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The technical notes on rural water
supply are divided 1nto five series as
shown in Table 1: RWS.1 - Surface
Water; RWS.2 - Ground Water; RWS.3 -

Water Treatment; RWS.4 - Water
Distribution; and RWS.5 - Water
Storage. Within each series, the tech-

nical notes are organlzed according to
methods (M), planning (P), design (D),
construction (C) and operation. and
maintenance (O). All technical notes
have both a title and a number within
each category indicating where they fit
on Table 1. For example, RWS.3.P.3,
"Analyzing a Water Sample," is part of
the Water Treatment series (3),

discusses planning (P), and is the

‘third technical note in the 3P series

See "Overview of Water and

3).
‘Sanitation System Development," HR.G,

for a full discussion of the organiza-
tion of the technical notes and a list
of all of them. The rural water supply
technical notes are listed at the end
of this note.

If possible, the technical notes
should be read and used 1n order of
methods, planning, design, construc-
tion, and operation and maintenance.
This will give the reader a thorough
understanding of the subJject covered
and allow him or her to proceed with
the activity in an orderly manner. The
methods, planning and design technical
notes were written for people with some
experience with water supply systems
who are responsible for project design
and decision-making. The construction
and operation and maintenance technical
notes, in most cases, may be used by
people with less experlience since these
activities involve little or no
decision-making. Thus, the construc-
tion and operation and maintenance
technical notes may be used by someone

.who is carrying out their tasks, but is

working under another person who has
consulted the methods, planning and
deslgn notes for that particular pro-
Ject.

f Table 1. Organization of Rural Water Supply \

Technical Notes
Rural Water
Supply
(RWS)
rC 1 H 1 1
RWS.1 Surface RWS.2 Ground RWS.3 Water RWS.4 Water RWS.S Water
water Water Treat- Distei- Stoe-
ment bution age
1 T 1 1 1
Methods Methode Methods Methods Methods
(M) (M) (M) (n) »)
1 1 1 1
Planning Planning Planning Planning Planning
(P) (P) (P) (P) (P}
I 1 1 1
Design Design Design Design Design
(D) (D) (D) (D) (D)

1 ] I 1 1
Conatruction Construction Construction Construction || Constructiory
<) (c) ) (c) <)

1 1 1

Operation and Operation and Operation and Operation Operation
Maintenance Magntenance Maintenance and and
(0) (0) Maintenance Maintenance
(0) (]

\_ —)

Sources of Further Information

The books listed below will be use-
ful to those interested in further
reading on the subjects covered by the
technical notes on rural water supply.

Appropriate Technology for Water Supply
and Sanitation, Richard Feachem, et
al., 1981. The World Bank, 1818 H
Street, N.W., Washington, D.C. 20433
U.S.A.

Ferrocement Water Tanks and Their
Construction, S.B. Watt, 1978.
Intermediate Technology Publications
Ltd., 9 King Street, London WC2E 8HN
United Kingdom.

Ground Water and Wells, 1975. Johnson
Division, UOP Inc., Saint Paul,
Minnesota 55165 U.S.A

Manual for Rural Water Supply, 1980.
Helvetas, Swiss Association for
Technical Assistance, St.
Moritzstrasse 15, 8042 Zurich,
Switzerland.
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Planning for an Individual Water Water Treatment and Sanitation: A

System, 1973. American Assoclation ‘Handbook of Simple Methods for Rur‘a'
for Vocational Instructional , Areas in Developing Countries, H.T.
Materials, Engineering Center, Mann and D. Williamson, 1974,
Athens, Georgla 30602 U.S.A. Intermediate Technology Publications,
Ltd., 9 King Street, London WC2E 8HN
Slow Sand Filtration, L. Huisman and United Kingdom.
W.E. Wood, 1974. World Health
Organization, Av. Appia, 1211 Geneva Wells Construction: Hand Dug and Hand
27 Switzerland. Drilled, Richard E. Brush, 1979.
* Peace Corps, Information Collection
Slow Sand Filtration for Community and Exchange, 806 Connecticut Avenue,
Water Supply in Developing Countries: N.W., Washington, D.C. 20525 U.S.A.

A Design and Construction Manual,
J.C. Van Dijk and J.H.C. Oomen,
December 1978. WHO International
Reference Centre for Community Water
Supply and Sanitation, P.0O. Box 5500,
2280 HM Rijswijk, the Netherlands.

Small Community Water Supplies:
Technology of Small Water Supply
Systems in Developlng Countries,
edited by E.H. Hofkes, 1981. WHO
International Reference Centre for
Community Water Supply and
Sanitation, P.0. Box 5500, 2280 HM
Rijswijk, The Netherlands.,

Small Water Supplies, Sandy Cairncross
and Richard Feachem, 1978. The Ross
Institute of Troplcal Hygiene, London
School of Hygiene and Tropical
Medicine, Keppel Street, Gower
Street, London WC1E 7HT United
Kingdom.

UNICEF Guide List OLGA Rural Water
Supply and Sanitation in the
Developing Countries, 1975. UNICEF,
United Nations, New York, New York
10017 U.S.A.

Using Water Resources, 1977. Volun-
teers in Technical Assistance, 3706
Rhode Island Avenue, N.W., Mount
Ranier, Maryland 20822 U.S.A.

Village Technology Handbook, 1978.
Volunteers in Technical Assistance,
3706 Rhode Island Avenue, N.W., Mount
Ranier, Maryland 20822 U.S.A.

Water Supply for Rural Areas and Small
Communities, E.G. Wagner and J.N.
Lanoix, 1959. World Health
Organization, Av. Appla, 1211 Geneva
27, Switzerland.




. vist of Technical Notes
d The following 1s a 1list of all the technical notes on rural water supply.
RURAL WATER SUPPLY
RWS.G Overview of Rural Water Supply

RWS.1 Surface Water

Methods
RWS,1.M Methods of Developing Sources of Surface Water
Planning
RWS.1.P.1 Planning How to Use Sources of Surface Water
RWS.1.P.2 Conducting Sanitary Surveys to Determine Acceptable Surface
Water Sources

RWS.1.P.3 Selecting a Source of Surface Water
RWS.1.P. 4 Choosing Where to Place Intakes
RWS.1.P.5 Evaluating Rainfall Catchments
Design

'RWS.I.D.I Designing Structures for Springs
RWS.1.D.2 Designing Intakes for Ponds, Lakes and Reservolrs
RWS.1.D.3 Designing Intakes for Streams and Rivers
RWS.1.D.4 Designing Roof Catchments
RWS.1.D.5 Designing Small Dams
Construction
RWS.1.C.1 Constructing Structures for Springs
RWS.1.C.2 Constructing Intakes for Ponds, Lakes and Reservolrs
RWS.1.C.3 Constructing Intakes for Streams and Rivers
RWS.1.C.4 Constructing, Operating and Maintaining Roof Catchments
RWS.1.C.5 Constructing Small Dams

QOperation and Maintenance

RWS.1.0.1 Maintaining Structures for Springs
RWS.1.0.2 Maintaining Intakes
“ RWS.1.0.5 Maintaining Small Dams



Methods

RWS.2.M

Planning
RWS.2.P.1
RWS.2.P.2
RWS.2.P.3
Design

RWS.2.D.1
RWS.2.D.2
RWS.2.D.3
RWS.2.D. 4
RWS.2.D.5

Construction

RWS.2.C.1
RWS.2.C.2
RWS.2.C.3
RwWS.2.C. 4
RWS.2.C.5
RWS.2.C.6
RWS.2.C.7
RWS.2.C.8

RWS.Z.C.g

Methods
RWS.3.M
Planning
RWS.3.P.1
RWS.3.P.2
RWS.3.P.3
RWS.3.P.4

RWS.2 Ground Water

Methods of Developing Sources of Ground Water

Planning How to Use Sources of Ground Water
Selecting a Method of Well Construction

Selecting a Well Site

Designing Dug Wells

Designing Driven Wells

Designing Jetted Wells

Designing Bored or Augered Wells

Designing Cable Tool Wells

Constructing Dug Wells

Constructing Driven Wells
Constructing Jetted Wells
Constructing Bored or Augered Wells
Constructing Cable Tool Wells
Maintaining Well Logs

Testing the Yield of Wells
Finishing Wells

Disinfecting Wells

RWS.3 Water Treatment

Methods of Water Treatment

Determining the Need for Water Treatment
Taking a Water Sample
Analyzing a Water Sample

Planning a Water Treatment System

4




Design
RWS.3.D.1

RWS.3.D.2
RWS.3.D.3
RWS.3.D. 4
RWS.3.D.5

Construction

RWS.3.C.1
RWS.3.C.2
R¥WS.3.C.3
RWS.3.C.4

Designing Basic Household Water Treatment Systems
Designing a Small Community éedimentation Basin
Designing a Slow Sand Filter .
Designing a Small Community Disinfection Unit

Water Treatment in Emergenciles

Constructing a Household Sand Filter
Constructing a Sedimentation Basin
Constructing a Slow Sand Filter

Constructing a Disinfection Unit

Operation and Maintenance

RWS.3.0.1
RWS.3.0.2
RWS.3.0.3
RWS.3.0.4

Methods
RWS.4.M
Planning
RWS.4.P.1

RWS.4.P.2

RWS.4.P.3
RWS.L4.P.4
RWS.4.P.5
RWS.4.P.6
Design

RWS.4.D.1
RWS.4.D,.2
RWS.4.D.3

Operating and Maintaining Household Treatment Systems
Operating and Maintalining a Sedimentation Basin
Operating and Maintaining a Slow Sand Filter

Operating and Maintalning a Chemical Disinfection Unit

RWS.4 Water Distribution

Methods of Delivering Water

Choosing Between Gravity Flow and Pumps

Choosing Between Community Distribution Sytems and Household
Water Connections

Selecting Plpe Materials
Selecting a Power Source for Pumps
Selecting Pumps

Manufacturing Hand Pumps Locally

Designing a System of Gravity Flow
Determining Pumping Requirements

Designing a Transmlssion Main



RWS.4.D. 4 Designing Community Distribution Systems

RWS.4.D.5 Designing a Hydraulic Ram Pump

Construction |

RWS.4.C.1 " Installing Pipes

RWS.4.C.2 Installing Mechanical Pumps

RWS.4.C.3 Installing Hand Pumps

RWS.4.C.4 Constructing Community Distribution Systems

RWS.4.C.5 Constructing a Distributlion System with Household Connections

Operation and Maintenance

RWS.4.0.1 Detecting and Correcting Leaking Pipes

RWS.4.0.2 Operating and Maintaining Mechanical Pumps

RWS.4.0.3 Operating and Maintaining Hand Pumps

RWS.4.0.5 Operating and Maintaining Household Water Connections

RWS.5 Water Storage

Methods ,
RWS.5.M Methods of Storing Water

Planning

RWS.5.P.1 Determining the Need for Water Storage
Design

RWS.5.D.1 Designing a Household Cistern

RWS.5.D.2 Designing a Ground Level Storage Tank
RWS.5.D.3 Designing an Elevated Storage Tank
Construction

RWS.5.C.1 Constructing a Household Cistern
RWS.5.C.2 Constructing a Ground Level Storage Tank
RWS.5.C.3 Constructing an Elevated Storage Tank

Operatlion and Maintenance

RWS.5.0.1 Maintaining Water Storage Tanks
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Notes

Technical Notes are part of a set of “Water for the World” materials produced under contract to the U.S. Agency for International Development by Nationat
Demonstration Water Project, Institute for Rural Water, and National Environmental Health Association. Artwork was done by Redwing Art Service. Technical Notes are
intended to provide assistance to a broad range of people with field responsibility for village water supply and sanitation projects in the developing nations. For more
detail on the purpose, organization and suggestions for use of Technical Notes, see the introductory Note in the series, titled "Using ‘Water for the World’ Technical
Notes.” Other parts of the "Water for the World" series include a comprehensive Program Manual and several Policy Perspectives. Further information on these
materials may be obtained from the Development Information Center, Agency for International Development, Washington, D.C., 20523, U.S.A.
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How to Use Technical Notes
Technical Note No. HR. G

N

"Water for the World" technical
notes are intended for use in the de-
veloping nations by people who have
field responsibility for water supply
and sanitation programs in rural areas.
There are 160 technical notes covering
detailed toplcs on human resources,
water supply, sanitation and dilsease.
Some of the topics are complicated but
most of the technical notes present
materials in a way that a layperson °
with some knowledge of water supply and
sanitation can carry out the activity
described.

There are a number of possible uses
of technical notes in addition to their
primary purpose of providing useful
information to people working directly

a.‘in the field on water supply and sani-
.“{cation projects.

For example, the
material can be translated as is into
local languages and reproduced; 1t can
be divided into more useful segments to
meet a local situation's needs and made
culture specific; 1t can be used as
training materials; or it can be the
basis for posters, radlo spots,
flyers,or other audio-visual alds for
use in a community education effort or
in other ways.

Other “Water for the World” Materials

Also a part of the "Water for the
World" series 1s a book and three
booklets. The book is titled Safe
Water and Waste Disposal for Rural
Health: A Program Guide. It was writ-
ten for people 1in the developing
nations who are interested in putting
together a countrywide program for
improving rural water supply and sani-
tation faclilities. It does not contain
as much specific technical information
as the technical notes. Rather, it
focuses on all of the elements that go
into designing and implementing a suc-
cessful water and waste disposal
‘program.

The three booklets were written for
policy-makers in the developing nations
to highlight the need for action to

improve water supplies and sanitation
facilities. One of the booklets 1is a
short summary of the Program Guide.
The other two are titled "Program
Planning for the Decade for Water" and
"Program Implementation for the Decade
for Water."

Organization of Technical Notes

The technical notes are divided into
four broad categorlies: Human Resources
(HR), Rural Water Supply (RWS),
Sanitation (SAN), and Disease (DIS).
The notes are organized as shown in
Table 1. Each broad category 1s .
divided into two or more series, each
of which 1s assigned a number. Then
the numbered series are divided into
methods (M), planning (P), design (D),
construction (C), and operation and
maintenance (0) for the Rural Water
Supply and Sanitation categories; into
methods (M), planning (P) and implemen-
tation (I) for the Human Resources
category; and into methods (M) and
planning (P) for the Disease category.

If possible, the technlcal notes
should be read and used in order:
methods first, then planning, then
deslgn, and so on. In this way, the
person using the technical notes will
have a thorough understanding of the
subject covered and will be able to
proceed with the activity in an
orderly, logical way. The methods,
planning and design technlcal notes
were written for people with some
experience in the subject covered who
are responsible for project design and
decision-making. The construction and
operation and maintenance technical
notes, in most cases, may be used by
people with less experience since these
activities involve little or no
decision-making. Thus, the construc-
tion and operation and maintenance
technical notes may be used by someone
who 1s carrying out their tasks, but 1s
working under another person who has
consulted the methods, planning and
design notes for that particular pro-
Ject.




All technical notes have both a
title and a number which identifies
where they fit on Table 1. For
example, SAN.3.C.U4, "Constructing a
Biogas System" 1s 1n the Sanitation
category (SAN), the Solid Waste
Disposal series (3), and has to do with
construction (C).

kind of solid waste disposal system on
which technical notes were written (4).
All of the technical notes are cross-
referenced by both title and number so .
that they will be easy to find. The
following is a list of all of the

"Water for the World" technical notes.

It is the fourth

List of Technical Notes

HR.G
HR.1

Methods

HR.2.M

Planning
HR.2.P

Implementation

HR.2.I

Methods

HR- 3¢M

Planning
HR.3.P

Implementation

HR.3.I.1

HR.3.I.2

HUMAN RESOURCES
How to Use Technical Notes

Overview of Water and Sanitation System Development

HR. 2 Community Participation

Methods of Initiating Community Participation in Water Supply
and Sanitation Programs

Community Particlipation in Planning Water Supply and
Sanitation Programs

®
s

Community Participation in Implementing Water Supply and
Sanltatlon Programs

HR. 3 Operation and Maintenance Training
Methods of Operation and Maintenance Training
Planning Operation and Maintenance Training

Implementing Operation and Maintenance Training

Evaluating Operation and Maintenance Training



RURAL WATER SUPPLY
. RWS.G Overview of Rural Water Supply

RWS. 1 Surface Water

Methods
RWS.1.M Methods of Developing Sources of Surface Water
Planning
RWS.1.P.1 Planning How to Use Sources of Surface Water
RWS.1.P.2 Conducting Sanitary Surveys to Determine Acceptable Surface
Water Sources
RWS.1.P.3 Selecting a Source of Surface Water
RWS.1.P.4 Choosing Where to Place Intakes
RWS.1.P.5 Evaluating Rainfall Catchments
Design
RWs.1.D.1 Designing Structures for Springs
RWS.1.D.2 Designing Intakes for Ponds, Lakes and Reservoirs
_ RWS.1.D.3 Designing Intakes for Streams and Rivers
@ RWS.1.D.4 Designing Roof Catchments
RWS.1.D.5 Designing Small Dams
Construction
RWS.1.C.1 Constructing Structures for Springs
RWS.1.C.2 Constructing Intakes for Ponds, Lakes and Reservoirs
RWS.1.C.3 Constructing Intakes for Streams and Rivers
RWS.1.C.4 Constructing, Operating and Maintaining Roof Catchments
RWS.1.C.5 Constructing Small Dams

Operation and Maintenance

RWS.1.0.1 Maintalning Structures for Springs
RWsS.1.0.2 Maintalning Intakes
RWS.1.0.5 Maintaining Small Dams



Methods
RWS.2.M
Planning
RWS.2.P.1
RWS.2.P.2
RWS.2.P.3
Design
RWS.2.D.1
RWS.2.D.2
RWS.2.D.3
RWS.2.D. 4

RWS.2.D.5

Construction

RWS.2.C.1
RWS.2.C.2
RWs.2.C.3
RWs.2.C. 4
RWS.2.C.5
RWS.2.C.6
RWS.2.C.7
RWS.2.C.8
RWS.2.C.9

Methods

RWS.3.M

Planning
RWS.3.P.1
RWS.3.P.2
RWS.3.P.3
RWS.3.P. 4

RWS 2. Ground Water

Methods of Developing Sources of Ground Water

Planning How to Use Sources of Ground Water
Selecting a Method of Well Construction

Selecting a Well Site

Designing Dug Wells

Designing Driven Wells

Designing Jetted Wells

Designing Bored or Augered Wells

Designing Cable Tool Wells

Constructing Dug Wells

Constructing Driven Wells
Constructing Jetted Wells
Constructing Bored or Augered Wells
Constructing Cable Tool Wells
Maintaining Well Logs

Testing the Yield of Wells
Finishing Wells

Disinfecting Wells

RWS. 3 Water Treatment

Methods of Water Treatment

Determining the Need for Water Treatment
Taking a Water Sample
Analyzing a Water Sample

Planning a Water Treatment System




Design
RWS.3.D.1

RWS.3.D.2
RWS.3.D.3
RWS.3.D.4

RWS.3.D.5

Construction

RWS.3.C.1
RWS.3.C.2
RWS.3.C.3
RWS.3.C. 4

Designing Basic Household Water Treatment Systems

Designing a Small Community Sedimentation Basin

Designing

Designing

a Slow Sand Filter

a Small Community Disinfection Unit

Water Treatment in Emergenciles

Constructing a Household Sand Filter

Constructing a Sedimentation Basin

Constructing a Slow Sand Filter

Constructing a Disinfection Unit

Operation and Maintenance

RWS.3.0.1
RWS.3.0.2
RWS.3.0.3
RWS.3.0.4

Methods
RWS.4.M
Planning
RWS.4.P.1

RWS.4.P.2

RWS.4.P.3
RWS.4,P. 4
RWS.4.P.5
RWS.4,.P.6
Design

RWS.4.D.1
RWS.4.D.2
RWS.4.D.3

Operating
Operating
Operating

Operating

and Maintaining Household Treatment Systems
and Maintaining a Sedimentation Basin
and Maintaining a Slow Sand Filter

and Malntaining a Chemical Disinfection Unit

RWS. 4 Water Distribution

Methods of Delivering Water

Choosing Between Gravity Flow and Pumps

Choosing Between Community Distribution Systems and Household

Water Connections

Selecting

‘Selecting

Selecting

Pipe Materials
a Power Source for Pumps

Pumps

Manufacturing Hand Pumps Locally

Designing

a System of Gravity Flow

Determining Pumping Requirements

Designing

a Transmission Mailn



RWS.4.D. 4 Designing Community Distribution Systems

RWS.4.D.5 Designihg a Hydraulic Ram Pump

Construction

RWS.4.C.1 Installing Pipes

RWS.4.C.2 Installing Mechanical Pumps

RWS.4.C.3 Installing Hand Pumps

RWS.4,.C. 4 Constructing Community Distribution Systems

RWS.4.C.5 Constructing a Distribution System with Household Connections

Operation and Maintenance

RWS.4.0.1 Detecting and Correcting Leaking Pipes
RWS.4.0.2 Operating and Maintaining Mechanical Pumps
RWS.4.0.3 Operating and Maintaining Hand Pumps

RWS.4.0.5 Operating and Maintaining Household Water Connections

RWS. 5 Water Storage

Methods

RW3.5.M Methods of Storing Water

Planning

RWS.5.P.1 Determining the Need for Water Storage
Design

RWS.5.D.1 Designing a Household Cistern
RWS.5.D.2 Deslgning a Ground Level Storage Tank
RWS.5.D.3 Deéigning an Elevated Storage Tank
Construction |

RWS.5.C.1 Constructing a Household Cistern
RWS.5.C.2 Constructing a Ground Level Storage Tank
RWS.5.C.3 Constructing an Elevated Storage Tank

Operation and Maintenance

RWS.5.0.1 Maintaining Water Storage Tanks




SAN.G

Methods
SAN.1.M.1
SAN.1.M.2

Planning
SAN.1.P

Design
SAN.1.D.1

SAN.1.D.2
SAN.1.D.3
SAN.1.D. 4
SAN.1.D.5
SAN.1.D.6

SAN.1.D.7

Construction

SAN.1.C.1
SAN.1.C.2
SAN.1.C.3
SAN.1.C.4
SAN.1.C.5
SAN.1.C.6
SAN.1.C.7

SANITATION

Overview of Sanitation

SAN. 1 Simple Excreta and Washwater Disposal

Simple Methods of Excreta Disposal

Simple Methods of Washwater Disposal

Planning Simple Excreta and Washwater Disposal Systems

Designing
Designing
Designing
Designing
Designing
Designing

Designing

Slabs for Privies
Pits for Privies
Privy Shelters
Aqua Privies
Bucket Latrilnes
Compost Tollets

Sumps, Soakage Plts and Trenches

Constructing Slabs for Privies

Constructing Pits for Privies

Constructing Privy Shelters

Constructing Aqua Privies

Constructing Bucket Latrines

Constructing Compost Toilets

Constructing, Operating, and Maintaining Sumps, Soakage

Pits, and Trenches

Operation and Maintenance

SAN.1.0.1
SAN.1.0.4
SAN.1.0.5
SAN.1.0.6

Operating
Operating
Operating

Operating

and Maintaining Privies
and Maintaining Aqua Privies
and Maintalning Bucket Latrines

and Maintaining Compost Tollets



Methods
SAN.2.M
Planning
SAN,.2.P.1
SAN,.2.P.2

SAN.2.P.3

Design
SAN.2.D.1

SAN.2.D.2
SAN.2.D.3
SAN.2.D. 4
SAN.2.D.5
SAN.2.D.6
SAN.2.D.7

SAN.2.D.8

Construction

SAN.2.C.1

SAN.2,C.2
SAN.2.C.3
SAN.2.C. 4
SAN.2.C.5
SAN.2.C.7

SAN.2.C.8

SAN. 2 Combined Excreta and Washwater Disposal

Methods of Combined Washwater and Excreta Disposal

Planning Combined Washwater and Excreta Disposal Systems
Estimating Sewage or Washwater Flows

Determining Soil Suitability

Designing Subsurface Absorption Systems
Designing Cesspools

Designing Septic Tanks

Designing Sewer Systems

Designing Stabillization Ponds

Designing a System of Stablilization Ponds
Designing Mechanically Aerated Lagoons

Designing Non-Conventional Absorption Disposal Systems '.)

Constructing, Operating and Maintaining Subsurface Absorption
Systems

Constructing Cesspools

Constructing Septic Tanks

Constructing Sewer Systems

Constructing Stabilization Ponds
Constructing Mechanically Aerated Lagoons

Constructing, Operating and Maintaining Non-Conventional
Absorption Systems

Operation and Maintenance

SAN.2.0.3
SAN.2.0.4
SAN.2.0.5
SAN.2.0.7

Operating and Maintaining Septic Tanks
Operating and Maintaining Sewer Systems

Operating and Maintalning Stabilization Ponds

Operating and Maintaining Mechanlcally Aerated Lagoons 3'§



.’. Methods

SAN.3.M
Planning
SAN.3.P

Design

SAN.3.D.1
SAN.3.D.2
SAN.3.D.3
SAN.3.D. 4

Construction

SAN.3.C.4

Operation and Maintenance

SAN. 3 Solid Waste Disposal

Methods of So0lld Waste Management

Planning Solid Waste Management Systems

Designing

Designing

Designing

Designing

a Landfill
a Composting System
a Solid Waste Collection System

a Biogas System

Constructing a Biogas System

SAN.3.0.1
SAN.3.0.2
SAN.3.0.3

‘SAN.3.0.4

DIS.G

Methods
DIS.1.M.1
DIS.1.M.2

Planning
DIS.1.P

Methods

DIS.2.M.1
DIS.2.M.2
DIS.2.M.3
DIS.2.M.4
DIS.2.M.5

Operating and Maintaining a Landfill

Operating and Maintaining a Composting System

Operating a Solid Waste Collection System

Operating and Maintaining a Biogas System

DISEASE

Overview of Diseases

DIS. 1 Water Supply, Sanitation and Disease

Means of Disease Transmission

Methods of Improving Environmental Health Conditions

Planning Disease Control Programs

Methods
Methods
Methods
Methods

Methods

DIS. 2 Specific Diseases

of
of
of
of

of

Controlling Schistosomlasis

Controlling African Trypanosomiasis
Controlling South American Trypanosomiasis
Controlling Enteric Diseases

Controlling Onchocerciasis

9



Table 1. Organization of Technical Notes
Rural Water
Supply
Human (RWS)
Resources 1
(HR) I T | 1= |
[ i RWS.1 Surface RWS.2 Ground RWS.3 Water RWS.4 Water RWS.5 Water
1 Water Water Treat- Distri- Stor-
HR.1 Overview of HR.2 Community HR.3 Operation ment bution age
Water and Participation and Main- 1 ~T 1 T T
Sanitation T tenance
System De- Training Methods Methods Methods Methods Methods
velop: t
men Kechods T (M) M) (M) (M) M)
M T
Methods ] 1 1 [
L 0 Planning Planning Planning Planning Planning
Pl:(mr)u.ng T (P) (P) (P) (P) (p)
P
Planning 1 T { I l
L (”) Design Design Design Design Design
Implel}iex)ltauon | (D) (@ () (D) 2
I 1
Implementation l 1 I
(1 Construction Construction Construction Construction Conatructior{
()} (c) (c) (c)
B T ] 1
Operation and Operation and Operation and Operation Operation
Maintenance Maintenance Maintenance and and
(0) (0) (0) Maintenance Mair(r;gnance
Sanitation Disease
(SAN) (DIS)
T
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Overview of Water and Sanitation
System Development
Technical Note No. HR. 1

(Water for the World

.

A large percentage of people in
rural areas of the developing world do
not have access to safe and convenlent
water supplies for drinking, personal
hyglene and domestic purposes. Even
fewer people have adequate waste dis-
posal facilitles. The high incidence
of water- and excreta-related diseases
in rural areas results from unsatisfac-
tory water supplies and poor waste
disposal systems. Infections are
contracted when people drink or use
water contaminated with excreta or when
they come in contact with disease-
causing agents in soil. The disease
cycle continues when people recon-
taminate water supplies by 1improperly
disposing of their own wastes in or
near a water source or the area in
which they live. Proper use of water
and sanitation systems can eliminate
such disease cycles. Water supply and
sanitation facilities are complementary
in promoting communal and personal
hygiene and are essential to improved
health conditions.

Water and sanitation system develop-
ment 1in rural areas can further the
economic, social and educational de-
velopment of a community. From a
villager's point of view, the advan-
tages of 1improved water and sanitation
usually are convenlence and prestige
rather than health. A water supply
project offers immediate and
demonstrable results. Those who carry
water long distances, especially women
and children, have more time for other
activities when a water supply is con-
venient to their houses. Village agri-
culture, livestock production and small
industry will frequently expand with
better access to greater quantities of
water. Both individual and community
productivity can rise because of the
better health people enjoy as a result
of access to and use of effective water
and sanitation facilitiles.

a ™

Useful Definitions

ACTION AGENCY - A group of technical
and economic advisors and educators
responsible for guiding and training a
rural community in water supply and
sanitation system development. This

may be a regional office of a govern-
mental agency or an independent de-
velopment group. The action agency is
the liaison between the local water and
sanltation committee and the national
government. The project planner or
project designer works out of the
regional office of the action agency.

VILLAGE WATER AND SANITATION

COMMITTEE - A local community organiza-
tion which represents the village to
the action agency and through which the

\fction agency can reach the community.

Community Participation

The economic, social, environmental
and technical aspects of water and
sanltation projects must be well coor-
dinated if the projects are to succeed.
A very important contribution to
balancing these factors is the par-
ticipation of the community involved in
the project. Without the interest and
support of the people using the system,
no project will succeed, however well
planned it is technically. The success
of a project depends on people
understanding, accepting and using
systems they have chosen themselves.
See Figure 1.

An educational campaign to develop
community awareness of water and sani-
tatlon problems will increase local
participation in developing a project
to satisfy the needs of the community.
Continulng health education 1s
required to help villagers understand



\Figure 1. Community Participation Process

Community and Action Agency

Contributions to
Water and Sanitation
System Development
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the behavioral changes they must make
to recelve health benefits from
improved water and sanitation systems.
Technical training in construction,
operation and maintenance will teach
selected individuals practical skills
and may create an understanding of and
respect for the facillities among the
rest of the villagers.

Developing Water and Sanitation Systems

The development of water and sanita-
tion systems and community involvement
in projects will vary according to
local circumstances. Several prin-
clples apply to most project

situations, however. This series of
technical notes is written with the
following policies and planning guide-
lines in mindg:

1. The community must identify its
own water and sanitation problems. A
strong interest 1n improving existing
water supply and sanitation systems
must be present 1n the village.

2. An "action" agency should provide
the community with technical expertise,
economic advice and asslistance 1n de-~
veloping water and sanitation systems.
The action agency should assist the
village water and sanitation committee
to gain legal powers. Governmental
support 1is necessary for legal clear-
ances but the action agency need not be
a government agency, though in most
situations it is.

3. The community must be willing to
accept, to the extent it 1is able, the j




‘Systems.
‘nical advisors,

responsibilities for funding, devel-
oping, operating and maintaining local
With the assistance of tech-
the community must set
its own goals for improvement and
select 1its own system. When community
members play a major role in developing
a project, they view it as their own
instead of one that has been imposed on
them.

4., The action agency should be
decentralized so that the respon-
siblilty for activity 1s as close as
possible to the community where the
activity takes place. The agency
should supply one or two represen-
tatives to work directly with each com-
munity, although one representative may
be responsible for several communities.
The representative will coordinate pro-
Ject planning and implementation and is
referred to in these technical notes as
the project planner or project
deslgner. The project planner and
designer should be well acqualnted with
the problems and needs of the local
people, the community's political
order, 1ts decislon-making process, its
sanitation practices, and its attitudes
toward excreta disposal, established
water sources and water use.

5. If no appropriate local organiza-
tion exists already, the village should
form a water and sanitation committee
to represent local interests and work
directly with the action agency's pro-
ject planner and designer. The project
planner should provide any organiza-
tional assistance requested. The
village committee should include mem-
bers who represent the various family
or geographic groups in the village as
well as the existing leaders, health
workers, extenslon agents, teachers and
agriculturalists. The committee should
receive some basic training in water
and sanitation from the project planner
so it can help educate the rest of the
community. It 1s very important that
committee members be both men and women
so that water use and sanitation infor-
mation is distributed through existing
cultural channels. The village commit-
tee will be responsible for promoting
the water and sanitation projects 1n
the community so that local educational
needs and economic capabllities can be
determined and specific goals can be
set.

6. The action agency must understand
and respect the economic and cultural
setting of the community so that an
appropriate technical system can be
developed. The agency should be able
to provide materials and funding
assistance to communitlies when
necessary.

7. The agency should teach the
village committee the benefits of water
supply and sanitation improvements and
explain the technical alternatives
available. It must provide supervision
during all phases of the project and
train community members in construc-
tion.

8. The action agency must provide
back~-up support for water and sanita-
tion systems in the form of continuing
education and operation and mailntenance
training.

9. The community and the agency must
collaborate on all decisions and ac-
tivities throughout the project.

Summary

Water and sanitation systems
installed by a community under the
expert advice of the action agency have
many advantages. The improvement of
the local economy and of health con-
ditions are the most obvious. These
benefits may also help a community
realize the potentlial it has to develop
in other areas.

For example, some villages can learn
new technical trades while construct-
ing, operating and maintaining water
and sanitation systems. The introduc-
tion of bookkeeping procedures required
by the project may be extended to other
businesses. Improvement in living con-
ditions may keep villagers from
migrating to the city where 1living con-
ditions may not be as attractive as
they appear. The primary goal of water
and sanitation projects 1s to provide
an adequate and safe supply of water
and effective sanitation systems for
the entire community at the least cost
and with the most suiltable technology.
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Methods of Imtlatmg Community
Participation in Water Supply and
Sanitation Programs
Technical Note No. HR. 2.M

\

The development of good water and
sanitation systems involves many fac-
tors. The technical, environmental,
economic and cultural aspects of such
projects must be well-coordinated if
the projects are to succeed. Such a
balance depends on the interest and
participation of the people who will be
using the water or sanitation facil-
ities. No system, however well
designed and constructed, will benefit
its users 1if it will not last, cannot
be paid for, is improperly operated and
maintained, or is soclally unacceptable
and so 1is not used. A full exchange of
information between the action agency
and the community during all project
phases 1s very important for successful
water and sanlitation system develop-
ment.,

This technical note reviews the
roles and responsibilities of the
actlon agency and the community in pre-
paring to select sclutions to local
water supply and sanitation problems.
Refer to "Overview of Water and
Sanitation Systems Development," HR.1,
for background information on community
participation in water and sanitation
projects.

Starting a Project

The initial contact between the
action agency and the community may be
made by either group. The contact may
be a request from the community to the
action agency for assistance, based on
local concern for better health, desire
for convenlence, or awareness of alter-
natives to the current water system.
Or, the initial contact may be an invi-
tation from the action agency to the
community to work together to improve
the community water and sanitation
system as part of a regional or
national campaign. If the community
does not have a water and sanitation

commlittee, the project planner should
help form one to represent the village
and work directly with the action
agency.

The action agency's project planner
and project designer should act as a
liaison between the village committee
and the agency. Initial discussions
between the village committee and the
project planner should clarify the
priorities of each group. In the early
meetings try to:

1. Specifically identify the water
and sanitation problems. 1Is the
current water supply reliable,
accessible, of good quality, of suf-
ficient quantity? Are sanitation con-
ditions likely to cause health
problems?

2. Identify community priorities and
goals for water and sanitation improve-
ment and community willingness and
capability to particlipate in the pro-
Jject.

3. Identify action agency priorities
and goals for water improvement and
its willingness and capability to par-
ticipate.

Iy, Compare the current water supply
with community water needs, including
future needs. Refer to "Determining
the Need for Water Storage," RWS.5.P.1,
for information on how to specify com-
munity water needs, Relate this infor-
mation to water use patterns for
drinking, bathing, laundry, agri-
culture, and livestock.

5. Consider current excreta disposal
practices.

6. Organize local feasibility stud-
ies to identify technical and economic
resources specifically for water and
sanitation projects.



The Village Water and Sanitation
Committee

The community commlittee represents
the village and works directly with the
project planner and project designer.

Often an existin% local or%anization,
such as a rural development committee

or village council, can best act as the
village water and sanitation committee.
If no appropriate local ogranization
exists, the project planner should
assist the community 1n organizing a
locally selected committee to oversee
the community's contributions to the
project.

The project planner should gather
the support of community leaders in
organlizing a committee that will
operate according to the community's
own customs. Ideally, members.of the
committee should come from all the
groups in the village so that the com-
mittee 1is representative of the entire
village's needs. Commlttee members
should be interested in community de-
velopment, health, and water and
sanitatlion improvements, should be well
respected by the community, and should
have special knowledge, experience, or
resources to offer the committee.

Committee members should be able to
work with community leaders, health
workers, teachers, extension agents,
those familiar with local economic con-
ditions, and the various ethnic and age
groups in the community. It is ver
important that members of the committee
be both men and women, so that infor-
mation on improved hygiene practices
related to sanitation and water supply
can be effectively communicated through
traditional cultural channels. Women
usually teach other family members
these practices, so they play an espe-
cially important role in water and
sanitation education and practice.

The committee should be set up
legally so that it can sign contracts
for village participation, collect
funds, arrange for local material and
labor for a special project, and be

responsible for the operation and main-
tenance of the systems. Duties of the .
community water and sanitation commit- .
tee 1include: ~

e presenting the community's view of
its own needs and priorities to the
agency,

e assisting 1in feasibility studies
and gathering field data with tech-
nicians from the action agency,

e reporting to the community at
public meetings and explaining the
current status of the project, tech-
nical alternatives and decision-making
factors,

e organizing community education on
the benefits of water supply and sani-
tation systems, especlally health edu-
cation,

e organizing support for the project
from individuals in the community, and
generating the active community
involvement in the project that 1is
essential for 1ts success,

e presenting outside project person-
nel to the community and explaining
thelr activities and responsibilities,

e explaining system optlons to the
community, including community respon-
sibilities associated with each alter-
native,

e establishing and enforcing sanc-
tions for any misuse of the water
supply and sanitation system.

Action Agency Responsibilities

The action agency 1s responsible for
using its technical expertise and eco=-
nomic advice to gulde and train the
community. The agency should appoint
one or more representatives to coor-
dinate communlity and agency efforts on
the project. These representatives may
be project planners, project designers,
or field workers who will oversee or
assist in the construction of the pro-
Ject. Ideally, these representatives

|
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will have training or experience in
community organization and public

.\,health, as well as a technical

®

background in water supply and sanita-
tion. The project planners, designers,
and field workers should be sensitive
to the community's political structure
decision-making process, sanitary
practices and attitudes toward the
existing water source. They should be
familiar with the community's water and
sanitation priorities and goals and
should work closely with the village
water and sanitation committee. Many

village committee members will not be
familiar with program administration.
The proJect planner should consider
providing special training for them.

The agency representatives' duties
include:

e helping to organize a village com-
mittee if none exists,

® explalning the action agency's
priorities and goals in water supply
and sanitation 1lmprovements,

e explaining what the action agency
, expects of the community 1in the pro-
Ject,

o explaining community benefits of
water and sanitation improvement,

o helping the village committee
organize a local health education
program,

e stressing the importance of com-
munity participation in the water and
sanltatlion projects, especially to com-
munity leaders, the village committee
and health workers,

e leading the local water and sani-
tation committee in performing local
feasibllity studies and gathering field
data,

e coordinating water supply and
sanitation with other agencles' local
development programs by contacting
those agencies for data and support,

e arranging training for system
construction, operation, maintenance
and health education for other com-
munity members.

Preliminary Studies

A fleld investigation gathers local
technical, socio-cultural and economic
information to help determine what kind
of water supply and sanitation systems
are appropriate for the community. It
1s an important educational process
both for the community and the action
agency. Community members learn data-
gathering techniques and become more
aware of water and sanitation problems.
Action agency personnel become oriented
£o the community and community atti-
tudes toward technical alternatives. A
thorough fileld investigation is a very
effective way to establish a good
working relationship between community
members and action agency personnel.

It stimulates community involvement 1in
the project and diminishes future
problems in the design, construction,
operation and maintenance phases,

Field data can be gathered from
existing records, surveys, and special
field testing. See the technical notes
on planning in the sanitation and rural
water supply series for further
suggestions.

Data should be collected in the
following areas:

1. Existing water supply and sanita-
tion situation. Include: '

e comparison of water needs and
supply,

e type, number and location of all
drinking water sources and sanitation
facilities,

e quality, quantity, accessibility
and reliabllity of water sources,

e water collection information (who,
when, how, how much, how transported,
time spent per day),



e present methods of washwater,
excreta and refuse disposal,

e various uses for water (drinking,
bathing, laundering, agriculture and
livestock).

2. Social and cultural aspects of
the community. Include:

e map of community showing house-~
holds, roads, schools, markets,

o attitude of community members to
health education, preferences for water
supplies, beliefs, and taboos on sani-
tation and drinking water and water
sources,

e community members' perceptions of
benefits of improved systems,

e past development project
"histories" involving community par-
ticipation projects and self-help pro-
Jects,

e community's willingness to pay or
contribute in kind for improvements,

e community's willingness to con-
tinue to maintaln a facilivty.

3. Resources., 1Include:

e sources of funding, including
government grants or loans, aid from

international organizations, local
taxes and community cash contributions,

e amounts of money available from
above sources,

o community incomes, willingness and
abllity to pay, preference for payment
methods, and seasonal distribution of
incomes,

e affillations with extension
workers in other fields,

e types and quantitles of availlable
tools and equipment,

® Types and quantities of available
local building materials (sand, gravel,
stone and wood),

¢ names and speclal skills of
avallable workers (both men and women,
including masons, carpenters, well-
diggers and accountants),

e people who wlll be available for
training for construction, operation
and maintenance of water systems,

e when labor will be avallable,

¢ whether laborers will contribute
thelr time or whether an incentive will
be necessary.

4. Environmental and geological
data. Include:

e records of soll conditions for
excreta disposal sultability, pipe
routes or well suitability,

e groundwater levels:

-- in the wettest season
(necessary for excreta and washwater
disposal)

—-—- in the dryest season (necessary
for wells),

e topographic information and maps, .

e physical size of village,

e population, estimate of future
growth rates and water demands,

e rainfall Information, including
drought and flood periods,

e temperature ranges,

e stream and river flow rates and
spring yields,

e data on evaporation and run-off.
5. Health statistics, Include:

e water-related diseases,

sanitation-related diseases,

disease patterns,

e primary health care facllities,

health education in area.
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Summary

Community involvement in a water
project is an important way for people
to become aware of and select solutions
to their own water and sanitation
problems, It 1is essential that a com-
munity itself believes in the impor-
tance of improved water supply and
sanitation systems. It 1s equally
Important that the governing agency
recognizes the importance of community
involvement so that effective coopera-
tion 1is developed.

Initiating community participation
in a water or sanitation project 1s the
collective responsibility of the com-
munity leaders, the village water and
sanitation committee, and the action
agency representative. There 1is no one
model for successful community par-
ticipation in developing water and
sanitation system improvements because
each community situation is unique.
Once the roles and responsibilities of
the action agency and community are
established and basic data 1is gathered,
selecting and planning a specific
system can begin.



Notes




Notes



Notes

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

1982



Community Participation in Planning
Water Supply and Sanitation Programs
Technical Note No. HR. 2.P

L
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Community participation in planning
a water and sanitation system is one of
the most important contributions to a
project's success. For local par-
ticipation to be productive, both the
community and the action agency must be
committed to 1t from the start. See
"Overview of Water and Sanitation
System Development," HR.1. Educational
campaligns on the options for improve-
ments in water and sanitation on the
local level are essential to develop
the community awareness that leads to
responsible participation in developing
a system. The community and the action
agency must Jolntly develop a water and
sanitation system that can be locally
operated and maintained with a minimum
of advice and assistance from out-
siders. Community involvement in pro-
ject planning 1s essential to the
later phases of design, construction,
and operation and maintenance,
Community involvement 1s especially
important in the areas of financial
arrangements, in-kind contributions,
labor schedules, legal clearances,
selection of acceptable technology, and
training in operation and maintenance.

Community Education

Local awareness and understanding of
the advantages of water supply and
sanitation improvements increase the
probability of community participation
in developing appropriate water and
sanitation facilities. The success of
a water and sanitation project depends
on users wanting, understanding, and
accepting the system,

Community education serves several
purposes. One is to explain to vil-
lagers the economic advantages of
improved water and sanltation systems.
Another purpose 1s to familiarize the
community with the technologies
avallable so that they willl select one

they can operate and maintain with a
minimum of outside involvement. A
third purpose 1s to teach villagers
which personal and communal water and
sanitation practices are harmful to
good health so behavioral changes can
take place.

Education programs should be
arranged through the action agency.
The action agency and the village water
and sanitation committee should
organize the community education cam-
paign using all appropriate cultural
channels and reaching all social
levels., The educational effort can be
coordinated with other development pro-
jects, such as hospital construction or
primary health care, as well as with
local iInstitutions such as schools, and
organlzations such as mothers' clubs.

Both hyglene and technlical education
should be integrated into all stages of
the planning phase. This 1s best
accomplished if local water and sanita-
tion practices are throughly under-
stood. Local water and sanitation
beliefs, legends and patterns of water
use and excreta disposal should be
identified and understood by the health
or technical educator.

Some suggested components to use in
health and hygiene education are:

e rules of personal hygiene,

e rules of communal hygilene and
environmental sanitation,

e methods of water source protec-
tion,

e rules of water supply protection
in the household,

e health reasons for a safe water
supply,



® health reasons for sanitary
excreta and refuse disposal.

Convenience and privacy are the most
likely reasons people will accept and
use new facilities. Even so, local
disease statistics and projected eco-
nomic consequences are good tools for
explaining the need for good health.
Examples set by role models such as
teachers, engineers, community leaders
and even school children can change
behavioral patterns in a community.
Visual aids and the mass media are
effective supplements to an educational
campaign.

Local programs might be organized
as:

e hyglene explanations of water and
sanitation systems iIntegrated into
construction schedules for laborers,

e family, mother and child education
programs in personal and communal
hygiene, '

® school programs on health and
hygiene, including demonstrations and
supervised good use of new facilities
at school,

e manuals for facllities use for
operation and maintenance personnel,

e environmental sanitation and
village clean-up campailgns.

It is difficult to persuade people
to change old habits but the difficulty
can be lessened by the manner in which
change 1is introduced. Community
leaders should understand problems and
solutions early so they can help
explain the coming changes., Leaders
can motivate villagers through their
own actions and through community
approved sanctions for misuse of facil-
ities. When community leaders, the
village committee, the action agency
and the villagers all have similar
understandings, they can work toward a
common goal.

The action agency must explain and
evaluate technical options with the
community to determine thelr social
acceptability. Throughout the proJject,
the action agency and the vlllage water
and sanitation committee should explain

each project actlvity and the reason
for its sequence to the rest of the
village.
public meetings or in informal
discussions. Refer to "Methods of

Operation and Maintenance Training,"
HR.3.M for more information on tech-
nical education.

Community education, or even data
collection done with local par-
ticipation, begun in the early planning
stages of a project will stimulate
interest and can help start active com-
munity 1nvolvement in the project.
Public awareness of technical alter-
natives and personal and public prac-
tices related to hygiene and sanitation
can provide health benefits that the
provision of a water or sanitation
system alone cannot affect.

Formulate Alternatives

The collection and evaluatlon of
field data will often continue
throughout the entire project as new
options and information are presented.
The actlon agency will be responsible
for appraising the technical field data
and identifying the technical options
it belleves are practically and
economically feasible. The community
will be responsible for evaluating its
social, cultural and economic situation
and identifying options which 1t per-
fers. '

Before final steps are taken in for-
mulating water supply and sanitation
alternatives, the community, with tech-
nical assistance from the agency,
should clarify 1ts prlorities and
needs. It must identify its expec-
tations and capabilities for technical
involvement in system operation and
maintenance, its own reliable resources
(cash, labor, materials, equipment,
services), and the support services it
will need for education and training in
health, construction, operation, main-
tenance and facllity use,

The action agency should identify
the technically feasible alternatives
which meet local needs. Each option
the agency presents to the community
should include:

e a technical description and expla-
nation,

This can be accomplished at 7 .



@ estimated installation costs,

¢ installation needs such as
construction time, labor, material and
equipment,

e operation and maintenance costs,

e communlty's operation and main-
tenance responsibilities,

e estimated total costs,

e funding requirements, sources and
availability.

The agency must fully explain the
community responsibilities for each
option and the support services the
agency can provide., The action agency
must keep 1n mind that the village will
be managing its own system 1n the
operation and maintenance stages.
Efficient operation and maintenance of
water and sanitation systems 1in iso-
lated and rural areas requires simple
equipment and procedures and as little
water treatment as possible.

Both the agency and the village must
welgh the following factors for each
alternative consldered:

1. Technlcal feasibility, based on
data collected in preliminary studies
(refer to "Methods of Initiating
Community Participation in Water and
Sanitation Programs," HR.2.M).

2. Construction needs:

a. Is site (land) available?

b. Can water and sanitation fa-
cilities be made avallable at con-
venient places for everyone in the
village? Can facllitles be extended to
new residences?

c. What materials, tools, and
equipment are necessary?

d. Which are available locally?

e. How can non-local materials
and supplies be obtained?

f. What kind of and how much
labor 1s necessary?

g. Is it available?

h. How much will materials,
equipment, and labor cost?

i. When are laborers free for

construction?
J. When and how will funding be

avallable?
k. What season 1s best for

construction?

3. Operation and maintenance needs:

a, Will an operating budget be
required?

b. Is local personnel available
for operation of systems?

¢. Are trained personnel for
operation and maintenance necessary?
How many?

d. Can water agency provide
training for operation and maintenance?

e. How much willl operation and
malntenance cost daily, weekly, and
monthly?

f. What minimum costs will be
necessary to keep the system going?
How will funds be provided?

4, Community needs and preferences.

5. Social, cultural, religious
acceptabllity.

Select a Method

After evaluating all alternatives
presented, the most appropriate system
for the village must be chosen. There
1s often wlde variation between the
most desirable alternatives and the
most workable solutions. The water
committee and the action agency must be
careful not to choose either a
sophlsticated but unrealistic system or
a system that is realistic but inade-
quate for meeting the community's
needs, O0Often, established standards of
quantity and quality will have to be
balanced off against community pre-
ferences,

No system should be selected that
involves complicated or expensilve
designs or equipment. Systems must be
technically sound, economically
feasible and acceptable to all segments
of the community. Systems should be
chosen for suitability and not
prestige, but convenlence and aesthet-
ies should not be overlooked. Any
features that exhaust the technical,
economic or social resources of the
community invite system failure and
should not be selected. Systems using
local resources are more likely to
succeed than those dependent on out-
side resources,

It is not always necessary to de-
velop an entirely new system. Small
projects and improvements on existing
systems may meet current urgent needs
and promote village participation. The



project planner should provide infor-
mation for the village on the costs and
efforts involved in minimal level ser-
vice improvements which can be expanded
over time.

The best water supply alternatives
are those that provide the community
with safe and abundant water from a
reliable, accessible and soclally ac-
ceptable source at the lowest cost.

The best sanitation system alternatives
are those which provide the most
soclally and environmentally acceptable
level of effective service at the
lowest cost.

Financial Arrangements

Special meetings should be held be-
tween the community and the agency to
analyze finances and sources of sup-
port. The community should be instru-
mental in establishing financial
arrangements for the project. Fund-
raising instituted by the villagers to
help pay part of the capital costs of
the water and sanitation system may
help pay for recurrent expenses or
ralse money for other village proJjects.
Care must be taken to ensure there 1s
equity In contributions and payments.
The financlal value of local labor,
materials and services can constitute a
considerable proportion of total costs.
When the community has contributed to
the cost of the system, and has also
participated in planning and
constructing it, local residents may
develop a stronger sense of respon-
sibility for the system. If the com-
munity cannot pay for the project
itself, it should arrange for in-kind
support. For example, the community
can 1ldentify sources for items on the
materials list and arrange donations,
trades or other 1n-kind commitments.

The community should also be 1lnstru-
mental in developing a financing sched-
ule, If at all possible, the action
agency should teach elementary
accounting to villagers. The community
can:

® price materials and ldentify the
best price alternatives,

e calculate project costs per
family, cost per capita, and total
cost,

o decide how the community will pay
for construction,
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e determine any repayment schedules
for loans,

o declide how the community will pay
for operation and maintenance,

o decide how and when any fees will
be collected,

o determine wages for construction
workers and operation and maintenance
personnel.

Set Specific Goals and Write a Project Plan

After the appropriate technology is
selected, goals for developlng and
completing the system should be set.
Set specific goals that can be measured
so people can tell when they have
reached them. Be sure any necessary
legal arrangements are made.

Project goals must clearly state:
e What the project 1is.

e What the project willl accomplish
in terms of effort and benefits.

e What methods will be used to
complete the project.

e When work will be done.

Write a project plan that incorporates
these goals into a specific time frame.

The village committee should help
choose personnel for construction,
operation and maintenance. Specify:

e How a construction supervisor will
be chosen.

e Who will be supervisor,
e Who will be constructlon workers,

e How the operation and maintenance
managers will be selected.

e Who the operation and maintenance
managers will be.

® Who will keep books and file
monthly maintenance and accounting
reports,

N
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The construction supervisor, the
village committee, and the action
agency should:

e Make a list of

-- the materials which must be pro-
curred outside of the community and
thelr costs, and

-- the materials which can be
gathered locally.

e Make an equilipment 1list, including
tools and vehlcles, and all costs,

o Make a list of where to procure
all materlals and equipment and set up
a schedule for delivery.

The village committee should be
instrumental in scheduling labor with
the constuctlon supervisor. Identify
and specify in the project schedule:

e Tasks for completeing construc-
tion,

e Which parts of the system can be
locally constructed.

e Which parts of the system will
have to be constructed outside com-
munity.

e Which Jobs the community will per-
form.

¢ Which Jobs the agency will per-
form,

e Which jobs will require both com-
munity and agency work,

e Sequence of tasks.

¢ When work must be done (according
to migration patterns, planting, har-
vesting, climatic cycles and holidays).

o Schedule of completion dates for
construction activities.

The actlon agency usually arranges
for equipment and materials to be
delivered to the village. Delivery
needs to be budgeted into project
costs. Tools and equipment are
generally furnlshed for project use by
the agency. The community usually pays
for construction materials, so 1t is

best to use local materials such as
sand, gravel and stones whenever
possible.

The community should provide facili-
ties for storing materials, tools and
equipment at the project site. This
will include an area for storing large
equipment and a building for storing
smaller items, Transportation within
the village should also be provided by
the villagers.

The community must help decide where
the water and sanitation facilities
will be located. Possibilities for
extending the system to individual
households or new residents should be
explained. The communlity must be
responsible for establishing an
authority to enforce rules about late
fee payments and negligent use of the
system.

Adequate provision must be made for
proper operation and maintenance of a
system, at both the local level and
through a backup resource arranged
through the action agency and located
convenlent to the village. The com-
munity and the agency should work
together to designate a health educa-
tion staff and plan a health education
program schedule. The two groups
should set up an evaluation schedule
for the system. Specify evaluation
criteria, when the system will be eval-
uated and by whom.

Community Approval

A written or otherwise acceptable
project plan may have to be approved by
local, regional or national leaders, by
water agency officials, or by funding
agencies' officials, It must also be
officlially approved by the community.

A project plan should include:

1, A description of the water and
sanitation problem in the community.

2. An explanation of the proposed
technical system and its expected bene-
fits including the number of facili-
ties.

3. An explanation of the method of
construction to be used.

4, Design drawings (these can be
simple at first, but dates for final



design drawings must be included in
the project timetable).

5. Community and topographic map
showing placement of faclilities and
location of construction. Show place-
ment of facllities within houseplots
and relationships of water supply fa-
cllities to sanitation facllities.

6. Costs of constructing system
including labor (wages, number of
workers, time), tools, equipment,
materials, services and land that must
be purchased.

7. Costs of operating and main-
taining project for a specifled period
of time (per year or per month).

8. Schedule for implementation,
including seasonal considerations,
timetables for each phase of the pro-
Ject, and total time necessary.

If the community accepts the propo-
sal and the responsibilities involved,
a formal agreement should be made.
Designing and bullding the system
should begin according to the work
schedule proposed.

!
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Water for the World

Community Participation in Implementing
Water Supply and Sanitation Programs
Technical Note No. HR. 21
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The communlty plays very important
roles in the implementation of 1its
water and sanitation system. Once a
project plan has been agreed upon by
the community and the action agency,
preparation for constructing the system
should begin according to the work
schedule proposed. The community,
probably through its village committee,
will work with the construction super-
visor in organizing labor, keeping
track of local contributions, arranging
the procurement and storage of
materials and equipment, and learning
technical skills. The community will
work with health workers in community
health educatlon and project promotion.
The village water committee plays an
important organizational role during
the construction period.

There are many advantages to com-
munity members constructling their own
water and sanitation system under
expert guidance. Individual members of
the community, both women and men, will
learn trades or technical skills which
will benefit the community in future
projects. Project costs will be con-
siderably lower 1if local labor, espe-
clally local volunteer labor, 1s used
in place of paying skilled workers
from outside the community. The com-
munity, especilally the construction
workers, will gain an understanding of
the system as they put 1t together.
Future operation and maintenance per-
sonnel can be chosen from those who
understand the system best. In addi-
tion, a sense of ownership and pride is
likely to be created in a community
that has helped develop its own system.
Such feelings will help the system be
accepted and properly used and maln-
tained by the community as a whole.

it is

Before construction begins,
very 1important that the action agency,
the community water and sanitation com-
mittee, community leaders and the com-
munity as a whole understand the
division of responsibilities, the
supervisors' roles, the workers' roles,
the list of tasks to be done, the time-
table, and the line of communication
for problems and progress reports.

This should have been determined during
the project planning stages and should
be part of the official agreement,
Refer to "Community Participation in
Planning Water Supply and Sanitation
Programs,'" HR.2.P.

A meeting before construction begins
can serve as a review of agreements
made earlier, especially if very much
time has elapsed between phases. All
this information should be made
avalilable to the whole community at
public meetings and through traditional
public announcements. Be careful that
local involvement in construction 1s
understood so that no overburdening of
available resources, labor and time
develops, resulting in poor standards
of construction, loss of local
interest, construction delays or local
conflicts, Public gatherings are good
opportunities for reviewing the bene-
fits, use and maintenance of a system.
Household and community hygliene educa-
tion combined with technical infor-
mation will re-establish the importance
of a good water and sanitation system,

Role of the Construction Supervisor

The construction supervisor will be
in charge of organizing and overseelng
the building of the water and sanita-
tion system. He will probably be from



outside the village and hired by the
agency. This person must have a
clearly defined management role so that
he or she will have community support
in dealing with any organizational
problems. The supervisor must be
acceptable to both the action agency
and the villagers, have proper tech-
nical knowledge of water and sanitation
systems, and be especially sensitive to
the culture and the needs of the com-
munity.

Before construction begins, the
supervisor must arrange for parts and
material which will have to be
purchased or constructed outside the
community. These should have been
determined in the planning phase. The
supervisor should be responsible for
working with the commlttee to make
warehouse arrangements for tools, small
equipment, fittings and other supplies
and storage for large materials and
equipment. The construction supervisor
should work with the water committee to
schedule construction. Work must be
scheduled according to:

e material delivery (for example,
plpe trenches should not be dug and
open before pipes arrive),

® seasons and weather,

e harvesting and other community
work patterns,

e holidays (religious, national,
local),

e technical requirements.

The supervisor should determline the
type and amount of training workers
willl need to complete the tasks listed
in the planning phase. Provisions
should be made to equalize the value
of different tasks such as volunteer
labor, cash payments and food contribu-
tions. Before each task is begun, or
at the start of each day, the construc-
tion supervisor should brief workers on
the task, the workers' construction
dutles, and the function of the pilece
to be constructed,.

Role of Village Water and Sanitation
Committee During Construction

The village committee can play a
very important organizational role
durling construction. It should work
closely with the construction super-
visor to organize labor, arrange the
storage of equlpment, tools, vehicles
and materials, and arrange the
transportation of supplies within the
community. 1If possible, a committee
member who has experlence in accounting
should keep the financial ledgers
during the construction period.

Ledgers should be open to public
inspection. Committee members should
work closely with health educators to
explain proper water use, environmental
sanltation and personal hygiene so that
community understanding of the purpose
of a water and sanitation system will
develop along with the workers' tech-
nical skills. It is very important
that the village committee continue
project promotion through the construc-
tion phase.

Role of Community Bookkeeper

The bookkeeper should maintain
careful accounts of all local contribu-
tions. Balances for all recognized
contributions, including cash, labor,
materials, food, shelter, land, and
water rights should be established.
The agency should help the local
bookkeeper set up books and provide
instruction in these responsibilities.
The local water and sanitation commit-
tee treasurer may also be the system
bookkeeper,

Cash can be collected by the water
committee to offset bullding costs and
any outside labor costs necessary.
Simple records should be kept of atten-
dance of workers and construction
expenses, Upon completion, the
bookkeeper should calculate final pro-
ject costs, set up financial repayment
schedules, and review the terms of any
loans or payments necessary with the
rest of the water and sanitation com-
mittee and with the action agency.




Operation and Maintenance Personnel

One method of choosing operation and
maintenance personnel is to use the
construction period to select and begin
training those who perform well.

During the construction phase, the
selected personnel will learn what the
system is made of, how it 1s put
together, and how 1t works., With this
experience, they can understand and
perform the work that will be expected
of them later. Operation and main-
tenance personnel should be from the
village. The future of the system will
depend on their understanding of their
duties and responsibilities and on
their dedication to their assignment.

The number of people needed to
operate and maintaln a water supply or
sanitation system depends on the size,
complexity and sophistication of the
system. One supervisor 1is usually ade-
quate for small simple systems. More
personnel may be needed 1f distribution
systems, pumping stations or water
treatment plants are included.

Training several operators assures
fuller coverage. Refer to "Methods of
Operation and Malintenance Training,"
HR.3.M.

Training in household hygiene and
sanitary use of household facilities
should continue for household managers
and mothers both during system
construction and after the system is in
use.

Upon Completion

When construction 1s completed, an
inventory should be made of the
installation. Detailed plans indi-
cating the various pipelines, valves,
equipment and other parts of the system
should be recorded. Complete specifi-
cations should be included for all
equipment, as well as manuals for
operatlion, maintenance and spare parts.
The village water committee should
maintain a copy of these plans, as
should the operation and maintenance
personnel and the action agency's
regional office.

Spare parts for the system should be
carefully labeled, listed and stored.
Some will be kept at the village an
others at the action agency's office.
Both groups should keep a list of
materials and equipment stored by the
other,

A construction period may be begun
or finalized by a traditional ceremony
to make it the community's own. Such
a ceremony can transfer responsibility
for the system from the construction

supervisor or action agency to the
operation and maintenance personnel,
the health education team in the
village and the water and sanitation
committee. Before a dedication cere-
mony, a supervising engineer should
approve the system. The actlon agency
should explain possibilities for
upgrading or extending the system in
the future, if thils is appropriate,.

After the installation of a water
supply system or excreta dilsposal fa-
cllity 1is complete, monthly reports on
the operation of the system by the
operation and maintenance supervisor
and periodic inspections by the project
promoter from the action agency must be
made., Refer to "Implementing Operation
and Maintenance Training," BHR.3.I.1.
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Training
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One of the most important steps in
establishing a water and sanitation
system in a rural community is
arranging for efficient operation and
maintenance of the facilities. Without
proper care, a water and sanitation
facility will deteriorate and fail to
provide the services for which it was
designed and built. A malfunctioning
system will almost certainly be impro-
perly used and eventually abandoned by
the community. Perhaps even more
important, a community may develop a
false sense of security in a malfunc-
tioning water and sanitation system
they do not realize is harmful. It is
imperative that the community under-
stand that without proper operation and
maintenance by tralned system opera-
tors, no water and sanltation facility
will continue to function properly and
safely. Such proper functioning is
essentlal to gain economic benefits,
good health, improved hyglene, lower
disease rates, and increased con-
venience in the community.

Improvements in the health con-
ditions and hygiene habits of community
members that can result from a good
water and sanltation system are lost
when a supply breaks down. A community
enthuslastic about water and sanitation
improvements may view a breakdown as
evlidence that thelr contributions to
the system were wasted. Their further
cooperation may be difficult to obtain.
Adequate provision must be made for
proper operation and maintenance of the
facilities at the local level and
through an action agency back-up
located conveniently to the village.

A well-maintained water and sanita-
tion system needs well-trained people
to operate it. Technical training in
operation and maintenance will give
selected individuals the practical
skills needed to care for community
systems and help to instill respect
for the people operating the facilities
among the rest of the villagers.

Training needs should be defined for
operation and maintenance personnel in
order to:

e select a training method,

e develop a training method,

e plan a training program,

e conduct a training program, and

e evaluate operator performance
after training.

The most appropriate training method
is one that meets tralning needs and
makes the best use of local resources.

The initial step in the training
process 1s to decide who is to co-
ordinate the regional training effort
and determine where the trainers will
come from. Decisions must be made to
carry out training at local, regional
or national levels. Often the most
economical method is to train trainers
at the national level so they can
train, at a regional center, the people
who will work on local water and sani-
tation systems. Tralners need to learn
how to use the technical notes on
operation and maintenance that are part
of this series. They must learn how to
conduct training programs. People
tralned at the national level for work
at the regional level should help the
village water and sanitation committee
select candidates for the local opera-
tion and maintenance positions and
coordinate the training for that job.

Selecting Trainees

Since the continual functioning and
upkeep of a rural water and sanitation
system is primarily the responsibility
of the community, the components of the
system should have been designed so
they can be operated and maintained by
personnel available in the village. It
is imperative that provisions for



training begin at the same time as
system design, since the design must

fit the local people's capability for
operation and maintenance. Refer to
"Community Particlpation in Planning
Water Supply and Sanitation Programs,"
HR.2.P, and to the technical notes on
design and on operation and maintenance
of the system being constructed in the
community.

It is important that the operation
and maintenance Job tasks be considered
when selecting technicians for a pro-
ject, and it 1is equally important that
the qualifications of the selected
system operators be considered when
developing a tralning program. The
capabilities of local operation and
maintenance personnel can be developed
if good training and support are pro-
vided by the regional office of the
action agency.

The method used for selecting opera-
tion and maintenance personnel will
depend on local circumstances. Several
conditions apply to most situations,
however. System operators should live
in the village so they are available to
work the system regularly. They need
to be able to work well with the water
committee. They should be accepted.by,
if not chosen or approved by, the
village water and sanitation committee
and the community as a whole. They
must have an ability to perform tech-
nical operations and have an interest
in improving the water and sanitation
conditions in the village.

The number and qualifications of
system operators are determined
according to the design of the system,
the size of the system, the various
components of the system (especially
any water treatment facilities) and the
number of people who will be using the
system. Information on the number and
qualifications of system operators
needed for the particular facilities
constructed at the local level should
be obtalned from the technical notes
that relate to that specific system.

In a typical small water supply and
sanitation system, the personnel will
probably consist of those needed to
administer or manage the system and
others who operate it technically. If
the village committee acted as an ad-
ministrative staff during construction
of the system, they should continue to

do so after the system 1is in use. The
committee can oversee system opera-

tors, manage the budget, collect user .. g
fees and perform all accounting duties. ‘

System operators' duties will be
both technical and non-technical. They
will be responsible for operating
equipment, performing preventive main-
tenance, making repairs, reading
meters, and cleaning the system. They
will also be responsible for ordering
supplies, groundskeeping (maintaining
fences around facllities, clearing
blocked drains, checking pipe
coverings), and keeping basic records.
System operators must keep the village
water and sanitation committee informed
on the condition of the water and
sanitation system and recognize and
report major problems as early as
possible to the action agency's
regional office.

One method of choosing operation and
maintenance personnel is to use the
construction period to select and train
workers who have shown competency and
interest in the system during construc-
tion. The system operators chosen from
the construction crew learn first how
the system 1s put together and how 1t
works. This facilitates understanding
and performing the operation and main-
tenance work.

Women are the primary water users in
villages, so equal access to training
in system operations should be ensured
for them. If women were involved in
construction tasks, they are primary
candidates for operation and main-
tenance tasks. Women are less likely
to leave the village than men and have
a direct influence on the water and
sanitation habits of the children.
Thelir employment as system operators
may provide more continuity in opera-
tion and maintenance. Since women use
water systems more than men, they also
detect problems earlier. In addition,
the children will soon learn that
operation and maintenance are very
important aspects of the water and
sanitation system and will grow up with
a positive attitude toward maintaining

a system. Introducing these new atti-

tudes and approaches to children will

make introducing l1deas and systems in .

new generations much easier. &
Often there 1s an experienced or

skilled mechanic in the village who



_involved in the new system.

knows how to use tools similar to those
The

millage committee should consider
’ iring such a person for operation and

maintenance duties. Other good
prospective system operators are water
collectors, water vendors, traditional
well-diggers, and primary health
workers.

Operators who can read and write can
make monthly reports and keep other
records. However, ability to read and
write should not be the deciding factor
in chosing system operators. Reports
can be made in other ways or special
training for writing reports can be
incorporated into training.

The village water and sanitation
committee should be trained in the
needs of operation and maintenance to
facilitate good system management and
cooperation with system operators. The
water committee will be the best
liaison between the system operator and
the rest of the community. If the com-
mittee and the local population develop
a sense of pride and ownership in a
system, they will demand a smoothly run

.,system which provides the services for
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which 1t was designed. In addition, a
community which 1s proud of its system,
and understands the importance of 1its
care, 1s more likely to cooperate with
the system operators and properly use
their facilities.

In small communities with simple
water and sanitation systems, it may be
advisable to make one or two people
responsible for operation and main-
tenance tasks. Where systems are
larger or more complex, operation and
maintenance by a group of system opera-
tors may be best. Small water and
sanitation systems do not imply small
problems or small responsibilities for
system operators and the village water
and sanitation committee, however.
Appropriate training is needed for
operation and maintenance of water and
sanitation systems of any size.

Methods of Training

There are many ways to conduct
training programs. They can be held
‘at national, reglonal or local levels
employing many different teaching
styles. The style of the training
program will be influenced by the sub-
ject matter to be covered, the place

the training is conducted, the facili-
ties avallable, the skills and
experience of the trainees, the length
of time the tralnees can spend at a
training site, the length of time
trainers can spend with the trainees,
the funding that 1is available, the
local conditions under which the opera-
tors will have to work, and the back-up
support the action agency will provide
to local operators. No matter what
style of instruction is developed, some
principles for training local systems
operators should be kept in mind.

1. Training should stress the prac-
tical aspects of caring for water and
sanitation systems. The trainees
should learn the procedures they will
need to perform for the community
systems by practicing the procedures
under the supervision of an experlenced
trainer. Trainlng cannot be
accomplished by lectures, manuals,
visual aids and demonstrations alone,
although these are acceptable comple-
ments to hands-on experience.

2. The training programs must be
directly applicable to the facilities
the operators will be working on in
their own village. If operators are
not trained in their villages on the
actual equipment to be used, they
should practice on identical equipment
at the training site. Teach only what
i1s directly useful to the tralnees, and
limit the amount of extra information.

3. Training programs must be
adjusted to fit the individual needs of
the people being trained. For example,
if the people cannot read and write,
their training needs are very different
from those who can.

4, The action agency should aid
tralning efforts by arranging refresher
courses for systems operators.

5. Resources and dependable back-up
support should be available at the
action agency's regional office where
village system operators can reach
them.

6. The success of training will be
minimal unless the community and the
action agency together create paid
positions for operators and are willing
to pay a training staff.

7. The training program should



include practical evaluatlon of system
operators to determine if they are able
to perform satisfactorily under local
conditions.

System operators can be trained in
their village or in a training center.
On-the-job training in the village
under the supervision of an experienced
operator may be best for simple
systems. No specilal facilities will be
required since system operators can
learn tasks using the equipment they
will be working on to perform thelr
jobs. On-the-job tralning 1s effective
wlith tralnees who learn new skills best
by doing.

In order to work well, on-the-job
programs need skilled and experlenced
trainers availlable to travel to Jjob
sites. No transportation will be
needed to get village trainees to the
training site. Trainees are often more
likely to attend training sessions in
thelr own villages than in centers to
which they must travel. On-the-Jjob
training usually costs less than
training in a center. It can begin
during construction phases and may be
supplemented by short courses and
refresher courses at the regional
training center.

A central training establishment for
training can be arranged at the action
agency's reglonal office. Short
courses can be based on simulated water
and sanitation systems. Tralners would
be available to trainees at all times.
Other training alds, such as spare
parts, printed materials, slides, audio
tapes, video and film might be
available. Medla aids can be adapted
to help instruct persons who cannot
read. The operation and maintenance
technical notes in thils serles that
apply to the system the trainee will
operate will be useful tralning
materials.

Self-paced training programs can be
developed so that workers at varicus
levels of competence can use materials
individually but still have access to
trainers when necessary. A trainee can

recelve one-on-one assistance at a slow
or fast pace from the trainer.

Supervised check-ups 1n the village .
should follow centralized training. A
mobile training unit could come to each
village for check-ups and refresher
courses.,

The disadvantages of centralized
training are that transportation must
be provided for the tralnees from their
villages to the training center.
Operators are less likely to attend
training 1f they must travel daily.
Costs of establishling a central
training unlt are usually high. Local
conditions cannot be taken into account
when training takes place in a central
spot with a standardized program.

One of the most 1important aspects of
the training process 1s the attitude of
the trainers. Trainers need to be able
to encourage operators during tralining
and reward them for performing well.
The action agency should develop a
basic training course content. A cer-
tificate will record the lessons
learned and help standardize tasks and
training needs between villages.

Efficient operation and maintenance
depends on well-trained and pald opera-
tors. It is false economy to skimp on
either of these items. The absence of
a training budget will be as detri-
mental to operation and maintenance ef-
ficiency as the absence of a system for
fees coliection to cover operation and
maintenance costs. Good training needs
a good budget.

Summary

If the benefits of water and sanita-
tion programs are to be realized, the
systems must operate efficiently and be
dependable. Without proper operation
and malntenance, systems will fail to
operate. Operation and malntenance
must be well planned and systems
operators must be well trained.

Technizal Notes are part of a set of “Water for the World" materials produced under contract to the U.S. Agency for International Development by National
Demonstration Water Project, Institute for Rural Water, and National Environmental Health Association. Artwork was done by Redwing Art Service. Technical Notes are
intended to provide assistance to a broad range of people with field responsibility for village water supply and sanitation projects in the developing nations. For more
detail on the purpose, organization and suggestions for use of Technical Notes, see the introductory Note in the series, titled “Using ‘Water for the World' Technical

Notes..“ Other parts of the “Water for the World" series include a comprehensive Program Manual and several Policy Perspectives. Further information on these
materials may be obtained from the Development Information Center, Agency for International Development, Washington, D.C., 20523, U.S.A.




Water for the World

Planning Operation and Maintenance
Training
Technical Note No. HR. 3.P

.

Planning operation and maintenance
training programs for rural village
water and sanitation systems requires
choosing a training method and
arranging a training program schedule.
It is imperative that plans for
training begin while the system 1is
being designed so that those who will
be operating and maintaining it will
know how to do so. For more infor-
mation, refer to the design and the
operation and maintenance technical
notes for the specific system being
constructed.

A good training approach should
transmit the practical skills and
knowledge a worker needs to operate and
maintain a system. Each task should be
carefully defined and analyzed so that
it 1s relevant to the system's opera-
tion. Extraneous material not directly
related to the operation of the system
should -not be included. All parties
concerned with planning, design,
construction, management, and operation
should help define these tasks.
Teaching should always stress the prac-
tical aspects of the subjects covered,
including more demonstrations and prac-
tice than lectures.

Choosing a Training Method

Instructional programs will be
influenced by many factors: the sub-
jects to be covered, the place the
training can be conducted, the facili-
ties available, the skills and
experience of the trainees, the
trainers available, the transportation
available, the length of time the
trainees can spend at a training site,
the length of time trainers can spend
with the trainees, the funding that is
available, the local conditions under
which the operators will have to work,
and the backup support the action

Qagency will provide to local operators.

In order to select the type of training
program most appropriate for local cir-
cumstances, these aspects of training
must be considered:

1. Identify job tasks. These will
be the basls of the training programn.
Fully describe the operation and main-
tenance job:

e List all tasks (daily, weekly,
monthly).

o List schedules and hours needed to

perform these tasks.

e List qualifications personnel
need in order to perform each task
special skills or knowledge will
emphasis in training).

will
(any
need

e List the number of operators
necessary to perform each task.

e Describe the working environment
of the operators. Check to see 1if the
action agency or any other agency has
already trained operators to manage
similar water and sanitation facilities
in the region. If records have been
kept of job tasks, they may, with
appropriate adaptations, be useful
guidelines for the training programn.

2. Identify the trainees' under-
standing of, experience in and
abilities to perform the job tasks.
Which tasks will need special or inten-
sive training? 1Identify the number of
participants in the training program.
How will tasks be divided among local
personnel?

3. Identify local constraints for
participating in a training program,
such as access to transportation,
accessibility of training site to
trainees, accessibility of trainees to
instructor, length of time trainees are
able to spend in training, dates for
training and places for training. The
location and mobility of trainees must
be considered when deciding whether to
take the trainees to the training or
the training to the trainees. At the
village level, it usually costs less
and is more effective to take the
training to the trainees.



4, TIdentify trainers and their e regional training center,
gqualifications. In most situations,

the people selected to do the training e local site, {‘g
will not be full-time trainers. They
will most 1likely be people with tech- e speclalized equipment,
nical experience in the subject area
but with 1ittle practice in training e safety equipment.
others. If possible, there should be
an efficient and effective training List the training resources
program to prepare trainers for their available:
duties. They should be taught how to
use the technical notes on operating e supplies,
and maintaining various systems, to
conduct training sessions, and to e equipment,
assist the village water committee in
selecting candidates for the operation e support at village system site,
and maintenance positions. Trainers
should be well-versed in the technical e audio-visual equipment,
aspects of the system, be acceptable to
the rest of the group as trainers, and e instructional materials.
have the potential and personality to
become trainers. The following list 6. Identify funds available. List
summarizes some of the attributes that all allccations in cash or in kind from
should be considered in selecting the action agency, the village and any
trainers: outside resources.
o communicates at the level of the 7. Define training objectives and
trainees, priorities based on conditions iden-
tified. Analyze as accurately as
e is technically competent, possible the training needs of the .
village operation and maintenance per- .‘\
e is able to teach all subject sonnel and the capabilities of the
matter related to the Jjob tasks, - action agency to deliver that training.
e is able to use training aids and Choose the training style that best
audio-visual equipment, where more accommodates the objectives and priori-
sophisticated training materials are ties of training, the tralnees and the
available, training situation. Refer %o "Methods
of Operation and Maintenance Training,"
e motivates trainees, HR.3.M, for information on training
methods. Table 1 suggests a method for
e clarifies points and assists choosing a training site.

trainees,

Arranging a Training Program Schedule
® evaluates tralnee performance,

Once a training program coordinator

® accepts advice from trainees and and/or instructors for the program have
training staff, been selected, they should:
® is supportive of trainees, 1. Determine how much time 1s needed
to teach the subject matter and decide
e allocates time for preparation on the duration of the training
of tralning, training sessions, and program.
follow-up.
2. Schedule use of training facili-
5. Identify physical facilities, ties or times for training sessions in
supplies and equipment available and the village.
needed for training: .
)
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Table 1. Choosing a Training Site

~

IF AND AND AND AND THEN
Many trainers ; Train
are available on-site
Few trainers Equipment and Traln
are availlable | supplies are | On-site
only avalilable
on-site
Equipment and Job tasks Train
supplies are are site- —-| On-site
available at specific
central site
Job tasks Trainees can | Transportation | Train at
are not spend time for trainees central
site-specific | at central is available training
site site

1The advantages of training on-site
are:

~trainees have more time for training

~lower costs

~ftrainees learn on own equipment, no
special facilites required

~local conditions can be integrated
into training

~entire community realizes importance

of training

2The advantages of central-site
training are:

-trainers available to trainees at
all times

-standardlzation of operation and
maintenance practices

-lower costs for trainers

-more teaching aids available

/

3. Put the information to be pre-
sented in sequence. Operation and
maintenance personnel should be trained
for the specific technical functions
they will perform. Deslign lessons
according to the job tasks defined.
Training should also extend beyond
technical details to explain the basic
reasons for maintaining the quality of
the water. Operators should be given a
sense of pride in their work and of
thelir responsibility for protecting the
health of the community.

4, List training equipment,
supplies, aids and reference materials
needed. Include their costs and where
to obtain them.

Trainers should provide system
operators with manuals specific to the
equipment for which they are respon-
sible. Manuals should be prepared in a

form which the trainees can use and
understand, whether they can read or
not. Local languages and many
illustrations should be used. The
manuals can serve as textbooks during
training and references while on the
Jjob.

A supply of spare parts should be
maintained at the village level for
routine repairs. A similar supply
should be fully explained and repair
procedures demonstrated during
training. Proper storage of spare
parts should be covered.

Occasional refresher training
sessions should be planned to maintain
operators' interest in theilr duties, to
review operators' duties, to teach any
new procedures and to introduce any new
equipment.
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Implementing Operation and
Maintenance Training
Technical Note No. HR. 3.1.1

\

Training 1s very important to suc-
cessful water and sanitation system
operation. Tralning is necessary when
a new operator begins a job, when an
experlenced operator needs to perform a
new task, or when an operator does not
have enough skill or knowledge to per-
form a job well.

Training must be directly applicable
to local circumstances, understandable
to local trainees, technically
appropriate and technically correct.
Training should be practical to the
extent that trainees learn operational
procedures on equipment identical to
that which they will operate, if they
are not trained on village equipment
itself.

Training should take into account
local learning techniques and educa-
tional methods so that credibility for
teaching authority and prestige for
training are created. Training should
be conducted in a manner which meets
local work standards and ethics,
attaching a sense of dignity and pride
to both the tralnlng process and the
operation and maintenance Jjob itself.

Training should be provided at
appropriate levels for all personnel
involved with the operation and main-
tenance of the water and sanitation
system. Thils may include system opera-
tors, bookkeepers, local health educa-
tors and the village committee.
Extensive training of this sort will
provide a catalyst for wider community
education and understanding of the
water and sanitation system and will
prevent one trained operator from mo-
nopolizing proper system operation. In
case of the absence of one trained per-
son, several other trained people will
be avallable. There will also be a
balance of power. For example, the
village committee can select a system
operator for training but the commit-
tee can also manage the water and sani-
tation system along with the system
operator.

Management of Training Courses

Training programs must be well orga-
nized to work effectively. It 1s
extremely 1mportant that trainers and
tralnees communicate well during the
training sessions. The roles and
responsibilities of both should be
understood before training begins.

The roles of trainer and trainee are
partially dependent on the location of
the training program. See Table 1 in
"Planning Operation and Maintenance
Training," HR.3.P. Training in the
village where the water and sanitation
system will be operated has these
advantages:

1. Trainees have more time for
training sessions.

2. Tralnees can learn on equipment
they will actually be working on later.
Special problems and conditions can be
handled during training.

3. Local routines, people and con-
ditions can be integrated into the
training program.

4, The entire community can be
helped to realize the importance of
training.

Training at a central site has these
management advantages:

1. Trainers are available to
trainees at all times.

2. Operation and maintenance prac-
tices are taught in a standard manner
to each trainee.

3. More teaching aids are available.
The role of the trainers and

trainees may vary somewhat depending on
where training takes place.



Roles and Responsibilities of Trainers

Trainers must be technically com-
petent in the technology to be used.
They must also be capable of handling
administrative duties from both tech-
nical and management standpoints.

The training staff is responsible
for determining the Jjob tasks of all
system personnel, determining the
training course content based on those
job tasks, organizing the material to
be presented, selecting an instruc-
tional method and conducting the
training programs.

Trainers responsibilities will be:
l. To learn the trainees' needs and

adapt the training program to meet
those needs.

Trainees may be divided into learn-
ing groups. Courses can then be molded
to the needs of the individual groups
while still covering necessary proce-
dures. Trainers should personally
examine local circumstances and deter-
mine what Jjob tasks will need to be
performed. They should then determine
what the trainees already know and what
they will need to be taught. Standard
procedures for the defined tasks should
be established and taught. Tool and
equipment supplies should be adequately
provided.

Operation and maintenance personnel
with 1ittle mechanical background and
little other education will probably
need very structured and practical
training programs. This 1is especially
true if the system operators to be
trained have not participated in the
construction of the water and sanita-
tion system they are being taught to
maintain. Trainers must understand the
procedures well and be able to explain
them clearly to trainees in the
trainees' own language.

If the operation and maintenance
personnel have some mechanical
background or are experlenced in opera-
tion and maintenance, and have actively
participated in the construction of the

system and demonstrate a good under-
standing of its use, training may not
need to be as regimented as it is for
the inexperienced operation and main-
tenance trainee. The trainer can
demonstrate procedures and have
trainees practice them with trainer
direction as needed for evaluation.

One trainer can manage several trainees
at the same time this way.

If trainees have been trained 1in the
operation and maintenence procedures
before, and demonstrate a good
understanding and skill in their work,
they may only need a refresher course.
The trainer may only need to explain
new types of equipment and procedures
and be avallable to answer questions
the trainees have while experlimenting
on their own.

2. To maintain a positive and help-
ful attitude toward trainees.

A "reward" may be established by the
training co-ordinator as an incentive
to create and maintain positive atti-
tudes toward training. "Rewards"
should be appropriate to local desires
and circumstances. Public recognition,
a special privilege, increased respon-
sibility and pay increases are often
used as lncentives. Job security and
official recognition for trainees by
the village committee or regional
center are usually more effective as
incentives than financial benefits.

3. To help install local respect for

the proper operation and maintenance of

the water and sanitation system,.

This may involve working with the
entire village to some extent, and
especlally with community leaders and
health educators. If training is
taking place in the village, special
efforts can be made to integrate local
schedules, people and problems into the
training program.

4, Creating and maintaining a desire

for learning and understanding during
training.

It is important that trainees
understand that proper operation and
maintenance can improve life 1in the
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village. It 1s also very important
that tralners conduct training sessions
in a manner that attaches a sense of
pride and dignity to the training pro-
cess which will be continued on the
Job.

Roles and Responsibilities of the Trainees

Tralnees' responsibilities may be
more circumstantial than trainer
responsibilities. Overall, of course,
the trainees' greatest responsibility
is to learn how to operate and maintain
the local water and sanitation system
in order to provide good service to the
rest of the community. Trainees' spe-
cific training duties may include:

e Clearly explaining to the trailner
the extent of their experience with and
knowledge of the water and sanitation
system.

o Co-operating with the trainer's
course structures.

e Actlvely participating in all
training exercises and drills.

® Asking questions that are appli-
cable to the trainee's local working
situation.

e Maintaining a positive and co-
operative attitude throughout training.

It is very important that the roles
and responsibilities of all persons
involved in the operation of the water
and sanitation system be defined.
Review those agreed upon during the
planning stages of the system. Refer
to "Community Particlpation in Planning
Water Supply and Sanitation Programs,"
HR.2.P. The responsibilities of the
project planner, others in the action
agency, the system operators, the
village water and sanitation committee
and the community as a whole should be
clearly explained and agreed upon at
the outset of the training program.

Content of Training Courses

The content of the training courses
will be an explanation of the defined
job tasks. See "Planning for Operation
and Maintenance Training," HR.3.P.

Generally, the action agency is respon-
sible for providing logistical support
and major repalir services. The com-
munity will be responsible for the
administration, operation, preventive
maintenance and basic repairs of the
system. Por each position on the local
level, the trainer should identify:

e job tasks and responsibilities;

e the degree of authority the posi-
tion holds;

e financial responsibilities;
e support responsibilities.

The action agency is responsible
for providing training for project
planners, trainers and all village per-
sonnel. The project planner will be
responsible for providing action agency
support to the village while the system
is in use. Community personnel, espe-
cially system operators, wlll need
outside assistance when facing problems
they cannot solve themselves. Back-up
resources, such as information, skilled
assistance, tools and parts should be
readily available in the regional
office of the action agency. The pro-
Ject planner should be prepared to:

e provide maintenance and repalr
services which village system opera-
tors have not been trained to perform;

e provide system and water quality
control checks;

e supervise, assist and instruct
local operators in operation and main-
tenance procedure reviews;

® assist in extensions of systems.

The regional office of the action
agency should:

e maintain replacement parts to
supplement the local supply;

e provide dependable central ser-
vices for ordering other materials and
spare parts;

e provide transportation of person-
nel and materials to community.



It may be possible for a supervisor
or team from the action agency to visit
villages on a regular basis to super-
vise procedures, answer questions,
check the condition of facilities, per-
form needed repairs and provide other
preventive maintenance services.
Qualified advisors who provide regular
refresher training to local operation
and maintenance personnel are useful.
This will minimize costly breakdowns
and the length of time systems are out
of order and increase community satis-
faction and use of the system. Action
agency support should emphasize that
preventive malintenance is essential to
the long-term operation and use of the
system.

The responsibilities of local per-
sonnel willl vary with local arrange-
ments and with the design of the local
system. System operators should be
supervised by the village water and
sanitation committee and by the project
planner and trainer of the action
agency. System operators are generally
responsible for:

® baslc dally operation of
equipment;

e preventive maintenance of water
supply equipment and sanitation
facilities;

e protection of the water source
from pollutants, chlildren, and animals;

e simple repairs;

e reporting to the village commit-
tee, requesting new parts and asking
for action agency assistance when
needed;

e recognizing and reporting major
problems.

Operation and maintenance training
must prepare system operators to help
the village committee create respect
for the facilities among the rest of
the villagers so that the facilities
are properly used. System operators
should know where they can obtain help
at either the local or the regional
level.

The village water and sanitation
committee 1s generally responsible

for: li\
.\|

e demonstrating proper use of
facilities;

e teaching villagers to understand
and appreciate the advantages of safe
water supply and sanitation systems;

e asslsting individual households to
care for 1ndividual facilities and
installations;

e retaining a bookkeeper to maintain
system finances;

e estaiblishing flat or metered
rates for water supply and sanitation
services;

e collecting and retaining fees;

e paylng for operation and main-
tenance with collected fees;

e ordering and purchasing needed
equipment, perhaps at an agreed price
from the action agency;

}

e requesting the services of the /.\‘
action agency, 1including the purchase
and provision of major materials.

Fix an Implementation Routine

Regular methods of operating and
maintaining the local water supply and
sanitation system should be established
as part of a training course. Regular
times (daily, weekly, monthly) for the
procedures should also be established.
Any preventive maintenance or
cautionary procedures should be incor-
porated into the regular operation and
malntenance routines.

System operators' performance on the
job can often be 1improved by using job
manuals and visual aids such as posters
to remind them of the established
routine. Manuals and aids can be
introduced as part of training, and may
even serve as the outline for a
training course. They can help
tralnees avold having to memorize
information they may remember
incorrectly.




A basic manual can:

e explain operation and maintenance

'procedures step by step, as simply as

possible;

e include illustrations for
procedures;

e list and illustrate tools,
supplies and equipment needed to carry
out procedures;

e stress the importance of potable
water and sanitary waste disposal.

Visual aids, such as posters and
plcture manuals can replace written
instructlions for those unable to read
well and supplement any manuals on the
job. Training, operation and main-
tenance manuals and visual aids can be
developed by the regional office of the
action agency. The regional office

staff should know better than the
national office staff how the tools,
equipment, supplies and procedures
should be applied to the local
situation.

Reports

Monthly reports on the functioning
of the system should be made by the
system operator. Oral reports can
replace written reports for those who
do not write well and can be given
directly to the action agency main-
tenance supervisor or inspector. A
system opertor who does not read or
write well can be taught to check an
1llustated chart in order to make
reports, or another member of the com-
munity can write up the system
operator's oral report. Periodic
inspections of the system should be
made by the project promoter from the
action agency.
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Water for the World

Evaluating Operation and
Maintenance Training
Technical Note No. HR. 3.1.2

C

Operation and maintenance of water
and sanitation systems 1s necessary to
provide continuing water and sanitation
services. Thls requires constant eval-
uation of operation and maintenance
procedures and conditions.

Evaluation 1s a way for the action
agency and the village to review the
value of the water and sanitation
system to the community. A balanced
evaluation by both parties working
together can:

e 1ldentify the benefits of the
system;

e provide encouragement and support
for the system operators;

e ldentify weak spots in procedures
and services;

o examine mistakes without empha-
sizing them;

e provide suggestions for improve-
ment.

One objective of training and eval-
uation is to make the system operators
understand the importance of, their
role in and responsibility for pro-
viding safe and convenient service to
the community. The village as a whole
can then develop a sense of pride and
ownership in the system. Evaluation
can help ensure that the people served
by the water and sanitation system, the
system operators and the action agency
do not develop a complacent attitude
toward the system.

Evaluation should be a cooperative
effort involving the action agency and
the village. All persons involved in
the water and sanitation system should
contribute to the evaluation.
Critical, rule-enforcing inspection
should be avoided. The action agency
should consider its role as supervisor

carefully during the evaluation pro-
cess, being careful not to treat vil-
lagers as subordinates. A full,
two-way exchange 1s very valuable 1n
evaluation.

Evaluations should be as simple and
straightforward as possible. It 1is
important, however, to judge the entire
water and sanitation system as a whole.
All processes, procedures and personnel
are interdependent. Isolated criti-
cisms of specific points may not iden-
tify an overall problem which may
impair smooth operations in general.

Operation and maintenance evaluation
includes:

1. Monthly reports on the operation
of the system, both mechanically and
financially. Reports can be made by
the system operators and coples sent to
the action agency regional office. See
"Implementing Operation and Maintenance
Training,™" HR.3.I.1.

2. Joint analysis of the system by
the operator, community leaders, pro-
ject planners from the actlion agency
and a technical 1nspector or engineer
from the action agency.

3. Evaluation of training programs.
Monthly Reports

No matter how simple a system 1is,
continual follow-up 1is necessary to
ensure that it continues to work pro-
perly. Monthly reports, drawn from
daily records, should be done by opera-
tion and maintenance personnel on the
functioning of the water system both
physically and financially. Daily or
weekly records should be maintained and
kept in the village. They should be
open to public inspection, and should
be read regularly by the water commit-
tee. A copy of each monthly report
should be sent to the regional office
of the action agency.



Joint Analysis of System

A periodic, preferably monthly when
the system is new, analysis of the
system by members of the village com-
mittee, the system operator, the pro-
Ject planner and a technician will be
a major aspect of system evaluation.
The analysis should cover all facets of
the system, including:

e the functioning of the system;

e its acceptance by the villagers;

® any misuse of the system;
e the technical and physical con-
dition of the system;

e the financial status of the
system, including a review of fees
collection and of the books;

e the supply of spare parts, fuel,
equlipment, tools and other necessary
supplies on site;

® a check on the quality of water
being produced;

e an evaluation of the knowledge and
skill of the system operator; :

e the time needed to perform all
operation and maintenance tasks.

Evaluation must first conslider
whether the total system 1s effective,
When problems are identified, analysis
may show whether they are a result of
support functions of the action agency,
support within the community, poor
selection of candidates for system
operators, or training failures.

Evaluation of Training

One of the responsibilities of the
action agency when examining the
village system and analyzing evaluation
reports is to determine how training
has affected the success of the system.
Persons not associated with the devel-
opment and implementation of the
training should evaluate the system if
possible.

Two types of evaluation, internal
and external, should be carried out to
determine if the training program has
been effective.

Internal evaluation determines 1f
the training program is providing the
trainees with the necessary knowledge
and skills to perform their Jobs well.
This evaluation might consider:

1. The amount of time that was
required by trainees to complete the
tralining.

2. The appropriateness of the pre-
requlisites prescribed for the training.

3. The performance of the trainers.

External evaluation determines if
the training delivery system 1s pro-
ducing tralnees who perform well, This
evaluation might include:

1. How well do trainees believe they
are able to perform on the job?

2. What additional training was
required by trainees after arriving on
the Jjob?

3. How well did the tralning pro-
gram prepare trainees for the Jjob? Do
the system operators know how, when,
and why to perform tasks?

4, What portions of the training
program were most relevant? Have
system operators been tralned to do the
appropriate tasks?

5. What tasks cause the most
difficulty?

6. How much improvement do super-
visors see in the trainees' performance
on the job?

7. How does the project planner
evaluate the performance of these
trainees compared to previous groups of
trainees?

8. In what areas were the trainees
inadequate?

1 Ii\
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9. Was the tralning adapted to local

.circumstances or standardized?

Py

The results of the internal and

external evaluation are used to improve

the training programs. Conslderation
must be given to making changes based
on cost, time available, personnel
avallable, benefits of changes to the
program and detriments to the program
if changes are not made.

The village and the action agency
should be sure to evaluate the system
operators on the job to test thelr
skills and knowledge. The following
criteria may be used to evaluate a
worker's on-the-job performance:

@ current water quality,

e change in water-related disease
rates,

e maintenance costs,

® supply costs,

@ system breakdowns,

e relations with water users, and

e morale of system operators.

Evaluations can contribute infor-
mation and insights that will help the

next training effort be more efficient
and effective.
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Methods of Developing Sources
of Surface Water
Technical Note No. RWS. 1.M
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Water that does not infiltrate the
ground is called surface water. Sur-
face water appears either as direct
runoff flowing over impermeable or
saturated surfaces which then col-
lects in large reservoirs and streams,
or as water flowing to the ground from
surface openings.

As water flows across surfaces, 1t
plcks up contaminants which may be
harmful to humans and carries them
into surface water sources. In order
to use 1t for drinking, a surface
water source must elither be well pro-
tected or treated.

This technical note discusses four
classes of surface water sources: (1)
springs and seeps, (2) ponds and

(3) streams and rivers and (4)
It describes
methods typically used to develop
each source and discusses their
advantages and disadvantages.

Springs and Seeps

A spring or seep 1s water that
reaches the surface from some under-
ground supply, appearing as small water
holes or wet spots on hillsides or
along river banks. The flow of water
from springs and seeps may come from
small openings in porous ground or from
joints or fissures in solid rock.

There are two categories of springs:
gravity and artesian. Within the grav-
ity category, there are three principal
types of springs: depression springs;

contact springs; and fracture or tubular

springs.

o Depression springs are formed when
the land surface dips and makes contact
with the water table in permeable ma-
terial.
table is high, but the amount of avail-
able water may fluctuate seasonally.

A gravity depression spring may not be
suitable for a drinklng water source
since it may dry up.

- A
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Yield will be good if the water

Useful Definitions

ANNULAR SPACE - Small, ring-shaped
space between pipe and ground, formed
when a pipe 1is placed in the ground.

AQUIFER - A water-saturated geologic
zone that will yleld water to springs
and wells.

CONTAMINANT - An impurity which makes
water unfit for human consumption or
domestic use.

ESTUARIES - Lowland areas where river
waters meet tidal waters.

GRAVITY FLOW ~ Flow of water from
high level to low by natural forces.

GROUNDWATER - Water stored below the
ground's surface.

IMPERVIOUS - Not allowing liquid to
pass through.

INFILTRATION - The process of water
passing from the surface, through
the soil, and into the ground.

INTAKE - The point where water enters
a supply system.

WATER TABLE - The top,
limit, of an aquifer.

or upper

WATER TREATMENT - A process in which
impurities such as dirt and harmful
materials are removed from water.

e Gravity contact springs are formed
when downward movement of underground
water 1s restricted by an impervious
underground layer and the water is
pushed to the surface. This type of
spring usually has a very good flow
throughout the year and 1s a good water
source.




e Fracture and tubular springs are
formed when water comes from the ground
through fractures or Joints in rocks.
Often the discharge 1s at one point and
protection 1s relatively easy. Frac-
ture and tubular springs also offer a
good source of water for a community

supply.

Springs in the artesian cate-
gory occur when water 1s trapped
between impervious layers and is
under pressure. There are two
types of arteslan springs: fis-
sure and artesian flow.

e Artesian fissure springs result
from water under pressure reaching
the ground through a fissure or
Joint. Yield willl be very good and
this source 1is excellent for a com-
munity supply.

e Artesian flow springs occur when
confined water flows underground and
emerges at a lower elevation. This
type of spring occurs on hillsides
and will also offer an excellent
supply of water.

Before reaching the surface, spring
water is generally free from harmful
contaminants. To avoid contamina-
tion; the spring should be protected
at the point where the water leaves
the ground. There are three methods
of developing springs as drinking
water sources: spring boxes; horizon-
- tal wells; and seep development.

Spring Boxes. Figure 1 1illus-
trates a spring box. A small area
is dug out around the spring and
lined with gravel. A concrete box
with a removable cover is placed over
the spring to collect and store the
water. The cover prevents outside
contamination and should be heavy
enough to keep people from removing
it to dip buckets and cups into the
collection box. A tap and an over-
flow to prevent a back up in the
aquifer should be installed.

The cost of developing a spring
box is minimal and the system is re-
latively maintenance free. Disinfec-
tion 1s seldom required. Since
springs are generally located on
hills, a simple gravity flow delivery
system can be installegd.
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Figure 1. Spring Box with Pervious Side J

A disadvantage of using spring
water is that the quantity of avail-
able water may change seasonally.
Local community members should be
consulted as to the reliability of
the source.

®
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Horizontal Wells. Where a spring
has a steeply sloping water table
(steep hydraulic gradient), horizon-
tal wells may be developed. Pipes
with open ends or with perforated
drive points or well screens can be
driven 1into an aquifer horizontally
or at a shallow slope to tap it at a
point higher than the natural dis-
charge. Figure 2 shows horizontal
wells. Horizontal wells are installed
in a manner similar to driven and
jetted wells (see "Methods of Develop-
ing Sources of Groundwater," RWS.2.M)
except that care must be taken to pre-
vent flow through the annular space
outside the pipe. Any flow can be
stopped by grouting or by constructing
a concrete cut-off wall packed with
clay backfill.

The advantages and disadvantages of
this method are simlilar to those of the
spring box. Springs with flat water
tables are not suitable for the use of
horizontal wells.
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Seep Development. If water seeps
from the ground and covers an area of
several square meters, a third method
may be used. Pipes are lald to collect
the underground water and transport 1t

0 a collection box as shown 1in Figure
« A poured concrete wall Jjust down-
slope of the pipes traps the water for

more efficlent collection.

With thils method, maintenance costs
are higher as plpes often clog with
soll or rocks. Also, the expense and
difficulty of construction may prohibit
its use. Unless the seep supplies
abundant quantities of water, this
method should not be considered.
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Ponds and Lakes

Ponds and lakes exlst where surface
run-off has accumulated in depressions
or where a dam has been bullt to form a
reservolir. Ponds and lakes, with pro-
per watershed management for quality
control, can be good sources of drink-
ing water for a community. With good
planning, adequate supplies will be
avallable for community consumption
throughout the year. Furthermore, the
amount of available water 1s readily
apparent and access to it 1s easier
than to groundwater.

Because ponds and lakes are fed by
surface run-off, treatment may be nec-
essary. This is especlally likely in
smaller community ponds. In large
bodles of water, a process of self-
purification may occur that allows
water to be used without treatment.

Another requirement of ponds and
lakes 1is that water usually must be
pumped through a distribution system
to the point of use. Pumping machin-
ery 1s expensive and requires a
well-organized operation and malnte-
nance program, and an energy source to
operate the pump.

Intakes. To use water from ponds
an intake 1s needed. Water flows by
gravity or is pumped from the intake
to treatment and then into storage.
There are three methods typically
used. Figure 4 shows a flexible

plastic pipe intake. It is attached
to a float and anchored so that it
rests between 0.3m and 0.5m from the
surface of the water. The intake is§
placed far enough below the water's
surface to prohibit the entrance of
any organic matter floating near the
surface. A lower intake also takes
advantage of somewhat cooler water
below the surface. Water from the
intake 1s either pumped directly into
the distribution system or to treat-
ment and then into the distribution
system.

)

Where a dam has been bulilt, the
flexible plastic pipe is attached to
a rigid conduit with anti-seepage
collars. The condult passes through
the pond embankment to the treatment
and storage tanks. If the water is
very sllty, treatment may consist of
(a) a settling basin, which allows
large particles to settle out of the
water, and (b) a filtration unit where
water must pass through a filter bed
of sand and gravel before entering
storage. For most pond waters, it
should be sufficient to pump the water
to a small holding tank and then allow
it to flow onto a filter bed. Al

1.»
can also be consldered. A galvanized
steel intake pipe 1s connected to a
screened concrete storage box located
on the reservoir floor near a dam's

embankment, as shown in Figure 5.
This system functlions in the same manner

A variation of the above method

To treatment and storage
—

Rigid rod holds pipe
below surface
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as the previous one, except that the in-
take 1is nearer the bottom of the reser-
voir. The water generally will be
cooler and may be free of vegetation

.which often floats near the surface.

e

'In addition,

the system wlll need less
maintenance. The decision to adopt

this method should be made before the
dam is constructed since it 1is less
easily installed in existing reservoirs.
The expertise needed for construction
and high cost make this method a less
attractive cholce.

The quantity of water available from
ponds and lakes may not be a problem but
quality will be a question. Generally,
water from ponds and lakes must receive
some treatment, whether at a central
facility or in the household. Also,
algae and decaying plants may give the
water a taste unacceptable to the user,
causing him to seek other water sources.
Because of these variables and the cost
of treatment, the use of water from
ponds and streams should be carefully
evaluated.

Streams and Rivers

Streams and rivers are formed by
surface run-off from rainfall or from
snow and ice melting in colder regions.
Also, some rivers and streams have
springs as their sources.

Streams and rivers have variable
yleld and water quality. Some streams
and rivers dry up during the dry season
and have no water for several months.
People who depend on the river are
left with little or no water. Rilvers
and streams are also exposed to contam-
ination by waste disposal, laundry,
bathing, and animals, and may prove
unsuitable for drinking unless treated.

In mountainous areas or in places
with few inhabitants, the quality of
stream water can be very good, requir-
ing 1ittle or no treatment. Streams
in such areas offer a good source of
water for a community. There are three
methods of developling streams and
rivers: infiltration wells and
galleries; intakes connected to mecha-
nical pumps; and gravity flow intakes.

Infiltration Wells. Digging or
drilling a well near the banks of a
stream or river 1s the cheapest and
simplest method of development. The
well should be close enough to the
river channel to collect both water
flowing underground and water seeping
in through the channel, as shown in
Figure 6. Generally, this will provide
a very good supply of water throughout
the year. Even 1f the river dries up
during times of little rain, water will
be available from the ground.
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The water will also be filtered
naturally. Water from the stream
passes through the sand and silt in
the river bank and impurities are
removed. The degree of purification
will depend on the extent of contam-
ination of the stream and on the soil
type. In many cases, the purification
process will be sufficient to make
treatment unnecessary.

A handpump, windmill or power pump
can be installed to extract the water
and pump it through the system. The
pumping method chosen depends on the
distribution system see "Methods of
Delivering Water,"™ RWS.4.M. If water
will not be delivered further than the
source, a handpump should be adequate.
If water will be pumped to houses or
a public standpipe, some type of
power, such as diesel or wind, should
be used. If a pump is installed,
villagers must be trained in 1its oper-
ation and maintenance.

Infiltration Galleries. To increase
the amount of water that can be
collected by an infiltration well,
infiltration galleries can be
constructed. These trenches are dug in

the bank parallel to the stream, below
groundwater level, or below the stream
bed itself. Tile, concrete or
perforated plastic collecting pipes are
placed in the gravel-lined trenches and
connected to a storage well. The grav-
el in the trench filters out sediment
and prevents clogging of the pipes.

The water 1is pumped from the storage
well into the distribution system in
the same way as described for infiltra-
tion wells. See Figure 7.

Intakes with Mechanical Pumps. A
surface intake pipe in the channel is
another way of drawing the water from a
stream or river. An intake pipe should
be attached to a concrete well ring on
the stream bed. A catwalk supports the
pipe between the ring and the bank.
Water is pumped from the stream to
treatment. This method 1is shown 1in
Figure 8.

To use this method, a stream with
stable banks and a firm bed 1s needed.
Skilled construction workers must also ',
be avallable as the structure must be
sound enough to withstand the stream's
current. This method 1s more costly
than riverside wells and requlres more
expertise.
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Gravity Flow Intakes. Water from a
stream can be carried to the user
through a gravity flow system. This
method is suitable for streams and
rivers with enough changes 1n elevatlon
to allow gravity to move the water from
the intake to the storage tank. A
concrete collection box with winged
sides is constructed to catch water and
direct i1t into a screened intake. The
intake should be placed on the stream
bed and anchored to the bank, as shown
in Figure 9.

4 N

Collecting wall Bank

Intake pipe

anchor wall
-’ .
AR La/ P
A \’ . e )
\\\\\ Outlet pipe
underground
WA
\

To storage

\Figure 9. Winged-Wall Structure
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Water will then pass from the intake
into storage. No pumping will be
necessary to supply a community with
water, so little maintenance will be
required. However, highly skilled
technicians are needed to design and
construct the system. As with the other
methods, treatment will be necessary
unless the area above the collection
point is uninhabited.

In streams with sufficient fall, a
hydraulic ram may be used to pump water
to storage. The ram is an inexpensive
and easily-maintained pump and can be
constructed in the community. The ram
1s able to 1ift water from a stream
into a storage tank without using an
outside source of power see "Selecting
Pumps," RWS.4.P.5.

Highly-skilled labor is usually
needed for construction involved in
developing rivers and streams. This
will add to the cost of the project.
As a general rule, stream water 1in
low areas and estuaries is con-
taminated and will need some degree
of treatment. Streams that are not
exposed to human and animal wastes,
and those at higher elevations with
little population, will provide good
water without treatment. Special
care must be taken to choose a source
located above inhabited areas 1if
treatment is not available.

c
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Rainfall Catchments

Rainfall catchments collect water
from precipitation. They can be
installed anywhere a suitable area is
available. 1In areas of little rain or
at times of drought, catchments can be
used in combination with other surface
sources. For example, water from
catchments could be used for drinking
and cooking while other sources met
cleaning needs. There are two types
of catchment systems: roof catchments
and ground catchments. ("\

Roof catchments. Roof catchment
systems offer a simple and fairly in-
expensive method of providing water
to individual homes. Tile and sheet
metal roofs can be adapted with pipes
and gutters to trap water and trans-
port 1t through a filter into a water-
proof cilstern. The cistern must be
closed to avoid surface contaminants
and must be disinfected pericdically.
Thatched or pitch roofs do not make
suitable catchment areas due to seep-
age and potential contamination.

Rain catchments are as reliable as
the weather and water may not always
be available. Cisterns can be de-
signed for large capacity storage at
times when water 1is scarce. The sys-
tem 1s basically maintenance free,
except that gutters and pipes must be
cleaned often to prevent clogging and
contamination. Water quality may be
fairly good to poor, depending on the
amount of contamlinants that settle on
the roof between rainfalls, and water
should be treated. An example of a '/
roof catchment system appears in
Figure 10.
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Ground catchments. Figure 11 shows
a ground catchment system. An area
of sloping ground several hundred me-
ters square must be cleared, graded
and preferably paved to form a catch-
ment for precipitation. A paved area
1s desirable to reduce losses due to
evaporation and infiltration, and to
reduce erosion. A drain should be
placed at the downward end of the
slope to collect the water and deliver
it to a sedimentation basin and into
a storage tank.

Ground catchments are costly to in-
stall and must be carefully maintained.
They also require large tracts of land
that may not be available in a com-
munity.

Summary

Surface water sources can be devel-
oped for drinking water but special care
must be taken to ensure the quality of
the water. Springs generally offer the
best alternative in terms of cost, water
quality and maintenance. Spring water
also 1s cool and fresh-tasting and very
acceptable to the users.

Ponds and lakes offer good, access-
ible quantities of water. Water from
ponds and lakes 1s easily delivered to
users by installing intakes. Ponds,
lakes, and especlally small commnuity
ponds are often exposed to con-
tamination. Generally, water from them
should not be used unless adequate
treatment is available.

Streams and rivers also provide good
sources of water 1if developed properly.
Stream and river water that 1s naturally
filtered into wells offers a good, low-
cost method for using surface water.
Untreated stream water from higher ele-
vations 1is also avallable at low cost
to the user. Near estuaries and at
low elevations, contamination 1is likely
and care must be taken before water is
used.

Roof catchments offer the advantage
that they can be constructed in the
yard of the user if the house has a
suitable roof. Each individual is re-
sponsible for his own system. Water
quality 1s variable with rain catchments
and will depend on the users' willing-
ness to clean the roof often and dis-
infect the cistern occasionally.

Ground catchments provide a fairly
good quantity of water and, with stor-
age, a ground catchment system can meet
the needs of a community. Ground catch-
ments are expensive to 1nstall and use
large areas of land which 1s scarce in
many regions.

The choice of a method depends on
many factors including the source and
resources avallable and community pre-
ferences. These factors are further
discussed in the technical notes on
planning. Table 1 compares the vari-
ous methods of developlng surface
water discussed in this technical
note.
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Table 1. Summary of Methods of Developing Sources of Surface Water
Method Quality Quantity Accessibility Reltabilicy Cost
Springs Good quality; Good with little Storage necessary Good for artesian flow Rairly low cost; with
and disinfection variation for for community water | and gravity overflow, plped system costs will
Seeps recommended after artesian flow supply; gravity flow fair for gravity depres- rise.
installation of springs; variable delivery for easy sion; little malntenance
spring protection. | with seasonal community access. needed after installa-
fluctuations likel tion.
for gravity f{low
springs.
Ponds Fair to good in Good available Very accessibie Falr to good; need for a Moderate to high because
and large ponds and quantity; decreaseg using Iintakes; good program of operation | of need to pump and treat
Lakes lakes; poor to during dry season. | pumping required and malntenance for pump- | water.
fair in smaller for delivery sys- ing and treatment systems.
water bodies; tem; storage re-
treatment generally] quired.
necessary.
Streams Good for mountain Moderate: seasonall Generally good; Maintenance required for Moderate to high depending
and streams; poor for variation likely; | need intake for both type systems; much on method; treatment and
Rivers streams in lowland some rivers and both gravity flow higher for pumped system; | pumping expensive.
reglons; treatment streams will dry and piped dellvery. | riverside well is a good
necessary. up 1n dry season. rellable source.
Rain Fair to poor; Moderate and Good; cisterns Must be rain; some Low-moderate for roof
Catchmenty disinfection variable; supplles located 1n yards maintenance required. catchments; high for
necessary unavailable during of users; fair ground catchments.
dry season; stor- | for ground catch-
age necessary. ments.
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Water for the World

Planning How to Use Sources
of Surface Water
Technical Note No. RSW. 1.P.1

—

Surface water includes water from
ponds, lakes, streams, rivers and
springs. Surface water sources can be
important for community water supplies.
Surface water is available without
major digging or use of expensive
machinery and sometimes can be deliv-
ered to users without pumping. The
quantity of water available is easy to
determine by simple measurements. The
development of surface water sources is
not simple and careful planning is
necessary. JSurface water is subject to
run-off and human and animal contact
and may be contaminated with feces or
other wastes. Before a surface source
/.“Ean be used it should be well pro-

ected, and, in most cases, connected
to a distribution system. Most water
from surface sources should be treated.

This technical note describes the
planning needed to use surface water
sources in terms of eight important
planning steps: (1) recognize the
problem, (2) organize community sup-
port and set objectives, (3) collect
data, (4) formulate alternatives, (5)
choose the best method, (6) establish
the system, (7) operate and maintain
the system and (8) evaluate the system.
Worksheet A may be adapted for use in
cataloging information gathered during
the planning process.

~

Useful Definitions

EVAPORATION - Loss of surface water to
the alr as the surface water 1s heated
by the sun and rises to the atmosphere
as vapor.

. ATER-RELATED DISEASES - Diseases

aused by a lack of safe water and poor

‘\E?nitation.

\

Recognize the Problem

Before planning to use any source of
water, the community's water supply
problem must be defined. The current
water source is unacceptable if (a) the
water 1s of poor quality, (b) the water
is not avallable in sufficient quan-
tities to meet the needs of the users,
(c) the source 1s not accessible to the
users and (d) the source 1is not
reliable.

Water quality is generally measured
by laboratory testing. In many areas,
testing will be impossible because of
lack of equipment and the distances
from the source to testing facilities.
Water quality must then be Jjudged
through observation of local conditions
and through a sanitary survey. (See
"Conducting Sanitary Surveys to
Determine Acceptable Surface Water
Sources," RWS.1.P.2). If a water
source is exposed to contamination from
human and animal wastes, aquatic
growths in the water, and surface run-
off, 1t must be protected, treated or
abandoned for a more suitable source.
If there 1s a high rate of water-
related disease among users of a cer-
tain water source, suspect that the
source 1s contaminated and take
measures to improve the water supply.
Table 1 shows examples of diseases
caused by lack of safe water. Where
such diseases exist, water supply
improvements will reduce the number of
cases. Water improvements will not
eliminate these diseases.

Water quantity is measured by the
number of liters per day people use.
Table 2 shows typical water consumption
rates for rural areas. A water source
should provide an average of 15 1liters



Worksheet A. Planning the Development of a Surface Water Source

1. Name of communlity

2. Number of people to be served by water source

3. Type and number of water-related diseases in the community per year

4. Significant beliefs and taboos about water

5. Present source{s) of water and form of dJdistribution

Determine:

water quality (see RWS.1.P.2}

water quanrtity (see HWS.1.P.3)

accessivility

retiavility

form of and location of distridbution system

6. Potential source(s) of water

Determinre:

water quality (see RWS.1.P.2)

water quantity (see RWS.1.P.3)

accessibility

reliability

7. Commmunity resources and organization

Determine:

a) sources of income

b) seasonal distribution of income

¢) labor and materials avallable

d) infrastructure in existence

e) concerned! community leaders and groups

8. Project costs
Estimate total costs for:

a) equipment

b) materials

¢) labor

d) maintenance

¢) other costs (transportation, etc.)

9. Sources of finance
Determine:

a) local funding capability

b) external funding possibilities
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Table 1. Diseases Related to Deficiencies in Water Supply and/or Sanitation

Group

Diseases

Diseases transmitted by water
(Water Borne)

Cholera

Typhoid

Bacillary Dysentery
Infectious Hepatitis
Amebic Dysentery
Giardiasis

Gastroenteritis

Diseases caused by lack of water
and poor sanitation
(Water Washed)

Scabies

Skin Ulcers

Lice and Typhus
Trachoma
Conjuctivitis
Bacillary Dysentery
Amoebic Dysentery
Salmonellosis
Diarrheas
Ascarlasis

Whip Worm or Trichuriasis

Hook Worm

Diseases caused by infecting

agents spread by contact with

or 1Ingestion of water and of

animals 1living in water
(Water Based)

Schistosomiasis (Blood fluke)
Guinea Worm

Thread Worm

Lung Worm

Human Liver Hluke

N

Y

per person per day for non-piped
systems, 40 liters per person per day
for one tap piped systems and 70-100
liters per person for multi-tap piped
systems. If the water is to be brought
near or into the houses, the amount
used will increase greatly. A source
producing insufficient quantities 1is
Determine the amount of

ynacceptable.
fiater a community will need by

“multiplying the population by the esti-

mated amount of water used per person
per day.

Water supplies must be accessible.

If a great distance separates the
supply from the user, a decrease in the
amount of water used and a reduction in
standards of hygiene 1s likely. People
who must carry water may even choose a
nearby contaminated supply over a
distant protected one. The water
supply should not be located more than
250m from the users.



Table 2. Domestic Water Use
Typical Consumption Range
Type of Supply (liters per capita (l1iters per capita
per day) per day)
Communal water point
(village well,
standpost)
located at:
- distance greater than 7 5-10
1000m from house
- distance between 12 10-15
500-1000m from house
Village well
less than 250m 20 15-25
from house
Public standposts
less than 250m 30 20-50
from house
Yard connectlon
(tap in yargd) 40 20-80
House connection
- single tap 1In house 50 30-60
- multiple taps 150 70-250

-

|

The reliability of a source ensures
its continued use. A water supply that
dries up, provides insufficient water,
or is tapped by a system that breaks
down often may force people to use a
less desirable source. A source must
provide water year-round. Local tech-
nlcians must be able to operate and
maintain the treatment delivery system
to ensure that water 1s always available
to the community.

Organize Community Support and
Set Obijectives

The main objective is to provide a
community with an adequate quantity of
safe water from a convenient and
reliable system. A good water system
willl reduce the incidence of water-
related diseases and improve the overall
health of the community. An accessible
supply will increase water use for
hygliene-related purposes and reduce the
time spent in carrying water. More time
will be available for productive activi-
ties. An abundant source can provide
water for home vegetable gardens.

A successful project must include a
plan for community support. Support 1is
gained through three methods: (1) promo-
tion, (2) community involvement and (3)
training for operation and maintenance.

Promote the project in the community
to create an awareness of the water
supply problem. Organize meetings and
educational programs, show pictures or
films, and make home visits to explain
the connectlion between a good water
supply and good health. Once the com-
munity 1s aware of the problem, it will
be more willing to work toward a solu-
tion by contributing time, effort and
resources.

Involve the community in the project.
Enlist the support of local political,
religious and community leaders and
include them in decision-making. Ask
the potential users of the water sys'cerr'
for advice. They will be good sources '
of information. They will express their
preferences and be good sources of in-
formation on such matters as the
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resources available for the project.
Discuss the cost of the project and
emphasize the need to finance not only
its construction but also its long-term
operation and maintenance.

Training local people to operate and
maintain the system is essential. Plan
a training program for people active
in the project so the water supply
system can be developed and maintained
by the community. The goal 1is that the
community contribute to, participate
in, and maintain the water supply
system.

Collect Data

In order to understand the water
supply problems of a community, infor-
mation must be collected about local
environmental, social and economic con-
ditions. Appropriate solutions to
problems will be suggested by this
information. Data should be gathered
on the following items: (a) local
development history, (b) current com-
munity conditions, (c¢) environmental
and geographic factors, (d4) available
resources and (e) local customs.

Obtain information about the
community's development history. The
success or fallure of a past develop-
ment project, especially in water
supply, can gulde decision-making. If
a development project has failed, simi-
lar mistakes must be avoided.
Information about past projects and
traditional water sources should be
available from village elders or local
government agencies.

Study the present situation.
Determine the community's current popu-
lation and estimate likely growth rates
and demand for water. Check the pre-
sent water sources for their suitabil-
ity and figure out possibilities for
improvement. To plan efficiently, you
need to collect information about in-
comes, resources and community needs.

Collect environmental and geographic
data. Information should be collected
on: (1) total annual precipitation, (2)
seasonal distribution of precipitation,

(3) annual or monthly variations of
rainfall from normal levels, (4) stream
and river flow rates and (5) spring
yield. Some of this data may be
obtalned from local or national govern-
ment agenclies. Airports are likely

to have useful statistics on rainfall
and the stream and river flow rates and
spring yield can be measured in the
field using simple techniques. These
are discussed in "Conducting Sanitary
Surveys to Determine Acceptable Surface
Water Sources," RWS.1.P.2. A great
deal of useful information can be
collected through interviews with local
people and observation of local con-
ditions.

Data on run-off and evaporation
rates would aid planning greatly. This
data 1is very difficult to obtain, but
will prove useful if available.

Know what material and human
resources the community can provide to
the water project. The community
should make contributions of labor,
materials and money for the water
system. Limit the amount of outside
material or assistance whenever
possible. Where outside technical
assistance or material is needed,
to obtain it from the national or
regional government, or from private
donors. Determine what percentage of
the project can be financed through
local funds and use a combination of
the local and outside resources to
complete the project.

try

Know the customs of the community.
Village preferences and desires may be
determined by religious and cultural
beliefs or taboos. Certain members of
the community, such as water vendors,
may depend on the present water system
for their economic well-being and be
opposed to a change. Know the com-
munity well before proposing a water
project. Never promote or insist on a
method that continues to meet with
local resistance after 1t has been
fully explained to the community.




Formulate Alternatives

Once all available data are col-
lected, formulate possible solutions
to the problem. The best alternatives
will provide the community with safe
and abundant water from a reliable and
accessible source at the lowest cost.
When considering alternatives, deter-
mine which method of surface water
development will best solve the water
supply problem (see "Methods of
Developing Sources of Surface Water,"
RWS.1.M). Evaluate each method by
determining its acceptability and
sultability to the community.
Determine the type of system most
appropriate to the community's needs.
Decide whether people will obtain their
water directly from the source, from a
standpipe or from household taps.

Discuss the cost and resource
requirements of each alternative with
community leaders and local groups to
determine community preferences. 1In
some cases, there will be only one
acceptable alternative and no choice
will be necessary. In other cases,
there may be several acceptable alter-
natives, or there may be a combination
of methods that could meet the T
community's needs. The decision about
which to use willl depend on the many
factors discussed in this technical
note.

Select a Method

Where there are several alternatives
for a surface water source, it will be
necessary to choose the best, most
appropriate method. 1In making this
decision consider the following:

Community needs. Determine whether
the source can meet the needs of the
community adequately now and in the
near future. Do not choose a sophisti-
cated method if it is not really
necessary. Avold selecting methods for
prestige rather than suiltability and
maintainability.

Social acceptability. Determine
whether the water source is acceptable

to all the users. If the water has an
odd taste or smell or is turbid, people
wlll be against drinking it. Avoid
having the supply a long way from the
users since people will not walk long
distances to fetch water. The greater
the community acceptance of the

system, the more willing people will

be to pay for bullding and maintalning
it.

Economic factors. Determine whether
the community can afford the construc-
tion and maintenance of the system. Do
not over-tax the resources of the com-
munity. A successful project will
involve community labor and par-
ticipation in fund-raising and other
activities. A project partially paid
for with community resources will be a
source of pride. When selecting
a method do not overlook the possibil-~
ity of improving the current water
source. It may not need much improve-
ment and will probably meet with little
local resistance. Improvement of the
current source may be the best and
least expensive alternative. Use il
"Selecting a Source of Surface Water," .
RWS.1.P.3, in deciding on the best
water source for the community.

Establish the System

Once the best method is chosen,
develop a project plan. The plan will
serve as a guide throughout the project
and ensure that labor and materials are
avallable when needed. In many cases a
plan must be submitted to a government
agency or donor organization for
approval. The plan should state a
goal, provide population information,
indicate the number of people affected
by the project, and demonstrate how the
project will aid the community. This
i1s especially important when money 1is
sought from international donors.
Determine their requirements as early
as possible. In such cases the plan
should be quite detailed and include
information on: (a) proposed system,
(b) costs, (c) sources of finance, (d) .
implementation schedule, (e) plans -
for construction and sources of
materials and (f) operation and main-
tenance requirements.




Proposed system. Design drawings
for the project should be submitted
with the plan. The drawings should
include all measurements and capaci-
ties. Photographs of the work site and
a topographic map showing houses,
buildings, and water sources should
accompany the plan.

Costs. The plan must include a
1ist of all estimated costs, including
materials, tools, equipment and labor
for both construction and maintenance.
If land must be purchased, that cost
should be included in the total. Local
materials probably will be less expen-
sive and should be used whenever
available. Labor costs will depend on
the local pay rate and the time and
skills required. Any labor or
materials which are donated should be
included in total costs.

Sources of funding. If at all
possible, local funds should be used to
finance some portion (at least 10-15
percent) of the project. This money
can come from contributions, fund-
raising activities such as dances, user
fees, and varlous other sources. Money
for the development of larger scale, or
more expensive, water systems may be
available from government organiza-
tions, international groups or private
donors. Donor agencies generally
require that the community cover a per-
centage of the construction costs and
all of the operation and malntenance
costs.

Implementation schedule. Determine
the amount of time necessary to
complete the project. Attempt to
schedule the project at a time when
volunteer labor and money are available
to the community. Generally, this will
be after harvest time or Jjust before
planting season. Fund-raising activi-
ties should take place during times of
increased community income. In sched-
uling work, take into account wet and
dry seasons.

Plan for construction. Develop a
plan for constructing the system
including both the labor and supplies
needed. A complete materials 1list for
the project wlll help ensure that
tools, equipment and materials are at

the site when people come to work. If
tools and materials are stored at the
site, provide a well-protected, secure
place to store them. There should be a
supervisor at the site so that workers
will know what to do at all times. If
the system 1is very complex, a contrac-
tor may be hired to do the construc-
tion.

Operation and maintenance. Plan for
the continued operation of the system.
This may include a training program for
local villagers. No matter how simple
the system, there will always be a need
for maintenance. People trained in
basic construction, pipe-laying, pump
repair and simple water treatment are
needed in the community. The people in
charge of maintenance must know where
to obtain spare parts, extra chlorine
and other resources important to the
system. A local storehouse can easlily
be established. Permanent arrangements
for operation and maintenance must be
made. More systems fall because of
improper operation and maintenance than
for any other reason.

In a community where water 1is piped
into households, an administrative
system for collection of fees and con-
tinued operation and maintenance must
be established. Community members with
managerial skills and community leaders
should be involved in the system ad-
ministration.

Evaluate the System

After completion, evaluate the
system by determining if it is
achieving the goals set at the
beginning of the project. To measure
the system's success, use the four
characteristics of a suitable water
supply: quality, quantity, accessibi-
lity and reliability.

Quality. Is the water provided of
acceptable quality? Have the water
tested, if possible, and determine if
there has been a decline in water-
related illnesses since the completion
or improvement of the system. Fewer
cases would indicate that quality has
improved. Make sure the source is pro-
tected from sources of contamination,
and that treatment 1is adequate.



Quantity. Is the quantity of water
produced adequate? Determine 1f the
system is meeting the daily needs of
the users and if it supplies adequate
quantities for potential additional
users.

Accessibility. 1Is the system
accessible to all intended users?
Determine if the community 1s satisfied
with the supply's location and has any
problem getting water. Also, find out
if water consumption has increased
since the system was developed. An
increase in consumption may 1indicate
that water 1s more easily avallable to
the users. If traditional family water
carriers have increased time for other
activities, try to estimate the bene-
fits gained from this extra time.

Reliability. 1Is the system proving
reliable? There should be no design
flaws or breakdowns. Water should be ‘
reaching the users without interrup-
tion. If technicians have been
trained, evaluate their performance in
operating and maintaining the system.

Be sure that they know where parts and
materials can be obtained and that they
can handle speciflic maintenance
problems. Provide for a modest store
of replacements and a means to make
added house connections.

The evaluation of the system will
provide important information for the
development of future projects.
Compare the success of this project to
projects in other communities to gain
valuable lessons in the development of
surface water supply systems.

Technical Notes are part of a set of “Water for the World" materials produced under contract to the U.S. Agency for International Development by National
Demonstration Water Project, Institute for Rural Water, and National Environmental Health Association. Artwork was done by Redwing Art Service. Technical Notes are
intended to provide assistance to a broad range of people with field responsibility for village water supply and sanitation projects in the developing nations. For more

detail on the purpose, organization and suggestions for use of Technical Notes, see the introductory Note in the series, titled “Using ‘Water for the World" Technical
Notes.” Other parts of the "Water for the World" series include a comprehensive Program Manual and several Policy Perspectives. Further information on these
materials may be obtained from the Development Information Center, Agency for International Development, Washington, D.C., 20523, U.S.A.
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Conducting Sanitary Surveys to Determine
Acceptable Surface Water Sources
Technical Note No. RWS. 1.P.2
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A community interested in develop-
ment of a community water supply may
have several sources of surface water
avallable to it. When a choice has to
be made between sources, the quality of
the water at the source and the quan-
tity 1t produces must be considered.
Methods for determining whether a sur-
face source provides a sufficient
quantity of water are discussed in
"Selecting a Source of Surface Water,"
RWS.1.P.3. To determine water quality,
a sanitary survey must be conducted.

A sanitary survey is a field eval-
uation of local health and environmen-
tal conditions. The goal of a sanitary
survey is to detect all sources of
existing and potential contamination,
and to determine the suitability of the
source for a community water supply.
From information gathered in the sur-
vey, sources of contamination can be
removed and water supplies protected.
Information should be gathered through
observation of local conditions,
through sampling of water, and through
interviews and conversations with local
leaders, health officials and villag-
ers. The following factors should be
considered when doing the survey: (a)
physical characteristics of the loca-
tion which indicate potential con-
tamination, (b) bacteriological quality
of the water and (c¢) physical and
chemical qualities of the water.

This technical note describes each
of these factors and their importance
in determining existing and potential
sources of contamination of a water
source. Worksheet A summarizes the
questions to be answered by a sanitary

Wsurvey.

Useful Definitions

ALGAE - Tiny green plants usually found
floating in surface water; may form
part of pond scum.

BACTERIA - One-celled micro-organisms
which multiply by simple division and
which can only be seen through a
microscope.

COLIFORM - Bacteria found in the large
intestine; a coliform count is often
used as an indicator of fecal con-
tamination in water supplies.

E. COLI - A type of coliform bacteria
present in the 1ntestine of man and
animals, the presence of which in water
in sufficient quantity indicates fecal
contamination.

FECAL BACTERIA - Organisms in human and
animal waste associated with disease.

FILTRATION - Process by which bacteria
are removed from water as 1t flows
through tight soil or fine sand.
FISSURE - A narrow, deep crack in rock.

LIMESTONE - A white rock consisting of
mostly calcium carbonate.

SCUM - Floating impurities found on top

Qfﬁliquids or bodies of water. ‘4/




Worksheet A. Questions to be Answered by a Sanitary Survey

Do potential sources of surface contamination exist Yes No

a) above the site or in the watershed?

b) at the site?

If yes, determine these sources and
a) remove sources of contamination, and/or
b) protect the water supply, or
"¢) find a more acceptable water supply.
Do potential sources of fecal contamination exist Yes No

a) above the site or on the watershed?

b) at the site?

If yes, determine these sources and
a) analyze the water, or
b) remove sources of contamination.

If level of coliform bacteria greater than 10 organisms
per 100ml of water,

a) water must be treated or
b) alternative source must be found.

Does the water source have unacceptable chemical or Yes No
physical qualities such as:

a) color?

b) turbidity (1) all the time?

(2) after a rainstorm?

c¢) unpleasant odor?

d) a lot of salt?

e) excessive algae?

f) excessive flourides?

g) hardness?

If the answer is YES to any of these questions, study the water source
carefully and analyze the water if possible. Generally, these condi-
tions will make water unacceptable to the users and the source must
elther be treated or abandoned for a new one.




Physical Characteristics of

‘qhe Location

.} Livestock areas,

Physical characteristics that
contribute to the contamination of sur-
face water can be recognized through a
sanitary survey. To determine if a
source 1s acceptable, a thorough study
of the site and nearby areas must be
done. If conditions indicate that con-
tamination is 1likely, the water source
should be tested to see if treatment is
necessary. (See "Determining the Need
for Water Treatment,”™ RWS.3.P.1).
Contaminants must either be removed or
the water supply protected against
them. If protection or removal is
impossible, a more suitable source
should be found. Physical conditions
contributing to contamination of d4if-
ferent types of surface sources are
discussed below.

Springs. Springs can provide a very
good source of water for a community
supply. Generally, water from springs
can be used without treatment if the
source 1s adequately protected with a
spring box. Not all water from springs

is free from contamination. A sanitary
survey of the spring site will help
determine whether contamination is
likely.

The first step in a sanitary survey
of a spring site is to determine the
physical conditions above the point
where the water flows from the ground.
If there are large openings or fissures
in the bedrock above the spring, con-
tamination of the spring from surface
runoff may occur. Surface runoff
enters the ground through the fissures
and contaminates the spring water
underground.

Find the true source of the spring.
Many times, a small stream disappears
into the ground through a fissure and
emerges agaln at a lower elevation.
What appears to be a spring actually
may be surface water that has flowed
underground for a short distance. The
water is generally contaminated and may
flow only during the wet season.

Determine 1f there are sources of
potential fecal contamination.
septic tanks and other
sewage disposal sites are sources of
contamination. If they are located

above the source or closer than 100m
to it, contamination may occur and
disease-causing bacteria can enter the
water.

The second step in a sanitary survey
is to study the area at the spring
site. The type of soil may indicate
that contamination is likely.
Filtration may be poor 1if permeable
soil deeper than 3m 1s within 15m of
the spring. Water passes quickly
through coarse soils and impurities are
not filtered out. If this condition
exists, or if there 1s any suspicion of
contamination, a water analysis must be
done.

A spring flowing from limestone or
highly fractured rock may be subject to
contamination. Earth movements create
fissures and cracks in limestone
allowing surface run-off to enter the
ground rapidly with little or no

filtration of impurities. If a spring
flows from a limestone bed, check the
water after a heavy rain. If it

appears turbid, suspect surface con-
tamination and either analyze the water
or choose a better site.

Community members must always be
consulted during a sanitary survey.
Information from local people should
be added to the information collected
through observation. They will know
about spring ylelds and reliability and
about other local conditions.

Ponds and Lakes. A study of the
characteristics of the watershed must
be done to determine whether there are
potential sources of contamination
of pond and lake water. The watershed
is the area within which rainfall flows
over the surface of the ground into
rivers, streams, ponds and lakes. An
acceptable watershed must be free from
human and animal wastes. An area that
has latrines, septic tanks or animals
is not appropriate for a watershed
feeding a drinking water supply.
an area 1s a source of fecal con-
tamination which may make water unsafe
to drink. A study of the watershed
should also determine that there are no
contaminated streams entering ponds to
be used as water sources. A con-
taminated stream flowing in the
watershed could lead into the water
supply and make the water unfit for
drinking.

Such



The watershed should not support
farming. On some farms, pesticides and
chemical fertilizers are used to
increase crop production. Rainfall
carries these elements from the flelds
into the water source and contaminates
it. Find out if fertilizers and pesti-
cldes are used on farms in the
watershed area before choosing the
water source. If a watershed has farms
that use fertilizers and pesticides,
the water source fed by it will most
likely be unsuitable without treatment.
If there are farms, erosion is likely
to occur. The soil that enters the
pond or lake will settle to the bottom
and may cause it to fill up rapidly.
This reduces the amount of water
available to the users and limits the
life of the pond. A better site should
be chosen or trees and grass should be
planted in the watershed to prevent
soil from entering the water supply.

Heavy growths of algae 1n water may
indicate of possible contamination.
Algae grow in water with a high con-
centration of organic material nitrates
and phosphates. Water supporting
excesslive algal growth should not be
used as a water source until 1its
quality 1is determined.

Rivers and Streams. Like ponds and
lakes, the quality of water in rivers
and streams 1s dependent on the charac-
teristics of the watershed. The major
difference is that stream and river
watersheds are more extensive and much
more difficult to control. Above a
river intake, the watershed may support
sewage disposal, animal grazing and
farming. People may use the river for
laundry and bathing. Such practices
will adversely affect the water quality
downstream. Where an intake is located
below an inhabited area, the water
quality should not be trusted. Only
where an intake 1s located above inha-
bited areas can efficient watershed
management take place. If possible
sources of contamination exist
upstream, then treatment will be
necessary.

Roof Catchments. A sanitary survey
can indicate potential sources of con- -
tamination in catchment systems. The (.
first step in the sanitary survey is £o
determine the roofing material
available. Tile and corrugated metal
make the best collectors for drinking
water. Water from thatched, tarred or
lead roofs is likely to be very con-
taminated and very dirty. Catchment
systems should not be installed where
houses have roofs made from these
materials. Find out 1if a suiltable
cistern 1s available. The cistern
should be clean and covered to protect
the water quality.

Bacteriological Quality of Water

An untreated water source should be
as free from bacteriological con-
tamination as possible. The greatest
and most widespread source of such con-
tamination 1s human and animal wastes,
which is called fecal contamination. A
sanitary survey determines the degree
to which water sources may be subject
to fecal contamination. To find out 1if
water contains fecal bac teria, it 1s
necessary to take a water sample and s
have it analyzed. (See "Taking A Waternj
Sample," RWS.3.P.2; "Analyzing a Water
Sample," RWS.3.P.3; and "Determining
the Need for Water Treat-ment,"
RWS.3.P.1).

Most fecal bacteria are members of a
group called coliforms which include
the organism E. Coli. The presence of
E. Coli and other coliforms in water
are indicators of fecal contamination.
For an untreated water source to be
acceptable, the level of fecal con-
tamination must be low. The level of
fecal con tamination can only be deter-
mined by a laboratory analysis. The
technical note "Analyzing a Water
Sample," RWS.3.P.3, describes standards
for acceptable amounts of coliforms in
water and explains methods for testing
water. Generally, standards are no
more than three coliform organisms in a
100ml sample for piped systems and no
more than 10 organisms in a 100ml




sample for nonpiped systems. Any

. source having over 10 coliform organ-
Jisms per 100ml should be abandoned or

‘the water treated.

Equipment for testing water may not
be available and water analysis may be
impossible. If so, observation can
reveal characteristics that indicate
bacteriological contamination. If
there 1s a layer of scum on the water
surface, suspect contamination. If
excesslve algae are growing in a pond
or lake, there are organic impurities
which may indicate the presence of
fecal matter in the water. Speak to
local health officials and village
leaders to find out 1if there is a large
number of cases of dlarrheal illnesses.
Many cases of diarrhea, especially
among young children, may be an indica-
tion of contamination in the water
source.,

By simple measures such as removing
obvious sources of contamination from a
catchment area, fecal contamilnation can
be controlled and eliminated. If con-
tamination 1s not reduced, then the
water source should be considered

. unacceptable.

Physical and Chemical Quality of Water

The bacterioclogical quality of water
is the most important factor in deter-
mining the acceptability of a source.
Many times, though, water 1s bac-
teriologically safe, it has physi-
cal or chemical characteristics that
make it unpleasant or unattractive to
the users. To determine the exact phy-
sical and chemical quality of water,
laboratory analysis must be done. An
evaluation of physical and chemical
conditions can be made by doing a sani-
tary survey. A thorough sanitary sur-
vey can detect turbidity, color, odors,
and tastes and help determine the
acceptability of the water source.

Turbidity. Turbildity 1is the pre-
sence of suspended material such as
clay, silt, organic and inorganic

material which clouds or muddies water.
Turbid water may be potable but often
it 1s aesthetically unacceptable to
users. Turblidity may also indicate
contamination. A laboratory analysis
should be done, if possible.

Color. Dissolved organic material
from decaying vegetation and some
inorganic material cause color in
water. An excessive algal growth
may cause some color. Color in water
is generally not harmful but it is
objectionable and may cause users not
to drink the water. Highly colored
water needs treatment.

Odors and Tastes. Odors and tastes
in water come from algae, decomposing
organic material, dissolved gases,
salts and chemicals. These may be from
domestic, agricultural or natural sour-
ces. Water that has a bad odor or a
disagreeable taste will be rejected by
a community for a different source.

Certaln chemical properties of water
can make a source unacceptable to the
users. The chemlical quality of water
can only be determined by an analysis
in a well-equipped laboratory which is
unlikely to be located in a rural area.
Because an analysis may be impossible,
it is important in the sanitary survey
to recognize some chemical qualities of
water which may make users reject a
source.

Water that contains a high degree of
calcium and magnesium carbonates is
called "hard." Hard water requires a
great deal of soap for cleaning and
washing clothes because it does not
lather. Extra soap, which is costly,
must be purchased to clean with hard
water. Extra time and work 1is
involved in scrubbling with hard water.
Pipes may even become clogged with
deposits from the water. For basic
economic reasons, people may reject
hard water unless it 1s "softened."

Where algae are abundant, phosphates
and nitrates are likely to be present.



These come from chemical tertilizer and
sewage, and can be very dangerous to
health. A high nitrate content in
water may cause blood problems in
infants belng fed on reconstituted milk
formulas. The bablies become blue as
oxygen in their blood 1s lost.

High concentrations of flouride in
water cause dental problems. Flouride
can cause teeth to become brown and
mottled after several years. In severe
cases, pitting occurs. If these dental
problems exist, suspect high levels of
flouride in the water and look for an
alternative water source. Concentra-
tions of 1-2 mg/liter of fluoride are
beneficial as the incidence of tooth
decay 1is reduced by 65-70 percent.

Good quality water must be avallable
to ensure the health of the people in a
community. The bacteriological quallty
of water is especially important.
Water used for drinking must be free
from disease-causing fecal con-
tamination. Fecal contamination can be
prevented by the protection of water

sources, by the removal of sources of
contamination, and by the treatment of
water.
determine the potential sources of con-
tamination of a water source so that
measures to protect the source can be
developed. If a need for treatment is
apparent from the sanitary survey, a
water analysls should be done (see
"Determining the Need for Water
Treatment," RWS.3.P.1).

The chemical and physical quality of
water 1s important. The problem
is that only some chemical and physical
properties can be determined through a
sanitary survey. Generally, competent
laboratory testing 1s needed.

In many rural areas, access to a
laboratory for water testing 1s
impossible. The sanitary survey may be
the only possible study of the suilt-
ability of a water source. Therefore,
the survey must be thorough and must
rely on very careful observation and on
basic information collected from
discussions with local villagers.

AN

A thorough sanitary survey must
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Technical Notes are part of a set of “Water for the World" materials produced under contract to the U.S. Agency for International Development by National
Demonstration Water Project, Institute for Rural Water, and National Environmental Health Association. Artwork was done by Redwing Art Service. Technical Notes are
intended to provide assistance to a broad range of people with field responsibility for village water supply and sanitation projects in the developing nations. For more
detail on the purpose, organization and suggestions for use of Technical Notes, see the introductory Note in the series, titled “Using ‘Water tor the World' Technical
Notes.” Other parts of the "Water for the World” series include a comprehensive Program Manual and several Policy Perspectives. Further information on these
materials may be obtained from the Development Information Center, Agency for International Development, Washington, D.C., 20523, U.S.A.
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Selecting a Source of Surface Water
Technical Note No. RWS. 1.P.3

—

The success of a water project
depends on the suitability of the water
source that is chosen to serve the com-
munity. The selection of the most
appropriate source 1s very important
and requires that all available water
sources that could serve the community
be identified, and the most appropriate
source be selected. A source should be
selected only if (a) it meets the needs
of the users, (b) 1is easily accessible
to them, and (c) can be developed at an
affordable cost.

This technical note suggests guide-
lines for choosing the most appropriate
surface water source for a community.

It describes methods for measuring the

quantity of water available from a sur-~
face source, and establishes four
priorities for source selection that
will help ensure the selection of the
best source at the lowest development
cost.

Determining Quantity of Water Available

In considering a water source, you
must first find out how much water it
yields, whether it provides enough
water to meet community needs and
whether 1t is reliable during the
entire year.

Springs. To determine the suitablil-
ity of a spring, it 1s necessary to
know how much water 1t will yield, and
how well 1t will keep up its flow in
dry weather.

The yield 1s measured by a very
simple method. First, channel
the spring's flow into a small,
hollowed-out collection basin that is
dammed at one end. Make sure that the
basin collects all avallable flow.
Place an overflow pipe through the dam
so that the collected water flows
freely through the pipe, as shown in
Figure 1. Make certain there 1is no

@ful Definitions \

DISINFECTION - Destruction of harmful
micro-organisms present in water,

through physical (such as boilling) or
chemical (such as chlorination) means.

HEAD - Difference in water level bet-
ween the inflow and outflow ends of a
water system.

HYDRAULIC RAM - A self-powered pump
which uses the energy of falling water
to 1ift some of this water to a level
above the original source.

POTABLE WATER - Water that 1s free from
harmful contaminants, 1is aesthetically
appealing, and 1s good for drinking.

RECHARGE - Natural process by which
quantities of water are added to a
source to form a balance between inflow
and outflow of water.

WATER BALANCE - Balance of input and
output of water within a given defined
hydrological area such as a pond or
lake, taking into account changes

qused by storage. 4}
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Figure 1. Measuring Spring Flow /




leakage around the pipe. Then, put a
bucket of a known volume (for example,
a 10-1liter bucket) under the pipe to
catch the flow. With a watch, measure
the amount of time 1t takes for the
bucket to fill. Divide the volume of
water by the amount of time to find the
rate of flow in liters per minute. For
example, if the 10-liter bucket fills
in 45 seconds, the rate of flow is:

10 liters
5 seconds

0.22 liters/second x 60
seconds/minute = 13.2 liters/minute

= 0.22 liters/second

It is then easy to determine the
volume of water avallable during a
24-hour period. Multiply the number of
liters per minute by 60 minutes per
hour to find liters per hour. For
example:

13.2 liters/minute x 60 minutes =
792 liters/hour

Then, take the flow in liters per hour
and multiply it by 24 hours per day to
find the daily flow. For example: ‘

792 liters/hour x 24 hours/day =
19008 liters per day

Compare thils amount to the daily
needs of the community. The daily need
is computed by multiplying the number
of users by the number of liters each
person will use in one day. For
example, 1if there are 300 people using
40 liters per day, the daily water
usage 1s 12000 liters. A spring with a
daily flow of 19008 liters and a
storage tank would be more than enough
to meet the needs of a community of
this size.

Ponds, Lakes and Reservoirs. The
amount of- water available in a small
pond, lake or reservolr can be roughly
estimated by a simple method. An
example to follow is shown in Figure 2.

Approximate
dimensions

[ - ya— : —
Nt d
Greatest fm} )I? e
depth P o~
- =1, . Dam

k Figure 2. Estimating Storage Capacity of Small Lake or Pond
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Steps to calculate storage capacity




1. Lay out a rectangular shape

., around the body of water approximately

‘1ts size.

2. Measure the length and width of
the rectangle and multiply the two num-
bers to find the area of the rectangle
in square meters. For example, 1if the
length is 30m and the width 20m, the
area is 600m2.

3. The depth of the source should be
measured at the deepest point and
the average depth calculated. The
average depth is found by multiplying
the greatest depth in meters by 0.4.
If the deepest point in the pond
measures 3m, the average depth is 3m x
0.4 = 1.2m.

4, The amount of water in the source

is measured in cubic meters and is
calculated by multiplying the area (m2)
by the average depth (m). In the
example, the area 1s 600m and the
average depth 1.2m. The volume of
water i1s 600m2 x 1.2m = 720m3.

5. A basic rule to follow is that
the volume of water avallable

is generally about 80 percent of the

total volume of water in the pond or
lake. The other 20 percent 1is usually
lost through evaporation, transpilra
tion, and seepage. To find the volume
of water available for use, multiply
the total volume of water by 80 per
cent. For example, .80 x 720m3 =
576m3.

6. There are 1000 liters of water
per cubic meter (1000 liters = 1m3).
In the example, the water avallable for
use 1n liters 1s:

576m3 x 1000 = 576000 liters.

Compare the estimated amount of
water available to the amount needed by
the community and estimate how many
months the source will provide water
for a community without recharge. This
determination will assist in planning
for times when there is no rain. If

~possible, a source should contain at

least a six-month storage supply. To
refine further the estimate of the
source's yield, find out its history
during the wet and dry seasons. Note
any major fluctuations in water 1level
and be prepared for them when planning
to develop the source.

For example, if 100 people use 40
liters per day each, or 4000 liters
total, we can determine their monthly
water usage and the number of months
the pond will supply sufficlent water.
To do this, multiply the total daily
usage by 30 days per month:

4000 liters x 30 days/month =
120000 liters/month

Then divide the total number of liters
available by the number of liters used
in a month to find the number of months
the source willl last without recharge:

576000 liters

= 4.8 months
120000 liters/month

In the example, the source would

supply storage for approximately five
months wlthout normal recharge. That
1s, unless there were rain, the pond
would dry up in five months. When con-
sidering pond or lake development, 1t
is necessary to take into account rain-
fall and recharge rates to make sure
the source 1s suiltable.

Rivers and Streams. Simple methods
are avallable for determining the flow
of water in a stream or river. For
smaller streams, the same method as for
spring flow can be used. That 1is, a
dam with an overflow pipe can be built
and the flow can be found by seeing how
long it takes for a bucket of known
volume to fill with water.

There 1s another method for deter-
mining flow in small streams with
slightly greater flow. It 1is called
the V-notch method. A V-shaped notch
with a 90° angle is cut out of a flat
plece of metal or wood and placed in
the middle of a dam so water flows



through the notch as shown in Filgure 3.
A gauging rod is placed in the stream 2
to 3m upstream from the dam. The zero
point on the rod must be level wlth the
bottom of the notch. The depth of the
water from the bottom of the notch, the
zero point, to the water level can be
read from the gauge. Table 1 gives the
flow per second for a gilven height.
This information will help determine
the amount of water available for an
intake in a stream or river.
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Gauging rod Metal or wood plate

with 80° "V -notch in
top center

Stream

Plate secured
in bank

Distance between
zero and surface
of water determines

flow in liters per Bottom of “V" at
second same levels as “O"
on gauging rod

f Table 1. Flow Over a 90° V-Notch }

Height of
Water (mm)

Flow (liters/
second)

50
60
70
80
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100
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130
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150
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\ Figure 3. Measuring Stream Flow )

If the flow 1s too great to use the
V-notch, there 1s another, less
accurate, method that can be used.

This method is not nearly as accurate
as the others and should be used only
when measuring flow in larger streams.
Find a straight, wide stretch of a
stream and measure a length along the
bank. Place a stake at each end of the
measured distance as shown in Figure 4.
Throw a floating object into the stream
at the first stick and time how long it
takes for the object to reach the

second stick. Repeat this test three
times and take the average. The flow
in liters per second is calculated
using the following formula:

850 x measured length x width of the
stream x average depth
average time

For example, to measure the flow of (.)
a stream 1lm wide with an average depth
of 0.3m, place two sticks on the bank
approximately 3m apart. Throw a
floating object into the middle of the
stream at the first stake and measure
how long it takes to travel the 3m
distance. Take the measurement three
times. Assuming the object takes an
average of 20 seconds to float 3m, use
the equation to deter mine river flow:

850 x 3m x 1m x .3m = .
350 - 38-25 {ltery/

To find out if the flow will be suf-
ficient, determine the daily demand for
water and the volume of available
water. The flow in liters per second
can be converted to flow per day by
using the following formula:

liters/second x 60 = liters/minute;
liters/minute x 60 = liters/per
hour;

liters/hour x 24 = liters/day.

9
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Kﬂgure 4. Measuring Large Stream Flow
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Rain Catchments

When considering a rain catchment as
a source for a water supply, first
determine individual needs. This 1is
done by multiplying the number of
people in the family that will use the
system by 15 liters per person. If
there are six people in a family using
15 liters of water per person per day,
the total demand for water is 90
liters:

15 liters/person/day x 6 persons =
90 liters/day.

The second step 1s to figure out how
much water will be avallable.
Determine the area of the catchment
area by multiplying the length of the
roof by the width. The width 1is the
length of the base of the triangle
formed by the roof. For example, if
the length of the roof is 8m and the
width is 6m, then the area of the roof
is 48m2.

Next, determine the amount of annual
rainfall for the region. This should
be available from a local government
agency, a weather station or an air-
port. Multiply the amount of annual
rainfall by the area of the roof catch-
ment to find the amount of water

available for consumption. For
example, assume that 750mm, or .75m, of
rain falls on a 48m2 catchment area.
The quantity of water available for use
is .75m x 48m?2 = 36m3. To convert

36m3 to liters, multiply by 1000:

36 x 1000 = 36000 liters/year.

Not quite all the water will be
collected. Some splashes to the ground
and some evaporates. For planning pur-
poses, assume that 20 percent of the
water is lost. Then the amount of
water actually available 1s 28800
liters. This is calculated by
multiplying the amount available, 36000
liters, by 0.80:

36000 liters x .80 = 28800 1liters.
To make the numbers easier to work
with, divide the total quantity
available either by 12 to get liters
per month or by 365 to get liters per
day:

28800 liters/year
12 months/year

2400 liters/month

28800 liters/year
3b5 days/year

79 liters/day

A cistern must be constructed to
store the water collected by the catch-
ment. For information about storage
see "Methods of Storing Water,"
RWS.5.M, and "Determining the Need for
Water Storage," RWS.5.P.1.

Compare the total avallable quantity
to the demand for water and determlne
if family needs can be met using a roof
catchment system. Each person should
have 15 liters per day available, but
in some cases demand for water from
catchments may be less than 15 liters.
If the quantity available ranges be-
tween 10 and 15 liters per person, the
system 1is suitable.

Priorities for Source Selection

The quantity of water available from
surface sources can now be determined.
Quantity 1s an important factor but 1t
is not the only one. A suitable source
must provide good quality water, and it



must be reliable. Another important
factor is that water should be
avallable to the user at the lowest
possible cost.

When planning to select a suitable
source, it is useful to have a set of
guidelines. The first guideline
discussed here is sufficient water
quantity. If several sources offer
adequate quantity, a cholce must be
made among sources. Table 2 1lists
priorities to consider when choosing a
source.

~

~

Table 2. Priorities for Surface Water
Source Selection
Priority System
First No treatment or pumping
required
Second No treatment but pumping
is required
Third Some treatment but no
pumping 1s required
Fourth Both treatment and pump-
ing are required

\Z

These priorities are guidelines for
selecting the most appropriate source
among several alternative methods of
surface water development. The priori-
ties are established in order of ease
of construction, malntenance, and
financing of the system. Where no
treatment or pumping is requlired, a
system 1s easier to develop, operate
and malntain. Moreover, the develop-~
ment costs should be lower than for
systems requiring treatment and
pumping. Once treatment and pumping
are added to a water system, costs rise
and a program for operation and main-
tenance must be established to ensure
constant operation. These extra costs
could make the development of the pro-
Ject difficult for a rural community.
When following the basic guidelines,
keep 1n mind other factors such as com-
munity preferences and available com-
munity resources.

No Treatment; No Pumping. A water
source which supplies abundant water
needing no treatment that can be deliv- 44
ered to the user by a gravity system ‘
should be the first source consldered.
Because no treatment or pumping is
required, the cost of developing,
operating and malntaining the system is
relatively low.

If a spring of sufficient capacity
is available in, or near, the com-
munity, it could prove to be the best
source. Water from a protected spring
generally needs no treatment. An ini-
tial disinfection applied after the
source 1s protected will be sufficient
to ensure good water quality. If
springs are found in hilly areas, they
can easlily be developed to supply a
community with water through a gravity
flow system. Water from the spring
flows downhlll into storage and then to
the distribution system.

Care must be taken to ensure
that there 1s an adequate head so water
willl reach the users. Head is the dif-
ference in water levels between inflow
and outflow ends and 1s an important
concept in developing water systems.
The possibllity of loss of water
pressure due to insufficient head is an
important consideration in determining
the suitability of a source. When
planning to use any surface source,
especlally a gravity flow source where
water is piped, see '"Designing a
System of Gravity Flow," RWS.4.D.1.

A stream or river in a highland
region with few inhabitants is another
source which probably will require
neither treatment nor pumping. In an
area where not many people live, fecal
contamination 1s not a llkely problem
and treatment will not be necessary.

In a hilly region, the water intake can
be located at a higher elevation than
the storage tank and the community.
This will allow use of a gravity flow
distribution system if head is suf-
ficient. Costs should be low, but
higher than for a spring because of the
task of constructing a river intake.
Maintenance should be simple.

Rivers and springs that do not
require pumping or treatment are good

e
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sources of water for a community
supply. Water from both sources is
often cool and tastes good to the
users. Generally, the source is
accessible and is one that the com-
munity 1s accustomed to using. A pro-
Ject using water from these sources
will normally be accepted by the com-
munity, and will offer them good water
at low cost.

No Treatment; Pumping Required.
When a first priority source is either
not avallable or 1s inadequate, con-
sideration should be glven to a source
that needs no treatment but requires
pumping. Treatment can be very expen-
sive and requires special skills,
equipment, and a continued supply of
treatment chemicals except where only
simple settling 1s needed.

Pumping devices, on the other hand,
can be simple, easy to install and
inexpensive, such as hand pumps.
can also be quite complicated and
expensive to operate and maintain, as
1s true of power pumps. Whenever any
pump is installed, trained maintenance
people with access to spare parts will
be needed. Mechanical pumps require
energy and either electric power or
petroleum to operate.

They

In some cases, water from a natural
lake or pond may not need treatment for
use as a drinking source, especilally 1if

it is located away from uninhabited
upland areas. Thorough testing of the
water should be done before using 1t
without treatment.

A river or stream 1s another source
of water that possibly can be pumped
without treatment. Several alter-
natives exist. A mechanical pump can
easily be installed in a mountain
stream where a gravity flow system 1s
not feasible. Where there is suf-
ficient fall and volume of water in the
stream, an inexpensive hydraulic ram
can be used to 1ift water to a storage
tank.

An inflltration well or infiltration
gallery may also provide water that
needs no treatment. Infiltration in-
takes are located on the banks of
streams and rivers. The stream water
that enters them flows through the

ground and is filtered. 1If properly
planned and designed, infiltration
wells and galleries can provide water
needing no treatment.

A hand pump can be installed on the
infiltration well and on the storage
well of infiltration galleries, if
water 1s to be used at the source. If
water distribution 1is necessary, a
windmill or fuel-powered pump can be
installed.

Some Treatment; No Pumping Required.
In some circumstances, the only surface
sources avallable to a community will
need treatment. Since treatment can be
relatively expenslve, a source which
requires some treatment but no
pumping should be the next source con-
sidered.

Rain catchments offer a relatively
inexpensive method for providing water
to individual users. Water from a rain
catchment requires treatment because
dirt, bird and animal excreta and other
contaminants collect on the roofs of
houses between rainfalls. During a
rainfall, the contaminants are washed
into gutters and pipes and then into
the water collection cistern. To be
safe, this water must be filtered and
disinfected (see "Methods of Water
Treatment," RWS.3.M). Rain catchments
offer a variable yield and should only
be considered where rainfall is ade-
quate. Where rainfall is abundant,
system should prove reliable.

the

A contaminated river or stream in a
hilly area is well-suited for a grav-
ity flow system. Wher