. Remember that dams can have 
serious envi ro~~enta l  consequences and an improperly constructed dam can be 
extremely dangerous. Comult an expert before darling to build. 

Six factors are important in site selection. 

1. Enough water to meet your requirements and fill the reservoir. 

2. Maximum water storage with the smallest dam. 

3. A sound, leakproof foundation for the reservoir. 

4. Reasonable freedom from pollution. 

1 5. A storage site close to users. 

6. Available materials for construction. 

7. Provision for a simple spillway. 

1 8. Authorization from local authorities to build the dam and use the water. 

One acre-foot of water is equivalent to the amount required to cover an acre of 
land (30cm cf water covering 0.4 hectues) to a depth of 1 foot. One acre-foot 



equals 1,233.49 cubic. mcter: ihe annual rainfall and typc of catchment (or 
natural &ahage) area will dztermine the amount of water the reservoir wil! 
collect. 

Catchment Area 

A catchment area with steep slopes and rocky surfaces is very 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 a windbreakers and reduce loss of 
water from evaporation. 

Swamps, heavy vegetation, permeable ground, and slight slopes will decrease the 
yield of water from a catchment area. 

Rainfall 

The average catchment area will, ia a year, drain 5 acre-feet (6,167 cubic meters) 
into a reservoir for every inch (2.5cm) of annual rainfall falling on a square mile 
(2.59 square kilometers); that is, about 10 percent of the rainfall. 

Location 

The best location for building a dam is where a broad valley narrows with steep 
sides and a firm base on which to build the dam (see Figure 1). Ground that 
contains large boulders, weathered or fissured bedrock, alluvial sands, or porous 
rock is not good. The best bases for building a dam are granite or basalt layers 
at or near the surface or a considerable depth of silty or 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 is best if stone is nearby w h e ~  >itding a masonry dam. When building an earth 1 dam, rock will still be required f ~ i  ;be srillway. The best soils for earth dams 

1 contain clay with some silt or sand. Were should be enough of this soil close to 

, the dam site for building t5e entire darn of reasonably uniform material. 

I Source: 

Wagner, E.G. and Lanoix, J.N. Water Supply for Rrtml Areas and Small Com- 
munities. Geneva: World Health Organization, 1959. 





WATER PUKI[FICA'I'HC~N 

The purification of unsafe water requires some trained supervision if it is to be 
done effectively. Such supervision is rarely available in the villagcs and the 
p:ocedure tends to be neglected sooner or later. Under these circumstances cvcry 
zEort must bc madc to obtain a sourcc Lhat providcs naturally wholcsomc watc: 
and tbcn to collcd that water and prd& it against pollution by the methods 
heady described. Thus, the necessity for treatment of the water may be avoided, 

,nd the practical importance cf managing this can hardly be overemphasized. 

Water treatment under rural conditions should be restricted by the responsible 
control agency to casss where such treatment is necessary and where proper plant 
operation aud maintenancc is assured. 

If the water needs treatment, this should, if at all possible, be done for the 
whole community and certainly before, or on cntry to the dwclling so that the 
water from ali the taps in the house is safe. The practice, common in the 
Tropics, of sterilizing (by filtration and boiling) only the water to be used for 
drinking, tezth cleaning, etc., though efficient in itself (when carefully done) is 
frequently nullified by carelessness. Furthermore, children are likely to use water 
from any tap. Contray to an all too common opisicn, ordinary freuing of water, 
though it may retard the multiplication of bacteria, does not kill !hem, and ice 
from s hou~ehold refrigerator is no safer than ihe water from which it was made. 

Tlle principal methods of purifying water on a sns!! scale are boiling, chemical 
disinfection, and filtration. These methods m;y be used singly or in combination, 
but if more than filtration is needed the boiling or chemical disinfection should 
be done last. Each method is discussed briefly below. Following this general 
introduction are descriptions of a variety of water purification technologies: boiler 
for drinking water, chlorination of polluted water, water purification plant, and 
sand frlter. 

Boiling is the most satisfactory way of destroying disease-producing organisms in 
water. It is equally effective whether :he water is clear or cloudy, whether it is 
relatively pure or heavily contaminated with organic matter. Boiling destroys all 
forms of disease-producing organisms usually encountered in water, whether they 
be bacteria, viruses. spores, cysts, or ova. To be safe the water must be brought 
to a sood "rolling" boil (not just simmering) acd kept there for 15-20 minutes. 
Boiling drives out the gases dissolved in the water and gives it a flat taste, but 
if the water is left for a few hours in a partly fil!ed container, even though the 
mouth of the container is covered, it will absorb air and lose its flat, boiled 
taste. It is wise to store the water in the vessel in which it was boiled. Avoid 
pouring the water from one receptacle to another with the object of aerating or 
cooling it as that introduces a risk of re-contamination. 



Chlorine is a good disinfcctant for drinking water as it is effective against the 
bacteria associated with water-borne disease. In its usual doses, hcwever, it is 
ineffective against the cysts of amoebic dysentery, ova of worms, cercariae which 
cause schistosomiasis, and orgar~isms cmbeddcd in solid particles. 

Chlorine is easiest to apply in the form of a solution and a uscful solution in one 
which contains 1 percent available chlorinc, for cxample, Milton Antiseptic. 
Dakin's solution contains 0.5 percent available chlorine, and bleaching powder 
holds 25 percent to 30 percent available chlorine. About 37cc (2 112 tablespoons) 
of bleaching powder dissolved in 0.95 liter (1 quari) of water will give a 1 
percent chlorine solution. To chlorinate the water, add 3 drops of 1 percent 
solution to each 0.95 liter (1 quart) of water to be treatcd (2 tablespoonfu!; to 38 
gallons), mix thoroughly and allow it to stand for 20 minutes or longcr before 
using the water. 

Chlorine may be obtained in table form as "Sterotabs" (formerly known as 
"Halazcne"), "Chlor-dechlor" and "Hydrochlorazone," which arc obtainable on the 
market. Directions for use are on the packages. 

Iodine is also a gciod disinfecting agent. Two drops of ordinary tincture of iodine 
are sufficient to treat 0.95 liter (1 quart) of water. Water that is cloudy or 
muddy, or water that has a noticeable color even when clear, is not suitable for 
disinfection by iodine. Filtering may render the water fit for treatment with 
iodine. If the water is heavily polluted, the dose should be doubled. Though the 
higher dosage is harmless it will give the water a medicinal taste. To remove any 
medicinal taste add 7 percent soiution of sodium thiosulphate in a quantity equa! 
to the amount of iodine added. 

Iodine compounds for the disinfection of water have been put into table [arm, for 
example, "Potable Aqua Tablets," "Globaline" and "Individual Water Purification 
Tablets"; full directions for use are given on the packagzs. These tablets are 
among the most useful disinfection devices developcd to date and they are 
effective against amoeba cysts, cercariae, leptospira, and some of thc viruses. 

Source: 

SntaN Water Supplies, Bulletin No. 10 London: The Ross Institute, 1967. 

Other Useful References: 

Mann, H.T. and Williamson, P. Water Treatmetrt atld Sanitation. London: Inter- 
mediate Technology Publications, 1976. 

Iomech Disinfection System, Iornech Ltd., 2063 Lakeshore Blvd. West Toronto, 
Ontario, Canada, (undated). 



Manual of Individual Water Supply Systems. Public Health Service Publication No. 
24, Washington, D.C. U.S. Department of Health amd Human Services, 1%2. 

Decade Watch newsletter. United Nations Development Program, Division of 
Information. 

International Reference Center for Community Water Supply and Sanitation, 
newsletter. P.O. Box 93190,2509 AID, The Hague, Netherlands. 

Boiler for Drinking Water 

The boiler described here (Figure 1) will provide safe preparation and storage of 
drinking water in areas where pure water is not available and boding is practical. 
When the unit was used in work camps in Mexico, a 208-liter (55-gallon) drum 
supplied 20 persons with water for a week. 

Tools and Materials 

208-liter (55-gallon) drum 
lOmm ~3/4") pipe nipple, 5cn (2") long 
Bricks for two 30cm (1') layers to support drum 
Sand and 1 sack of cement for mortar and base of fueplace 
Large funnel and filter medium for filling drum 
Metal plate to control draft in front of f~eplace 
19mm (3/4") valve, preferably all metal, such as a gate valve, tE?t can withstand 
heat. 

The Fireplace for this unit (see Figure 2) is simple. It should be oriented so that 
the prevailing wind or draft goes between the bricks from the front to tbe back 
of the drum. A chimney can be provided, but it is not necessary. 





Whcn filling the drum, do not fill it completely, but leave an air spacc at the top 
as shown in Figure 1. Replace t h ~ .  funnel with a filler plug, but leave the plug 
completely loose. 

Water must boil at least 15 minutcs with steam escaping around the loose filler 
plug. Make sure that the water in the pipe nipple and valve reach boiling 
temperature by letting about 2 liters (2 quarts) cf water out through the valve 
while the drum is at full boil. 

Source: 

Chris Ahrens, VITA VoIuntecr, Swannanoa, North Caroiina 

Chlorinating Wells, Springs, and Cisterns 

Chlorination, when properly applied, is a sirnple way to ensure and protect the 
p~r i ty  of water. Guidelines given here include tables to give a rough indication of 
the amounts of chlorine-bearing cbcrnical needed. Instructions are also given for 
super-chlorination for disinfecting newly built or repaired wells, spring encase- 
ments, or cisterns. Chlorine-bearing compounds, such as ordinary laundry bleach 
made with chlorine are used because pure chlorine is difficult and dangerous to 
use. 

Determinirtg the Proper Amount of Chlorine 

The arr.ounts of chlorine suggested here will normally niake water reasonably safe. 
A water-treatment system should bs  checked by an expert. In fact, the water 
shodd be tested periodically to make sure thzt it remains safe. Otherwise, the 
system itself could become a source of disease. 

Tools and Materials 

Container to mix chlorine 
Chlorine in some form 
Scale to weigh additive 

l'he safest way to treat water for drinking is to 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 knowledgz of the process and its effects. 

W e n  chlorine is added to water, it attacks and combines with any suspended 
organic matter as well as some minerals such as iron. There is always a certain 
amount of dead organic matter in water, as well as live bacteria, viruses, 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 prcvcnts recontamination. Too much residual 
chlorine, however, is harmful and cxtremcly 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 lcvels of residual free chlorine and longer 
contact periods than usual to be safe. Oftcn special techniqiles arc used to combat 
these and other specific disezscs. 

It always takes time for chlorine to work. Be surc that watcr is thoroughly mixcd 
with an adequate dose of the dissolved chemical, and that it stands for at lcast 
30 minutcs bcforc csmiumption 

Polluted water that contains large quantities of organic matter, or c!oudy watcr, 
is not suitable for chlorination. It is best, and safest, to choose the clearest 
water available. A settling tank and simple filtration can help reduce the amount 
cf suspended matter, especially particles large enough to see. Filtration that can 
be depended Gpon to remove all of the amoebic cysts, schistosomes, and other 
parthogens normally requires professionals to set up and operate. 

NEVER dcpend on hone-made filters alone to provide drinking water. However, a 
home-made siow 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 the 
:.mount of free chlorine in the water dter the 30 minute holding period. A simple 
chemical test, which uses a special organic indicator called orthatolidine, can be 
used. Orthotolidine testing kits available on the market come with instructions on 
their use. 

When these kits are not available, the chart in Table 1 can be used as a rougl! 
guide to how strong a chlorine solution is necessary. T!le strength of the solution 
is measuied in parts by weight of active chlorine per rnillion parts by weight of 
water, or "parts per million" (ppm). 

The chart in Table 2 gives the amount of chlorine-compciund to add t~ 1,000 liters 
or to 1,000 gallons of water to get the solutions recommended in Table 1. 

Usually it is convenient to make up a soiution of 500 ppm strength that can then 
be further diluted to give the chlorine concentration neecied. The 500 ppm 

I solution must be stored in a sealed container b a cool dark place, and should be 
1 used as quickly as possible since it does losz strength. Modern chlorination plants 

use bottled chlorine gas, but this can cnly be used with expensive machinery by 
trained experts. 



TABLE 1 I 
INITIAL CHLORINE DOSE TO SAFEGUARD 

DRINKING WATER SUPPLY* 

I Water Condition Iritial Chlorine Dox in Pam Per Million (ppm) - -- -I 
No hard-tokill Hard-to-kill organisms 

organism suspected p m m t  or suspeaed 

I Very Clear, few mincrals S F  Get expert advice; in an emergency 
boil and cool water fmt, then use I 
5 ppm to hdp prcvent recontarnha- 
tion. If b o i i g  is impossiblc. use 
10 Ppm. 

I 

h coin in the bottom of 114 '&r (8 lo PPrn Gec expert advicz in an emergency 

ouncc) glass of the water lodcs hazy. boil and cool first. If boiling is 
impossible use15 p. 

* Para per million @pn) is the number of pans by wcight of chlorine to a million paris by weight of water. 
I 

It is quivalent to milligrams of per likr. I 
7 TABLE 2 / 
I 

AMOUNTS OF CHLORINE COMPGUNQ TO ADD 
TO DIQTNKIM'G WATER 

Percent 
by 

Weight Quantity to add to 1000 U.S. Quantity to add 
Advc  g d m s  of water required to 1000 liters to get quired 

Chlorine Compound Chlorine smgth m g t h  

High tea Calcium 
Hypdrlorite Ca(0Clh I- 70% 

I 
l o z  202 302 8gms 1 5 p  23gmsI  

Chlorinated Lime 25% 2 l n o z  5oz  7 l n o z  2Ogms 4 0 ~ s  6 Q p s  

Bleach-A Solution of Chlorine usually 13 oz '26 oz 39 oz 95 gms 190 gms 285 gms 
in water 5.25% 



Super-Chlorination 

Super-chlorinatian means applying a dose of chlorine that is much stronger t 
the dosage nceded to disinfect water. It is used to disinfect new or repaired 
wells, spring encasements, and cisterns. Table 3 gives recommended doses. 
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TABLE 3 

RECOMMENDED DOSES FOR SUPER-CHLORINATION* 

Application Rcmmmcndcd Dose Procedure 

50 ppm 1. Wash casing. pump cxknor and dnp I . - - .  . 
p,pe w~th solution. 

2. 4dd dosaac to wakr in well. - 
3. Pump until wakr coming from pump 

has strong chlomc odor for deep wclls, 
r c p t  this a few times at 1 hour 
rnkrvals.) 

4. Lave  solution in well at least 24 hours. 
5. Flush all chlome from well. 

Spring encascmcnu 50 ppm Same as abovc. 

Cistcms 100 ppm 1. Rush with water to r .-, - an.: 
scdmcnt. 

2. FLU wuh dosage. 
3. Lst stand for 24 hours. 
4. Tea for rcs~dual chlorine. If there 1s 

none, repcat dosage. 
5. Rush s y s m  with trcatcd waer. 

* To  find the correct amounts of chlorine compound necdcd for the required dosage, multiply the amounts 
given under IOppm in Tables 2 or 3 to get 50ppn and by 10 to get 100ppm. 

Example 1: 

A water-holding tank contains 8,000 U.S. gallons. The water comes from a 
rapidly moving mountain stream and is passed through a sand filter before 
storage. How much bleach should be added to make this water drinkable? 
How long should the water be mixed after adding? 1 

Solution: 

In t0is case 5 ppm are probably sufficient to safeguard the water. To do this 
with bleach requires 13 ounces per 1,000 gallons. Therefore the weight of 
bleach to be added is 13 x 8 or 104 ounces. 

Always mix thoroughly, for at least a half hour. A good rule of thumb is to 
mix until you are certain that the chemical is ccomplctely dissolved and 



distributed and then ten minutes longer. In this case, with an 8,0( 
tank, try to add the bleach to several different locations in the 
make the mixing easier. After mixing, test the water by sampling 
locations, if possible. Cbcck the corners of tank especially. 

Example 2: 

A new cistern has been built to hold water between rainsf~rms. On 
filling it is to be super-chlorinated. How much chlorinated lime s 
added? The cistern is 2 meters in diameter and 3 meters high. 

Solution: 

First calculate the volume of water. For a cylinder, Volume is - 
(D is diameter, H is height and is 3.14.) 

Here D = 2 meters H = 3 meters. 

V = 3.14 x (2 meters) x (2 meters) x (3 meters) 
4 

V = 9.42 cubic meters = 9,420 liters (Each cubic meter 
contains 1,000 liters.) 

From Table 3 we learn that a cistern should be super-chlorinated 
ppm of chlorine. From Table 2, we learn that it takes 40 grams o 
ated lime to bring 1,000 liters of water to 10 ppm C1. To bring 
ppm, then, will require ten times this amount, or 400 grams. 

400 mams x 9.42 thousand liters = 3,768 grams. 
thousand liters 

Source: 

Salvato, J.S. Environmental Sanitation. New York: John Wiley & Sons, Inc., 

Field W~ri /  Supply, TM 5-700. 
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Water Purification Plant 

The water p&cation plant described here uses laundry bleach as a source of 
chlorine. Although this manually-operated plant is not as reliable as a modern 
water system, it will provide safe drinking water if it is operated according to 
instructions. 

Many factors in this sysb m require operating experience. When starting to use 
the system, it is safest to have the assistance of an engineer experienced in 
water 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 (5 gallons) in size 
4 shut-o-ff 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 is rrade as in Figure 3. The two tanks at the top of 
the strlicture 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 ths 
water flow at the same speed into the hoses that lead to the mixing point. The 
mix which can be seen through the open funnel, is further controlled by the 
valves. ;f a needle or throttle valve is not available 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, if the watzr supply is 
under higher pressure. 

A triid 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 furnel. 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 1,900 liters (500 gallons) of water. 





The water in the distribution tank should have a noticeable chlorine taste. The 
amount of bleach solution required depnds on how dirty the water is. 

1. Mix concentrated bleach with water in the concentrate tank with all valves 
closed. Ths mixing tank should be empty. 

2. Filll the pipe from the mixing tank to the solution tank with water after 
hz~ving propped the float valve in a closed position. 

3. Let a trial amount of concentrate flow into the mixing tank by opening 
Valve #2. 

4. 'Use a measuring stick to see how much concentrate was used. 

5. Close Valve #2 and open Valve #1 so that untreated water enters the mixing 
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 tzck so that it will 
operate properly. 

8. Open wide the needle valve and Value #4 to clean the system. Let 4 liters (1 
3allon) drain through the system, if the pipe mentioned in the second step is 
not permitted to empty before recharging the mixing tank.) 

9. Close down to needle valve until only a stream of drops enter the fu-mel. 

10. Open valve #3. 

The flow into the funnel and the taste of the water in the distribution tank 
should be checked regularly to ensure proper treatment. 

Source: 

Chris Ahrens, VITA Volunteer, Swannanoa, North Carolina 

Sand Filter 

Surface water from streams, ponds, or open wells is very likely to be con- 
taminated with ;eaves and other organic matter. A gravity sand filter can remove 
most of this suspended organic mzterial, but it will. always let r i m  and some 
bacteria pass through. For this reason, it is necessary to boil or chlorinate water 
after it has been filtered. 



By removing most of the organic matter, the filter: 

o Removes large worm eggs, cysts, and ccrcariae, vhich are difficult to kill 
with ch!orine. 

o Allows the use of smaller and f ~ e d  doses of chlorine for disinfection, which 
results in drinkable water with less taste of chlorine. 

o Makes the water look cleaner. 

o Reduces the amount of organic matter, including living organisms and their 
food, and the possibility of recontamination of the water. 

Although sand filtration docs not make polluted water sbfe for drirdchg, a 
properly built and maintained filter will make chlorination more effective. Sand 
filters must be cleane:! periodically. 

The household sand filter described here should deliver I liter (1 quart) per 
minute of dear water, ready for boiling or chlorinating. 

Tools and Materials 

Steel drum: at least 60cm wide by Z c m  (2' x 29 1/2") 
Sheet metal, for cover: 75cm (29 1/2") square 
W d  5cm x 10cm (2" x 4"), 3 meters (9.8') long 
Sand: 0.2 cubic meter (7 cubic feet) 
Gravel 
Blocks and nails 
Pipe, to attach. to water supply 
Optional: valve and asphalt roofrng compound to treat drum 

The gravity sand filter is the easiest type of sand filter t9 understand and set up. 
It uses sand to strain suspended matter from ine water, although this does not 
always stop small partides or bacteria. 

Over a period of time, a biological growth forms h the top 7.5cm (3") of sand. 
This Ilm increases the filtering action. 1:. slows the flow sf 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 F h .  

Sand filters can get partially clogged with organic matter; under some conditions 
this can cause bacterial growth in the filter. If the sand filter is not operated 
and maintained correctly, it can actually add bacteria to the water. 

I The drum for the sand filter shown in Figure 4 should be of heavy steel. It can 
be coated with asphalt material to make it last longer. 
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The 2mm (3132") hole at the bottom regulates the flow it must not be made 
larger. 

TEs sand used should 5e fine enough to pass throllgh a window screen. It s1:ould 
also be dean; it is best to wash it. 

The following points are very important in making sure that a sand filter operatcs 
properly. 

o Keep a continuous flow of water passing through the filter. Do not let the 
sand dry out, because this will destroy the film of microorganisms that f ~ r m s  
cn the surface layer of sand. The best way to ensure a continuing flow is to 
set the intake so that there is always a small overflow. 

o Screen the ictake and provide a settling hasin to remove as many particles 
as possible before the water goes into the I'ilter. This will keep the pipes 
from becoming plugged and stopping the flow of water. It will also help the 
filter to opcrate for longer periods between cleaning. 

o Never let the filter run faster tbin 3.6 liters per square meter per minute (4 
gallons per square foot per hour) because a faster flow will make the filter 
lejs efficient by keeping the biological film from building up at the top of 
the sand. 

o Keep the filter covered so that it is perfectly dark to prevent the growth of 
green algae on the surface of the sand. But let air circulate above the sand 
to help the growth of the biological f h .  

o When the flow becomes too siow to fill dhily needs, clean the filter: Scrape 
off and discard the top 1/2cm (114") of sand and rake or scratch the surface 
lightly. 

After several cleanbgs, the sand layer should be returned to its original thickness 
I 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. 

I Hubbs, SA. Undemtanding Water Supply and Treatment for Individual and Small 
Community Systems. &Arlington, Virginia: VITA Publications, 1985. 

Wagner, E.G. and Lanoix, J.N. Water Supply for Rural Areas and Small Com- 
munities. World Health Organization, 1959. 



Health And Sanitation 



Sanitary Latrines 

The proper disposal of haman waste (called night soil in many parts of the world) 
is one of the most pressixlg public health problems in many rural communities. The 
use of sanitary latripes or privies can be very effective in helping to control 
disease, which can be spread by water, soil, insects, or dirty hands. While it is 
necessary to have a sanitary water and food supply, sufficient medical service, 
and adequate diet to stop disease, the sanitary latrine breaks the disease cycle. 
Some sicknes,ss that can be contro!led by widespread use of sanitary latrines are 
dysentery, cholera, typhoid, and worms. The human suffering and economic loss 
caused by these is staggering. It has been said that half of the food eaten by a 
person with intestinal parasites is consumed by the very worms that make the 

Most countries that have aciivcly participated in the 1980-90 U.N. Decade of 
Water Supply and Sanitation have developed latrine designs to meet the sanitary 
and cultural requirements of thcir people. Before building latrines thc local health 
or development agency should be contacted for their advice and help. A iatrinc 
program must reach most or all of the people. This means a carefully planned, 
continuing long-range program with participation by government agencies, 
community leaders and most of all by the individual families. Proper latrine 
designs that fit the cultural pattern are economically possible and can satisfy the 
s:mitary needs of a successful latrine program. Selected plans and designs for 
sanitary latrines are given in the entries that follow. 

Thc recommended kinds of privies are: 

o Pit privies: a simple hole in the ground, covered with a properly built floor 
and a shelter. It has two forms, the dry pit, which does not penetrate the 
water table, and the wet pit, which does. The addition of a ventilating pipe 
(see T h e  Ventiiated Pit," page 156 helps reduce odors and fly problems. 

o Water privies: where a watertight tank receives the nightsoil through a 
drop pipe or chute. An overflow pipe takes the digested material to an 
underground seepage pit or drainage area. 

A water-seal slab may be used to cover either of these types of privies to 
provide a completely odorless privy. 



Other types of simple latrines are not recornmended for general use, because thcy 
usually fail to provide enough sanitary protection. 

A good privy should fulfill the following conditions: 

o It should not contaminate the surface soil. 

o There should be no contamination of ground water that can enter springs or 
welb. 

o There shc;u!d be no contamination oi surface water. 

o Nightsoil should not be accessible to flies or animals. 

o There should be no handling of fresh nightsoil; if it is necessary, it should 
be handed as little as possible. 

e There should be no odors or unsightly conditions. 

o The latrine should be simple and inexpensive to build and use. 

Other points to consider: 

c Superstructure can be made from any local building material that will give 
privacy and shelter from rain. 

o The privy can be squat or sit-down type. 

o The opening should be covered when not in use. 

o In water scarce areas, a standard pit latine can be used. M e n  pit is full 
after several years, latrine is moved to a new pit and old one is covered up 
and marked. 

o If space is limited to change the pit, a permanent location can be maintained 
with a double pit, as in the double septic tank (composting latrine) used in 
Vietnam. The urine is collected separately and diluted for use on crops. The 
composted material is used for fertilizer. One side is used until almost full, 
then it composts while the other side is used. 

o If water is readily available, a water-seal bore hole latrine can be used. 
When almost N1, the latrine must be moved. 

o If a permanent location is desired, a double bore hole can be used as in 
India. 



o In most countries using water seal latri~es the pan and trap are now 
available c~mmercially or from a government agency for a nominal fec or for 
free. 

o Consider including a methane (biogas) generator when building new latrines. 

Source: 

Charles D. Spangler, VITA Volunteer, Bethesda, Maryland 

Wagner, E.G. and Lanoix, J.N. Excreta Disposal for Rum1 Areas and !hall 
Communities. Geneva: World Health Organization, 1958. 

Privy Location 

Outhouses or privies should be close to the home, but they should be lower t h a ~  
water sources and far enough away from these sources that they will not pollute 
the water. 

The information given here covers most normal situatio IS, but it is always best to 
have a trained sanitary inspector or engineer review your installation or program. 

A latrine site should be dry, well-drained, and above flood level. 

If the bottom of a privy pit is in dry soil and at least 3 meters (10') above the 
highest water table, there is very little danger that it will contaminate water 
supglies. This is because the pollution will m ~ v e  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 it when the water is at its 
highest level, pollution will spread to the ground water over a limited area and 
may endznger health. 

Figure 1 shows the movement of pollution through the soil. It is particularly 
important to understand this movement when choosing a site for a privy or well. 
Put the privy dounhill from a water source, or as far to one side as possible. On 
flat or gently sloping land, water moves tcward the well as though it were going 
downhill. This is because 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. If the land is flat or if the well is downhidl from the privy, do 
not put the privy closer to the well than 10 meters (33'). In sandy soil, a 
distance of 75  meters (25') is sometimes enough becausc sand helps to stop 
bacterial pollution. 

These rules do not apply in regions containing fissured rocks or limestone 
formation. Expert advice is necessary in these cases, because pollution can be 
carried great distances through solution channels to the drinking water supply. 
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It is irsportant to keep the latrine close to the house so that it will be used, but 
not too close. Butting the privy downhill also encourages use. People arc more apt 
to keep a privy clean if it is close to the house. 

Remember that all privies have to be closed up or mcved when filled. Thic should 
be made easy or there will be a tendency to let them become overfull, which 
results in very unsanitary conditions and extra work to pun the system in proper 
working order. A permanent location can have two pits that are used altcrnatcly. 
One pit is in use while the other composts before being emptied. 

Source: 

Wagner, E.G. and Lanoix, J.N. Excreta Disposnl for Rural Areas and Stnall 
Cornmunitif:. Geneva: World Health Organization, 1958. 

Several designs for privy shelters that have been found satisfactory in many parts 
of the world are shown in Figure 2. 

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: 

c Choose a standardized design for economy in building. 

o Build the shelter to last as long as the pit, b to 15 years. 

o Build the shelter to fit the floor slab. It should not be so large that people 
will be tempted to ure any part of the floor when the area around the hole 
has been soiled by earlier users. The roof should be 2m (6 112') high at the 
entrance. 

o Openings at the top of the shelter's walls, for airing the interior, should be 
lOcm to 15cm (4" to 6") wide. 

o Sorne natural light should be let in, but the structure should give enough 
i 

! shade over an uncovered seat or holes that flies will not be attracted. 

o 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 
sli~ould have a large overhang to protect the walls and the mound from rain 
damage and to kezp the privy area from getting muddy. 
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Here is a Est of tools and materials needcd to build one typc of privy shelter: 

Tools and Materials 

Corrugated sbeet metal rooling: 1.2m x 1.2m (4' x 4') or larger 
Wooden posts: 5wn x 5cm (2" x 2") and 20m (66') long 
Boards: 2cm (314") thick, 20cm (8") wide, 40m (132') long 
Nails 
Hand tools 
Paint: 2 liters (2 quarts) 

Source: 

Wagner, E.G. and Eanoix, J.N. Excrefa Disposal for Rural Area and Srwll Com- 
munities. Geneva: World Health Organization, 1958. 

Pit Privy 

F I G .  3 VARIOUS PARTS 3F A 
SANITARY PRIVY 

The pit privy is the simplest 
recomrncnded latrine or privy. It 
consists of a hand-dug hole, a 
properly mounted slab, and a 
sheller (Figure 3). The addition of 
a ventilating pipe will help reduce 
odors and flies. Of the many 
existing designs for privies, the 
sanitary pit privy is the most 
widely applicable. 

Tools and Materials 

Materials for building the shelter 
A = P i t  E = House, 
B = Base i n c l u d i n g  door 

F = V e n t i l a t i o n  
Hand tools for digging the pit, 

I C = F l o o r  
D = Mound G = Roof mak:ng concrete, and building the 

shelter 



7he Pit 

The pit is round or square, about lm (3.3') in diameter or lm (3.3') on each side, 
and usually from lm (3.3') to 3nn (10') deep. The pit may have to be Xned with 
brick, wood, bamboo, or somz other material to keep it from caving in, even in 
hard soil. The top 50cm (19 112) of the hole should be lined with mortar to makc 
a solid base for the slab and the shelter. 

The tsble in Figure 4 will help you to estimatc the depth of hclc to ma:;e. 

Estimated volume and depth* 
for  hole w i t h  1 square meter area 

Personal Cleansing Material  

I S o l i d  ( f o r  example, I w a t e r  grass o r  paper) I 
'(ears Volume i n  Volume i n  

P i t  o f cubic Pepth i n  cubic Depth ir; 

Type Service meters meters meters meters ----- 
4 0.7 0.7 1.1 1.1 

Wet-Pi t 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-Pi t 8 2.3 2.3 3.4 3.4 

15 4.2 4.2 - - 

Figure 4. Pr ivy capaci t ies  f o r  a family o f  f i ve .  A wet-p i t  p r i v y  i s  one which 
penetrates the water table. A d ry -p i t  p r i v y  does hot. 

*Add 5Ccm t o  the depth given i n  the table, because the p i t  should be closed and 
f i l l e d  w i t h  earth when the waste comes t o  w i t h i n  t h i s  distance fron; the surface. 

The Ventilated Pit 

The ven:ilated pit privy system was field tested during the latc 1970s by the Blair 
Research Laboratories working with the Zimbabwe Ministry of Health (Figure 5). 
The idea was to reduce t.!e health hazard caused by flies attracted to ti: 
standard pit privy. Thousan6 of the units are now in :ise in Zimbabwe, as well a; 
in many other areas where water is scarce. 

The Blair design depends on thp, aerodynamic properties of an efficient flue pipe, 
150mm in diameter and about 2.5 meters high. The pipe is fitted onto the 
concrete latrine slab over a sealed tank or pit. The temperature difference 
between the inside and outside of the pipe causes a convection updraft, drakng 
the inside gases from the pit and thus causing a downdraft through the toilet 
opening. 



The toilet opening is kept closely 
covered between uses. Flies are 
then attracted to odors passing out 
the pipe rather than to !he pit. 
Flies that do get into the pit 
travcl up the pipe towards the 
light. There they are trapped by a 
screen over the pipe orltlet. 

It is esselltial that the pipe be 
large enough to enable the system 
to "breathew efficiently and that it 
allow sufficient light to enter the 
pit to attract flies into the pipe. 
Efficiency is increased by painting 
!he pipe black to increase the air . .. . ' , > , . flow and by facing it toward the 

mo Ventilated privy Equator so it receives the most 

FIGURE 5 sunlight. 

Source: 

Cecelski, Elizabeth, "Appropriate Technology in Zimbabwe." Energy BtilIctinflTA 
News, July 1981. 

The Base 

The base (see Figures 3, 6, 2nd 7) serves as a solid, waterproof support for the 
floor. It also helps to prevent hookworm larvae from entering. If properly made c?E 
a hard, strong material,, it helps to keep burrowing rodents and surface water clut 
of the pit. The pit lining will in most cases serve as a base although it may need 
to be strengthened at the ground surface. 



The Slab 

A concrete water-seal slab is best. It is incxpcnsivc but it mcans addcd labor and 
construction. A concrctc open-hole slab is the ncxt best, while a wooden floor is 
adequate. A built-up floor of wood and compacted soil is scmctimcs used but  it is 
difficult to keep clean; as it g t s  soiled, it is iikcly to spread hookworm. 

The concretc should nut be weaker than 1 part cement to 6 parts of aggregate 
with a minimum of water. It should be reinforced with strips of bamboo about 
2.5cm (1") wide whose weaker fibers have bcen stripped away. Soak the bamboo in 
water overnight before use. 

Slabs (see Figure 8) are cast upside down in one operation. The footrests are 
shaped by removing part of the wooden form so as to make two separate indenta- 
tions in the wood. Sheet metal is placed around thc form so that the metal 
extends above the wood to the thickncss of the slab. Side walls of the hole and 
footrests are made with a slight slope so as to come out. easily. The form for the 
open !ale is removed when the concrete first sets. Slabs are rcmoved from the 
forms in about 40 hours and should be stored under water for 10 days or more. 

Round slabs can be rolled some distance when carrying is difficult. This is 
espscially handy when the location of the priy has to bc moved when the pit 
fills up. 

The Mound 

The rnomd (see Figure 3) protects the pit and base from surpdce run-off that 
othcrwise might enter and destroy the pit. It should be built up to the level of 
the floor and be very well tamped. It should extend 50cm (20") beyond the base 
on all sides. The mound may be built much higher than the ground in areas where 
protection is needed against floods and high tides. It will nornally be built with 
earth removed from the pit or the surrounding area. A stone facing will help to 
keep it from being washed away by hcavy rains. A masonry or brick step can be 
built in front of the enirance door to help keep the floor clean. 

Source: 

Wagner, E.G. and Lanoix, J.N. Excreta Disposal for Rrrral Areas and Snlafl 
Communities. Geneva: World Health Organization, 1958. 

Water Privy 

A water (or aqua) privy uses a watertight tank in which human excrcta and urine 
partially decompose. A sewer pipe connects the tank's overflow pipe to an 
underground drhk area or seepage pit. 
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SECTION a-a FIGURE 8 

Measurements shown a r e  i n  cent imeters .  

A = Centre open h o l e  2.5cm (1 i n . )  back o f  cen t re  i f  s l ab  i s  80cm (31 i n . )  i n  diameter; cen t re  open ho le  8 . 0 ~ s  
(3  i n . )  back o f  cen t re  i f  s l a b  i s  90cm (35 i n . )  i n  d iameter 

B  = Between back cen t re  f o o t - r e s t s  
C = Reinforcement 

Notes on cons t ruc t i on  o f  s l a b  

Concrete f o r  s labs  should be p o t  weaker than 1  p a r t  cement t o  6 p a r t s  agqreqate, w i t h  a miiiiwum o f  water.  
Slab i s  r e i n f o r c e d  w i t h  s t r i p s  o f  bamboo o f  t imber  q u a l i t y .  Re in fo r c i ng  s t r i p s  a re  about 2.5cm (1 i n . )  wide, 

have had i nne r ,  weaker f i b r e s  s t r i p p e d  away, and have been soaked i n  water ove rn iqh t  be fo re  use. 
Slabs a r e  c a s t  u ~ s i d e  down i n  one opera t ion .  Base o f  form i s  o f  wood w i t h  i nden ta t i ons  f o r  f oo t - r es t s .  

Base o f  form i s  e n c i r c l e d  by sheet metal s t r i p  which makes o u t e r  w a l l  o f  form. Side w a l l s  o f  h o l e  form and 
f oo t - r es t s  a r e  made w i t h  s l i g h t  s lope so as t o  come o u t  e a s i l y .  Form f o r  open h o l e  i s  removed when concre te  
has taken i n i t i a l  se t .  Slabs a r e  removed from form i n  about 40 hours and s to red  under water,  p re fe rab l y  f o r  
10 days o r  more. Slnce these s labs  a r e  round, they may be r o l l e d  some d is tance when conveyance i s  d i f f i c u l t .  



This is a sanitary and permanent installation when it is properly built, used daily, 
and maintained properly. It can be placed near a building. The first cost of a 
water privy is high, but it is not exl?ensive in the long run becausc it will be 
used for many years. It needs some watcr and cannot be used in fceczing 
climates. And it is not practical in desert or water scarce areas. The water privy 
may not be successful in 1ua1 areas with no organized sanitation and health 
education services. 

m e  Process 

The digesting or decomposing tank is usually made of watertight concrete (see 
Figures 9, 10, and 11). A drop-pipe, 10cm (4") in diameter, attached to the squat- 
ting plate or seat hangs down lOcm (4") below the surface of the liquid in the 
tank. This forms a water seal, which kccps bad odors from rising into the privy 
shelter. 

SECT/OM A-A 

The decomposition precess forn~s a sludge in the tank. The amount of sludge is 
only one-fourth the volumt of the total waste deposited in the pit, because sorrie 
of t i e  solid matter breaks down into very small pieces, liquid, and gas. Tile liquid 
and the pieces of waste matter run out the overflow pipe to the drain fieid. The 
mderial tbat flows out is called effluent. The gas escapes through a vcnt pipe. 

me Tank 

The tank must be watertight. If the tank leaks, the 1iq.iO level will fall below the 
drop pipe, odors wd farm, flies and mosquitos will breed, and the soil and ground 
water will be polluted. Tank. made from bricks or stone and mortar must be faced 
with a coat of rich cement plaster to make sure t h y  are waterhght. 
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The rank can be made of plain concrete sewer pipes 90 or 120cm (36" to 47") in 
diameter and sealed at the bottom with concrete (sce Figure 11). 

X:aily-sized units shou2d not L?e lcss than 1 cubic meter (35 cubic feet), which 
. s i ' I !  llsually allow 6 years or more between sleanings. Thus the family watcr privy 
ilccd not be too deep, which is an advanthge in rocky ground where the water 
?&le is high. 

Drop-Pipe 

The lOcm drop-pipe with its end lOcm below the surface, prevents water from 
splashing and improves flushing. Nightsoil may stick in the pipe from time to time 
and must be flushed or poked down to s:op odors and to keep flies from breeding. 
The pipe may bc up to 20c.r~ (8") in diameter and reach 20cm below the surface of 
the water in the pit, which will prevent sticking, but this size will release more 
odors and cause splashing, and the pipe may crust over. 

Disposal of E'ren t  

Disposal of effiuent from a family unit is usualiy done in seepage pits or by 
below ground irrigxtion. The amount of effluent is equal to the amount of 
nightsoil and water put into the digestiag pit. This averages 4.5 liters a person 
each day, but the drainage system should be designed to handie 9 liters a person 
each day. Whcn a water tap is inside the privy, the effluent disposal system must 
be much larger. Too much water causes poor digestion of sludge. 

The arza of below ground irrigation ditches or seepage pits needed for a family 
of five will be from 1.4 square meters (10.7 square feet) in very Sight soil to 5 
square meters (5; square feet) in soils that are hard to penetrate. 

These methods are not practical in regions where the water table rises to within 
lm (3') of the ground surface, or in clay soils or swampy l a d .  Hero some type of 
sand filter may hclp, but this requires help and approval from local health experts 
and continued maintenance. 





The first step in putting a ncw water privy into opcration is to fill thc tank with 
water up to the overflow pipc. Digcstcd sludge from anothcr privy can bc addcd 
to the tank; this will sccd the water and start tkc dccomposition proccss. If thc 
tank is not seeded, it wili take about 2 months for the process to gct going 
efficiently. Once this lcvcl + operation is rcachcd, the privy will kccp the 
process going, provided it is uscd daily. Cleaning and flushing thc slab and bowl 
daily with 25 to 40 liters (6 to 10 gallons) will give the tank the small amount of 
water it needs to kecp the process going. 

Removing Sludge 

The sludge that forms in the tank must bc bailed out bcforc the tank is half-full, 
about 5 to 8 years after the privy is put into opcration. A manhole, often located 
outside the shclter, is made for this job. 

Notice in Figure 9 that the tank floor slopes toward the manhole for casicr 
cleaning. Both the vent and the drain arc easily reached. Thc drain has a T- 
shaped section that helps to kccp hard surface scum from entering and plugging 
the drain and whose shape makes it easy to clcan. The overflow pipc in Figure 10 
is an elbow. 

Bury the sludge in shallow trenches about 40cm (16") deep. 

Source: 

Wagner E.G. and Lanoix, J.N. Excreta Disposal for Rural Areas and S ~ i a l l  Contntll- 
nities. Genc :a: World Health Organization, 1958. 

Philippine Water-Seal Latrice 

A water-seal bowl improves a latrine by keeping flies out of the pit and prevcnt- 
ing odors from escaping. The mold described here (see Figure 12) has been made 

and used successfully in sanitary 
latrine programs in the Philippines. 
The advantage of this mold over a 
concrete mold is that it requires no 
drying time. 



'Fools and Materials 

Wood: 1Ymm (314") thick, 31cm (12 112") wide and 152.5cm (5') long 
G a h ' 3 a  iron: O.';jmm x 32cm x 40.5~~3 (1132" x 12 1/2" x 16") 
h i ; e  nails: 18 
Ccmznt and clean sand 
Gdvmized wire: 5mm (3116") in diameter and -3.5cm (1') long, for interior mold 
handle 
Bamboo pole or iyon rod: 30.5cm (1') long, to positicn interior moid 

Making !he Mold 

If the materials for the. mold are cut according to Figures 13 and 14, the bowl is 
easy to make. 

o Nail the metal sheet around the curved back of the mold (see Figure 12). 

o Attach the two front pieces with large nails through the loose-fitting holes. 
These holes make it easy to remove the front pieces. The extension at the 
bottom of piece No. 1 is important in making sure that the bowl will seal 
well below the water level. 

t --- - . . - -. -. - - - 50 .gem - --- 
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Making the Bowl -- A 1-zg- cn T ' c ~  z=--l 

Since the mold has no bottom, find a flat place to work where the mold can be 
propped against a wall. Fi the mold with a mixture of two parts fine sifted sand 
to one part cement. 

Use only enough water to make thc =.;xture workable. Pack it in so that there 
are no airpockets. Let it set for 15 to 20 minutes until the mixture is stiff. Next, 
with a ruler, measure a Bmm (1 1/2") wall around the top and outlet and dig out 
the kside with a tablespoon (see Figure 15). 



Keep z straw handy to gauge t?le 
thickness of the walls of the bowl 
while digging, because it is difficult 
to judge otherwise. 

Dig out the large interior first, 
then the outlet. The finished 
interior of a bowl is shown in 
Figure 16. 

F/GURE 15 

Be sure you can insert three fingers vertically, 5cm (T), through, the hole leading 
to the outlet. Be careful to release front piece No. 1 by inserting the spoon 
ziround the edges (see Figure 16). 

After the interior has been dug 
o-~t, the walls will have slumped 
down about an inch. Use the 
cement taken from the interior to 
build the walls back up; then 
smooth all exposed surfaces with 
the back of the spoon as in Figurc 
18. To be sanitar:. the bowl must 
be as smooth as possible so thzt 
germs cannot build up in crevices. 

For a finishing coat, one of two methods may be used: (1) immediately after 
smoothing, sprinkle dry cement over the still wet surfaces and smooth again with 
the spoon (Figure 18); or (2) let the bowl set for half an hour and apply a 
mixture of pure cement and water-a coconut husk brush is good enough. Either 
method gives good results. 



For a I m r y  product, use white or red cement for the finishing coat; several 
coats are necesssry. 

The finished bowl should be left in the mold to Cry 48 hours. It can be removed 
after 24 hours only if extreme care Is taken. Pull out the front nails and remove 
pieces No. 1 and Na. 2; pull the sides and back away from the bowl. 

Making an Interior Mold 

Because digging by hand is tedious and because it must be done very carefully to 
make the wa?h consistently thick, it is better and faster to use an interior mold. 

After the first bowl has hardened ihoroughly, fill the outlet wiih dry sand so that 
the cement cannot flow into it. Tiis would make it impossible to remove the inte- 

rior mold when it hardens (see 
Figdre 19). Line the :arge interior 
with p z ~ e r  and fil: it with ce- 
a\cnt-a 4 to 1 sacci-ce,nent 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. 

,r/GffR.€ /? 

When an interior mold is used, it is only necessary to dig out the outlet. It is a 
good idea to have several interior molds, bur not necessary to have one for each 
exterior mold. The intcrior mold shodd be removed after 15 to 20 minutes so that I .;he bowl can be smoothed and finished. Then it can be used to make the next 

1 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 20). 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 bow1 should be 
left to dry until it is rosk 
hard-a week is usually 

NGL/;QLT ZO safe-before delivery. 

A sand-cemeii: ratio of 2 112 to 1 has been used successfully with the bowls. A 
ratio wider than this may make them too expensive. There are many ways to 
strengthen ceme~t; experiments may bring a cheaper solution. One possibility is to 
add short coconut husk or abaca fibers. 

Inscalling the Toilet 

For use in private homes, dig a pit about 15m (5') deep and lm (3') square. The 
deeper the pit and the smaller the width the better, since a s m d  slab is cheaper 
(see "Pit Privy" Section). It can even be dug under the houseespecially in 
cities-because the toilet gives off very little odor, unless this position endangers 
the household water supply. The pit may be lined or d ined ,  depending upon the 
mil. Hard day soil need not be lined. But, if the house is near the sea or on 
sandy soil, the pit should be Iined with, for example, bamboo poles or hollow 
blocks as shown in Figure. 21. 

11, f, ,. !:. 

FIGURE 2 / 
Place boards around the outside o: the pit 15cm (6") from the edge of the pit to 
form the perimeter of the dab (see Figure 22). Place large pieces of bamboo split 
in half across the pit as a base for the slab. Place the bowl between two of the 



bamboo pieces with a piece of wood under the frsnt and back; nail these to the 
bamboo. AFter the bowl is positioned in this way, pour water into it to be sure it 
will seal off the outlet. The top of the bowl should be 7.5cm (3") above the 
bambno base. 

Now put bambco slats across the pit at right angles to the large pieces of 
bamboo, complele!y covering the pit. Cover this with several thicknesses of 
newspaper. Pour cement around the bow! until the slab is about 5cm (4") thick. A 
mixture of two parts gravel, two of sand, and one of cement is good. The slab 
pm be reinforced by placing bamboo slats between 'NO layers of cement. Make 
sure that the outer edge of the slab is higher than the bowl and slants towards 
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 extremel! important to have an ample water supply at hand. About 1 liter (1 
quart) of water is needed to flush the toilet, and people will be discouraged from 
using the latrine properly if they have to go some distance for water. It is a 
good idea to have an oil drum or a small concrete tank nearby to supply water 
for the latrine. 

Do not use the latrine for at least 3 days-a week is best-after it Zr. installed. 

A pit with the suggested dimensions should last a family of eight about fivs 
years. One perz~n uses about 28 liters (1 cubic foot) a year. 

Source: 

Gordon Zaloom, Peace Corps Volunteer. 

1 Thailand Water-Seal Privy Slab 

The Thailand Water-Seal Privy Slab, made from concrete, is usefui for large-scale 
privy programs. The slab, which includes a bowl and trap, is wed to cover an 
ordinary pit privy. 



Master molds for the bowl and trap 
are used to make secondary molds 
from which thc bowl and trap are 
actually madc. The master molds 
can be madc from the plans in the 
cntry that follows. The master 
molds can sometimes bc purchased 
from local health officers. 

The finished slab is quite strong 
becausc its thrce parts are cast at 
the same time (see figure 10). The 

F.MRL- I mcthcd described here can be 
OF ~~n, / sr (~o  P ~ Y .  applied to other water-seal slab 

designs. 

The water-seal trap is curved back under the bowl as shown in Figure 2a. This 
makes flushing more difficult, bu; prevents erosion of the back of the pit on 
loose mil. The same general mcbhod could be used to make a forward flushing 
trap (see Figure 2b). 

The basic method for making these water-seal slabs is to cast the slab, bowl, and 
water-seal trap using three forms: 

1. A wooden form for shaping the slab (see Figurc 6). 
2. A concrete bowl core for shaping the inside of the bowl (see Figure 3). 
3. A concrete core for shaping the kiide of the water-seal trap (see Figure 9). 

Tools aad Materials 

Master molds 
Materials for making concrete 
Wool for platform forms 
Reinforcing rod and wire 
C ~ Y  
Crankcase oil 
Beeswax and kerosene (optional) 
Steel bars: I Y m m  x 19mm x 7.3cm (314" x 314" x 5") 



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 neces- 
sary if a reasonable number of slabs are to be cast every day. Here is where the 
three master molds are needed: one of them to cast the bowl core, and the other 
two to cast the trap core (see b7gure- 14 and 18). 

Casting the Bowl Core 

Oil the inside of the master bowl mold and insert a 19mm x 19mm x 7.5cm (3/4" x 
3/9" x 3") stt:el bar into the bottom. 

Add a fairly loose mixture of cement and water, called neat cement, to a depth of 
about 15m (6") Then fill to brim with a 1:l cement-sand mixture. The 1:l 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. 
After the bowl core has become firm enough, scoop a depression into the surface 
to btJU two .steel hooks made from the reinforcing rod. They should be about 
225cm (9") apart, and should not protrude above the surface of the concrete (see 
figure 3). 

Let the concrete set at least 24 
hours before removing the bowl 
core from the master molds. The 
bowl core can bt used to make 
another master mold and the master 
mold can be wed to niake more 

FMUPEJ BOWL -8 WW- cores. 

Casting the Trap Core 

Add about 25cm (1") of 1:l cement-sand mix to the oiled trap master mold and 
put in some wire for reinforcing. Then fill it with 1:l ahnost lo the brim (see 
Figure 4). 

Put the oiled insert mold into place 
and scrape off excess (see Figure 
9. 

After 45 minutes, remove the insert 
and put a square sheet metal pipe 
l9mm (3 14") Egh kto  the cubical 

F/GLtaf 4 @r/Nc,Qc/ffG rHr 
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indentation left by the insert. The 
pipe is made by wrapping sheet 
metal around a 19mm x 19mm (3/4" 



x 314") steel bar. Let the concrctc 
dry in the mold for 24 hours. 

Remove the finished trap core by 
tapping the master nrold gcntly 
with a woodcn black. 

Making the Wooden Slab Form 

Make a wooden platform 90cm x 90cm (35 112" x 35 112") out of 2.5cm (1") thick 
planks. This is the base of the form. Th< finished slab will measure 80cm x 80cm 
(31.112" x 31 112"). See Figure 6. 

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 thz 
outline of !he bottom of the bowl on the 
platform, with the back of the bowl outline 
23cm (9") from the back of thc platform. 
(This is 17.8cm from the edge of the slab, as 
shown in Figure 6.) The back of the hole 
should be Bcm (11") from the back cf the 
platform. 

Using 38mm x 38mm (1 J!T' x 1 l j 2 )  wood. make a frame with inside dimensions 
01 80cm x 80cm (31 112" x 31 112") (set: Figure 7). 

Gouge out the footrest with a wood chisel. The inside of the foot-rests should be 
aboct 12.5mm (112") from the outline of the bowl. 



Casting the Slab 

With these thrze forms finished, you are ready to cast the first watcrscal slab. 

If desired, coat the bowl core and the trap core with a layer of wax about 3mm 
(1/8") thick. Prepare the wax by dissolving lkg (2.2 pounds) of melted beeswax in 
0.5 liter (1 pint) of kerosene. Apply the wax with a paintbrush. The wax coating 
will last 5 to 6 castings. Wax makes removing the corcs much easier, but it is not 
absolutely necessary. Let it dry before oiling. 

Place the bowl core on the wooden slab form and fill all cracks with day (see 
Figure 8). Oil the bowl, platform, and frame. 

Apply a 6mm (113") thick coat of 
pasty cement and water mixture to 
the bowl core and platform. (Many 
people prefer to spend a little more 
for an attractive polished s'lab. To 
do this, use a mix of 5 cement: 5 
color: 1 granite chips instead of a 
mixture of cement and water. After 
the forms are removed, polish with 

FIGURES. SEALING CRACKS W / ~ M  CLAY: a carborundurn stone and plenty of 
water.) 

Cover the bowl core with a L:2 cement-sand mixture to a total thickness of 
12.5mm (112"). M&e a smooth lip on the cement lOmm (318") from the top of the 

I bowl core as in Figure 9. This lip is your water seal. Use fairly dry cement; let it ~ set for 15 minutes before cutting the Eip. 

Place thc trap core on the bowl core and seal 
the crack with clay. Also add a little clay OD 

each side of the form (near the thumb in e, Figure 9) to prevent cement from getting to 
the front lip. 

. . . .. .. .. .: . ... ::: . . ... . . .m.. .. . 
: .: . . ... . ... . . . . . . . . . .. .. .:.": ..::.. :. : . .. . . . . . . . . . . . . . . . . . . . . .. . . .'. . .. . . . . . . . . . . . Cover with 1:2 ccment-sand mixture to a 
, . . . . . . . . . . . . . . . . . . .... .. . . ....... . . .  . . . . . . . ..... . .. .. . . . . . . . . . . . . . . ... . thickness of 125mm (112"). Do not exceed the 

. .. .. . 12.5mm (1/2") thickness below the trap core 
,C/GU= 9. ,,,oVNr,~~ 7HK or you will not be able to remove this core. 
TQAP CORb. 

Fill thc slab form with a mixture of 1 cement: 3 ciean gravel or crushed rock 
almost to the top. In preparing the concrete, fr::t mix cement and sand, then add 
gravel and water. Use water conservat~vely. The looser the mixture, the weaker 

1 the concrete will be. 



Press in 4 pieces of 6mm (114") steel reinforcing rod (see Figure 10). Fill to top 
of frame and smooth. Allow at least 24 hours for setting. Remove the frame by 
tapping lightb with hammer. 

Turn the slab form over on a wooden stand and use simple levers to remove the 
bowl core. You must remove the bowl core before the t7ap core (see Figure 11). 
Tap the trap core gently and slip it out. Add a little water and check to see if 
your seal is lOmm (3/SU). 

Keep the slab damp and covered for a minimum of thrce days and preferably a 
week to gain strength. 

BOWL CORE. 
F/G(/RE 10. PLAC/,k'G RB/NPOFO/NG ROD. 

hfaster Molci's far- 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, 19mm j3/4") square 
Sheet metal (tin-can metal is satisfactory) 
Reinfbrcing wire 
Clay 
Oil (used crankcase oil is satisfactory) 
Paint brush 

It may be necessary to make master molds rather than to p~cchase them. Study 
the entry "Thailand Water-Seal Privy Slab" before rtarting to make these master 
molds: 

o The Master Bowl Molds, 
o The Master Trap Molds, and 
o The Trap Mold Insert. 



Making the Master Bowl Mold 

Enlarge the templates of the bowl outlines on Figure 12 (increase all dimensions 
by one third). Cut out profiles from your larger templates. 
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Shape a mound of clay using the cardboard protiles as a guide (Figure 13). Form 
a little square pipe, 19mm (314") long, of shezt metal on the 19mm (314") square 

steel rod. Make several of these as 
they will be used later when 
casting the cores. Fi 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 together. 

F/~L/E /3 CLAY MOUND Use a paint brush to paint the clay 
mound with oil; old crankwe oil is 
fine. 

Cover the clay mound with a stiff mixture of cement and water to a thickness of 
125mna (112"). If the clay mound was properly prepared, the inside finish of the 
bowl mold will need no further smoothing. 

After this cemerit has set 30 minutes, 
build up the thickness to 38mm (1 112") 
with 1:l cement-sand mix. Let this set 
24 hours and carefully Ii the finished 
master bowl mold from the clay mound. 
The finished bowl mold is shown In 
Figure 14. 

Making the Master Trap Mold 

Make cardboard profiles of the trap from Figure 17 as you did above with the 
bowl. Shape the outside of the trap from clay and let it harden overnight. 

Shape the under side by hand with a trowel using Figure 15 and the insert profile 
from figure 17 as guides. Mark the locations for a 19mm (314") 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. 

Insert the sheet metal pipe into the 
clay trap and scoop out the clay 

F / G u . . / ~ .  CLAY TRAP from inside (see Figure 15). 

Check the day trap on the bowl mound again to be sure it lines up properly. 

Oil the clay trap. 





Put a heel-shaped picce of clay under the clay trap and trim the sides. This will 
preven: the cement from running under the mold (see FZ,gure 16). 

Cover with cement and water to 
19mm (3/4"j, add steel reinforcing 
wire, and cover with 19mm (314") 
more of 1:; cemerrt-sand mixture. 

Flatten the top and insert wire 
handles. Let it set at least 24 
hours. This completes the master 

PRbPAR/N6 
C L ~ Y   RAP trap mold. 
FOR CC)ST/N(; MOLD 

Making the Trap Mold Insert 

Turn the master trap mold over carefully and remove the heel-shaped clay plug. 

Oil all inner surfaces and fill to the brim with 1:l cement-sand mix. 

Insert a small wire handle and let the concrete set for at least 24 hours before 
se~ixating the finished molds. 

Figure 18 shows the completed mzster trap mold and insert. 

Source: 

Karlin, Barry. Thailand's Water-Seal Privy Program. Korat, Thailand: Ministry of 
Public Health. 



Bilharziasis 
Bilharziasis (also called schistosomiasis) is one of the most widespread human 
&eases caused by parasites. This entry explains in general terms what is 
necessary for personal protection from 'b ian ia  and for ridding an area of the 
disease. Further information from the references given is needed. Cooperation 
with government or other programs is essential. 

An estimated 150 to 250 million people suffer from the disease. It is found in 
much of Africa, the Tigris uld 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 in southern Thailand. 

THE PARASITES 

A basic understanding of the life cycle of the paiasites, called schistosomes, and 
thz chaiacteristics of each phase is the first step in preventing the disease (see 
Figure 1). 

The disease has been found, besides in humans, in baboons, monkeys, rodents, 
, water bu-'falo, horses, cattle, pigs, cats, and dogs. When water is contaminated by 
, urine or feces from a victim of he &ease, the egg  contained in these hatch out 

larvae that penetrate certain ~ & s  of fresh-water snails. In the snail host, the 
larvae develop into cercuiae, which work their way out of the snail and become 
free-swim-, this is the form that infects people. It can survive in water for a 
few days under favorable conditions. 

The disease is contracted by contact with water containing cercariae. Typical 
ways are bathirig, drinking, washing teeth, washing pots and clothes, walking 
through water, irrigating, and cultivating crops. Once the parasite has contacted a 
host, five minutes may be enough for it to penetrate the skin. 

It is important to note that biiarziasis cannot be passed from human to human; 
it depends on the snail intermediary. A victim must live in or have visited an 
area where the parasite is found. 





SYMFl'QMS AND DIAGNOSIS 

At tLz spot where the parasite penetrates the host, a red itching eruption lasting 
several days usually develops. After the host is Infected, symptoms relate particu- 
larly to the large bowel, the lower urinary tract, liver, spleen, lungs, and the 
central nervous system. The most characteristic symptoms are bladder and colon 
irritation, ulceration, and bleeding. Three to 12 weeks after infection, a victim 
will likely develop fever, malaise, abdominal pain, cough, itchy skin, sweating, 
chills, pausea, vomiting, and sometimes mental and neurological symptoms. Later 
developments may include frequent painful urination with blood in the urine, 
dysentery with blood and pus in the stool, loss of weight, anemia, and enlarge- 
ment of the liver and spleen. Numerous complications are possible. 

Typically the acute phase subsides and host and parasite live together over a 
period of years, sometimes as long as 30, with the host suffering a variety of 
symptoms of intermittent and variable types. Bladder and bowel troubles are the 
mo:; characteristic symptoms in this period. 

The variety of vague and general symptoms is considerable and may not be very 
spec5c. Examination of urine and/or feces is very important; special concentra- 
tion techniques may be necessary to reveal the eggs. Tissue tests and skin tcsts 
can be used by medically-trained personnel to identify the disease. 

TREATMENT 

The disease can bc treated with drugs, bat only well-trained persons should 
undertake to treat a victim. Supportive treatment, which includcs good diet, 
nursing care, rest, and treatment of other ailments and infections, is important. 

PREVENTION 

Thz disease can be prevented by: 

o Using uncontaminated water-a properly built sealed well or an improved 
sealed spring is safe. (See section on "Watcr Resources.") 

o However, it is importznt to remember that ail water used must be safe. 
Never bathe in or touch water you wouldn't drink. Avoid suspected water. If 
it 5 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 
toluamide or diiethyl phthalate), benzyl benzoate, cedar w'ood oil, or 
tetmosol give effective protection for about eight hours if applied to the 
skin before contact with the water. In case of accidental contact, rub your 



skin immediately with a dry cloth. Once cercariae have penetrated the skin, 
no preventive measures are possible. 

o Chlorination-Chlorine kills cercariae slowly, but properly chlorinated watcr 
systems are almost always free of the larvae. Use 2 halazone tablets in a 
liter (quart) of clear water; 4 tablets if the water is cloudy. In a water 
system, use 1 part per million chlorine. Iodine is even more lethal to 
c e r d a e .  See section on "Chlorination of Polluted Water." 

o Filterinflercariae 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 fdters will not only allow 
cercariae to pass, but may even provide a place for the host snail to live. In 
short, filtering is a poor technique. 

o Storage-Storing water at temperatures over 21C (70F) com~lctely isolated 
from snail hosts for four days wili allow the cercariae to die; at cooler 
temperatures they may live as long as six days. This is seldom a practical 
approach. 

Eliminating the snail intermediate host is at present the most effective single 
method of controlling bilharziasis. The following methods are recommended: 

o Use a sealed, covered well or properly developed spring for a water supply. 
Make sure it is covered; this prevents access of organic matter that snails 
eat, cuts out light that would allow plants to grow for snail food, and 
prevents infected people from bathing in or contaminating the water. 

o If surface water must be used, put long-lasting (copper) screens on the 
intake; draw lake water far from vegetated shorelines, and preferably 2.4m 
(8') deep; take strcam water from a fast moving spot. 

o Be sure filters and reservoir tanks are kept covered and dark and keep them 
I clean. 

o Since snails prcfci the stagnant water of canals, irrigation ditches, and 
dams, control has been possible where the water level in ditches 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 
iatter is initially expensive, it pays dividends not only in better health, but 
alcg in less water evaporation. 

o Poison the snails with copper 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 .-npper-treated water over the snails for 24 hours. All or most of 
the aquatic vegetation should be stripped from the stream bed or pool before 



treatment. Results for other than small controlled pools have been posr. 
Before attempting to treat streams, lakes, or other natural waters, study the 
reference material and seek experienced help. 

RIDDING AN AREA OF BILHARZLBSIS 

Education is a major step in a continuing campaign against biiarziasis. Basic 
steps involved in improving your local waters so they will not spread the disease 
are as follows: 

o Inform yourself. Study this article, locate reference material cited below, 
consult any available health officials. 

o Learn to identify dangerous snails; for Africa, Professor Modey's book is 
very helpful. To find the percentage of snails harboring schistosomes, collect 
a large sample of suspects (use rubber gloves, repellant, and snail scoop), 
put individually in test tubes or glass jars of water. Those shedding cer- 
cariae 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 handling snaiis! 

o Find dangerous snails locally, collect (again using rubber gloves, repellent, 
and snail scoop) and kill them. Mail empty shells to an expert to confirm 
your identification. Visit the expert if possible. Find out atout governmeat 
or other programs and participate in these. 

o Make a personal survey on foot (wearing boots) of local waters, using maps 
and keeping exact records to locate all dangerous snails. Local people can 
often help here. Aerial photographs are also helpful. 

o Survey types and intensity of bilharzia present in populace. Differences may 
help localize infection points. Keep special records for three- to six-year- 
olds, who are the most recently infected; these records will show most 
accurately the incidence of new infections. 

o Educate the public as much as possible, and get them to participate in the 
program. Better sanitation facilities, medical care, and improved nutritioa are 
critical, but improved s a n i t q  facilities are worthless if nobody uses them. 
Encourage people to live in villages away from infected waters, and to 
construct c-dverts or bridges at places where paths cross streams. The 
number of such crossings should be reduced. Any improvement shou!d cater 
to local customs or offer an attrzctive alternative. 



o Personally supervise, participate in, and measure the effectiveness of 
pisonkg the snails. 

o Take continuing steps to destroy the natural breeding places of snaiis, 
particularly at sites where humans and snails congregate. For example, the 
place where a stream crosses a road is a focal point: people stop to drink 
and bathe; they cook and wash out pots, providing food for snails. Tie  
culvert and embankments slow and impound the water, asking ideal breeding 
conditions. Finally, a favorite sheltered place to defecate is under a bridge. 
Filling in places where water stands, changing drainage patterns, and 
eliminating snail food sources art  possible techniques. 

o Maintain a continuing surveillance of focal spots and repeat poisoning 
periodically when necessary. 

Sources: 

Mozley, Alan. The Snail Hosts of i3ilhania in Afrca: n e i r  Occurrence and 
Destruction. London: M. K.  Lewis & Co. Ltd. 

Schistoscrmiaris, Bulletin No. 6. London: The Ross Institute, The London School of 
Hygiene and Tropical Medicine. 
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Malaria Control 
A second major sanitr_';nn-related disease is malaria. A serious resurgence of 
malaria is taking place in many countries. Between 300 and 400 m a o n  people 
suffer from malaria, and five million die from it annually. The disease is caused 
by the mdaria parasite, Plasmodium falcipaium (and three other Plasmodium 
species), which are transmitted by anopheline mosquitoes irom an infected person 
to a healthy person. Tropical and subtropical regions of the world suffer the most 
from malaria. 

COMMUNITY PREVENTIVE MEASURES 

Ivlosquitoes generally stay within about one mile (1.6 km) of where they hatch. 
The cycle from egg laying to hatching as mosquitoes usually takes about eight 
days. These facts make it easier for local mosquito eradica".cn or control 
programs to be effective. But over time, persons infected with malaria can visit 
the local area or mosquitoes carrying the malaria parasite can be brought in with 
vegetable baskets, water containers, etc. Therefore, to be effective, anti-mosquito 
programs must be ongoing, and any spraying should be done on a regular basis. 
Other community based anti-malaria activities include: 

o Eliminate or reduce the amount of stagnant water near *the community by 
digging drainage ditches. The malaria mosquitoes must have water for their 
egg, larval, and pupal stages of development. Even small accumulations of 
water, as in wheel ruts or hoofprints of cattle may increase mosquito 
breeding if the water remains a week or more. 

o Plan for the elimination of standing water in new water and flood control 
projects. 

o "Supercharge" unlined irrigation ditches about every 6 days. To do this, raise 
the water level of the irrigation ditch three inches (8 cm) or more for a 
period of about an hour. This will cause mosquitoe larvae to float upward on 
the vegetation that lines the ditch. Do this in the morning on a sunny day. 
Then quickly drop the water level about five inches (13 cm.) or more and 
leave it at this level for several hours. The mosquito larva wili be hung up 
on the dry vegetation and uill die. 

o Develop a voluntary reporting system for persons in the community who 



develop fevers, so that health care can be provided to them, and so that 
trends in the occurrence of malaria will be evident. 

Mosquito-eating fish can reduce the number of mosquitoes in rice fields. This is 
not practical where rice cultivation includes aiternate flooding and drying. 

Regular use of mosquito-proof bed nets by all or most community inhabitants has 
been shown to reduce malaria rates. Programs with community participation in 
local production and repair of bed nets deserve field trials. 

PERSONAL PREWNTHVE MEASURES 

To reduce the probabiity of malaria: 

1. Inspect your living and sleeping quarters and install or repair screens in 
doors and windows. 

2. Spray the walls, floors, and ceilings of your residence vith insecticides. 

3. Sleep under a mosquito-proof bed net. 

4. Use mosquito repellents when you walk in the woods or other likely 
mosquito areas. 

To reduce the risk of malaria, you should begin taking chloroquine two weeks 
prior to departing for regions of the world where malaria is found. Up to date 
information on the status of malaria and drug resistance can be obtained from 
references (1) and (2) below. 

No vaccine is currently available against malaria. Breakthroughs have been made, 
but pharmaceutical. ;1vailability is s t i  many years away. The most effective drug 
against malaria is chloroquine, but in some areas of the world, the parasite is 
beginning to show some resistance to the drug. An alternative drug that is much 
more expensive is sold under the label "Famidar." This drug is effective, but can 
cause serious allergic reactions in some people. Local health care providers should 
be consulted as to what drug to use. 

The search for a vaccine apainst malaria is complicated by the fact that while 
Phmodium falciparium is responsible for most malaria deaths, there are other 
plasmodium species, and each species may react differently to the drugs used to 
treat it. 



In addition, the parasite goes through a series of stages of growth as it passes 
from the mosquito into the human bloodstream, back to the mosquito, and then 
back into a human host. Each stage requires its own separate defense. 

For example, at one stage of the parasite's life it is called a gametocyte, a tiny 
body that will produce gametes or mature sexual reproduction cells. The gameto- 
cytes must pass into an anopheles mosquito to develop. 

The mosquito bites a person whose blood contains the gametocytes. The gameto- 
cytes develop in the body of the mosquito and eventually produce sporozoites, 
tiny bodies that will grow into adult plasmodia. The infected mosquito then passes 
the sporozoites to another human host and the cycle begins again. 

A vaccine against the sporozoite would keep the second person from getting the 
Cisease from the mosquito. It wodd not, however, defend against, say, contami- 
nated blood used in a transfusion, nor one of the other infectious stages of the 
parasite's life. 

The challenge to scientists is to develop vaccines that would be effective in three 
different ways. One would wort against the sporozoite, preventing it from 
developing in its human host. Another would work against the gamctocyte to 
prevent its growth in the body of the mosquito. Both of these vaccines could 
effectively block the transmission of the disease. 

They would not, however, protect the person -?2io was infected as a result of a 
blood transfusion. Such a person could become ill with malaria and would then be 
a source of infection to mosquitoes and ultimately to other people. Thus scientists 
are also working on a third type of vaccine, which would protect against this 
type of transmission. 

In the meantime, the best protection for people living in malaria areas is to 
interrupt the cycle by getting rid of the mosquitoes or by trying to keep from 
being bitten. Malaria control is a community problem, not just a challenge to 
science. Use the measures described above to eliminate mosquito breeding areas 
around your home, farm, and community. Remember to protect yourself and ycur 
family from the mosquitoes by using window screens and mosquito-proof bed nets. 
Use mosquito repellznts, and spray with appropriate insecticides where needed. 

Sources: 

Dr. Donald Pletsch, VITA Volunteer, Gainsville, Florida 

i Dr. Alan Greenberg, Center for Disease Control, Atlanta, Georgia 

I "Taking the Bite Out of Malaria," W A  PJews, January 1986, pp. 4-5. 
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Oral Rehydration Therapy 
Every parent knows that diarrhea is one of the commonest ailments of childhood. 
It affects hundreds of millions of children around the world an average of three 
times a year. And especially in areas where water and sanitation are poor, it can 
be a problem for adults also. 

But children are most vulnerable to the problems caused by diarrhea, especially 
children who are poorly nourished and in poor health to start with. UNICEF and 
the World Health Organization estimate that more than three miilior. children in 
developing countries die each year from serious bouts of diarrhea-the most 
important single cause of death and malnutrition among young children. 

DEHYDRATION-A LIFE-THREATENING CONDITION 

Most of the children who die from diarrhea die because their bodies have become 
dehydrated. That is, they have lost more fluid than they hzve taken in. As body 
fluids are lost, essential salts, minerals, and other nutrients are also lost and the 
body is no longer able to function properly. Severe dehydration may cause rapid 
weak pulse; fever; fast, deep breathing; or convulsions. Untreated, it is fatal. 

The diarrhea that causes the dehydration can and should be treated before the 
problem becomes so serious. The idea is to give the child (or adult) as much fluid 
as possible md to restore the balance of salts and other nutrients. The treatment 
is called oral rehydralion therapy (ORT). It works almost as fast as an intra- 
venous @V) feeding and is safer, simpler, and cheaper. Any mother can treat her 
child at home for jus: a few cents, versus the high cost of an IV or other 
medications. WHO estimates that use of OKT saved over 200,000 lives in 1984. 

Use of ORT is so effective that as of January 1988 some 90 countries around the 
world had national programs to promote its use and it is becoming the treatment 
of choice in many hospitals in industrialized countries. Many organi7ations have 
programs to teach medical workers as well as parents about the treatment and to 
train them in its use. 

TREATING OR PREVENTING DEHYDRATION 

A m i x t u r d e d  rehydration salts-of salt, sugar, sodium, potassium (and perhaps 

1 other nutrients), and water is fed to the child frequently throughout the day and 



night. The salt-sugar mix is usually available in packets or tablets to be mixed 
with clean water. In some places, the bottled mixture may also be available. If the 
salt-sugar mixture is not available, you can make your own rehydration drink at 
home (see box). 

Mix up thz driik at the first signs of diarrhea. Give the person sips of the drink 
every few minutes, day and night, that they are awake-even if they don't feel 
like drinking it and even if they vomit. An adult should drink three or more 
liters a day and a small child should have at least one liter a day or one glass 
for each watery stool. 

REHYDRATI[ON DRINK 
TO PREVENT AND TREAT DEHYDRATION 

In 1 liter of Put 
of SUGAR or honey 

2 level tablespoons (30 g) and 
WATER ALT 
(better if 

l?3-' (.75 g, 

boiled, but \.----- 
do not lose 

and 
114 teaspoon (.75 g) 
BAKING SODA 

(bicarbonate of soda). 

. . . . . . . . .  .'.'::::::::.'.' . . ' .... :. . . . . . . . .  ............ ...... . . . . . . .  .............. ............... . . * . .  ............ . . . . . .  ........ ......... .......... . . . .  ........ . .:...a . . . . . .  .:.:.:.:.:. CAUTION: If you do not have soda, use 
. . . . . . . .  .............. . . another 114 teaspoon salt. ............ . . . . . . .  . . . . . .  . . . .  ......... Before giving the Drink, taste (l.5 g to*). . . . . . . .  .......... .:.:.:.:.:.: it and be sure it is no more ......... ......... salty than tears. ......... .......... . . . . . .  ........... ........... . . . . . .  ......... ............ . . . . .  ........... ............ ........ ............... . . . . . . . . .  . . . . . .  

If available, add half a cup of orange juice or coconut water, or a little 
rnaslled ripe banana to the Drink. 



Diarrhea is often caused by malnutrition, but if it goes on long enough the 
diarrhea itself contributes to the malnutrition. Be sure that the person who has 
diarrhea eats good, easily digestible food along with the rehydration drink. This is 
especially important for children, but anyone who is thin and weak shodd get 
plenty of protein and energy f d  all the time that they have diarrhea. If they 
are too sick to eat much, they should take broth, porridge, rice water, and/or 
cooked and mashed beans or fruit, in addition to the rehydration drink. Babies 
should continue to be fed breast milk. As soon as they can, the sick persons 
should begin eating well again. 

(It should be noted that doctors often have different ideas about how to treat 
people with diarrhea, especially regarding the types and quantities of food the 
sick person should eat. Many doctors feel that people with diarrhea should not 
eat anything but thin soups or cereals. Other doctors say that the sick person 
should be allowed to eat h o s t  any good healthful food they feel like eating. You 
should be prepared to follow the advice of your doctor or health worker.) 

Unless the diarrhea is caused by some other disease, such as amebic dysentery, 
the person should respond quickly to the treatment. If the diarrhea gets worse, or 
if there are other disease symptoms such as fever, and the person seems to be 
dehydrating, get help from a doctor or health worker immediately. Remember that 
children are affected more quickly than adults, and dehydration is very dangerous 
for babies. 

Look for these signs of dehydration: 

o dry, tearless, sunken eyes 

o sudden weight loss 

o dry skin, mouth, and tongue 

o sudden weight loss 

o sunken "soft spot" on a baby's head 

o little or no urine, and what there is is dark yellow 

Dehydration also causes the skin to lose its elasticity: a pinch of skin does not 
fall back to normal, but stays up in a lump. Dehydration may also cause rapid, 
deep breathing; a fast but weak pulse; fever; and/or convulsions. 

Werner, David. Where There Is No Doctor. Palo Alto, Califoraia: Hesperian 
Foundation, 1980. First published in Spanish as Don& No Hay Doctor. Now 



available in English, Spanish, French, Portuguese, and Swahili. Available throcgh 
VITA in dnglish, Spanish, and French. 

The Project for Appropriate Technology for Health, Seattle, Washington USA. 

Grant, James F. Stare of the World's Chi lhn 1988. New York: Oxford University 
Press, for UNICEF (United Nations Children's Fund), 1988. 



Agriculture 



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 writer usage saves water, labor, and 
soil, and improves crop yields. Improved roads make communication easier between 
farmers, their suppliers, and their markets. 

Although modern heavy equipment is often sought foi such work, it is not 
necessary. Land can be prepared effectively with small equipment that can Lle 
made by farmers or small manufacturers and can be pulled by animals or farm 
tractors. Descriptions of yokes and harnesses are given in Anir?tal Traction, by 
Peter R. Watson, published by Peace Corps and Transcentury Corporation (1981). 

The following seven entries describe such small equipment: 

o Drag Grader 
o Fresno Scraper* 
o Barrel Fresno Scraper 
o Float with adjustable blade 
o Buck Scraper* 
o V-Drag* 
o Multiple Hitches 

* The fresno scraper, buck scrapcr, and V-drag are designed far use with large 
horses. 

DR4G GRADER 

This simple metal-edged wooden grader is designed for two mcdium-sized work 
horses or oxen. The grader can be scaled down far use with one horse or with 
smaller animals. 

1 Road-building does not require giant tractors and earth movers. The grader 
described herc was used for dirt and gravel roads in the midwestern United States 
in the 1920s. Similar graders were used in the original construction of U.S. 
Highway No. 1 from Maine to Florida. 

I 



Tools and Materials 

Lumber: 75cm x 30.5cm (3" x 12") 
2 pieces: 243cm (8') long 
I piex: 352cm (5') long 
2 pieces: 305cm (1') long 

Lumber: 7.5crn x 15cm (3" x 6") 
1 piece: 37 cm (4 1/2") long 

4 Meta! edges: 6mm to 12.5mm (1/4" to 1/2) thick, lOcm (4") 
wide, 243cm (8') long 
17 Lag screws: 16mm (5/8") in diameter, 18cm (7") long 
2 Eye bolts, 75cm (3") diameter, and large lock washers 
Heavy chain. 3.7m (12') 
32 Flathead steel wood screws, 7.5cm (3) long. (Carriage bolts with lock washers 
would strengthen the grader.) 

Construction details for the grader are shown in Figure 1. The metal edge over- 
hangs the surfaces of the 243cm (8') beam by 2.5cm (1"). Each edge is attached 

/-4 5M --- j with eight large wood screws or 
carriage bolts. Lock washers 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 the direction in which the 
soil is cast. 

If the gades is to be used for 
cleaning ditches, the angle between 
the 152cm (5') and 243cm (8') 
beams should be 30 degrees. 

The drawing position of the grader is adjusted by changing the hitching point on 
the chain. The hitch llnk should be such that when the small end is put over a 
link it will not slide. Reverse the hitch ring to slide it along the chain. 

If welding equipment is available, the same design can be used for making steel 
road graders, with cutting edges hard-surfaced to make them last longer. 

, Source: 

. Richard Hunger, John McCarthy and John Rediger, VITA Volunteers, Peoria, 
Illinois. 

! 

j Vernon E. Moore, VITA Volunteer, Washington, D.C. 
! 
i 
I e 



This scrapcr is used for moving larger amounts of earth from higher spots tc Iow 
areas. It can be made at low cost by farmers or small manufacturers, if materials 
and a well-equipped blacksmith shop are available. The scraper can do the work 
of larger, more expensive equipment. 

Implements that 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. It is a large metal scoop ;hat can be 
built in a number of sizes, de-pending on the number of animals that can be used 
to pull it. Good results will be obtained by using the size described here with two 
oxen or two to four horses. Construction details are given in Figures 2 to 5. 

To use the scraper, fist plow the high spots that you want to remove. This will 
make it easier to load the fresno and save a great deal of power. 

The fresno is made so that the power used to pull it will also help in loading and 
unloading. The rope in the handle is used 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. kiwap keep a firm grip on the handle, while loading 
or getting ready to unload. A sudden jerk or unseen rough spot may cause the 
handle bar to fly up and strike you. 



T o  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 it will go forward without 
touching the ground until you are ready to unlcad it. Lift the handle when vou 
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 it forward for a shallow depth or 
back for a deeper spread. 

After it has been emptied and returned to the point of loading give the rope a 
hard pull and thc fresno will fall back into position for loading. 

Usual hitches for animals pulling the fresno are: 

o two horses 
o two cxen 
o three horses 

Two lines are used. Each outside horse is tied back to the hame or collar of the 
center horse. The center horse is then guided by the inside strap from the lines. 

Tools and Materials 

2 steel plates for sides: 
Gmm x 30cm x 60cm 
(114" x 15 314" x 23 518") 

2 draft bar rod stock: 
20mm x 1.2 meters 
(25132" x 47 114") 

1 steel plate for blade: 2 draft bar rod stock: 
Gmm x 35cm x 1.24 meters 20mm x 95cm 
(114" x 13 314" x 45 7/8") (25132" x 37 318") 

1 steel plate for backplate: 
6mm x 52cm x 1.24 meters 
(114" X 20 112" X 48 718") 

2 draft bar loop stock: 
20mm x 45cm 
(25132 X 17 314") 

4 stcel plates for stiffener plates: 2 draft bar loop stock: 
Gmm x lOcm x 18cm 20mm x 3Scm 
(114" x 4" x 7 118") (25132" x 15") 

1 steel plate for stiffener plate: 2 eye bolts with nuts and washers: 
6mm x lOcm x 28cm 20mm x 25cm 
(114" x 4" x 11") (25132" x 9 718") 



75 flathead rivets: 2 strap iron clevis stock: 
15mm x 3cm (19132" x 1 118") lOmm x 4cm x 60cm 

(318" x 1.9116" x 23 5/87 
12 flathead rivets: 

20mm x 3cm (25132" x 1 118") 2 machine bolts with nuts & washers: 
l3mm x lOcm 
(112" X 4") 

2 angle irons for runner: 
6mm x 45mm x 45mm x 1.57 meters 
(114" x 1 314" x 1 314" x 62 13/16) 1 oak &aft bar: 

6cm x 15cm x 1.52m 
2 steel plates for shoes: (2 318" x 6" x 59 718") 

6mm x 12.5cm x 66cm 
(114" x 5" x 26") 4 machine bolts with nuts & washers: 

13mm x 6cm 
2 strap irons for bar brace: (112" x 2 318") 

lOmm x 4cm x 32cm 
(318" x 1 9/35" x 12 518") 8 machine bolts wiih nuts & washers: 

13mm x 4cm 
1 iron bar for hadebar  (112" x 1 9/16") 

15mm x 5cm x 1.6 meters 
(9116" x 2" x 63") 1 oaic stop bar: 

4cm x 8cm x 1.45 meters 
i rope: (1 9/16" x 3 118" x 57 118") 

13mm x 2 meters 
(112" x 78 3/47 2 stop bar stock: 

threaded one end 
, 2 side plates, draft clamp stock: 

20mm x 21cm 2 stop bar ball nuts & washer: 
l3mm (112") 

2 machine bolts with nut and washer: 
13mm x 4cm (112" x 1 9/16") 

Source: 

Forsberg, Carl M., Metzger, James D. and Steele, John C. Construction and Use of 
Smali Equipment for F a m  Imgation. USOM/Turkey, in cooperation with the 
Turkish Ministry of Agriculture. 
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BARREL FWESNO SCRAPER 

The barrel fresno scraper (Figure 1) is a lighter, simpler version of the fresno 
scraper described in the preceding entry. It is a low-cost implement to move soil 

efficiently. It can be pulled by a 
team of bullocks and is operated by 
one person. 

The scraper, which is well-adapted 
to production by a vi!lage black- 
smith, is made from an old barrel 

, c / ~ , y e  /. BAR= F e B A f o  
and scrap metal. The scraper car; 

SCRAPER be adapted for heavy duty use. 

The barre; f;esno scraper prcsented here was built and tested in Afghanistaii. it 
was found that it could move approximately twice as much soil as the shovel 
board ~lormally used by the Afghan farmer. The scraper worked better when the 
high spo:s were plowed with a mold-board plow, which breaks up the soil, making 
it easier to pick up. Using the local wooden plow was satisfa.-tory but it left the 
soil cloddy. 

It is estimated that it could be used for 8 to 10 years under normal farm use on. 
Under other conditions, particularly where the soil is sandy or where the scraper 
is used for road or terrace construction, its life would be much shorter. 

Tools and Materials 
Heavy hammer 
Chisel - for cutting barrel 
Punch - for making holes in barrel 
Saw - for cutting wood 
Drill - for boring holes in wood 
Pliers 



Welder or access to the scrviccs of a welder 
Barrsl, 208-liter (55-U.S. gallon) as ncw and strong as possiblc. Rust wcakcns the 
metal and a rusty barrel should not be used. 
Blade, metal, 1 piece, 5 to 8mm (3116" to 5/16) thick, 88cm (34 5/87 long. Have 
a blacksmith taper the blade until it has this shapc whcn viewed from the 
end. The blade should be sharp. Old truck springs make good blades. 
Blade holder, metal, 2 pieces, 5 to 8mm (3116 to 5/16") thick 
Handle, wood. 1 piece, if soft wood 4 by 8cm (1 9/16" x 3 118") or pole 8cm (3 
118") in diameter at large end, 3m (9'10) 
Handle brace, wood, 1 piece, 3cm by 8cm by 150cm (1 3/16" x 3 118" x 59") 
Block wood, 1 piece, 3cm by 8ca: by 12cm (1 3/16" x 3 118" x 4 314") 
Bolt, 1 piece, lcm diameter by lOcm (318" x 4 )  
Nails, 5 pieces, 9cm ;3 112") long 
Wire, heavy - at least 3n1m (1/8") thick, 12m (39') long 
Chain, 4m (13'), made from 7mm (9132") rod, with hook at each end. Sec Figure 1. 
Rope, 12mn1 (1/2") diameter, 3m (9'10) long 

Construction 

Cut the barrel, starting next to the welded seam, as shown in Figurc 3 below 
(also see Figure 1). The cut is exactly half way around the barrel. 

-ROTATE 
BARREL 

& r u m  

Cut the barrel, starting next to the welded seam, as shown in Figurc 3 below 
(also see Figure 1). The cut is exactly half way around the barrel. 
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Pull the cut-out section forward and flatten it d t h  a hammer (Figure 4). Fold the 
cut-out section back 17 to 20 cm (6 314" to 7 718") from the end of the cut, 
depending on the width of the blade, to form a double bottom (see Figure 5). 

The blade can be installed by welding or by riveting. 



I 
i To install the blade by welding (see Figure 1): 
I 

- Butt the bla le (see Tools and Materials) against the barrel fold and 
spot weld it. Five spots of welding 3cm (1 3/16) long, evenly spaced, 
are enough. 

- The lower tip of the blade holdzr (see Tools and Materials) should be 
evcn with the end of the cut). 

- Weld the blade holder at the outside of the barrel to the heavy rim. 

- Weld the blade to the bottom of the blade bolder. 

To install the blade by riveting: 

- No blade holder is required. 

- The metal for the blade should be 5 to 8mm (3116 to 5/16") thick, 8 
to 12~12 (3 118" to 4 314") wide and 164cm (64 1/2") long. Tapcr and 
sharpcn '.he blade before kznding. 

- B e d  the blade up at right angles 40cm (15 314") from each end. This 
vifi leave the main part of the blade 86cm (33 718") long to fit 
inside the barrel. 

- Insert the blade. 

- Drill holes and rivet as shown in Figure 6. 

FfGQRE 6 A r A W / N G  THE BLADE W/YYOU7 WELD/* 

- 3 e  folded part of the barrel bottom should extend 3cm (1  3/16") 
under the blade and be riveted to the bottom of thz blade. 



Install the handle and handle brace (Figure 7): 

- Position the barrel so the edge of the blade is exactly 4cm above the 
floor. 

- Taper the end of the handle and place it in the position shown in 
the sketch, making sure it is in the center of the barrel. 

WWbN L) 4 BY8 C M  4fANDLC /S USED, 
r~ 8 CM wlO7Xf IS V K ~ / C R L  A N 0  745 

F/GL/RE 7 /Ndfc)LL//a'6 f#E HA#%'- AN0 MNDLB a A C 6  

- Punch a hole through the bottom of the barrel, driil a hole through 
the end of the handle, and bolt the handle to the barrel. 

- Bend 2 1/2cm of the edge of the barrel metal up as shown in Figure 
1. Punch 2 small holes in the metal and drive 2 nails through the 
holes into the end of the wooden brace. 

- Making sure the blade is still 4cm from the floor, nail the wooden 
block against the end of thc wooden brace. 

- Drive a nail through the end of the brace into the handle. 

Install the brace wires and rope (Figure 8): 

- Punch holes through the side and end of the barrel halfway between 
1 the bolt and brace end. 

F/6URE 8 /NSTALL/NG BRACE W/RES ANQ ROPE 



- Fix 4 strands of wire through thc holes and around the brsce and 
handle. 

- Twist the wires with a small stick to tighten the wire braccs, making 
sure the handle is at right angles to the barrel. 

- Drill a 1 1/2cm hole, 20cm from the end of the handle. Thrcad the 
end of the rope through the hole and make a knot at each end. 

Make holes for installing chain (Figure 9). 

CENTEQ 

PUNCM HOLES PWcU MOLE 
FOR CHAW C(O0hs CHAIN /fK.K 
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MHNULE aarr 

Operation 

When operating the barrel fresno scraper, always be careful not to have any part 
of your body directly above the handle. 

1 Keep a firm grip on the handle while loading, during operation, and getting ready 
to unload. An unseen rough spot may cause a sudden jerk, which will make the 

I handle fly up and strike you. 

Beforc using the scraper, plow the high spots that you want to remove. This wilI 
make it easier to load the soil. 

The power used to pull the scraper will also help in loeding and unloading. Use 
the rope in the handle to pull the scraper into position for loading and for 
spreading the soil evetly when unloading. 

To load the scraper, simply lift the handle to let the blade go into the soil. Do 
not maks too deep a cut: this would either pull the scraper cver or pull the 
animds to a stop. 

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 into 
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 starts to wear through, cut off the un- 
worn part of the cut-out section of the barrei and weld or rivet it over the old 
bottom. When the rims of the barrel, which serve as runners, 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 anrl the runners, must be reicforced. To reinforce the scraper bottom, 
cover it with a heavy iron plate 4 to 6mm (5/32" to 1/4") thick from the rear of 
the blade to the bolt that holds the handle. Weld or rivet the plate in place.Rein- 
iorce the runners by welding or riveting old truck springs or other heavy strap 
iron as described in the paragraph on repairing the scraper. 

Source: 

Dale Fritz, VITA Volunteer, Schenectady, New York 

FLOAT WITH ADJUSTABLE BLADE 

The float is very useful for leveling a field before planting a cro,3. It can be 
made by a srnal! manufacturer or a carpenter-blacksmith with locally-available 
materials (Figure 1). 

1 F/bURb / A FLOAT FOR 
LKYKL/NG A F/ELD 8EFOh?b 
4 CROP /5 PI4Nr.D 



All earth moving operations, where any quantity of soil is moved, lcavc the land 
surface in an uneven condition. The float is the best piccc of cquipmcnt for 
obtaining a smooth, evcn surface. It is difficult to do a perfect job of lcveling 
the first season after earth has been rnovcd. The areas from which the soil has 
been removed are usually hard and the areas to which it has bcen movcd are soft 
so that uneven settling results. Also, general tillage anc plowing operations somc- 
times roughen the land surface. Using the float over the entire field cach season 
before planting the crop will help answer these problems. Best results may be 
obtained by floating the field in both directions (at 90 degrees), going back and 
forth. The last floating should be in the direction of thc irrigation flow. 

When borders are Suilt in a field for bordcr irrigation it is usually best to usc 
the float over the entire area bctween the bordcrs bcforc sccding. 

The float can be built in various widths according to the available power. It is 
necessary, howcvcr, that the float be at least 5 metcrs (16) long to ensurc a 
good job of leveling the earth. Thc adjustable blade is optional but it is often 
desirable if a buck scraper is no- available. Common hitchcs for the float are the 
same as used with the fresno. 

Tools and Materials 

Wood: 
2 runners, 5cm x 30cm x 5.5 meters ( 2  x 12" x 18') 
3 blades, 5cm x 30cm x 1.8 meters ( 2  x 1 2  x 70 718") 
2 cross braces, 5cm x 20cm x 1.9 meters ( 2  x 7 718" 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 5 718" x 9'9) 
4 side blocks, 5cm x 30cm x 45cm (2" x 12" x 17 314) 
1 lever, 5cm x lOcm x 1.5 meters (2" x 4" x 59") 

2 strap iron runner plates, 7mm x 50mm x 6 meters (9132" x 2 x 19'7") 
3 angle iron cutting edges, 7mm x 50mm x 1.8 meters (9/32" x 2 x 70 718") 
2 steel tie rods (threaded both ends), 7mm x 2 meters (9/32 x 78 314) 
4 nuts, 7mm (9132") 
8 washers, 7mm (9132") 
1 pipe axle, 5cm (2") diameter x 2 meters (78 314") 
2 steel plates, lOmm x 20cm x 20cm (318" x 7 718" x 7 718") 
3 u-bolts, with nuts and washers, 13mm x 20cm (112" x 7 718") 
2 hitch stocks, 7mm x 50mm x 70mm (9132 x 2 x 27 9/16) 
50 flat head screws, 4cm (1 9/16) (No. 24) 
15 flat head stove bolts, with nuts and washers, 6mm x 8cm (114" x 3 5/32) 

I 4 carriage bolts, with nuts and washers, 13mm x 13cm (1/2" x 5 118") 
I 1.5kg nails, 13cm (40d) (5 118") 

1.5kg nails, lOcm (204 (4)  
1 rope, lOmm x 4 meters (318" x 13') 
1 chain or cable hitch, 5 meters (16'5") 
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Source: 

Forsberg, &! M., Metzger, James D., and Steele, John C. Constmcrian and Use 
of Small Equipment for Farm Imigatiort. USOM/Turkey in cooperation with Turkish 
f i s t r y  of Ag iculture. 



BUCK SCRAPER 

This buck scraper, which has been designed for use with large horses or oxen, 
may be used for leveling small humps of earth where the haul distance is short. It 
can be made by a small manufacturer or by a carpenter-blacksmith if equipment 
and materials are available. 

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. It can 
be used for filling ditches or for smoothing border irrigation 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 the rough areas around the 
newly-built 'levee. 

Earth moving may be aided by loosening the soil to be moved by plowing before 
using the buck scraper. 

The buck scraper is loaded by pushing down on the handle as the equipment 
moves forward. The handle must be held down while the soil is heing transported. 
The scraper is unloaded by Siting up on the hand;e. A shallow 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: 

o 2 oxen 
o 2 horses 
o 3 horses 



The buck scraper may be made in different sizes according to the available power. 

Tools and Materials 

1 buck board, 5cm x 30cm x 183cm (2" x 12" x 6') 
1 trailer board, 5cm x Mcm x 122cm (2" x 12" x 4') 
1 iron pipe handle, 3cm x 2cm (1 3/16" x 3/47 
1 strap iron cutting edge, 6mm x lOcm x 183cm (114" x 4" x 6') 
4 strap iron hinges, 6mm x 4cm x 30cm (114" x 1 9/16 x 12") 
2 strap iron, 6mm x 4cm x 30cm (114" x 1 9/16" x 12") 
2 strap iron pipe clamps, 6mm x 4cm r 15cm (114" x 1 9/16" x 6") 
2 band strap iron pipe clamps, 6mm x 4cm x 20cm (1 14" x 1 9/16" x 7 718") 
1 bolt for hinge, 16mm x 46cm (518" x 18 118") 
2 eye bolts, 16mm x 9cm (5/8" x 3 112") 
2 camage bolts, l3mm x l3cm (112" x 5 1/8") 
4 carriage bolts, l3mm x lOcm (112" x 4") 
22 carriage bolts, 13mm x 8cm (112" x 3 118") 
2 washers, 16mm (518") 
28 washers, 13mm (112") 
1 chain or cable hitch, 5mm (3/16") 

Source: 

Forsberg, Carl M., Metager, James D., and Steele, John C. Co~tstntction alld Use 
qf ,Small Equipmerzt for Famt Irrigation. USOM/Turkey in cooperation with Turkish 
Ministry of Agriculture. 
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The V-Drag (Figure 1) is used for making ditches for irrigation and drainage of 
fields and roads. It can 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 if materials are available. (Sse Figure 2 for list of materials and 
construction details.) 

Plowing Ditches 

After the desired ditch line has been established by means of a level or transit, 
the plow may be used to make a furrow where the line has been staked. Plow 
along the line one way, then turn and plow back again in the same furrow but 
throwing the soil the other way. 

When the furrow has been plowed, 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 V-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 zlsed, it is 
necessary to hitch them far enough apart so that both can walk outside the ditch. 
If two oxen are used it is important that the yoke be long enough to permit each 
animal to walk on the outside of the ditch. 

If the soil is hard and more power is required, three horses can be used and oEe 
horse can walk in the ditch and one on each side. 

The depth of cut made by the V-Drag can be adjusted to the available power. 
Shortening the hitch will reduce the depth of cut as will shifting your weight to 
the back of the drag. 



QUALITY OF MATERIAL 8 
P v  ~~~D~IPTION - QTY RAW ENTERIAL MEAS= WEIGHT 

2 112" 0.054 

1: :::I :: i::::: 23 Sheet 3x24~24  0.023 
2 Sheet 3x28~28  0.037 

15 Spr ing Washer 2 Sheet 3x36~36  0.062 
14 Round Head B o l t  8 Nut* 25 Nuts 3/8"x70 1 .OOO 
13 Round Head B o l t  8 Nut* 2 Huts 1/2"x140 0.310 
12 Round Head B o l t  8 Nut* 4 Nuts 5/8 x180 0.340 
11 Reinforcement Sheet 2 Sheet 4x50~220  0.691 
10 Short Winq Angle- I ron 1 Anqle-Iron 50x50~1470 5.542 

9 Long Wing Anqle- I ron 1 Angle- I ron 50x50~2000 7.540 
8 Hose P l a t e  1 Sheet 4x270~620 5.257 
7 Handle Bracket 1 Sheet 4x230~285 2.060 
6 T ie  Rod 1 I r o n  12x775 0.690 
5 H i t c h  1 I r o n  18x700 1.400 
4 Handle* 1 Oak 52x105~1080 6.000 
3 Wing Brace* 1 Oak 50x1 00x660 4.000 
2 Shor t  Winq* 1 Oak 50x270~1770 24 .OOO 
1 Lonq Winq* 1 Oak 50x270~2205 50.000 

A l l  dimensions i n  mn - except as ind ica ted .  
c o / v s r R u c r / o n / ~ ~ ~ a f ~ s ~ o ~ ~ ~ ~ ~ v - ~ m ~  'Manufactured. 



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. Pressing 
down will widen it while lifting up will narrow the width. 

Building Levees or Borders for Border Irrigation Systems 

After the desired location has been selected for constructing a levee, or border, 
the plow may tx used to plow down and back twire and throw the soil into the 
border h e .  The V-Dlrag can then be used to crowd the soil into a ridge. 

When a border irrigation system is constructed in this manner it is necessary to 
smooth around the border with a buck scraper (see page 217). If the hitch on the 
scraper is shortened on one side it will roll the dirt into the border. 

The Hitch 

The hitch on the V-Drag is the same for construction of a ditch or a brder. Two 
horses, two oxen, or three horses are usually satisfactory. 

Source: 

Forsberg, Carl M., Metzger, James D., and Steele, John C. Consmction and Use 
of Small Equipment for Farm Imgation. USOM/Turkey in cooperation with Turkish 
Ministry of Agriculture. 

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. Cor- 
rectly-made hitches enable each animal to do its share of the work and exert an 
even pull on a piece of equipment. 

Various combinations of hitches may be used, according to the job. The most 
common hitches are: 

o double trees, or 2-hurse evener 
o %horse evener 
o Chorse evener 
o 6-horse evener 

Figure 1 shows a four-horse evener and a three-horse evener. This illustration is 
helpful in reading the construction details in Figure 3. 



The major parts of the hitches can bc adapted for use wilh oxen or bullocks. 
Figure 2 shows simpler eveners that can be used with horscs, oxen, or bullocks. 

Sources: 

Hoffen, H.J. Famz Itnplemerzts for 
Arid and Tropical Regions. Rome: 
Food and Agriculture Organi7ation 
of the United Nations, 1960. 

Forsberg, Carl M., Metzger, James 
D., and Steele, John C. Co~istruc- 
tior: and Use of Stnall Equipnzer~t 
for Farm Irrigation. USOM/Turkey, 
in cooperation with the Turkish 
Ministry of Agriculture. 

Watson, Peter R. Anirnal Traction. 
Washington, D.C.: Peace Corps and 
T r a n s ~ k n t u r ~  Corporation, 1981. 

Tools and Materials 

2-horse evencr: 

1 oak plank, 4cm x lOcm x 1 meter (1  9/16" x 4" x 39 318") 
2 oak bars, 4cm x 6cm x 77cm (1 9 /16  x 2 318" x 30 5/16) 
4 strap irons, lOmm x 4cm x 22.5cm (318" x 1 19/16" x 8 718") 
4 machine bolts with nuts and washers, 13mm x 8cm (112" x 3 118") 
2 carriage bolts with nuts and washers, lOmm x 12cm (3 /8  x 4 3/47 

3-horse evener: 

1 oak plank, 4cm x 12cm x 3.52 meters (1 9/16" x 4 314" x 59 718") 
1 oak bar, 4cm x 6cm x 77cm (1 9/16" x 2 318" x 30 15/16") 
2 strap iron, lOmm x 4cm x 46.5cm (318" x 1 9/16" x 18 5/16) 



2 strap iron, lOwm x 4cm x 34cm (3/8" x 1 9/16" x 13 3/87 
4 machine bolts with nuts and washers, 13mm x 8cm (1/2" x 3 1/8") 
2 carriage bolts with nuts and washers, 10m1n x 14cm (3/8" x 5 1/2") 
Plus material for m e  2-horse evener 

4-horse evener: 

1 oak plank, 4cm x 16cm x 1.96 meters (1 9/16" x 6 5/16" x 78)  
4 strap iron, lOmm x 4cm x 40cm (3/8" x 1 9/16" x 15 3 / 4  
4 machine bolts with nuts and washers, 13mm x 8cm (P/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 

&horse evener: 

1 oak plank, 6cm x 20cm x 2.84 meters (2 3 / 8  x 7 7/8" x 9' 3 3/4)  
4 strap iron, lOmm x 5cm x .45cm (3/8" x 12.5cm x 5/32") 
2 machine bolts with nuts and washers, 20mm x 8cm (3/4  x 3 1/8") 
2 machine bolts with nuts and washers, 20mm x lOcm (3/4  x 4 )  
2 carriage bolts with nuts and washers, lOmm x 22cm (3/8" x 8 5/8") 
Plus materials for two 3-horse eveners 

Clevis (U-shaped piece by which draft animal is connected to hitch): 

1 clevis stock, 20mm x 70cm (3/4" x 27 1/21 
3. machine bolt with nut and washers, 20mm x 12cm (3/4" x 4 3/4") 
(one clevis is needed for each horse) 





I The galvanized metal siphon tube described here can be used for irrigation (see 
F ~ ;  1). It can be easby made and repaired by tinsmiths. A siphon & also. be 
made from a piece of rubber hose or by bending a piece of plastic tubing. Con- 
struction details are given in Figure 2. 

The purpose of this siphon tube is to carry water out 9f a ditch without cutting 
a hole in the ditch bank. In many soils a small hole cut in the ditch bank soon 
becomes a large hole b-cause of erosion. Imported plastic siphons are often 
expensive, easily broken and usually impossible for local people to repair. 

There are several good ways to start a siphon tube. The simplest way is to put 
the tube in the ditch until it fills with water. Molding one hand over the end of 
the tube, so that air cannot get in, lift the tube out and place it as shown in 
Figure 1. Be sure the other end of the tube does not come out of the water while 
placing the tube. When the tube is in place, remove your hand and the water will 
begin to flow. The end of the tube outside the ditch must be lower than the level 
of the water in the ditch. 



USING TILE FOR IRRIGATION AND DRAINAGE 

An irrigation or drainage system made with the concrete tiles described here can 
help to keep a garden in production during both wet and dry seasons. It will 
make good use of irrigation water and, during the wet season, will drain off 
surplus water. 

The entries that fcllow explain how to make a concrete-tile machine and how to 
use the machine. 

In regions of heavy rainfall, the tile drainage can be ccmbined with good surface 
drainage by making raised beds in gardens, shoveling out 30cm (1') wide pathways 
that will be 15cm (6)  lower than the beds. Put the beds over the tile lines and 
make them 1 meter (3') wide. Use the pathways also as drainage ways and 
connect them with a good outlet to lower ground. 

This system of under-ground irrigation (and drainage) can serve under fruit trees 
or gardens. It can also be used around the toundations of buildings where 
drainage is a problem. 

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. Upright 
"elbows" at the ends of the lines give access to the tile at either end (see Figure 
1). A garden hose can deliver the water from its source to the upright ends of 

the ti!e 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 (Figure 2). 

I 

In dry seasoos, the tiles supply water to the plant roots. In wet seasons, the 
water escapes through the sand and gravel around the tile axd follows the 
ccncre:e tube formed by the tiles to a drainage outlet (see Figure 2). While 
passing downward through the soil to the tile, the water draws air into the soil 
and supplies oxygen to the helpful bacteria and to the plant roots. 



OUrLET 
POX 

Concrete tile Wood for plugs 
Cement for mortar, concrete Optional - Brass outlet box collar 
Sand for mortar and tile covering Shovels, concrete-mixing tools 
Gravel or crushed stone for concrete 

To install the tiles: 

o Grade the garden plot to within 5cm to 7cm (2" to 3") of level and make 
trenches 30cm "12") deep, according to the design in Figure 2. This will give 
an even distribution of the water. Check the bottom of the tile ditches to 
be sure they are level. Only the drainage outlet will have a drop. 

o Lay the tile end to end in the bottom of the trench. Use an "elbow" (made 
of two tiles cut to 45-degree angle) to make a place for putting the hose at 
one end, and use other elbows to turn corners. 

Put a piece of tar paper or used linoleum over each joint (Figure 3) to keep 
the dirt out of the line. A 
piece 5cm x 12.5cm (2" x 5") 
is large enough. . 

o Cover the t ie with sand to 
give the water an opportunity 
to soak out into the soil or 
(in the case of drainage), to 
seep into the tile. The bottom 
12 .5~~1 (5") of the trench are 
filled with sand or gravel 

rZlR PAPER OR L/NOLEUM /5 PLRCED OViX 
(around the tile) and the top 

EACH TILE ~01417- 7-0 KEEP om7 Or27 OF 175cm (7") are filled with . . 
soil. 



bottom to let &&age water -& through and on out to a outlet. The box 
should be large enough so that one can reach into it to install a plug in the 
drain side of the box when the system is used for irrigation. A brass or 
aluminum collar installed in the concrete will make it easier to close this 
hole completely and thus avoid a loss of water. 

o Put covers over both ends to keep out small animals (see Figure 1). 

o Do not water more frequently than once or twice a week, so that plant 
roots will not enter the tile line to obstruct it. 

o Be careful not to damage the tile with tillage equipment. 

o For irrigation, the tile sjstem 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, mtil the soil becomes moist. For drainage, simply pull the plug. 

Making a Concrete Tile Machine 

This all-steel tile-making machine @gure 1) can be made of scrap metal in any 
shop with welding equipment. The machine makes 80 to 100 tiles to a sack of 

A. MAKZ 
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cement. One worker 
can make about 300 
tiles in an &hour 
day. Construction of 
the machine is a 
good welding proj- 
ect for students. 

A tile-making ma- 
chine made from 
wood is illustrated 
in Figure 15. The 
tiles made with this 
machine are the 
same size as those 

I I made with the all- 

metal machine. 



All the drawings of the form and its several parts in this entry show the form in 
its upside-down, or emptying position. 

The machine can be made of used or new materials. To make the form, it is 
desirable to have both electric and acetylene welding equipment, although either 
will serve. The thicker parts are assembled by arc welding and the thinner parts 
have to be put through other parts before welding, as will be explained below. We 
shall refer to each individual part by its number, which appzars on the sketches. 

The assemblies made of parts No. 10, 11, and 12 (Figures 8 and 14) are simply a 
convenient means of taking hold of the levers to open the end doors. These 
levers are made of parts No. 5 and 13 as described below and shown in Figures 9, 
10, and 11. They work against the two springs that hold the doors shut-the 
tension being made sufficient to hold the doors closed against the force of 
tamping. 

The hole in the end door is shown as 3mm (118") larger than the diameter of the 
pipe that shapes the interior surface of the concrete tubes. This 3mm (I/S") is an 
allowance of clearance necessary to keep the sand particles from making the pipe 
diff~cult to  remove after the mortar is tamped around it. Greater clearance wciuld 
hurt the uniformity of the tile. The finished tile should have a uniform 13mm 
(112") wall and part No. 1 must be shaped and so related to the plpe that the 
thickness of the tile wall will be correct (see Figure 6). 

Parts No. 7 are bronze welded to the sides of KO. 1 (see Figwe 6). rhese parts, 
like other parts that touch the hands, should be dressed to a smoothness suffi- 
cient to avoid injury to the operator. The outside of the form should be .,fell 
painted but the inside cannot be painted, as paint urould cause the mortar to stick 
to the inside. When the form is not in use, the inside should be kept oiled. 

The pipe may need to be dressed lightly in the lathe to make it easier to remove 
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/&1") smaller, as this will facilitate 
its removal. in the emptying process. This lathe work should be done after the end 
of the pipe o~posite the handle end has been welded shut with a disc of galvan- 
ized sheet metal. If this end is not closed, cement will enter the pipe and thus be 1 spilied k t 0  the inside of the We to become an obstruction there. 

Part No. 19 is a wire of 3mm (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 

- 3  threaded through the hole in part 
F / ~ U R E  2 No. 8 (see Figures 1 and 8). 
SHAPE OF P .  NO. /9 

I The following paragraphs are listed by part numbers: 

1. The inside walk of the form are made of 16-gauge galvanized iron. Part No. 



1 as shown in F i e  1 is made from a sheet cut to a true rectangle, 26.6~~1 
x 305cm (10 1112" x 12"). This is bent to shape by putting a 6mm (114") fold 
on each of the 305cm (12") sides; bending 19mm (314") more of same sides 
to a right angle; and then shaping the sheet according to the c w e  shown 

in Figure 3. This lining is then 
fitted into the cradle made of parts m No. 2 and 3. Parts No. 6 will be 
the end doors, which are also made 
of 16-gauge sheet iron. The inside 
of the form should not be painted, 

F/GUREJ /*- 
s i c r ~ ~ ~ 6  ~ H U T  NO. / as this interferes with its opera- 

tion. 

2. For part No. 5 two pieces of angle iron, 38mm x 38mm x 3mm x 305cm (1 
112" x 1 1/2" x 118" x 12") are needed. 

3. Angle iron, 38nm x 38mm x 5mm (1 112" x 1 112" x 3/16"), 95mm (3 314") 
long. Two are needed. Parts No. 2 and 3 are welded together to form the 
cradle. Parts No. 8 are welded in place on parts No. 2 and corrections are 
made for shape before No. 1 is tack welded into the cradle thus formed. The 
design above gives some idea of final relationship to be kept between the 
sheet metal lining of the form and the metal pipe. Notice that the tile wall 
will be uniformly 13mm (112") thick (see Figures 4 and 8). 

n - - l  

/3MM 

4. Mild steel rods, 1Omm x 15.2cm (318" x 6") (see F i e  13). Two are needed. 
These are welded in place to make the form stand a little t&!er so the 
levers will ~iot touch the work bench while the mortar is being tamped into 
the form. They also provide a wider base. 

5. Mild steel rods, lOmm x 22.9cm (318" x 9") (see Figure 10). Four are needed. 
These are bent to form the levers and are welded into pairs by means of the 



connecting piece, No. I3 (see Figure 9). Notice the tiny tabs welded to the 
handle end of the levers. These are to keep the hand hold from turning or 
sliding endwise from its proper position. By the "hand hold" we mean the 
assembly made of Parts No. 10 , l l  and 12. 

6. Galvanized sheet metal, 16-gauge, 14cm x 16.5cm (5 1/2" x 6 1/2"). Two are 
needed. These are the doors and the parts that hold the center pipe in its 
proper positicn. They should be cut and shaped after Part No. 1 has h e n  
tack-welded in its place (see Figure 5). 

63 MU DIL). rVDL 
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F/GURE 5 MAKE TWO 0-S 

(ALL D/MEh'S/ONS /N MM) 
AM0 TACK CORNE4S 

7. Galvanized sheet metal, 16-gacge, 38mm x 10.2cm (1 lj2" x 4"), bent to 
angle as shown in Figure 6. Two are needed. These are handles for lifting 
the form. They are dressed smooth and bronze welded to the sides of No. 1 
after the doors are properly installed as explained under No. I5 below. 



8. bGci steel bar, 19mm x 6mm x 7cm (314" x 1/4" x 2 314"). Four are needed 
(see F i e  I). They are welded to No. 2 to complete the cradle for the 
lining of the form. Thsr the lining, part No. 1 is welded to No. 8 at the 
foid in the edge of No. 1. Check to see that the space for the thickness of 
the tile wall remains 13mm (112"). 

9. Screen door spring, cut into 
coils as shown, 14cm (5 112") -----ED' 
long with the end loops bent 
out to form eyes. Two are 

SPU/NG needed (see Figure 7). 
N6UeE 7 
M4KE TWO SPQ/N6S 

10. Chamel iron, 31mm x 19mm x 8.2cm (1 114" x 314" x 3 1/4"). Two are 
needed. Countersink hole for screw head. Dress parts No. 10 and 11 smooth 
as they are handles. 

11. Strap iron, 2.5cm x 3mm x 8.2cm (1" x 118" x 3 114"). Two are needed (see 
Figures 8 and 14). Drill and thread hole to match the screw hole in part No. 

10. Make guide holes for the round 
tabs that are welded to the end of 
the levers, No. 5. The tabs on No. 
5 is made by sawing off a 10mm 
(318") length of lOmm (318") 
diameter rod and bronze welding it 
to the end of the handle as shorn. 

(2 UOBO/ubo> 

FIGURE8 

. Machine screw, flat head, 6mm x 19mm (114" x 3/41. Two are needed. This 
unites No. 10 and 11. 

13. Mild steel rod, 9mm x 12.7cm (318" x 5"). Two are ueeded (Figure 9 and 11). 
Parts No. 5 are made in pairs by welding to the ends of part No. 13. Before 

welding, insert part 13 in the 
tube, No. 14, which will be- 
come the pivot (after No. 14 
is welded to the inside angle 
of No. 3). Thus we have the 
levers that open the doors. 

FICUPE 9 MPXE 4 
LOWEE X/NHS 14. Pipe, lOmm (3187, 7.6cm (3") 

long two are needed. They 
form the pivots for levers. 



15. Steel welding rod, 6mm x 
10.8~11 (114" x 4 114"). 
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. I5 

F/SURE ,O M4KE + L ~ Y U ? S , ~ ~ ? / G M ~  AND are put in place in the 
2 LEFT MRNP h~les. 

Then parts No. 6, the doors, are put in place, 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 prevents the hinge pin from sliding out of 
place. 

16. Steel bar, 19mm x 2.5ci~ x 6mm (314" x 1" x 114") (see Figure 13). Four are 
needed. Bore 6mm (114") hole for the hinge rod as shown. No. $5 pivots in 
these holes to make hinges for the doors. Parts No. 16 are weldei to part 
No. 3 in such position as to be as far to tke outside edge of the door 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 welding it permanently. Then ir 
is possible to make sure that the door is going to be in such place that the 
pipe will have its proper position. 

17. Common nails, 6 penny, with strong 'meads (see Figure 14). Four are needed. 
C o ~ e c t  the nail to the spring by a wire through t5e hole in No. 8. Put the 
wire through the holes before forming the second end loop. 



merit is the inside diameter -of the pipe.) w e l d  one end shut -by b r ~ m ~  
welding a metal disc to the cnd. Then dress lightly in the lathe, making the 
closed end 05mm (1164") smaller than the other. It will serve well without 
turning, but will be easier to operate it dressed. 

19. Wire or welding rod, 2mm (3132") to make the connection between parts No. 
9 and 17 (see Figures 2 and 14). 

F/GURE 1.9 WELD O N  /d/N6E P/hCSS (/6) 607WENDS 
&/NG DUOPS (62 #S GVIQES. ALSO MELD ON TWO RODS (4). 





Making the Tile 

It is possible for one worker to make two tiles per minute, although a good day's 
work would be 300 or more. The mortar remains in the form only a few seconds. 
The cement mixture is tamped into the form with a tamper. Then the form is 
immediately turned upside-down on a (slightly oiled) concrete floor and emptied, 
leaving the tile cornpletcd and ready to start its curing process. The same general 
method can be adapted for the wooden tile-making machine in Figure 15 of the 
preceding cntry. - 

I Tools and Materials 

Fresh Portland Cement 
Clean sand, screened through a 6mm (114") screen 
Clean water 
AU-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 without a handle. 
Gloves 



Make thc tilc by following ti.;sc steps: 

1. Screen the sand and spread out 28 liters (1 cubic foot) on the shop floor. 
TJse a %-liter (1 cubic foot) measuring box without a bottom. 

2. Spread 7 liters (114 cubic foot) ccmcnt over the sand. Measure in thc box, 
filling it 114 full. 

3. Mix thoroughly with chavel and hoe. Turn over the pile four to six times. 

4. Spread the pile out and scatter the nixing water over it. The amount of 
water should be no more than 213 the volume of cement, including any water 
in the damp sand. The mix should be as dry as possible and still be plastic. 

5. Make the batch into tile before 45 minutes of time elapses. Cement loscs its 
strength if put into the form too long after mixing. 

6. Fill the fc;m (without the pipe) 114 full and tamp the ends with Wo strokes 
with the (glovedj iefr hand. This gives the tile perfect ends. 

7. Insert the pipc and 511 the form \ ~ i h  mortar, using one dip from a strong 
dust pan without a har.dle. 

8. Tamp the sides cf the tile. Make three strokes with ihe iron iamper. 

9. Fill the form again, with another dip from the dust pan. 

10. Turn the tamper over and pack the cement again. Givc three strokes with 
the flat surface of the tamper. 

I 11. Use the trowel to finish the tile. Strike off the surplus with one stroke and ~ leave the surface trowelled level with a second stroke. 

12. Carry the tile and form to a place where the floor has been lightly oiled. In 
carrying the form, do not touch the pipe. 

13. Place the form carefully on its side on the floor and then tip it quickly to 
an upside down position. Hesitation in the middle of the tipping action may 
cause the mortar to fall out. 

14. Pull out the pipe, turning it slightly first. Hold the form down with one 
hand. If the pipe is too hard to remove, it may lhave irregularities and need 
to be dressed lightly in the Izthe. 

15. Lay the pipe on top of the form. This gives the forin a slight jar. 



16. Gripping tbc sides of the fijrm with both hands, push down on thc Icvcrs, 
which open the, hinged cnds, and then lift thc torm off the tilc. In lifting 
use leg action and hip action. Bcnding thc elbows may knock an end off thc 
Zile. 

17. h a v e  the tile in its place on the floor over night. Sprinkle very lightly with 
water if it begins to get dry. To dry at this stage wc,uld rtiin it. 

18. The next day the tile can bc picked up by gripping it at 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. Thc first day, stack only two layers high, as 
the tile is not strcng yct. The sccond day, thcy can bc stackcd as high zs 
desired. 

19. When tilcs are one day old, it is a good tims to make 45-dcgce ends on tilc 
that have been injured in manufacture. About 5 percent (or more) of the tile 
made will need a 45-dcgree cnd for use in turning corners in the tile line. 

20. Kccp the tile wct at least a wcck The strcngth is increascd by each day 
that the tiles are kept wct. 

If you need further instruction on thc fundamental principles of good concrctc 
construction, study the entries on concrete. 

Source: 

Brown, J. Oscar. A Macltirle for Making Cotzcrete Tile for Imgatiorr and Drainage. 
O.T.S. Information Kit, Vol. 2, No. 2. '~Vashington, D.C.: U.S. Department of 
Commerce, 1961. 



Seeds, Weeds, and Pests 

SEED CLEANER 

his seed cleaner was developed in Afghanistan to remove round seeds of weeds 
from wheat grains. The round seeds could not be separated by a sieve because 
they were the same size as the wheat grains. ?'he cleaner described here takes 
advantage of the round shape of the weed seeds to separate them from the wheat. 
Toe wheat grains, which roll down the chute slowly, collect at the base of the 
inclined platform ("x" in Figure 1); while the round seeds roll faster and fall off 
the side opposite the chute ("y" in Figure 1). 

Tools and Materials 

Inclined Platform: 

Galvanized iron sheet: 70cm x 
70cm (2'3" x 2'3") 
Wood: 2cm x 4cm x 68cm (4 
pieces) (314" x 1 112" x 2'2 3/47 
W d :  2cm x 4cm x 25cm (1 piece) 

(314" x 1 1/2" x 10") 
Attached to plalform to support 

Wood: 2cm x 8m x 34cm (2 pieces) 
C/4" x 3" x 1'3 112") 

Legs for platform 

Galvanized iron sheet: 24cm x 148cm (9 1/2" x 4'7") 
Wood. 2cm x &m x 80cm (1 piece) (3/4" x 3" x 2'7") 
Wood: 2cm x &ID x 80cm (1 piece) (3/4" x 3" x 12") 

As shown in Figure 1, the chute is attached at the top of the 80cm (2'7") support 
by nails whose heads have been removed. This makes it easy to remove the chute 
 hen it is not Wig used. The chute's lower end sits on the 2cm x 4cm x 25cm 
(3/4" x 1 112" x 10") support attached to the platform. 



The seed should first be clcancd with sieves to remove as much dirt and chaff as 
possible. To use the seed cleaner, drop the seed very slowly onto the top of the 
chute. 

Soum: Dale Fritz, VITA Volunteer, Schenectady, New York 

SEED CLEANING SIEVES 

An important step for improving crop production is the effective cleaning of crop 
seeds. The sieves described here have been found effective in many coui~tries. 

Toois and Materials 

Wood: 12 pieces: 2.5m x 5cm x 4 c m  (1" x 3" x 18") 
Wood strips: 12: Icm x 2.5cm x 43.5cm (112" x 1" x 17") 
Galvanized screen: 

6mm (lj'4" mesh: 6x1 (18") square 
5mm (3116") mesh: 44jcm(18") square 
3mm (L/8") mesh: 46cm (18") square 

Hammer, saw, nails 

The exact size of these sicves is not importat, but 3mm (1/8"), 5mm (3/16"), and 
dmm (1/4") mesh make convenient sizes for cleaning wheat, barley, corn, and 
seeds of similar si i .  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 not grow at all. Less seed can be ~Ianted per acre, if it is properly 
cleaned and graded, and still produce a good crop. 

Dale Fritz, VITA Volunteer, Schenectdy, New York 



DRYING GRAIN WITH WOODEN BLOCKS 

Small blocks of wood treated ~25. dcium chloride, a low-cost chemical, can be 
used to dry grain to be wed as secd. The blocks, which absorb moisture from the 
grain, can be used repeatedly by drying them in an oven after use. The blocks 
can absorb water up to onz-fourth their weight. 

In a test using balsa blocks, the moisture content of grain dropped from 17 
percent to 12 percent i;l three days. The blocks were not dried at this point; 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 brought 
the moisture content down to 10 percent, st which grain resists mold and insects. 

Tools and Materials 

o Balsa or cedar: Cedar absorbs water and is durable. Balsa absorbs more 
water, but it breaks easily. Other wood can also be used. 

o Calcium chloride (CzC12): 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). 

o Waterproof chest that will keep out vapor, to dry and store the grain. 
A steel drum or sheet mctal cabinet would be good. A wooden chest 
can be used if it is vapor-proof, as in Figures 1,2, and 3. 

o Coarse Scree in: 2.5cm (1") mesh A 



Preparing the Blocks 

o Cut the wooden blocks so that as uuch as possible of the surface is end 
p i n .  A good size is 3cm x 3cm x O.75cm (1" x 1" x 112"). 

o Dry the blocks in a 90-lW°C (194-212OF) oven or double boiler to remove 
all moisture (see Figures 4 and 5). 

G Cook the blocks in the calcium chloride solution for four hours at a 
temperature just below the boilir.,: point, 10O0C (212~~) .  

o Let the solution cool; let the blocks soak in the solution foi 24 hours. 

o Dry the blocks again. 

o When tbe blocks are dry, wipe off any calcium chloride on their surface 
before putting them in the grain. 

Using the Blocks 

o Mix the blocks with grain in a container. The bl8c,ks 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 make it easier to remove and 
replace the blocks. These containers are placed in the waterproof chest. 

o After three to five days, remove the blocks. They can be separated from the 
grain easily with a coarse screen. Dry the blocks again. 

i o Continue re-drying the blocks in an oven or double boiier and placing them 
back in the grain until the blocks no longer absorb moisture. To find out 



grain: if they weigh the same as dry blocks, the grain is dry. 

Ives, Norton C. Grain Dyng  m d  Storage for W m ,  Humid Clirnares. Turrialba, 
Costa Rica: Inter-American Institute of Agricultural Sciences, 1951. 

BUCKET SPRAYER 

The bucket sprayer described here has bcen designed primarily to meet the need 
for a sprayer that can be built in an area where production facilities are limited. 
This sprayer, which can be made by the I d  artisans, is intended only for water 
solutions of insecticides or fungicides. 

Two people operate it; one sprays while the other pumps. 

Tools and Materials 

Galvanized iron: 30cm x 3 c m  (1' x 
1') plus 10cm x 20cm (4" x 8") 
Barrel metal: 10cm x 20cm (4" x 8") 
6mm (114") hose (high pressure) 4m 
(13') long 
6mm (114") pipe (truck brake line 
may be used) 50cm (19 518") long 
Wood for handle: 2cm x 15cm x 
30cm (314" x 6" x 12") 

6MMH0sE 2.5cm (1") Galvanized iron pipe 
(thin-walled) 120cm (4') long 
4mm (5132") wire: 20cm (8") 
Truck inner-tube material: 10cm x 
20cm (4" x 8") 
lmm (1132") Galvanized wire, 30cm 

SCM GALYAN/ZED (12") long 
/AON PIPE 4 - 5mm (3/16") bolts x I c ~  (3/8") 

2 - 5cm (3116") bolts x 35cm (1 
318") 

The sprayer pump operates on the same priaciple as the Inertia Pump (see page 
101). The top of the 2.5m (1") iron pipe is plugged and a simple valve is located 
&m (3 1/8") from the top. The valve is a piece of truck inner-tube rubber 
wrapped aiound the pipe and held in place by wire. One corner of the rubber is 
over a hole in the pipe. Some careful adjustment is necessay when placing the 
rubber to make sure it works properly and does not leak. 



Clamps - 2 required 4m 
galvanized wire. 

Hole .5m. 

Iron 

Rubber 
gasket 
truck 
tube 

Holes I n  
drilled a t  
angle 

Rubber 
Gasket 

disk with 6m pipe 
soldered on truck 
hydraulic l ine nay be 
used 

FIGURE 3 
DISK NOZZLk 

FIGURE 2 
PUMP CROSS SECTION 



The pressure tank encloses the valve assembly and, as the liquid is pumped into 
the tank, builds up pressure sufficient to operate the simple disk type spray 
nozzle. The tank is built so that it can be removed in order to service the valve. 

The length of the hose can be determined by the makei of the sprayer but it 
should be about 4m (13') to allow the worker doing the spraying to cover quite a 
large area before having to move the buckct. Also, the length of the small pipe 
and the angle of the spray nozzle will be determined by the kind of crops being 
sprayed. 

At times it will be necessary to "prime" the sprayer pump: if the valve rubber is 
too tight and the air cannot be forced through the valve, or if the rubber is 
stuck to the pipe. To prime the pump turn it upside-down and fill the pipe with 
water. Holding your thumb over the pipe, turn the pump over, lower it into the 
bucket of liquid and start pumping in the llsual manner. If primiag does not start 
the pump it will then be necessary to remove the pressure tank to inspect and 
repair the valve. 

Only very clean water should be used to make the mixture for spraying. It should 
be strained throl~gh a cloth after mixing to remove any particles that might cause 
the nozzle to plug. If a very fine brass screen is available, it should be put in 
the nozzle to keep the dirt from plugging the holes. 

Source: 

Dale Fritz, VITA Volunteer, Schenectady, New York 

BACFZACK CROP DUSTER 

The backpack ciuster tiescribed here, designed so that it can be easily made by 
tinsmiths, has been used by Afghan farmers to dust sulfur on their grapes to 
control powdery mildew. The duster is made from easily available materials. Its 
fced rate is adjustable (sce Figure 1). 

The springs needed for the duster can be made with the simple spring winder 
shown on p. 251. 

Tools and Materials 

Soldering equipment 
Sheet-metal working tools 
Carpentry tools 





M a i e d  Description Part Name 
No. 

Wood 38cm x 7cm x 2cm (15" x 2 314" x 314"). 1 Bellows 
Support 

4cm (1 9/16") long. 2 Screws 

3 Bellows Plug Wood 22cm (8 5/87 in diameter, 2.5cm (1") thick. 

4 Valve Rubber 4cm x 5cm (1 9/16" x 2"). See Figure 2. 

5 Screws 2cm (314") long. 

Barrel See Figure 3. 
Metal 

6 Feeder Rod 
Arichor 

6mm (114") rod See Figure 3. Total length 50cm (19 3/4"). 7 Feeder Rod 

Truck inner- 30cm (12") long on long side. Tube measures 
tube rubber 29cm (11 318") from edge when laid flat. 

8 Bellows 

Barrel metal 20cm (8") long. See Figure 4. 9 Bellows 
Support 

Galvanized 33cm (13") long. See Figure 4.. 
tin 

10 Brace 

11 Nails 3cm (1 3/16") long. 

12 Rivets 

6mm j1/4") rcd See Figure 5. 

Barrel metal See Figure 5. 

13 Bolt 

14 Clamp 

6mm (114") nut See Figure 5. 15 Nut 

Tire bead 3.5cm (1 314") diameter. See Figure 6. 
wire 

16 Agitator 
spring 

Tire bead 9mm (11/32") diameter. See Figure 3. 
wire 

17 Feeder 
spring 

18 Pipe Galvanized 3.5~111 (1 3/4") diameter, 71cm (28") long. 
tin See Figures 5 and 7. 
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19 Hopper 

20 Floor 

21 Strap 
Holder 

22 Strap 

23 Handle 

24 Pipe 

Gsivanized tin 22cm (8 518") diameter, 48cm 
(18 7/87 high. See Figure 7. 

Galvanized tin Make to fit. See Figure 7. 

Galvanized 4mm (5/32") diameter. 
wire Soldered to hopper. 

Wcbbiig 6cm (2 3/87 wide, 3m (9'10") long. Tied at 
waist. 

8mm (5116") Total length 1 meter 
rod (39 3/89. 

Galvanized 3.5cm (1 3/47 diameter, 
tin 140cm (55 114") long. See 

Figure 1,6 and 8. 
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HOW the Duster Operates 

In operating the duster, the rod (23) is used to pump the inner-tube bellows, 
which pivots about point A (see Figure 1). 

Air is admitted to thc bellows through valve (4), also made of innertube rubber, 
and passes down the pipe (18). A measured amount of dust is injected into pipe 
(18) at point B. The feed mechanism consists of a 6mm (114") rod (7) covered by 
a spring (17). As the bellows is worked up and down, the rod and spring go in 
and out of the hole (at point B) in the 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 stretching the spring on the rod so that :here is more 
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 plats. The 
air-dust mixtiwe is blown out the delivcry pipe at (24). 

The bellows of the duster is mad:: from truck innertube rul ber. There are several 
sizes of innertubes. If the size shown in the list of pxts is not used, the 
diameter of the hopper must Le adjusted to the size of the tubes available. The 
hopper is made from galvanized tin, from 24 to 28 gage. 

In the illustrations, the feeder rod (7) is shown as being straight. However, it is 
necessary to bcnd the rod to allow it to work in and out of the hole in the 
delivery pipe without binding. 

To fill the duster, slip the bellows off of thr top of the hopper. The hopper must 
not be filled abovc the top of the delivery pipe. The top of the deliverj pipe (18) 
is cut so as to prevent dust from spilling in the tube during filling, and to 
prmide a means for fastening it t~ thz hopper (19). 

Adjusting the Duster 

To increase the amount of dust being applied: 

o SCp the bellows (8) off of the top of thp, hopper (19). 

o Loosen the bolt (1.3). 

o Pull up on the clamp (14) stretching the spring (17). 

o Tighten the bolt (13). 

o Replace the bellows and test the amount. of dust delivered to see if it is 
satisfactory. 



To decrease the amount of dust, the procedure is the same exwpt that the clamp 
is pushed down on the rod. 

Filling the Duster 

Before filling the duster, make sure that all lumps of dust have been broken up. 
Putting the dust through a piece of window screen is a good way to break up the 
lumps. This will also remove any foreign matter. 

Source: 

Dale Fritz, VITA Volunteer, Schenectady, New York 

Making Springs for the Duster 

This method for winding springs can be used' to make springs of any size. Figures 
1 md 2 show spring winders for springs that will be the right size for use in the 
Backpack Crop Duster described in the precediig entry. 

Tools and Materials 

Drill 
DriU bi:: 2mm (1/12") 
Drill bit: 6nm (114") 
Drill bit: l2.5mm (1/2") 
Wd: 10cmxlOcmxlm(4"x4"x39") 
Metal rod: 6mm (P/4") by lm (39") long 
Metal pipe: l25mm (112") by 30cm (12") long 
4 small nails 
Steel spring wire 

A good source of sping wire is from the bead of an old tire. The rubber should 
not be burned off as this destroys thc spring-strength of the wire. 

One winder is made of the 6mm (114") rod. The other winder is made from the 
125mm (112") pipe with a section of the rod used as a handle. Cut a piece of the 
6mm (114") rod about 30cm long. Bend to form handle shown in Figure 1; set 
aside. Bend remaining piece as shwwn in Figure 2. 

Drill a.6mm (114") hole in one end of the wood block and a 12.5mm (I/?) hole in 
the other end. Drill z 2mm (1/12") hole through the longer section of 6mm (1/4") 
r d  and through the 12.5mm (112") pipe to insert the end of the wire. Drill a 
6mm (114") hole through the 12.5mm (112") pipe to hold thc length of the rod to 
be used as a winding handle. Drive two nails close together, about 1.5mm to 2mm 
(lj12" 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 throa?gh the l / l "Lch hole 
in the rod or pipe spool. The spool is then turned in a clc~kwise direction until 
the desired length of spring is worlnd. The springs for the backpack duster are 
9nnm (11/32") from the 6mm (1/4") s p 1  and 3.5cm (1 3/87 from the 12.5mm 

Dale Fritz, VITA Vclunteer, Schenectady, New York 



Poultry Raisf ng 

BROODER WITH COXRAL FOR 200 CHICKS 

This chick brooder (see Figvre 1) is hinged for easy access to corral and brooder. 
The brooder has been used successfuIly in Ecuador and eisewhere t.2 raise broilers 

The brooder is heated by a regular electric light bdb, placed under the brooder 
floor. Depending on the temperature 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 brocder. If electric power is not 
available, an excavation can be made for a lantern. Be cure the lantern has 
adequate ventilation. 

FIGURE 1 

Corral l i d  covered w i t h  

R o o f  cut away t o  sh 



Tools and Materials 

Small carpsntry took 
Hardware cloth 1.2 x 2.n (4' x 6' 6 3/47? 2 pietxs this size deeded. 
Allzminum roofing: 

1 piece: 1.2m x 1.6m (4' x 5'3") 
1 piece: 1.21~ x 1.7m (4' x ST) 

Wood, approximately 30an x 2cm x Uhn (1' x 3/4" x 65'8") 
Stee! rod lan (3/8") diameter x 3.2m (10' 6") 
4 hinges about &m (3 1/8") long 
Woodscrews for hinges 
2 buckets clean dry sand 
Nails, tacks, staples 

Kreps, George. krtcle in Rural Missions, H122, Agricuiturai Missiors, inc. 

KIEROSENE LAMB BROODER FOR 75 TO 100 CHICKS 

TE: brooder has been used by more than 300 farmers in eastern Nigeria. . 

~r1~ 
Nail desired, legs makc to side the (see height Figure of 2). the If 

ZSX rsx 80 w. (SIDE) brooder adjustable by drilling a row 
Z ~ X ~ X ~ ~ C M . C ~ C ~ J  of holes in each leg and bolting 

F/6URE 2 .  TUE LEGS 4 R E  NA/LED 
n ~ F S I O ~ J .  the legs to the sides. 

Assemble and nail top support rails lcm (3/8") below the gpper edge of the sides 
(see Figure 3). 

Make the top of plywood, sheet metal, or wooden boards so that the top fits 
inside the frame and rests on the support rails (see F i e  4). The hole in the 
center of the top is for ventilation. A swinging metal cover regulates the size of 
the opening. 



protect the chicks and to help radliate the heat (see Figure 5). 

The dimensions given in the illustrations can bc altered slightly to use avdablc 
materials. 

The wicks of the Iruztem should be cleaned daily to cut down oil soot. 

Source: 

W. H. McCluskey, Poultry Science Department, Oregon State University, Corvalk. 

BROODER FOR 300 CHICKS 

TBis brooder (see figure 6) is similar to the other two brooders. It can be used 
with either lanterns or elcctric light bulbs. If lanterns are used, their wicks 
should be cleaned ,daily. Construction details are given in Figure 7. 

Source: 

Stopper, W.W. "Brooder for 300 Chicks". New Delhi: U.S. Technical Cooperation 
Mission t s  India. (Mieographcd). 





BAMBOO POULTRY MOUSE 

This bamboo poultry house has a t t m h  roof and slat walls to provide good 
ventilation. The elevated slat floor keeps chickens clean and healthy while the 
egg catch and feed troughs simplify maintenance. It has been used successfully in 
the Philippines and Liberia. 

Tools and Materials 

E m h  
37& 
Thatching materials 
&~izfi teak 

House 

The house is built 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 bamboo stalks, split into strips 38mm (1 112") wide, 
spaced 38mm (1 112") apart. Floors so constructe~ have several advantages: bctter 
ventilation, no problem of wet moldy litter during rainy reason or dry dusty litter 
during dry season; droppings fall between split reeds to ground away from 
chickens. This eliminates parasites and diseases normally passed from hen to hen 
through droppings remaining warm 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. 

Metal shields on all the suppo~? poles will keep rats and other pests from 
climbing (see Figure la). Be sure you don't inadvertently leave a hoe or other 
tool leaning against the house, or the rats will dimb that. (Note: A VITA gain 
storage project in Central African Republic has had good results protecting 

granaries-not poultry houses- 
with a flat band of metd 
[Figure lb] that is simply 
wrapped around each granary 
support. This kind of guard is 
cheaper and easier to install 
and maintain than the flared 
collar. Make the p a r d  about 
25cm wide and about 20 cm 
frcm th; ground. You may 

1 have to experiment a bit to 
match the size and placement 
of the guard to the size and 
climbing abiity of the rats in 
your neighborhood.) 



Walls are made from vertical strips of barnbco ?8mm ( 2  1/2) wide, spaced 6cm to 
8an (2 1/2" to 3") apart. This also .:illqws ample ventilation, needed to furnish 
oxygen to the chickens xci to aliow cva;~c~raiion cf ;xcess mosture produced in 
the drcppings. In the tropics the prcbEerr. is to keep chickens cool, not *:lam. 
ZJsing a closed or tight-walled p ~ l t r y  housc with a solid floor would keep them 
too warm and result in lowered production and increased respiratory problems. 
Shade over and around these houses is very important. If the ground around the 
houses is not shaded, heat wi2 bounce into the houses. 

The roof must protect the chickens from the weather. In Liberia thatch roofing 
keeps the bids cool but it must be replaced more often than most other 
materials. Smce it is cheap and readily available to the small f m e r  or rural 
family, it is most likely to be used. Aluminum, -;L?ich reflects the heat of the sun, 
and asbestos, an efficient insulator, are desirable roofing materials in the tropics. 
Zinc, which is rommody used to roof houses in Liberia, is undesirab!e for chicken 
houses because it i an efficient conductor of heat. 

Whatever the roofing material, the roof must have an overhang of lm (3') on all 
sides to prevent rain from blowing inside t5e house. It may be desirable to slope 
the overhang toward the ground. 

Feeders 

Feeders and waterers are made from 10cm to !2.5cm (I to 5") diameter bamboo 
of the desired length (see Figure 2). A node or joint must be left intact in each 
end of the bamboo section to keep the fced or ufis.er in. A section 75cm to 10a 

(3" to 4") wide around haE the 
circumference of the bamboo, 
except for 7.5a (3") sections on 
the ends, is removed to aake a 
kind of trough. All nodes 'between 
the ends are removed. 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 hem 
place their heads through the 

F/GUREZ. L ~ G  m m  RND  FEE^ ~RDUM bamboo strips to feed or drink, 
/N SAM600 POULT&' A'UUSE. thus conserving floor space for 

additional chickens. 



The demonstration nests are 38cm (15") long, 30cm (12") wide, and 35.5~~1 (14") 
higb (see Figure 3). The strips used on the floor of the nest are about 13mm 
(1/2") wide, spaced l3mm (112") apart, and must be very smooth. The floor slopes 
13mm (112") from front to back, SO that when the eggs are laid they will roll to 
the back of the nest. An opening 5cm (2"j high at the back of the nest allows 
the eggs to roll out of the nest into an egg catch (see Figure I). This type of 
nest results in cleaner eggs and fewer broken eggs. It also yields better quality 
e m  because they begin to wdl as soon as they roll out of the nest. In addition, 
tbe eggs are outside the nest w3ere egg eating hens m o t  reach them. Placing 
the egg catch so it protrades outside the wall of the house allows the eggs to be 
gathered from outside. Placing the nests 1 meter (3') above the floor conserves 
floor space and pennits more laying hens to be placed in the laying house. One 
nest is put in for every five hens. 

In laying houses, nests are also constructed of split bamboo for unobstructed 
ventilation. Conventional lumber nests are botter; this may cause hens to lay eggs 
on the floor instead of in the nests. This means more dirty eggs, more broken 
eggs, and more likelihood of the hens eating the broken eggs. The only way to 
cure a hen of eating eggs once the habit is formed is to kilE her. In addition, as 
the hens enter the nests they sit or1 eggs laid previously by other hens, keeping 
them warm. The quality of eggs deteriorates very fast under these conditions. 

Source: 

USAID, Monrovia, Liberia, described in OTS Information Kit, vol. I, No. 5, May 
1x1. 



Rice, husk. gmund 
Fish meal 
Meat meal 
Groundnut cake meal 25.0 
Luceme meal 120 
Dicalcium phosphate 2.0 
Oyster shells 3.0 
Salt 1 .O 

TOTAL 100.0 

Ingredients-Uruguay Percentage required for Layers 

Ground maize 40.0 
Gmund wheat 5.0 
Sorgh~nn 3.0 
Gmund barley 20.0 
Bran 10.0 
Meat meal 7.0 
Ground slmnower cake 10.0 
Oyster skds  4.0 
s3lt 1 .o 

mTAL 100.0 
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POULTRY FEED FBRMULGS 

Ingredients--Ceylon Percentage required for Layers 

Sorghum 42.0 
Rice bran 19.5 
Fish meal 8.5 
Coconut meal 18.5 
Gingelly (sesomus indicwn)cake 2.0 
c o w  3.0 
Shell grit 6.5 

0.5 
TOTAL 100.5 

Added per 100.5 kg: 
Potaqsium Iodirle (g) 0.145 
Qloline Chloride (21.7%)(g) 540 

d 

Compiled by Kadan Anfield. from Poliltry Feeding in Tropicul and Subfropica1 Countries, Food and Agriculture 
Organi7atim of dlc United Nations, Rme. 



Intensive Gardening 

Intensively cultivatlxi vegetable gardens can supply a great deal of a family's food 
from very little land. However, to maintain their productivity, these gardens 
require a lot of fertilizer and some special techniques, which are discussed below. 

As one crop is finished, another is put in its place throughout the growing 
season. Without additional fertilizer tne soil would soon be worn out. Cost of the 
garden can be kept low by using compost and a crop rotation system that also 
includes podtry or other livestock, which can give a steady supply of manure. 
This virtually eliminates fertilizer costs. The best way to ensure a large supply of 
manure is to keep the animals in a pen, barn, or corrd, especially at night. 

Fertile soil includes organic matter and minerals. The best soil is loose and has a 
crumbly texture that breaks easily into small pieces a few millimeters in diameter. 
The deeper the crumb structure cxists in the soil the better. 

If the soil is compacted or dense, it can be loosened by first plowing or tilling to 
break up the soil. T i g  also controls weeds. This work can be done with a pick 
and shovel, a hoe, or a heavy fork. A small tractor, or animal &a-m tools, may 
be helpful in a very large garden. 

The soil can he improved by 1) adding manure or compost, or by returning to the 
so3 plaint materials that you or your animals do not eat, 2) rotating crops, 3) 
working the soil only when it is dry enough. Test for dryness by taking a handful 
of soil and squeezing it. If it sticks together tightly, it is still too wet to work. 

1WE GROWING BEDS 

Make planting beds no wider than you can reach to the middle of for planting, 
weeding, and fr:westing. In that way you won't have to step on the beds and 
compact the soil. One meter (three feet) is a t,yyEcal width. Lay the beds across 
any slope to slow water runoff and reduce erosiaa. The soil may be raised in long 
mounds so that it will warm more readily and be less subject to flooding. Edge 
the mounds with stone, brick, concrete block, heavy boards, or othei material to 
hold the soil in place. This is not essential, but makes the garden easier to care 
for in the long run. 



Leave a footpath between the beds that is wide enough to walk in and to allow 
some space for the tops of the growing plants. You will want to be able to work 
be9cen :Re beds without damaging plants. Build a secure fcnce around the garden 
a0 keep out chickens, rdbbits, cattle, md other animals. 

If there is a stream or a tubewell nearby, the garden can be watered by running 
water in ;furrows between ths beds, or by hand watering. WiZcly spsced individual 

plants, such as tomato, pepper, or 
eggplant, can be watered by bury- 
ing a jar with a tiny hole near the 
bottom in the ground near the 
plant (Figure 1). The jar is filled 
with water, which seeps out to be 
used by the plant as needed. This 
is quite a bit of work, but can be 
very effective in very dry areas. 
Bury the jar when you set out the 
plant so you don't disturb the roots 
later. Chzck the waier level in the 

IU J* jar about once a week, oftencr if 
need be. 

Figure I: Automatic watering 
using a buried jar of water. 

FERTILIZING THE SOIL 

Growing plants take nutrients from the soil, which must be replaced or crop 
yields will slowly diminish, and intensive cultivation uses up nutrients rapidly. The 
major nutrients are nitrcgern, phosphorus, potassium, and calcium. These can be 
bought as chemical fertilizer-,, but are aiso folmd in plant matter and manure. 

AD inexpensive way to enrich the 
soil is to use compost from a 
compost pi! or crib that is located 
near the garden (Figure 2). Pile the 
materials into layers as s?own. 
Keep moist. Turn and mix WtXj  

week or so as they decay. When 
the compost gets to be dark and 
crumbly, it is rcady for the garden. 
Cornposting $1 not usually supply 
all the fertilization needed, bat dl 
add nutrients to the garden soil 
2nd improve soil texture. 

Figure 2: Compost Pile 



The simplest way to fertilize and improve soil texture at the same time is to me 
anhd manure. If you use fresh manure, spread it over the garden at the end of 
the growing season and work it into the soil. During the growing season, it is 
bcst to use only seasoned manure. 

If cnly fresh manure is available, a small amount of it may be used to make z 
weak "tea" that can be poured around the ,yowing plants. To make the "tea" put 
a shovelful of fresh manure into a bucket of water and let it stand for about a 
week. Dilute the liquid until it is the color of weak tca and use it to water your 
plants about once a week. 

'SELECTION OF CROPS 

Select crops that suit the climate and your fa;nily's tastes. If you want to grow 
vegetables to sell, consider community tastes as well. Try to choose an assortment 
that will give you something fresh from the garden tkoilghout the season. Unless 
you have some way to preserve the produce, don't plant more than you can eat, 
give away, or sell fresh. But do plant vegetables you like a lot or want in 
quantity at intervals of a cou~le  of weeks so that you will be able to harvest 
them over a long period. Keep in mind that in a well-fertilized garden plants can 
be more closely spaced and will yield a larger harvest for the space. 

Some crops may be planted directly in the beds while others are best started in a 
seed box and later transplanted into the garden beds. The table below gives a 
partial listing of both types of vegetables. 

Seeds To Plant and Seedlings To Transplant 

Vegetables that should Vegetable Seeds to Plant Directly in the Garden 
be Transplanted 

Broccoli 
Cabbage 
Cauliflower 
Chinese cabbage 
Eggplant 
Indian spinach 
Lettuce 
Mustard 
Pepper 
Spiaach 
Tomato 

Black Colocasia 
(roots) 

Beet 
Bitter gourd 
Carrot 
Co!izd 
Coriander 
Cowpea 
Cucumber 
Field bean 
French bean 
Green Amaranth 
Jute 
Kohkzbi 

0 kra 
Onion 
Pigeon pea 
Pointed gourd 
?r!:at~~ (tuber) 
l<;Gi, 
Red Paar-th 
Soybean 
Sweet corn 
Sweet potato 

(cuttizlgs) 
Sweet pumpkin 
Sword bean 
Turnip 



It is a good idea to rotate the vegetables in the beds each season. That is, plant 
one type of vegetable one season, another type the next %ason, and so on. Each 
type or family of vegetable is subject to similar pests and soil &eases. Planting a 
different type vegetable in the beds each season helps prevent :he build up of 
thsse pests and diseases and gives the soil a rest. 

There are four basic families of vegetables-root vegetables, 'leafy vegetables, 
legumes, and fruiting vegetables-so the r~tation would span four seasons. 

Peas, beans, and such are legumes, which means that thcy can make their own 
nitrogen plant food and so enrich the soil. Plant vegetables that need a lot of 
nitrogen in the bed when the legumes are finished. Root vegetables u e  grown 
primarily for their chick fleshy roots-radish, carrot, onion, beet. The leaves of 
some root vegetables, U e  beet, are often eaten as greens. Fruiting crops include 
peppers, eggplant, tomato, and white potato. 

Leafy vegetablcs-cabbages of various kinds, lettuces, spinach, collard-are grown 
ior their leaves, which are rich in vitamins and minerals. Some leafy vegetables 
tolerate cold weather better than others and some do well when it is hot, so it is 
possible to have some kind of fresh greens from the garden almost all year round. 
When you are planning your crop rotation, include broccoli znd cauliflower in the 
leafy group, even though you don't eat the leaves, because they are attacked by 
some of the same pests as the leafy vegetables. 

Plan :he beds so that as one crop is finished another takes its place (with the 
addition of a little compost or seasoned manure). Save space by planting vimes 
like beans and cucumbers on trellises at the edge of the garden, situated so they 
don't shade other crops. Stake tomatoes, peppers, etc., with posts of bamboo or 
whatever is available to keep the fruit from rotting on the ground. 

MULCH 

Cover the soil around seedlings with a thick layer of gn*m clippings, leaves, 
straw, or other material. Some people use black plastic, which is expensive, or 
even layers of newspaper. The idea is to keep the soil from drying out so fast 
and to keep weeds from sprouting. Mulching may seem like a lot of extra work in 
the beginning 5ut it saves a lot of work over the season. It also saves water, 
and the organic mulches, like grass and straw, enrich the soil as they decay. 

Paul J. Abrahams. VITA Volunteer, Atlanta, Georgia 
J.W. and J.B. Fitts, VITA Volunteers, North Carolina 
Harlan H.D. Haffield, VITA Volunteer, Bend, Oregon 
James M. Corven, VITA Volunteer, Washington, C.C. 



Silage for Dairy Cows 
The small dairy farmer who maintains five or six cows on two or three hectares 
(four or five acres) of fodder and pasture grass is usually faced with a serious 
decline in milk production during dry or cold periods. The declirie in milk 
production is nearly always the resalt of the seasonal scarcity of fresh, succulent, 
nutritious feed. Without g o d  feed, cows are obliged to eat dry, strawy, weedy 
grass, which not only lacks .i~tritive value, but often causes digestive troubles, 
constipation, and F-rth. These troubles can be dealt with easily and 
cheaply; good health and a high level of production can be maintained-by thc use 
of silage. 

Silage can be stored in permanent 
or temporary silos. Permanent silos 

?Fy can 'be either upright tower-shaped 

4 '  structures (see Figure 1) or 
horizontal, l i e  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 snccessive rings cf 

. I fencing is becoming widespread; 
these silos can be h e d  with plastic 
or paper or they can be unlined. 
Many farmers have saved the 
money needed for permanent silos 

F/L;UPL? /. T/f I?-BLOCK 7OWER S/LO 
by using ternporwj silos for several 

W/TH TILE CHUTE. years. 

Losses of silage vary with the type of silo, tbe crop ensiled, its stage of maturity 
and moistwe content, fineness of chopping, and the extent to which air and 
water have been excluded from the silage. Losses run from 5 to 20 percent in 
permanent upright silos; from 10 to 30 percent In permanent horizontal silos; from 
15 to 50 percent in temporary trench, fence, and stack silos. 

1 
A silo should be located near the barn to keep to a minimum the time and labor 
involved in feeding. 

Detailed instructiorc on silo building are given "Farm Silos," Miscellaneous 
Publication No. 810, Agricultural Research Service, U.S. Department of Agriculture, 
1%7 (revised). 



It is not worthwhile to make a silo of less than four tons capacity, except ilndrx 
vcry spead conditions. Spoilage in smaller silos is often excessive. A mw J 
average size not provided with any other foddz: wi?! consume about 23kg (50 
pounds) of siiage in 24 hours; on this basis a farmc*. kit .wing the number of cows 
to be provided for and the approximate length ,.:f tne ,, . .iod durkg which silage 
is to be used. may estiinate the quantity needed; for ea- - pie: 

20 cows @23kg (50 pounds) per day 
for 90 days 41,400kg ( 90,000 pounds) 

5 heifers @14kg (30 po~grds) per dav 
for 90 days 6,MOkg ( 13,500 pouxlds) 

5 calves @%cg (15 pound$) per &y 

i lor 90 days 3.150krr ( 6.750 ~ o u n a  

I 51 metric tons 

50,850kg (llO,W3 pounds) 

(56 short tonsj 

The bare requirements would be 51 metric tons (56 short tons) of slage, and ;an 
allowance for wastage should be added. The tables may be nsed to estimate thc. 
dimensions of a silo. 

I A silo of ten tons capacity or less should be dilled .in two operatiom, that is, .,n 
two separate days with two or three days between operations. Similarly, a largz 

I 
silo shodd be fded in proportionate operations, though this is not so essential as 
with tke smaller size. Table 1 gives treach silo capacities. 



memions in Meters ( F e e L  (f&ds) af silageVper 
Top Width Bottom Width Depth 30cm (1') of Length 

Material for silage varies considerably. Corn, guinea corn, sugar cane leaves, uba 
cane leaves, napier grass, guatemda grass may be uscd singly or in mixtures; the 
inlportant point to be borne in mind is that the material should be young, fresh, 
arid green. Uba and sugar cane should be cut before the stem is formed; guinea 
yass should be cut before flowering and seeding takes p!ace; napier, guatemda, 
and elephant should be cut while the stems are still tender and green. If ody 
fresh, leafy growth described 2 b v e  is used, there is no need for chopping the 
mattrial as it is brought to the silo. It should be scattered thinly over the entire 
surface of the silo, and sh~illd be constantly trampled to cause consolidation. 
Trampling close to the walls is especially important. 

Silage that is considerably more nutritious tnaa grass silage can be produced by 
combi ig  fresh young leguminous fod3;rs with grass when filling of the silo. Cow 
peas, edua peas, soya beans, Bengal beans, and St. Vinceat plum fodders have 
been used with success at the level of 20-25 percent of the total bulk. This 
material must be chopped. 

The use of moriasses is recommended in all silos, for increased palatability, 
kcreased nutritive value, a d  in the case of young grasses, or silage with 
leguminous mixtures, as an aid to the essential fermentation. Molasso~ should be 
used at the rate of lOkg per metric ton (20 pounds per ton) of grass material, as 
follows: if the materid is wet with rain or dew, add hvo parts of water to one of 
mdasses before application; if the material is dry, add four parts of wzter to one 
of molasses. As each layer of matcrial, several centimeters or a few inches thick, 
is laid down, sprinkle on the molasses-water mixture, unless a blower :.%h a 
continuous ~olasses sprayer attached is used. In leguminous mixtures 25 percent 
more molasses shouid be used. 





When it is not possible to obtai.1 young, fresh material, and older material niust 
oe used, then chopping is essential. Once the material has beec chopped ;he 
remaining operations are similar to those described above, with the ex-~ption that 
only 6kg of molasses need be used per metric ton (12 pounds per ton) of grass 
material plus 35 percent more if legumes are included. 

After a silo has been filled level wi!h the top and has been thoroughly trampled, 
the silage will settle grad~~ally over a period of several days, bringing the need 
for refilling once or perhaps hvice to compensate for shrinkage. After the final 
refill a thick layer of dried grass should be laid over the slage and trampled 
down; finally, a few heavy logs laid over the dried layer will assist consolidation. 
A pointed roof over the siio with eaves reaching down below the rim will shed 
rain water. 

Si!age made in the spring of the year when grass is young and nutritious will 
keep perfectly until the winter or drought period comes; then it is possible to 
supply cows with feed every bit as nutritious and as palatable as fresh grass in 

the natural state. It i s  true that some 
cow do not take naturally and readily 
to silage, but they may be taught to 
consume it with relish. 

When a silo is opened to feed cows, 
logs and the dried grass layer should 
be removed. It is commonly found that 
a layer of silage several centimeters (a 
few in&es) thick from the t ~ p  
downward will have spoiled--turned 
black or slimy with white streaks of 
fungus hcre &d there. This should be 
thrown away. 



Tkie cdor of the good silage exposed below may 'be green, yellow-green, or 
brownish-gterl, and it will have a stronf; pleasant smell; there will be no 
sSiminess <;r streaks of fungus. The silage may be fed at will to cattle, care beiig 
fAcn  ody that such day's supply should be removed from the whole surface of 
tit': silage rather than from one spot; in this way an even surface will be 
mamtaiocd and no one section will be over-exposed to air. After each day's 
;upply has been taken out, the surface of the silage should be covered with old 
bags to prevent drying out; if it should become necessary to interrupt the feeding 
of silage for mcre than a day or two, then :he silage must be sealed off as it 
was when !he silo was fust filled. 

I WARN'ING - GAS DANGER IN SEOS I 
Suffocating and, in some cases, poisonous gas may be present around silos. 
Suffocating gas from fermenting silage, mostly carbon dioxide, forms in all 
silos shortly after filling begins and continues until fermentation stops. 
Poisonous gas, when present, is nitrogen dioxide. Its color and density vary 
with temperature. At room temperature. it is orange yellow and 2 112 times 
as heavy as air. As the temperature rises, its color becomes darker and its 
density becomes lighter. The gas, being heavier than air, collects and 
remains in any depression or enclosed space when there is no strong, free 
movement of air. Danger of nitrogen dioxide gas occurs oniy during filling 
and for about a week after. 

Many livei have been lost because of czarelessaess in entering a silo where 
there may be danger of gas. Gas is a particular hazard in below-ground 
silos. TO stir the air in a silo, tie a rope to a basket, a bladtet, a large 
pie? of canvas, or a tree branch md then drop the article into the silo 
and raise it a number of times with the rope. 

The Farmer's Guide. Marvin D. Van Peursem, VITA Volunteer, Newton, Iowa. 
Kingston, Jamaica: Jamaica Agricultut; J SGC~C?, 1%2. 



Fsod Processing 
and Preservation 



Storing Food at Home 
You work hard when you grow food and prepare it to eat. Buying food takes 
money that you have worked hard to earn. You do not want to waste it. To keep 
food ciean and safe in the home you must have good storage space, suitable 
containers, and a way to keep foods cool and dry. 

IMPORTANT 

Only water that is pure enough to drink should be used for washing or 
cooking fd. If the purity of vater is in doubt, it should be boiled for 
10 minutes or disiectet. See section on water purification, p. 138, for 
proper dkiiection procedures. 

_. 

HOW TO CARE FOR VARIOUS KINDS OF FOOD 

Different kinds of food need special care. Treating each food properly will make 
it keep longer. 

Daiu Foods 

Fresh milk is safe if it is boded. If you do not have reirigeration, boiled milk 
will keep longer thm milk that has been pasteurized. Cream will keep longer if it 
is boded. 

After milk and cream are boiled, then cooled, store them in clean containers. 
These foods will keep longer if stored in a refrigerator, ice chest (see p. 290), or 

evaporative cooler (see p. 28). If 
refrigeration is not availabze store 
them in the cmlest place you can 
find. 

Use boded water to reconstitute 

I 
canned, evaprated, condensed, or 
dried milk or add water and boil 

I for 13 minutes. Unsafe milk should 
not be used for any pmpose. 



Cooked foods using milk or cream spoil very quickly. Use them immediately in hot 
climates. Do not store. 

Dried milk in its original container wiii ?:rep for several months in a cupbard or 
on open shelves. Close the container tightly after using. The milk will take up 
moisture and bccome lumpy if exposed to air. Then It is hard to mix with water 
and food. A glass jar with a tight lid, or a tin can with a press-in lid, are 
recommended to store dry milk powder after the package has been opened. 

After dried milk has had safe water added to it, store it the same as fresh fluid 
milk. 

C m c d  evaporated milk may be stored at room temperature until opened. Before 
opening shake the can to mix thoroughly. After opening, cover tightly and store 
the same as fresh fluid milk. 

Canned sweetened condensed milk may be stored in the cupboard or on open 
shelves. After the can has been opened it can be stored in the same place as the 
unopen,ed can but it needs protection from ants and other insects. Sweetened con- 
densed milk does not require refrigeration unless it has been diluted with water. 

Butter should be kept in a cool place, in a covered container. 

Keep hard cheese in a cool place. Wrap tightly in a clean cloth or paper to keep 
out air. Put En a box or nietd container if possible. Before using trim away any 
mold that forms on the surface. 

Soft cheeses should be stored in a tightly covered container in a refrigerator or 
other 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 loosely with a 
clean cloth or paper. Wipe or 
scrape off any dirt before wrap 
ping. 

These foods spoil very quickly. 
They should not be kept long in 
warm, moist climates. 

Rubbing cured or smokzd meats with dry baking soda may help prevent molding. 
If meat is attacked by irisects or shows spoilage, cut out the bad part. 



Sort eva as soon as they are brought from the poultry yard or market. Cracked 
ones should be removed and cooked for immediate use. Spoiled eggs should be 
thrown away. Rough handling and high temperatures shorten eggs' kecping quality. 

Keep eggs in a covered container 
in a cool, dry, clean place. E s  
keep fresh longer if stored in an 
airtight container. 

Don't wash the eggs  inl less you 
want to sell them. Water rcmovcs 
the thin filrn on the shell that 
protects the egg. This f h  helps to 
stop evaporation, the entrance of 
harmful bacteria, and the absorp- 
tion of odors. Do wash eggs just 
before using them. Wash with 
cooled boiled water. 

Fresh Fruits and 'Vegetables 

Fresh fruits and vegetables need to be kept clean and in a cool place with igood 
air circulatiqn and oct of direct sunlight. Such conditions help to prevent 
spoilage. Avoid breaking or cutting the s8&. 

Sort fruits and vegetables %fore storing. Use bruised ones immediately, throw 
away decayed or spoiled ones. Ripe fruits and vegetables should be used in two or 
three day8. Allow them to ripen in the open air out of the sun. 'Aash fruits and 
vegetables in clean water before uskg them. 

Fruits and vegetables stored in *boxes, baskets, bar:els, and biis 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 prevent mold. 

Soft fruits and vegetables such as 
berries, peaches, papayas, fw, 
tomatoes, and plcms should be 
spread out on dean wrapping paper 
or in shallow pars or platters 
rather than deep containers. 



Potatoes and other starchy tubers should be sound, dry, and free from soil, cuts, 
and bruises when put into storage. Wet tubers rot more quickly than dry tubers. 
Store patatoes in a dark place because light promotes the formation of grecn skin 
and the poisonous glycodkaloid called solanine in the potato. 

Potatoes keep better if cured within 1-3 days after hamest. The easiest way to 
cure pctatoes is to keep them in a container with restricted ventilation (to 
establish a high relative humidity of about 85 percent) for a b u t  15 days at lS°C 
(600, or 10 days at 20°c (630, or 6 days at 2 5 O ~  (VF). After curing, fully 
open the container to allow free air movement and store in a cool dark place. 

Flats and Oils 

Keep all fats cool, covered, and in lightproof containers. Meat, Kght, and air help 
to make fats rancid. Use no iron, copper, or copper alloy vessel% or equipment to 
store or handle fats and oils beeuse traces of iron or copper make them turn 
rancid quickly. 

Fats and oils should be kept dry with no moisture mixed with them. Mold on tbc 
surface of fats shows moisture is present. Remove the mold carefully. If possible, 
heat thc fat to drive off the moisture. 

Hoods like nuts and chocolate, which have some fat, may get rancid. Nu~s keep 
best when left in shells. Keep these foods cool, clean, and dry in light-proof 
containers. 

Peanuts that are much darker in color than the rest of the batch shoulrl be 
thrown out. They are probably contaminated with ailatoxin, which canses cancer 
of the liver. 

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 when cool. 

week. In hot humid weather do not 
I shut the bread box tiehtlv when it 

I is filled with fresh breai. 
. 



Store crackers, crisp cookies, pretzels, and other crisp baked goods in airtight 
containers to retain crispness. A tin can with a press-in lid is ideal. If not 
available use a sealed plastic bag made from thick plastic. 

Dried Foods 

Dried meats and dried fruits and vegetables may be kept in closely woven cloth 
bags if the bags of food are kept in a cool, dry place. If these dried foods are 
hung in a damp place they are likely to mold. 

Properly hie& foods are best stored in airtight containers if you live in a humid 
climate. A tin can with a press-in lid or a large glass jar with a tightly fitting 
lid will p.-evrat moisture pickup from the humid atmosphere. Look at the product 
occasionally and cfieck that it is in good condition. If there is any sign of mold 
it means the food is not dry enough. 

Open bags of deed Goods should be kept in a pottery or metal container. Seal the 
container tightly to keep out insects and rodents. 

Canned Goods 

Canned foods should be kept in a clean, dry, cool place. Destroy any swelled or 
leaking cans. Do not eat or even taste the food in swelled or leaking cans. Don't 
even open the can. Dispose of it. 

The outside of thc cans will 
become rusty if they are stored in 
a damp place or in humid atmo- 
sphere. The contents of rusty cans 
are safe to eat provided there are 
no holes, leaks, or bulges in the 
cans and the contents appear 
normal when can is opened. 

Leftover Cooked Foods 

Moist cooked foods, particularly those made with milk, egp, meat, or fuh, spoil 
easily. Leftover cooked foods should be cooled quickly. Store in refrigerator, ice 
chest, or evaporative cooler. Use at the next meal if not refrigerated. 



FOOD SPOILAGE 

When is Food Spoiled? 

F d  generally shows when it is spded. Check it often. It may have an un- 
pleasant appearance, ta ts ,  or smell. Look for these signs of food spoilage: 

s h e  on the surface of meats and other moist foods 
bad odors 
sour taste in bland foods 
gas bubbles, or foaming 
discoloration 
liquid that has become cloudy, thick, or slimy 
texture. becomes very soft 
signs of mold growth 

It is important to destroy spoild foods as soon w they are found. Throw away 
any food that has a bad smeki. Chopped meat, eggs, and sea food usually spoil 
rapidly. Watch gains for signs of weevils. Look for insects and mold in dried 
foods. Destroy 3 e  part that has insects or mold at once. 

Why Food Spoils 

Foods mav be spoiled by  

o bacteria, molds, and yeasts 
o parasites of meat 9nin?als 
o kec?s and rodents 
o warm air, freezing temperatures, light 
o too little or too much moisture 
a storing too long 

Dirt and cateless hading inaeasc food spi!age. Good care of food in the home 

1 can help avoid waste. Keep food in a dean and safe place. Baetvia are living 
' things so small you can't seem them. Many are harmful. They live almost even- 

where. Sometimes food is made unsafe because bacteria causing disease have 
goifen into it. Food can carry these and many other diseases 

o amoebic dysenteries o tuberculosis 
o typhoid o diphtheria 
o 'm&m o 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. 



&&ria need water to live. Removing water prevents their growth. Foods are 
dried to preserve them. Then they are kept dry. Some foods that are dried u e  
meat, fsh, beans, peas, grapes, figs, currants, cereal grains, flour, spaghetti, 
noodles and other pasta products, dates. They are dried in the sun or smoked 
over a fire. 

Bacteria, molds, and yeast in foods may be destroyed by heating and some 
chemical preservatives. They cannot grow in properly dried foods. They grow more 
slowly at refrigerator temperature than at room temperature. 

Molds can he harmful. They grow where it is damp. Molds look like dclicate 
velvety or powdery growths of various colors spread through food. 

If meat, cheese, or jam have mold on the surface, cut away the mddy part. The 
food that is left may be eaten. 

Parasites, such as tapeworm and tricfiina, live in meat animals. The tiny larvae of 
these parasites may be in the lean meat. They are waiting to colaplcte their 
development ic the human body or some other place. 

Thorough cooking of meat is the best way to destroy these parasites. Presewa- 
tives such as salt and smake do not destroy them. There is great danger k eating 
uncooked or lightly cooked saasages, for example, even though they have been 
smoked. 

Many chemical substances eithcr destroy certain harmful bacteria or prevont their 
growth. For fcod, two of the simplest to use are common salt and sugar. Salt is 
used for meat and vegetables. Sugar is ~ s e d  to preserve fruits. Sugar and salt 
have to be used at a high level to be effective. 

Insects 4 rodents eat some food and damage several times as much as they cat 
with urine, feces, and hairs. They may also Icave dangerous bacteria on the=. 

Tbe house fly spreads typhoid 
f eve r ,  cholkra, dysentery,  
i-uberculosis, and many other 
diseases. Keep llies away from 
foods. A cloth net fastened to a 
simple wire frame keep  flies out 
of contact wi:h food (Fqpre 7). 

'The "fly specks" often found oa 
food or dishes may have disease 
germs and mice destroy many types 
of E d .  



o keep food covered or in closed containers 
o get rid of garbzge and trash 
o keep the storage area clean 

Poisoned bait, powders, or sprays may be necessary to rid storage areas of house- 
hold insects and rodents. Ask your health department, sanitation, or othsr official 
what pesticide to use, where to get it, and how to use it. These people have 
special training on how to control household pests. They can help you. 

Use pesticides with care. They are POlSONlOUS to people and animals. Keep them 
out of reach of children. Never store insecticides in the same glace you store 
fd.. Always wash off any dust, spray, or solutio2 that gets on you. When spray- 
ing, remove dishes, pots and pans, other cooking utensils, and f d  from the 
room. If you have a cupboard with solid, tight fitting doors store the dishes and 
cooking equipment there while spraying. Never use oil spray or solutions near a 
firs. 

Rats and mice can be caugbt in traps or killed with poison bait. Destroy or block 
up a19 piaces where they are likely :o nest md biecd. Rodents w n o t  chew 
through metal, glass, or pottery containers so try to use containers made from 
these materials for stcraze of fmd. 

T e o n ~ c  affects f d .  Fruits ripen more quickly, vegetables become old and 
wilt more quickly, and nuts, fats, and oils become rancid more quickly as the 
temperature increases. Insects, bacteria, molds, and yeasts grow more quicklj zt 
higher temA>erature. Therefore, store food in a cool place. Do not store food near 
a hot stove. 

Food in direct sunlight ge:? hotter and spoils more quickly than food in the 
shzde. Food should never be left in direct sunlight d e s s  it has been gut there 
for a limited time to dry it or to drive out insects. 

Freezing temperatures can ruin the texture and flavor of some foods. Frozen 
potatoes, for examplt, are watery and have an unpleasant flavor. Frozen and 
&awed foods are safe ta eat but may hzve an off flavor or bad texture. 

Maistme in the air is necessary where green leafy vegetables are stored. If there 
is not enough mois:-are in the air, the moisture from these vegetables will 
emprate into the air. Then they become wilted or limp and look bad even 
though they are still safe to eat. These vegetables keep best when stored in r 
sealed plastic bag or box and kept in a refrigerator, ice chest, or evaporativr, 
cooler. 



CONTAINERS FOR FOOD 

It is very important to h r e  good containers for storing food. Some foods must be 
stored in containers with tight fi:ting covers. Generally each food is best stored 
in a separate container. Label food containers to save time and avoid mistakes. 

mes of Containers 

Dry foods should be stored in glass, pottery, wooden, or 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 watery foods have on the 

container, especially metals. A 
container 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 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 boded 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 fruit and vegetable juices in bottles. 

Coconuts, gourds, and calabashes may 'be used for stori~ig some 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 for long. Wash these containers often to keep out weevils. Dry in the 
sun. 

A simple cupboard can be made from a wooden box with shelves. The door is 
made of chickec wire so air can circulate. Use it to store root vegetables and 
some fruits. 



F/GURE 9. /A( E~%@P/A COVERED BA'SME7J ARE MUNG CeUM 7745 G'A&TIRS 70 
STORK DR/€Q 4N.9 VKGE745LES AND 5 e h A D  - 

Tin cans of all sizes are good for storing foods. Sometimes the lids of cans 
containing food have been removed 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. 

Use a food cover to keep out flies and other insects when you store food on a 
table in an uncovered container. You can make a food cover out of mosquito 
netting and a metal or wooden frame (see Figure 7). Store foods this way for a 
short time only. 

A bread box may be made of metd or wood. Punch holes in each end for air 
circulation. 

Open baskets are good for storing h-esh fruits and vegetables for short periods. A 
tight cover is not needed for these foods. 

Care of Food Containers 

Food containers must be kept c1er.n. Wash and dry containers before fresh 
supplics are stored in them. 



Water for washing containers shouid be clean and hot. Use soap or detergent. 
Rinse the containers carefully witb clear dean water. Dry them in the sun if yon 
can. 

Do uot store food in containers that have held kerosene, gasoline, heavy oil, 
chemicals, or pcstiades. 

Containers holding fscrl that does not need to be kept cool may be stored on 
shelves or on a table. 

THE STORAGE AREA 

A good storage area is: 

o clean and neat 
o coolanddry 

o weli ventilated 
o free of rodents and insects 

You may store food in the kitchen in cupboards on open shelves, or in a closet 
with shelves. Sometimes a separate room next to the kitchen, called a pantry, is 
used for storing food. Also cellars, caves, and outdoor pits are used in some parts 
of the world for food storage. 
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G o d  Ventlation 

Ventilation is important for good food storage. Good circulation is needed around 
food to carry off odors and to keep the right temperature and the right amount 
of moisture. 

Keep the Storage Area Cool and Dry 

Many fresh fruits soon spoil in a warm place. Then they are unsafe to eat. 
Cooking oils, table fats, and other foods with fat i@ &em may get a stronger 
flavor if stored in a warm placc. A dry s t o r ~ t :  xca helps to prevent mold on 
foods such as bread, cheesc, and berries. It also prevents rust on tin cans in 
which food may !x canned or stored. 

Keep the Storage Area Clean 

There is no s~bstitcte for cleanliness. Scrub shelves, cupboards, and floors often. 
P&t, 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 removes insectiades. Apply them again after you clean, not 
&fore. 



Keeping Foods Cooll 
Some foods are quite perishable. They are: 

o fresh meat, fsh, poultry 
o some fresh Eruits and vegetables 
o milk, butter, margarine, cream 
o leftover cooked foods 

In a warm climate it is best to buy these foods in small quantities and 
use them quickly rather than store them. If you have to store these 
foods, keep them as cool as possible,. Tl!k is out: way tc keep them 
fresh aad prevent spoilage. 

There are several ways to keep foods cool. Some ways work better than others: 

1. Mechanical refrigerators are the most effective in cooling and preserving 
foods, but are expensive and reqdirc an outside fuel source. 

2. Ice chests come next; if ice is available they are quite effective. 

3. Evaporative coolers follow ice chests. 

4. Window boxes are the poorest devices. 

5. In some situations, it is possible to enclose food in watertight containers and 
place in a cool stream or spring. 

6. Keep food in shade, out of the sun, if no other means is available to protect 
it. 

Obviously there is direct relationship ktween effectiveness and price. Each family 
should install the best cooling system it can afford; that is, option 1 is better 
than option 2, but 2 is better than 3, etc. 

The information given in this section help you to choose a practical way to 
keep foods cool given your particular situation. 
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EVAPOi"ltm HG8D COOLER 

The evaporative food cooler is 
cooled by the evaporation of water 
from its cloth cover. The cloth is 
noistenzd as capillary action moves 
water from the pans through it. 

If the climate is dry and the cooler 
is kept in a breezy spot in the 
shade, it will cool food considerab- 
ly -&low the prevailing temperature. 
To Ix safe, the cooler must be 
kept clean. The cooler's cloth cover 
keeps flying insects out. The 
water-fded lower pan discourages 
roaches and other crawiing insects. 

dt should be emphasized that 
coolers based on the principle of 
ciaporation of water need readily 
z- aila able water of reasonably good 
qtiality and a low humidity environ- 
mect. These coders do not cosl in 
a humid climate. 

Tools aad Materials 

Saw 
Hammer 
Nails, tacks 
Burlap or other c lok  2m x 2m (78 314' x 78 314') 
Wood for frame: 3an x 3cm x 13x11 (1 114' x 1 1/4" x 42.7') 
Pan: lOan (4") deep, 24cm x 30cm (9 7/16" x 11 l3/16") for top 
Screen, hardware cloth, or galvanized iron: 2x11 x 2m (78 314" x 78 3/47 (non- 
rusting) 
Ekges: 2 pair 
Pan larger than 3 0 ~  x 36cm (11 13/16" x 14 3/16") for legs to stand in 
Paint for wooden and metal parts 
Buttons or lacing material for cover 

Make the wooden frame to fit the upper pan (see Figure 2). This might be the 
bottom of a discarded 20-liter (Igallon) oil can. The lip of the pan fits over the 
top of the frame to keep the pan from falling into the compartment. Hinge the 
door carefully so that it swings easily, and make a simple wooden or thong latch. 
Paint or oil all the wooden parts. The upper and lower pans should also be 



ing or hardware cloth and tack it in place. 

, PLUV I0 CM. MEP 

The frame can be strengthened by putting the screen on diagonally, although this 
wiIl 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 slightly to keep the wood 
from splitting when it is fastened. 

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 dosing. To form wicks that 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. If the cloth cover does 
not stay moist, extra pieces of cloth can be placed at the top of the frame to 

, serve as additional wicks. 



ICELESS COOLER 

A second type of cooler may be made from a basket with a loose fitti~g cover. It 
may be made of bamboo or other slender wood with open weave. The size depends 
npon the fami'y's necds. In addition to the basket, you will necd a container to 
set the basket i3. Tl& may be square or round, of earthenware or metal. A clean 
oil drum could t.e used. This container should be about Xkm (12") high and wider 
than the basket. Other materials include bricks or stones and soft jute burlap. 
To build the cooler (see Figure 4): 

o Select a cool place in the kitchen away from the stove for your cooler. 

o Place the outer container heze. 

o Arrange the bricks or stones in the container sb the basket will balance 
evenly on them. 

o Sew burlap around the rim of the basket. Let it hang loose around the 
bottom 2nd extend into the earthenware or metal container. 

o Sew burlap loosely over the cover of the basket. 

Set the basket on the bricks. Place food in the basket. Cover. Put water in the 
bottom of the container. Wet the cover of the basket the first time the basket is 
used. Eater do this just occasionally. The basket itself should not be in the water. 
The burlap cover should hang down into the water. 



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. h ordinary light wooden box may be used or you can make one. 

To install a window box: 

o fit the b x  to the osiside of the window. The window is the door. Selcct 
the wintiow that is in the shade longest during the day. Keep the window 
closed vvhec the bax is not actually ia use. This will keep the box from 
getting too warm and the room from getting too cold. 

o Put a shelf on the window sill. Support the shelf with wooden braces. 

o Set the box on the shelf. Fasten the box to the window case with screws or 
nails. 

o Fit a sloping top over the box to shed the rain. 

o Make holes in the end of the box so air can circulate. Screen the holes. 

o Shelves may be made of heavy screeni,ng, poultry wire, or wood. 

o Rest the shelves on cleats fastened to the sides of the box 

o Paint the box inside and out. It vrilP be easier to keep clean. Wash the inside 
with soap and water from rime to time. 

o Food placed in the box should be in clean covered containers. 

A similar food storage closet may also be built on the outside of the house. You 
can m&e it open into a room by a special door through the wd.  



OTHER WAYS TO KEEP FOOD COOL 

A rneckmid reh@ata is ideal for storing perishable foods. However, refriger- 
ators are not available in all parts of the world and are often very evns ive  to 
buy and operate. Where a refrigerator is used, it needs special care. 

Clean and defrost it regiarly. T.', do this, turn it off. AAlw the ice to melt. 
Wash the inside of the relfrigerator thoroughly, using warm water and soap. Pay 
special attention to the corners. 

An ice chest can be made at home. Line a wooden packing case with galvanized 
iron. You will need to put insulation behveen the woodcn box and the iron to 
keep out heat. Use sawdust, cork, or similar material. Be sure to insdate the top 
and bottom as well as the sides. Make a hole at the bottom for water to drain 
out as the ice melts. Keep the ice chest clean. Wash it with soap and water 
often. 

To pack the chest, allow at least one fourth to one third af the volume of the 
chest for the ice. Block ice lasts longer than chopped or crushed ice. Keep the 
packed chest out of the sun and away from sources of heat. Cool cooked foods to 
room temperature bcfore placing them in the chest. 

A woodem Leg lined with cement makes a good food cooler. You may store leafy 
vegetables such as spinach and lettuce here. The vegetables can be kepi in a 
strong paper or plastic bag. Hang the b a g  on a hook screwed into a cover of the 
keg. Fi the bottom with water. 

On some farms cold water pumped from deep wells may first be used to cool 
foods, by running it through a suitable storage box Also, a house or box may be 
built over a spring or brook to keep foods cool. 

Special we& or caves are sometimes built for cool storage of foods. 
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Storing Vegetables a.nd Fruits 
For Winter Use 

In some countries the climate is too cold to grow fads the year around. Farmers 
and gardeners in many 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 adviser can help you decide which type of storage is best for youi 
climate and the foods grown in your area. Storage methods described here are 
practical only in areas where outdoor winter temperatures average -l°C (30°F) or 
lower. They do not work when the climate is warm all year long. 

Some wgetables, like tomatoes, can be planted late in the season so that they 
can be picked just before frost. If picked when white or turning re4  tomatoes 
will ripen in a warm room. To store them for longer periods, they can be packed 
in boxes of sawdust; when they are to be used, the boxes are opened and the 
iornatoes are put in a warm room to ripen. 

Dry bean seeds can be kept for winter use by picking the pais as soon as they 
a e  mature and spreading them in a warm, dry place until dry. The beans are then 
shelled, stored in bags, and hung in a cool, dry, ventilated place until needed. 
Cellars are usually too damp for storing dry beans. Dry beans of all kinds, 
soybeans, and peas can be stored this way. Keep the beans as dry as possible. 

Root crops such as beets, carrots, celery, klohlrabii turnips, winter radish, and 
horseradish are not stored until late fall. Hlhen the soil is dry, the roots are 
pulled and the tops are removed. Cone-shaped pits make good storage places for 
root crops in areas where they can be kept from freezing. Turnips may be left in 
the garden until later than most crops but are hurt by alternate thawing and 
freezing. Parsnips may be left in the ground until needed as freezing does not 
hurt them, but put a few in storage for use when the ground is frozen. 

Sweet potatoes store best in a warm, moderately dry place. A s m d  supply can be 
placed near a cooking stove or a warm chimney or some other place where the 
temperature will stay around 12OG to fi°C (S°F to 60°F). 

Late pumpkin and sqnash can be kept in rows out of doors until late 
winter. They can also be kept on shelves in an area with a temperature ranging 
from 1 2 O ~  to fiOc (5s°F to 60°F). 



Some helpful pointers on storing fruits and vegetables: 

Different vegetables and fruits need different storage conditions and methods 

o Anything showing decay or injury should not be stored. 

o Vegetables and fruits will dry out unless the storage place is damp and the 
temperature low but not freezing. 

o Ventilation not only changes air and removes odors, it also helps maintain 
desirable temperature and humidity. 

o Windows and ventilators should be kept open when temperature is not 
freezing. 

o Walls and ceilings should be insulated so moisture will not condense and drop 
on stored foods. 

The following sections show how to build some kinds of storage facsities. 

POST PLANK CELLAR 

This type of storage cellar is low in cost, but does not last long because the 
wood will decay. (See Figure 1). If creosote or other waterproofing material is 
available, paint the wood with it to slow down decay. 

o Dig a hole big enough to hold the foods to be stored and 120cm (4') deep. 

o Keep the soil piled nearby to use to cover the roof and b a d  the sides. 

v.ll,lrcr.d Fa- - - o Set two rows of wsts of the 
same height in t ie  bottom of 
the pit near the side walls. 

o 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. 

K/CUZP / o Next place a roof of planks. 



o 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 thickness of the 
cover depends upon the climate. 

o Be sure that water drains away from the cellar. Extend a pipe 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 p ies  covered with straw (see Figure 2). 

o Dig a trench long enough to 
hold the number of cabbages 

PLANK Oi? to bc stored. 

' o Pull the plants by the roots 
and set them side by side in 
the trench. 

F / C U ~  2 
o Pack soil around the roots. 

o Build a frame about 60cm (2') high around the bed. This may be of boards, 
poles, or stakes driven into the ground. 

o Bank soil around the frame. 

o Place poles across the top to hold a covering of straw, hay, leaves, or corn 
fodder. 

&bbages can aL~o be stored above ground in an area protected by drains from 
excess moisture (see Figure 3). Cabbage plants are pulled out by the rmts, placed 
head down in &e storage area and covered with soil. The advantage of :his 
method of storage is that you can remove a few heads of cabbage wi:'i:out 
disturbing the rest of the pit. 

STORAGE CONES 

o Build the cones either on the surface of the ground, or in a hole 15cm to 
20cm (8" to 10") deep in a well-drained location. 

o Spread a layer of clean straw, leaves, or similar material on the ground. 

o Stack the food to be stored on the litter In a cone-shaped pile. 
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o Cover the food with more straw, leaves, etc. 

o Cover the entire pile with 7cm to lOcm (3" to 4") of soil. 

o Firm the soil with the back of a shovel to make it waterproof. More soil 
may bc needed in very cold weather. 

o Dig a shallow drainage ditch around the cone to carry away water. 

o Ventilation or air circulation is necessary. 

Small conci with 100 to 150 
liters (a few bushels) of 
vegetablcs will get enough air 
if the straw between the 
vcgciables 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. 

Iarge cones - 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 nailed 
together at right angles. 

o Opening the cone - Once the cone is opened it is best to remove ad the 
food at once. It is better to make several small cones rather than one large 
one, and place small amounts of vegetables in each cone. When several kinds 

I 
of vegetables are stored in the same cone, separate them with straw or 
leaves. 

o Cones should be made in a different place every year to avoid decay from 
spoiled food left in an old cone. 



Fish Preservation 
Fish can be an important source of protein, and more and more people are adding 
fish to their diets. Whether fish are caught from the sea or raised in a pond, a 
problem many people face is that they have more fsh on hand at one time then 
they can eat or sell fresh. 

If the proper equipment and a reliable supply of energy are available, fish can be 
kept for long periods by canning or freezing. Without these resources, salting 
and/or smoking are good low-cost choices for preserving fish. 

Whichever method is chosen, quality and cleanliness are especially important: 

o The qualiq of ths fsh to be preserved-the fsh must be top qualitr, salting 
and smoking wilt not help poor qaaiity, old, or rotting fish; and 

o Cleanlines in all operations-all water used must be unpolluteci; all waste 
must be removed from workiig and drying areas; whatever comes in contact 
with the fsh, including all the equipment, must be kept clean. 

SALTING FlSH 

Salting, one of the oldest methods of preserving food, is an art as well as a 
science. The process of salting fsh is influenced by weather, size and species of 
fish, and the quality of salt used. Therefore, experience is needed to adapt the 
process outlined here to your situation. Start by salting small lots of different 
varieties of the available f~n .  By salting small amounts of fish at first, you will 
learn how much time is required for each step. Salted fish, if properly packed to 
protect it from excessive mckture, will not spoil. 

One word of caution: Start by salting non-fatty, white-meated varieties of fsh. 
The salting of fatty fish brings up problems of rancidity, rusting, and spoilage 
that can be handled better after you have experience in salting. 

I The process of salting fish has four operations: 

I r, Preparing the fsh 

9 Salting 
o Wading and drying to remove excess salt 
0 Airdrying 



IMPORTANT POINTS TO REMEMBER 

o Use only top quality fish 
o Work cleanly 
o Work fast 
o Keep the brine saturated-when in doubt, add more salt. 
o Try to follow local custom in style and length of cure 
o All water used must be unpolluted 

Tools and Materials 

A clean sharp knife 

Salt: the amount varies with local conditions, but figure about 1 part salt (by 
weight) to 5 parts of raw, prepred fish. Use good quality salt. Salt that is dirty, 
discolored, or has a bitter taste is unsuitable for salting fish. 

Clean containers for washing fish 

Clean, flat working surfaces; such as tables 

Clean containers for removing waste 

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 91an deep 
(6' x 5' x 3'). But fish can be salted in a container as small as a wide-mouthed 
glass jar. Metals other than stainless steel should not be used. Wooden boxes will 
work because moisture will swell the wood and szal 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). 

Preparing the Fish 

Fsh should be gutted and beheaded as soon as possible after catching. 

Remove the head by cutting it off on a slanted line following the gills. Shark 
can be beheaded at the last line of gill slits. (Only the "wings" of rays or skates 
are usually considered edible.) Fish that weigh 250gm (112 pound) do not have to 
be beheaded but they should generally be gutted. Local custom will determine 
whether or not they should be beheaded. 



In gutting a fsh, cut from the gill 
cavity along the ventral fold to the 
anal vent (see Figure 1). AU the 
guts must be renioved. It is also 
good commercial practicc to remove 
the black membrane located in the 
visceral cavity (tlii: hollow in the 
body of the fish which contains the 
guts) of many species. 

The next step is to bleed the fsh. All species of fsh must be thoroughly bled: if 
the head has not been removed, cut the throat; remove the gills and all blood 
vessels. Blood dots can cause discoloration, as well as bacterial infection that 
would make the fish unfit for eating. 

Cut the f ~ h  according to local - 1 ~ r A n  custom. As a rule of thumb: under 
COLLAR 
BONE 05kg (1 pound), the fish may be 

SPJNRL 
left whole; from 05kg to 5kg (1 to 

COLUMN 10 pounds) it shodd be split in 
half from head to tail (see Figure 
2); over 5kg (10 pounds), split the 
fish in hvo again from head to tail. 
The collarbone behind the gills 
should be left intact when a fish is 
split in half. 

Salting 

To d! fs$ follow these steps rxrefully 

o Sprinkle a thin layer of salt in a waterproof vat. Use just enough to cover 
the bottom completely. 

o Place a layer of f ~ h ,  FLESH sida np, with enough room for each fsh to 
avc:rl overlapping. Try for a neat pattern, alternating head to tail and tail to 
head. 

o Cover the fish with salt - a thin layer, but with no open spaces. 

o Contince to layer the fsh flesh side up, up to two or three layers from the 
top of the vat. 

o Reverse the fsh, packing them SKIN side up to the top of the vat, alternat- 
ing with layers o: salt. The top layer must be salt. 



o The salt will extract moisture from the fish, forming a brine. Use boards and 
weigbts to keep all the fish under the salt. 

o The brine must be kept saturated (90 on a Salinometer, or when no more 
salt can be dissolved) at all times. As moisture is extracted, more salt must 
be added to keep the brine saturated. With too little salt the fish will spoil. 

As moisture is extracted from the fish, the level of fish in the 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. Continue to add salt to keep the brine saturated. 
The fish are "struck through," or thoroughly salted, in 12 to 15 days in warm 
weather. In cold 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 tht: 
fish is translucent but the eyes are opaque and no longer translucent. T" ecsh i s  
firm but yields to gentle pressure. It bas a whitish salt cover. An odor of fish 
and brine should prevail. There should be no spoilage odors. 

Washing and Drying to Remove Excess Salt 

o When the fish are struck through, remove them from the vat and wash in 
unpolluted sea water or fresh brine to remove excess salt. 

o Then place the fish on flat surfaces, using any arrangement of boards and 
weights to press them as flat as possible: 

- to remove excess moisture; and 

- to make the fish thinner, which will reduce the length of the air-dry- 
ing process and improve the appearance of the fsh for marketing. 

Air Drying 

The final drying can be done either by sunlight and aatural air currents or by 
artificial heat and air currents generated by fms. In most 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. 

When freshly salted fish is first brought out to dry, there is danger of sunburn. 
If fsh is exposed at this stage to the direct rays of the sun, it may harden 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. 

After the first day, expose the fsh to as much sunlight and wind as possible. One 
method is to lay the fish on triangular slats--so that the fish rests on the levt 



$6 possible amount of surface-fresh 
side facing the sun (see Figure 3j. & Anothcr method is to hang the fsh 
by the tail (see F g r e  4). 

Protect the drying fish against dampness. The fish can be sheltered by portablc 
1 thatch roofs (see Figure 5) or moved into small roofed sheds built nearby for 
I protection from rainfall and 

night-time dampness. The fsh 

i should be free of discoloration, 
mold, or other defects. Split fish 
should not have ragged edges. 

Generally, six warm days with 
winds of more than 5km (3 miles) 
per hour should dry the fish 
enough to prevent sp';ing in 
;:orage or sbi~ping, provided the 
fish is properly packed to protect 
it from excessive moisture. 

I Using Salted Fish 

I Salted fish is usually soaked overnight, with at least one change of water, to 
remove most of the salt before it is eaten. The longer it is soaked, the more salt 
is removed. Then it is used in the same way as fresh fish, except that it is not 
good for frying. 



Daniel Casper, Product Manager, Seabrook F m s ,  Co., Seabrook, New Jersey 

SMOKING FISH 

Smoked fish does not last as long as salted fish, a d  must be refrigerated, frozen 
or canned if it to be stored for any length of time. Smsked fsh are prepared il 

a smokehouse, which is simply a shed or box over a fire &at is controlled sc 
that it produces smoke instead of flames. The fish are hung inside the smokehouse 
so that they are surrounded by smoke. It takes about six hours to smoke fish fo 
eating or storage. 

Prepare the fish as you would for salting. Bleed and g ~ t  the fsh and split then 
from hezd to tail. Wash the fxh in fresh, clean water. Place i7 a salt water brini 
for about one hour. Remove the fsh from the brine and wash again in clean fresl 
water. Drain, and hang in a cool breezy place for about an hour. 

]Build a fire in 
producing lots of 

the smokehouse. When the fue is turning properly-that k 
smoke-place the fsh on hooks and hang or tie them in the to 

of the smokehouse. Make sure th 
fish are y!ace.d securely so the 
will not f d .  Watch the fin 
carefully to make sure that it i 
smoking the fish and not burnin 
them-and also to be sure that th 
smokehouse itself doesn't catch o 
fire. 

After the fsh are smoked for abo~ 
six hours they can be eate 
immediately, stored in jars (to E 
canned), or frozen or refrigerate 
until they are eaten. 

Smoked iish do not last as :ong as salted fsh, so do not smoke all of the f~ 
unless it will be used soon after harvest. 

Chakroff, Marilyn. Freshwater Fish Pond Culture and Management. Arlington, 
Virginia: Volunteers in Technical Assistance, 1W8. 

I 
Canuthers, Richard T. Understanding Fish Processing and Presemafion. Arlington, 
Vuginia: Volunteers in Technical Assistance, 1986. 
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Concrete Cons truceion 

OVERVIEW 

Concrete is a strong and hexpensive construction material when it is properly 
prepared and used. This introduction explains the importance of a good mixture 
and describes the materials used in the mixture. Following this are entries on: 

Calculating amounts of materials for concrete 
Mixing concrete by machine or by hand 
Testing concrete mixtures 
Making forms for concrete 
Placing concrete in forms 
Curing concrete 
Making quick-setting concrete 
Usem sources of information on concrete 

Concrete is made by combining the proper proportions of cement, water, h e  
aggregate (sand), and coarse aggregate (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 pcriod of time. 

Importance of a Good Mixture 

After concrete has set, there is no simple non-destructive test to find out how 
strong it is. Therefore, the entire 
responsibility for makiig 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 it hardens. 

The most important factor in 
making strong concrete is the 
amount of water used. Beginners 
are likely to use too much. In 
general, the lower the ratio of 
water to cement, the stronger the 
concrete will be. 



The propa proportioning of all materials is essential. The section on "Calculating 
~ m o l u t s  of Materials for Concrete" provides the necessary information. 

Aggregates: Graveland sand 

To make strong concrete, the coarse aggregate (gravel) and fme aggregate (sand) 
must be the right size, have the right shape, and be properly graded. 

Coarse aggregate sizes can vary from 0.5cm (1/4") to 4 or 5cm (1 112" or 2") in 
diameter. Tae maximum size depends on the nature of the work. In gs~eral, the 
largest particles should not be more thm one-fourth the thickness of the smallest 
dimension of the section. Sand can vtuy from sizes smaller than 0.5cm down to, 
but not iocluding, silty material. 

Very sharp, rough, or flat aggregate should not be used in mncrete. The best 
aggregate is cubical saterial (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 smaller stones to fill the largest spaces. Now 
the spaces would be smaller yet, and even smaller pebii!es 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. 

It is extremely important that the aggregate and sand be clean. Silt, clay, or bits 
of organic matter will ruin concrete if too 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 (2") with the fine aggregate (sand) and then add water until the jar is three 

quarters full. Shaite 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, it will form a 

SILT- -f distinct layer above the sand. If 
SWP- 509 

_L 
the layer of very fine material is 

Ff6URE 2 
more than 3mm (118") deep, the 
concrete will be weak. 

If there is too much fine or silty material, another source of sand should be 
found. If this is impractical, it is possible to remove the fine particles. This can 
be done by putting the sand in a container l i e  a drum. Ccger the sand with 



water, stir or agitate vigoro~ly, let it stand for a minute, then pour off the 
lic,uid. A few such treatments will remove most of the fine and organic matter. 

In very dry climates, the sand may be perfectly dry. Very dry sand will pack into 
a mnch smaller volume than sand that is moist. If 2 buckets df water are added 
to 20 buckets of bone dry sand, you can carry away about 27 buckets of damp 
sand. If your sand is completely dry, add some water to it. 

Another point to consider in selecting an aggregate is its strength. About the 
only simple test is to break some of the stones with a hammer. If the effort 
required to break the majority of stones is greater than the effort required to 
break a piece of concrete of about the same size, the aggreage will make strong 
concrete. If the 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 preferable. Any clear. fresh water is acceptable. 
Salt water may be used if fresh water is not readily available, but it wil! reduce 
the strength of concrete about 15 percent. 

If you must use dirty or muddy water, let the water settle in a large pan or tank 
to remove most of the dirt. 

Cement for concrete, if it is a U.S. brand, comes in 42.6kg (94 pound) sacks, and 
is 28.4 liters (exactly 1 cubic foot) in volume. It must be kept perfectly 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 important parts of the constructiol: process. 
These will be discussed in the sections on mixing and curing concrete. 

Concrete reinforced with steel rods is used for structures such as large built; rg 
and bridges. Proper design of reinforced concrete and placement of steel reinfor- 
cing is a complex procedure that requires the help of a trained engineer. 

CALCULATING MATERIALS FOR CONCRETE 

Three methods are given here for finding the correct proportions of cement, 
water, and aggregate for concrete: 

o A "Concrete Calculator" fold-out chart 

I o Using water to estimate proportions 

i o A "rule of thumb" 



Using the 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. 

To use one of the charts, you must know: 

o The area of concrete needed in square meters or square feet. 
o The '&idmess of concrete needed in centimeters (inches). 
o The kind of work to be done (see below). 
o The wetness of the sand (see below). 

To use the caldator, follow these steps 

o 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 it by 
a convenient factor (for example, 10); then, when you find the amounts of 
materials the chart says to use, divide them by the same factor to get the 
actual amounts ceeded. 

o Make a similar mark on Scale 2, the slanted scale indicating thickness. 

o Draw a straight line through the two marks intersecting Scale 3 to find the 
volume of concrete needed. 

(If the shape of the area is complex, measure it in sections, add up the 
volumes of all the parts and mark the total volume on Scale 3.) 

o 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. 

o Continue on a zig-zag course as shown in the KEY to calculate the rest of 
the materials. 

o Add 10 percent to the amounts indicated by the chart to allow for wastage 
and miscalculation. 

o If the mix is too wet or too stiff, see page 312 for instructions on adjusting 
it. 

Materials can be measured in buckets. 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 = 75 gallons. A 4-gallon bucket would hold 15.15 liters or 
0533 cubic feet. 
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The definitions used in the &art are: 

IUnd ob Work 

"5" means "5-gallon paste" (5 gallons or 19 liters of water to one sack of 
cement), for cotcrete subjected to scvere wear, weather, or weak acid and alkali 
solutions. An exvnple is the floor of a commercial dairy. 

"6" means "6-gallon paste," for concrete that is to be watertight or subjected to 
moderate w e 3  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 walk, footings, and mass concrete where water tightness 
and abrasion resistance are not important. 

Fine Aggregate: 

Sand or rock screenings up to 05cm (1/4") in diameter. It should be free from 
fine dust, loam, clay, and organic matter or the concrete will be weak. The 
particles should vary in size. 

Coarse Aggregate: 

Pebbles or broken rock from 05cm (1/4") up to 4 or 5cm (1 1/2" or 2"). Nothing 
larger than 2un (3/4") should be used with a 5-gallon paste. 

Condition of Sandr 

Dry feels slightly damp but leaves very little water on the hands. 
Average: feels wet, leaves a little water on the hands. 
Wet: dripping wet, leaves a lot of water on the hands. 

Gallons: Chart A is based on the U.S. gallon (0.835 Imperial Gallon). 

Using the Water Displacement Method 

The "Concrete Calculator" chart assumes that the aggregate is well graded. When 
the aggregate is not well graded, an alternate method can be used to find the 
correct proportions for a concrete mixture. Thc advantage of this method is that 
only a small sample of the ungraded aggregate needs to be divided into coarse 
and fine particles. 

Well-graded aggFsgzte seldom occurs naturally. Some "pre-mi$' processing would 
I be needed to grade it. 



Remember that when you make concrete, you are filling the spaces in the 
aggregate with cement mortar or paste. The amount of cement paste needed can 
be found by adding water to a known volume of aggregate. To do this. 

1. Divide a sample ol the aggregate :!to coarse and fine partides by sifting it 
through a 05cm (l/jn) screen. 

2 Fill a pail with the clDarse aggregate (dry). 

3. Fa the paill 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 2q amount of fine aggregate equal to the volume of 
water used in Step 3. 

5. Fill the pail 3-ith enou& 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 ths remaining spaces. 

Add about 10 perceni to this volume to allow for waste and to make the mix 
more workable. 

6. % find the correct ratios of materials, divide the: volume of cement paste 
needed into the volumes of fine and coarse aggregates. 

7. Add these two raltios to get the ratio for ungraded aggregate. For example: 
If you are using a 19-liter (5-gdon) pail, and it takes 12.8 liters (3.4 
gallons) of water to fill the pail in Step 3, put 12.8 liters (3.4 gallons) of 
fine aggregate in the second pail (Step 4). If Step 5 takes 6.4 liters (1.7 
gallons) of water, this is the volume of cement paste needed. Divide this 
volume into the volumes of h e  and coarse aggregates to get the ratios of 
materials: 

liters (coarse aggregate) = 3 
6.4 liters (cement paste) 

12.8 liters (fine = 2 
6.4 liters (cement paste) 

The sum of the two ratios is 5, so the ratio of ingredients in this case is 15, or 
I part cement paste to 5 parts ungraded aggregate, by volume. 

To find the ratio of water to cement, see "Kind of Work" page 309. For directions 
on adjtstiug a mixture that hat either too wet or too stiff, see page 312. 



Using "Rule of Thumbw Proportions 

For a variety of small concrete construction tasks and for repair and patch-work, 
the following simple "rule of thumb" can be used as a simple guideline. 

Use the ratio 123, by volume, to proportion the cement and aggregate and use a 
water-cement ratio of 6 gallons water to 1 sack of cement. That is, for every 
sack of cement (28.4 liters or 1 cubic foot) used, add 56.8 liters (2 cubic feet) of 
fine aggregate and 85.2 liters (3 cubic feet) of coarse aggregate. Add 28.7 liters 
(6 gallons) of water for each sack of cement. 

A home-made box of B.bliter (l-cubic footj volume will help in proportio~5nq 
the mixture. The volume of concrete produced by a one-sack batch using the 
proportions given above will be about 142 liters (5 cubic feet). 

The most common mistakes made by inexperienced persons are using too much 
cement, wXch increases the cost, and using too much water, which produces weak 
concrete. 

MIXING CONCRETE 

Concrete must be thoroughly mixed to yield the strongest product. For machine 
mixing, allow 5 to 6 minutes after d the materials are in the drum. Fist, put 
about 10 percent of the mixing water ir, the drum. Then add water uniformly with 
the dqj materials, leaving another 10 percent to be added after the dry materials 
are in the drum. 

Making a Mixing Boat or Floor 

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. 

Toab and Mateiials 

Lumber, 2 pieces: 183cm x 915cm x 5cm (6' x 3' x 2") 
Galvanized sheet metai: r83m x 915cm (6' x 3') 
Nails, Saw, Hammer 

1 or: 

Concrete for a mixing floor: about 234 liters (10 cubic feet) of concrete is needed 
for a 244 cm (8') diameter mixing floor that is 5cm (2") thick with a lOcm (4") 
llighr;m 
Shovel 
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The first requirement for mixing by 
hand is a mixing arca that is both 
clean and water-tight. This can be 
a wood and metal mixing boat (see 
Figure 3) or a simple round 

F/IURE s concrete floor (see Figure 4). 
SUZZf M . .  

The en& of the wood and metal 
mixing boat are curved to m2ke it 

-RA/SE E m  
easier to empty. The raised edge of 

7 70 10 C- the concrete mixing floor prevents 
loss of water while the concrete is 
being mixed. 

The procedure is 

o Spread the fine aggregate evenly over the mixing area. 

o SpreaB the cement evznly over the fine aggregate and mix these materials by 
turning them with a s5ovel until the color is uniform. 

o Spread this mixture out evenly and spread the coarse aggregate on it and 
mix thoroughly again. 

o Form a hollow in the middle of the mixture and slowly add the correct 
amount of water and, again, mix thoroughly. 

The mixhue should be placed in the forms within 20 minutes after it is complete- 
ly mixed. 

When work is finished for the day, be sure to rinse concrete from the mixing 
area and the tools to keep them from rusting and to prevent cement from caking 
on them. Smooth shiny tools and boat surfaces make mixing surprisingly easier. 
The i ~ ~ k  will also last much longer. Try to keep from getting wet concrete on 
your skin because it is caustic. If you do, wash it off as soon as possible. 

A workable mix should be smooth and plastimeither so wet that it will run nor 
so stiff that it will crumble. 

If the mix is too wet, add small amounts of sand and gravel, in the proper 
proportion, until the mix is workable. 

If the mix is too stiff, add small amounts of water and cement, nnaintniniq the 
pmper waterement ratio, until the mix is workable. 



Note the amounts of materials added so that you will have the correct proportions 
for subsequent batches. 

If a concrete mix is too stbf, it will be diiXcult to place in the fornos. If it, is 
not stiff enough, the mix probably does not have enough aggregate, which is 
uneconomical. 

Slump Tests 

Slump Cone 

A "slump cone" is a simple device for testing a concrete mwdure to see that it 
has the right proportion of materials. 

Tc JIS and Materials 

Heavy galvanized iron sheet: 355cm x 635cm (14 1/8" x 25 1/2") 
Iron strap: 3mm x 25cm x 75m (1/8" x 1" x 3") 4 pieces 
16 Iron rivets: 3mm in diameter and 6mm long 
Wooden dowel: 16mm in diameter and 61cm long 

To perform the test: 

o 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. 

o FA the cone in three layers approximately equal in volume. Because the 
diameter at the bottom of the cone is large, the first layer should fill the 
cone to about one-fourth its height. 

I 



Stroke each layer 25 times 
with the wooden dowel. 

After the top layer has been 
stroked with the dowel, 
smooth the surface of the 
conaete so the cone is filled 
exactly. 
Carefully lift the cone off the 
conaete. 

Place the empty cone along- 
side the conaete. Measure the 
difference between the height 
of the cone and the height of 
the concrete. This difference 
is the slump. 

Suggested slumps for various types of ccsilstruction are: 

o Reinforced walls and footings: 5cm to l3cm (2" to 5") 

o Unieinforced walls and footings: 25m to lOcm (1" to 4") 

o Thin reinforced walls, columns and slabs: 75m to 15cm (3" to 6") 

o Pavements, walkways, culverts, drainage structures, and heavy mass 
conaete: 25cm to 75cm (1" to 3") 

Carrecting the Mixture 

If the slump is not within the desired range, or if the mixt'ure is obviousiy eiihc;. 
too fluid or too stiff, the proportions of the mixture must be changed. To make 
the mixture more fluid and increase the slump, increase the proportion of water 
and cemeat without changing the water-cement ratio. To make the mixture stiffer 
and decrease the slump, increase the proportion of the aggregates without 
changing the fine aggregatecoarse aggreagate ratio. Do not add just water to 
make the mix more fluid; this will weaken the concrete. 

MAKING FORMS FOR CONCRETE 

Fresh concrete is heavy and plastic. Forms for holding it in place until it hardens 
must be well braced and should Save a smooth inside surface. Cracks, knots, or 
other imperfections in the forms may be permanently reproduced in the conaete 
surface. 



Wood is commonly used for forms, because of its light weight and strength. Since 
cracks between boards can mar the concrete surface, plywood, which has a special 
high-density overlay surface, is often used. The finish on plywood provides a 
moo& casting surface and makes it easier to remove the forms for reuse. 

If unsurfaced wood is used for forms, oil or grease the inside surface to make 
removal of the forms easier and to prevent the w d  from drawing too much 
water iiom the concrete. Do not oil or grease the wood if the concrete surface 
will be painted or stuccoed. 

Forms for flat work, such as pavements, may be Scm x lOcm (2" x 4") or 5cm x 
15an (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. Tc prevent the forms 
from bulging, opposite studs should be tied together with 10- io 12-gauge wire, 
which should be twisted to draw the form walk tight against wooden spacer 
blocks. (The blocks are removed as the concrete is g1acr;J.) 

FIGURE 9--Forms for a straight wall on l e v e i  sround. 

The ties should be spaced about 76cm (2 1/2') ver t idy on the studs. When the 
forms are removed, clip the wires close to the concrete and punch them back. Pit 
holes caused by punching back the wires should be pointed up with mortar. 

Forms should be easy to fill vith concrete and easy to remove once the concrete 
has hardened. Screws or double headed nails which can be taken out easily can be 
a great help in removing wooden forms without damaging the concrete. 

Forms are sometimes made of other materials. For example, metal forming is more 
economical for repeated work, such as curbs, slip forming for monolithic concrete 
tanks or dos,  and reinforced concrete floo:s Cor multistory buildings. 
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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. 

The finest natural finish on a concrete surfacc can be obtained by casting on 
polyethylene. Sometimes polyethylene forms are used for decorative work, or a 
haft paper with a polyethylene film surface is used zs form liner. 

PILACING CONCRETE IN FOIRTMS 

To m&e strong structures, it is important to place fresh concrete in the forms 
correctly. The wet concrete mix should not be handled roughly when it is b e i i  
carried to the forms and put in the forms. It is very easy, through joggling or 
thowing, to separate the line aggregate from the coarse aggregate. Do not let 
conaete drop freely for a distance greater than 90 to 120cm (3' to 4'). Concrete 
is strongest when the various sizes of aggregates and cement paste are well 
mixed. The concrete mix should be fmly tamped into place with a thin iron rod 
(about 2cm or 314" in 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 protected until it reaches the required strength. It starts to 
Barden almost immediately once the water is added, but the hardening action may 
not be complete for severai years. 

The early stage of curing is extxemely critical. Special steps should 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 days. Once conaete dries, it will stop hardening; after this happens, re- 
wetting will PJOT re-start the hardening process. 



~ a r ~ e  areas such as floors or w& that are exposed to the sun or wind should be 
protected with some sort of covering. Protective covers often used are: canvas, 
empty cement bags, burlap, palm lenles, straw, arrd wet sand. The covering should 
also be kept wet so that it will not absorb water from tZe concrete. 

Concrete is strong enough for light loads after 7 days. In most cases, forms 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 concrete 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 say 
if forms should be left in place longer. 

Concrete is usually expected to reach the strength for which it was designed 
after 28 days. Concrete that is moist cured for a month is about twice as strong 
as concrete that cures in the open air. 

QUICK-SETTING CONCRETE 

Quick-setting concrete is often useful; for example, when repeated castings are 
needed from the same mold. A concrete mixture thzt contains calcium chloride as 
an accelerator will set about twice as fast as a mixture that does not. The mixed 
batch must be put into the forms faster, but since quick-setting batches are 
usually small, this is not a problem. Calcium chloride does not lessen the streeih 
of fully-cured concrete. 

No more than lkg (2 pounds) of calcium chloride should be used per sack of 
cement. It should be used only if it is in its original containers, which should be 
moisture-proof bags or azcks or air-tight steel drums. 

To add the calcium chloride, mix up a solution containing 1/2kg per litcr (1 pound 
per quart) of water. Use this solution as part of the mixing water at a ratio of 2 

I liters (2 quarts) per sack of cement (42.6kg or 94 pounds). Solid (dry) calcium, 

1 chloride must never be added to the concrete mi* only use it in solution. 

I Sources: 

1 VITA Volunteers: 

John Bickford, Connecticut; Robert D. Cremer, New York; Kenneth D. Hahn, 
California; R. B. Heckler, Florida 

A Building Guide far Self-Help Projects, Accra, Ghana: Department of Social 
Welfare and Community Development, 1%1. 



Design and Control of Concrete Mixtures, Chicago: Portland Cement Association 

Use of Concrete on the Famt, Farmers' Bulletin No. 2203, Washington, D.C.: U.S. 
Department of Agriculture, 1%5. 

Other Useful Publications: 

Basics of Concrete, Ideas and Methods Exchange No. 49, Washington, D.C.: U.S. 
Degartnient of Housing and Urban Development, Division of International Affairs 

Concrete Technology: Student Manual, Albany, N,w York: Delmar Publishers 

Hobbs, Wesley. Making Quality Concrete for Agngncultural and Home Sbuctures, 
University, Addis Ababa, Ethiopia: Haile Sellassie 

Useful sources of information on concrete, including how-to-do-it manuals: 

Portland Cement Institute 
18 Kew Road 
Richmond 
Johannesburg, South Africa 

Institute del Cemento Portland Argentino 
San Martin 1137 
Buenos Aires, Argentina 

Cement and Concrete Association of Australia 
147-151 WaJker Street 
North Sydney, Australia, N.S.W. 

Pssociacao Brasileria de C i e n t o  Portland 
Caixa Postal 30886 
Sao Paulo, Brazil 

I Cement and Concrete Association 1 52 Grosvenor Gardens 

1 London, S.W. 1, England 

The Concrete P.ssociation of India 
P.O. Box 138 
Bombay 1, India 

I Portland Cement Association 
33 'Nest Grand Avenue 
Chicago, Illinois 60610 USA 



Bamboo Constmetion 

Bamboo is one of the oldest materials people 
and wzll-being. In today's world of plastics an 
its traditional contributions, bamboo is gr; 

hsie used to increase their comfort 
~d steel, besides continuing to make 
PA* in importance. Outstanding 
varieties of bamboo from through- 
out 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 improve the lives of many. 
With a few plants of superior 
bamboos in the backyard, a family 
will have at hand the wherewithal 
to fence the garden, build a pigpen 
or chicken coop, or add a room to 
the house. The family will also be 
able to increase its daily income by 
making baskets or other specialties 
for sale or exc5ange. 

Bamboos are prominent elements in 
the natural vegetation of many 
parts of the tropical, subtropical 
and mild temperate regions of the 
world, from sea level to altitudes 
or more than 13,000 feet (4000m). 

FIGURE 1--~rom supporting posts t o  r a f t e r s  People have widened the distriiu- 
and sheathing, th i s  cot tage in the Ecuadoran tion of many species of bamboo, 
lowlands i s  made enti  r e ly  of native bamboo, 
Guadua ansust i fol ia .  The post: may serve -- but some of thc more valuable 
f o r  five years: the s iding may remain in species have not been distributed 
serviceable condition f o r  decades. as much as they could be. 

Bamboo can be prepared f ~ r  use in construction with simple tools. Once prepared, 
bamboo can be used extensively in the construction of houses: in makitg founda- 
tions, frames, floors, walls, partitions, ceilings, doors, windows, roofs, pips, and 

I troughs. For further detail, see Bamboo as a Building MateriaI, by F. A. McClure. 



The entries that follow explain: 

o Splitting and presenhg bamboo 
o Bamboo joints 
o Making bamboo ba rd  
o Bamboo walls, partitions, and ceilings 

Splitting Bamboo 

To prepare bamboo for use in construction, the culms (stems) must be carefully 
spit. 

Tools and Materials 

Irol; or hardwood bars, 2.5cm (1") thick 
A x  
S tee1 wedges 
Wooden posts 
Splitting E v e s  (Figure 4) 

Several devices can be used for splitting culms. When bamboo is split the edges of 
the bambm strips can be razor-sharp; they should be handled carefully. 

Splitting Small Culms 

Small culms can be split to make withes (ships) for weaving and lashing: 

o Use a splittjng knife with a short handle and broad blade to make four cuts, 
at equal &ances from each other, in the upper end of the culm (Figure 2). 

o Split the culm the rest of the way by driving a hardwood cross along the 
cuts (Figure 3). 



o Using a long-handled 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. 

o Use the m e  I d e  to split the soft, pithy inner strip from the hard outer 
s t r i ~  (see Figure 6). The inner strip is usually discarded. 

Splitting Hear37 Culms 

o Build a cross of iron or 
hardwood bars about 2.5cm 
(1") thick, and piace it on 
fvmly set posts about lOcm 
(4") thick and %can (3') high 
(see Figure 7). 

o At the top end of the culm, 
use an ax to make two pairs 
of breaches at right angles to 
each other (see Figure 7). 

o 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. 

o Push and pull the c u h  until 
the cross splits the whole 
culm. 



o To split the cvlms again after they are split into four strips, use a simple 
steel wedge momted on a post or block of wood (see Figure 8). 

o Paired wedges solidly mounted on a block or heavy bench can be used to 
split strips into three narrower strips (see Figure 9). 

Bamboo Preservation 

Most bamboos are subject to attack by rot fungi and wood-eating insects. 
Bamboos with higher moisture and starch content seem to be more prone to 
attack, and insect pests may be more of a problem in some seasons than others. 
So bamboo should be cut if possible in the bugs'"off-season." There are many 
methods for makirig bamboo more resistant tc attack. A simple method that 
combines proper curing and the use of a pesticide (insecticide and/or fungicide) is 
described here. 

If bamboo is to be used to hold food or water, the only treatment recommended 
is immersion of green bamboo in a borax-boric acid solution (see Bamboo Piping). 

Tools and Materiais 

Machete and hacksaw for felling and trimming bamboo culms 
Pesticide-choice depends on the insect or fungus pests that are prevalent in your 
area. Consult your local extension agent or farmers in the neighborhood about the 
type and its use. Follow directions carefully. 
Talcto mix with dry pesticide according to package instructions. If tdc is not 
available, ather dry dusty materials such as finely powdered dried clay is used. 
Custing 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 
seaon. Freshly-cut bamboo culms should be dried for 4 to 8 weeks befare being 
used in building. 

A clumpcuring process tested by the U.S. Department of Agriculture Federal 
Experiment Station in P~ierto Rico helps to reduce attack by insects and rot 
fungi. The steps are: 



o Cut the bamboo off at the b s e ,  but keep it upright in the clump. 

o Dust the fresh-cut lower end of the culm at once by patting it with a 
dusting bag filled with the pesticide-talc mixture. Am alternative method of 
dusting is to dip the ends of the culms into a tray containing :he mixture. 

o To keep the bamboo from being stained or rotted by fungi, raise each culm 
off the ground bj putting a block of stone, brick, or wood cnder it. 

o Leave the culms in this position for 4 to 8 weeks, depending on whether the 
weather is dry or damp. 

The culrns should be as dry as possible before being placed near buildings, where 
wood eating insects usually arc. 

o When the culms have dried as much as conditions will permit, take them 
down and trim them. Dust all cut surfaces immediatcly with the pesticide- 
talc mixture. 

o Finish the seasoning in a well-aired shelter where the culms are not exposed 
to rain and dew. Rain d stain the culms when they become dry. 

This method will prevent damage by wood-eating insects while the culms are 
drying- 

If the bamboo is to be stored for a long time, stacks and storage shelves should 
be sprayed every six months with the appropriate pesticide mixed in water or 
light oil. Local conditions may shorten or lengthen the time between sprayings. 

In both storage and use, bamboo culms are best preserved when they are protec- 
ted against rain in a well-ventilated place where they do not touch the ground. 

BAMBOO JOINTS 

A number of methods of joining bamboo for making implements or for construc- 
tion are shown in Figures 10 and 11. 

Tools and Materials 

Bamboo 
Lashing material: cord or wire 
Machete, hacksaw, knife, drill, and other bamboo working tools 

I 

Bamboo is useful far heavy construction because it is strong for its weight. This ' is because it is hoUow with the strongest fibers on the outside where they give 



F I G U R E  10--Deta i l s  of barnboo cons t ruc t i on :  5. f i t t i n q  al!d bindirlq 
culms a t  j o i n t c  in  roof and frame; B, f i t t i n q  and securinq bamboo 
boards of f l s o r ;  C and _D, saddle  j o i n t .  E dnd F, use of i n s e t  block 
t d  support  hor izonta l  lcdd-bearina elements;  5 and H, use of stump 
o f  branch a t  node of pc-,* t c  support  horlzontdl  load-bearino e l enen t s .  
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FIGURE 11--Joints used i n  b u i l d i n g  w i t h  ~ ~ ; ; ! L O O .  



the greatest strength and produce a hard attractive surface. Bamboo has solid 
diaphragms across e.ach joint or node, which prevent buckling and allow the 
bamboo to bend considerably before breaking. 

Any cut in the bamboo, such as a notch or mortise, weakens it; therefore, mortise 
and tenon joints should not be used with bamboo. Howcver, notchcs or saddle-like 
cuts can lx made at the upper ends of posts which hold cross pieces (see Figure 
10, C an D). 

Bamboo parts are usuidly lashed together bcausc nails will split most culms. The 
vithes (strips) for lashing are often split from bamboo and sometimes from rattan. 
W e n  all local bamboa~ yields brittle withes, lashing must bc done with bark, vines 
or galvanized iron wire. 

In bending bamboo-for ermple, for the "Doublc Butt Bent Joint" in Figure 11-you 
can help to keep the bimbo0 from splitting by boiling or steaming it and bending 
it while it is hot. 

Lo& artisans often h o w  the best species of bamboo and they have frequentiy 
worked out practical methods for making joints. 

Bmboo 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-hand!ed shovel-like implement with a broad bldde set at an angle to 
work parallel to the surface of the board. 
Large b m b o  culms 

Not all of the tools listed above axe necessary, but they speed up the work when 
a lvge quantity is being produced. 

o Remove the thick-walled lower part of the culm. 

o Use an ax with a well-greased blade to split each node of the culm in 
several places (see Figure 12). This should be done wefully to avoid 
injuring one's fee:. 
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a Remove the pith at the joints with a machetc, adz, or spud (see Figure 13). 

o Store the boards as shown in Figu 

FIGURE 1 3 - - F i n a l  s t e p  i n  making a 
bamboo board-- removing d iaphragm 

FIGURE 12--An ax  w i t h  a w e l l -  
greased b i t  i s  used i n  Ecuador 
f o r  mak inq  bamboo boards.  Each 
node i s  s p l i t  i n  s e v e r a l  p l a c e s  
t h e n  w i t h  one l o n g  s p l i t ,  t h e  
cu lm i s  spread w i d e  open. N o t  
used ' - r  boards i s  t h e  t h i c k -  
w a l l e d  basa l  p a r t  o f  t h e  culrn. 

FIGURE 14--Bamboo boards 
s t a n d  ready f o r  use. The 
mak ing  o f  t h e s e  boards i s  a 
w e l l - d e v e l o p e d  t r a d e  i n  b o t h  
Ecuador  and Colombia. 

f ragments  f rom t h e  newly opened 
culm. It may be done w i t h  a 
machete, as here,  o r  w i t h  an  adze 
o r  a long-hand led ,  s h o v e l l i  ke  
cu rved  spud. 



BAMBOO WALLS, PARTITIONS, AND CEILINGS 

Bamboo buildings a n  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 that are not usually made from bamboo are the foundation 
and the frame. 

Both split and unsplit bamboo culms are used in building. They can be used either 
horizontally or vertically. Culms exposed to the weather, however, will last longer 
if they are vertical because they will dry better after rain. 

Tools and Materials 

Local bamboos 
Banboo-working tools, such as machete, hacksaw, chisel, drill 
Lashing material: wire or cord 
Nails 
Barbed wire 
Plaster or stucco 

Walls 

A method commonly used in Ecuador for making walls is to lash wide bamboo 
strips or thin bamboo culms, horimntdl:! ?ad at close intervals, to both sides of 
hardwood or bamboo uprights. The spaces hetween the strips or culms are fded 
with mud alone or with mud and stones. 

In Peru, Ecxible bamboo strips are woven together and then plastered on one or 
both sides with mud. 

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 it with lime or cement. 

Partitions 

Partitions are usually much lighter and weaker than walls. Often they are no more 
than a matting woven from thin bamboo strips and held in place by a light 
framework of bamboo poles. Bamboo matting is often used to finish ceilings and 
both iqterior and exterior walls; bamboos with thin-walled, tough culms are 
usually used for this. 
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FIGURE 15,--Types o f  wall c o n s t r u c t i o n  used wi th  bamboo. 



Ceilings 

Ceilings can be built with small, unsplit culms placed close together or with a 
lattice of iaik-Lte strips spft from larger culms. There should be somc space to 
let smske from kitchen tires escape. 

McClure, FA. Bambco as a Building Material. Washington, D.C.: Foreign 
Agricultural Service, U. S. Department of Agriculture, 1953; reprinted 1%3 by 
O.'Cce of International Housing, Department of IIousing and Urban Development. 

Forestry Division 
Joint Com,mission on Rural Reconstruction 
37 Nan Hai Road 
Taipei, Taiwan 

Forest Research Institute 
P.O. New Forest 
Dehru Dun, India 

Tropical Development & Research Institute 
56-62 Grays Inn Road 
London, WC 1 
England 

Federal Experiment Station in Puerto Rico 
U.S. Department of Agriculture 
Mayaguez, Puerto Rico 



Stabilized Earth Construction 

Soil is a *miversal building material and is one of the oldest known to humanity. 
Simple soils (without additives), or soils improved by adding s t a b l i g  materials 
such as bitumen or cement, are suitable for homes, schools, roads, and other con- 
structicn. 

For construction purposes, soil is usually formed into blocks. Two general types of 
bl& are described here: adobe block and stabilized earth block formed under 
great pressure. Adobe blocks are made from moistened soil that may be mixed 
with straw or other s tab i i r s .  They are formed without pressure and usually 
cured in the sun. S t a b i i d  earth blocks (sometimes called rammed earth blocks) 
are made from soil mixed with s t a b i i g  material such as Portland cement, 
formed into blocks under high pressure, and cured in the shade. 

Low cost is a primary advantage of soil block construction. An overall cost 
reduction of about 50 percent over conventional construction can be realized. 
Other advantages are that building materials are usually readily available and 
little skill and training are required for their use. The material is culturally 
acceptable in nearly all countries, including the United States. 

The composition of soil varies from one region to another, and with soil depth. In 
any one area, it may be desirable to mix soils from several locations or depths to 
obtain a composition more suitable for construction. 

The primary components of soil that are of importance in construction are sand, 
clay, and silt. (Organic materials are also found in surface soil. These tend to 
reduce the quality of the blocks.) The fraction of clay in the soil is important 
because it acts to bind the larger soil particles together but the clay content 
should not exceed one-third. Above that, deep cracks and weakening of the dried 
blocks d e  likely to occur. Silt, which is usually found mixed with the sand, 
should not exceed one third because silt is vulnerable to erosion from wind and 
rain. 

Proportions of sand, silt, and clay vary widely. One of the few soil ';!xk 
standards that exist is California's Uniform Building Code Specification, which 



recommends 55 to 75 percent sand, z d  3 io 45 percent clay and silt. A good 
mixture for most b!cclks might be: 

sand.... 55 percent 
clay .... 20 percent 
silt .... 15 percent 

To assure that the composition to be wed is suitzl,!~ for construction, several 
test blocks shodd ?x produced using various mixtures. After curing, the test 
b l e d  should be hard and resist a scratch or prick from a knii. Striking two 
compressed/stab'id blocks together should produce a click sound. The blocks 
should sustain a drop of two feet (.6 meter) without breaking. If the block 
crumbles or breaks, the sand or organic content is probably too hi& and day 
should be added to the mix On the other hand, if large cracks appear during 
curing, the clay content is probably too high and sand should be added to the 
mix. 

Soil tests should be made before any block production is stxted. If the testing is 
not done first, a great ded of time and money may be wasted iE the production 
of unusable blocks. The agricultural departments of most countries can provide 
laboratory tests at modest costs. If field tests must be made instead, some simple 
methods to determine the soil's suitability can be tried. 

Composition Test 

o Pass the soil through a 114" (6mm) screen to remove stones and other 

~ large particles. 

1 o Pour the screened soil into a wide mouth jar until it is half full. 

o Fill the jar with water. (You may add two tablespoons of salt to make 
the soil settle faster) 

o Cover the jar tightly, and shake vigorously for two minutes. 

o Let settle for at least 30 minutes. 

The small gavel and sand will settle rapidly to the bottom of the jar. The clay 
and silt will settle more slowly. After 30 minutes, the jar should look like the 
drawing in Figure lc Hold a scale vertically on the side of the jar to measure 
the amounts of sand, silt, and day. Record the sample number and the amounts. 
Then convert the mounts to percentages. 
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Water 

Clay/Si 1 t 

Sand 
Gravel 

1. F i : l  the j a r  2. Add 2 teaspoonfuls 3. L e t  seet.le for  
halfway w l t h  of s a l t ;  f i l l  wt th  about 30 n! nctes . 
earth. water; cover j a r  

and shake f o r  
2 mlnutes. 

Figure 1. Soil Particle Composition Test 

Compaction Test 

In addition to the soil composition test, a compaction test should be done to 
determine the packing quality of the clay, which depends on the pcacentage of 
clay in the sample and the quality of the clay itself. A simple field test can be 
done as follows: 

o Take a handful of dry, screened earth and add some water to it until it 
is damp enough to forrc a ball w:en squeezed in the hand, but not so 
damp that it leaves more than a sight trace of water in the hand when 
squeezed. 

o Drop the b d  from a height of about 3 feet (1 m) onto hard ground. If 
thc ball breaks into a few small pieces, the packing quality is good to 
fair. If it disintegrates the qudiby is poor and a soil mix with more 
clay should be prepared and tested. 

Shrinkage Test 

If staVik&g rnatsrial such as Portland cen~ent is to be added to the soil, a 
shrinkage test of the soil shouid also be made. This te.st will indicate the 
suitability of the soil and also the best cement-to-soil ratio to use. I measures 
the shrinkage of soil that contains no stabilizer. As shown in Figure 2, the box 
should have these inside measurements: 24" x 1-112" (4 cm x 4 cm x 60 cm). 

Figure 2. Box for Box Test 



To test soil wjth this method: 

o Oil or grease the inside surface of the box thoroughly. 

0 Pack the box well with moist soii (previously passed through a 6mm to 
lOmm (114" to 318") mesh screen. The soil should be moistened to pack 
well, but it should not be muddy. 

o Tamp, especially at the corners. 

o Smooth off the surface with a stick. 

o Place the box in the sun for three days or in the shade for seven days. 
It should be protected from rain. 

h4easure the contraction (shrinkage) by pushing the dried sample to one end of 
the box 

S w  Cement to Sod Ratio 

Not over 112" (15 mm) 1 part to 18 parts 

Between 112" and 1" (15 mm - 30 mm) 1 part to 16 parts 

Between 1" 'and 1-112" (30 mm - 45 mm) 1 part to 14 parts 

Between 1-3.12 and 2" (45 mm - 60 mm) 1 part to 12 parts 

When lime is used instead of cement use double the amount. Do not use the soil 
if it has many cracks (not jrnst three or four); if it has arched up out of the box; 
or if it has shrunk morz than 2" (60 mm). 

MAKING ADOBE BLQCKS 

To make adobe blocks, add water to the soil mix until it is plastic enough to 
mold. Water content should be between 16 and 20 percent of the soil by weight. 
The water and soil must be througbly mixed. Since all except the dryest so& will 
already contain some water, it is advisable to test the sample for water content 
first. Do t'nis by weighing a soil sample, drying it, and then reweighing it to 
calculate water content. 

Even the best adobe blocks may develop some cracks. To reduce the number of 
cracks, and also to make the blocks more weatherproof, stabilizing makrials are 
often added to the mix. When s t a b i i r s  are used tihey must be thoroughly mixed 



with the soil or much of their benefits will be lost. The most widely used 
s t a b i i r s  are straw, rice husks, asphalt emulsion, Portland cement, and limc. 

Asphalt emulsion can improve the waterproofing quality of the blocks, and also 
their elasticity and toughness, so that they are less likely to break during 
handling. Add asphdt emulsion between 5 and 15 percent by weight to the dry 
soil mix. For soil mixes with high sand content (55 to 75 percent sand) the 
asphalt emulsion should be nearer the 5 percent figure. 

Portland cement stabilizers improve the bonding properties and add strength to 
the blocks. Only 5 to 6 percent cement by weight is needed for soil mixes with 
high sand content, but up to 2(3 percent by weight may be required for soils high 
in clay and silt. If the soil requires a large percentage of cement, it can be 
combined with an equal amount of lime, which costs less. 

Equipment required for making adobe blocks is shown in Figure 3. The number of 
shovels, molds, etc, will depend on the size of the job. Using this equipment, and 
supplied with the mixed adobe, a team of two molders can produce about 1,000 
blocks (10 x 4 x 14") per day. 

Wheelbarrow 
Shovel 
Screen 

~ Hopper Portable rnlxer Wheelbarrow 
Palls 1 MOM 

I 

Figure 3. Equipment to Make Adobe Blocks 

Select a large level area for mixing, molding, and curing the adobe. Mixing can be 
done in a hopper, or by making a shallow mixing pit in the ground. If possible, 
make the blocks near the construction site. If the mix is lumpy even after 
repeated working, let it soak overnight. 

Block molds can be made in variolis sizes to fit the needs of the construaion. 
But adobe blocks should not be k g e r  than 81cm (32") around the outside. A gang 
form that will msid eight blocks of .OW cu. meter (one 1/3 cubic ioot) can be 
operated by one worker. Before starling work, the mold should be thoroughly 
soaked with water to prevent the adobe mud from sticking to it. 



Production steps are as follows: 

o Rake or drag a large ground area level. 

o Place mold on level area, on a piecc of building papcr if available, and 
dump the mud from a wheel barrow or hopper into the mold. Work the 
mud firmly into all comers of the mold. 

o Scrape off excess mud from top of mold to leave a smooth, flat 
surface. 

o Remove the mold by lifting it slowly and evenly up from the ground 
level. Move the mold to the next adjacent level area and repeat the 
process. 

Blocks must be allowed to cure for about 14 days. After several days, the 
partially cured blocks may be carefully turned on edge so they dry more evenly. 
On very hot days, in direct sunlight the blocks may dry too rapidly and crack. To 
prevent this, cover the blocks with paper, leaves, or straw. Since rain will 
destroy ctlstabilized blocks, waterproof tarps may be needed. 

To store the blocks after they are cured, stack them on edge. If left stacked flat, 
they will break of their own weight. 

MAKING COM-PRESSED EARTH BLOCKS AND TILES 

Compressed earth blocks can be made by ramming the earth in forms, or by using 
a block making machine, such as the CINVA-Ram Block Press. Blocks made by 
machine are less costly and have superior uniformity. 

Some machine made blocks tested by the U.S. National Bureau of Standards had 
compressive strengths up to 800 pounds per square inch (56 Kg/cm), with 300 to 
500 psi strength as the average. (This is three to eight times the compressive 
strength of adobe blocks). These test blocks contained 50 percent sand, and 50 
percent clzy and silt, mixed with 8 percent cement by weight. 

Although one worker can make blocks with the CINVA-Ram, the process is best 
as a team eff~r t  with two to four workers each performing one task. (It is good 
to rotate tasks among the workers on an hourly or daily basis.) The CINVA-Ram 
is portable and can easily be moved about the work site to reduce =rying raw 
materials or finished blocks. 

Floor tiles can also be made with the machine, using inserts to adjust for the 
thinner tiles. The mixture for floor tiles is two parts fine sand to one part 
cement. n~iiner-d coloriag can lx added to produce colored tiles. 

I 



Average production rates and cement rcqui .i are: 

o Average number c e ~ e n t  blocks or tiles 
(made by two workers per day) 300-500 

o Average no. blocks for a two room house 2500 

o block size: 9xl4rnm.1 (>1/2"x5-1/2"x11-112") which lay up to: 
1 0 x 1 5 ~  (4~6x12 inches). 

o Average number blocks per 1% !5s cement: 150 

Stacking the blocks for curing requires m e .  The blocks should be stacked on 
edge on clean planks. If planks are no: available, stack on flat ground that has 
k e n  covered with paper or leaves. The blocks should be covered with plastic or 
old cement bags that have been cut open. Stacks should not be greater than five 
blocks high, and some air space should be left between the blocks. For the first 
four days, sprinkIe the blocks lightly with water to prevent them from drying too 
quickly. 'fie total curing time is about 14 days, depending on the weather. 

BUILDING WITH ST"4BILIZED EARTH BLOCKS 

A f m ,  flat, water-resistant foundation should be built fust using blocks wii3 a 
higher percentage of cement and lime. Blocks should be joined by mortar about 
one half inch (1.25 cm) thick. The recommended mortar mix (by weight) is: 

o ont: part cement 
o two parts lime 
o cine parts soil (used to make the blocks) 

Let the applied mortar hlry for about a week; then paint !he mortar joints with a 
thin, milk-like mix of cement and water. Stir this mixture often. After a day, the 
finished walls can be coated (3 coats recommended) with this same mixture, or 
with a coat of lime. Or, a waterprsofmg coat of silicone based wash may be 
added. 

Alfred Bush, Chris Ahens, B d a  Sicii1r3e, VITA volunteers 
I 
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Construction Glues 

CASEIN GLUE 

Strong, a *: wresistant casein glue, which produces joints as strong as or stronger 
than most of the common species of wood, is made from skim milk and common 
chemicals. Casein glue joints are water-resistant but not waterproof. They will 
withstand occasional soaking, but if waked and dried, they will fail. 

Tools and Materials 

Mixer: paddle and bowl of wood, iron, or other material that won't be corroded 
by the alkali in thc glue. 
Containers 
Scale or balance 
Skim milk 
Hydiated lime, Ca(OH)2 also known as slaked lime. This should be a good quality 
h e :  high in calaum and low in magnesia. 
Silicate of soda, &o called "waterglass" or sodium silicate. The preferred solution 
should have a density of about 40 degrees Baume (Density 138) with a ratio of 
silica to soda of approximately 3.25 to 1. 
Cupric chloride, CuC12 (cupric sulfate, CuS04, also callled "blue vitreol" can be 
substituted) 
Wire screen or %mesh sieve with 0.033" (0.84mm) opening 
Cloth for squeezing moisture out of curds 

Making Casein Powder 

Casein powder is made from skim milk by the following steps: 

o Let the milk wi naturally or sow it by slowly adciing dilute hydrochloric or 
sulfuric acid until clxds form. The milk will separate into curd and whey. 

o Drain the whcy off. Wash the curd by adding water and draining it off. 

o Press the curd in a doth to remove most of the moisture. 

o Break h e  curd into small particles and spread it out to dry. 

I o Grind the dry curd to a powder and pass it through a %mesh screen. 



?.Mixing Casein Glue 

Proportions for Glue 
Formula 11 (not restricted by patent), U.S. Forest Products laboratory 

Casein (powder) 
Water 

Hydrated Lime (powder) 
Water 

Silicate of soda (solution) 70 

Cupric chloride (powder) 
Water 

If hydrated lime is not available, quicklime (CaO) can be used in the following 
ways: 

A mixture of 15.1 parts CaO and iM.9 parts water by weight can be substituted 
for 20 hydrated lime and 100 water. 

A mixture of 235 CaO and 1065 water ca~.  substitute for 30 hydratzd lime and 
100 water. 

When CaO is added to the water, It must be stirred for 15 minutes to get a 
d o r m  slurry. 

The bowl and paddle for mixing casein glue should be made of w d ,  iron, or 
some other material that will not be corroded by the alkali in the glue and can 
be cleaned easily. All the ingredients shodd be weighed rather than measured by 
volume so that the proportions will be accurate. It is espcially innportant not to 1 usc too mu* water. 

o Put the casein and water in the mixing bowl and mix them well enough to 
distribute the wzter throughout the casein. If the casein used has been 
ground to pass through a 20-mesh screen, iet it soak in the water for 15 to 
30 minutes before going on to the next step. The soaking period can be 
reduced if the casein is ground more finely. 

I o Mix the hydrated h e  and water in a separate container. 

I o Dissolve the CplpriC cBlOride in water in a separate container and add it, 
while stirring, to the moistened casein. 



o Immediately pour the bydratd limewater mixturc into the casein mixture. 
When casein and l i e  are mixed, large lumps form at first but they break up 
rapidly and finally disappear. The solution becomes somewhat thinner. 
Th~stinrhogisvcryimpcntantatthispOint 

o About a minute after the lime is mixed with the casein, the glue begins to 
thicken. Add the silicate of soda at this time. 

o 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. 

If the glue is a little too thick, a small araou~~t of water can be added. If it 
is too t!h,  start the whole process over again, using a smaller proportion of 
water. 

Using Casein Glue 

The working life of glue is the length of time it stays fluid enough to be 
workable. The silicate of soda extends this time. The glue produced by the 
formula used hcre will be useable for more than 7 hours at temperatures between 
21C and 1.C (70F and 75F). Working 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 scnper. Very heavy spreads are wasteful because excess glue will be 
squeezed from the bond. Very light spreads can produce weak joints. A sy.gested 
r;.,himum is 29.5 kilograms (65 pounds) of wet glue per 92.8 square meterr, (1,000 
square feet) of glue-joint uea. 

To obtain good contact between wooden members of a joint, apply pressure while 
the glue is still wet. There is not much drying before 15 or 20 minutes. Under 
ordhary circumstances, a pressure of 105,450 to 140,600 kilograms per square 
meter (150 to 200 pounds per square inch) will give good results. 

If =ein glue joints are exposed for long periods to conditions that favor the 
growth of moIds, they wil l  eventually fail. The joints will be permanent only if 
the moisture content of the wood is not greater than 18 to 20 percent for long 
or repeated periods. 

1 Dry casein can be kept for a long time in a cool, dry place. 

Casein Glues: ne i r  Manufacture, Pmpamtion, and Application. Madison, Wisconsin: 
Forest Products Laboratory, Forest Service, U.S. Department of Agri:ulture. 

I Dr. Louis Navias, VITA Volunteer, Schenectady, New York 



LIQUID FISH GLUE 

Cold liquid glue can be made from the heads, skins, and skcletal wastes of cod, 
haddock, mackerel, hake, md pollack. A great advantage of liquid fuh glue is 
that it iemains in liquid form and consequently has an almost permanent working 
Ee. ks advantage of using it to make wood joints is that it sets slowly and 
therefore penetrates further than other Jues bcfore hardening. 

Since liquid fish glues are not very water-resistant, a casein or other glue should 
be used where water-resistance is necded. Thick fish glues produce stronger joints 
than thin solutions. 

Tools and Materials 

Fish heads, skins, and skeletal waste 
Large pan for washing fish parts 
Steam bath or double boiler 
Paddle fcr stirring 
Filter, such as cheese cloth 

To make the glue: 

o Wash the fish material thoroughly to removc: blood, dirt and salt. If salted 
fuh are used, wash them in running water for 12 hours. 

o Once the material is washed and drained, put it into a large container, cover 
it with water, and cook it slowly at a low temperature, about 60°C (140'~). 
Cooking in an 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 cooking period 
varies with the kind of fish material used. 

o Let the cooked mixture settie. Skim off and discard the grease. Pour the 
remaining contents of the pot onto a filter. 

o Concentrate the filtered fluid by slow heating to the desired thickness. This 
is the glue; it can be stored in convenient containers. 

o Take the fuh material remaining on the filter and cook it again to extract 
more glue, then repeat the filtering and concentrating. 

Encyclopediill G$ Chemical Technolua. 
Paui i. Smith. Glue w d  Gelatine, Chemical Publishing Co., Inc., 1943. 
Thomas D. Perry. Modem Wood Adhesives. Pitman Publishing Co., 1944. 



Home I-mprovement 



SimpPeMTashing Machines 

PLUNGER TYPE CLOTHES WASHER 

This hand-operated washer, which is simple for a tinsmith to build, makes washing 
clothes easier. It has been used successfully in Afghanistan. 

il Tools and Materials 

Tinscips 
Pliers 
Hammcr 
Soldering equipment 
Heavy galvanized sheet metal: 

144)rm x 70cm (55 118" x 
27 9/16") for tub 
l 0 c m  x 50cm (39 318" x 
19 11/16") for lid and 
bottom 
36cm x 18cm (I4 3/16" x 
7 1/16") for agitator 

Wooden handle 140cm (55 
118") long, about 4cm (1 112") 
diameter 

Making the Washer 
LID --z,, " 

(SHEET WTAL) 
, .OLE 

Figures 1 to 4 show hovr this washing machine 3%- 

is made. The tub, lid, 2nd agitator are made 
oi heavy galvanized sheet metal. 

R I BS 7F-71T 
WOODEN HANDLE --- 

I ;  AGl TATOR 

0 

'r-*--CI 
Q/MFN5/ONS /N CM. 

i 
t 



Using the Washer 

To o,perate the washing machine, work the agitator up and down with a quick 
xrotion but with a slight pause betwcen strokes. The movement of the water 
caused by the agitator will continue for a few seconds before additional agitation 
is needed. On the upward stroke the agitator should come completely out of the 
water. The agitator should not hit thc bottom of the tub on the downward stroke 
because this would damage both the tub and the clothes. 

Source: 

i Dale Fritz, W A  Volunteer, Schenectady, New York 

1 I t W - O P E W E D  WASHING MACHINE 
L 

This easily-operated washing machine can be built by a g o d  carpenter from 
materials easily found in most countries. It is easy on clothes, effective, and 
sanitary. The machine, which can take 3-kilogam (6-pound) load of clothes, can 
be shared by several families. 



Clothes will last much longer if they are washed in this washing machine rather 
t tan beaten or scrubbed on rocks. Washing with the machine is also much less 
work. Under test conditions, a comparison with standard electric commercial 
washers was very favorable. If the cost of the machice is too much for one 
family, it can be used by several. However, if there are too many users, competi- 
tion for times of use will become keen and the machine will wear faster. 

The machine reverses the principle used in the usual coinrnercial washer, in which 
the clothes are swished through the water for various degrees of a circle until 
the water is moving, 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 it rises and the 
other plunger creates pressure as it moves downward. The slopes at the ends of 
the tub bottom help the churning action of the water caused by the plungers (see 
Figure I). 

TWO PIECE COVER 

CLEATS TO HOLD - 
COVER IN PLACE 

REMOVABLE 



A rectangular tub is best for this method of operation. This is fortunate since the 
rectangdar box is easy to build. In general, any moderately strong wood that will 
not warp ~,xcessively (such as ccdro in Latin Ameria) will be satisfactory. The 
sides should be grooved for the ends and bottom of the tub as indicated in Figure 
1 and bolted with threaded rods extending through both sides with washers to 
draw them tight. The bolting is necessary to prevent leaks. 

The sizr: described in the drawings is large enough for an average family in the 
United States. The s 7 a e  principle may be used for a larger or smaller machine 
provided the basic proportions are maintained. The tub shodd be slightly less 
than half as wide as it is :ong to get a proper surge of water. The pistons should 
be wide enough to move within a cctlple of inches of each side of the tub. The 
lever pivot should be high enough to permit the plungers to move up and down 
several inches without the edge of the lever hitting the edge of the tub. Like- 
wise, thc length of the rods on the plungers mast be such that the plungers go 
well into the water and the clothes, and then come complete'ly out of the water 
at the hifiest position. 

Tools and Materials 

Tub Conshction - Moderately firm soft-wood free from large heartwood growth: 

Tub 

Sides-2 pieces, 2.5 x 45.7 x %.Scm (1" x 18" x 38) 
Ends-2 pieces, 2.5 x 30.5 x 40.6cm (I" x 12" x 16") 
Bottom-;! pieces, 2.5 x 15.2 x 40.6cm(l" x 6" 16") 
Bottom-1 piece, 2 5  x 40.6 x 66.0cm (1" x 16" x 26") 
LRgs-4 pieces, 2.5 x 10.2 x 76.2cm (1" x 4" x 30") 

Round Plungers 

2 pieces, 2.5 x 2 5 . b  diameter (1" x 10" diameter) 
2 pieces, 3.8 x 12.7cm diameter (1.5" x 5" diameter) 

Cover (may be omitted) 

2 pieces, 2.5 x 3 . 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 hardwood: 

Lever-1 piece, 2.5 x 7.6 x 122cm long (1" x 3" x 4") 
Plunges stems-2 pieces, 2.9cm square 38.1cm long (1 118" square 15" 
long) 



Uprights 

2 pieces-2.9 x 7.6 x 61.0cm long (1 118" x 3" x 24") 

Pivot and Handle 

2 pieces, 3.2cm diameter x 45.7cm long (1 114" diameter x 18") 

Metal Parts 

Plunger connections 

4 pieces iron or brass plate, .64 x 3.5 x 15.2cm long (114" x 1 112" x 
6") 
10 rods, 3.6 or .79cm diameter (1.4" or 5/16") 45.7cm (18") long with 
threads and nuts on each end-iron or brass 

20 washers about 25cm (1") diameter with holc to fit rods 

1 rod, -64 x. 15.2cm long (114" x 6") with loop end for retaining pivot 

6 bo!ts, -64 x 5.Pcm long (114" x 2" lonz) 

24 screws, 4 . h  x #10 flat head (1 3/4" x #lo) 

50 nails, 6.35cm (2 1/2") 

Strip sheet metal with turned edge, 6.4cm wide, 1 5 2 . h  long (2 112" 
wide, 72" long) 

Small quactity of loose cotton or soft vegetable fiber for caulking seams 

TURNED EDGE SHEET METAL EDGE 

PLUNGER SECTION 

TOP V I E W  OF 
PLUNGER 



TMhhrma Tools N d A  

Tape measure or ruler 
Hammer 
Saw 
Wood chisel 1.3 or 1.9cm wide 

(112" or 314") 
Screwdriver 
Pliers 
Adjustable wrench 
0.64CH1(1/4") W, gimlet or similar tool 
Craw knife or plane and coping saw 

Making the Washing Machine 

Mark and groove sides for end and bottom members (see Figures 1 and 4). 

Drill holes for cross bolts. 

Cut off comers and trim ends of side member to length. 

Bevel ends and bottom pieces to fit into groove in side members. 

Miter bottom and end members together. 

Assemble and bolt. 

Cut and install legs. 

Caulk seams between ends and bottom members with loose cottoil or other 
vegetable fiber to make seams water-tight. i f  joints 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 in bottom of tub. 

Make and install upright pivot members. 

Make and install plunger lever. NOTE: The cross pivot menber (round) should be 
shouldered or notched at each pivot to prevent side movement. 

Make plungers and install (see Figures 5 3  and 4). 



--EXTRA HOLES FDR ADJU5T:XENT 

WASHER SIDE REMOTE 
TO SHOW INSIDE 

Using the Washing Machine 

Here a ~ c  several suggestions for using this washing machine: Fi the washer with 
approharely 55 liters (15 gallons) of warm or hot water depending on what is 
available. Try to remove stains in clothing before putting it in the wash water. 
Rub soap into the zreas of garments like cuffs and collars that come in close 
contact with the bod). Soak very dirty clothes before putting them in the washer. 
Soap can be dissolved by shaving it into strips and thzn hcating it in a small 
quantity of water before adding it to the wash water. A 3kg load of dothes is 
the right size b~:! for best cleaning. Wash at a moderate speed, about 50 strokes 
a minute, for ten minutes-longer if it seems necessary. 

If more than one load of dothes is to be washed, some basic procedures will help 
to simplify the job and conserve water. (Water used for washing and rinsing can 
help irrigate a garden plot.) 

F ~ s t  divide the cl~thes so that whites and light colors are separate lrom d a r ~  
clothes. Try to keep small items together so they won't get lost. Heavily soiled or 
g r e q  clothes should be wasbcd alone. 



&r chat you 4 have to handle !.he wct clothes-don't get the water too hot!), 
then movc on through darker clothcs. The water will become dicolorcd. Much of 
the color is dirt, of course, but some is cmss  dye. The lightest clothes are 
washed in the cleanest water; dark clothes won't bc 3s noticeably affcctcd by the 
coloring matter in the water. 

After each load, the wash water can be warmed, if necessary, by adding some 
b o i i g  water. A bit more soap may also be necded. Probably at least three loads 
of clothes-depending on how dirty they arecan be washed before the water 
becomes too murky to be used agk. 

'Phe clothes, sf course, will have to be rinsed thoroughly. Soap 0.2. detergect 
residues can damage fabrics and may cause zllergic reactions. Two rinses arc 
usually necessary. 

Probably the easicst, but most expensive, procedure is to have separate tubs for 
rinsing. Tubs can be of cither wood or galvanized metal, and may be used for 
other purposes provided they are cleaned thoroughly on wash day. 

VAen clothes are clean, squeeze out as much excess water as possible and put 
them into the rinse water. The nzxt load of wash can be soaking while the first 
is rinsed and put to dry. Then the clothes in the machine are washed and thc 
prccess repeated. 

If no separate rinse tubs are available, wash up to three loads (if the water stays 
clean enough that long) and set each aside. Be sure to keep loads separate, as 
dyes from wet clothes may stain lighter colored fabrics. Then drain and rinse the 
washing machine and refill it. with clean water. Rinse the clothes, again starting 
with the lightest colored load, aad put out to dv. Repeat the whole wash-rinse 
process as often as necessary. 

Another method is to wash the first !oad of clothes and squeeze out excess water. 
Drain the wash water and refili 5:: machine with clean warm water. Rinse the 
clothes, squeeze out excess water. and pat to dry. W m  the rinse water with 
boiling water and and some soap. Then wash the next load. Repeat :he procedure 
as often as necessary. 

After washbg and rinsiig 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 
about 3cm (1") of wzter h the W Z S ~ P ~ :  wbci2 i; is iioi in use. 

Sourn: 

Petit, V.C. and Holtzclaw, Dr. K. How to Muke a Washin,? Machine. Washington, 
D.C.: U.S. Agency for International Development. 



Cookers and Stoves 
FIREEZSS CGQKER 

Where fuel is SG'J'X,, thk ,:;s.~-to-build fireless cwker can be a contribution to 
better cooking. i t  k e g 6  food ~:m:cing with a small amount of heat stored in hot 

stones; loss of heat is prevented by 
a thick layer of insulating material 
around the pot. 

Fireless cookers have been success- 
fully uscd in many countries. Once 
the principle of opration, heat 
retention through insulation, is 

EkTING 5 7 0 N C  
WIRE HRNP F 

understood, the reader may develop 
m-s ?A C O ~ ~ - .  ETE plus  that are better suited to l d  

resources than those described 
here. In somc countries, fireless 
cmkers are built into the ground. 
In others, they are built fros 

OUKID~; COUTR~ULR surplus tin cans, one can fitted 
7, OILCWT~ WEREO 

URDeDARO 
into another tin can or box but 
separated by papzr, sawdust, or 

SUUEODCD UEWSFAF€R 
other layers of imulation. 
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YCWDhPER 
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Materiais 

Outside container with lid, 37.5m to 60m (15" to 24") i~ dimeter 
Inside container or well, at Ieast 15cm (6") smaller in diameter and 15cm (6") 
shorter than outside container 
Cooking pot with lid 
Cloth for cushion, 1.2 square meters (1 112 square yards) 
50 sheets newspaper or other insulation 

Sand, 95 liter (4 cups) 
Cement, ,995 liter (4 cups) 
Oilcloth for collar (optional), 0.4 square meters (112 square yard) 



The outside container car; 'be a wooden bucket, kerosene can, garbage can, pack- 
ing crate, or even a hole in dry ground. The inside container vr well can be a 
pail or can with a lid. It must allow for 7.5cm (3") of insulation between it anrl 
the outside cogtainer and should hold the stone and cooking pot without much 
vacant space. 

Insulation can be made of shredded newspapers, vmol, cotton, sawdust, straw, 
r&ool, fib~igla~s, or other material. The hulation should be at least 7.5cm 
(3") thick on d sides, top and bottom. Be sure that it is vcry dry. The bottom 
layer of iulsulation must be strong enough to support the weight of the we& 
stone, and cooking pot. A natural stone carved to shape or a piece of wncrete 
may be used for the heating stone. The cushion is a cloth sack, 7.5~113 (3") thick, 
Wed with shedded newspapers or othzr insulation. It should fit snugly in the 
outside container. Thc cooking pot must have a tight lid, and fit nicely into the 
well when the stone is in place. Be sure it can be removed easily when full of 
hot food. 

haraking the Fireless Cooker (See Figure 1) 

Wash and dry the containers and lids. 

Cut 1kr.n-wide strips of newspaper several layers thick. Roll each into a cylinder 
with a center h o t  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 pot. 

Put the well in place. Pack insulation arl-und it to within 1cm (112") of the top. 

Make a cardboard collar covered with oilcioeh. Though this is not necessary, it 
improves appearance and cleanliness. 

Place about 2.5m (1") of clean sand in the bottom of the well. This will prevent 
the hot stone from scorching the paper rolls and possibly causing a fire. 

To make z concrete hearing stone, place a Scm-wide cardboard band or collar on 
heavy paper or board to form a circle the size of the stone desired. Mix .95 liter 
(4 cups) each of cment and sand (the sand should first be washed free of silt); 
then mix in enough water (about 35 liter or 1 112 cups) t-, 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 in cold water, and boil for 30 
minutes. Cool it slowly. 

I Using the Fireless Cooker 

I It is 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 p d y  
open and the stone kept dean and dry. 



It is not necessary to use much water whcn cooking in a 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 is heated and placed in 
the cooker. Then the covered cooking pot is sct on the hot stone in the cooker 
and the lid is placed or\ the well. Cereal may be left in the cooker all night. Rice 
and cracked or whole wheat are especially good. Beans should be soaked over 
night, boiled for 5 minutes and then placed in the cooker for 4 to 5 hours. Dried 
fruit should be washed, soaked for an hour in 2 parts water to 1 part fruit, 
boiled 1t:rr 5 minutes, then placed in the cooker for 4 hours. 

Home Making Amnd the Wotld, 'Washington, D.C.: U.S. Agency for International 
Development, 1%3. 

CHARCOAL O W N  

This simple charcoal-fired oven is made from two 5-gallon oil tin cans. With 
practice, a l l  typx of baking and roasting can be done effectively. 

Tools and Materials 

Tin snips 
Heavy knife 
Nail for scriber and punch 
Hammer 
Screwdriver 
Pliers 
Bricks and sand 
Meta! bar, 2Ocm (7 5/87 long with 
square edge for bending tin 
5-gallon cans (2) 
Tin (for shelf, top strip, and latch) 
Light rod, 50cm (19 518") long 
Light hinges with bolts (2 pairs) 
Stcve bolts, 5mm x 13mm (3116" x 

.r 

F/6URE I .  7M/S LOW- C05T Cc/APCOflL l / r )  (15) 
OVEM CAH SE USED FOR 4 L 
RINDS OF SC)K/NG. 

How To Build the Charcoal Oven 

Mark the two 5-gallon cans for cutting (see Figure 2), making sure that the 
second can is marked the reverse of the first. Do not cut the comer that haj a 
vertical seam: Besides being hard to cut, the seam will strengthen the oven. The 
material removed will be easier to make into doors if it k seamless. 



knife, keeping the cut-out sections 
as undamaged as possible. Fold the 
edges of the oven-door opchgs  
back lcm (3/83 (see Figure 2). 

With the nail, punch 5mm (3/16") 
holes around the opening in the 

6 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 

TOLS~HER holes in the second can. Bolt the 
N ~ Y R ~  Z. c;/r ONE s- G~LLON cans together, wing 10 stwe bolts. 
CAN AS S.VC 'VN ABOVE. THE 
OTUEA? /S CVY 7 . .  
K#-SE OF THE ONE 

Flatten sections cut from cans and mark for doors (see Figure 3). Using the tin 
snips, cut doors to size and fold back the lcm (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 wil! be attached. Install hinges. 

f76tlR.F 3. Ff RGWN/NG AND CUW/NG RoOps 
f- Ur-OUr SC?/ONS OF CANS - 

C/6QRE f . FO/.&/NG Sc)CIY 
THE E06ES Or rHE DOORS. 

The door latch (see Figure 1) is made by folding a 6cm x 38cm (2 3/8" x 15") 
strip three times lengthwise, f~rming a piece 2cm (3/4") wide. An 8cm (3 1/47 
piece is cut from the end of h e  folded strip to form a hook-which is then bohed 
(use 2 bolts) to thc center of the door on the right. The 30an (11 3/47 piece is 
bolted Bwsely to the center of the door on the left. The 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. Thii can be done by 
shaping a small pica of tin to fit the opening, with a td that 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 7/87 from the tioor of the oven (see figure 5). 



The oven should be cleaned 
thoroughly and heated at least once 
before use to burn out my 
remaining oil in the cans. 

F/6UR. 6. &BV/rD/NG 4 ZMELF. 

How to Use the Charcoal Oven 

Place lcm (318") of sand in the bottom of the oven and place the oven on bricks 
as in Figure 1. The oven can be removed until the charcoal starts to burn, then 
put in place. 

A little time is required before the proper temperature is reached because the 
sand must first absorb and dissipate the heat. For very 5gh baking temperatures, 
or to brown the top surface of baked goods, additional pieces of charcoal can be 
pisced on top of the oven. An extra rim can be added to the top edge of cans 
for this purpose (see Figure 1). 

V.C. Pettit, I Jnited States Agency for International Development 
Dde Fritz, W C .  Volunteer, Schenectady, New York 

PORTABLE METAL COOKSTOVES 

Loss of forest cover k a serious problem around the world, particularly in 
developing countries. In some of these countries, forest cover has decreased &om 

I over 60 percent to under 20 percent in just a few decades. One consequence of 
this loss of wood supply is that it is becoming increasingly difficult for people in 
these areas to obtain fuel to cook their food. 

Improving the fuel efficiency of cookstoves is one way to reduce the drain on 
forests and the wood supply. Improved stoves can also reduce the cost of cooking 
fuel-an expense that consumes up to one third of the income for some families. 

1 Principles of Energy-Efficient Stoves 

Traditional stoves are generally of three types. The simplest is the three-stone 
design, where the ml&g pot rests on stones over an open fue. The second type 
is the massive stove, made of clay and sand, that may hold several cook pots, but 
which takes a long time and much fuel to heat up. The third type is the light- 
weight portable stove made of sheet metal or ceramic. 



'*"he traditional portable stove has been studied intensively and modified to 
achieve a very high level of efficiency-40 to 50 pcrcemt, or more than hvice the 
efficiency of traditional stoves. In addition, the portable stoves are easily mass 
produced by local artisans and find a ready market alongside more traditional 
goods- 

In a stove, heat is transferred from the fire to :he p t  by the convective heat 
process. To get the most convective heat transfer-and hence fuel efficiency-it is 

necessary to pass the hot gases 
rn from the fire over as much cf the 

surface of the cook pot as possible, 
and through as narrow a channel as 
possible (see Figure 1). 

Figure 1. Narrow channel 
for cookstove eficiency. 

Narrower channels give higher convective heat transfer efficiencies, and thus 
reduce the overall size of the fire needed for cooking. But if the channel is too 
narrow, the fire may be choked off, and either smoke or die. Experimental work 
has shown that a chamdl between 4mm and 8mm wide (about 114 inch) is best. 

If families already have their cook pots, then the stove(s) must be designed and 
built to fit the cook pots in order to obtain the narrow channels for the hot 
gases from the fire. This means that one should not design and build the cook- 
stoves until the sizes of the cook pots have been measured. An alternative is to 
design a cookstove that can be efficient with a variety of pot sizes, using a 
selection of inserts provided with the stove so that the channel can be just right 
for a variety of pot diameters. It is recommended that a survey be made of the 
pot diameters in common use in the local area before the coobtove design is 
made fmal. 

In order to sell fuel-efficient cookstoves, local artisans must not only be able to 
produce them, but people must want to buy them and must have the means to do 
so. In addition to determining the usual cook pot size in the market area, it is 
useful to ask potential customers what they want in a cookstove and how much 
they thick they would be willing to pay. Market surveys in some countries show 
most people want a stove that can cook food quickly and use less fuel. The 
selling pricc: of the stove described below is approximately US$3.00 (1987) in one 
Wcst African country, a price people were willing to pay. 



Cookstove Design 

If you plan to make more than one or two cookstu~veq it is  be^^ to make tem- 
plates (patterns) for the stove parts first. The terap!at: s showdl in Figures 2, 3, 
and 4 will produce stoves suitable for spherical or cyh2rical cook pots. Tem- 
plates may be niade. of cardboard, plyvood, or, better yet, sheck metal. 

The stove presented here requires some welding and the use of concrete rein- 
forcing rod (re-rod) as the pot support. Other designs, equally efficient, may use 
rivets or hammered seams and pot supports made of the same material as the 
stove. 

1. The length of the template is given by 

C is determined by tbe measure of the pot around its widest circumference. 
G is determined by the desired pot-to-wall gap, G = 2pi. For a gap of 4 mm, 
G = 2 5  an; for 6 mm, 6 = 3.8; for 8 mm, G = 5.0 cm. A gap of four to six 
n m  (3/16-114") is preferred. Increase it only if excessive s m ~ k e  comes out 
the door or the heating rate is too slow. S is determined by the amount of 
overlap in the seam. It is preferable to we!d the stove together end to end 
(thus S = 0) to prevent the creation of a small vertical channel by which 
the heat can by-pass the pot. If the seam is crosswelded or folded, typical 
values for S will be 1 cm. T is determined by the thickness of the metal 
used. One typically uses 1 mm (T = 0 3  cm) or 1.5 mm (T = 0.47 m) thick 
metal. Thus, for a 90 cm circumference pot, a 4 mm gap, an end-to-end 
welded seam, and 1 mm thick metal we find: 

3- POT SUPPORT 

o d  
AIR INLET 

I 

Figure 2. Template for a cylindrical metal stove shell 



2. For spherical p t s ,  template height ;M is determined by the s;lm of the 
airhole height (A), the grate-to-pot height (P), and the amount necessary to 
extend a few centimeters abvt: the pot's maximum circumference when in 
place on the stove (T). 

Typical values for A are 3 cm (1 13/16") and for P 0.4 of the pot diameter. 
For cylindrical pots the height T is typically 5 to 10 an (2 to 4"). The best 
height T is determined more precisely by comparing the increased zfficiency 
and reduced fuel use caused by the additional height versus the increased 
cost of the extra metal. Additional height can also be provided at the top 
and bottom of the template, typically 1 cm (3/8") each, to allow the edge to 
be lolded over to protect against sharp edges and increase the stove's 
rigidity and strength. 

Figure 3. Templates for a 
folded pot suppori, a 
welded L-tjracket, and a 
complete triangular 
mppofl qr re-rod Sup- 
port~ should be kept 

BRACKET small so i ; i q  don't keep 
WELD heat m~ayfrom the pot. 

3. Stcves usually have four air holes, a h t  3 cm by 3 cm (1 13/16" by 1 
13/16") each (A = 3 cm). Space them symmetrically, but far enough away 
from the door and the seams to woid weakening the stove. Cut the airboles 
on two sides only so that when bent upward and inward  hey can act as 
supports for the grate. for larger pots or soft soil where the stove will sink 
in, larger airholes may be necessary. Alternatively, for soft soil conditions a 
ring-shaped platform can be cut and attached to the stove. 

4. Space pot supports evenly around the stove, but offset from the door and 
edges so as not to weaken them. The height P for the pot supports above 
the top of the air holes (where the rate will rest) is given roughly by 

I where D is the pot diameter. The best distance will vary somewhat with the 
1 size of wood used locally, its moisture content, and other factors. 

5. The door size is somewhat arbitrary and is determined by the l d y  
available wood size. Typical sizes for a 90 cm (35") circumference pot are 12 
an wide by 9 cm high (4 3/4" x 3 1/2"). Place the bottgm of the door at the 
grate position-the top of the air holes. Make the top of the door several 



centimeters below the bottom of the pot so that the hot gascs are guided up 
auound the pot rather than out the door. If ncixsary, decrease the door 
height to emure that it is below the bottom of the pot. 

6. The grate is a circle of sheet 
metal cut to fit snugly into 
the finished cylinder. Punch 
the enter diameter with a 30 
peroent hole density of 1 cm 
(3/8") holes. 

Figure 4. Templarefor a grate. 
Grate holes ate not to sca!e. 

Producing the CocsB;stcves 

The stoves can be produced in villages in nearly all countries by metal working 
artisans with modest skills. 

Tools and Materials 

Sheet metal shears 
Ball-peen hammer 
Mole punch 
Anvil 
Welder 
Sheet mc'al, approx I mm ( . O r )  thick (2 to 3 stoves per sq. meter) 
Heavy wire (for hand!e) 
Heat resistant paint (optiond) 

1 Tc produce stoves in quantity: 

o Trace the template on a sheet of metal as rnau;. times as desired or as space 
permits. 

o Cut each form out in outline. Cut the door, pot support holts, and strips for 
the airholes. 

o Roll the metal into a cylinder. The cylinder should bp, as straight and smooth 
as possible. 

o Cut out other components such as pot supports and skabiirs and put them 
into place. 



o Cut the grate and punch the holes in it. 

o We:d the stove together. Weld pot supports into place. Alternatively, fold all 
seams tcgether. Hammer smooth. 

o Place the gate  in the stove, fold the tabs from the airholes inward and 
upward. 

o Paint it with heat r~sistant paint where available. 

o Add wire loop if desired to lift stove. 

The finished stoves are shown in Figures 5 and 6. 

Figure 5. Cross-section 
of the metal stove showing 

how the pot fits down inside. 

Figure 6 - 



An outdoor oven is easy to build and good for baking bread, potatoes, beam, 
cereals, cakes, and other f d .  

Tools and Materials 

blocks or brick: 35m x 25cm x 1Ocm (14" x 10" x 4") 
"Nood or metal for door and smoke hole covers 
Clay or cement for plasteriing 

Lay bricks on the ground to make a base, 120cm x 120cm square and 30cm high 
(4' x 4' x 1')' on which to build the oven. After makilg the base, build the oven 
walk in a3. oval shape as shown in Figures 1 and 2 Lay the bricks flat and 
lengthwise starting from each side of the door opening, using the center of the 
square base as a guide. To form the dome shape and oval door opening, cut the 
corners of the bricks as you lay them. The inside space should be about 75an 
(30") in diameter and 90cm (3') high. Leave a front opening for the oven door and 
a small opening at the top to let the smoke escape (see Agure 2). 

Now make wooden or metal covers to fit tightly over the door opening and the 
smoke-hole (see Figure 3). These should be tight-fitting so that hot air v,ill cot 
ieave the oven when the openings are closed. 

F/GUh?E 1 .  THE OU7DOoR OVEN 
BEFORE BEING PLASTERED. 

------. OY8N 

F/GUREZ. 71q6 OUrOOOR 
OYFN AFTER BEING 
PLAS 7E.QED. 

Plaster the inside and outside wi:h a clay mixture or cement. The stove should be 
re-plastered at least once. a year. 

Wlth the door and smoke-hole open, build a h e  in the oven. 

When the fire has burned to ashes, sweep out the ashes. 

Put the food to be cooked inside the oven. Use trays or be sure the ovcn flwr k 
very clean. 

Cover the door opening and smokehole tightly. 



Experience will teach how long food should be cooked. Bread, for example, can be 
expected to take an hour to an hour and a half. 

This type of oven was used traditionally in many areas of Europe, the south- 
western United States, and in villages throughout South Asia. 

Source: 

Home Making Around the Worfd Washington, D.C.: U.S. Agency for International 
Dcvelopzxnt. 



Home Soap Making 
Soap is an e~sential cleaning agent, helping people to keep themselves and their 
surroundings clean. When soap is mixed with water, it forms a lather that washes 
out dirt and grease far better than water alone. 

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 materials 
found throughout the world. Making soap at home is practical when there is waste 
fat or oil and when there is no cheap source of soap. 

TWO BASIC METHODS 

The two basic methods for small-scale soap m~king are: 

Method 1. With commercial lye: This method is used when commercially-prepared 
lye or caustic soda (sodium hydroxide crystals) is available. 

Method 2. With lye leached from ashes (potash): This method is patterned after a 
process used by early settlers of North Amcria. 

The first method, soapmaking with commercid lye, is recommended because it is 
simpler and more reliable. 

INGWEDPElWS FOR SOAP 

Fats and Oils 

Soajj 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 m n u t ,  palm nut, maize, olive, cottonseed, soybean, groundnut, safflower, 
and castor. Chicken fat, which is not a hard fat, is considered an oil. The best 
soap is made from a mixture of fat and oil. 

o If you want a hard soap for use in hot water, use only tallow, made from 
melting rendered sheep, cattle, or horse fat. 

o If you waat a gosd laundry soap, use 1 part tallow to 1 part lard or cooking 
grease from melted h ~ g  fat, skin, and bones. 



o If you w!nt a fine toilet soap, use 1 part tallov~ to 1 part vegetable oil. 

The best vegetable oils are madc 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. 

Either commercially-prepared lye, also called caustic soda or sodium hydrcxide 
(NaOK) crystals, or lye leached from ashes, called potash, can be used. Caustic 
soda is cheap and is sold in the m ~ k e t s  of most countries. 

Borax 

Borax is not necessary for making soap, but it improves the soap's appearance and 
increases the amount of suds p iodu~d .  

Artilicial perfumes or essential oils are not necessary ingredients but they can be 
used to make a more pleasant soap, particularly if ramid fat is used. If soap is 
made from tallow, citrus oil or juice will improve its smell and help preserve it. 

Water 

The best water to use is soft water. Water that is not too hard can be used, but 
if it is very hard it is best to soften it. Hard water contains mineral salts &at 
hinder the cleansing action of soap. To soften hard wdter: Add Mml (1 table- 
spocin) of lye to 3 8  liters (1 gallon) of hard water, stirring the water as it is 
added. Let the mktxre stand for several days. Pour off the water from the top. 
This is the soft water for soap making. The water and partide mixture at the 
bottom of the container can be thrown away. Soft water can also be obtained by 
colledng rain water. 



SOAP MAKING WITH COMMERCIAL LYE 

The directions given here will make 4.lkg (9 pounds) of g o d  quality so,ap. But 
ahe amount en be cLanged as long as the techniques and proportions are 
followed. 

Equipment and Materiais 

Bowls, buckets, pots, or tubs made of enamel, iron, or clay. Never use aluminum; 
iye destroys :' 

Measuring cups of glass or enamel. 

\ V o d  or enamel spoons, paddles, or smooth sticks for stirring. 

Wood, cardboard, or waxed containers for molding soap. The molds can be of any 
size but those that are 5cm to 75cm (2" to 3") deep are best. Gourds or coconut 
shells can also be used for molds. 

<,arton cloth or waxed paper for lining the molds. Cut the cloth or paper into two 
strips: oce should be a little wider than the mold and the other shculd be a little 
longer. This King will make it easier to remove the soap from the mol;iq. 

A thermometer that ranges from -18O to 65OC (0° to 15Q0b7) is ' cipiul, but not 
necessary. 

Recipes 

For 4.lkg (9 pounds) of soap: 

Oil or clezu, hard fat: 13 cups (3 liters) or 2.75kg (6 pounds) 
Borax (optional): 57ml(l/i cup) 
Lye (sodium hydroxide crystals): 370g (13 ounces, 
Water: 1.2 liters (5 cups)* 
Perfume (optional), use one of the following; 

Oi! of sassafras: %l(4 teaspoons) 
Oil of wintergreen: l h l ( 2  teaspoons) 
Oil of citronella: lOml(2 teaspoons) 
Oil of laveader: lOml(2 teaspoons) 
Oil of cloves: Srnl(1 t c a s p n )  
Oil of lemon: 5ml(: ieaspoon) 

* Note: Somc experienced soaD makers prefer to use twice this amount of water 
(i.e., PO cups) and to hid the solution fcr three hours. Your own 
experience and the amount of water a2d fuz'l vou hao.2 available are 
your best gdde. 



Oil or dean, hard fat: 230x111 (1 cup) 
Borax (optional): 5ml (I teaspoon) 
Lye (sodium hydroxide cr,stals): 235g (5 teaspoons) 
'?dater: 115m1(1/2 cup) 
Perfume (optiona!): a few drops 

HGW to Make the Soap 

'Be fat med in making the soap should be clarified. To do t k  put the fat iFJ a 
' 7 :  ttle with an equal amount of water; bod this mixture. Remove the kettle from 
L-c fue and strain b e  mixture though a sieve or a pizce of cheesecloth. Add 1 
part cold watzr to 4 p~rts  of hot liqui& Do not stir the mixture; let it stand 
qzl:.:l ;L cool:;. The cladied fat can then be removed from the top. To help in 
.'L; u : ~  the fat, a sliced anpared potato can be added before the mixture is 

: :n 5 

r..La.we carefuUy the amount of fzl required and melt it down in the kettle to be 
used ior soap making. 

Measure 21e amount of water required. 

Measure the lye required. 

To the water previously measured slowly add the measured lye. For safety aiways 
add lye to the w e ,  never add water to l y e  The resulting solution will 
-become very hot and may spatter. Cool the lye mixture down to a body tempera- 
tu+e. To test whea the solution has reached body temperature, phce your hand 
mder the vessel holding the lye solution: there should be no noticeable ilifference 
Setween the temperature of your hand and that of the vessel. DO NOT PUT 
YOUR FINGER IK SOLUTION. 

Coo1 the melted fat to body temperature. 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 shodlrf be poured 
into the fat very slowly in a small stream. As this is being done the whole nix- 
ture is stirred slowly and evenly in one direction. After the lye solution is added, 
the mixture is stirred until the spoon makes a track. This usually takes about 36 
minutes. After tBis let the m&cre stand, stking it once or twice (every 15 or 20 
minutes for several hours. When the mixture is very thick and honey-like in con- 

I sistency, pour it into the molds bed with cloth or waxed paper (see RFe 1). 

Cwer the mold and let it set for 48 hours. Keep it dry and at room temperature. 
If it is moved or struck while it is setting, the ingredients may separaf.e. 



N'bURE I .  f /#. TWE MOLD BOX r  IT.. 
TWO STRIPS OF C O m  CLOTH O@ 
W- PAPEX? 70 MnKs /r EASY ri 
RFMOJE rHK sow- 

F/bUR.F 2'. WMEN THE SOAP /S FIRM, 
Rd#DYE / r  FROM 7M M O U  AND 
US/NG A TH/N WlG.5 OR KNIFE, 
/ r  //Ym AWS. 

At the end of this period, the soap should be firm and can be removed from the 
mold. Sf it is not fm, Set it set longer until it is. 

If grease is visible on the top of 
the soap at the end of the 48-hour 
curing period, the soap should 
stand a while longer. If there is 

F/&C/RE 3. STACK THE BRRS SO 7uAr liquid at the bottom of the box, 
C)/R W CIRCULAr6 ARROUNO AND 
TUROC/GL/ rc/zM. cut the soap into bars and let them 

stand a day or two to see if the 
liquid will be absorbed. 

How to h o w  Good Soap 

The soap should be Bard, white, clean smelling, and almost tasteless. It should 
shave from the bar in a curi (see Figure 1). It should not be greasy or taste - 
harsh when touched by tbe tongue. 

Reclaiming Unsatisfactory Soap 

If some of thc ingredients are still separated after this c~ljing period, if the SOZD 

! 
is curdled or grainy, or if you want a h e r ,  smoother soap, do &k 

\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 touching the soap with your 
bands by wearing rubber gloves if possible, as there may be some free lye on the 
surfaces of the pieces of soap. 

I Bring it slowly to a boii and bod for 10 minutes, stirring occasionally. If you 



wish, you can add lOml (2 teaspoons) of wintergreen, Irmon, or other oil at this 
stagc for perfume. Pour into a mold box, let stand 48 hours, and follow the 
procedure belo-u. 

Empty th:, soap from the box and cut it into bars with a string or wire (see 
Figure 2). Place thc bars in an open stack so that air can circulate around and 
through them (see Figure 3, Rave them in a warm, dry place for 2 to 4 weeks. 

References: 

Brmson, Ann, Soap. New York.: Workman Publishing Co., 1975 

Dclnkor, Peter, Small-Scale Soapmaicing. London: Intermediate techno lo^ Dew!- 
opment Group, 1% 

Francioru, 3.3. and Callings, M.L. Soap Making. Extension circular 246. Baron 
Rouge, Louisiana: Louisiana State University, 1943 

Msking Soaps and Candles. Pownal, Vermont: P.H. Storey Communications Inc., 
1973. 

SOFI' SOAP WITH LYE LEACHED FROM ASHES 

This method, patterned after one used by the early settlers of North America, 
produces soft soap by combining fat and potash (lye obtained by leaching wood or 
plant ashes.) The recipe has been tried success full^^ with waste cooking grease, 
olive oil, peat*! oil, and cocoa butter. 

Leaching the Lye 

Tools and Ingredients 

Sevcral 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 

I bottom. A hollowed log with the 
I same capacity can be used. 
I Collection vessels for the lye. 

These should be made of iron, 
steel, enamel, or clay. An aluminum 

F / ~ R E  5. ROCMS m~ TO vessel should not be used, since lye 
FORM 4 BASE FOR %LC 
CROOVEP STOn/E ON wu/c.uB would corrode it. 
THE BUCKET /S RMCED. Small twigs, straw 



19 liters (5 gallons) cf wood asher;. 'khs ashes may be from all types of wot.r:s. 
Ast.tes fro& bar&wcsds $eld the best lye, but ashes fmm the burning of plants 
2- i leaves of trees may be wed (see Table 1). Ashes of burnt seaweed are 
particularl!r wefi~I as these produce a sodium-based lye from which hard soap can 
be made. Lye !cached from the ashes of plant life (excepting seaweed) is potash 
or potassium carbonate (K$O3), an alkali. 'Ws alkali rercts with fat to form soft 
soap. Ashes from other materials such as paper, cloth, or garbage cannot be used. 

7.6 liters (2 gallons) of soft or medium-hard water. 

Pile the rocks so that the flat, 
grooved stone rests evenly on top 
(see Figure 5). Set the wooden 
bucket on ;his stone. 

NGURE 6 . 7 .  DYERS OF SLQRLL 7W/bs 
ARE CR/SS- CROSSED 7 V  FORM A F / L W  
/N WAF BD77DM QS 7.E dV/CKiT  W&'M 

In the 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). 

Fi the bucket v;ith 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 ashes at the correct rate t'ar kaching the 
lye, move the ashes up at the sides of the bucket to form a depression in the 
center. 

Add all the remaining water in small amounts in the following manner: Fill the 
center depression with water; let the water be absorbed; fill the depression again. 
When about ~o-thirds  of the waler 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 the run-off lip. It takes about an hour 
to start the flow of lye. 

The yield from the amounts given here is abc ut 1.8 liter (7 314 cups) lye. The 
results vary according to the amount of water 0s from evaporation and the kind 
of ashes used. 

If the lye is of t;le correct strength, an egg or potato should float in it. A 
chicken feather dipped in the solution should be coated, but not eaten away. If 



F/6URh 7: 7WE SrRCN67H 3F 4 
LYE SOLU7IQN t9N BE 7F.57- 
ED 818  FiOL)r/NG dtV E6.S /M 
/r . n s n ~  m/od c% 7 E  

the solution is weak, pour it 
through &e barrel again, or 
though a new bmel of ashes, or 
concentrate it by Thirty- 
five liters of ashes k about the 
right amount for 2 kilograms of fat 
(a bushel of ashes for 4 pounds of 
fat). This proportion is cited in 
soap-making recipes of the colonial 
period in the United States, but 
many of the recipes of that era 
differ on the proportion of ashes 
to fat. 

Here is a list of tropical plants whose leaf ashes yield lye for soap making: 

S d d c  N m e  Common Name Fromhent l d o n  

Atthrmnemurn in&.cum 
Ampla repen 
Avicennia niti& 
Cmos nucifea 

HalochaPis violocea 
Halqlon recum 
Haloxylon multiflomm 
HalaryIon sdicomicum 
Kochia indica 
Salicomia brachiata 
Sakola foeti& 
3uaeda fnrticosa 
Suae& monoica 
Suaeda manMtima 
Suaeda nudifom 

mangrove Indian coast 
salt bush Indian coast 
mangrove Philippilo swamps 
coconut palm Coasts of aU tropical 

regions 
Indian coast 

camel food Indian coast 
Indian coast 
Indian coast 
Indiac coast 
Indian coast 

Aden balsam hdian coast 
Indian coast 
Indian coast 
Indian coast 
Indian coast 

Making the Soap 

Equipment and Materials 

Iron kettle 
Wooden spoon or stick for stirring 
Measuring vessels 
Wooden, steel, iron, glass, or clay vessels for storing the soap 

Clarified fat (see the entry on Soap Making wit5 Cornmeraal Lye for cleaning 
process) 



Lye that floats an egg or potato (see Figure 7) 

Put 115ml(l/2 cup) of lye in the kettle for evcry 230mI (1 cup) of fats or oils. 

Add the measured amount of fat. 

Boil the lye and fat together until the m ' ~ u r e  bccomes thick, rubbery, and foamy. 

Remove the kettle from the fire and let it cool. 

The soap is a thick jclly substance that ranges in color From tan to dark brown 
depending on the fats or oils used and the length of boiling time. 

Upon strong mixing in water, the soap will latheir up into white suds and serve as 
m effective cleaning agent. This soap greatly improves with age. Store it im a 
container for at least a month before using it. 

230ml(1 cup) of fat yields 23Oml(i cup) of soft soap. 

Marietta Ellis, VITA Volunteer, Bedford, Massachusetts 
Dr. S. K Barat, VITA Volunteer, Adyar, Madras, India 

Earl, Alice Morse. Home Life in Colonial Days. New York: MacMiian Company. 

Make Your Own Soap. Washington, D.C: Federal Exlension Service, U.S. Depart- 
ment of Agriculture. 

URGER-SCALE SOAP IbR(CPDUCTI0N 

In many areas in developing countries soapmaking can be an important small bus- 
iness, providing a needed product and earning income with minimal investment. 
The Intermediate Technology Development Group, for example, hac worked with 
the University of Science and Technology in Ghana to develop equipment for 
small manufacturing operations. One such set up uses specially made t-aks heated 
by wood fires. The diagrams below show the parts for the tank. Soap-making 
processps are the svne as those d e s m i  above. Recipe quantities change 
accoramg to the amount of soap produced. For example, one small manufacturer 
in Brad supplied the following recipe for 45 kgs (100 lbs): 

10 kg tallow 
2 kgs lye 
2 kgs rosin 

36 liters watcr 



WO'OD FIRED SOAP TANK 
1 & 2--views of soap tank on stand A--metal rdp rm. 112 inch dimetcr 
%ver of soap tank (isometric) B - d d  s d  plate. 3/16 inch thick 
4--soap tank (iswnetric) C--steel rod 314 inch diameter 
k o a p  tank stand (metric) D-galvanizd steel gauge 16 
heap tank stirrer (isometric) 

Donkor, Peter, Small-Scale Soapmaking. London: iatermediate Technology DeveI- 
opment Group, 1986 

Rezende h e r ,  VITA correspondent, Recife, B r a  



Bedding 
A NEST OF LOW-COST BEDS 

This nest of three kcis Will save space in a small room during the daytime 
because it takes up only the space needed for one bed. The beds are low in cost 
and easy to make from Id materials. Dimensions suggested here are approxi- 
mate. The exact dimensions depend on the k i d  of wood used. 

Tools and Materials 

Carpen'er's tools 
Wooden boards 23cm x 75am (1" x 3"), of varying lengths 
W d  n posts S a n  x 5cm (2" x 2"), of varying lengths 
N.* 
Paint 
Baling 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 cach bed varies 
so they fit under each ofher. The nest of beds can then be used as a sofa in the 
daytime (Figure 1). 

/ 

FIGURE rUE BEDS CAN SERVE 42.5 A SOFA IN TWE DAClME-  



The wood used in the largest bed is: 

o 2 boards, 2 5 m  x 7.5cm x 183cm (1" x 3" x 72") 
o 2 brrards, 2.5cm x 7.5m x 915cm (1" x 3" x 36") 
o 4 legs, 5cm x 5cm x 51cm ((2" x 2" x 20") 

Nail the legs to the ends of each of the 9 1 . 5 ~ ~ 1  (36") boards. Then join these 
boards by nailing thz 183cm (72") boards to them as in Figure i. This completes 
the framework, which is now ready for thc spring to be attached. 

Tine spring can be made by nailing balins wire, burlap strips used as webbing, or 
wood to the frame. Another nethod is to bore holes in the framework and pass 
rope through the holes as shown in the middle-size bed in Fig~re 2. 

F/GUQE :, 7W.F THREE BED5 ARE PA06 TO FIT ON6 UNbEQ ~%LE 
#;r- SAVING ON SPACE WUKM NO7 /N USE -71MUEh DIFFEREM 
NNDS 'F S P W G  ClRE SHOWN. WOOD Or/ THE LARGEST BED, 
ROPE O d  THE M/L'DJS-S/X BED RND CH~CKEN W/RE CW 
TNE SM/JLL€ST BED. 

The other two beds are made the same way. They use the followi~g materials: 

Middle-size bed: 

o 2 boards, 2.5cm x 7 5 m  x 1 6 h  (1" x 3" x 66") 
o 2 boards, 2.5an x 75cm x 9 1 5 m  (1" x 3" x 36") 
o 4 l e g s , h x 5 c m x 3 & m ( 2 " ~ 2 " ~ 1 5 " )  

Smallest bed: 

o 2 boar&, 25cm x 7Scm x 152cm (1" x 3" x 60") 
o 2 boards, 25an x 75cm x 9 1 5 m  {I" x 3" x 36") 
o 4 legs, Sun ?: 5cm x 25cm (2" x 2" x 10") 



'I?& low-cost mattress is made from materials available in most areas. It can be 
used as a bed at night and as a sofa by day. Thr mattresses arc widely used. 

Tools and Materials 

Cotton 
Corn shucks, rice or wheat straw, hay, banana or palm leaves 
Smooth, heavy cloth (ticktng) 
Strong ncedes 
Waxed cord 
Oil felt or double-thickness ticking cut in a round shapc, for tufts 
Hand paddle with smdl nails 
Sharp knife 

Making the Mattress 

The first step is to dip the corn shucks in boiling water and. while they are still 
moist, shred them into small strips with a hand pac?dle that has small n;ds in it. 
The tough top part of the shuck is then cut off with a sharp kcife. When dry, 
the shredded corn shucks are ready for use. 

SIUFFED /NTO 7.E COYER W#/CU /S MADE FROM S I X  P/ECGS 
OF CLOTH S ~ W N  70 FORA r9 a x  w/r.c/ SQUARE CORM~~S. 



Cut six pieces of cloth as follows: 

o two pieces the size of the bed, to make !he top and bottom of the mattress. 

o two pieces 15cm (6") wide and the length of the bed for the mattress sides. 

o two pieces 15cm (6") wide and slightly longer than the width of the bed, for 
the ends of the mattress. 

Sew the pieces together to form a box with rounded corners. Attach the httom 
piece on jusi one side, leaving the bottom open for f&g the mattress, Twelve 
feed sacks full of tightly-packed corn shuck are enough for d doiible-bed 
mattress. A single bed mattress needs less. 

Pa& the filling material into the cloth cover in even layers. Otherwise the 
mattress will he lumpy. After each layer, pull the bottom piece over the fillins 
material aud beat the mattress gently to c%stribute the material evenly. Then pull 
the battom piece back and continue filiing the mattress. When the mattress is 
filled, sew the bottom piece in place. If there are still high and low spots in the 
mattress, beat it gently again: hit+hg the high spots to drive the filler into the 
low spots. Only a few strokes should be. needed. 

Making a Rollled Edge 

A rolled edge will keep the cotton in place and help the mattress to hold its 
shape. Mark a faint tine 6cm (2 1/41 in from the edge seam all aroma the 
mattress top. MXK ancther faint line 1.5m (1/2") below the seam. Sew the two 
lines tcrgether with stitches about, 15cm (1/2") apart, working e~ough fder into 
the roll with each stitch to make the roll firm. Fill the roll evenly. Kn rounding 
the comers, make the stitches closer and take shorter stitches on top of the roll 
than on the bcttom. 

Turn the mattress over and make a roll edge on the other side. 

Use a strong needle and waxed cord to sew the round pieces of oil felt or 
doubled ticking for simple tufts that will hold the ffing in place. 

More detailed instructions are given in: Making a Conon Matress, Federal 
Extension Service, U.S. Department of Agriculture. 
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Pottery 

WASTE OIL FIRED MEN 

Ceramic kilns that burn waste oil from auaomobilcs and othcr industries have been 
operating in Tanzania, Haiti, and several other devcloping countries for ssveral 
years. These kilns offer the advantages of good operational con!rol that is easily 
achieved with fuel oil, but at lower fuel cost beca~se waste oil is used. 

The waste 03 fired system presented here (Figure 1) was designed by Ali Sheriff 
and his assistant, Bashir Lalji, in TanzanSa for Mr. Sherriffs pottery plat. Mr. 
Sherriff ako helped entrepreneurs in Djibouti build and operate kilns for use in 
their brick making and pottery businesses. 

Originally, waste oil was collected free from auto service stations and industries, 
but by 1983 $0.35 (US) per liter was charged. A[ these ratcs, it cost Mr. Shcriff 
US$105 fer cach frkg of his six-burner kin, compared with $165 for fresh oil. 

Some alternative fuels such as electricity are too expcnsive: in developing coun- 
tries to be economically feasible for kilns. One alternative, wood, may be less 
costly than waste oil in some countries, but wood supplics are being reduced 
rapidly and costs are sing. 

Design sf Kiln and Fire Box 

The kiln shown in Figure 1 is a down draft type with three fireboxes on each 
I side. The hei&t of the chimney is determined by the intensity of the heat 



required. The 5otter the fire, the l~i&ier the chimney. Other kiln designs may 
have more or fewer fireboxes depending on the size. 

Fuel and water are metered by gate valves connected to the distribution pipes 
from their respective tanks. A ratio of about 75 percent waste oil and 25 percent 
water is about optimum. 

I *** CAUTION *** 
Use only crankcase oil. 

Under no circumstances should lubricating 
oils from electrical transformers be used 
for any purpose. They may contain PCB 
compounds. 

Preheated splash plates serve as a grate to ignite the oil-water mixture. The 
grates, made of pieces of sheet steel (Figure 2), slope down so that any fuel not 

1 A 
w7.e b b a,.. burned on the upper grate will spill 

I I 
A off onto the lower grates for 1 

O I L .  I N A l E P  MI- 
on A -.( combustion. 

The waste oil must be treated 
before. it can be used as fuel. The 
oil is first filtered through a 

(FIRE 60% screen of 60 mesh or fmer to 
remove solid particles. It is then 

DRIP PLATE 
allowed to stand in a drum for a 

MADE OG T& few minutes to let the water settle 
IRON % r T e S  to the bottom. A tap at the bottom 

of the drum allows water to be 
removed. 

1 Operating the Kiln 

The first step is to preheat the splash plates using a wood or charcoal fire. This 
should take about one half hour. The vents on top of the kiln are then closed 
with brick and clay. The oil and water valves ere opened and the mixture should 
ignite on the hot splash plates. 

Workers must continually check the fuel-water flows. For ceramics, the fuel 
burning rate should be regulated to provide a temperature rise in the kiln of 
about lDO°C (212OF) per hour. A steady rise prevents the pottery from cracking. 



In Mr. Sheriff's kiln, peak tcmperaturc is reachcd in about 18 hours. At ohis time, 
all entrances to the kiln, including the chimney, arc closed and the kiln is 
allowed to cool slowly. 

Source: 

Sheriff, A. and Lalji, B. Waste Oil Fired Kiln. VITA Technical Bulletin. Arlington, 
Virginia: Volunteers in Technical Assistance, 1983 

"Ceramic Kiln Burns Waste Oil," HTA News, April 1983, pp. 3-6. 

SMALL RECTANGULAR KILN 

The small rectangular kiln was designed for both bisque and glaze fving of small 
pottery pieces. In bisque firing, pottery is cured but not 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 sue of the 
base. 

Materials 

Common (pressed) brick 
Firebrick (Note: Sandstone blocks were used before the invcntion of firebrick) 
Clay or mortar 
Thz dimensions shown in Figures 4 to 8 are based on the 23cm x 11.5cm x 6.5cm 
(9" x 4 112" x 2 112") straight brick commonly found in the United States. The 
dimensions can be changed to suit the size of locally available brick. 

Construction 

The joints in the kiln, except for those in the loading area, should be mortared. 
The preferable mortar is a refractory cement; that is, one that is highly resistant 

I 
to the action of heat. If there is a 
brick plant in the area, find out 

I what material is used there. If 
refractory cement is not available, 
make it by mixing crushed firebrick 
with your purest clay, which will 
be white or light in color. As a 
last resort, use clay alone. In any 
case, have the mortar fill as much 
of the joint as possible. Each time 

PLOW the temporary door for loading is 
rebuilt it should be mortared with 
the purest clay available. 
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In laying the brickwork, staEer the joints in each layer to cut heat loss. 

Dig a hole 76c2 x 126cm and 19cm deep (30' x 49 1/2" x 7 1/2")-or whatever 
base size is needed for available brick-in leve'. ground. Note in Figures 4, 5, and 
7 that the first three horizontal courses are: first, gravel or common brick; 
second, common brick; and third, firebrick. This f~undation is under the firebox 
The firebox, with its end open for loading, is built with firebrick. If charcoal, 
cokc, or coal are used as a fuel, the firebox shodd have grats. 

The f~ebox  is a long recturgular chamber, fired from both ends so that the hot 
gases flow inward anti upward (see Figure I). Between and above the fires is the 
kiln chamber in w5i& 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 axe surrounded by a layer of common brick. Figures 4 through 8 show how 
the bricks should be arranged. Note tne staggering of joints in alternate courses. 

W b e ~  the kiln is built, its sides should be insulated with dry loose sand and/or 
crushed brick (see Figures 3 and 4). 

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 f ~ s t  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 ellough space for 1 adequate ventilation. 

After the kiln has heated up somewhat, you can save fuel by cutting down on the 
dra2. Do this by partly covering the top flue openings with bricks. The pottery 
begins to shrink at about 8 7 0 ~ ~  (1600OF). To measure temperature, the ceramic 
industry uses pyrometric cones. 

If no tempratwe-measuring devices are available, the color of the glow in the 
inner mass of the kiln can indicate the approximate temperature of the kiln. See 
Table 1. 

I The kiln should be heated slowly to 870°C (16011°~). This process should take 
about eight hours. Chemical and physical changes caused during the heating of the 



TABLE 1 
COLORfEAdPEFtA'IVRE C;UIDE 

475 C.. .Lowest vis ible  red . . . . . . . . . . . . . .  8850 F. 
475 - 650 C.. .Lowest vis ible  red to  dark red 885 - 12000 F. . . . . .  
650 - 750 C. ..Dark red t o  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 . . . . . .  150n - 76500 F. 
900 - 1095 C...Orange t o  yellow . . . . . . . . . . . .  1650 - 20000 F. 

1095 - 1315 C...Yellow t o  l i g h t  yellow . . . . . . . . .  2000 - 2400" F. 

The glow of the inner mass of the kiln gives a rough indication of temperature 

kiln can destroy the pottery if they take place too quickly. For example, dehydra- 
tion of clay and other minerals takes place throughout the whole temperature 
range, but particularly between 480°C (900°F) and 81S°C (1500~~) ;  organics and 
sulfides are oxidized between 59S°C (1100~~)  and 980' (1800°F). 

Several hours at 8 7 0 ~ ~  (160O0F) and higher are needed to complete the firing. 

When the firing is completed and the fire is out, block the flue and firebox 
openings so that the kiln will cool slowly. 'Let the kiln stand this way cvernight. 
When the temperature of the kiln bas dropped, open the flue and firebox open- 
ings. This slow cooling keeps the pottery from being cracked by thermal stresses. 
Slow cooling through the dark red heat range is most 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. 

Irwin M. Lachman, VITA Volunteer, Corning, New York 

Suppliers of temperature cones are: 

The Edward Orton (Jr.) Ceramic Foundation 
144 Summit Street, Columbus, Ohio USA 

Bell Research, Inc. 
Box 757, East Liverpool, Ohio USA 

Gleason, Tennessee USA 



SALT GLAZE FOR POTTERY 

This method can be used for applying a very thin, transparent glazc: to pottery 
such as clayware and stoneware. Examples are: brick, sewer-pipe, stoneware 
shapes, and containers. 

Considerations 

Some ceramic articles will take a salt glaze. Others, under certain conditions, will 
not. Experimentation is the best way to discover how to glaze an unknown clay. 

Common salt (NaCI) may be used alone, and this is common practice. Boric acid or 
borax may be added to the salt to improve the glaze and lower the firicg 

Salt glazing can be done in a wide range of temperatures, 6 7 0 ~ ~  to iW°C 
(1230°F to 2470°F); the more usual range is 1200°c to 1 3 0 0 ~ ~ :  ( 2 1 8 5 ~ ~  to 2375OF). 

How to Fire the Pottery 

Place the pottery on the shelves of the kiln. The pieces should not touch so that 
there is plenty of room for ventilation. 

Mix 9 parts salt with 1 part borax or boric acid. This mixture can be dampened 
with water: 5 to 10 percent by weight of the mixture. For crdinary fire-clay 
pottery, about 285 to 57- (10 to 2G ouncesj of salt is needed for 0.023 cubic 
meter (1 cubic fmt) of kiln capacity. 

When the kiln is as hot as it will get, throw the mixture into the fire heating 

Ti step may 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 that shows the colors of the ceramic body. 

Dr. Louis Navias, VITA Volunteer, Schenectady, New York 

Parmalee, Cullen W. Ceramic Glazes. Chicago: Cahners Publishing Company. 



Hand Papermaking 

In many areas of developing countries paper is scarce. Rural schools may not have 
enough paper for their students and market goods may be wrapped in old newspa- 
pers if at all. Often this is because resources are not available to hvest in 
modem papermaking factories, which require large amounts of energy and raw 
materials if they are to be economical. 

B L ~  paper can be made in small shops in small quantities. Access to electricity 
makes some of the steps easier, but is not absolutely necessary. (Indeed, paper 
was made this way for many years before electricity was discovered.) In a situ- 
ation where paper is scarce and expensive, it may be worthwhile to consider 
small-scale papermaking as a source of school supplies or as a small business. 
Such a business might produce heavy coarse paper for packaging or even thick 
paper egg cartons, plant pots, and so on. 

P A P E W K I N G  PROCESSES 

Whether paper is made in a home or school workshop or a small factory, the 
production processes for making paper by hand are quite simila:. The scale of the 
equipment changes with the volume of production and the raw materials vary with 
what is available and the quality of paper to be produced. 

Cotton or other rags and waste paper to be recycled are sorted thoroughly to 
I remove all non-fibrous materials such as staples, paper clips, rellophane, nails, 

1 buttons, zippers, etc. Both rags and paper are cut or shredded into small pieces. 

1 Pulping 

The cleaned and shredded raw materials are brought to the boding point and 
cooked for two to six hours. They are rinsed thoroughly to remove impurities that 
might have separated out during the cooking process. 

The beaterthis can range from a kitchen blender to a specially made tank-is 
filled with the required quantity of water, and the cooked, chopped rags or paper 
are added gradually with high speed agitation. Bleaching powder or liquid bleach 
(1 percent) is then added. The pulp is washed thoroughly, a process that may take 
another six to eight hours. Additives used may include titanium dioxide or other 



fillers, dyes (for colored paper), or optical bleaching agents (for white paper). 
Rosin soap and alum are added later. 

Lifting, Couching, and Stacking 

When the pulp process is complete, the pulp is transferred to storage containiers 
or vats. Depending on the scale of the operation, the pulp b then mixed with a 
sufficient quantity of water to dilute it to form a uniform suspension, free of 
lumps. In the home workshop, the pulp is mixed in quantities to make one sheet 
at a time. In the small factory, a larger quantity may be mixed at one time. The 
diluted pulp is then lifted from the water on wire screens, and the resulting 
sheets are covered by felt or other absorbent cloth. i75th the clotb is place, the 
still wet pulp layer is carefully lifted from the screcn. This process is called 
couching (pronounced coaching). The couching cloth, paper side down, is placed 
on a felt covered board and smoothed to remove wrinkles or air bubbles. Each 
succeeding sheet is placed in a stack over the first. 

Pressing and Drying 

When a sufficient number of sheets have been formed, they are put under a press 
to remove the water. Tue sheets are then separated and, to avoid shrinkage, 
placed under absorbent boards and pr.essed again. The sheets are hung to dry in 
bunches of three to six, according to thickness, or dried in a warm oven. 

Sizing 

Sizing gives paper 2 harder finish so that water based paints and inks will not 
bleed or run. Paper may be sized internally, by adding the sizing agents to the 
pulp, or externally, by painting or dipping the dried sheets. For internal sizing, 
alum, rosin, gelatin, cornstarch, or linseed oil may be added in very small 
quantities at the end of the pulping stage. For external sizing, the dried sheets 

1 are dipped in a dilute due  or starch solution, pressed to remove the excess, and 
hung up to dry again. In the home workshop, the individual sheets may be p k t e d  1 with the dilute solution. 

Blotting paper, filter paper, toilet tissue, grey board, and some art papers may be 
require very little, if any, sizing. 

I Calendering 

The dried sheets are placed alternately between metal plates into a stack or 
"post." The stack is passed between calender rollers to obtain the desired 
smoothness. This can be done in the home workshop by pressing the paper sheets 
between sheets of aluminum foil with a hot iron. 



Sorting and Cutting 

After calendering, the sheets are carefully sorted and cut to size for packing, 
storage, and/or shipment. 

MAHUNG PAPER IN W E  SMALL WORKSHOP 

Papermitking at this scale can be done as hobby, for gifts, or to supply schools. 
The necessary equipment may already be available in some kitchens, but the 
markets should be considered carefully before any investment is made. 

This process assumes that waste paper or cotton clcth will be used to make the 
paper. Approximately 50 sheets of 215cm x 2&m (8 112" x 11") paper can be 
made from a half kilo (about a pound) of waste paper. Household bleach, alum, 
gelatin, cornstarch, and animal glue may also be needed. And ordinary fabric dyes 
can be used to produce tinted or calored papers. As described here, the availabid- 
ity of adequate water and electrical or other power supplies is also assumed. 

Equipment and Materials 

The following equipment is needed: 

Deckle box and mold, made of oiled wood (figure 1) 
Power food mixer or blender 
Stainless steel or enamel pot (not almuinum) 
Steam iron 
Stove with oven 
Sink, tub or wash basin 
Couching cloth (e.g., cotton sheeting), cut to size 
Felt or absorbent terry cloth, cut to size 
Thin metal sheet 
Flat "receiving" board, lcm (114") plywood or other board 

Pulping 

Choose paper with minimal printing. Old envelopes are good for this reason; the 
glue on the flap won't matter. Colored paper is acceptable; the dye usually comes 
out when it is boded. Avoid paper that has "wet strength" such as paper towels. 
Be careful how many brown paper bags you use. Unbleached kraft paper lowers 
the brigiitness or whiteness of the pulp, but it is strong and will give your paper 
toughness. 

Newsprint alone makes a weak pulp, grey in color. It adds little but bulk. Cotton 
or other cloth or yarns may also be used. They must be cut or shredded into very 
small pieces to avoid jamming the mixer. 



Cut or tear the paper into small 
C 0 1 4 1 -  pieces, about 5cm x S u n  (2" x 2"). 

Shred any cloth that may be used. 
Put the pieces ic the pot, cover 
with water, and add a few table- 
spoonfuls of household bleach. Turn 
on the heat, cover &e pot, and 
bring to a gentle bod. Stir 

i occasionally for a couple of hours 
to ensure that the bleach is mixed 
and all the paper is wetted down 
well, then cool. 

4 1 
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,\a 
I ,. After :he batch has cooled, try to 
L la ;-, break up the lumps and any 

remaining pieces of paper still 17 I",,rn mx 

6- 
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pieces in the beginning, the easier 
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this step is now. (The puIp can IL I; CUA.LE. 
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then be drained arid stored in 
plastic bags in a refrigerator, if 

F16uRE I you have one, until you are ready 
to make the sheets. It will keep for 
weeks without any change.) 

I Making the Sheets 

Take a lump of the semi-moist pulp you have prepared. Press as much moisture 
out of it as possible to leave a ball about the size of a pigeon egg (7g--1/4 oz-- 
dry weight). This is enough pulp to make one 21.5~~1 x 28cm sheet. Make the 
sheets, one at a time, as follows: 

i 1. Bread and mix pulp in blender 3/4 full of water. Add additives. 

2. Put mcid in box, screen side up and immerse in sink. 
Rap box ta get rid of air bubbles. 

3. Pour pulp into box 

4. Holding box down, agitate the water in the box with fingers so thzt the 
pulp spreads evenly over the mesh. 

I 5. Grasp box a d  mold f m l y  and lift quickly and evenly to surface (feel 
suction). 

6. Hold for 10 seconds or so to drain. 



7. Lift up out of water and hold vertically to drain. If sheet looks okay, 
proceed; if flawed, put box and mold back into sink. Repeat steps 4 to 7. 

8. Set box on flat surface and carefully remove box. Note: Water drops on 
wet web will make marks! 

9. Carefully lay cotton couching cloth over web and smooth gently. 

10. Place absorbent felt over couching cloth. Smooth and press down from 
center out. 

11. Remove felt and wring out water. 

12. Repeat 10 and 11 until no more water comes out. 

13. Couch off sheet, starting at corner and peeling back quickly. 

14. Place couched sheet, paper side up or down on flat absorbent surface. 
Smooth and press down to remove trapped air. 

15. Repeat for each sheet until a neat stack is built up. 

Pressing and Drying 

The sheets can be dried quickly by pressing them with a hot iron and an alumi- 
num sheet or slowly (2-3 hours) by placing them in a 1 2 0 ~ ~  (280OF) oven, with 
the couching sheets tacked d o ~ n  to the receiving board all along the edges of the 
paper sheets. The first method gives a smooth surface on one side, embossing 
with cloth marks on the other; the second gives embossing on both sides. 

A very slick surfacz can be obtained by smoothing the couching cloth, paper side 
down, against an aluminum or oiled galvanized sheet. A squeegee can be used to 
get rid of all the air. Dry in air or in a 120OC (2N°F) degree oven. 

Sizing and Coating 

A simple method of internal sizing uses a combination of pure gelatin and corn- 
starch (either laundry or cooking type). The gelatin is dissolved in boiling water 

I 
and cornstarch is added to make a clear, thick mixture to add to the pulp. Use 
about one teaspoon of +& per 215an x 2&m sheet. 

I 
Another simple iniernal sizing procedure is to add about 114 teaspoon of linseed 
and/or a teaspoon of cornstarch soiution while the pulp is being mixed at step 1. 
The oil is dispersed in the water a ~ d  precipitates on the fiber. The starch will be 
caught on the fibers md during the drying stage will set to give a stiffer sheet. 
External sizing is done when the sheet is coated with a water based solution 



after the paper has been dried. With an ordinary 4cm (1 112") paint brush, coat 
each sheet with a 7 percent straight corn starch solution. One tablespoonful of 
cornstarch added to a cup of water will be enough for 20 to 25 sheets (both 
sides). Animal glue can be added to the starch to improve the water resistance. 
Modern glues can be added also. 

W h e ~  the coated sheets are nearly dry to the touch, place them in a neat stack. 
They should be somewhat limp but not wet. Put a metal sheet or smooth board on 
top. Allow the stack to dry overnight. The sheets can then be trimmed if 
necessary and packaged for sale. 

MAKING PAPER IN THE MPCWO FACTORY 

On a somewhat larger scale, but still in an essentially hand process, paper can be 
made in a micro factory capable of producing about 240kg (114 ton) of paper per 
day. Such small factories are fairly common in India, and VITA has assisted at 
least one such operation in Tanzania. This process uses wastepaper or rags to 
make pulp, or pulp purchased from a pulp mill. It can p:oduce good quality bond 
or drawing paper, card stock, school tablets, filter paper, toilet tissue, grey 
board, and album or blotting paper. It can also turn out such articles as egg 
cartons, flower pots, seed flats, hospital trays, and so on. 

In addition to an identified, reliable market, the small factory requires a steady, 
reliable supply of raw materials, water, and power. Suggested facilities include a 
building of about 300 square meters for operations and a shed of about 185 square 
meters for collecting and sorting the naterials. Six administrative staff and as 
many as 103 laborers working in two or three shifts are needed. 

The U.N. Industrial Development Organization (UNIDO) estimates an investment of 
approximately US$26,000 (1984) for the total cost of installation. Production may 
be increased by installing one or two more beaters and operating the vats in 
three shifts. (Beyond this capacity, however, economies of scale decline, and 
production moves up to small-scale mechanized plants.) 

Vogler, Jon, and Sarjeant, Peter. Understanding Small-Scale Papennuking. Arling- 
ton, Virginia: Volunteers in Technical Assistance, 1986. 

Appropriate Industrial Technology for Paper Products and Small Pulp Mills. Vienna 
Austria: United Nations Industrial Development Organization (UNIDO), 1979 

I Sheriff Dewji and Sons, Arusha, Tanzania 

American Paper Institute, 260 Madison Avenue, New York, New York 



Candle Making 

In areas without electricity, lanterns, candles, and cooking hearths often provide 
the only source of light at night. Candles are easy to make at home for home 
use. With attention to quality control, they can be made in a small workshop for 
sale in the shops and markets. 

I 
I The directions eiven here are for divved candles. which are made bv reveatedlv 

dipping a length of wick into melted wax until the candle is the desired size. 
Dipped candes often cost more in the shops than other kinds, but they usually 
bur- longer and with less smoke. This system, developed by the Environmental 
and Development Agency in South Africa, uses a special jig that holds up to four 
candles at a time. 

Tools and Materials 

Paraffin wax (you may wish to experiment with bee's wax if it is available) 
Stearic acid 
Candle wicking (the string inside the candle) 
Container to melt the wax (this has to Se as deep as the candles are tall) 
Wire for the jig 
Thermometer, in a brass case 
Rod or rope to hang the candles on while they cool 
A gas or kerosene stov:: 

It is suggested that a small business or candle making cooperative would likely 
need to make an initial investment in 40kgs (88 Ibs.) of wax, stearic acid in 
quantity to make a ratio of 10 parts wax to 1 part stearic acid, and 20 wire jigs. 

MAKING THE JiGS 

) A jig is the hanger that holds the wicking while you dip it into the mehed wax. 
Make 20 or so jigs for your business. Even working at home it is convenient to 

I have a half dozen. 

To make the jig, hammer 5 naik 
i~lto a piece of wood as shown and 

llr.C . / cut off the heads. 

Cut one piece of wire 6Ocm long and one piece 50cm long. I 



Take the shorter piece of wire and wrap it around the nails as shown in Figure 1. 
Start at nail 1, bend the wire around nail 2 and then up around nail 3. Then bend 

4 
it back to nail 4 and up around 
nail 5. Take the wire off the 
frame. This is the bottom of the 
jig. 

Make the top of the jig with the 
longer piece of wire. Bend the wire 
around the nails as described 
above. You will have some left 
over. Bend this part intc z hook to 
hang up the jig with. Take the 
wire off the fram:: and bend down 
the corners as Shown in Figure 3. 

Take 4 pieces of wicking, as long 
as you want your candles plus a 
little bit. Tic one end of each piece 
to the top part of the jig and the 
other end to the bottom part 
(Figure 4). Fix as many jigs as you 
think you will need at one time. 

PREPARING THE WAX 

Cut tlie wax into small pieces. 
Make sure no dirt gets mixed up 
with it. Melt enough wax and 
stearic add to fill the container 
almost full. Use 1 part stearic acid 
tc  10 parts wax. 

Heat the wax to 70°C (1580. Use 
\ 

the thermometer to check the tem- 
perature. This is very important. If 
the wax is too hot it won't stay on 
the candle and if it is too cool the 
candle will be lumpy. 



The safest way to melt the wax is to set the container with the wax into a pot 
of water so that the wax is not directly over the flame. It is very dangerous to 
let the wax get too hot. Wax catches fire easily, and a wax fuc is difficult to 
put out. In case of fire, cover the container and turn off the stove as quickly as 
possible. Be careful not to splash the hot wax. It will catch fire if it falls into 
the flame and it will burn your skin if it touches you. 

DIPPING THE CANDLES 

Take one of the jigs you have put the wicking on and dip it into t!-: melted wax. 
Hang the jig on the rod to cool. Dip another jig with wicking into the melted 
wax and hang it on the rod. When you have dipped all the jigs you have prepar- 
ed, start with the fust one and dip again. Each time you dip the jig a little more 
wax will stick to the wick and the candle will get thicker. Continue dipping until 
candles are the size you want. 

- .,,_ - - 
'7 
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Don't handle the candles until they are cool and hard. Then, crt them off the 
jigs. Trim the wicks to an even length. Store candles out of the s;sn and away 
from heat. 

Put a wide board or plastic sheet under the rod where you are hanging Ite jigs. 
Any excess wax will drip onto them and you can scrape it off and melt it down 
again. Be sure to keep this area clean; any dirt that gets in the wax will get into 
your candles. The wax that sticks to the metal jigs can also be scraped off and 
used again. 

Do not dispose of excess melted wax by pouring it down a drain. When it cools 
and hardens it will clog the drain. Besides, any extra wax can be melted down 



and used again. If you find that you have to get rid of a batch of wax, let it 
harden and then throw it away. 

If the market is good and you can get the materials, you may want to try scent- 
ing your candles with essential oils like vanilla or sandalwood. Or you might try 
making colored candles. These oils and pigments must be specially made for use in 
candles, however, and are not always avdable. 

Source: 

Berold, Robert, and Caine, Collette (eds.). People's Workbook Johannesburg, South 
Africa: Environmental and Development Agency, 1981. 

Simple iMerhodr of Candle Manufactr~rc. hndon: Intermediate Technology Publica- 
tions, Inc., 1985. 



Communications 



Bamboo or Reed Writing Pens 
This low-cost, easy-to-make pen has been in use in Jordan since 3000 B.C. Pens 
of different sizes can be made for work ranging from frne writing to large block 
letters. Similar pens have also been used in Thailand. 

Tools and Materials 

Dry bamboo, 15cm x lcm x 0.5cm 
(6" x 318" x 3/16") 
Small rubber band or fine wire 
Sharp knife 
Fine sandpaper 

Whittle one end of the bamboo to 
the desired width, and then shave 
it down to make it flexible (see 
Figure 2). Be sure that the writing 

A 
L tip is made from tfie more durable 

F/GI/R' I .  PEM5 CAN 06 MADE FRoM 
material near the outside of the 

BAMBOO FOR NORA? RANC;/NG FROM 
N N E  WR/T/rY6 70 BLOC4 LETTERS. 

bamboo. 

1 Cut the writing end straight across with a sharp knife. Use sandpaper to make 
the end smooth. The point of the pen can be shaped to the proper writing angle 

1 for your hand by gently writing on the 
sandpaper with the dry pen. 

I To make a retaining hole for ink, place 
the tip of the knife on the pen, at least 

I 
3mm (1/8") up from the point of the 

I 

pen, and then rotate the knife to drill a 
hole about 2mm (3/32") in diameter. 

The pen can now be used for writing, 
but it will need to be reinked frequent- 
ly. To make a reservoir pen, attach a 
thin bamboo cover plate to the pen as 
shown in E p r e  3. Attach the cover 
plate by wrapping a small rubber band 
or a piece of fine wire around !he 
notches provided for this. 



M o m  FOP rPYPddR 
##NO Oa W/rP# 70 
WOLD roscrkrae. 

E/6U.E 3. /F A rY&, NOfCk'LTO C0YK.Q PLAT6 /S ADDED, 
THE PEW NEEDS REFtAUNG LESS W E N .  

Source: 

The Multiplier, Vol. 3, No. 10. Washington, D.C.: U.S. Department of State, Agency 
for International Development, 1%0. 



Silk Screen Printing 

Silk screen printing is a simple, inexpensive method of producing multiple copies 
of attractive visual aids, posters, and other materials, including typewritten pages. 
A squeegee forccs very thick paint through those parts of the silk screen that 
are exposed by the stencil onto paper placed undcrncath the screen. The silk- 
screen process presented here is used for eduwtors and trainers who must 
prepare their own training materials. It would require considcrable upgrading of 
equipment and materials to be appropriate for commercial painting operations. 

BUILDING THE SILK SCREEN PRINTER 

Tools and Materials 

Hinges, about 2.5cm x 7.5cm (1" x 3") 
Wing or regular nuts 
Squeegee 
Trigger support 
Wood for frame 
Baseboard or smooth table top 
Silk or other sheer cloth 
Thumbtacks 
Silk screen paint 
Paper for copies 

FIGURE I. MrOK/Nb TMF FRAME 
OF THE S/UC SCREEAl .  DIFFER - 
EN7 JOIN7 CONd7;7i/C7/DNS 
ARE SUOM/N k%GV CORWEe; 
LINY ONE OF THL6.G M4Y 6E 
USFO FOR ~6 J o / m  OF rut 
Famwe. 

Water-soluble paint, e.g., finger paint 
(Oil-soluble paint also works well, 
but a solvent is needed to clean it off the screen.) 

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.lcm x 50.8cm (18" x 24"). 
Make sure that the comers are square and the frame lies flat against a flat 
baseboard or table top. The baseboard can also be made of 1.9cm (314") 
plywood. A few coats of shellac on the wooden frame will make it locger 
lasting and less apt to warp. 

2. Stretch the silk very tightly over the underside of the frame, using tacks 
every 2.5cm (1"). Make sure that the threads of the silk run parallel with 
the edges of the %me,  pull the silk over the outside bottom edges and tack 
the silk around the outside of the frame (see Figure 2). 



7RBUrOP 

F / G U X Z .  BOLT TXE HINGED END OF THE FUfiNE 70 A FLAT 
B A S ~ A Q Q  CW M/DOUEN TABU TOP. 

3. Make a squeegee (see Figure 3). 

BLADE SWOULD BE Maos 
OF ST/- #UBBm. WOOD 
ORMRr iL  COVERSO W m  
INAIERTUbB RVBWR 
ADWC~IYC rRpz Jh'OCUD 
WOUK. 

SL16MTL Y L I 6 6  

ac TN.4- PRPCId 

PRINTING 

1. Cut the stencil and attach it to the screen (see "Preparing a Paper Stencil"). 

2. Place the paper or wdboard to be printed under the screen and stencil. 
Draw about lOml (2 teaspoons) of water-soluble paint (for example, finger 
paint) in a line along the edge of the silk just iuside one end of the frame. 
The paint should be thick, about like auto transmission grease, so that it 
will not just fall through the screen without being pushed by the squeegee. 

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 it with the next piece to be 
printed. Pull the paint back in the opposite direction for this print. The 
correct technique is to put an amount of paint on the screen that will, 
combined with the right pressure on the squeegee, produce a good print with 
one stroke of thc squeegee. 



Make sure that the paint 
contains no dried paint 
particles. They could damage 
the screen. 

4. When a printing is completed, 
pull the stencil off the screen. 

FIGURE 4. THE SG'~EEG&E /S #SED 70 Remove the wing nuts and 
DRAW THE Tb4lCU PRIVT ATRoSS 
THE S/UT SCRFEN. wash the frame under running 

water. 

5. The pieces to be printed can be mgktercd (lined up so that the printed 
image appears in exactly the same place on each piece). Registration guides 
can be made of thin cardboard or several layers of tape (see Figure 2). 

Thicker guides could break the silk when the squeegee presses the screen 
against them. The glides should be taped on the baseboard at the edges of 
three sides of the sheets to be printed. 

6. If more than one color is to be printed, registration becomes very important. 
The procedure to follow is this: 

o Print the first color, using regish-ationguidcs 

o Wash the screen as in Step 4 above, and attach the next stencil. 

o Place a piece of waxed pspcr or thin translucent paper under the 
second screen to be printed, and tape this paper on one edge. 

o Print an image of the second screen on this paper. 

o Raise the screen. 

o Slide a sample of the frrst printing into position beneath the taped 
paper. Adjust the sample so that the second image will agpcar in the 
right place on the pieces already printed. 

o When the sample is lined up, carefully ho!d the first printing sample in 
posieios and remove the wax paper. 

o Tape new registration guides on three sides of the sample. 

o More colors can be printed by returning to Step 6. 

7. Several colors can be printed over one another if transparent 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 Yorli 

PREPARING A PAPER STENCIL 

This method of preparing a stencil for silk screen printing is more versatile 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: Images must be bold and simple designs. The stencil will last for 
only a few hundred impressions; will not hold up with water-base paint; and 
cannot be stored. 

Tools and Materials 

Stencil papersomewhat-transparent white bar,.' works well. Cor~merciai 
stencil paper can be used, but the edge of tb,-. ; may be f.m2 I r;rck paper 
leaves 3 thick layer of paint when the squeyee draws the paint across the 
screen. 
Mimeograph stencils can be used to reproduce typing. 
Stencil knife 
A small-blade knife with a handle about as thick as a pencil. 

To prepare and use the paper stencil, follow these steps: 

o Place the stencil paper over the image to be reproduced and fasten both to 
a hard level surface, like the baseboard of the silk screen. 

o Trace the design and then cut a:?rmd the areas where one color is to be 
printed. Press just hard enough !a cut tluough the stencil paper without 
cutting the original. Do not , ...& the cut-out parts away yet; leave the 
stendl intact. 



o Put a pac! of newspaper on the ~aseboard of the silk screen so that when 
the screen is lowered it will hit the stencil firmly. 

o Place the stencil on this pad in the porition 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 is lowered. Mask the open areas of the 
screen beyond the edges of the stencil. 

o To make the stencil stick to the screen, draw paint across the screen with 
the squeegee. 

o Remove the cut-out parts of the stencil. 

o 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 it would be for a mimeograph machine. 
Attach it to the screen the same way a paper stencil is attached. 

Source: 

Mrs. Benjamin P. Coe, VITA Volunteer, Schenectady, New York 

MAKING SILK SCREEN PAINT 

The paints described here for silk screen printing should have a shelf life of 
several months when they are stored in jars 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 probably 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 is 
water soluble) 

Recipe #1 

Linit starch (not instant) 115 ml(1/2 cup) 
Boiling water 345m1(11/2 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 in soap flakes while mixture is warm. When cool, add 
coloring. 

Recipe #2 

Cornstarch 575m1(1/4 cup) 
Water 46OmP (2 cups) 
Soap flakes 29ml(1/8 cup) 

Bring water to a bod. Mix cornstarch with a small amount of cold water and stir 
the two together. Bring to a bod and stir until thickened. Add soap flakes while 
warm. Color. 

This recipe produces paint that seems quite lumpy but this does not affect the 
printing quality. 

Recipe #3 

Dissolve 115ml(1/2 cup) cornstarch in 1725m1(3/4 cup) cold water 

Dissolve 1 envelope gelatin (15ml or 1 tablespoon, unflavored) in 57.51~11 (114 cup) 
cold water 

Heat 460ml (2 cups) of water, pour in cornstarch. Add dissolved gelatin. Boil, and 
stir until thickened. Cool and add 115ml(1/2 cup) soap Eakes. Color. 

NOTE: Adding 5 to lOml (1 to 2 teaspoons) 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 in the silk 
can be repaired with a small drop of shellac 

Source: 

Mrs. Benjamin P. Coe, VlTA Volunteer, Schenectady, New York 



Inexpensive Rubber Cement 

Imported pastes are often expensive. Many of these are not good for mounting 
pictures and similar materials; they soak through the paper and wrWf&e b ~ t h  the 
picture and the mount. 

Rubber cement does not wrinkle the pieces to be joined. It has another advantage: 
if it smears, it can be rubbed off with the fingers when it is dry. 

Tools and Materials 

Ordinary gasoline: 250cc (16 ounces) 
Raw sheet rubber in one piece: 

*Small pieces of cloth 
FIGURE 1. RUoBER CEMENr /5 
MRDE DY M/X/NG RAW SMEhr 
ROEBE@ W/rN ORD/NARY 
G&SOL/NE. GRSOL/NE /S EXPI. 
OS/VE. BE CAREFUL WMEM 
MIXING OP US/NG CEMENT. 

* Needed only if gasoline is colored. 

The rubber to be used should be a translucent, light-brown sheet. Any brand of 
gasoline can be used. Some gasolines are highly colored. This coloring should be 
removed so that the rubber cement will not stain when it is used. To remove the 
coloring, pour the gasoline over common charcoal several times (see Figure 2). 

O * * m m O N + ? +  

Gasoline dl h and q l ~ d e ,  and tlbe vapors can be a 
~ h m a r d ] & : ~ ~ w r l h e n ~ c w ~ ~  
~ e n L D o ~ ~ t b e g a s c j ~ ~ M a k e t h e ~  
c e m & i n a ~ - ~ ~  

* i 



the bottom. Put a small piece of 
cloth in the bottom of the can to 
keep the charcoal from falling into 
the filtered gasoline. You may have 
to change the charcoal several 
times before the gasoline is clear. 

Put the 5 grams (1/5 ounce) of raw 
F / G Q H  2. /F THh GASOLINE 1 5  
COIORXD /t CAN BE FILTERED 

shect rubber in a jar and pour in 
%'ROUGH CH4RCOrOL 7'' 
REMOVE 7 M  -OR. iH/S 

the W)cc (16 ounces) of ordinary 
W/LL KEEP 7 % ~  RMBER gasoline (see Figure 1). Cover the 
CEMEM FRDM SrA/N/NG. jar. 

It takes about three days for the rubber to dissolve completely in the gasoline. 
Stir the mixture several timzs during this period, especially when the mixture 
becomes thick. If some of the rubber does not dissolve, more stirring will break it 
up. When the rubber is dissolved, you will have a smoot!., 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 exposed to sunlight for a long time. 

Mark the bottle: 

The cement should be kept in a ventilated cupboard when it is not beiig used. 

To make a handy dispenser for the 
cement: Cut a hole in the cover of 
the jar, large enough for the 
handle of a 2.5cm (1") brush (see 
Figure 3). Push the handle through 
the hole and leave the brush in the 
jar. This should be airtight because 
the cement hardens quickly when 

F/CURE 3. A DISPENSER CAN BE MADS exposed to air. 
BY C U n / N C ;  A HOLE /N 7UE COVEe 
LARGE ENOUW FUR 7ME HAMDLE OF 
flZ.6 C.M BRUSH. THE D/SP.FAfSER 
MUS7 BE A/RT/tiM SO 7N.7 THE &M- 
EW W/LL NO7 D17y OUT. 

Source: 

I Bunyard, Robert J. "Rubber Cement in a Tropical Climate," 17re Multiplie~ 'Jol. 2, 
No. 6, July 1956. 
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ic a lagrams 2.2046 
k i . raqr  ams 1.102 x l o 4  
ki :ogram-calor ies  3.968 
k i l o g r a m - c a l o r l z s  3,086 
kilogram-calorles 1.558 X l o e 3  
kilogram-calories 4,183 
k i l o g r a m - c a l o r i e s  426.6 
kilogram-calories/min. 51.43 
kilogram-calorles/min. 0.09351 
k i logram-ca lo r ies /min .  0.06972 
k l l o g r a m s / h e c t  a r e  .893 
k i l o m e t e r s  1  o5 
k i l o m e t e r s  0.6214 
kilometers 3,281 
kilometers 1 ,000  
k i l o m e t e r s  1093.6 
k l l o m e t e r s / h o u r  27.78 
k i l o m e t e r s / h o u r  54.68 
k  l l o m e t e r s / h o u r  0.9113 
k i l o m e t e r s / h o u r  0.5396 
k i l o m e t e r s / h o u r  15.67 
k i lomete r s /hour  0.621k 
k i l o w a t t s  56.92 
k i l o w a t t s  4.425 X l o 4  
k i l o w a t t s  737.6 
k i l o w a t t s  1.341 
k i l o w a t t s  14.34 
k l lowat  ts 1  o3 
k a l o w a t t s - h o u r s  3,412 
kilowatts-hours 2.655 X l o 6  
kilowatts-hours 1.341 
kilowatts-hours 3.6 X l o 6  
k i l o w a t t s - h o u r s  860.5 
k i l o w a t t s - h o u r s  3.671 X l o 5  
m e t e r s  100 
mete r s  3.2808 
m e t e r s  39.37 
mete r s  1 o ' ~  
m e t e r s  I 03 
mete r s  1.0936 
meter-ki iograms 9.807 X l o 7  

T O  OBTAIN 

atmospheres 
f e e t  of wa te r  
kgs/sq meter 
pounds/sq f o o t  
pounds/sq i n c h  
utmospheree 
l n c h e s  of  mercury 
kgs / square  meter  
ounces / square  Inch  
pounds/s q u a r e  f o o t  
pounds/square i n c h  
6.t.u. 
foot-pounds 
wa t t -hours  
wat t - seconds  
dynes  
grams 
pounds 
s h o r t  t o n s  
B . t  .u. 
roo t-pounds 
horsepower-hours 
j o u l e s  
ki logram-meters  
foot-pounds/second 
horsepower 
kilowatt: ;  
pounds/acre  
c e n t  l rne t s r s  
m l  l e s  
f e e t  
me te r s  
ya rds  
c e n t i m e t e r s / s e c  
fee t /minu t  e  
f e e t i s e c o n d  
knot s /hour  
m e t e r d h u c r  
ml les /hour  
8.t .u. /nsiiute 
foo t-pounds/minut e  
foot-pounds/second 
horsepower 
kg-calor  l e s /mln  
w a t t s  
8.t .u.  
foot-pounds 
horsepower-hours 
j o u l e s  
k i l o g r a m - c a l o r i e s  
ki logram-meters  
c e n t  m e t e r s  
f e e t  
l n c h e s  
k i l o m e t e r s  
millimeters 
yards  
c e n t  m e t e r - d y  n e s  



M U L T I P L Y  

m e t e r - k i l o g r a m s  
m e t e r - k i l o g r  ams 
m e t e r s / m i n u t e  
m e t e r d m i n u t e  
m e t e r d m i n u t e  
m e t e r s / n i n u t e  
n e t e r s / m i n u t e  
me t e r s / s e c o n d  
m e t e r s / s e c o n d  
me t e r s / s e c o n d  
m e t e r s / s e c o n d  
me t e r d s e c o n d  
m e t e r s / s e c o n d  
miles 
m i l e s  
miles 
m i l e s  
m i l e s / m i n  
m i l e s / m i n  
~ i l o s / m i n  
o u n c e s  
o u n c e s  
o u n c e s  
o u n c e s  
o u n c e s / s q u a r e  i n c h  
p i n t s  ( d r y )  
p i n t s  ( l i q u i d )  
p o u n d s  
p o u n d s  
p o u n d s  
p o u n d s  
p o u n d s  o f  w a t e r  
p o u n d s  o f  w a t e r  
p o u n d s  o f  w a t e r  
p o u n d s  o f  w a t e r / m i n .  
p o u n d s / c u b i c  f o o t  
p o u n d s / c u b i c  f o o t  
p o u n d s / c u b i c  f o o t  
p o u n d s / s q u a r e  f o o t  
p o u n d s / s q u a r e  f o o t  
p o u n d s / s q u a r e  i n c h  
p o u n d s / s q u a r e  i n c h  
p o u n d s / s q u a r e  i n c h  
q u a r t s  ( d r y )  
q u a r t s  ( l i q u i d )  
q u a d r a n t s  ( a n g l e )  
q u a d r a n t s  ( a n g l e )  
q u a d r a n t s  ( a n g l e )  
r a d i a n s  
r a d i a n s  
r a d i a n d s e c o n d  
r a i d a n d s e c o n d  
r e v o l u t i o n s  
r e v o l u t i o n s  
r e v o l u t i o n s  
r e v o l u t i o n s / m i n u t e  
E q u a r e  c e n t i m e t e r s  
s q u a r e  c e n t i m e t e r s  
s q u a r e  c e n t i m e t e r s  

TO O B T A I N  

c e n t  i r n e t e r - g r  ams 
p o u n d - f e e t  
c e n t i m e t e r s / s e c o n d  
f e e  t / m i n u t e  
f  e e t / s e c o n d  
k i l o m e t e r s / h o u r  
m i l e s / h o u r  
f e e t / ~ n i n u t e  
f e e t / s e c o n d  
k i l o m e t e r s / h o u r  
k i l o m e t e r s / m i n u t e  
m i l e s / h o u r  
m i l e d m i n u t e  
c e n t i m e t e r s  
f e e t  
k i l o m e t e r s  
y a r d s  
f e e t / s e c o n d  
k i l o m e t e r s / m i n u t e  
k n o t  s / r n i n u t e  
d r a m s  
g r a i n s  
g r a m s  
p o u n d s  
p o u n d s / s q u a r e  i n c h  
c u b i c  i n c h e s  
c u b i c  i n c h e s  
d y n e s  
g r a i n s  
g r  ams 
k i l o g r a m s  
c u b i c  f e e t  
c u b i c  i n c h e s  
g a l l o n s  
c u b i c  f e e t / s e c o n d  
g r a m s / c u b i c  cms. 
k g s / c u b i c  m e t e r  
p o u n d s / c u b i c  i n c h  
k g s / s q  m e t e r  
p o u n d s / s q u a r e  i n c h  
a t m o s p h e r e s  
k g s / s q u a r e  m e t e r  
p a u n d s / s q u a r e  f o o t  
c u b i c  i n c h e s  
c u b i c  i n c h e s  
d e g r e e s  
m i n u i e s  
r a d i a n s  
d e g r e e s  
m i n u t e s  
d e g r e e s / s e c o n d  
r e v o l u t i o n s / s e c o n d  
d e g r  e e a  
q u a d r a n t s  
r a d i a n s  
d  e g r e e s / s e c o n d  
s q u a r e  f e e t  
s q u a r e  i n c h e s  
s q u a r e  m e t e r s  



M U L T I P L Y  

s q u a r e  c e n t  j mete r s  
s q u a r e  f e e t  
s q u a r e  f e e t  
s q u a r e  f e e t  
s q u a r e  f e e t  
s q u a r e  f e e t  
s q u a r e  Feet  
s q u a r e  i n c h e s  
s q u a r e  i n c h e s  
s q u a r e  m e t e r s  
s q u a r e  m e t e r s  
s q u a r e  m e t e r s  
s q u a r e  m e t e r s  
s q u a r e  m i l e s  
s q u a r e  m i l e s  
s q u a r e  m i l e s  
s q u a r e  m i l e s  
s q u a r e  y a r d s  
s q u a r e  y a r d s  
s q u a r e  y a r d s  
s q u a r e  y a r d s  
temp ( d e g s  C) + 237 
temp (degs  C) + 17.8  
temp ( d e g s  F) - 32 
t o n s  ( l o n g )  
t o n s  ( l o n g )  
t o n s  ( m e t r i c )  
t o n s  ( m e t r i c )  
t o n s  ( s h o r t )  
t o n s  ( s h o r t )  
t o n s  ( s h o r t ) / s q .  f o o t  
t o n s  ( s h o r t ) / s q .  f o o t  
t o n s  ( s h o r t ) / s q .  i n c h  
t o n s  ( s h o r t )  /sq.  i n c h  
y a r d s  

TO O B T A I N  

s q u a r e  m i l l i m e t e r s  
a c r e s  
s q u a r e  c e n t i m e t e r s  
s q u a r e  i n c h e s  
s q u a r e  m e t e r s  
s q u a r e  m i l e s  
s q u a r e  y a r d s  
s q u a r e  c e n t i m e t e r s  
s q u a r z  m i l l i m e t e r s  
a c r e s  
s q u a r e  f e e t  
s q u a r e  m i l e s  
s q u a r e  y a r d s  
a c r e s  
s q u a r e  f e e t  
s q u a r e  k i l o m e t e r s  
s q u a r e  y a r d s  
a c r e s  
s q u a r e  f e e t  
s q u a r e  m e t e r s  
s q u a r e  m i l e s  
abs  temp ( d e g s  K )  
temp ( d e g s  F )  
temp ( d e g s  C) 
k i l o g r a m s  
pounds 
k i l o g r a m s  
pounds 
k i l o g r a m s  
pounds 
k g s / s q u a r e  m e t e r  
pounds / squa re  i n c h  
k g s / s q u a r e  me te r  
pounds / squa re  i n c h  
m e t e r s  



FIGURE 1 

TEMPERATURE CONVERSION 

The c h a r t  i n  Figure 1 i s  usefu l  f o r  

9 u i ck  conversion from degrees Ce ls ius  
Cent igrade) t o  degrees Fahrenhei t  and 

v i c e  versa. Although t h e  cha r t  i s  f a s t  
and handy, y z u  mbj t  use t he  equat ions 
below if y o u r  answer must be accurate 
t o  w i t h i n  one degree. 

Equations: 

Degrees Ce l s i us  = 5/9 x (Degrees 
Fahrenhei t  -32) 

Degrees Fahrenhei t  = 1.8 x (Degrees 
Ce ls ius)  +32 

Example : 

This example may h e l p  t o  c l a r i f y  t he  
use o f  t he  equations; 72F equals how 
many degrees Cels ius? 

72F = 5/9 (Degrees F -32) 

Not ice t h a t  the  c h a r t  reads 22C, an 
e r r o r  o f  about 0.2C. 


