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ME MORANDUM

T0: Colleagues

FROM: Fred Rosensweig ﬂQSQ%ﬁssociate otrector/Human Resource
Development )

"SUBJECT: WASH Training Guides

I am pleased to provide you with this WASH Training Guide.
WASH has recently completed four training guides for use in rural
water supnly and sanitation projects. The subjects of the four
training guides are latrine construction, handpump installation and
maintenance, rainwater roof catchment, and spring capping.

A fiyer which provides an overview of the four training guides
is also enclosed. We would be interested in any comments on the
training guides, particularly after using them to run workshops in
the field.



WATER AND SANITATION
FOR HEALTH PROJECT
A
ﬁ‘ AAANINE

A '. A, \BJ ‘ﬂl‘ . A
Ve 9 U ll -I
<=y l'

!v‘ v @
WASH Training Guides

The Water and Sanitation for Health (WASH) Project has developed
four training guides for use in rural water supply and sanitation projects
in developing ~ountries. These guides have been developed in response
to two problems: (1) the barrier to effective training presented by the lack
of well designed training materials and (2) the high cost of preparing and
oroducing effective training materials. The net resuit of these problems
is that most training programs are not carefully planned and do not achieve
their intended outcomes.

Well-crafted training guides are now available which not only meet an
immediate need but can also serve as a model for developing materials
in the future. These trzining guides are: the following:

* A Workshop Design for Latrine Construction— Technical Report No.
25

o A Workshop Design for Handpump Installation and Maintenance —
Technical Report No. 26

e A Workshop Design for Rainwater Roof Catchment—Technical
Report No. 27

e A Workshop Design for Spring Capping - Technical Report No. 28

These four technologies were chosen because of their widespread ap-
plicability, because of their relevance to nontechnical as well as technical
field personnel, because they lend themselves to skill transfer within
relatively short timeframes, and because they are in frequent demand.

Description of the Training Guides

The training guides contain all the information a trainer needs to plan
and conduct a comprehensive workshop, including training designs, trainer
guidelines, participant handouts, and trainer reference materials. The
quides were developed for trainers to use in training fieldworkers with
responsibility for rural water supply and sanitation. These fieldvorkers in-
clude health promoters, nurses, rural development workers, and health
assistants. Each workshop is designed to take about two weehs, the max-
imum amount of time that field personnel can realistically be away from
their posts. The guides are divided into sessions which rang from an hour
to seven hours in duration. Each training guide contains a participant
reference packet, which is a regrouping of the handouts found at the end



of each session. This packet can be easily duplicated for participants to
take away from the workshop.

Courses have been designed so that all the sessions should be used
in their numbered sequence. Each training guide, however, is flexible
enough for the trainer to select only certain sessions, depending on the
role and job responsibilities of the participants. When using a selected
number of sessions, minor modifications u.ill have to be made to main-
tain the coherence of the training design.

Approach

The training methodology used is highly participatory, based on well
proven methods for training adults that combine practice in actual con-
struction with case studies, large and small group discussions, role plays,
field tasks, and presentations of technical content. Each workshop includes
a construction project and uses both the classroom and the construction
site during the training.

Each training guide is organized around the steps of a project cycle—
preplanning and assessment, planning and design, construction,
maintenance and repair, and evaluation. As a result, the participants learn
not only the technical but also the planning and cornmunity development
skills critical to a successful rural water supply and sanitation project.

The workshop is designed for a rural setting so that the participants
carry out field tasks in a comrnunity similar to those they normally work
with. This adds an important measure of reality to the workshop that could
not be achieved in an urban setting. Sophisticated training facilities are
not called for. In fact, only a large meeting room and adequate facilities
for lodging and food are essential.

Training Staff

These workshops ideally require a training staff with three types of skills
and experience: ‘ :

1. Expertise in the technology
2. Experience conducting participatory training
3. Skills in working collaboratively with communities

The workshops should be conducted by two trainers (assuming 11-20
participants), one a technical and the other a traning specialist. There
are, however, other ways to organize the training team, as long as both
training and technical skills are present. Technical expertise alone is not
enough to make effective use of these guides.

Prerequisites to Using the Trainirg Guides

There are certain prerequisites for use of these training materials:

e A water supply and sanitation project or componre:ritvbf a pnmary



health care or agricultural project in which the skills learned in the
workshop n be used.

® Trainers representing a mix of training and technical skills.

* A training site with adequate classroom and living facilities and close
access to an appropriate place for the construction.

® Management capability to plan and monitor the training program,
including ordering materials, finding and preparing the training site, iden-
tifying the participants, arranging transport, and selecting the irainers.

® Participants who can be away from their jobs for approximarely two
weeks.

Use of the Training Guides

These materials will be useful to many different organizations including
national ministries or agencies, international and bilateral agencies,
volunteer organizations such as the U.S. Peace Corps, local contractors,
and private voluntary organizations. These organizations can use the train-
ing guides to introduce a new technology to a project, improve technical
skills of project field staff, establish a rural water supply and sanitation
curriculum, or develop other materials using these guides as a model.

The Technologies

Latrine Construction - Technical Report No. 25

The [;urpose of this course is to build skills in assisting communities
in the planning and implementation of latrine projects. The workshop deals
with how to help communities make informed choices and plan and im-
plement latrine projects appropria:3 to their resources and needs. All par-
ticipants construct a ventilated improved single pit latrine with a concrete
base and slab and a locally appropriate shelter. Although the Ventilated
Improved Pit latrine is the type chosen, the guide can be easily adapted
to use with other latrine designs. There is an appendix with instructions
for adapting the basic course for use with a mud and wattle latrine.

Handpump Installation and Maintenance - Technical Report No. 26

This course is concerned with building skills in both the technical and
community development aspects of community-based handpump proj-
ects. The materials are applicable for beth bore holes and hand dug wells
and adaptable to any model and typ~ of handpump. The AID handpump
was selected as the model for the tuchnical sessions because it is a basic
reciprocating, single-acting pump, similar to most handpumps in use to-
day, and because it is available for both deep and shallow wells. Specific
adaptations are also included for the India Mark H pump.



Rainwater Roof Catchment - Technical Report No. 27

The purpose of this course is to provide systematic skill development
for local project staff in the steps and techniques for planning and im-

above ground, and below ground. Participants also learn to make cement
water jars for individual household use and catch water off a thatched roof.

Spring Capping - Technical Report No. 28

The purpose of this course is to provide participants with the skills and
knowledge needed for assisting communities to organize, implement, and
maintain a spring capping system. The workshop uses the retaining wall
as the type of spring improvement system since these structures are
relatively easy to construct and since many of the basic skills required
are the same as for other spring capping systems. The training guide also
contains a supplement which adapts the guide for use with a spring box
design.

For more information or copies of the training guides, pleasa write the
WASH Information Director, Room 1002, 1611 North Kent Street, Arl-
ington, Virginia 22209, U.S.A,

The Water and Sanitation for Health Project has been in operation since
September 1980. WASH is managed by Camp Dresser & McKee Inc.
in conjuniction with the International Science and Technology Institute,
the Recoarch Triangle Institute, and the University of North Carolina
through a contract with the United States Agency for International
Development {Project No. AID/DSPE-0080).

WASH provides services to USAID missions initiated through requests
by AID field projects, host country institutions, private voluntary agen-
cies, and multilateral agencies. To date, WASH services have extended
to over 50 countries.
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1. INTRODUCTION TQ THE TRAINING GUIDE

1.1 Needs Addressed by the Training

The purpose of this training workshop is to provide participants with the needed
skille and knowledge for assisting rural communities to organize, implement, and
maintain spring capping projeets. Therefore, planning, constructing, and
maintaining retaining walls for springs is the central theme of this training. This
training guide is for trainers who will conduct the workshop. It is not for
participants although it contains materials which will be handed out to them.

‘The workshop is for participants who work in rura: settings - with local communities
which want to improve their spring water supply, and as suck it is designed for
individuals without prior technieal skills or knowledge needed to plan and construct
spring capping improvements. It is designed to provide sufficient understanding
and skills in the planning and construction of spring capring retaining wall systems
to enabie participants to implement these spring improvement programs.

This training program is appropriate for project promoters, field workers, rural
development speeialists, and others involved in the promotion of improved water
supply. They may be ministry staff, extension workers, Peace Corps volunteers
or any other individuals responsible for and interested in working for improved
community water supplies.

The training guide focuses on retaining wall systems and contains a supplement
for adapting it to spring boxes.

1.2 Overall Workshop Goals

During the workshcp a balanze is struck between the technical skills needed to
improve a spring and the community development skills needed to mobilize
communities to assume responsibility for their water improvement programs. In
the course participants will be involved in the planning and construction of a
spring capping system in the local community. They will participate in all phases
of this project. At the same time, they will be learning effective methods of
involving communities in planning and implementing spring improvement projects.

At the end of this workshop, trainees will be able to:
e Identify resources necessary to complete a villags spring capping project

o Communicate with village leaders and proi,note activities needed fgr,.projec_t
implementation : ' = )~

~ o Identify and apply strategies for involving the ‘community in spring capping.
activities :

¢ Surve_y and evaluate sites for potential spring capping

e - Communicate and apply relevant theories about water and its relationship
to environment and health o ' o



o Develop and implement work plans and lr}gistics necessary for project start-up
e Coordinate and supervise work force and delivery of ‘materials
o Design and build a retaining wail for capping springs

o Describe three alternative spring capping systeins: the springvboﬁ, seepage
collection, ard storage tank systems a

e Use, maintain, troubleshoot, and repai'r retaining wall spring capping systems

e Identify stra*egles for solving the most .common problems whlch develop
while building spring capping retaining walls

o Evaluate a spring capping project and document and record information
gathered for future use

e Develop action plans for implementing spring capping projeets in- thelr regular
work environments

1.3  Trainers

The course is designed to be conducted by a team of two trainers for 11 to 20
trainees. One trainer should be skilled in community-level project promotion
and training and the other in the construction of spring improvement. These
two trainers are responsible for delivering the training sessions both in the
workshop and at the training project site. These two trziners should have:

® A secondary level (or more) education

@ Prior iraining experience

e Extensive experience construrting spring capping sysf‘ems

e Previous experience in com'numty development activities

 This training workshop could be delivered by one trainer lf there were ten
participants or less. This trainer, however, would need technical, training, and

community development skills, :

1.4 Approach to Training

This training program is based on the belief that the knowledge and skills requn‘ed
by those implementing spring development projects involve both: o

e The technical areas including spring selection, construction of spring capping
structure, operation, maintenance, and repair

e Community development skills including facilitating v111age mobilization and
decision-making, problem-solving, health education, etc.

The content of the program reflects both these skill and knowledge areas.. /The
content is organized around the natural flow and sequence of actlvmes that are



required to complete a spring capplng retaining wall project. These activities
and their sequence are described in the prcject ecycle, whlch is described in
Session 2.

The training program design is based on the helief that people can best learn
how to impleme: { spring capping projects from training experiences that include
boih classroom theory and discussion and "hands-on" application of this theory in
an actual work setting. Therefon., the course is designed around an actual spring
capping project. Trainees spend tiine in both workshop sessions dealing with the
theory about how springs are ~apped and sessions in the field at the project site
where they actusally perform the activities required to cap the spring and build
the retaining wall. In this way the community iiself and its spring development
project become an integral part of the training course.

Since this course requires trainees to become involved in and learn from actually
working on a project and have a good deal of access to the trainers throughout
the course, the number of participants should be kept small. The optimum
number of participants is 16 to 18. Twenty to 22 could be handled, but with
diffienlty, and anything over 20 would seriously liinit the workshop's effectiveness.
The iraining staff should include two trainers, a project or site supervisor, and
an appropriate size laber force. The trainers conduct the training sessions. The
project supervisor oversees the project and supervises the village labor force,
and the village work force performs much of the repetitive labor required for
project completicn.

Villager participation as trainees in the program is welcomed and encouraged.
This will increase the viilage's involvement in the spring capping project, provide
training for the villagers, and introduce ideas into the workshop that come from
the users themselves. Key villagers are the guardians and members of the water
committee.

1.5 Organization of the Training Guide

This workshop is divided into 19 training sessions, each session covering a specific
topic. A training session may be as short as two hours or as long as eight
hours. Most require a half day or a full day, depending on the nature of the
topic. The times given for each session are approximate and do not include lunch.

1.5.1 Trainer Guidelines

Trainer guidelines are written for each training session. These are intended to
provide the training staff with detailed instructions on how to deliver the session.
Specifically these guidelines include:

@ Session objectives

~ @ An overview of the session: what is contained in the session and why it is
~.. important , ,

» Detailed instructions for condueting the - ti"ammg activities included in the
session (i.e. lecturettes on theory 1nput, interactive group dlscusswns, role
plays, field activities, ete.)



e A time frame indicating how long each part of the session should take
e Lists of materials needed for conducting the session
e Handouts to distribute to the trainees

e Trainer notes which explain alternative approaches or elaborations on
instructions

This guide is intended to help the training staff organize and deliver this training
program. However, the guide assumes the training staff has the technical
expertlse (experience with reinforced concrete and stone mortar construeticn)
for capping springs as well as the skills necessary for conducting participatory,
interactive worl:shops.

1.5.2 Prepared Materials for Trainees

The materials that are to be distributed to trainees follow the trainer guidelines
for each training session in the guide. These materials can be taken out of the
guide and copied for distribution to trainees and then replaced in the training
guide for the next timec the course is given.

Participants should be provided with a notebook in which to keep their materials.
This is called their Project Guide. This notebook/project guide should have at
least five dividers, cnc labeled for each phase of the project cycle. The trainees
can put the appropriate materials along with their own notes in the proper section
of the guide, and it should then serve as their guide for implementing spring

capping projects.

The trainer can choose to distribute materials in one of two ways. One is to
distribute the handouts at the time they are covered in the training session.
(The trainee reads or works with them and then inserts them into his/her Project
Guide.) Another method is for the training staff to assemble all the handouts
and put them into the Project Guides prior to the workshop. Thus, on Day One,
the Project Guides with handouts for the entire course already assembled are
distributed to the participants. Both methods work effectively, and the training
staff should choose the method they prefer.

1.6 Workshop Content and Methodology

1 6.1 Assumptions and Beliefs

This training program and the methodologies it uses are based on the followmg
assumptions and beliefs:

o A successful spring capping project is one that is village based, that is
managed effectively over time by the village itself with a minimum of
dependence on outside expertise, and that results in safe drlnklng water for
the majority of the village population.

e Individuals involved in commumty extension work can learn the techmcal
skills required to implement spring capping projects.



e Knowledge and skills needed to implement spring development activities
involve technical skill, skill in community work, and skill at project
management.

e Necessary spring capping knowledge and skills can best be acquired through
a balanice of technical theory and practical hands-on application,

e Adults learn best when they are actively involved ii. the learning
process—doing things, discussing, analyzing, and experimenting, raiher than
as passive listencrs in lectures or other trainer-centered activities.

e Workshop participants learn from each other as well as from the trainers,
so learning experiences should involve small groups who work together on
workshop activities.

e Participants will be far better prepared to cap springs back in their home
environment if adequate workshop time is devoted to planning for their first
spring capping project.

1.6.2 The Predominant Spring Capping Technology in This Course

It is beyond the scope of any one 12-day workshop to train participants to be
skilled in the design and construction of all major spring improvement systems.
This course focuses on one, the retaining wall, as the system to learn first for
the following reasons:

e Sloped springs where retaining walls are an appropriate improvement ere
common in most locations.

e Retaining wall structures are simple and relatively easy to construct. They
can be made from locally available materials and they are inexpensive.

e Many of the basic skills needed to construct a retaining wall are the same,
with variations, as required for other spring capping systems.

The course will help the participants to become familiar with spring box and
seep systems by discussing these alternatives, but in the course they will actually
build a retaining wall.

The supplement adapts the training guide for use with a spring box design. This
would allow trainers to conduct a workshop for spring boxes instead of retaining
walls. If both systems were to be constructed, a workshop longer than two
weeks would be necessary.

1.6.3 Spring Capping Training Project

The spring capping training project has two purposes: 1) To provide a laboratory
for learning which simulates actual issues trainees will face in implementing
spring capping projects, and 2) to cap a spring for a village and leave an
improved, functioning water source for the community.

In order to accomplish both the above purposes, the project and the workshop
are connected and interdependent in the following ways:

~H=



Trainees actually work on the project.

Project activities are planned so they occur at the appropriate time to fit
inta the course schedule. ‘

To the extent possible, workshop topies are scheduled to fit into the natural
sequence of project completion. Many sessions begin in the classroom, move
to the field, and are completed back in the classroom.

The training staff is responsible for conducting the training program and for
completing the project.

The labor force is uvailable to supplement the labor the trainees provide.
For cxample, trainees would lay out and plan the diversion ditches and begin
the digging. When the opportunities for learning have been exhausted and
only the digging remains, the trainees move to another training session and
the labor force completes the digging.

In order for the workshop and the project to proceed together hand-in-hand, the
following are important areas for thought and planning:

The training team must work together to plan and deliver the course and
complete the project.

The community should be involved in helping create a training project. The
labor foree should be considered a pert of the training team, not hired hands
to do the excess hard work.

Time mus! be planned and managed carefully so the workshop and the project
can evolva together.

1.6.4 Cominon Workshop Methods

Since this workshop is designed on principles of adult learning and experiential
methodologies, some of the common workshop activities are:

Lecturettes/Discussions (short trainer-led presentations and discussions)
Demonstrations i

Large group discussions

Small group work tasks

Role plays

Simulations

Case studies

Critical incidents (problems)

Questionnaires

Individual reading and reflecting

All methods are designed to put the learner in the active role-—-doing tasks,

solving problems, working with others to plan activities, developing strategies,
and trying things out. Trainees are active both as individuals and as members of
a working group.



The trainer's role is to plan and carry out these trainee-centered learning
activities, to act as a catalyst, to facilitate discussions, and to provide the
technical expertise needed for learning how %o cap a spring.

1.6.5 Planning for Back-Home Application

Trainees will be far better prepared to cap their first spring back home if
workshop time is spent on preparing for it. Therefore, approximately fifteen
minutes toward the end of each session is devoted to participants' planning how
the content of that session can be integrated into a total plan for their first
capping experience.

This application/planning activity is augmented by the use of the Planning Guides
(explained more fully in Session 2). By answering the questions in this Planning
Guide, the participants are able to reflect and record their learnings from the
day's experiences and begin to think through how this learning can be applied
to their first spring capping projects.

This reflective planning time is vital to the learning process. It helps insure
that the trainees organize and record their new krowledge and skills in ways
that minimize the chance of forgetting or losing the new information. Trainers
should never neglect this activity. Since the activity is frequently at the end
of the day, where time overruns finally cateh up with the trainer, the training
staff will have to make a special effort to see that this reflection and planning
time is not left out. On especially busy days, the trainer might want to reconvene
the group for a planning and reflective session after the evening meal.

Session 18, Planning for Your First Spring Capping Project, is the trainees' final
opportunity to prepare for their own project. This session reviews the
management, planning, organizing, and coordinating skills needed to implement
a project—as well as the newly acquired technical skills. This three-hour session,
along with the daily Planning Guides should enable the trainees to leave the
workshop feeling secure in their ability to cap a spring and eager and enthusiastic
to get started.

1.7 Planning for the Training Program

Conducting a 12-day training program, capping a spring, and coordinating the
two effectively for maximum learning is no small task. Obviously, the planning
and preparation for this event will have to be given a good deal of attention.
This planning and preparation could be divided into six categories:

e Selecting an appropriate village in which to hold the training program

e Working with the villagers to obtain their participation and assistance

° Selecting a spring to cap

e Preparing for the spring capping activities

° Sélecting and preparing the workshop facilities



Preparing trainee materials

Preparing the staff to deliver the training program

1.7.1 Selecting the Village

Obviously, the village in which to conduet this training program must be chosen
carefully. The following are some points that ought to be considered in making

this choice:

e Ease of transport into and out of village for traveling participants and staff
® Availability and variety of springs necessary for the course

® Availability of workshop facilities not too far from springs

e Living facilities for participants

e Labor force availabie and able to work on spring capping project

e Village interested in and committed to having a spring improved

e Village willing to help and cooperate

@ Village interested in "hosting’ a training program

1.7.2 Working with the Village

Once the village has been chosen, the training staff must begin to do the work
needed to involve the village in the training program. The following are examples
of what might be important in this area:

Communicating with village leaders and involving them in appropriate
decision-making -

Working with existing village tealth committee

Securing the labor force, which should consist of one mason and three to
five laborers

Working with villagers to "host" the training progrélm:- :

Making necessary financial agreements

o

Planning for ceremonies according to local customs (i.e. course opening

and/or closing and dedicating the eapped spring) =

1.7.3 Selecting a Spring for Capping

A spring must be chosen which would fit all the criteria for capping a spring using
a retaining wall. These criteria are described in Session 4. The spring site
must also fit the criteria for being useful as a training site, namely, not too
far from the workshop site and in as comfortable a setting as possible.
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1.7.4 I?*reparing for the Spring Capping Activities

The preliminary activities necessary before projeet start-up must be planned and
carried out. Among these are:

e Preparing the site for construction activitieé |
¢ Ordering tools and materials

® Arranging for storage of tools and materials
e Arranging for transportaticn of materials

e Hiring a construction supervisor

e Hiring and preparing the labor force (i.e., preparing village masons to mix
concrete and mortar appropriately)

e Arranging financing

Construction materials include those that must be brought some distance to the
site and those that are locally available. It will probably not be economical to
bring sand, gravel, and rock but it will probably be necessary to transport cement,
reinforcing bar, pipe and tools.

There will probably be substantial logistical considerations in procuring,
transporting, and storing the construction materials, The total weight of the
materials will probably exceed 1,000 kg.

Supplies and tools must be ordered. The following is a detailed list of the items
required for capping a spring:

Supplies
Cement 10-20 sacks, 50 kg, top grade, dry and
powdery
" Sand, clean (uniform) 1-2 cubie meter's‘ |

R,Bbo'ken stone (1 em diameter) 1-2'cub_ié’,me’te’rs
’Ivio'ck,Avclean " 1-3 cubic meters

Reinforeement rods (reber) 4-6, 6 mm rods at 6 m in length or'25
SRR m total length E

Wrapping wire : 5-10 meters of 3 or 5 mm flexible
S - wrapping wire

Pipe and appurtenances =~ 50 mm diameter galvanized iron pipe

: ' 1 m threaded at one end (outlet pipe)
o , L 0.7 m threaded at one end (drain pipe)

Intake secreen with flanged '
connections '



Labor

Tools

Plug for drain pipe

Plastic

Chlorine bleach
Sturdy rope or cord
Clay

Wood for forms and
mixing board

1-2 masons

3-5 laborers

2 spades for digging

1 rake

1 roll of thick plastic sheeting, 1 m wide
X 5 m long

2 gal. or 10 liters
1 roll 1-2 em thick
Locate a source for good quality clay
as close to t* : site as possible. (Quan-

tity varies)

Locally available lumber

Trowels (1 for every two participants)

3 wooden paddles

1 pick axe

1 crowbar

2 saws for cutting forms
1 hacksaw or wire snipper

2 hammers

2 boxes of flat headed nails for building forms

1 wheelbarrow

1 or 2 measuring tapes

1 sifting screen

1 tamper/compactor

-10-
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This list, of course, is an estimation. Materials needed will certainly vary
depending on the size of the spring capping required. These items are usually
necessary; however, they may not all be readily available. Alternative materials
may be substituted if necessary.

1.7.5 Preparing Trainee Materials

All of the trainee handouts are regrouped at the end of the last session of the
training guide. The purpose of regrouping is to allow the trainer to remove the
entire packet of handouts for duplication without having to remove the handcuts
after each session. These handouts will form a packet o reference materials
to take away from the workshop. One copy per trainee will be made of each
hendout with the exception of 2.5--Planning Guides—which requires multiple copies
(one for each of 13 sessions times the number of trainees).

1.7.6 Securing Workshop Facilities

The training facilities must be arranged. There needs to be adequate meeting
room space available during the entire 12 days for sessions to be conducted
during the day. The room(s) also ought to be available for possible evening
sessions. Since participants will meet as a total group as well as in small
working groups, ideally more than one meeting room should be available. These
meeting rooms should not be too far from the spring site or transportation will
consume too much time.

Materials for the workshop itself include: flipcharts and flipchart stands (or
blackbosards), paper, pencils, magic markers, masking tape, a three-hole punch,
and a stapler. Although flipchart stands and paper may be difficult to obtain,
their use is superior ‘o blackboards in that flipchart paper can be posted on the
walls and left visible for later tasks or individual reflection. Blackboards usually
provide much less writing space and require erasing before new material can be
presented. Simple flipchart stands can be constructed out of locally available
materials; they need not be the fancy, steel variety. Flipchart paper can be
low-grade newsprint or butcher paper.

Room and board for the trainees must also be arranged. Ideally these facilities
should be within walking distance of the workshop site so transportation will not
be a problem.

1.7.7 Adapting the Session Sequence

The workshop curriculum has been designed for individuals who have direct or
indirect responsibility for the planning, implementation, and monitoring of spring
development projeects using a retaining wall. The curriculum has been designed
and written for all the sessions to be used in their numbered sequence. However,
it is flexible enough for certain sessions to be used and not others, depending
upon the role and job function of the participants.

Suggestions regarding sequence and choice of sessions for participants with four
different kinds of job responsibilities follow.
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For participants with responsibility for:

e Constructing the spring capping system

The following sequence of sessions is recommended:

Session 1: Workshop Introduction

Session 2:  Introduction to Spring Development

Session 3:  Skills Assessment for Spring Development Technologies
Session 5:  Preparation for Spring Development Construction Activities
Session 6: Layout and Excavation

Session 7:  Form Building and Reinforcement

Session 8:  Constructing the Foundation

Session 9:  Installation of Spring Retaining Wall and Pipe

Session 14: Spring Site Completion
Session 18: Plunning Your First Spring Capping Project
Session 19: Workshop Evaluation

For participants with responsibility for:

e Helping select the site

e Presenting various options to the community and facilitating decision-
making

e Working with the con munity to help set up a water committee and
determine its purpose and activities

e Treining the guardians
¢ Evaluating a spring capping project

The following sequence of activities is proposed:

Session 1:  Workshop Introduction

Session 2: Introduction to Spring Development

Session 3:  Skills Assessment for Spring Development Technologies
Session 4:  Survey Methods and Data Collection for Spring Site Selzction
Session 5:  Village Preparation for Spring Development Construction

Activities

Session 10: Community Selection and Decision-Making

Session 11: Community Involvement: Organizing the Community to
Participate

Session 12: Use, Maintenance, and Repair

Session 15: Planning for Spring Capping Projects

Session 16: Evaluating the Demonstration Spring Capping Project

Session 18: Planning Your First Spring Capping Project

Session 19: Workshop Evaluation

For participants with responsibility for:

® Maintenance and repair of spring improvemerts
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The following sequence of sessions is recommended:

Session 1:  Workshop Introduction

Session 2:  Introduction to Spring Development

Session 12: Use, Maintenance, and Repair

Session 17: Alternative Spring Development Technologies
Session 19: Workshop Evaluation

Por participants with responsibilities for:

® User health and education

The following sequence of sessions is recommended:

Session 1:  Worksnop Introduction

Session 2: Introduction to Spring Development
Session 4: Survey Methods and Data Collection
Session 13: Health Education for Spring Users
Session 19: Workshop Evaluation

When using a selected number of sessions rather than the entire curriculum,
minor modifications in session content will have to be made. For example, the
following steps of Session 1: Workshop Iniroduction would have to be modified:

© Workshop goals: These goals are base” on the delivery of all sessions.
Change to reflect the sessions chosen.

e Workshop schedule: The schedule displays all sessions. Change to reflect
the sessions chosen.

¢ Key points about workshop: These points are made in reference to the
entire curriculum. Change to reflect the sessions chosen.

e Trainer expectations: Some expectations are based on the delivery of all
sessions. Change to reflect the sessions chosen.

Before making any decisions abr = which sessions to use, it is important to
review the current and anticipated future job roles and funetions of the
participants as well as the session objectives and overviews.

There may be instances in which ministries and other organizations desire to
broaden the knowledge and skills of a group of employees who currently have a
limited area of responsibility. This may increase their understanding of how
they fit into the overall spring cupping program, enatie thein to better integrate
their activities with others who have differing arens of responsibilities, and/or
increase their ability to carry out tasks assigned to them. For example, extension
workers with the responsibility for working with the community prior to spring
capping construction, will be better able to explain the construction/installation
activities and to help villagers plan and prepare for them, if they have been
actually involved in constructing s spring capping retaining wall.

It is also possible to use the workshop curriculum with a group of participants

who have different job fumections and roles as a way of promoting team building,
coordination and joint planning.

-13-



1.7.8 Preparing tne Staff to Conduct the Training Program

In order for a tralmng program of this complexily to be conducted effectively,
with events running smoothly, the training staff must certamly work together as
a team. A vital part of working togethel as a team is having time together

before the worksnop begins to plan and coordinate how the training activities
will be delivered. These planning activities should take several days and would

include:
e A concerted effort to build the teamwork needed

e Developing a mutual understanding and clarity on how the training program
will progress

o Making decisions on which irainer will do what

e Preparation for conducting workshop sessions

e Advance preparation for trainee field work (at site and in the community)
e Planning how workshop time and site progress will be coordinated

e Getting training materials ready

e Personal preparation time to get ready to deliver a session

e Planning for brief, daily staff meetings throughouat the course

i.7.9 Workshop Check List and Time Table

The following table indicates the key steps and tlme frame for planmng and
implementing the spring capping workshop. :

Time to Be Completed
Activity before Workshop

Determine how workshop will fit in with 4 months
ongoing water program and how workshop

activities (including training project well

sites) will be followed up.

Determine role, experience, learning, and 4 months
probable number of participants and decide on ’
session sequence.

Identify/hire training staff firainers, WOrkshop S 2’month$j
coordinator and project/site supervisor). o '
Identify and recruit participants. 2. months.
Determine type of spring capping system » ‘2 months

to be included in workshop.
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Select an appropriate village or community 2 months
for field work and choose spring site. :

Locate adjacent training site facility and 2 months
faciiity for participant/staff lodging and '

meals.

Work with village to obtain cooperation and 1 month

appropriate participation.

Arrange all necessary transportation (to 1 month
training site and between training site and
spring sites).

Calculate, identify, and obtain all needed 1 month
construction materials and tools.

Arrange for storage of supplies. 1 month
Identify and arrange for needed local 1 raonth

labor force.

Prepare needed workshop materials including 1 month
handouts reolating to the specific spring :

capping system.

Trainers contact and work with village 2 weeks
leaders and groups affected by the construc-

tion project.

Schedule and sequenze construction work ‘ 2 weeks
with lebor crew.

Staff preparation for training. 2 weeks
Begin training, -

1.8  Task Analysis

In Session 2, you will find the Task Analysis (Handout 2-4) for the field worker
who manages spring capping projects. This task analysis is the basis on which
this training guide was developed. It covers all the major tasks that an extension
worker would do to plan and implement a spring capping project., The task
analysis is divided into the five phases of the project cycle: pre-plannirg and
assessment, planning and design, construction, maintenance and repair, and
evaluation.

Each task is rated according to its importance and difficulty. The ratings are on
a scale of one to tnree, with one high, two medium, and three low. For example,
a task which 1s rated one in importance means it is very important and a task
vihich is rated three is not critical but important enough to be taught during
the workshop.
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Workshop Schedule

On the following page the Workshop Schedule is presented in chart format. There

are a

number of ways the training sessions could be sequenced. However, in

this instance the following factors were used to determine the sequence of
sessions:

The sessions should follow the natural flow cf the project whenever possible.

'I‘rauining sessions must be sequenced to allow the construction activities
to be completed properly. For example, before the wall can be built, the
tlewly poured concrete foundation must have 12 hours to cure. After the

"wall has been constructed, another two days are needed for curing before

the activities necessary to complete the spring capping can be begun.
Training sessions dealing with non-construction activities have been
schzduled during these curing times.

S'ssions are sequenced in ways that allow each sessionr to be started and
completed in a day or a half day. Sessions are usually more easily
conducted if they do not begin one day and finish the next, especially
sessions at the project site or in the community.

The sequence of the 19 training sessions are as fcllows with the number of hours

for each.
SESSION ‘ TOTAL
NUMBER TITLE TIME
1 Workshop Introduction 3 Hours
2 Introduction to Water Devel- 4% Hours
) opment s
3 Skills Assessment for Spring . Y Hour
Development Technologies
4 Village Survey Methods and 6% Hours
Data Collection for Spring
Site Seleection
5 Preparation for Spring Devel- _
' opment Construction 5% Hours
Activities -
6 Layout and Excavation 6 Hours
7 Form Building and Reinforcement 7. Hbut:g_
8 Constructing the Foundation 7 Hours
g Installation of Spring Retaining ‘6% Hours

Wall and Pipe
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10 Community Selection and 4 Hours
Decision-Making

11 Commiunity Involverment: Organizing 3 Hours
the Community to Participate

12 ‘ Use, Maintenance, and 4 Hours
Repair
13 Educeion for Spring Users 3 Hours
4 Spring Site Completion 4 Hours
15 - Planning for Spring Cupping 3% Hours
Projeets
16 . Evaluating the Demonstration 2 Hours
Spring Capping Project
17 Alternative Spring Development 4% Hours
' Strategies
18 Planning Your First Spring 3 Hours
Capping Project
19 Workshop Evaluation .1 Hour
Total Time 78% Hours
20 Mid-Course Evaluation 1% Hours
(Optional)

*The above training sessions should take no more than the time allocated to them.
However, occalionally a session will take longer than usual. Trainers should
make every attempt to manage time so there ure few overruns. However, the
evenings are left free and could be used occasionally to catch up.

It is recommended that cither two half days or one full day be scheduled as
time off. Twelve full days of training without a break can be very tiring for
both staff and participants, We recommend starting on a Monday and taking
Sunday off.

1.10  Adapting This Workshop for Other Predominant Spring Capping Systems

This workshop is intended to build skill and prepare the trainee to design and
construct retaining wall spring capping systems. It is beyond the scope of this
course to prepare the trainee to d-sign and construct more than one type of
system in the workshop. Session 17, Alternative Spring Capping Technologies,
enables the trainee to become familiar with two additional systems, but there
is not enough time in this workshop to prepare the trainee to actually learn how
to do these other systems. As has already bheen stated, the Supplement allows
the trainer to adapt the training guide for spring box systems. The guide could
be similarly adapted for other systems.

-17-



An experienced trainer along with a technician experienced in designing and
constructing other systems could adapt this workshop design to cover them in
place of retaining walls. It would, of course, require major revision in those
trairning sessions dealing with dcslgn and ennstruction. The following training
sessions would need major revision:

Session
Session
Session
Session
Session
Session
Session
Session

Helie < BN RlerNS) )
e st se 88 e

12:
14:
15:

Preparation for Spring Development Construction Activities
Layout and Excavation

Form Building and Reinforcement

Constructing the Foundation

Installation of the Spring Retaining Wall and Pipe

Use, Maintenance, and Repair

Spring Site Completion

Planning for Spring Capping Projects

The remaining sessions would rcquire only minor ad]ustments., The Supplement
should serve as a guide in making the adaptation. ,
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2. THE TRAINING SESSIONS
SYNOPSIS
SESSION 1: WORKSHOP INTRODUCTION

Total time: 3 hours*

FLIPCHART
PROCEDURES TIME HANDOUTS MATERIALS
1. Introduction 5 min, Session Goals
2. Ice Breaker 30 min, Task Instructions
3. Goals of the Workshop 10 min, 1-1: Overall Work- Workshop Goals
shop Goals
4. Participant Goals 60 min.ﬁ
and Expectations
5. Schedule and 30 .min. - 1-2: Workshop Workshop Schedule
Methodology Schedule
6. Workshop Procedures © 15 min. Trainer Norms and
and Norms Expectations
7. Consulting Time for the 5 min. Sign-up Schedule
Trainer and Each ‘
Individual
Participant
8. Closure ‘ 10 - min,’

*Total time for each sessnon does not include any breaks.«, The total is approximate and has
generally been rounded off to the next half hour. -



SESSION 1: Workshop Introduction

Total Time: 3 hours

OBJECTIVES
By the end of this session, trainees will have:
® Become acquaintedA with one another and the training staff
° ‘ Clarified expectations for the workshop

@ Become familiar with the workshop goals and schedules

OVERVIEW

This is the first training session of the workshop. It introduces the participants
to what they are going to do for the next several days and sets an overall
atmosphere for learning and working together, The session should encourage the
participants to feel that they are involved in the learning process with the
trainers, and it should be made clear that the participants' ideas and contributions
to this learning process are essential to the success of the workshop.

PROCEDURES

1. Introduction Time: 5 minutes
First, briefly introduce yourself and the other members of the training staff. [a
the same brief fashion ask the participants in the group to introduce themselves,
Then explain what this particular session will cover, referring to the session
objectives and stating that the session will take about three hours, or the rest
of the morning.

2. Ice Breaker Time: 30 minutes
Explain that one of the goals of the session is to get to know one another and
that the following activity is intended to help achieve that goal. Give the group
the following task which you have put on a flipchart for clarification:

"o Get up from your chairs.
o Choose one other person, talk with him/her, find out...

. Who the person is;
Previous Puge Elank
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Where the person is from;

What is one problem the person is having with th: water supply
in his/her village.

¢ Be prepared to share the same information about yourself ard your
village.

o Repeat this process with as many others as you can in the time allowed.

(Note to trainer: The training steff should engage in the same activity also.)

Encourage the participants to talk with more than one person. In other words,
watch the amount of time that any two peorle spend talking together. They
should be able to discuss those three or four points and exchange information
with the person in four or five minutss and no more. Remember, the object is
for them to talk fo as many people as they can.

Allow this activity to take about 20 minutes or until ihe energy seems to
dissipate. Ther: have the participants return to their chairs. Using no more than
10 minutes tor this discussion, ask them these questions:

e Did you meet anyone you have worked with before or have known
about previously?

e In talking with your co-participants, what did you find are some of
the examples of the problems their ecommunities appear to be having
with their water supplies?

e With regard to water supplies, cid the communities have anything in
common? if so, what?

e Did you begin to get to know each other better?

3. Goals of the Workshop Time: 10 minutes

Have the Overall Workshop Goals prepared ahead of time as Handout 1-1, and
have them written up on a blackboard or flipchart. Go over the goals with the
group and make sure they are clear and understood. If the group has comments
on the goals or wishes clarification, discuss the issues that are raised.

You may need to define the term "spring”. It may be defined as a place where
the water table reaches the surface and water flows out of the ground.

You may also want to explain that while spring improvement is but one way to
improve the quantity and quality of drinking water, it is an especially effective
one. Springs are often very reliable, convenient sources of water for villagers.
With improvements, they can often be even more so. Other common water
development technologies are dug wells, handpumps installed in wells, rainwater
catchment systems, etec.
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4, Participant Goals and Expectations Time: 60 minutes

It is important that participants have time to reflect and think about their
personal goals for attending this workshop. All participants will have their own
expectations of what this workshop will be like, what they will learn from it,
and, in general, what is expected of them. This next hour will accomplish several
things:

e Allow trainees to think through their expectations about the workshop.
e Allow them to share these expectations with their colleagues.

e Allow them to present these expectations to the training staff. In
turn it gives the training staff an opportunity to know what the
trainees' expectations are, which is valuable in implementing the
course. It also provides the opportunity for checking to see that the
trainees' expectations are realistic and that, in fact, they will be
satisfied by the workshop as it is designed.

First, ask the trainees to take out a piece of paper and use the next 10 to 15
minutes to write down their goals and expectations for this training course. Give
an example or two about what is meant by goals and expectations since the
participants may not have encountered an activity such as this in a previous
workshop or course of study. Check to see that they understand what they are
to do, and allow 10 to 15 minutes quiet time for them to think, reflect, and
write down their goals and expectations. Next, divide the total group into four
smaller groups. Give the smaller discussion groups the following tasks:

e Share individual goals and expectations.

¢ Identify the five, six, or seven most commonly expressed goals and
expectations. v

e Write these on the flipchart paper provided.

e Choose a spokesperson who will briefly present these expectations to
the total group.

Give the groups 20 minutes to complete this task. At the end of the 20 minutes,
have the small groups join back into a large group and post the flipcharts on
the wall. Have each group briefly report out on the goals and expectations that
their group listed.

(Note to trainer: During the report out, or after each group has reported out, it
is appropriate for the training staff to ask for clarity or more detail about any
one of the expectations. This is the time when the training staff gains an
understanding of what the participants are saying and expecting from the course.)

5. Schedule and Methodology Time: 30 minutes

Distribute Handout 1-2: Workshop Schedule. It is a good idea to have this
schedule drawn up on flipchart paper and posted on the wall for use throughout
the course. The presentuiion should be made from this larger picture of the
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schedule. Go over the schedule and explain in general terms how the training
activities are arranged to meet the goals. Explain the kinds of activities which
will be taking place each day. Make sure it is clear that the participants
understand this is a workshop and not a traditional course. They are going to
learn principally by doing. The methodologies used will be case studies, field
experience, group and individual problem-solving, discussions, role playing,
demonstration and practice skill building.

Ask the participants to look over the expectations they have just completed and
to note where and when in the schedule they see these expectations being met.
Trainers should be expected to draw some conclusions for the tetal group by
noting several of the key expectations and how they fit into the workshop
schedule. They should be clear about whether or not the participants can
anticipate these expectations will be met by the workshop. If any of the
expectations will not be met, it is important at this time to discuss them and
clearly explain why. Most participants will understand reasons why particular
goals and expectations will not be met by the workshop if it is made clear to
them in the beginning.

6. Workshop Procedures and Norms Time: 15 minutes

Since the group will be working together for two weeks and in order to avoid
future misunderstandings, it is important to eclarify and discuss how everyone
will work together. Have a list prepared of expectations that the training staff
has of the group. List such things as starting and ending on time, expectations
of group participation and responsibility. If you expect the group to work with
their hands, say so. If you expect the group will be doing physical labor that
requires them to get dirty, say so. Ask the group if they have any particular
expectations of the instructors or of each other. Add these to the list and
discuss. By the end of this segment, all participants should be clear about how
they will work together and what is expected of them. This list should be on
a flipchart and posted for the duration of the course.

7. Consulting Time for the Trainer
and Each Individual Participant Time: 5 minutes

Explain that one of the ways for the trainer and each participant to get to know
one another better is for them to arrange to spend some time together in the
early part of the course. In this way the trainer can become familiar with the
particular goals and objectives the trainee has for attending the workshop and
with any problems or peculiarities that the trainee might have in appiving the
content and technology from the spring capping workshop. Explain thai the
training staff will be conducting these small meetings at lunch breaks and during
free time in the late afternoons and evenings. Have a sign-up sheet available
and let the participants choose the time that would be more convenient for them.

8. Closure Time: 10 minutes
Refer back to the session objectives and ask if everyone is clear about what

the workshop will cover and how it will be done. Mention the next session,
which will be Introduction to Spring-Water Development.
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TRAINER NOTES

This session may seem very simple and you may wonder why it is being
done. It is important that the participants be treated as adults and know
what they are getting into and why. If these matters are dealt with at
the beginning a lot of time and trouble are saved in the long run. It is
also important that group members approach their work together in the
same way that a project is approached in a community. This session
establishes this framework.

You will need to prepare ahead of time the muterials to distribute and
items that are to be written up on a flipchart or blackboard. You will
also need to think about the expectations you have for workshop norms
ahead of time and have them listed on a flipchart.

Trainer meetings with individual participants are meant to be simply a
short information-gathering exercise. As a trainer you will want to know
as much as you can about the participants--why they are coming to the
workshop and their particular successes and problems within their villages
back home. This meeting should take no more than 20 or 30 minutes and
can be done with one trainee or in small groups of two or three. You
will want to consider ahead of time the areas you wish to ask questions
about and be prepared so that you do in fact ask these questions. The
following are suggestions on the type of questions you might want to ask:

e Where .re the trainees from?

e What kind of work do they do?

e How do they see this workshop useful to them in their village(s)?
®  What other types of community projects are they involved in?

¢ What problems do they expect in implementing spring improvement
: activities in their villages?

® What concerns a~d special problems do they have with this workshop?

MATERIALS

Flipcharts for:

Session objectives

Goals for entire workshop

Insiructions for ice breaker

Workshop schedule

Trainer norms and expectations

Sign-up schedule for trainer/trainee meetings
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Handouts:

1-1: Overall Workshop Goals
1-2: Workshop Schedule

General workshop materials—paper, pencil, pen, notebook or three-ring binder
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Handout 1-1

OVERALL WORKSHOP GOALS

At the end of this workshop, trainees will be able to:

0o

Identify resources necessary to complete a village spring ca,ping project.

Communicate with village leaders and help them with activities needed
for project implementation.

Identify and epply strategies for involving the community in spring capping
activities.

Survey and evaluate sites for potential spring capping.

Articulate and apply relevant theories about water and its relatiohshlp: to
environment and health,

Develop and implement work plans and provide the logistical support
necessary for project start up.

Coordinate and supervise the work force and the delivery of materials,
Design and build a retaining wall for capping springs.

Describe three alternative spring capping systems: the spring box, seepage
collection, and storage tank systems.

Use, maintain, troubleshoot, and repair retaining wall spring éapping
systems,

Identify strategies for solving the most common problems which develop
throughout the development of spring capping retaining wall systems.

Evaluate a spring capping project and document and record information
gathered for future use.

Develop action plans for implementing spring capping projects in their
regular work environments.
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SESSION 2s

SYNOPSIS

INTRODUCTION TO SPRING DEVELOPMENT

Total Time: 4% hours

L FLIPCHART
PROCEDURES TIME HANDOUTS MATERIALS
1. Introduction o 5 min, Session Goals
2. Lecturette/Group 15 min. . Lecturette Highlights
Discussion
3. Field Trip 2 hrs. Topies of Study
4. Discussion of Field 45 min. 2-1: Spring Types
Trip : e 2-2: Wateir Cycle
5. Project Cycle ‘16 min. 2-3: Project Cycle Five Cyecle Steps
2-4: Task Analysis
6. Generslizing and 45 min.
Applying
7. Introduce Planning 15/20 min. 2-5: Planning Guides
Guides L ’
8. Closure 5 miin.‘.’ .

Previous Page Elank
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} SESSION 2: Introduction to Spring Development

Total time: 4% hours

OBJECTIVES
By the end of this session, trainees will be able to:
e Define basic issues of water supply/usage at the village level‘
e Identify various types of springs
e Describe how and why springs are developed
® Describe how rock and soiis affect groundwater supplies
e Describe nature's watcr eyele and groundwater quality

o Identify rive stages in & spring-capping project and describe activities included
in each stage

OVERVIEW

Water supply and how it is used is a very important issue for most villages.
Having a convenient source where clean, safe water is available in sufficient
quantity has a high priority in many places in the world. Springs have been a
popular source of good water for peoples throughout the ages. Through some
fairly simple technologies, spring water can be protected from contamination and
made to flow directly through a pipe into the user's container—thus riaintaining
the pure qualities of good spring water,

This session is intended to provnde an mtroductlon and overview for spring
development activities,

PROCEDURES

1. Introduction Time. .5 minutes

Give the information contained in the overview, present the goals, and respond
to questions.

2. Lecturette/Group Discussion on .
Spring Improvements Time: 15 minutes

Ask the group this question: What are the major issues, concerns, or problems
with water in your village? Write their responses on the flipchart.



Explain that spring capping is one way to alleviate some of the problems listed
on the flipchart.

Define spring capping as a series of steps designed to capture and control the
natural flow of spring water so that it becomes a more useful, reliable, safe
source of water. There are several ways a spring cen be improved, depending
on the spring and the needs or desires of the users.

Ask the group if they have had experiences with zpring improvements, what they
were, ete.

Present and describe examples of spring improvements such as:

e Damming up the water, covering it and inserting a pipe so it can
flow into a container

e Constructing more effective drainage systems for spring areas

e Providing a splash pad or esiiection area of concrete or rock to make
the spring more aecrcssible and easier to keep clean

e Providing adequate space under the outlet for coliecting springflow
direetly into a vessel

e Fencing to provide protection from animals

e Building a cistern so that the water can accumulate

e Directing several springflows to one collection point
Expiein that in this workshop we will concentrate on spring improvements thaf
are simple but effective and incxpensive and that use locally available materials.

The benefits of these improvements are:

o Water flows from the ground through a plpe and directly into the
user's collection vessel.

e The water collection area is easier to keep clean and more convenient
to use.

® The safer, clean water cuts down on water related illness and disease.
3. Fieid Trip Time: 2 hours

Explain to the group the purpose of this short field trip. The trainers accompany
the group. Mention that the following will be observed:

e Similarities and differences among springs
e The facets of improvement of an improved spring

e Water cycle and groundwater quality
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Roeks and scils and how they affect groundwater supplies.

Field Stop(s) for Studying Springs. Try to visit different types of springs.

However, for each spring visited, point out or discuss with trainees these things:

Type of spring

True origin of spring flow

Type of soil or rock

Force of flow

Quantity of flow

Slope and drainage

Obvious sources of contamination
Water used for various purposes

Dry weather vs. rainy season flow

Fi=:ld Lecturette on Water Cycle. Do this brief lecturette at perhaps the second

~pring visited or at another site appropriate for capping.

Water Cycle:

Rainwater
Surface water (rivers, streams, lakes, oceans)

Groundwater—surface water that has flowed through rock and soils
and is underground

Groundwater slowly flows to a point where it comes out of the earth
as a spring or feeds streams, ponds, lakes, ete.

Evaporation back into atmosphere and becomes rainwater

Points to Make Are: (Demonstrate these when you can)

There are many types of scils which contain varying mixtures of sand,
gravel, clay and silt. Some of these are more porous (water can flow
through) than others. Gravel allows water to flow through easily;
clay is nearly impermeable.

Filtration is the process of water passing slowly through soil or rock.
The more porous the soil or rock the more easily water passes through.
Filtration cleans water. When dirty water passes naturaily through
one meter of sandy soil or twr :ieters of sand and gravel most of
the dirt is absorbed or trapped by the soil.
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e Impermeable soils such as clay or silt are so dense that water does
not soak through. Most rock is impermeable; however, limestone is
not. Water flows through limestone, even eroding parts of it.

® Rocks and soils are important in working with springs for these reasons:

- Any spring improvement structure needs to be built on firm soil
or rock.

- Quality of water (safety, clarity, taste, smell) can be dependent
on the type of rock or soil it flows through.

- Spring flow coining out of the ground could be in the Inidst of
loose, silty soils—a muddy mess. Sometimes this can be cleaned
out and rocks put in to keep the flow area cleaner and less muddy.

Field Stop(s) for Studying Capped or Improved Springs. To vary the discussion
process a bit, ask the participants to point out ard describe the improvements
they see in this spring. Ask them these questions:

e What improvements do you see?

® What different things appear to have been done in making. these
improvements (i.e., drainage, pipe. enclosing)?

® How does this system for providing water appear to work?

¢ How is the spring flow protected from contamination?

e Why is the water quality better than at the unimproved spring?
Be sure to answer the questions if the trainees cannot answer them. The point is
to let the trainees discover the main facets of an improved spring rather than

have the trainer point them out and describe them.

4, Discussion of Field Trip Time: 45 minutes

Lead a short discussion in the workshop on the types of springs trainees saw on
the field trip. Ask them to describe the types of springs they visited and how
one spring differed from another.

Summarize their comments by stating the three basic types of springs: 1) spring
with adequate slope coming out of a hill, 2) spring which bubbles up out of the
ground, and 3) several little separate seeping springs coming out of an area.

Explain that that first *ype is the most common and the easiest to improve.
Expiain the advantages . slope.

The second type is the most difficult to get a usable improved spring from
because proper drainage is difficuit and the water flow has to be strong enough
to raise the water level in the small storage area so that the water can flow
directly into containers, Water dipped from a spring pool with containers is less
sanitary than water flowing out of a pipe or bamboo pole.
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The third type requires a more complicated improvement system since it must
direct the water from all the small "seeps" into one collection point. This can be
a very usable improved or capped spring, but these improvementc can be more
complicated to construct and maintain. Distribute Handout 2-1: Three Types of

Springs.

Distribute Handout 2-2: The Water Cycle in Nature, which supplements the brief
lecturette given in the field. Give the trainees time to read the handout. Ask
if they have questicns.

Refer back to the lecturette (given before leaving for the field trip) in which
examples of spring improvements were identified. Go over those items again,
linking them to the field observations. (Damming up water, covering it, and
inserting a flowpipe; drainage procedures; splash pad; accumulation cortainer;
and a water filter.)

5. Project Cycle ‘ Time: 15 minutes

Present the project cycle for developing a spring. Use a big graphic, either two
flipchart pages or the blackboard. Distribute Handout 2-3: Spring Capping Project
Cycle. Briefly describe the five steps of the cycle.

Explain how the course is organized and how the training sessions relate to the
project cyecle.

Distribute Handout 2-4: Task Analysis for Field Workers. Explain to the trainee
what it is and how they will find it useful. Suggest they read it through in
their leisure time. Mention that a short workshop session on skills needed or
required of the individual fulfilling these tasks will be held the next day.

6. Generalizing and Applying Time: 45 minutes

Ask the group to reflect on the entire afternoon session and to identify some of
the things they feel they have learned. List these items on the flipchart. Spend
no more than 10 minutes on this activity.

" Then ask the participants to spend a few minutes relating what they learned to
the situation in their home village(s). Guidelines for this reflection could be:

e Have some of these spring improvements been implemented in my
village or area?

e What kinds of springs are in or near my village?

e What options might I have in implementing some spring improvements
in my village? o L : S

e How would the villagers feel about these activities?

7. Introduce Planning Guides Time: 15 minutes

Introduce the concept' of planning guides, Give a brief lecturette on the purpdse
of these guides and now they will work. Distribute Handout 2-5: Planning Guides
and give the trainees time to read it (10 minutes).
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Ask the trainees if they have questions on how the planning guides can be useful.
Explain how they will be creating their own project guide by putting their notes
from training sessions, the handouts they receive, and these planning guides into
their notebooks. Discuss the importance of keeping this notebook in usable form
for the future.

It is unlikely participants will have much to contribute to the planning guides
since it is the first day of the workshop. So when they fully understand how
the guides will be used throughout the course, move on.

Note to Trainer: The planning guides will be used for Sessions 4 to 16. Multiple
copies should be made in advance and a clean eopy distributed to each trainee
at the appropriate time in the session. The number of copies to be made equals
the number of trainees times 13 (the number of sessions in which they are needed).

8. Closure. Time: 5 minutes

Refer back to the objectives and close the session.

- MATERIALS:
Flipcharts for:

Session objectives

Highlights of lecturette
Topies of study on field trip
Project cyele

Handouts:

2-1: Three Types of Springs

2-2: The Water Cycle in Nature

2-3: Spring Capping Project Cyele L

2-4: Task Analysis for Field Workers Who Manage Spring Capping Projects
~ 2-5: Planning Guides for Your Spring Capping Projects - B

Advance preparation required:

Field trip sites researched and chosen
Transportation arranged

(Note to Trainer: Three-ring binders with dividers should be provided to
participants. There are two methods for handling participant handouts: 1) each
time a handout is distributed, it ecan be inserted into the notebook by the trainee,
or 2) all handouts can be inserted in the three-ring binder and distributed the
first day of the workshop. Three-hole punched handouts will be more convenient.)
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Handout 2-1

THREE TYPES OF SPRINGS

SLOPED SPRING-

Water Table

Water Reaches Surface

_..\: — / (”—!

Water Reaches Surface -

FLAT SPRING

_//*

_v—d'/_—_-
\_____————

Water Reaches Surface

Tn Sma11 Amounts

Nater Table

SEEP_SPRING



Handout 2-2, p. 1

THE WATER CYCLE IN NATURE

Each time it rains, rain falls on the earth, in the rivers, in lakes and in oceans.
When rainwater falls on the earth, part of it stays on the surface and feeds
directly into streams and rivers, but another part penetrates the soil and little
by little arrives at what is called the water table. It often takes water a long
time to reach this water table, and during that time it becomes potable water
because it is filtered by the soil. Rain falling on the soil must penetrate various
strata (sand, limestone, gravel, clay) which become more and more closely packed,
and which are very difficult for water to penetrate. In this way, the impurities
and micro-organisms found in the water are retained by the soil, and the water
becomes cleaner and cleaner. Under the water table is found an impermeable
layer, of bed rocks or hard, clay-like soil, through which water cannot penetrate.
The depth of the water table varies from place to place and can be right at
the surface or as low as several hundred meters from the surface. The water in
the water table never stagnates; it always flows slowly downhill, towards valleys,
rivers and lakes, and finally reaches the ocean.

However, sometimes this water finds an outlet from the ground before arriving at
a river. When the water table meets the earth's surface, one sees wet, soaked
soil, and this is called a spring. It is here that people often come to draw water.

Also, sometimes the water table never reaches the earth's surface, and it becomes
necessary to dig wells in order to gain access to wate:.

To review the water cycle, rain water falls on the earth. A part of this rain
water flows directly into rivers, lakes, and oceans, and another part penetrates
the soil and finally arrives at a body of water or at the surface of the earth.

Then the sun heats all the water on the earth's surface and some of it evaporates
into the air, to form clouds which at a later time will form rain, and the cycle
will continue.

How Does Water Become Contaminated?

In most cases, water in the water table (or groundwater) is clean and potable
and contains few organisms which cause illnesses. Often it is at the spring
where containination originates. Here, leaves from trees, weeds, etc. can enter
the spring water. Rainwater flowing down hills can enter spring, carrying
mud, filth from the surface, and even animal and human waste. Animals such
as goats and pigs may use the spring for drinking or even to bathe in and thus
may pollute it.

Also, people often draw water with unclean pots or buckets, and this too can
contaminate water. Sometimes spring water does not flow well and stagnates
with leaves and weeds carrying micro-organisms which have fallen into it. Algae
forms, too, and all multiply rapidly in this water. In addition, occasionally there
is not enough slope for the water to flow clear of the spring outlet, so the
water continually re-enters the spring outlet and contaminates new water flowing
out.

Previvus Pags EBiunk
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Handout 2-2, p. 2

If there is a latrine near the spring, contamination is likely and dangerous. Many
microbes live in the excrement of human beings.

Water from a spring which is open and not well managed can easily be

contaminated in many ways. The question, then, is how can we protect a spring
from this potentially great contamination?
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Springs: Springs are points where water from an underground
source 15 anle to seep to the surface. Fiows are typically less
than 2 LPS, but some can be quite substantfal, The flow of a spring
is governed by several factors: watershed coilection area, percolatin
rate of water through the ground, thickness of ground above the
equifer {ie- overburden), and the storage capacity of the sofl,
Springs are seasonally variable, tending to lag behind the seasonal
rainfall patterns {{e- springs can give normal flows well fnto the
dry season Lefore tapering off, and mav not resume full flow until
after the rainy season 1s well under way}. Due to ground percolation
and filtration, most springs are quite free of the pathonogenic
organisms that cause many health problenms; however, somé springs flow
through limestone or geologic cracks and fissures in the rocks. In
suth cases, filtration effects are minimal, and the flow may still be
contaminated, Also, 1t s possible that the source is not a true
tpring at all, but rather a stream that has gone underground for a
short distance and is re-emerging. Investigaticn around the source
will reveal the type of spring it s, Figure 2-1 shows the typical
yeology of a spring, showing the different levels of ground water
curing the dry - ang rainy seasons,
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PREPLANNING

Planning how to work
spring capping into
work load

Identifying resources
needed for a village
spring capping
project

Design/conduct pre-
liminary studies to
determine which
villages to begin
with

Meet with and ex-
plain spring capping
to village leadership

Meet with local users
to find out their
concerns and issues
about their water
requirements

1
o
~

1

SPRING CAPPING PROJECT CYCLE

PLANNING & DESIGN

Determine maximum
springflow and type of
development required

Design/conduct sanitary
survey of village water
usage

Compile/analyze/recommend
appropriate sites

Present survey results to
leadersnip; facilitate
decision to proceed

Develop work plan for
construction

Organize village labor
force

Plan for and obtain needed
materials and tools for
construction

Pravicus Pags Riank

CONSTRUCTION

Layout/prepare
site, create
surface diversion

Excavation for
proper foundation
and spring capture

Design/construct
concrete forms,
lay rocks and
mortar

Mix/pour concrete

Install struc-
ture{s)

Lay piping, com-—
plete connections,
finish off the
installation

Prepare and
implement spring
protection measures

OPERATION,
MAINTENANCE,
AND REPAIR

Select/train
guardians

Train users in
proper usage

Design/implement
necessary main-
tenance schedule

Explain sanita-
tion measures to
villagers

Be prepared to
solve any opera-
tional problems
that arise; repairs

Recommend appro-
priate measures for
making additional
improvements of
convenieace

EVALUATION

Reflection on
project, note
what changes
should be made
before repeating
cycle with next
spring

Determine ways to
integrate spring
capping results
into other commu-
nity health and
sanitation programs

Encourage village
to celebrate
completion

Identify future
work for improving
village water
resources
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Handout 2-4, p. 1

TASK ANALYSIS FOR FIELD WORKERS WHO MANAGE
SPRING CAPPING PROJECTS

PRE-PLANNING STAGE

10

3'

4.

5.

Determine availability of outside resources which might be necessary
in a village spring capping project (i.e., materials—cement, sand,
gravel, tools; fundlng—cash contributions, loans, etec.; other spring
capping efforts in the region; technical expertlse—techmclans from
other types of projects, development agencies, ete.).

Assess current work responsibilities and commitments and plan how
to incorporate spring capping project responsibilities into this

“existing work load.

Discuss and clarify job expectations with supervisor, setting up
communication and reporting procedures to be used throughout the
project.

Publicize availability of service to the region where you work.

Design and conduct preliminary studies of villages in the region,
setting up criteria to determine which viliage(s) would be appropriate
to begin a self-help spring capping project. Criteria might include
comparative degrees of need, interest, and commitment; technical
difficulty; village leadership capabilities; and socio-political
confliets,

Design, conduct, and document preliminary sanitary surveys to
determine the most likely village for the initial projec Data
should include number of, location, and condition of springs; flows
during driest season; number of users; different uses; sources of
contamination; sanitary practices and prevalent diseases.

Meet with and explain to village leaders just what spring capping
is, why it is needed in the village, and how it will help the villagers.

Present to village leaders recommendations on how to proceed with
spring capping in the village as well as helping the leaders to arrive
at a decision whether to commit village resources to the project.

Meet with villagers to discuss current prc lems with springs and
seek their suggestions on what would improve the use of the spring
as a water source. Explain to villagers in ways they can understand
what spring capping is and how it would be benefic. al.
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12.

13.

14,

15.

16.

17.
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19.

Handout 2-4, p. 2

Involve women at all stages of project development as users and
decision makers.

Resolve the most common problems the extension worker encounters
in utilizing a village to actually construct the capping facilities.
Among these problems are weak village leadership, political issues,
scarcity of labor, searcity of materials, transport of materials, ete.

Interest people in water/health behavior and practices, realizing
that changing attitudes toward water use, environmental sanitation,
and personal hygiene is a long-term process.

PLANNING AND DESIGN STAGE

Disturb spring and determine maximum flow, force, and type of

. improvement required. Determine rainy season flow conditions and

what impact they will have on the design.

Design and conduct a detailed sanitary survey, involving appropriate
members of the community in collecting information. Survey
specifies could include traditions, customs, historical usage,
reliability, collection time and volume, and sources of contamination.

Compile and analyze all information (both socio-political and
technical) on possible sites, developing recommendations for which
site is the inost appropriate.

Present survey results, specific site recommendations, and plans and
requirements for implementation to village leadership.

Plan and supervise the preparation of construction activities with
the village mason and workforce. Demonstrate leadership by
organizing the logistics and exploring alternatives for required
materials and other resources; e.g., quantities, costs, and transport
of locally available materials, tools, cement, and pipes; and days
required and appropriate scheduling of labor.

CONSTRUCTION STAGE

Lay out and prepare sgring site for improvement. Create surface-
runoff diversion and drainage ditches.

Excavate to a level suitable for proper foundatlon (impermeable
layer) and spring capture.
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20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Handout 2-4, p. 3

Design and construct concrete forms including placement of
reinforcement where required.

Select materials and properly mix, pour, and cure concrete spring
or storage structures,

Install structures; complete connections; lay gravel, piping, and water
seal materials (e.g., clay, plastic); and backfill and grade with
compacted soil.

Take measures to protect the spring and insure effective operation;
e.g., fencing, separation of uses, height of discharge pipe. Use
shallow rooted plantings and rocks for stabilization and erosion
control,

Solve problems which may arise; e.g., inadequate curing of concrete,
alteration of natural spring flow, inability to reach impermeable
layer.

OPERATION, MAINTENANCE, AND REPAIRS

Help the users to select a responsible guardiar and assistants,
Demonstrate to the users and train the guardians in proper operation
and usage of the improved spring.

Develop and schedule appropriate maintenance procedures, e.g.,
cleaning spring box, clearing diversion and drainage ditches, repairing
protective fereing.

Now that the villagers have put their time and effort towards
cleaner spring water, make it clear that in order to realize the full
benefits of their investment they must practice proper hygiene and
sanitation. Demonstrate rinsing of containers and proper household
storage, and avoiding possible sources of contamination.

Determine if a malfunctioning spring should be repaired, replaced, .
or abandoned. Recognize and be able tr solve common problems
which develop, e.g., undermining of foundation by spring flow, poor
settling, unsanitary usage.

Discuss with the spring users ways to incorporate additional
improvements in convenience or more cffective water usage (e.g.,
clothes washing pads below spring discharge, use of drainage water
for crops, censtruction of storage tank and transmission line).
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Handout 2-4, p. 4
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EVALUATION STAGE

3 3 30. After the initial spring capping project is completed, the extension
worker will need to refleet on how the project progressed, what
worked and what didn't, and what should be done differently the
next time,

3 2 31. Integrate water improvement project into other village health and
sanitation activities (i.e., health education programs, sanitation
improvement efforts, disease control, ete.).

P83 32. Encourage the village to celebrate and feel proud of the completion
i of the spring capping effort.

2 33. Schedule periodic visits to return to the spring to see how the
capping is working.

3 34. Identify what future spring capping activities would be appropriate
for this village, Develop means for infrastructural support. Present
needs and results to authorities,

CODE:

Importance:

1 - must be done
2 - should be done
3 - could be done to extend benefits

Task Difficulty:

1 - very
2 - moderately
3 - easy
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Handout 2-5, p. 1

PLANNING GUIDES FOR YOUR SPRING CAPPING PROJECTS

Throughout this workshop you will be learning new skills and acquiring new
information. Each one of you will have individual ways of managing (keeping
track of, recording, remembering) what you have learned so that you have on
hand the new skills and information you need to begin your spring capping
activities. This planning guide will: 1) help you record notes on the workshop
and cbservations on how what you are learning applies to your project or site
conditions: 2) serve as a stimulus for your thinking, perhaps sparking new 1deas
or awareness; and 3) serve as a planning mechanism for your first spring capping
project.

Specifically, the objectives of this planning guide are to help you to:

® Reflect on the activities in the training session you just completed in -
order to more clearly erystallize what you have learned

® Identify skill and knowledge gaps so that you can address these before
the workshop is over T

® Plan how you would apply these new skills and knowledge to your fll‘St"("fF'
spring capping project '

How these planning guices will be used in the workshop

Some time will be set aside during the workshop at the end of each major
training session for you to work on your planning guides for your own project.
At that time the trainers will give you a clean copy of the planning guide to fill
out for the major points of that session. (You may find you want to work with
them occasionally during your free time.) Obviously, the more you are able to
work on how you plan to cap your first spring, the more confident and the better
prepared you will be to begin. There will also be a final planning session toward
the end of the workshop.
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Handout 2-5, p. 2

PLANNING GUIDES FOR YOUR SPRING CAPPING
PROJECTS

Spring Capping Activity on ‘

KEY STEPS What are the steps 1 plan to follow in implementing this
activity?
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Handout 2-5, p. 3

DIFFICULTIES What difficulties do I expect to encounter?

How do I plan to deal with these difficulties? Who can help
me?

TIME - How long will this activity take?
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Handout 2-5, p. 4

COMMUNITY Who must I talk with to accomplish this activity?
INVOLVEMENT

AND

LABOR

MATERIALS What materials and tools  will I need? . Where will I, obtain .
TOOLS

‘How much will they cost? -
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SKILLS What aspects of this activity do I feel the
AND least prepared for? How can I prepare
KNOWLEDGE myself more in this area?

OTHER COMMENTS:
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SYNOPSIS
SESSION 3: SKILLS ASSESSMENT FOR SPRING DEVELOPMENT TECHNOLOGIES

Total Time: 1 hour

. | LIPCHART
PROCEDURES TIME 'HANDOUTS MATERIALS
1. Introduetion 5 min. Session Objectives

2. Skills Assessm 15' min., ‘3-1: Self-
Instrument ©  Assessment
~of Skills

3. Discussvioh;':iﬁ'iPaifsV*vj 20" min.;

4. Total Group Summary o - 20 min,.
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SESSION 3: Skills Assessment for Spring Development Technologies

Total Time: 1 hour

OBJECTIVES
At the end of this session, trainees will have:
e Assessed their current skill level against the skills listed in the task analysis

e Identified skill strengths and weaknesses and areas to improve during the
workshop.

OVERVIEW

It is important for the participants to have several opportunities to assess their
knowledge and skills during the workshop. The task analysis provides a method
for participants to assess themselves against all the key tasks involved in a
spring development project. It is important to provide participants an opportunity
to assess their skills early in the workshop and again toward the end of the
workshop. This session contains a self-assessment instrument based orn the task
analysis which will be used throughout the weorkshop to assess skill development
progress,

PROCEDURES

1. Introduction: Time: 5 minutes

Give the information contained in the overview, present the goals, and respond
to questions.

2. Skills-Assessment Instrument Time: 15 minutes

Distribute Handout 3-1: Self-Assessment of Skiils and explain its purpose.
Emphasize that it is a self-assessment instrument and, as such, is a tool for
individuals to use in managing their own learning. Go over the instructions for
completing it to make certain they are clear. Then give traineces time to
complete it,

3. Discussion in Pairs Time: 20 minutes

After the instruments are filled out by individuals, have them work with another
colleague and discuss mutual areas of strengths and weaknesses and areas where
improvement would be sought during the workshop.

My

Previous ouUs Flonk
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4, Total Group Summary Time: 20 minutes

Ask the pairs to share with the total group common skills they need to learn in
the workshop. Write these skill areas on the flipchart or blackboard as they
are identified. Lead a discussion on the new skills needed. Comment on the
workshop methodology with its emphasis on learning by doing. Help the trainees
understand how these identified skill needs will be handled in the workshop.

Explain that participants will have an opportunity to look at their skill development
progress at other points during the workshop. The next time they will check
their perceived skill levels will be at the end of the three days of the construction
phase of the project.

TRAINER NOTES

The participants need to be given an opportunity to assess themselves again on
a clean copy of the instrument at least one more time before they leave the
workshop. Logical times would be at the completion of the construction phase
and/or before summarizing back-home planning. Whenever this is done again,
be sure to give the participants time to: 1) fill out the form again, 2) compare
scores from the first time, and 3) develop a plan for improving in areas that
still need work.

MATERIALS
Flipcharts for:

Session objectives
Handouts: |

3-1: Selt‘-Assessment of Skills Necessary for Implementmg
Spring Development Technologies :
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Handout 3-1, p.1

SELF-ASSESSMENT OF SKILLS NECESSARY
FOR IMPLEMENTING SPRING DEVELOPMENT
TECHNOLOGIES

Rank yourself in terms of how well you feel you now do each of these
tasks. This is for your use only, so please be accurate and honest with
your answers. Put check marks in the appropriate columns:

Column 1 if you now do this task well

‘Column 2 if you now do this task okay

Column 3 if you now do this task with difficulty
Colunn 4 if you can't do this task

Do
with
Do Do diffi- Can't
well okay culty do

Pre-planning Stage

1. Determine the availability of resources
necessary for a spring capping project.

3 o .12. TIncorporate the spring cappling project
3 responsibilities in your overall work
commitments.

g ' I " ]3. Promote the availability of spring capping
improvements in your region.

: ‘ 4, Design and conduct preliminary studies of
~ T villages, setting up criteria to determine
g which villages are appropriate to undertake
a spring capping project.

5. Design and conduct preliminary sanitary
surveys to determine the most 1likely
- village for the initial project.

6. Determine who are the most appropriate
individuals in the community to involve in
-the project.

7. Develop strategies for involving the \
appropriate community members, including
women, in the various stages of project
development.

8. Explain to community leaders what capping a
spring involves and why it will benefit the
community.
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Do
well

Do
okay

Do
with

diffi- Can't

culty

do

10.

11,

Handout 3-1, p.2

Explain to villagers three types of spring
capping systems: retaining wall, spring
box, and seepage collection.

Make recommendations to the community on
how to proceed with a spring capping
project.

Resolve common problems in motivating a
village to undertake a spring capping
project.

Planning and Design Stage

i2.

13.

14,

15.

16.

17.

18.

Determine maximum spring flow and type of
spring improvement needed.

Design and conduct a detailed sanitary
survey.

Gather, record, and analyze all the
information on possible sites.

Present survey results to the village
leaders.

Plan for the 1labor force needed for the
construction.

3chedule all constructién ‘activities,
estimating the amount of time required for
each activity. B

Estimate the tools and materials needed for
capping a spring.

Construction Stage

19.
20.

21.

22.

Lay out and prepare the spring site.

Control and divert surface wate?,and spring
flow.

Find a stable impermeable location for the
foundation of the retaining wall.

Size and design the foundation and
retaining wall.
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Do
well

Do
okay

Do
with

diffi- Can't

culty

do

32,

23.

24.
25.
26,

27.

28.

HAandout 3-1, p.3

Design and construct wooden forms for the
concrete.

Shape and place reinforcement material.
Mix, pour, and cure concrete.

Build the retaining wall using rocks and
mortar and install service pipes.

Seal and backfill the excavated spring

area, erect fences to keep animals away,
and use shallow rooted plants and rocks to

prevent erosion.

Solve problems common during construction
such as inadequate caring of concrete,
alteration of spring flow, and inability to
reach the impermeable layer.

Operation, Maintenance, and Repalr Stage

29.

30.

31.

33.

34.

Help community to select and train a
guardian 1n operation and usage of the
improved spring.

Develop procedures for routine maintenance,
e.g., cleaning the spring box, clearing

‘diversion and drainage ditches, and

repairing the fencing.

Demonstrate proper hygiene and sanitation
practices, e.g., rinsing containers,
storage of water, and avoiding sources of
contamination.

Determine if a malfunctioning spring should
be repaired, replaced, or abandoned.

Solve common problems such as undermining
of the foundation by the spring flow,
uneven settling of the structure, poor
drainage, and unsanitary usage.

Discuss with users ways to make additional
improvements such as washing pads, use of
drainage water for crops, and construction
of storage tanks.
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Do
well

Do
okay

Do
with

diffi- Can't

culty

do

Handout 3-1, p.4

Evaluation Stage

35. Evaluate each spring capping project for
lessons learned.

36. Integrate spring capping project into other

health and sanitation activities 1in the
community.
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SYNOPSIS

SESSION 4: VILLAGE SURVEY METHODS AND DATA COLLECTION FOR
SPRING SITE SELECTION

Total Time: 6% hours

R FLIPCHART
PROCEDURES TIME HANDOUTS MATERIALS
1. Introduction 5 min. Session Objectives
2. Lecturette/Discussion 10 min. 4-1: Lecturette Lecturette Points
Notes
3. Group Activity 40 min,
4. Survey Team for . 30 min. 4-2: Sanitary’
Experience : Survey Form
4-3: Sanitary
Survey Article
5. Preparation for 30 min, Tasks for Survey
Field Task ; ' Teams
6. Field Trip -3 hrs, 4-4: Flow Measur-
ing Techniques
7. Field Trip Discussion ~ 30 min,
8. Conclusions 15/20 min.
9. Applying 30 min,
Principles :
10. Closure 5 min.
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SESSION 4: Village Survey Methods an¢ Data Collection for
Spring Site Selection

Total time: 6% hours

OBJECTIVES
By the end of t“e session, the trainee will be able to:
e Measure and csalculate the flow of a spring
e Identify sources of contamination in the village

@ Gather, record, and organize the necessary information for the selection and
initial planning and design for capping a spring

¢« Use five specific selection criteria to evaluate a spring site
e Interview villagers concerning spring usage

¢ Use and develop maps for planning and recording liel!l work

OVERVIEW

This session presents five criteria for the selection of the spring to cap and
develops the information that must be gathered by field survey to satisfy those
criteria. Trainees will conduct their own village survey, using common survey
methods or strategies such as interviewing, measuring, estimating, and mapping.
Many of the characteristics of springs and their relation to the users and their
environment covered in the previous session will be investigated during the village
survey.

PROCEDURES

1. Introduction v Time: 5 minutes

Give the group the information in the overview and state the objectives. Answer
any questions.

2. Lecturette/Discussion Time: 10 minutes

Briefly explain the five criteria used for selecting or evaluating a spring for
possible spring capping.

1) Is the flow adequate? The spring has an adequate flow if it can
provide enough water for at least the daily drinking water needs
of the user group or village. Steps for determining this are to
measure the flow of the spring to arrive at the total volume produced
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2)

3)

4)

in one day and divide this by the number of people to be served by
the spring. We will do this measurement this afternoon. By
measuring the flow you obtain the number of liters available for
use per person per day. Then compare this amoun. to the minimum
standard of 15 liters per person per day to determine if the spring
flow is adequate or not.

Remember animals may be wacered from this spring also. The
following are approximate minimum water needs per animal: cows
10/15 liters; buffalo 15/20 liters; goats 5/10 liters; chickens 5 liters
per dozen.

Is the spring flow reliable? A spring flow is reliable only if it is
constant and adequate through both wet and dry seasons for many
years.

Is the water safe to drink? Remember that spring water is often
the best quality nature has to offer. It is continuously flowing from
a source underground which has been purified by slowly filtering
through many meters and layers of soil. However, it must be
uncontaminated by pit latrines and other sources of human waste,
livestock, fish ponds, food processing (for example manioc soaking
and fermentation), bathing, washing, surface water runoff, and
flooding.

Is the water convenient and accessible to the users? A spring
should be as close to the users as pnssible to minimize the daily
work required by the woinen and children to collect and haul water.
Difficult and hazardous ecrossings should be avoided, for example,
roads, log bridges, or infested waters.

Is it technically feasible to cap the spring?

in determining if it is technically feasible to cap a specific spring,
there are szveral factors (o be considered.

® A spring should have an adequate slope for proper drainage.

e It should hsve protection from flooding and diversion of
watershed runoff.

® The slope should be steep enough so that a collection vessel
can be placed underneath the discharge pipe.

e Labor and materials sucli as gravel, rock, sand, and elay should
be locally available.

® There should be a solid footing on well-drained ground for the
s “weture.
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Distrihate Handout 4-1: Lecturette Notes.

3.  Group Activity Time: 40 minutes

Divide the total group into five smaller groups. Assign each group one of the
selection criteria, and ask group members to identify or list the information
needed to assess the spring for a particuler criterion. IHave each group put its
information list on flipchart paper. Post all five sheets in a prominent place
and lead a brief discussion of the information needed for each criterion. Accept
additions to the list, answer questions, and discuss.

In the following list, for each criterion, is a sample of the type of information
the trainees are expected to generate.

1) Is the spring fiow adequate?
e Measure the spring flow.
e Determine the number of users (both persons and animals).
e Calculate daily usage.
° Compare spring flow with daily usage.
2) Is the flow reliable?
e History of spring flow
e Seasonal flow variation
3) Is the water safe to drink?
@ True origin or source of the spring
e Sources of contamination
e Sanitary handling and storage
e Physical characteristi s such as taste, temperature, clarity‘
4) Is the water convenient and accessible to the users? | o
o Distance
e Elevation
e Hazards
5) Is if technically feasible to cap this spring?

e Are the labor and construction materials available?
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® Is there adequate water pressure, adequate slope, drainage?
® Can all spring flow be collected?

e Will the ground previde solid footing for the structure?

4, Survey Team for Field Experience Time: 30 minutes

Divide the group into three-member survey teams. Distribute Handout 4-2:
Sanitary Survey Form and Handout 4-3: Sanitary Survey taken from Water for
the World.

Ask the teams to take 30 minutes to plan how they will go about collecting the
information under each of the five criteria they have just worked with. Suggest
using the information generated in the preceding exercise as well as the survey
form to plan how they would collect this data, what they would look for, who
they would interview and what questions they would ask.

(Note to the trainer: During this activity, circulate from team to team, offering
help and assistance wherever needed.)

5. Preparation for Field Task Time: 30 minutes

This field task is planned to take approximately three hours, The field trip will
consist of the following: )

Field Activity No. 1: Demonstrating How to Measure Spring Flow {for
the total group at a spring site)

Field Activity No. 2: Conducting Surveys (by the three-member survey
teams)

Explain to the group the purpose of the field task, the learning objectives, and
the time involved.

Survey teams will be expected to accomplish these tasks. (Put these tasks
on a flipchart.)

® Measure and calculate the flow of the spring.
® Locate areas and sources of contamination.
e Interview spring users at the site to obtain desired information,

e Visit at least one home fo,intérviewa family to collect 'dgsiped
information, RN .

® Add appropriate information to the village -_'r'n“a'p.;

e Document and také noteson thelrflndmgs
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Each survey team will require these materials:

e A watch with a second hand or alternatively the teams should be told
how to count their breaths or heartbeat as a way to measure time

e A short piece of pipe or bamboo

e A container of known volume

e A clear bottle

e The village map and writing materials

The trainer will need to have done a good deal of preparation ahead of time to
make certain the field experience is effective. The following require advance

planning:

e Discuss the field work with village leaders and obtain their permission
to do it.

e Draw a village map and make a copy for each participant.

e Arrange for a guide from the village if neceusary and translators if
language is a problem.

e Determine which homes to visit and locate‘them.

e Select the springs the survey teams should ViSlt, try not to have all
the teams visiting tiie same springs.

e Prepare for the demonstration of how to measure flow. Have clay:
available at the site as well as other necessary materials. e

e Have materials that trainees require ready for use.

e Arrange for transportation.
Explain how and where the survey teams will do their work, Remind the trainees
that the first activity is for the whole group, observing the trainer demonstrate
how to measure the flow of the spring and the second activity is in three-
member teams. Distribute materials and tell trainees when they are expected
to return for the workshop discussion session.
6. Field Trip Time: 3 hours

Field Activity No. 1: Demonstrating How To Measure Spring Flow (20 minutes)

Explain that there are three basic steps in measuring spring flow:
e Build a temporary dam of clay or other impervious material.

‘o Insert a pipeline.
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e Collect water in a container for one minute.

Proceed with blocking the entire spring flow with a clay, dirt, rock, ete. dam
high enough to insert a short pipe and still have space below for a collection
container. (Be sure to <zal the leak on the upstream side of the dam.)

After the flow becomes steady, 1sk one group to volunteer to measure the flow
in liters per minute. Do this two to three times to witnes: variations and
determine an average flow.

Answer any questions. Take apart the clay dam and pipe and ask the survey
team to practice this measurement separately some time during the field trip.
Distribute handout on measuring flow either at this point or upon returning to
the workshop (Handout 4-4).

Field Activity No. 2: Conducting Surveys (2 hours 30 minutes)

Have the teams proceed to their survey tasks.

7. - Field Trip Discussion Time: 30 minutes

Lead a discussion of these questions:

e Elicit general comments on how the field activities went, Were they
useful? Keep the comments brief and spend no more than five to
eight minutes on this opening point.

o Ask several teams to comment on measuring spring flow. Did they
have any problems? Any interesting or unexpected occurrences?

e Ask what sources of contamination they located. Did they inspect
the quality of spring water? If so, how can the sources of
contamination be eliminated?

‘o Pind out what questions the trainees asked and to whom at the spring
site. What information did they obtain? Any problems or unexpected
occurrences?

e In visiting the home, how did the trainees find the family members
stored their water? Was it handled in a sanitary way? Find out how
the trainees determined the volume of spring water the family used
per day?

e Did trainees have any problems in using their maps?

e Ask individual trainees if they would recommend the spring they
surveyed as suitable for capping? Why or why not?

8. Conclusions Time: 15/20 minutes
Move toward reaching some conclusions about the entire process of surveying

and collecting data for spring site selection. Ask the trainees to identify from
their experience what they believe must be done in order to conduct a valid

-74~



survey and make the "right" decisions about which springs to improve. The
trainer might want to list their responses on a flipechart. '

9. Applying Principles of Surveying and
Data Collection for Site Selection Time: 30 minutes

Have the trainees take a few minutes to plan how they will conduet surveys in
their first spring capping project. Ask them to work individually on this plan
using their planning guides. Give them 15 minutes, then ask them to choose
one other person and share their plans and strategies with each other, offering
help and suggestions to each other as appropriate. The sharing activity will
require 15 to 20 minutes.

10. Closurs Time: 5 minutes

Refer back to the session objectives. Ask the trainees if the objectives have
been met and if they will be able to conduct sur»ve}y's‘ on__their own.

MATERIALS
Flipeharts for:

Session objectivesA
Lecturette points
Tasks for survey teams

Handouts on:

4-1: Lecturette Notes: Selecting a Spring for Capping
4-2: Sanitary Survey Form

4-3: Sanitary Survey (Water for the World article)
4-4: Flow Measuring Techniques

Advance Planning
Arrange for field experience with vulage.

Draw map of village and have copies for participants.
If necessary, arrange for guide and/or translators.
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1)

2)

3)

4)

5)

Handout 4-1

LECTURETTE NOTES: SELECTING A SPRING
FOR CAPPING

Is the flow adequate? The spring has an adequate flow if it can provide
enough water for at least the daily drinking water needs of the user group
or village. Steps for determining this are to measure the flow of the
spring to arrive at the total volume produced in one day and divide this
by the number of people to be served by the spring. We will do this
measurement this afternoon. By measuring the flow you obtain the number
of liters available for use per person per day. Then compare this amount
to the minimum standard of 15 liters per person per day to determine if
the spring flow is adequate or not.

Remember animals may be watered from this spring also. The following
are approximate minimum water needs per animal: cows 10/15 liters;
buffalo 15/20 liters; goats 5/10 liters; chickens 5 liters per dozen.

Is the spring flow reliable? A’spring flow is reliable only if it is constant
and adequate through both wet and dry seasons for many years.

Is the water safe to drink? Remember that spring water is often the
best quality nature has to offer. It is continuously flowing fr .a a source
underground which has been purified by slowly filtering through many
meters and layers of scil. However, it must be uncontaminated by pit
latrines and other sources of human waste, livestock, fish ponds, food
processing (for example manioe soaking and fermentation), bathing, washing,
surface water runoff, and flooding.

Is the water convenient and accessible to the users? A spring should be
as close to the users as possible to minimize the daily work required by
the wornen and children to collect and haul water. Difficult and hazardous
crossings should be avoided, for example, roads, log bridges, or infested
waters. '

Is it technically feasible to cap the spring?

In determining if it is technically feasible to cap a specific spring, there
are several factors to be considered.

® A spring should have an adequate slope for proper drainage.

e It should have protection from flooding and diversion of watershed
runoff.

o The slope should be steep enough so that a collection vessel can
be placed underneath the discharge pipe.

e Labor and materials such as gravel, rock, sand, and clay should
be locally available.

o There should be a solid footing on well-drained ground for the
structure.
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3.

R
6.
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11.

12.

13.

14.

Handout 4-2
SANITARY SURVEY FORM

Village

Location

Village leader(s)

Village population

Animal populatior: and water needs

Number of families

Health center or organization

Name of spring

Distance from village

Location of spring (distance from users)

Siopé ' EE ;how"fl’ L 'v'("l'pm)
‘ acéessibility
Number of people using spring - e e :

average number of litres per day per person

Quality of water

Condition during dry season = =

Condition during wet season

Soils around spring

Sources of contaminatioti_f"if‘f'?




Handout 4-3, p. 1

SANITARY SURVEY

Physical Characteristics of
the Location

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

1s free from contamination. A sanitary
survey of the spring site will help
determine whether contamination 1is
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 b2drock 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 1s generally contaminated and may
flow only during the wet season.

Determine if there are sources of
potential fecal contamination.
Livestock areas, septic tanks and other
sewage disposal sites are sources of
contamination. If they are located

*Taken from Water For the World -

Acceptable Surface Water Sources.

evious Puac Elank

v

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
1s to study the area at the spring
site. The type of soil may indicate
that contamination is likely.
Filtration may be poor if 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 iittle or no
filtration of impurities. If a spring
flows from a lime=tone bed, check the
water after a heavy rain. If it
appears turblid, 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.

Conducting Sanitary Surveys to Determine

Technical Note No. RWS. 1, p. 2.
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Bacteriological Quality of Water

Good quality water must be available
to ensure the health of the people 1in a
community. The bvacteriological quality
of water 1s 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. A thorough sanitary survey must
determine the potential sources of con-
tamination of a water source 50 that
measures to protect the source can be
developed.

An untreated water source should be
as free from bacteriological con-
tamination as possible. The greatest
and most widespread source of such con-
tamination is human and animal wastes,
which I1s called fecal contamination. A
sanitary survey determines the degree
to which water sources may be subject
to fecal contamination.

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
excessive 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 if there is a large
number of cases of diarrheal 1illnesses.
Many cases of diarrhea, especially
among young children, may be an indica-
tion of ~ontamination in the water
source.

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

unacceptable.

Handout 4-3, p. 2

Physical and Chemical Quality of Water

The bacteriological quality of water
is the most important factor in deter-
mining the acceptability of a source.
Many times, though, water is bac-
teriologically safe, it has physi-
cal or chemical characteristics that
make 1t 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. Turbidity is 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 is aestheitically unacceptable to
users. Turbidity 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 1is
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.




Handout 4-4, p. 1

FLOW-MIASURING TECHNIQUES

In mest investigeticns, accurate flow measurements of a source
will require some earthwork, usually just a simple type of earth bank,
dam, or dr2inege channel. Thus it is advisable to brin. 2long one
or morc villagers with digging tools and a nachete-type knife (for
clearing away urderbrush, etc). After the channels or dams have
been constructed, wait a few minutes for the water to achieve steady,
constant flow, before attempting any measurements.

Discussed below are tWO simple methods for measuring the flows
of springs and streams. Always measure the flow several times, and
calculate an average reading. Any measurcments which are obviously
deviant sheuld be repezted, Question the villagers closely about
seasonal variations in the flow.

Bucket and stopwatch: Spring flows are most convenient)
measured by using a wide-routhed container (of ‘rown capacity{ and
timing how long it takes to fill up, A large-:1;¢ biscuit or
kerosene container (capacities of about 18-20 liters), or a bucket,
is usually available in the village, For the most accurate results,
the capacity of the container should be such that it requires at
least 15 seconds to fill (smaller containers, such as one-liter
drinking canteens, should only be used if nothing larger is available)
An ordinary wristwatch (that has a sweep-second hand) can be used

for timings, but it is best in this cese if two persons work together:
one concentrating on the wristwatch, the other filling the container,
The flow is calculated:

Q “'% where: Q= flow (liters/second)
C = capacity of container (liters)

t = timé to fill {seconds)

Watch measures Rme
¢ bnkes to AU bucke ™
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Velocity-area method: Thi's method requires more work and i
not a5 accurate at the v-notch weir, yet for particularly wide
streams it can be easier to use. HMeasure the surface water velocity
of the stream by timiny how long it takes a drifting surface float
(such as a block of wood) tov move down a measured length of the
stream (this measurcd section must be fairly straight and free of
obstacles, for & length of 6-10 times the average waler depth),
Measure tie cross-sectional area of the stream. The measurements
should be repeated several times, averaging the results together.
The average stream velocity is B5X of the surface velocity, and the
flow is calculated:

Q=600 xV,xA where: Q= flow (LPS)

v = surface velocity (m/sec)

h = cross-sect'l area (mé)

This method of flow measurement is applicable to streams of
waler depth of at least 30 centimeters. Figure 2-3 illustrates the
velocity-arca method of ncasurement,

MELSURED DQIET

AVERAGE
CROSS SECT 'L
AREA OF

STAEAM SECTION

DRFTING
SURFACE
FL.OAT

ERAGH  STREAM VELOCITY = 85 % OF GURFACE VELOCITY.
MEASURED DRIFT DISTANCE SHOULD BE 6-10 TIMES AVERAGE DEPTA.
Q-+ FLOW (LP3)

FLOW Q = V=A=x 850 V s SURFALE VELOCITY (METRES/SEC)
A 1 CROSS SECT'L AREA OF STREAM (M})

Fiure 2-3 VELOCITY-AREA MeTHOD oF FLow MEASUREMENT
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SYNOPSIS

SESSION 5: PREPARATION FOR SPRING DEVELOPMENT
CONSTRUCTION ACTIVITIES
Total Time: 5% hours
FLIPCHART

PROCEDURES TIME HANDOUTS MATERIALS

1. Introduction 5 min. Session Objectives

2. Brainstorming/

Planning 20 min.

3. Project Familiarization 30 min, 5-1: Photographs of Spring Improve-
Spring Develop- ment Items
ment

5-2: Retaining Criteria Used to
Wall Structure Determine Im-~
provement

4, Introduction of 10 min, Six Basie Planning

Planning Steps Points
5. Lecturette/ 60 min, 5-3: Dimensions " Dimensions of
Discussion 5-4: Reinforcement Depth, Thickness,
Rods in Foundation Width
6. Field Work 10 min.
Preparation
7. Field Work 60 min. 5-5: Materials Pipc Selection
and Components Considerations
5-6: Materials
Required
8. Grecup Discussion 90 min.,
9. Generalization/ 45 min, Planning Guides
Application (see Handout 2-5)
10. Closure 5 min.
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SESSION 5: Preparation for Spring Development Construction
Activities

Total Time: 5% hours

OBJECTIVES
At the end of this session, trainees will be able to:
e Describe how the improved spring wini ook upon completion
e Describe in general the construction phases necessary for project completion
e Size and design the foundation and retaining wall
¢ Estimate the tools and of materials needed for capping a spring
OVERVIEW
Learning how to implement a spring development project is best accomplished
by working on actual projects. Therefore, this course requires building a spring
capping svstem, and the construction stages will begin tomorrow. This session
is intended to familiarize the participant with the spring project selected for
this training and to involve the participant in the appropriate planning and design
steps necessary before construction is begun.
The trainees will visit the project site and participate in the pre-construction
planning activities such as 1) estimating and completing a preiiminary desiga of

the spring wall, 2) estimating the proper location of this wall, and 3) planning
for other resources and improvements that are included in this particular project.

PROCEDURES

1, Introduction Time: 5 minutes

Give the information contained in the overview, present the objectives, and
respond to questions.

2. Group Brainstorni of Planning Items Time: 20 minutes

Have the group brainstorm a list of items necessary for planning a spring
development project. Write their responses on the flipchart, then ask them to
compare their list with the project cycle (Handout 2-3). Explain that thie project
cyele is one way to organize ‘he activities required to complete the project. Ask
if they see activities from their list that should be added to the activities listed
in the cycle. If so, odd them. It is important that the group develop a sense
of familiarity and involvement with the project cycle. Add their suggestions to
the cycle, but avoid making major changes.

Explain that today's workshop activities will deal priinerily with preparation for
the construction phase of the project. Ask trainees to refer to the project cycle
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for construction activities. Briefly, explain again that the following *hree days
of the workshop will be spent learning about construction activities.

3. Group Familiarization with this Project Time: 30 minutes

If the participants have visited the spring that will be developed in this training
project, ask them to describe the spring as they remember it. Using e flipchart,
explain that the decision has been made to improve this spring in the following
ways:
e Construct a wall to dam up the spring and make &  ‘ection pool.
e Protect pool from contamination.

e Place a pipe which will allow water to flow into collection/carrying
vessels.

e Construct a concrete splash pad and possibly a laundry pad for user
convenience.

Using a flipchart, explain the criteria that were used to make the decisions
about the spring improvements.

® A spring structure would not be too difficult to build.
e It can be constructed with locally available ‘materials.
o There is a locally available labor force with the necesédry 3kills,

e The structure will adequately handle the flow of the. é:pri:ng" all year
round. SR . -

o The improved spring will benefit users.
e The structure is not too expensive; the community can afford it.
e The community agreed with the plans.

Distribute Handout 5-1: Photographs of Stages of Spring Development. Briefly
explain the stages to the participants.

Distribute Handout 5-2: Retaining Wall Structure. Explain drawing. In addition,
distribute (or draw on flipchart) a map of this spring site, pointing out key features.

4, Introduction of Planning Steps Time: 10 minutes

Explain that for purposes of organization, the planning for construction will
involve six basic planning points. Using a flipchart, elaborate briefly on each.

e Investigation of spring site

® Determining location and design for spring structure
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e Pipe, materizls/tools required
e Labor requirements

e Costs/budget for project

e Time schedule

Explain that the first step, investigation of springflow and excavating, will actually
occur tomorrow when layout and excavation for construction will begin. After
these activities have been completed, the decision about the exaet size and
location of the foundation and retaining well can be made. At this point, until
the spring is dug osut and excavation is made, the design and location can only
be estimated. Explain that all planning and preparation for labor, materials,
tools, costs, budgeting, and time scheduling are items that should be done ahead
of time, but in this case will be done out of sequence to allow excavation to begin.

Explain that for purposes of this course, a training session on how to plan for
labor, materials, ete., will be conducted after traii 2es have had practice actually
constructing tne retaining wall. Comment on how much more meaningful the
planning of resources will be once they understand what is involved in the actual
consruction.,

Explain that today's activities will concentrate on understanding different wall
and foundation designs and the criteria used in determining which design to use.

5. Lecturette/Discussion on Retaining
Wall Designs Time: 60 minutes

Ask the trainees to refer back to Handout 5-2 showing a drawing of a retainirg
wall and its foundation. Check to see if they understand each part of the
structure. :

Dimensions

Distribute Handout 5-3: Dimensions for Foundation and Retaining Wall and discuss
it with the participants, explaining the various dimensions.

Fxplain that you are now going to give them a minimum standard dimension for
building retaining walls. This is the smallest structure that one would ever
design; it would handle average flow rates of from 15 to 50 liters per minute (lpm).

Given this flow rate, the minimum dimensions to -use in the reinforced concrete
foundation would be 15 to 20 cm high and 40 to 50 em wide. Have everyone
approximate these dimensions with their hands.

Reinforcement

The 8-10 mm steel reinforecement rods should be placed as shown in Handout 5-
4: Reinforcement Rods in Foundation. Alternative metals, bamboo, or other
strong materials can be used. Tell trainees to use these model dimensions for
most springs, until they become more familiar with variations in spring sites.
5+ that point they may want to modify the sizes and designs of their structures.
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Construction Materials

Two sacks of cement are needed to construct the model foundation for a rock
and mortar wall one meter long and 60 cm high. Five sacks would be needed
to construct the foundation for a wall two meters long and one meter high.

The entire wall could be constructed of reinforced concrete. However, the
reinforced conerete foundation is to support a rock and mortar retaining wall so
that the participants will gain experience in both constructior. techniques. If
cement &nd reinforcing bars are in short supply, then the foundation can also
be constructed of rock and mortar for retaining walls up to 1 meter in height. It
is important for the wall to be securely connected to the foundation. The weight
of the retaining wall will be distributed evenly over the dimensions of the
foundation if the foundation is laid level into the ground. Therefore, given a
standard size for the height and width of the foundation, the wall can actually
be any length since its height does not vary greatly.

(Demonstrate points by referring to handout or by drawing illustrations on the
flipchart.)

Explain the difference between a cement-mortared stone wall and a wall
constructed using local mud mortar. It is likely that local houses will be
constructed with mud-mortar' walls, and that local mascas will be more
experienced with mud mortar than with cement mortar.

Cement mortar and concrete are used for water supply construction because
these materials are strong, durable, and resistant to weathering. Local mortar
made from clay or mud will usually erode when exposed to the force of running
water. Also, local mortar is usually not strong enough to withstand the pressure
which may be created in a spring capping structure.

While concrete and cement mortar have advantages in strength and durability,
these materials are more difficult to mix and apply and curing is different than
for mud mortar. For example, the ratio of water to cement, the time in which
the wet mortar can be used before it starts to harden, and the purity of the
water and sand are all critical factors. Local masons should be alerted to the
critical differences and should be instructed in the use of cement mortar.

Force Exerted on Wall

Explain that the springflow exerts force on the retaining wall. Discuss
consequences of rainy season flow. Explain how the water will try to push over
the wall, so it must extend deep enough into the earth and be wide enough to
resist and rot shift its position. If the foundation is 10-15 em deep into an
impermeatie layer, and both the wall and foundation extend 30 em into the earth
on each side, then the structure should remai: solid.

Splash Pads

Splash pads are located under the pipe so the continuous flow falls on concrete
or rock runoffs that have been constructed so that the water drains away from
the foundation. Splash pads ecan be various sizes and designs depending on the
design of the wall, the amount of materials available for construction, or what
the villagers feel would be most useful to them.
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The most important issue concerning splash pads is drainage. The water must
flow away from the foundation toward the drainage ditches. It is also more
samtary as well as convenient for the users if the area around the collection pipe
is not muddy and sloppy.

Splash pads could be the same length as the foundation or small enough to merely
cover the splash point. Whatever the size, the concrete should slope toward the
drainage ditch. Some splash pads are built with curbs which can actually channel
the water right to the ditch.

Pipes

When delivering this part of the lecturette, demonstrate a sample of the pipe
and materials to be used in constructiecn.

The followmg li't includes the dimensions, placement and materials to be
considered in the selection and construction of piping to carry spring water:

e The diameter of the pipe will depend on the quantity of spring flow it
is to carry.

o The plpe will be at least long enough to pass through the spring
capping structure wall and project beyond the wall to form a convenient
spout.

e The length of pipe may extend some distance from the spring capping
structure to a public tap.

e Only galvanized iron pipe should be placed in a concrete or cement
mortar wall. If a pipeline is built to a tap some distance away, then
PVC (polyvinyl chloride) or HDP (high density polyethylene) should be
installed below ground.

The followmg plpe sizes can be used for short (up to 1 meter in length) galvamzed
iron pipes set in a spring retaining wall.

Maximum Spring Flow Pipe Diameter
Ips mm
up to 1.0 20
1.1 to 3.0 50
3.0 to 7.0 60

Two or more smaller pipes can be used in place of one larger pipe.

Placement and protection of pipe is important if the project is to have a useful
life of 10 or more years. Pipe materials have different properties.

PVC and HDP plastic pipe of standard quality will resist corrosion. However,
the plastic may be softened or made brittle by sunlight or sliced accidentally.
It must be buried at least 0.7 meters underground. PVC pipe comes in rigid
lengths; HDP comes in long flexible coils. Both are lightweight for transport.
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In galvanized iron pipe, the galvanizing provides a corrosion-resistant zine coating
on the iron pipe. Although iron pipe is rigid and heavy to transport, it is much
stronger structurally and less suseeptible to being damaged by sharp or heavy loads.

Bamboo Pipe is cheap and may be used as a temporary substitute urtil galvanized
iron, PVC or HDP pipe becomes available. If properly cured by soaking, flaming
and scraping, bamboo will provide long term service; otherwise it will rot in a
few years.

Pipes should be located as shown in Handout 5-2.

The spring should be accessible for cleaning, unclogging, or repair at a later date.

6. Preparation for Field Work Time: 10 minutes

Explain that today's field work consists of sizing and designing the foundation
and wall structure

Field Aectivity No. 1: Designing the Foundation and Wall Structure (60 minutes).
The trainer should divide the group into four teams. Ask two of the teams to
find answers to these questions (put questions on the flipchart):

e Where is the impermeable layer?
e How deep should the foundation be?
bo Where should the foundation be placed?
¢ How wide should the foundation be?
¢ Will our minimum width dimension fit these?
Ask‘ two other teams to answer ihese questions:
e Where is the bottom of the collection pool?
g o At what height will the pipe go through the wall?
e Where should the wall be? |
® Will there be room under the pipe for a collection vessel?
(Note to the trainer: The trainees may have some difficulty answeriny these

questions. Discovery is, however, a key aspect of the training methodology and
you should let them do the best they can.) ﬂ ,

Depart for field site.
7. Field Work Time: 60 minutes
Give the trainees 30 minutes to find the answers to the auestions. Then lead

a discussion at the field site on their responses. Demonstrate how they could
arrive at an answer or ask them how they arrived at their answer. Make certain
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everyone understands how one arrives at answers to these questions. This
discussion is likely to take 30 minutes.

Return to the workshop site.

8. Group Discussion on Planning for Time: 90 minutes
Tools and Materials

Explain that for purposes of planning for the necessary tools and materials, the
spring capping system will be divided into specific components. Put the
components on the flipechart and briefly explain each (10 minutes).

Excavation

Diversion ditches and canals

Foundation

Retaining wall

Splash pad

Watertight seals for retaining wall

Backfill

Watertight sealed layer to prevent surface contamination

Ask the perticipants to form two-member teams for the following task which
you have put on the flipchart:

List the tools and materials which you believe will be necessary to do
the work required for each of these four components:

Excavation

Diversion ditches and canals
Foundation

Retaining wall

Give trainees 15 to 20 minutes for this task. Then ask that each two-member
team join with one other team, making small groups of four. They are to share
their materials and tools list with one another. Then ask the small groups to
concentrate their energies only on one component (assign one to each small
group) and to list the tools and materials required for that component on a piece
of flipchart paper. Give them an additional five minutes or so for getting this
list on the flipchart.

Post the flipchart papers on the wall and lead a total group discussion of the
materials and tools listed. This total group discussion should not take more than
15 minutes.

Distribute Handout 5-5: Materials and System Components. Explain to the traintes
that this is a list they could use; lizwever, they should check the lists on the
flipehart to see if there are items thiy had identified as important that might
not be included in the handout. Give tiiem a few minutes to read the list. Ask
if they have any comments or questions. Ask if there are any tools or materials
with which they are not familiar, such as a sifting screen. Encourage discussion
of these items if people have questions.
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Distribute Handout 5-6: Quantities of Materials Required for an Average Size
Retaining Wall Structure. Give the trainees a few minutes to read over this
list. Ask if they have any questions.

9. Generalizing and Applying Time: 45 minutes

Ask the trainees to reflect on the day's activities and to identify the most
important things they learned. Give them five minutes or so of quiet time to
reflect on the day. Then ask for examples of one or two items from each
individual, Write them on the flipchart. Take about 15 to 20 minutes for this,

Then ask the trainees, working individually, to complete a planning guide for
this session, Preparation for Construction Activities. Allow 20 minutes for this
individual activity.

Use an additional 10 minutes or so to elicit examples of their planning, This
question could be used: "As you thought through this, what important problems
or ideas came to you about implementing this planning activity in your community?

10. Closure Tin.2: 5 minutes

Refer to the objectives, check to see how they feel about their skill development
for the day, and close the session.

(Note to trainer: You might want to ask the participants how they feel about
the workshop so far. Ask if they have any questions about the methodology or
if they have suggestions on what the trainers can do to make their learning
more productive. This helps set the tone for trainer/trainee collaboration in
making the workshop effective. It also allows trainees to ask direct questions
about the methodology. Concerns or issues can be diseussed early in the course
before they become problems.)

MATERIALS
Flipcharts for:

Session objectives

Soring improvement items

Criteria used to determine spring improvement
Six basic planning points

Dimensions of depth, thickness, and width
Considerations for selection of a pipe

Handouts:

5-1: Photographs of Stages of Spring Development

5-2: Retaining Wall Structure

5-3: Dimensions for Foundation and Retaining Wall

5-4: Reinforcement Rods in Foundation

5-5: Materials and System Components

5-6: Quantities of Matecrials Required for an Average
Size Retaining Wall Structure



'PHOTOGRAPHS OF STAGES OF

SPRING

DEVELOPMENT

Figure A. Building the Forms for
the Foundation

Handout 5-1,

Figure B. Building

the Rock and Mortar Wall
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Figure C. Pouring Concrete
on

B

for the Foudti

Figure D. Clay Wall To Keep
Dry. Pipes Diverting the Flow

~-06~

e

Construction Area

Handout 5-1,




Figure F.

Nearly Completed Retaining Wall, Showing
Roc< and Gravel Fill-in
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Handout 5-2
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Handout 5-3

DIMENSIONS FOR FOUNDATION AND RETAINING WALL

WIDTH
ROCK AND MORTAR )
RETAINING WALL '30 60c'm.
|4-——-l>-

FORCE OF

SPRING FLOW HEIGHT

1.5 METERS

LENGTH VARIES

Z?f;;Ocm CONCRE—]—E
P Foonen T vy
<o
) »|
WIDTH/50-80cm.

Previcus Pays Bicnk
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~-REINFORCEMENT RODS IN FOUNDATION

Top View

Reinforcement

Rods

6mm Diameter

Scm/{ 10cm 10cm{| 10cm{{5cm

Width
—
| | | | N A
Y
Thickness
50-80cm

Previous Pays Blank
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Handout 5-5, p. 1

MATERIALS AND SYSTEM CCMPONENTS

System Components Materials and Tools

3 Excavation . picks
. shovels
. wheelbarrow
measuring tape or rods

o Diversion ditches and canals - . picks
- . shovels
. wWheelbarrow
. gravel/rocks

e Foundation . water

. cement
sand
gravel
rocks
reinforecement
nails/i;ammer/saw
wood for forms
oil for lubricating forms
shovels
buckets
sifting sereen
tamper (compacter)
trowel

rocks

clay

cement

sand

gravel ,

galvanized iron pipe

screening for pipe.
* trowel

¢ Splash pad: cement
. gravel
sand
wood for forms.
flat stone '

e Well for temporary . clay
containment and .« rocks
diversion of springflow :

Pr@?fi@m Page Blank
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Watertight seals for
retaining wall

Backfill

Watertight sealed layer (to
prevent surface water from
contaminating spring flow)

= 1 6‘55_' .

‘clay

mortar
rocks

gravel

clay

soil

shovels
wheelbarrow

clay

Handout 5-5, p. 2



Handout 5-6, p. 1

QUANTITIES OF MATERIALS REQUIRED FOR AN

AVERAGE SIZE RETAINING WALL STRUCTURE

Supplies

Cement

Sand, clean (uniform)

Broken stone (1 em diameter)

Rock, clean

Reinforcement rods (rebar)
Wrapping wire

Pipe and appurtenances

Intake screen with flanged
connections

Plug for drain pipe

Plastic

Chlorine blea_ch ,
Sturdy' rope .or cord

Crlasrk

Wood for forms and
mixing board

Labor

1-2 masons

3-5 laborers

* (Quantity varies)

10-20 sacks, 50 kg, top grade, dry and
powdery

1-2 cubic meters
1-2 cubic meters
1-3 cubic meters

4-6 6 mm rcds 6 m in length or 25 m
total length '

5-10 m of 3 or 5 mm flexible wrapping
wire

50 mm diameter galvanized iron pipe
1 m threaded one end (outlet pipe)
0.7 m threaded one end (drain pipe)

1,vi'6'11 of thick plastic sheeting, 1 m wide
x5 m . long ‘ '

2 kgal. or 10 liters

1 roll 1-2 em

Locate a source for good quality clay
as close to the site as possible,

~sl~‘-L"og‘a11y “available lumber
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Handout 5-6, p.2

Tools
2 spades for digging
1 rake
| trowels (1 for every 2 participants)
3 wooden paddles
1 pick axe
1 crowbar
2 saws for cutting forms
1 hacksaw or wire snipper
2 hammers
2 boxes of flat !ieaded nails for building forms
4 plastic buckets of known volume
1-2 wheelbarrows
1-2 measuring tapes
1 sifting screen
1 tamper/compactor
gloves
The above suggested list is, of course, based on estimates and will certainly vary
depending upon the size of the spring capping required. These items are usually

necessary. However, they may not be readily available. Alternative materials
may be substituted if necessary.
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SESSION 6:

SYNOPSIS

LAYOUT AND EXCAVATION

Total Time: 6 hours

FLIPCHART
PROCEDURES TIME HANDOUTS MATERIALS
1. Introduction 5 min. Session Objectives
2. Lecturette/Discussion 30 min. 6-1: Drainage
Canals
6-2: Lecturette Excavation and
Notes Preparation
3. PField Work ‘15 min.
Preparation o
4, Field Work 3% hrs,
Procedures
5. Discussion 45 min. -
6. Generalization/ 45 min. - Planning Guides
Application (see Handout 2-5)
7. Closure 5 mln. L
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SESSION 6: Layout and Excavation

Total Time: 6 hours

OBJECTIVES
At the end of this training session, trainees will be able to:

e Dig out an existing spring source to reveal maximum spring flow and area
necessary to enclose and capture

e Locate stable foundations (impermeable layer) for installation of spring
retaining wall and other structural components of system

e Control and divert surface water and spring flows
e Lay out, level, slope, and excavate spring development design

e Select and lay in place gravel and other loose foundation materials

OVERVIEW

The first activities in the construction phase of the project cycle are those of
layout and excavation. In this session activities will be centered around learning
how to do this. After a short presentation in the workshop on layout and
excavation, the participants spend most of the time in the field.

PROCEDURES

1, Introduction , 'I‘ime: - 5 minutes

Give the information contained in the overview, present the objectives and respond
to questions.

2. Lecturette/Discussion on the Steps ")I‘i")Ih'e: - 30 minutes
Involved in Layout, Excavation, B
and Site Preparation

Distribute Handout 6-2: Lecturette Notes.

Layout and excavation of the spring site are accompllshed in three .major. steps .
‘(put on flipchart):

o Investigate the spring flow.

o Excavate the site for construction,
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e Protect and control spring flow during eonstruetion.

Investigate the Spring Flow

Springs form when underground water follows the path of least resistance through
soils and reaches the surface. In investigating spring flow the first thing to do is
to explore the area to determine if this site is the first and only place that
this spring flow surfaces. This is done by checking the area above the spring
and the area surrounding it to see if there are other sources of water which
might be connected to this spring. If there are other sources of water in the
area, check to see if these sources could possibly contaminate the spring you
intend to cap. You might have to protect the entire area, or the spring that
is being capped could be contaminated by other springs immediately surrounding it.

Most peopie have a respect for nature's mysterious springs and prefer not to
disturb them. However, you will need to clear away and drain any mud, rocks,
standing water or other obstacles to spring flow in order to release or unify its
‘maximum flow. If the flow is small with little pressure, take care not to plug
the flow as it may seek another outlet and disappear.

Springs flow and come to the surface by the force of gravity or from pressures
created by the weigr. of layers of earth. Often in flatter regions there is
insufficient height between the spring flow elevation und the ground level for
the collection vessel to be placed. Also, there must be enough drop in elevation
below the collection point to provide drainage. Wells are usually better in flat
terrain.

Excavation of the Spring Site for Construction

The immediate area surrounding the spring flow should be cleared to a depth
free of muddy or loose material so that the structure can be attached or placed
upon firm, stable soil or rock. The extent of the excavation will depend upon
the type of spring construction and the particular physical conditions. It may
vary from a cubic meter for small springs with or without slope, to a few cubic
meters for larger springs or seeps where the excavation is spread wide to collect
several spring flows. (Explain what is meant by a cubic meter.)

In the cases where spring flow is to be reteined by a wall or box, a suitable site
for the foundation must be excavated and leveled.

Control of Surface Runoff at Spring Site

Often a spring is located in an area which receives surface runoff when it rains.
Surface runoff can cause soil erosion around the completed spring retaining wall,
and it may damage the wall. In areas with heavy rainy seasons, surface runoff
flows can be heavy and damaging.

The site around tae spring capping structure should be protected from surface
runoff by excavating a drainage ditch around the periphery of the site. The
ditch should be laid out in such a way that it can intercept surface runoff and
divert it around and away from the site. A typical arrangement is illustrated
in Handout 6-1: Drainage Canals.
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The size and extent of the drainage ditches will depend on the quantity of runoff
that must be diverted. It is best to question the local residents about the need
for runoff diversion and the quantity of runoff that can be expected. In locations
with heavy rains, ditches with a depth and width of one-half meter or more may
be necessary.

Protect and Control Spring Flow During Construction:

The spring opening must be protected from plugging during construction activity.
It may be isolated with a barrel or filled with large rocks so the flow can
continue between them.

The flow of water must be controlled to keep the construction area dry, A
clay wall can be constructed to protect the foundation site, retain water and/or
support a temporary pipe to carry the spring flow away from the site.

3. Preparation for Field Work Time: 15 minutes

Explain that the group will actually be following these three steps just discussed
at the spring site today. Time at the site will be approximately three and a
half hours. Then the group will return to the worikshop site to discuss and
elaborate on the implementation of these three steps.

Brief the group on the role and responsibilitics of the work forece. Explain that
the work force will be present today to help with the physical labor involved in
laycut and excavation. The trainees will be responsible for planning and. beginning
the activities. However, the work force will be thare to help with the digging.

Explain that there will be four activities during the field work, the first with
the total group and the other three assigned to one of three working teams.
The activities are as follows:

Field Activity No. 1: Investigating the Spring Flow (Total Group)

Field Activity No. 2: Protecting and Controlling Spring Flow
(Work Team 1)

Field Activity No. 3: Controlling Surface Runoff (Work Team 2)

Field Activity No. 4: Excavation of the Spring Site (Work Team 3)

-~ Explain that Field Activities 2, 3, and 4 will oceur simultaneously although some
preliminary explanation will be given to the whole group on Activities 2, 3, and
4, Divide the group into three teams and assign each team to an activity.

(Note to the Trainer: If desired, the teams can rotate during the field work so |
all the participants get the opportunity to work on more than one activity.)

Depart for the spring project site.

4, Field Work Procedures Time: 3% houVrs’

Field Activity No. 1: Investigating the Spring Flow

Working with the total group, have the trainees explore the area to determine if
it is the first and only place the spring surfaces. If there are no other places,
ask them what they would have to do ii there were. Lead a short discussion
on preventing contamination.
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Have the trainees locate the spring source, clearing away mud and rocks or
draining standing water.

Discuss elevation and slope. Point out ways for the spring to flow into a
collection vessel. If the area has adequate slope, dissuss how a flatter area
could be handled. Ask the participants what type of springs they have in their
villages. Ask one or two of them to describe their spring. Then discuss strategies
for doing these steps with that type of spring.

Possibly walk to a fiat area, pretend that a spring oxisted there, and discuss
ways to investigate the spring flow. If a bottomless barrel is suggested as a tool
to measure water levels and the force of the flow, ask how they could do this
if they had no such barrel (i.e., surround it somehow with clay or a wood
container). The participants should always be encouraged to look for alternative
ways of doing things if a particular item is not available.

Field Activity No. 2: Protect and Control Spring Flow

Ask all the trainees for their ideas on how the spring flow could be controlled
during construction to keep the area dry. Discuss several alternatives (i.e., clay
wall, drainage ditch or both). Determine which method would be most appropriate
for this situation.

Have all participants discuss a strategy for keeping the spring opening from
getting plugged during construction. Ask them for their ideas on how this ought
to be done, explore alternatives, and choose a particular strategy that would be
effective for this spring.

Field Activity No. 3: Control of Surface Runoff

Now have all participants discuss how they would plan and execute the surface
water runoff diversion ditches needed for protecting the entire site. Ask them
for their suggestions and ideas, discuss options, and make a decision about where
the ditches should be and how deep.

Field Activity No. 4: Excavatior of the Spring Site for Construction

Ask the trainees for their ideas on how the immediate area surrounding the
spring flow should be cleared to a depth free of muddy or loose materials so that
an actual structure can be built upon firm, stable soil or rock. Lead a discussion
on the size of the area of excavation: how large it should be and how deep it
should be. Make a decision on what should be done on this particular spring.
However, at the same time, share alternative strategies for excavation for another
kind of spring—say a bigger spring or a smaller spring. Discuss the size of the
labor force needed to do the excavating.

Once these areas have all been discussed and work teams have been assigned to
doing the more detailed planning and beginning the labor involved in the activity,
the work teams should actually begin doing their work. There will be three
separate teams working on three separate activities. The trainers should rotate
from work group to work group consulting, offering advice, and answering
questions.
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The trainers may want to make certain that if a particular situation occurs—a
problem or something interesting with any one of those three work groups—the
other teams may stop and come over for a few moments to watch what's going
on or to discuss that particular problem or situation. This will help all the
working teams to learn from each other even though they're not actually doing
each one of the activities.

The trainer should allow these actual work activities to continue until the end
of the time allotted for work at the spring site. When that time is up, the
group should return to the workshop site. Remember to allow time for the labor
force to take over the activities of these training teams, allowing time for
instructions to be given by the work teams to the labor force. Also allow time
for a minimum amount of cleaning up before returning to the workshop site.

5. Workshop Discussion Time: 45 minutes

Review the major steps for investigating spring flow (looking for where the spring
flow surfaces; locating the source, clearing away mud, ete.; and studying elevation
and slope). Refer to the activities at the site this morning and ask the trainees
if they have any questions about these activities. Another question might be
what problems they foresee in doing these activities in the future.

Review the steps in protecting and controlling the spring flow (diverting the
spring flow to keep the construction area dry, planning for spring site diversion
ditches, and protecting the sr-ing flow opening from getting plugged during
construction). Ask the two teams that worked on these tasks to report on their
activities. (One team worked on the spring flow diversion canals or ditches and
another team looked for ways to protect the flow during construction.)

Review the steps necessary in excavating the site for construction (clearing an
area to a depth free of muddy or loose materials so a structure could be placed
on a firm stable soil). Ask the work team responsible for this activity to report
on its progress.

6. Generalizing and Applying Time: 45 minutes

Ask the trainees to reflect back on the entire day and all the activities associated
with layout and excavation and to identify what important things they learned.
Give them five minutes of quiet reflective time before asking for verbal responses.
Depending on the time available, use about 15 minutes for this discussion aectivity.

Distribute the blank Planning Guides (Handout 2-5) and ask the trainees to spend
the next 30 minutes planning how they will do excavation and site preparation
when they cap their first spring. The trainer should be available for individual
consultation at this point.

7. Closure Time: 5 minutes

Refer back to the goals for this session and close the session. Mention how
today's activities will lead to the activities that will be taking place tomorrow.
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MATERIALS
Flipcharts for:

Session objectives
Three major steps of excavation and site preparation

Handouts:

6-1: Drainage Canal
6-2: Lecturette Notes: Layout and Excavation of the Spring Site

Construction Tools and Materials
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flandout 68-1

DRAINAGE CANALS
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Handout " 6-2, p. 1

LECTURETTE NOTES: LAYOUT AND EXCAVATION
: OF THE SPRING SITE

Layout and excavation of the spring site are accomplished in three major steps:
1. Investigate the spring flow.
2. Excavate the site for construction.

3. Protect and control spring flow during construe..ion.

1. Investigate the Spring Flow

Springs form when underground water follows the path of ‘east resistance through
soils and reaches the surface. In investigating spring flow the first thing to do is
to explore the arez to decerinine if this site is the first and only place that

- this spring flow surfaces. This is done by checking the area above the spring

and the area surrounding it to see if there are other sources of water which
might be connected to this spring. If there are other sources of water in the
aree, check to sce if these sources could possibly contaminate the spring you
intend to cep. You might have to protect the entire area or the spring that is
being capped could be contaminated by other springs immediately surrounding it.

Most people have a respect for nature's mysterious springs and prefer not to
disturb them. Iiowever, you will need to clear away and drain any mud, rocks,
standing water or other obstacles to spring flow in order to release or unify its
maximum flow. If the flow is small with little pressure, take care not to plug
the flow as it may seek another outlet and disappear.

Springs flow and come to the surface by the force of gravity or from pressures
created by the weight of layers of earth. Often in flatter regions there is
insufficient height between the spring flow elevation and the ground level for
the collection vessel to be placed. Also, there must be enough drop in elevation
below the collection point to provide drainage. Wells are usually better in flat
terrain.

2. Excavation of the Spring Site for Construction

The immediate area surrounding the spring flow should be cleared to a depth

“free of muddy or loose material so that the structure can be attached or placed

upon firm, stable soil or rock. The extent of the excavation will depend upon
the type of spring construction and the particular physical conditions. It may
vary from a cubiec meter for small springs with or without slope, to a few cubie
meters for larger springs or seeps where the excavation is spread wide to collect
several spring flows.

In the cases where spring flow is to be retained by a wall or box, a suitable site
for the foundation must be excavated and leveled.

~em Pags Blank -



Hmdout 6-2, pl 2

3.  Control of Surface Runoff at Spring Site

Often a spring is located in an area which reczivés surface runoff when it rains.
Surface runoff can cause soil erosion around the completed spring retaining wall,
and it may damage the wall. In areas with h-avy rainy seasons, surface runoff
flows can be heavy and damaging. e '

The site around the spring eapping structure should be protected from surface
runoff by excavaling a drainage ditch around the periphery oi the site., The
ditch should be laid out in such a way that it can intercept surface runoff and
divert it around and away from the site. A typical arrangement is illustrated
»in Handout 6-1: Drainage Canals.

The size and extent of the drainage ditches will depend on the quantity of runoff
that must be diverted. It is best to questicn the local residents about the need
for runoff diversion and the quantity of runoff that can be expected. In locations
with heavy rains, ditches with a depth and width of one-half meter cr more may
be necessary.
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SYNOPSIS

SESSION 7: FORM BUILDING AND REINFORCEMENT

To:cal Time: 7 Hours

g FLIPCHART
"PROCEDURES TIME "HANDOUTS MATERIALS
1. Introduction 5 min, Session Objectives
2. Reviewing Plans and
Design for the Foundation 10 min.
3. Lecturette 45min. . 7-1: Wooden Forms  Five Tasks for Lay-
7-2: Lecturette out and Setting-up
Notes Forms
4. Preparation for Fi 15 :
Wori ation for Field 15 min. | 7-3: Splash Pad
5.  Field Work 4 hrs..
6. Discussion 90:min. " Planning Guides
(See Handout 2-5)
7. cl ' 5 fin |
‘ osure 5 min,. 8-1: Cement, Concrete
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SESSION 7: Form Building and Reinforcement

Total time: 7 hours

OBJECTIVES
At the end of this session, trainees will be able to:

° Find and prepare a stable impermeable ;ocatlon for the foundation and
splash pad. _

() Measure the depth, width, and thickness for the cetaining wall and splash
pad.

® Lay out and build wooden forms.

° Shape and place reinforcing materials into structural forms.

OVERVIEW

Once the spring site has been laid out and excavated, the next step in the
constructicn process is to lay out and set up forms for the concrete foundation.
The foundation is the system's structural link to the ground. This session will
deal with how to design and build this foundation. The labor force will not be
needed in this session.

PROCEDVRES

1.  Introduction . Time: 5 minutes

State the overview and objectives. Answer questio'as about how the session will
be conducted.

2. Réviewing Plans and Design
for the Foundation ' Time: 10 minutes

Lead a discussion recalling and clarifying the plans (Handouts 5-2 and 5-3) of the
foundation. Refer to yesterday's digging or excavating activity in order to
review the dimensions of the foundation.

3. Lecturetie on Layout and Setting
Up Forms for the Foundation Time: 45 minutes

A foundation is the spring system's link to the ground, its base, floor, or footing.
The foundation must also be securely attached to the wall or structure it
supports in order to provide holding strength to counter the forces it is built to
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oppose or control. In this case the forces from the flow and volumc of spring
water under the pull of gravity will try to push the wall over or seek ways of
getting around or under it. Since the structure must continually oppose these
forces, for perhaps 10 years, inspection and maintenance are important to
prevent system failure.

There are five basic tasks to complete this construction step. They are (use
flipchart):

° Find a solid, stable, impermeable location for the foundation.

) Measure the depth, width, and thickness which will be required for
the wall.

¥ ) Connect or key the foundation into the earth.

® Lay out and build the forms which will hold the concrete in the
desired shape until it has hardened.

° Shape and place reinforcing materials.

Finding a Solid, Stable, iImpermeable Location for the Foundation

A common cause of failure of retaining walls is undermining, in which the spring
flow forces its way under the foundation and escapes. To avoid this:

° Dig 15 cm down into a solid, stable, and impermeable layer.

° If it is to be on soil, excavate until a stable, impermeable soil is
revealed. Excavation to rock is preferable.

() Make the soil or other impermeable layer level so the weight of the
structure will be distributed evenly.

D2ciding What Height, Length, and Width Will Be Required for the Wall
Review briefly the terms height, length, and width, These three dimensions will
obviously vary for different site conditions. These factors should be considered
in making this decision:

® The structure to be built

° The {flow and force of the spring flow

° The strength and stability of .the supporting soils and rock

Based on the above conditions, choose from the model fdundatioﬁ;i glven during
the planning and design session. ‘ R
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Connecting or Keying the Foundation to the Earth

Where possible use naturai conditions to connect or key the foundation into the
earth, Do tiis by:

. Always removing topsoil from the area and continuing to excavate at
least #5 cm below the existing ground surface

° Providing wing walis or supports pushing on the front or outside face
of the structure against the natural flow force and gravity

Laying Out and Building the Forms to Hold the Conicrete

Lay ouz and build the forms which will hold the concrete in the shape you want it
until it has hardened and attained its full strength and permanent form.

° Select materials which can be cut to fit tightly into the space which
you have excavated for the foundation.

° Use wood, sheets of tin rooiing, or other rigid materials which can
resist and maintain their shape as the wet concrete pushes against
them.

] As concrete hardens, it shrinks.

° Concrete is very dense and heavy; 2,500 kg per cubic meter or 150
pounds per cubic foot.

° i the form is constructed above ground realize that the bottom
section will try to expand more than the top as the weight pushes
down.

° All corners and sides must be securely connected to resist the
expansion forces which will seek the weakest pcint in the form.

Distribute Handout 7-1: Wooden Forms for Concrete Foundation.

Shaping and Placing Reinfcrcement Materials

Concrete can resist crushing weight, but it can be bent and is brittle and cracks
~ easily. Reinforcement is used to prevent bending or stretching.

Using a piece of an iron rod, ask the participants to try to pull or bend it. It will
bend but not break, and it will not stretch. Therefore, as the concrete hardens,
it grips and adheres to the ridged rod. Then when force is applied to the
concrete, the strength of the rods within it will help it resist.

Reinforcing rod is expensive and often in short supply, but worth getting.
Reinforcement should be provided at a level 2/3 the depth, 1/3 from the bottom,

and five centimeters from the surface along the entire width and across the
thickness in two, three, or four places.
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The reinforcement shouid be clean and dry and placed or hung so it will be
completely covered by the concrete, thus protected from corrosion or
destruction by the weather or the spring's waters.

Refer to Handout 5-4 on reinforcement rods in foundation, distributed in Session
5, which shows where reinforcement is placed.

Distribute Handout 7-2: Lecturette Notes: Constructing the Foundation.

4. Preparation for Field Work Time: 15 minutes

Prepare the trainees for the day's field work. Explain that two forms will be
constructed. These two forms are:

1) The foundation for the spring retaining wall along with a splash pad
for the outlet pipe

2) A laundry pad or a bench as an additional spring site improvement
Today the group will do the layout and build the foims; tomorrow they will mix

and pour the concrete. Distribute Handout 7-3: Splash Pad and Spring Flow
Drainage Ditch.

The trainees will be assigned to two work groups for the field work. Two-thirds
of the trainees should be assigned to construct the forms for the retaining wall
and splash pad and one-third to work on the laundry pad. Each work group shouid
develop a work plan for its structure and divide the work accordingly.

The foundation tor the wall and the splash pad will be necessary for the spring
improvement and the laundry pad (or bench) will be helpful to the users. These
two different structures will provide the workshop participants with ample
practice to build their skills.

The following activities make up the field work:

Field Activity No. I: Preparing a Solid Impermeable Layer for the
Foundation. (One group will work on the foundation anu splash pad area,
the other on the laundry pad or a bench area).

Field Activity No. 2: Locating and Sizing to Adequate Height, Length, and
Width

-

e
Field Activity No. 3: Laying Out and Building the Forms to Hold the
Concrete

Field Activity No. 4: Shaping and Placing Reinforcemeni Materials

Assign the trainees to work groups. Explain that today the field activities will
center around the layout and form building for two structures: the foundations
for the spring retaining wall and the splash pad and the laundry pad (or bench).
The activities will be occurring simultaneously.
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(Note to the Trainer: Because the foundation and splash pad are next to each
other, one group is suggested to work on both of these.)

5. Field Work Time: 4 hours

Field Activity No. I: Preparing a Solid Impermeable Layer for the Foundation

Have one work group prepare the foundation area for the spring wall and splash
pad and the other the "practice" foundation for the laundry pad. The dimensions
for the form for the laundry pad are 1 meter square and 15 <in deep.

Explain the concept behind using the laundry pad as "practice.”" In order to give
more participants practice in preparing a foundation in the ground, the laundry
pad will be set into the ground in the same way as the foundation for the wall.

Remind each of the groups of the dimensions of their structure. Then have them
begin to locate the impermeable layer. Guide them through the necessary
steps -- finding an impermeable Jayer, and leveling so the veight can be evenly
distributed. Also help them determine the depth to which they should dig.

Explain that they should make o reasonable attempt to reach an
impermeable/stable layer; however, they should go dovn no more than 1 meter.
If no solid layer is reached, create a solid one by adding a layer of broken stone
and gravel. Explain that the group working on the laundry pad should not have to
dig more than 50 cm deep to reach the impermeable layer.

After the grouns have completed this task, have all trainees view and discuss
each work project. Have a person from each work group explain and report on
the work.

Field Activity No. 2: Locating and Sizing to Adequate Height, Length, and Width

Have the two groups determine the height, length, and width of their structure.
The spring wall group will refer to the decisions made during Session 5, Planning
for Spring Development Construction, or during this session's lecturette. The
laundry pad group members can determine their own dimensions.

Explain and demonstrate to both groups at the spring site how height is
determined. It is determined by considering how much support the wall will
require, how far into the ground one must go to get a good footing into the
impermeable layer, and how high the foundation must be in relation to the depth
of the water.

Explain and demonstrate to both groups that the height of the foundation should
be 15 cm to 20 cm below the excavated spring level. :
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Explain and demonstrate to all the participants how the foundation is connected
or keyed into the ground. Demonstrate how other types of support could be
built.

In climates without freezing conditions ar.d where there is stable soil or rock, the
following general guide can be used for sma!l spring retaining walls.

Total

Height Width of Depth of Width of
of Wall-cin Wall-cm Foundation-cm Foundation-cm
0.5 30 20 50

0.5 to 1.0 45 25 65

1.0 to 1.5 60 ' 30 80

Refer back to Handout 5-3 for a picture showing the wall dimensions.

After the groups have calculated how they will size the structure and to what
depth they will excavate, have them share their calculations with each other
and explain why. Discuss this with them, and make any necessary adjustments.
Begin digging.

Field Activity No. 3: Laying Out and Building the Forms to Hold the Concrete

Assemble both groups for a short discussion of form construction. Ask the
following questions:

o What kind of materials can be used to construct forms?

) Will these materials be able to resist stress and maintain thelr shape
as the concrete expands? _

° How is the bottom section of the form constructed dlfferently than
the top? Why? ,

° How are corners constructed? Are they sfrdhg 'ehfd‘ugh?‘
° How is reinforcement added to the structure?.

. How is the structure braced?

After the' dlscusslon have each team return to ‘its” worksite 'td construct’ the
forms. ‘ ,
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Guide and assist the groups when needed, but be careful not to do the work
itself. Watch to see that the work groups are sharing the work and that
everyone is involved. Rernind the groups that individuals learn more when they
are doing than when they are watching. So, they should take turns doing.

When the structures are complete, have each group inspect the other group's
work and offer suggestions or help if they see problems. Remind them to watch
the corners. Are they strong enough? Watch to see that the bottom of the form
is strong enough to handle the increased pressure.

Field Activity No. 4: Shaping and Placing Reinforcement Mat .cials

Have all the groups plan how to place the reinforcement and then do it. Rebar
should be used for the foundation and splasnh pad area and iaundry pad so each
group gets practice.

When they are finished, have the groups review each other's work, ask
questions, and engage in discussion. Remind them to note where the
reinforcement was located and if the reinforcement is hung in such a way so as
to not touch the form and be completely covered by concrete.

Return to the workshop.

6. Workshop Discussion Time: 90 minutes

Have the group divide into two-person teams, one from each of the two work
groups for the day. Give them the following task which you have put on a
flipchart:
From vour field activities for the day, discuss together these points:

° What surprises did your work have for you?

° What problems did you encounter?

° How did you resolve them?

) What other problems could you anticipate having?

Allow 20 minutes for this discussion.
Then lead the total group of trainees in a discussion on the above questions. Ask
for examples of problems they had and how they resolved them. Move the
discussion to anticipated problems. Discuss solutions to these situations. Allow
this discussion to take up to 20 minutes.
Ask them to identify what they believe to be the essential steps in building forms
and reinforcement for concrete foundations. Put their items on the flipchart.
Take no more than 15 minutes.

Have: the trainees work with their pianning guides for 15 minutes.
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7.  Closure Time: 5 minutes

Summarize the session, refer to the goals, and close the session. Tomorrow's
session deals with the foundation construction. Distribute Handout 8-1:
Cement, Concrete, and Masonry and ask the participants to read it before
tomorrow.

MATERIALS
Flipcharts for:

Session objectives
Five tasks for layout and setting up forms

Handouts:
7-1: Wooden Forms for Concrete Foundation

7-2: Lecturette Notes: Constructing the Foundation
7-3: Splash Pad and Spring Flow Drainage Ditch
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Handout 7-1

WOODEN FORMS FOR CONCRETE FOUNDATION
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Handout 7-2, p. 1

LECTURETTE NOTES: CCNSTRUCTING THE FOUNDATION

A foundation is the spring system’s lin% to tha ground, its base, floor, or footing.
The foundation must also be securely attached to the wall or structure it
supports in order to provide holding strength to counteract the forces it is built
to oppose or control. In this case the forces from the flow and volume of spring
water under the pull of gravity will try to push the wall over or seek ways of
getting around or under it. Since the structure must continually oppose these
forces for perhaps 10 years, inspection and maintenance are important to
prevent system failure.

There are five basic tasks to complete this construction step. They are:
° Find a solid, stable, impermeable location for the foundaticn.

® Measure the depth, width, and thickness which will be required for
the wall.

° Connect or key the foundation into the earth.

° Lay out and build the forms which will hold the concrete in the shape
desired until it has hardened.

° Shape and hang reinforcing materials.

Finding a Solid, Stable, Impermeable Location for the Feundation

A common cause of retaining wall failure is underimining, in which the spring
flow forces its way under tha foundation and escapes. To avoid this:

. Dig 15 cm down into a solid- <table layer.

) If it is to be on soil, excavate until a stable, impermeable soil is
revealed. Excavation to rock is preferable.

° Make the soil or other impermeable layer level so the weight of the
structure will be distributed evenly,

Deciding What Height, L.ength and Width Will be Required for the Wall

The three dimensions of height, !ength, and width will obviously vary for
different site conditions. These factors should be considered in making this
decision:

® The structure to be buiit

° The flow ard force of the spring flow

» The strength and stability of the supporting soils and rock
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Handout 7-2, p. 2

Based on the above conditions, choose from the model foundations given during
the planning and design session.

Connecting or Keying the Foundation to the Earth

Where possible use natural conditions to connect or key the foundation into the
earth. Do this by: -

e Always rernoving tonsoil from the area and continuing to excavate at
least 45 cm below the existing ground surface.

e Providing wing walls or supports pushing on the front or outside face
of the structure against the natural flow force and gravity.

Laying Out and Building the Forms to Hold the Concrete

Lay out and build the forms which will hold the concrete in the shape you want it
until it has hardened and attained its full strength and permanent forrn.

° Select materials which can be cut to fit tightly inte the space which
you have excavatzd for the foundation,

° Use wood, sheets of tin roofing, or other rigid materials which can
resist and maiitiain their shape as the wet concrete pushes agamst
them. .

e As concrete hardens, it shrinks.

e Concrete is very dense and heavy; 2,500 kg per cubic meter or 150
pounds per cubic foot.

® If the form is constructed above ground realize that the bottom
section will try to expand more than the top as the weight pushes
down.

° All corners and sides must be securely connected to resist the
expansion forces which will seek the wezakest point in the form.

Shaping and Placing Reinforcement Materials

Concrete can resist crushing weight, but it can be bent and is brittle and cracks
easily. Reinforcement is used to prevent bending or stretching.

An iron rod will bend, but not break, and it will not stretch. Therefore, as the
concrete hardens, it grips and adheres to the ridged rod. Then when force is
applied to the concrete, the strength of the rods within it will help it resist.

Reinforcing rod is expensive and often in short supply, but worth getting.
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- Handout 7-2, p. 3

Reinforcement should be provided at a level 2/3 the depth, 1/3 from the bottom,
and five centimeters from the surface along the entire width and across the

thickness in two, three or four places.

The reinforcement should be clean and dry and placed or hung so it will be
completely covered by the concrete, thus protected from corrosion or
destruction by the weather or the spring's waters.
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Handout 7-3

Divert water aWay from splash
' . pad while placing and curing
: concrete,

Wooden Forms

SPLASH PAD AND SPRINGFLOW || | /?l
DRAINAGE DITCH 1 ) \

'
Since springs flow continually, it is
necessary to insure that the water ’
will flow away fromn the collection
site in a well-sloped drainage
ditch. Shown here are the wooden
forms into which concrete s | 1u
placed to slope toward the ]
drainage. A large flat rock should '
be placed in the concrete beneath
the pipe to resist erosion from the r
falling water. Precise dimensions
would depend on the particular
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SYNOPSIS

SESSION 8: CONSTRUCTING THE FOUNDATION

Total Time: 7 hours

Progress :

. FLIPCHART
PROCEDURES TIRE HANDOUTS MATERIALS
l.  Introduction 5 min. Session Objectives
2.  Lecturette/Discussion 30 min.
3. Preparation for Field 15 min. 8-1: Cenient,
- Work Concrete, and
Masonry
4.  Field Work 4 hrs.
5.  Discussion 90 min. Planning Guide
(See Handout 2-5)
6.  Checking for Sklll-Leve 30 min.

T e
Previous Page Blank
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SESSION 8: Constructing the Foundation

Total t_ime: 7 hours

OBJECTIVES
By the end of this session, trainees will be able to:

° Select and mix standard and alternative proportions of sand, gravel and
cement to make reliable batches of concrete

° Pour and lay cencrete

° Carry out the curing of the foundation, including inspecting and controlling
the curing process

OVERVIEW

This session is intended to help trainees learn how to mix and pour the concrete
for the foundation. Various mixes of concrete will be demonstrated, so that
results of these mixes can be studied. Strategies for pouring the concrete into
the forms will be covered. The curing process will be explained as well as ways
to inspect the concrete foundation for making certain it is censtructed
appropriately. A mason should be on hand to aid in mixing and pcuring concrete.

PROCEDURES

1.  Introduction Time: 5 minutes
Give the group the information in the overview and state the objectives.

2. Lecturette/Discussion on Mixing, Pouring,
and Curing the Concrete Foundation Time: 30 minutes

Now the site is prepared for the first permanent improvement, the concrete
foundation. The spring flow is protected and diverted to keep the area dry and
the reinforced forms are in place to mold the concrete. Next, there are four
tasks spread over several days until the concrete has attained full strength and

hardness. These are:
° Clean and measure sand and gravel
) Mix the concrete

e  Fill the forms with concrete

e  Cure and inspect the concrete foundation’
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Cleaning and Measuring Sand and Gravel. Based on the size of the foundation,
make one pile of two portions of sand and another of three portions of gravel.
Make sure the sand is free of dirt; check by washing some. Refer to the test for
cleaning sand presented in Handout 8-1: Cement, Concrete, and Masonry. If
necessary sift and wash the rest. Also make sure the gravel has been washed
free of dirt. Dirt prevents the cement from making a solid bond.

Emphasize the proper storage of cement. Cement is usually supplied in paper
bags, and the bags must be protected from moisture and from tearing. Refer to
the h:@out for the "shelf-life" of cement and how to diagnose if the quality is
accepiable.

Mixing the Concrete. Select a hard, clean area in which to mix concrete such as
a wooden box or wheelbarrow. Measure one portion of cement and mix with two
portions of sand and three of gravel. Before mixing, look to see if the cement is
in clumps. If so, do not hreak up clumps. This is evidence that the cement has
been wet. It cannot be used after being wet as it will not bond again,

Add water slowly, while mixing, until the consistency just begins to appear
homogenous and feels workable. Y¢peat the water and mixing as needed.
Remember, the more water, the soupier ang wazker the concrete will be. This

can cause the heavier gravel to sink to the bottom.

Filling the Forms with Concrete. The concrete must be poured or placed within
20 minutes. Do not drop or throw the concrete into the form. It must be set in
place or poured smoothly to avoid separation of the heavier gravel in the mix.
Tamp and shake the surface with a flat object to insure that the concrete
entirely fills the spaces in the form. The entire foundation must be poured
during the same work session. Concrete that has hardened will not bond properly
to freshly added concrete.

The structure to be used as a laundry pad should have a smooth, flat stone
mortared securely at the top for washing clothes. A concrete top is too abrasive
for washing clothes and will wear out the fabric.

When the foundation is just beginning to harden, distribute rocks around the top
surface of the foundation in two rows and gently sink and push them partially
into the concrete. This will enable a strong bond between the rock and mortar
wall to be built on the foundation. (Illustrate with visual drawing.)

Curing and Inspecting the Concrete Foundation. Begin the process of curing by
covering the concrete-filled form(s) to prevent rapid drying under a hot sun. The
covering could be wet burlap or other material. Wet the forms and surface
during daily inspections for form failure and progress in hardening. Daily
inspection is to assure that:

® Forms are still in original state
. Spring flow is still diverted
@ - Concrete is hardening

@ Concrete is wet and protected from sun



o No one is vandalizing the concrete
Remove the forms after three days. The concrete will continue to strengthen if
it is not placed under stress; daily wettings and inspections for crackmg should
continue until several days have passed. S

Wet cement will cause irritation and abrasion of the skin. Thus, gloves should be
worn and hands washed after contact with cement.

3. Preparation for Field Work Time: 15 minute5

Explain that the day's field work will include the following field activities:
Field Activity No. 1: Demonstration of Cleaning Sand
Field Activity No. 2: Demonstration of Mixing Concrete

Field Activity No. 3: Mixing and Pouring Concrete in three
projects: foundation, splash pad, laundry pad o

Three groups should be formed.
4.  Field Work Time: 4 hours

Field Activity No. 1: Demonstration of Clean.ng Sand (20 minutes)

Prepare three piles of sand (the day before), a very dirty one, a borderline
dirty/clean one, and a clean one. Have trainees compare and determine how
dirty each pile is. Discuss how to decide if sand requires cleaning or not. Using
a bucket, demonstrate how one goes about cleaning sand.

Display three bottles (prepared yesterday) in which you placed sand from each of
the three piles and added water. Now that the sand and dirt have settled, it is
easy to see the amount of dirt contained in the sand. Comment that the sand
available to them may be silty. Remind them of the consequences of dirty sand
and gravel. Emphasize that river-washed sand is preferable when available.

Field Activity No. 2: Demonstration of Mixing Concrete (30 minutes)

Demonstrate the correct way to mix concrete. Take the proper portion of sand,
add the proper portion of cement, and mix. Then add the proper portion of
gravel and mix. Then make a small indentation, add a small amount of water,
and mix. Add more water until the mixture is homogencus.

Demonstrate the proper consistency. Describe what happens if the mixture is
too thick.

Then add too much water. Demonstrate the consistency of a mixture that is too

thin. Then demonstrate how to correct mixtures that are too thin by dry-mixing
correctly proportioned ingredients and adding them to the thin mixture.
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For the second demonstration in Field Activity No. 2, explain that you are going
to experiment with varying proportions of cement, sand, and g-avel.

Have two places to mix concrete. Explain that the first mixture will contain one
part cement, two parts sand, and three parts gravel, The second mixture will
contain one part cement, three parts sand and six parts gravel. Explain that
cement is the most expensive ingredient, and therefore the one most important
to conserve.

Have trainees mix the two batches, using the mixing process you just
demonstrated. Be sure the two groups add the same amounts of water.

Compare the two batches. Point out the differences in consistency and density.
Explain which one will be stronger (1:2:3 proportions) and why. Describe where
one might need a stronger type of concrete.

Field Activity No. 3: Mixing and Pouring Concrete

Have the three teams begin their work on measuring, mixing, and pouring
concrete for the three projects (foundation, splash pad, and laundry pad).
Trainers should rotate from group to group, helping and advising, but not doing
the work.

When each group is ready to pour or place the concrete into the form, one of the
trainers should demonstrate how this is done. Show how concrete should be
placed and how to get it to settle into all the spaces in the form.

When the teams have completed their work for the day, have them plan their
inspection tours for each day. They should identify what their inspection will
include and plan when they will do it. (Opportunities for inspection will be
before, after, or during lunchtimes on the following two days.)

5. Workshop Discussion Time: 90 minutes

Have each work team meet for 20 minutes or so to discuss these points:
) How did the mixing and pouring of concrete go?
) Special problems or interesting situations that came up.

° What action was taken to deal with these problems/situations? Were
they successful?

. Questions remaining about this stage of the project cycle.

Lead a total group discussion with each team sharing its responses to the above
four points. Use approximately 30 minutes for this discussion.

Ask the trainees to reflect individually for a few minutes and identify what they

feel are the most important steps in mixing and pouring concrete,. Put these
steps on the flipchart. Use about 15 minutes for this activity.
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Then ask them to take these sieps and transfer them to their planning guides.
Give them 15 to 20 minutes to work on planning for their first spring-capping
project. Trainers should be available for consultation.

6. Checking for Skill-Level Progress Time: 30 minutes

Refer back to the objectives of this training session. Check to see if trainees
feel they were met.

Ask the trainees to refer to their Task Analysis sheets. Explain that they have
completed major portions of the training required for them to be able to perform
tasks under the planning and design stage and the construction stage. Ask them
to rate their perceived skill level, now that they have spent four days working
with these tasks. They should use the same scale as they used when they rated
their entry skills. Explain that items 20 and 2l will be covered during the
workshop. This will take about 10 minutes.

Have the trainees share responses to the skill-levels in the Task Analysis with
one other person. Use 10 minutes.

Then, in a total group discussion, ask which skill areas they feel the most and
least confident with. In the areas they feel least confident about, ask what they
feel they need to know in order to feel more secure with their skill level in that
area. During the remainder of the workshop trainers and participants will look
for ways these perceived skill-deficiencies may be addressed.
MATERIALS
Flipcharts for:
Session objectives

Handouts:

&1z anjgnn'_c'," Coﬁéreté, and Masonry
Advance preparation:

| Materials for demonstration on cleaning sand

Materials for mixing concrete: sand, gravel, and cement

Tools for mixing and pouring concrete: shovels, trowels
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CEMENT, CONCRETE, AND MASONRY

Adapted from: Handbook of Gravity Flow Water Systems, T.D. Jordan, UNICEF,
Nepal, 1980.

‘INTRODUCTION

Just about all structures constructed in water supply projects require the use
of cement: mortar for masonry, plaster for waterproofing, and concrete for
floor slabs. Proper knowledge of how to seiect the best materials, how to
organize cement-mixing procedures, and how to make efficient and economical
use of cement is all essential to the trainee.

This chapter describes the various materials required for cement work, their
properties, and important considerations. It will discuss masonry of brick
and stone, and concrete slabs for £floors and roofs. It will present
organizational procedures, helpful construction tips, and mention some common
problems.

DEFINITIONS AND TERMS

The common cement work vocabulary used in this chapter 1s listed here, with a
brief explanation:

cement: serves as an adhesive, gluing together sand and stone. Typilcally,
normal Portland cement is used: a gray powder, similar to flour,

mortar: a mixture of cement and sand in various proportions, depending upon
desired strength. Used to cement together bricks or stones in masonry, and
used to plaster walls for waterproofness.

concrete: a mixture of cement, sand, and aggregates (such as gravel or crushed
stone) in various proportions, Can be poured to form slabs.

RCC: reinforced concrete. Concrete with reinforcing steel rods or bars
embedded in it for additional strength and support. Wire screening may also
be used.

rebar: reinforcing steel bars or rods, used in RCC or RF brick.
aggregate: small pieces of stone mixed with cement and sand to form concretc.
Coarse aggregates may be gravel, crushed stone, or crushed brick. Fine

aggregate is sand.

gravel: usually found along rivers and streams: small pebbles and stones, worn
fairly smooth and rounded by the action of water,

crushed stone: large pieces of rock or stone broken down to aggregate size, by
manual labor using sledge hammers,

crushed brick: pileces of broken-up brick.

%)
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CEMENT

Cement is a mixture of chalk or limestone and clay, which is fired and then
gronnd into a fine powder, Additional materials may be added to impart cer=-
tain properties to the cemsnt (such as to make it quick setting, low-heat,
rapid~hardening, etc.). Ordinary cement is a gray powder, commonly known as
"Portland cemcut".

Properties of cement: VPortland cement 1s used for ordinary construction
projects. Cement mortar or concrete has high compressive (crushing) strength,
but relatively low tensile (stretching) strength, VWhen water 1s added to a
mortar or concrete mixture, 1t forms a fluid mass which 1s easily worked and
placed into position. Within an hour (depending upon temperature and mix) the
cement begins to set, losing its plasticity. Within four houvs 1t has
finished setting and can no longer be worked. From the time that setting
begins, the cement 1s undergoing a chemical hardening process which will
continue for at least a year, although it hardens most rapidly during the
first few days. For the purpose of spring capping construction, the required
strength for continuing work is achileved in a week.

Hydration: When water 1s added to a dry cement mixture (for either mortar or
concrete), it begins a chemical reaction with the cement known as "hydration".
This reaction cau-es the cement to set and harden, giving off heat 1in the
process. The ra’ ¢ hydration is accelerated by heat and humidity, therefore
cement will set and harden faster at warmer temperatures, and vice versa.
(Freezing of cement completely kills the hydration reaction, which will not
continue even 1f the cement 1s thawed out. The hydration reaction requires
moisture, but the heat generated by hydration tends to cause evaporation of
the moisture In the mix. Thus it 1s necessary to prevent the rapid drying-out
of the cement, especially during the first few days. Once hydration ceases,
the cement will gain no further strength.

Setting: When water 1s added to a cement mix, there is a period of about 30-60
minutes in which the mix 1s plastic and easily worked into position. However,
after that period, the mix begins to set, becoming stiffer and stiffer.
Within a few hours, the setting should be complete. Once setting has begun,
the mix should not be disturbed or it will weaken. The onset of setting can
be determined by pressing the bhlunt end of a stick or pencil into the mix:
resistance to penetration will suddenly increase when setting begins.

Hardening: This is a process whereby the cement mix gains strength., Hardening
begins as rfoon as setting begins, but continues for at least a year.

Both setting and hardening arc influenced by temperature: heat accelerates the
rates of both.

Curing: Curing is the process of keeping the cement mix properly wetted, to
ensure that there 1s enough moisture for the hydration reaction to continue.
It 1s especlally important during the first few days after pouring a concrete
mix, when the cement most rapidly gains 1ts strength,

Packaging of cement: One liter of Portland cement weighs approximately 1.44
kg. Cement 1s typically factory-packed in bags of 50 kg each, so therefore
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each bag should ideally contain nearly 35 1 of cement. However, some cement
is lost during shipping and portering. For practical purposes, the amount of
cement per bag should be considered as follcws:

burlap (jute) bags: 32 liters
paper bags:- 34 liters

Storage of cement: Cement easily absorbs moisture from the air, and as a
result loses strength during long periods of storage. Typical losses are as
follows:

Period of storage Loss of strength
3 months 20%
6 months 30%
12 months 40%
24 months 507

When cement 18 stored at the project site, it should be stacked in a
closely~-packed pile, not more than 10 bags high (tc keep the bottom bags from
bursting). Close-packing alse reducee air-circulation between the bags, which
is good. The pile of cement should be raised on a platform above the floor."
The room or storage shed should have as little air circulation as possible,
and if a long storage period is anticipated, the pile should be further
covered by plastic or canvas tarpaulins. Paper bags of cement will resist
aging much better than burlap bags; therciore, paper bags should be on the
outside of the pile, and the burlar bags should be the first used in
construction,

0ld cement will form lumps. All lumps should be screened out of the cement,
and neo lumps should be used which cannot be easily crumbled by the fingers.
If old cewent (i.e., field stored for more than six months) must be used,
increase the amount of cement in the mix by one-half to one part (depending
upon how lumpy it is).

WATER

Water in the cement mix serves two purposes: first, to take part in the
hydration reaction of the cement; and second, to make the mix fluid and
plastic enough 8o that it can be easily worked and placed.

Quality: Water that is fit for drinking is wusually fit for mixing cemgent,
Water unsuited for drinking may still be used, if tested as follows:

Using water of known suitability (i.e., drinking water), make 3 cakes of
cement paste, each approximately 1-2 cm ‘thick by 6 cm in diameter. At the
same time, make 3 identical cakes using the unknown water., Comparing the two
types, observe the setting time, the "scratchability" (using a fingernail) and
strength after a few hours, 24 hours, and 48 hours., Only if both types of
cakes are equally strong should the unknown water be used. :

Quantity: Water is necessary for the hydration of the cement, but too much

water added during mixing results in a weaker strength., The quantity of water
generally needed to make the mix easily workable is much more than is needed
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for the hydration reaction. Therefore, no more water should be added than
necessary tr make the mix easily workable. The 1deal quantities of water
depend upon > amount of cement in the mix, and approximate guidelines are
given later.

Once the cement has finished setting, further additicn of water does not
weaken 1t. In curing concrete, this 18 a necessary action to prevent the
surface of the slab from drying out too quickly.

SAND

Sand 18 used in both mortar and concrete (in the latter, it is sometimes
referred to as ‘'fine aggregate"). Proper sand is well-graded ({i.e.,
containing grains of many sizes mixed together). Sand of a uniform size, such
as beach sand or very fine sand, 18 not suitable (but can be wixad into
coarser sands).

Sources c¢f sand: Sand found in land deposits i1s known as "pit sand". Such
grains are generally irregular, sharp, and angular, Sand carried by water,
such as found along banks of rivers or lakes, is known as "river sand”. Such
grains are generally rounded and smooth, due to the action of water.

Both types of sand are suitable for cement work, so loag as they are
well-graded and clean.

Quality: Sand containing clay, silt, salt, mica, or organic material is not
good, since such contaminants can weaken the strength of the cement 1if they
are present in large quantities. There are easy field tests wnich can be
conducted to determine the quality of a sand source:

a) A moist handful of the sample sand 1s rubbed between the palms of the
hands. Suitable sand will leave the hands only slightly dirty,

b) Decantation test: a drinking glass (or other clear glass container) is
half-filled with the sample sand, and then filled three-quarters-full of
water. The glass 1s then shaken vigorously, and allowed to sit undisturbed
for an hour or so. The clean sand will settle immediately, and the clay and
silt will settle as a dark layer on top of the sand. The thickness of the
clay/silt layer should not be more than one-seventeenth (6%) of the thickness
of the sand.

Dirty sand can be washed by rinsing repeatedly with water.

Bulking of sand: Damp sand that contains up to 5-6% water will swell up and
occupy a greater volume than 1f it were perfectly dry. This 1is known as
"bulking". A moisture conient of 5-6% can increase the volume by over 30%.
Additional water content reduces the bulking, until the sand 1s saturated
completely (saturated sand occupies nearly the same volume as it does when
dry). Thus when using slightly damp sand, it 1s necessary to use an extra
amount of sand in the mix if it is to be proportioned by volume. Very damp
sand (such as freshly washed) is measured as if it were dry. If the mix is
proportioned by weight, the bulking is of no consequence,
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AGGREGATES

Aggregate 1s the general term for the material mixed with cement and water to
form concrete. Sand 1is a fine aggregate; and large material is a coarse
aggregate.

Coarse aggregates may be gravel (generally river-worn, rounded rocks) or
crushed rock and brick.

Stones of granite, quartzite, basalt, or those with rough non-glossy surfaces
are best. Hard limestones are good: scft sandstones are not. Limestones and
sandstones are porous and therefore not good for water tank floor slabs, but
can be used for roof slabs (the same appliies for crushed brick).

Aggregates must be clean and well-graded. Smaller rounder aggregates (suéh'db“f
river gravel) are better for waterproof floor slabs.

Sizes of aggregates: Aggregates should be well-graded so that air voids
between pleces are minimal, Largest sizes should be:

For roof slabs: 10 mm
For unreinforced or lightly reinforced slabs: 20-25 mm

Crushed brick: Pizces of broken-up brick may be used as aggregate in concrete,
but due to their porous nature should not be used for floor slabs of water
tanks. When crushed brick aggregate is used, the pleces should be thoroughly
soaked in water prior to mixing, to prevent absorption of moisture from the
mix (which will interfere with the hydration reaction).

REBAR REINFORCEMENT

Reinforcement of concrete is only needed for slabs which are large in area or
which will be put under great hydrostatic pressure (i.e., deep water depth).
An RCC slab can be thinner than a non-reinforced slab. The presence of the
reinforcement helps to distribute the stresses and forces uniformly over the
entire mass of concrete,

Reinforcing bar (rebar): Rebar is available 1in many sizes, but for typical
water supply projects only the following diameters are needed: 6 mm, 8 mm, or
10 mm.

Wire~mesh screen (also known as '"wire-mesh fabric'"): Wire-mesh screen can
also be used as reinforcement in slabs. The size of aggregate in the concrete
mix should be smaller than the size of the mesh (using a plece of the screen
to sift the aggregate is the best way of ensuring this).

Spacing of rebar: The spacing of the rebar must distribute the cross-sectional
arca of steel uniformly across the cross-sectional area of the slab. For a
floor slab, the area of rebar must not be less than 0.225% of the total
crogs—~sectional area of the slab, and for a RCC roof slab it must not be less
than 0.30%. The following table can be used: :
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Type of Thickness Spacing of Rebar (cm)
slab (cm)} 6 mm 8 mm 10 um
floor 8 15 30 40
roof 8-9 12 21 33
roof - 9-11 10 17 27
roof S 11-13 8 14 22
roof 13~15 7 12 19
roof 15-17 -6 11 17

Placing of rebar: The reinforcement it¢ made as a grid, with the gize of the
squares according to the table above. The rebar rods can be tied together
with thin wire or string. The rebar must have a minimum of 3 cm of concrete
covering. ¥or a roof slab, the rebar 1is set 3 cm from the bottom of the slab,
and for a fleoor slab the rebar is set 3 cm from the top of the slab.

The tebar muct be securely fastened so that it cannot be shifted arnund while
the concrete is being placed (the rebar can be supported on pieces of
non~porous rock, but NOT brick or wooden stakes).

CEMENT MIXING

For convenlence, it 15 usually easiest to mix cement at the construction site,
so 1t 1s necessary to ensure that there is an organized system for delivering
cement, sand, aggregates, stone or brick, and water. It 1s particularly
important when mixing and pouring concrete that it be done 1in a continuous
operation, without long delays caused by lack of materials.

Mixing pad: Cement should never be mixed on the ground. A mixing pad of
brick, slate or concrete, or a wheelbarrow should be used, It should be large
enough to allow mixing of convenient-sized batches, without overflowing: 1.5
square meters is adequate. If possible, build a small lip around three sides
of the pad so that materials may not get accidently washed off,

Proportioning: Although the most accurate method of proportioning cement,
sand, and aggregates 1s by weight, in a field site this is not so easy to
arrange. The common method 1s to mix by volume, uslng a small bucket.
Measuring by shovelfuls 1s not accurate. Mortar should be mixed in smaller
batches than concrete, but no batch should be so large that it is not used in
36 minutes.

Dry-mixing: All ingredients are first thoroughly dry-mixed together, using
shovels and trowels, until the mix is of a uniform color and consistency.

Wet-mixing: Water 1s added slowly, a small quantity at a time. FEach time
water 1s added, the mix is thoroughly "turned over" a few times with shovels,
Water 1s added until the mortar or concrete is at the desired consistancy.
The wet~mix can be adjusted as follows:

Too wet: add sand and cement or add aggregate

Too dry: add water
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Too stiff: add sand
Too sandy: add cement

Tools and Manpower: A cement-mixing team should minimally have three persons:
two for mixing, one for adding water and ingredients. Each team should have
two shovels and two trowels, a small bucket (for measuring proportions) and a
large bucket (for transporting the mix to the masons).

MORTAR

Cement mortar is used for masonry construction of walls and for plastering.
Grout is used to cement rebar anchecr rods into rocks and e¢mbed galvanized iron
(GI) pipes into the masonry.

Typical mixes: Proportions of cement to sand, by weight or by volume:

Type of mortar Cement : sand
Ordinary mwusonry 1:4
Reinforced brick roof slabs 1:3
Rough plaster 1:3
Final plaster 1:2

Volumes of mortar: The total volume of mortar is equal to the total volume of
eand in the mix. The cement mixes with water to form a paste which fiils in
the voids in the sand. Thus, a 1:4 mix requires 100% sand and 25% cement; a
1:3 mix requires 100% sand and 337 cement, etc.

Quantities required to make one cubic meter (1 m3) of various mortar mixes:
Mortar mix Sand (m3) Cement (m3)

1.0 0.25

1.0 0.33

‘1.0 0.50

1.0

1.0

Ny

0.67
1.00

Pt et bt poss pest
=N W
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MASONRY

Becauge the masonry walls of the tanks are required to be as waterprobf as
possible against the hydrostaric pressure of the water inside, particular
attention must be paid to the workmanship of the masons. It must be made
clear to them that a masonry wall built the same as walls for their house is
not adequate, and that the walls of the tanks must be carefully laid down
according to directions, '

Brick masonry: Bricks are usually locally manufactured and are of various
shapes and quality. The exact dimensions of local bricks should be obtained
for making the estimated requirements. The total volume of brick masonry is
approximately 25% mortar and 75% brick. Bricks should be soaked in water for
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several minutes prior to being used {(this prevents them from absorbing too
much moisture from the mortar), but they should not be soaked excessively,

Masons who are experienced at building houses with brick and mud mortar will
be inclined to build tank walls in the same wanner: laying down a bed of
mortar, then placing the bricks tightly together on top of it, then laying
down another mortar bed for the next course. The result 1z a network of
unobstructed channels between the bricks where water wili have easy leakage.
Proper brick masonry for waterproof walls requires spacing the bricks one
centimeter apart, and carefully filling in the joints with mortar. Bricks
should be laid in patterns that do not result in a straightline joint from the
inside to outside of the wall, Refecr to Figure 1 for various points on brick
masonry.

BRCKS SRACED KA. APAAT ON
B0 OF MOATAR, AND JOINTS ARL
CARRPULLY "RACKFLLED" WITH
MONTAR .

GOOD BRICK MASONRY.

BACES CLOSELY MCAKD OM 82D
OF MORTAR , JOUNTS NOT FILRD.

BAD BRICK MASONRY.

O §4CH CLURSE AT APPROS,
BVERY 4OCM. INIERT SONDWE
SZes TONE T PRONT ¢,
“nAR LINRS TOSBTMIR,

ALTEQMATE VRETICAL- - &
SSHTE BETWERN CNKIRS, -

BRick asonry TECHNIOUES

“Figure l: Brick Masonry Techniques
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The top course of bricks should be completely clean and wetted before putting
down the mortar bed Zor the next course. If the mortar on the top course has
begun to set, the joints should be scraped down approximately one centimeter
deep and refilled with fresh mortar. The walls should be built up evenly, so
that the weight 1s distributed uniformly: no section of a wall should be more
than 15 courses (approximately 1 meter) higher than the lowest section.

Once the mortar has set, the masonry should be wetted regularly (several times
per day) for several days.

Dressed-stone masonry: Also known as '"ashlar masonry”. 1In this type of
masonry, the stones are carefully cut to rectangular dimensions, making "stone
bricks". Such masonry requires skilled masons, and much time and labor.
Ashlar masonry is approximately 30% mortar and 70% stone,

Rubble-stone masonry: This is the most common type of masonry. The stones are
roughly shaped by the masons. The st-nes should be lightly tapped down into
the mortar, then securely fixed using mortar and pieces of crushed gravel. No
stone should span completely from the inside to the oucside of the wall, With
this type of masonry, it 1s very easy to leave air voids between the stones,
so care must oe taken that this does not happen. For estimate purposes, this
type of mas.nry is approximately 35% mortar and 65% stone.

Setting %I pipe: GI pipe is set into masonry walls on a bed of 1:1 or 1:1%
mortar A minimum length of 30 cm of pipe should be embedded, and the more
the better. Once the pipes have been placed, they must not be disturbed at
all for several days. Building a protective dry-stone masonry wall will
protect against accidental dislodgement (this can happen quite easily
otherwise, for the worksite is the scene of much activity). The pipemouths
should be plugged up to keep any mortar from accidentally falling into them.

CONCRETE

Concrete 1s used for pouring floor and roof slabs of tanks. The size and type
of aggregates depends upon the purpose of the slab, its reinforcement, and its
thickness, :

Typical mixes: The following proportions are 'recommended for concrete,
proportions by either weight or volume: o ‘ :

Normal RCC work (roof slabs): -i?Zfﬁl(ceﬁent.,sand; aggregate)
Waterproof slabs (tank floors): i:1k§3
Concrete is proportioned and mixed as already discussed earlier.

Water: For the above mwmixes, the approximate amount of water needed 1is
three-fourths part water per part of cement (1:3/4 cement: water) by volume,

Volumes of concrete: The total volume of the concrete mix is never less than
the total volume of aggregates. Typically. air voids make up 50% of the
aggregate volume, and these voids must first be filled by the mortix. Excess
mortar then adds to the volume of the concrete.
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For the above mixes, the following‘061um%f of cement, sand, and aggregate are
necessary to produce one cubic meter (1 m™)' of concrece:

Concrete mix Cement (m3) Sand (m3)f Aggregate (m3)
1:2:4 0.25 0.5 1.0
1:1%:3 0.33 h 0}5 1.0

Segregation: This is the separation (due to gravity) of the aggregates in the
concrete. The heavier aggregates will tend to sink to the bottom, and water
will rise to the surface. The result is a poorly mixed concrete which will be
weak. Segregation usually happens when the concrete is transported from the
mixing pad to the work site; therefore, the mixing pad should be as close to
the final pouring point as possible, and the concrete should be re-mixed with
a trowel before pouring.

Placing the concrete: A bucket of concrete should never be dumped from any
height since segregation of the aggregates will occur. Concrete should be
placed in strips about 15-20 cm wide, never as piles (refer to Figure 2). If
a fresh layer 1s to be put down on top of an earlier layer, then the second
layer should be put down before the first has begun to set (within 30
minutes). Rough 1leveling of the ‘concrete can be done, but extensive
trowelling will cause the cement paste to rise to the surface of the slab.

Before it sets, the concrete must be thoroughly compacted.

Pigire 2. Placing Concrete’
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Compacting: This is the process of settling the concrete so that it’cqntains
no air voids. This is accomplished by "rodding" the concrete: poking a length
of rebar into the concrete and stirring it up and down.

The concrete should be carefully rodded in all corners and around the
reinforcement. Over-rodding, however, will cause segregation. After
rodding,the concrete should be tamped level again, using a flat board of wood.
Sprinkling locse cement on the surface of the slab (to absorb excess water) is
not good: such a iayer will easily crack, crumble, and powder.

Waterproofing floor slabs: A day after the concrete has been placed, a water
proofing plaster may be put down. A mortar mixture of 1:1 proportions should
be worked onto the surface of the slab with a wooden float. Only a thin layer
of plaster is needed, just enough to seal the surface pores of the slab and
smooth it over. Waterproofing compound can be added to the mortar.

Curing: After the concrete has set 8 to 12 hours, the floor slab should be
flooded with a few centimeters of water. More than this will put too much
hydrostatic pressure on the concrete, which may not be strong enough to
support it. After one day, the water may be drained off for waterproofing (as
described above), but once the waterproofing plaster has set it should be
re-flooded and kept that way for several days (after three days, 1f all else
is finished, the tank may be filled fully and put into service).

When the slab 1is first flooded, care must be taken that the discharge flow
doesn't erode the fresh concrete.

If the slab is being poured over a period of several days, the surface of each
section must be covered over with a tarpaulin and constantly wetted. This
method must also be used for drying a roof slab.

Improper curing will allow the surface of the slab to dry out and shrink,
while the interior mass remains unchanged. The resulting tensions will cause
the surface to crack, reducing waterproofness. Too much loss of moisture will
stop the hydration reaction, and no further strength will develop (even if the
concrete is thoroughly flooded again).

PLASTERING
Plastering masonry walls adds to their waterproofness. Several thin coats of
increasing richness (i.e., cement content) are better than one or two thick

coats,

All walls will receive at least two coats of plaster, each 1 cm thick; and
should be plastered at least 5 cm above the overflow level. ;

Rough coat: A mortar mix of;liS, apﬁlied-tolfhe masonry, That coat 1s left
with a rough surface,

Final coat: The final coaﬁ‘13;ayl}Z@mortatfmix;ﬂwhiéhﬂ;gjTiﬁbllyft:oyéled
smooth and clean. oo

Only one coat of plaster per day should be applied..
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Volumes of plaster: For a plaster coat 1 cm thick, the following quantities of
cement and sand are needed for each square meter of plastered surface:

Plaster Mix Cement (m3) Sand (m3)
Rough coat (1:3) 0.0030 0.01
Final coat 0.0050 0.01

SMALL SLAB COVERS

Small RCC slabs (less than 100 cm square) can easily be made for spring
capping. :

For such slabs, the reinforcement 1is best done using large-mesh wire screen,
but small size rebar can also be used.

A simple wooden form can be constructed. The rebar is firmly set in place,
and short pieces of %" GI or 20 mm HDP are fixed into position where the 3/8"
bolts will pass through. Handles of wire or rebar should be tied to the
reinforcement, so that the slab can be lifted.

The thickness of the slab should not be less than 5 cm, and not more than
necessary to cover the rebar with 2.5 cm of concrete on both sides.

The concrete mix should be 1:2:4, with small-size aggregate small enough to
fit through the mesh if wire screen 1s used.

After the concrete has been poured, the slab should be covered with sand and
kept wetted for three days. After that time, if the form is needed to make
more covers, the slab can be carefully removed from the form and kept in a
shady place for several more days, being constantly wetted. Covering the slab
with wet burlap (jute) sacking will help to keep it moist.

When the concrete has been cured for several days, the slab may be plastered
with a 1:3 mortar, to give it a smooth, clean surface.

Figure 3 shows some details of the form and slab reinforcement.

COLD WEATHER CONCRETING

When cement work must be done where temperatures are expected to- drop down to
freezing levels, special precautions must be taken to protéct the cement.

When concrete or mortar freezes, the hydration reaction 1s stopped
permanently. Even when the cement 1is thawed and re-wetted, the chemical
process does not resume, and the concrete develops no further strength than it
had when it first froze.

Since the hydration reaction generates heat, the single best strategy 1s to

insulate the cement work to prevent the loss of this heat; especially during
the first two days (when the rate of heat loss would be highest).
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Handles (Wired to
Reinforcement)

%" Pipe Imbedded in
Slab(For Bolts)

Reinforcement Grid

Figure 3

(Form and Slab Reinforcement)
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Padding the cement work with straw and covering with mats or tarpaulins will
be of special help. When the cement 1s re-wet (during curing), heated water
should be used if possible. Protecting the cement work against the wind is
extremely important, and all protruding rebar should be wrapped with cloth
(since steel is an excellent conductor of heat, these would be major points of
heat loss).

The setting and hardening of cement is temperature-dependent, and will proceed
more slowly at lower temperatures. Increasing the amount of cement in the mix
by 20-25% will help generate more heat and earlier strength. Heating the
aggregates and using hot water for mixing will improve the getting time. The
aggregate should not be heated hotter than can be touched by the hand, nor
should the water be hotter than 140°F/60°C., Never heat the cement alone, or
add hot water to the cement alomne.

The freezing point of the mix may be reduced by dissolving salt into the
heated mixing water, Salt is added by weight, and should not exceed 5% of the
welght cf the cement. Each percentage of salt lowers the freezing point by
about 1.5°F (0.8°C), but salt cannot be used effectively for temperatures
lower than 25°F (-4°C).
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SYNOPSIS

SESSION 9: INSTALLATION OF SPRING RETAINING WALL AND PIPE

Total Time: 6% hours

FLIPCHART

PROCEDURES TIME HANDOUTS MATERIALS
1. Introduction 5 min. Session Objectives
2.  Lecturette/Discussion 30 min. 9-1: Lecturette Drawings

Notes

3.  Preparation for Field 15 min. ~ Tasks for Field

Work Activity #1
4.  Field Work 4 hrs.
5. Workshop Discussion 90 min. Planning Guides

(See Handout 2-5)

6.  Closure 5 min.
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SESSION 9: Installation of Spring Retaining Wall and Pipe

Total Time: 6% hours

OBJECTIVES:
At the end of this session, trainees will be able to:
® Mix mortar for construction of the retaining wall
° Build a spring wall using rocks and mortar

° Locate and lay appropriate service pipes

OVERVIEW

Now that the concrete foundation has been constructed and cured, the wall must
be built. Using measurements arrived at during the planning and design session,
the trainees will construct the rock and mortar wali on top of the foundation.
Service pipes for water flow will be located, sized, and placed at appropriate
levels in the wall as it is being built.

A mason will be necessary to supervise the trainees as they build the wall in this

session. He will be needed to demonstrate tasks and monitor the construction
work.

PROCEDURES

I.  Introduction Time: 5 minutes
Give the information in the overview and present the objectives for the session.

2. Lecturette/Discussion on Building Spring Retaining
Wall With Pipe Time: 30 minutes

Rock and mortar wall construction may begin on the day following the
foundation construction. The clay dam continues to collect and divert the spring
flow from the constiuction area. Now the height(s) or level(s) of the pipe(s) must
be decided so that flow from the spring will be ensured during both the driest and
wettest periods. Then the pipe(s) must be secured among the rocks and mortar
as the wall is built. Remember that the water will constantly try to flow
through the weakest points of the wall being built. These points are the bonds
between the rock and mortar. Therefore the wall must be made with strong,
dense materials which water will not penetrate, such as concrete. Here is a
series of steps to complete the task.

° Mix batches of strong mortar using one portion of cement, two
portions of clean sand, and just enough water to make it workable,
not soupy.
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. Wet the rocks before placing them in order to achieve the best
possible bond between the rocks and mortar.

) Apply mortar surrounding the rocks.

° Select rocks to lay side-by-side in a row facing the spring. Place
selected rocks into the fresh mortar and fill the spaces between the
rocks with mortar. Select and lay the second (downstream) row

adjacent to the first row so that they are behind the mortared joints
of the upstream row.
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° Place the next layer of rocks on top of the upstream row, with each
rock centered on the mortared joints in the row below. Avoid having
mortar joints one on top of the other. Continue with the next layer.

Follow these steps in laying the service pipes:

° Locate a "plugged" pipe at the lowest level possible so it can be
opened to drain the collected water for cleaning and repair of the
structure.

® The number and diameter(s) of the service pipe(s) and intake screen
must be adequate to carry the spring flow. This can be determined
by referring to the table in Handout 9-1: Lecturette Notes which
should be distributed at this time.

° If pipe(s) size(s) must be ordered in advance, measure the springflow
and use the table in Handout 9-1 to determine the number and
diameter(s) of service pipe(s) required.

° Place the outlet pipe(s) so that it will be just at the level of the

spring during the dries period of the year. Refer to Handout 5-2 and
5‘3-
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° The pipes should extend far enough for the convenient collection of
water into a vessel, without being long enough for buckets to hang on
it or children to step on them which could cause them to break. All
pipes should tilt slightly downward so the downstream end is lower
than the upstream end.

® The top of the retaining wall should be at least 20 cm above the
outlet pipes. The spring flow may increase during the wetter seasons,
thereby increasing the flow and the pressure against the wall. If the
wall extends higher than 30 cm above the outlet pipe, then install an
overflow pipe placed 20 cm above the service pipe to discharge
excess flow and thereby relieve the pressure.

3. Preparation for Field Work Time: 15 minutes

Explain that the group will be doing these activities today:

Field Activity No. {: Planning How to Locate and Lay Service Pipes

Field Activity No. 2: Practice Mixing Mortar

Field Activity No. 3: Building the Spring Walls
Explain the assignment for Field Activity No. 1: Planning How to Locate and
Lay Service Pipes. Divide the group into three work teams. Ask the teams to
plan how they would locate and lay the service pipes. These questions make up
Field Activity No. 1. Their planning should cover these questions written on a
flipchart.

. How many service pipes will be required?

® Where should these pipes be located?

. Where should these pipes be placed to best collect the spring flow?

. What size pipe should be used?

. How long should the pipes be?

@ How will you protect the pipes against damage?

4, Field Work " Time: 4 hours

Field Activity No. l1: Planning How To Locate and Lay Service Pipes

Have all three work teams begin their work on planning how to lay the pipes.
When their work is completed, lead a discussion of the planning questions. Be
certain all the points covered in the lecturette are discussed with appropriate
demonstration using the spring site itself. The time used for planning and the
subsequent discussions is likely to take 45 to 60 minutes.
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Field Activity No. 2: Practice Mixing Mortar™

Have one team prepare mortar for building the wall. Have team members mix
the mortar with the other groups watching. Give appropriate suggestions.

Explain the proportions of cement to sand (clean sand) as being one to two (1:2).
Many uses for mortar do not require such strong mortar and the ratio of cement
to sand can be as much as one to four, five, or seven. However, where water is
involved, the strongest and most waterproof mortar is necessary. Village masons
may be accustomed to working with less cement and may not make the mortar
strong enough for using to hold water unless warned beforehand.

When the mortar is ready, have another team begin working on the wall., As
other batches of mortar are needed, be sure other work teams mix it, giving each
team practice at this task.

Field Activity No. 3: Building the Spring Wall

Have one team begin building the wall. Have that team inspect the rocks,
making certain they are clean. Demonstrate how to lay these rocks, making sure
they are wet, placing the rnortar around them. Show how rocks are placed (as
described in the lecturette) to be stronger against the pressure from the water.
Have another group select and wet the rocks. Rotate the teams working on the
wall frequently enough for everyone to get practice.

Another way to provide practice opportunities is to construct another wall,
perhaps for retaining soil or for any other use.

Stop the wall construction at the appropriate time for laying the service pipes.
Demonstrate or have a work team demonstrate how the pipe should be laid,
covering all the points included in the lecturette. Demonstrate how to seal the
pipe to the mortar by lightly scratching the pipe so the mortar can adhere to it
more tightly. Show how the pipe is left long temporarily, since water will flow
through the pipe once it is laid. Note how the water from that pipe needs to be
diverted from the site.

Have the group calculate how high the wall should be, using the directions from
the lecturette.

If the wall is not finished when field time is up, have the group return to the
workshop and allow the labor force to complete the wali.

5. Workshop Discussion Time: 90 minutes

Lead a total group discussion of these questions: (Use no more than 30 min.)
0 How do you think today’s field activities went?
[ What problems did you encounter? How did you solve the problem(s)?

° When you anticipate doing these activities on your own, what
concerns you the most?
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In generalizing, divide the group into two smaller groups. Give each group
flipchart paper and have one group complete one of these tasks and the other
group the other task. Give them 10 to 15 minutes.

° List steps required for laying pipe.

° List steps required for building the wall.

Have each group exchange their lists, review, and add comments where
appropriate. Use no more than 10 minutes for this exchange/reviewing activity.

Have the trainees work on their planning guides for 15 minutes. Then ask that
they share their plans with a colleague. Trainers are available for consultation.

6. Closure Time: 5 minutes

Summarize the session briefly, refer to the objectives, and link to tomorrow's
workshop activities,

MATERIALS
Flipcharts for:
Session objectives
Drawings necessary for lecturette
Tasks for Field Activity No. 1
Handouts:
9-1: Lecturette Notes: Retaining Wall Construction

Advance Preparation:

Plan ahead with mason so he is prepared to demonstrate the work as
you want it done.
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LECTURETTE NOTES: RETAINING WALL CONSTRUCTION

Rock and mortar wall construction may begin on tix> day following the
foundation construction. The clay dam continues to pool and divert the spring
flow from the construction area. Now, the height(s) or level(s) of the pipe(s)
must be decided so that flow from the spring will be ensured during both the dry
and wet periods. The pipe(s) will be placed in the wall at those levels as the wall
is built. Remember water will constantly try to flow through the weakest points
of the wall being built. These points are the bonds between the rock and mortar.
Therefore, the wall must be made with strong, dense materials which water will
not penetrate, such as concrete. Here is a series of steps to complete the task.

Mix batches of strong mortar using one portion of cement, two portions of
clean sand, and just enough water to make it workable, not soupy.

Wet the rocks before placing them anrd surrounding them with mortar, in
order to achieve the best possible bond between the rocks and mortar.

Apply mortar surrounding the rocks.

Select rocks to lay side by side in a row facing the spring. Place selected
rocks into the fresh mortar and fill the spaces between the rocks with
mortar. Select and lay the second (downstream) row adjacent to the first
row so that they are behind the mortared joints of the upstream row.
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Place the next layer on top of the upstream row, centered on the mortar spaces
in the row below: thus a vertical mortar joint does not continue to the next
layer. '

Follow these steps in laying the service pipes:

L.

2.

3.

4.

3.

Locate a "plugged" pipe at the lowest level possible so it can be opened to
drain the back of the retaining wall. )

The number and diameter(s) of the service pipe(s) must be adequate to
carry the spring flow. This can be determined by experimenting with the
diverted flow and usiny the size guidelines below:

Maximum Spring Flow Pipe Diameter
up to 1.0 Ips 30 mm
1.1 to 3.0 lps 50 mm
3.110 7.0 1ps £0 rnm

Place the outlet pipe(s) so that it will be just at the level of the spring
during the driest period of the year. Refer to Handouts 5-2 and 5-3.

The pipes shouid extend far enough for the convenient collection of water
into a vessel, without being long enough for buckets to hang on or children
to step on them and break them. All pipes should tilt slightly downward so
the downstream end is lower than the upstream end.

The top of the retaining wall should be at least 20 cm above the outlat
pipes. The spring flow may increase during the wetter seasons, theredy
increasing the flow and the pressure against the wall. If the wall extends
higher than 30 cm above the outlet pipes, then install an overflow pipe
placed 20 cm above the service pipe to discharge excess flow and relieve
the pressure.
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SYNOPSIS

~ SESSION 10: COMMUNITY SELECTION AND DECISION MAKING

Total Time: 4 hours

| g . ' FLIPCHART
PROCEDURES TIME HANDOUTS MATERIALS
1. Introduction 10 min. Session Objectives
Introductory Questions

2. Introduction to Social 5 min,

Assessment Task A
3. Group Task: Designing 30 min. Examples

a Community Assessment s :
4, Small Group Presenta- 80 min.;

tion/Critique .
5. Introductionl to Commu- 5 min. :

nity Decision-Making
6. Group Tasks: Designing 30 min: Explanation of Tasks

a Meeting Strategy
7. Community Meeting 20/30;5fm,i_h.-

Simulation
8. Discussing the Meeting. 30 min.

Simulation
9. Generalization 15 min,
10. Application 15 min, Planning Guides'

(See Handout 2-5)

11. Closure 5 min.
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SESSION 10: Community Selection and Decision Making

Total time: 4 hours

OBJECTIVES
By the end of this session the participants will be able to:

e Define the essential criteria for selecting a village to participate in a spring
capping project

e Determine what information is necessary to share with a community for
building a spring capping project

e Identify strategies for communicating this information so that a community
can decide to participate in a project

OVERVIEW

During the preplanning stage of the project cycle, the community promoter needs
to determine if a village where it is technically feasible for a project is also
willing and able to help with the project. Wil villagers be willing to contribute
the resources? Will they make the project theirs? Do they understand their
responsibilities in the project? Do they understand what they are committing
themselves to? Who will be involved in the project? What community structures
exist? Who will use the finished project? Who will care for the spring? What
does the community need to know? All of these and other questions must be
answered if the project is to be developed with community participation. This
session provides a structure whereby these questions are considered and strategies
developed for decision-making.

PROCEDURES

1. Introduction ‘Time: 10 minutes
Have the questions which are raised in the overview written and posted. Go
over the questions as an introduction and rationale for the session. Explain the
objectives of the session, which should also be posted.

2. Introduction to Community Assessment Task Time: 5 minutes

State the following: "In order to decide if a community should be selected to
participate in a spring capping project, the project developer needs certain
information. The community also needs certain information so that it may decide
if it is willing to commi. itself to the requirements of the project. In this
session we want to consider how to do both tasks. First, we want to decide
what we need to know about the community and develop some criteria for
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community selection. Later on in this session we will deal with the second
question (what the community needs to know). In order to do this, we want to
design a social assessment as a group activity."

3. Group Task: Designing a Social Assessment Time: 30 minutes

State the following: "In order to develop a good community assessment within
the next hour and a half, we want to divide the group up into three smaller
groups and each take a part of the task. At ihe end, we will put all of our
information together and refine the information we want and the criteria needed
for selection of a community. We will divide into three groups. The groups
will each have a subject to investigate. They will raise questions for inquiry,
suggest ways tc get the information, and define the minimum criteria necessary
for each subject." Use the flipchart to desecribe this task, listing the following
points.
These subjects are:

¢ Community use and participation in the project

e Community structures and history

e Community resources
The qliestions each group will work with are:

e What do I need to know?

e How will I find the information?

® What are the selection criteria I will use once I have the information?
Use the following as examples:

e Community Use and Participation in Projects

What do I need to know?
How many people will use the spring?
How will I find the information?
Talk with village elders.
'Survey users,
What are the selection criteria.I will use once I have the information?

- The village should comprise at. least 30-50 people w1llmg to pay
for the project.
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® Community Structures and History

What do I need to know?
Has the community worked together before? On what projects?
Are there rival groups that could cause problems?
How will I find the information?
Talk with school teachers/elders.
Look for other community projects.
What are the selection criteria I will use?

The community must demonstrate willingness to work on the
project.

¢ Community Resources

What do I need to know?

How many semi-skilled laborers are in the village and who are
they?

How will 1 find this information?
Ask the Health Committee to make a list.
Divide the trainees into the three groups and give each group one subject. Give
them 30 minutes to complete the task. Acknowledge that developing the selection
criteria may be difficult, but ask them to try to do it for now. It can be
discussed and refined later on. Ask each group to be prepared to present the
information to the rest of the workshcop using a visual aid, flipchart, or blackboard.

4, Small Group Presentation and Critique Time: 60 minutes

Ask each group to present its portion of the community survey to the rest of
the trainees. A group should be able to do this within about ten minutes. Then
take ten minutes to discuss and refine the group's presentation and add to the
questions. At the end, the trainees should have developed a composite survey
and defined the criteria necessary for project-community selection.

5. Introduction to Community
Decision-Making Time: 5 minutes

State the following: "Once you have determined that the community appears to
have the minimum resources and community structure to participate in a project,
the community must decide if it wants to commit itself to one. To help the
community, the project developer should determine what information the
community must have to make its decision, Ultimately the community needs to
decide wi‘h the project promoter whether or not to proceed with a project. The
following exercise explores ways to do this with a community meeting simulation.”
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What happened from your side?

What was your intended strategy?

Did it work?

What would you change in the way you handled this the next time you did it?
Overall Discussion:

Did the use of visuel aids help?

Was the information clearly presented?

9. Generalizing fror. the Simulation Time: 15 minutes

Draw out what everyone learned from this exercise by asking:

e What in general can we learn about the community decision-making
process in a project like this?

o What should the project developer keep 1n mind when giving information
to the community, both from the point of view of the community and
the project promoter?

10. Applying What Has Been Learned
in This Session Time: 15 minutes

Ask the trainees to review both the community assessment questions and criteria
and revise them or add to the survey based upon what they have learned from
the simulation so that they may hsve a model for future work.

Ask them to do the same with their community presentation model used iu the
community meeting simulation.

Make notes in their planning guides.
11.  Closure Time: 5 minutes

Refer back to the session objectives and ask the trainees if they have been met.

MATERIALS
Flipcharts for:

Session objectives

Introductory questions

Examples for explaining task in designing a social assessment
Explanation of tasks in designing a meeting strategy
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SESSION 11:

SYNOPSIS

COMMUNITY INVOLVEMENT:

ORGANIZING THE COMMUNITY TO PARTICIPATE

Total Time: 3 hours

FLIPCHART
PROCEDURES TIME HANDOUTS MATERIALS
1. Introduction 5/10 min., Session Objectives
2. Introduction to 5 min, 11-1: Case Study
Case Study

3. Reading Cese Study 20 min.
4. Case Study Discussion 30 min,
5. Small Group Reports 30 min.
6. Defining Task 30/40 min, Chart
7. Generalizing 20 min,
8. Applying 5/10 min, Planning Guides

(See Handout 2-5)
9. Closure . 5 min,

~177-



SESSION 11: Community Involvement: Organizing the Community
to Participate

Total time: 3 hours

OBJECTIVES

By the end of this session, the participants will be able to:

e Develop strategies for involving the appropriate community members in the.

different stuges of project development

e Determine who the appropriate people are to involve in the project cycle
and how to do it

e Define the role of the project promoter in working with a community

¢ Identify potential problems which can oeccur when there is insufficient
community involvement

OVERVIEW

In the previous session the criteria were established for deciding if a community
was ready to be involved in a project. In this session, we assume the community
has committed itself to work and participate. What happens when a project is
underway? How is the work organized? Who gets involved in what? What is
the role of community leadership and of the project developer? What happens
when problems occur in the prcject cycle? All these and other questions are
addressed in this session.

PROCEDURES

1. Introduction Time: 5/10 minutes
Restate the material in the overview in your own words to introduce the session.
Go over the session objectives. Answer any questions about the goals and session
rationale.

2. Introduction to Case Study Time: 5 minutes

Before handing out the case study, the following will serve to introduce the task.
"The case study you are about to read presents a situation which eun happen,
and often does, to the project promoter in working with a community group.
Many of the issues in the case are similar to ones which you have probably
encountered before and may encounter again. The case will allow us to bring

=179~

Previcus Page Euws

.
K

n‘u.n!



out and examine the questions of community involvement. At the end of the
case study there are a few questions listed. After reading the case study try
to answer these questions by yourself. We will discuss them later in small
groups." Distribute Handout 11-1: Case Study.

3. Reading the Case Study Time: 20 minutes

4, Case Study Discussion: Small Groups Time: 30 minutes

Depending on the number of trainees, form small groups of five to eight to
discuss the case study questions and develop conclusions. If there is only a small
number of trainees, the trainer may combine this step with the next one and do
a full group discussion.

5. Small Group Reports Time: 30 minutes

Ask each group to present its conclusions and analysis to the full group. Discuss
the recommendations and come to general agreement on the case study questions.

(Note to Trainer: Discussion of the case study should reveal whom to involve
in which decisions during project development. It should also raise questions
about the role of committees, the role of the promoter, and the role of those
who use the capped spring most, usually women and children. If these points do
not come out, the trainer should develop questions which are more specifically
directed to these concerns.)

6. Defining Community Participation Task Time: 30-40 minutes

Provide the link to the previous exercise by stating: "The above task points out
the need to consider who should be involved in the project and when and for
which decisions they should be involved, along with many questions about the
various roles involved in project development. One of the things you will need
in the future as a project promoter is to consider and have available a set of
guidelines for community involvement. We want to develop these guidelines here
by doing the following task. We will fill out the following project checklist
together as a group activity."

Have the participants review the stages of the project cycle (Handout 2-3) which
were discussed on the first day of the workshop for a few minutes, individually,
and ask them to think about how to fill out the following chart which has been
written on the flipchart. (The five stages of the project cycle—preplanning,
planning and design, construction, operation and maintenance, and
evaluation—should be written on the flipchart. The first stage is given as an
example.,)
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Project Stage Who Should be Involved? How to Involve Them

Example
Pre-project People who use water Individual Interviews
planning study source regularly

Visits to school/s
Village Health Committee

Meetings with presentations
Village elders

People with technical
skills

Official contacts:
school teachers, health
workers, possible contributors

After the trainees have thought about the exercise for about ten minutes, have
them brainstorm the chart/check list. Refine it as necessary.

If time permits, ask the trainees how best to organize and schedule which
meetings and with whom.

7. Ceneralizing Time: 20 minutes
Now that the traineces have considered some of the problems involved in community
participation and decided who to involve at the different stages of project
development, ask the following questions to draw out conclusions and record the
responses on a flipchart:

® What are the most important conclusions that can be drawn about
community involvement in a spring capping project? (List)

® What should the project developer avoid in trying to achieve a high
level of community participation? (List)

e What is the primary role of the project promcter in community
involvement?

e What other things have you learned from this session?
8. Applying Time: 5/10 minutes

Explain that trainees can use the project checklist developed in this session in
the future as a part of their project materials. Ask them to check over what
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they have written down and add anything to their planning guide which now
occurs to them based upon the summary.

9. Closure Time: 5 minutes

Refer back to the objectives of the session and check with the group to see if
they have been met.

MATERIALS
Flipchaits for:

Session objectives
Chart for community participation tasks

Handouts:

11-1: Case Study
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Handout 11-1, p. 1

CASE STUDY

Project History

Trickling Spring is a community which the community promoter selected some
months ago, after doing a technical feasibility study and a social inventory, as
a very likely community for a spring capping project. Many of the springs in
the area have dried up. Trickling Spring's water remains constant. However,
due to the use of the spring by animals and for laundry purposes, the spring
water has become contaminated. A hole huas been dug to capture the available
water.

During the project development phase the community promoter had worked with
a local health committee formed by a nearby health clinic nurse. The ecommittee
consisted of two school teachers, two community mothers, and three village
elders. Most of the committee's activity and work was done by one of the
school teachers and the two community mothers, all women. The village elders
were on ‘he committee to lend it prestige, but took little interest in it.

The spring did not produce a great deal of water but it supplied the needs of
the Trickling Spring community. In addition, people came from a neighboring
village (about an hour's walk away) to get drinking water. That community was
not involved in the health committee. The project promoter was very busy most
of the time and had no transportation, except the occasional use of a vehicle
belonging to a regional engineer in the department of health. Otherwise she had
to get transportation from whatever vehicle was going to the community. Because
of this limitation, the promoter worked inostly with the health committee and
did not get involved with others in the community. The people on the health
rommittee were very trustworthy and respected people.

During the meeting with the committee whan the project was explained and the
community responsibilities were discussed, the committee assured the project
promoter that the community was very interested in capping the spring. Several
of the children had recently been very sick and the clinic nurse said it was
because the spring was contaminated. When the spring produced very little
water, the available water became very muddy in the hole that had been dug
to collect it. The community agreed to collect a small sum of money from
each village family every month for six months in order to pay for the project
materials. They also agreed to provide ali of the labor if the promoter could
arrange for the Ministry of Health to pay for one half of the cost of a skilled
mason and provide the technical direction for the spring improvement.

On this basis, the promoter requested and received project approval from her
supervisor. The Ministry would purchase the needed materials and deliver them
when the community had paid its share of the costs.

Current Situation

The committee has collected half of the community's contribution, but the
community refuses to give any more. One vocal and well known family in the
community maintains that it is unfair that Trickling Spring should have to pay
for all of the costs of the spring capping when the neighboring community will
receive the benefits as well, The nurse who formed the health committee has
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Handout 11-1, p. 2

been transferred to another clinic and the health committee does not meet
anymore. The supervisor of the project promoter has threatened to send the
construction materials to another community because he does not believe this
project will work. He has given the promoter one month to make the project
function and come up with the community contribution. Otherwise, he will
abandon the project.

Discussion Questions

1. Analyze the case study and decide what you would do to salvage the
situation. ‘
2. Discuss and list the possible mistakes the project promoter has made and

the things you would do to avoid these mistakes.

Be prepared to present your recommendations on the first two questions to the
other small groups that are also doing this exercise. :
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SESSION 12:

SYNOPSIS

USE, MAINTENANCE, AND REPAIR

Total Time: 4 hours

FLIPCHART
PROCEDURES TIME HANDOUTS MATERIALS
1. Introduction 5 min. Session Objectives
2. Group Discussion 30 min.
3. Critical Incidents 60 min. 12-1: Examples of
Spring Malfunetion
12-2: Common Repair
Strategies '
4. Lecturette 30 min. Lecturette Notes
5. Small Group Work 60 min.
6. Generalizing/ 45 min. Planning Guides
I S (See Handout 2-5)
Applying
7. Closure 5 min.
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SESSION 12: Use, Maintenance, and Repair

Total Time: 4 hours

OBJECTIVES
At the end of this session, trainees will be able to:
e Identify and solve common problems that cause springs to malfunction
e Identify the key tasks in proper operation and maintenance

e Assist the community in selecting a guardian and defining the job
responsibilities

OVERVIEW

Any spring improvement system requires maintenance and repair if it is to be
kept operational. Little long-term improvement for village water usage is
accomplished if in five years the capped spring no longer functions as it should,
This session is intended to help participants plan for the long-term operation of
their improved springs and specifically how to provide maintenance and repair
services. This session has no hands-on activities because the spring capping is
too new. If an existing system is nearby, the session could be redesigned to
include hands-on maintenance and repair activities.

PROCEDURES

1. Introduction Time: 5 minutes

Present the information contained in the overview and share the session ctjectives.

2. Large Group Discussion . Time: 30 minutes

Ask the participants esch to spend three or four minutes listing on paper what
they anticipate would be the most common problems that will cause ¢. sprirg to
fail or malfunction. After three or four minutes, ask for examples of the
problems they identified. Write these on the flipchart. Lead a ciscussion
elaborating on these common problems. Avoid discussing repair strategies since
that will follow this discussion. :

(Note to Trainer: Following are common problems and their descriptions which
can be used to supplement the thoughts and ideas of the trainees. The following
could also be given as a lecturette. However, if a lecturette is used, it should be
in place of c(he above large group discussion, not in addition to it as that would
be redundant.)
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Identifying Common Problems That Cause Springs to Malfunction and/or Fail

Even though there are no moving mechanical parts in the spring cap system, the
water is continually flowing with erosive force through the soils and against the
structure retaining the flow. The quality of spring water can also be damaging
to concrete or metals. The following are common problems with springs.

e Undermining is probably the most common failure. The springflow
erodes the soil beneath the fcundation or retaining wall and mines or
forns channel(s). The water no longer has sufficient height to flow
out the pipe(s); instead it flows under the barrier along the ground
and once again creates unsanitary conditions for water collection.

e Structures can fail for many reasons. The most common are uneven
settling forcing slab or joints to crack, broken pipes, poor quality
mortar dissolving and permitting flow between rocks, reinforcement
damaged from exposure to weather or water, and vandalism.

¢ Change in flow due to clogging of spring or pipe system; clogging
caused by monsoon floods and mud; drop in water table due to drought
or topographic disturbance.

@ Contamination due to multiple use, faulty piutection, proximity of a
latrine, toxic or unsanitary penetration of water table.

o Increase in number of users causes lines, inconvenience, and need for
storage.

e Poor drainage causing muddy and unsanitary conditions,

e Since the water is safer after a spring is capped, the villagers often
increase their usage. In fact villagers who customarily use other
sources may start using the good spring. Thus, spring flow can become
inadequate and the collection area crowded. There is now a need for
storage or restricted use.

3. Critical Incidents Time: 60 minutes

Divide the trainees into three groups. Distribute Handout 12-1: Examples of
Spring Malfunction and assign each group two of the above causes of spring
malfunction. Give them 20 minutes to respond to the gquestions on their critical
incidents and prepare to present their incidents and recommendations to the total

group.

After the 20 minutes are up, have the groups take turns sharing their problems
and strategies for repairs. Use 40 to 45 minutes for this discussion.

(Note to Trainer: The information contained in Handout 12-2: Common_ Repair
Strategies can be used by the trainer to supplement trainee recommendations on
ow to make repairs. However, do not distribute the handout itself until the
discussion is over. Then explain that the handout is useful for them to place
in their materials, but that it doesn't necessarily contain information that has
not been covered in the previous discussions.)
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Many of the repair strategies develope.i to address spring malfunction may be
necessary in the participants' areas. The following checklist includes repairs
which they should become familiar with, Many breakdowns result from inadequate
maintenance. Some require replacing or abandoning the structure.

Common Repair Strategies

L]

Reseal the interior face of the concrete or rock and mortar wall with
mortar or clay to prevent leaks or failure. :

Repair the spring structure until it is level, at right angles, properly
supported and securely connected to its different parts.

Dig down into the sealed spring collection area to eliminate clogging;
to deepen or realign channels for spring flow; to alter level of pipes;
or to eliminate structural damage caused by roots.

Provide a mortar patch between the spring flow and the foundation
or deepen the foundation to prevent the spring from flowing under
the retaining wall and/or foundation.

Completely isolate the spring area from sources of contamination;
i.e., eliminate a newly constructed latrine, install fencing to keep
animals from destroying the natural earthen spring cover.

Improve drainage to keep collection area dry and water away from
the base of the wall and realign the splash pad to prevent the flow
from eroding the ground.

Replace or add overflow pipe(s) to relieve pressure from increased
flow and/or install pipes at a lower level during dry periods to permit
flow.

Add a storage cistern to the spring cap structure in order to provide
adequate water at peak collection times.

Abandon the spring structure when the increased pressure of the spring
collection pool forces the flow elsewhere or the spring water taste
or quality is drastically altered. R

4, Lecturette on Maintenance Procedures Time":’ v30 rﬁinutéﬁ_

Explain that the tasks listed below will be essential for continued successful
operation of the spring.

Keep the diversion and drainage ditches open and flowing. Keep the
sides of the channels from collapsing. Remove plant growth, debris,
rocks, and dirt.
Insure that 1. .e are no sources of contamination,

Has anyone built a latrine nearby?

Is anyone washing clothes where drainage could enter the spring?j
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Is there any stagnant water nearby?

e Inspect wall(s), pipe(s), mortar, steps, storage, filtration system, splash
plate and other siructural parts of the system for damage, leaks,
shifts, fractures, roots, etc.

® Monitor the flow for clogging or changes. Clean sediment out of the
pipes and channels through which spring water flows to user.

@ Check overflow pipe screen.
e Isolate drinking water spring source by fencing if necessary.

® Educate children and newcomers through community ocutreach and
school programs.

® Advocate other water or spring improvements within the village.

Discuss proper transport and storage of the drinking water. The quality of water
must be protected from the spring until it is consumed. There are several
important links in this chain of events.

® The vessel used for collecting water should be clean, sanitary, and
covered.

e Hands and vessel should be washed at the spring before collection.

® Water should be carried home directly and guarded against the
possibility of contamination.

e Water should be stored at home in a container which is periodically
cleaned and covered to prevent contamination by dirty hands, glasses,
animals, dust, etec.

e Water should be drawn for cooking or drinking in a sanitary manner
(i.e:, with a clean ladle or via a faucet at the bottom of an elevated
container).

® Glasses should be clean and rinsed with drinking water before they
are used.

If these steps are not understood and conscientiously followed, then the spring
capping efforts may not have been worthwhile.

Disinfecting the spring may make the water taste bad and may be difficult or
impossible to implement and expensive. Disinfection is not always effective in
natural systems due to the difficulty of the disinfectant reaching all parts of
the water source and being allowed to stand a sufficient time to destroy pathogens.

5. Small Group Work on Responsibilities
ol Spring Guardian Time: 60 minutes

Explain that the best and most reliable procedures for use, meaintenance, and
repair are those the community can do for itself. The users need to understand
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how to effectively use and maintain their improved water source. They also
need someone from their own community who is responsible for spring maintenance
and repair. Commonly this person is called a "guardian'. However, some
communities handle this responsibility differently. For example, members of the
village health committee take turns. It is, in fact, not much work, perhaps
requiring a visual inspection for an hour or so weekly. Major repairs calling for
more labor would, of course, require assistance for the guardian.

Explain that we want to explore the role of guardian a bit more fully froiir these
points:

e Who should be recruited for the job of guardian and how should this"
be done?

e What specifically would be this person's responsibilitlS?

e How should this person be trained and supervised?
Divide the trainees into three small groups, assign each group one of the above
points, and ask it to make recommendations and share its recommendations with
the total group. Give the groups 15 minutes or so to prepare, and then have
edch group present its recommendations to the total group. This will take 30 to
45 minutes.

6. Generalizing and Applying Time: 45 minutes

Ask the trainees to reflect back on their discussions and work on the use,
maintenance, and repair of springs and to identify what they believe to be the
essential steps in providing effective spring maintenance and repair. Put this
list on the flipchart (use about 15 minutes).

Then ask the trainees to work as individuals for the next ten minutes {o plan
how they would go about implementing the above steps for the successful operation
of their first spring improvement system.

At the end of the 10 minutes, ask that each person join another colleague and .
share each other's plans. This sharing should take no more than 15 minutes.

Then give them ten minutes or so to work with their planning guides and get
their notes together or whatever is required for them to document their learning
and include it in their materials.

7. Closure Time: 5 minutes
Summarize the session, refer to the objectives, and link to the next session which
will be on user education strategies. Comment on how important users are to

successful spring operation and explain that the next session will deal with the
user's role in maintenance and repair.

=191~



MATERIALS
Flipcharts for:

Session objectives ,
Elements of lecturette notes on maintenance procedures (optional)

Handouts:

12-1: Examples of Spring Malfunction
12-2: Common Repair Strategies
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Handout 12-1

EXAMPLES OF SPRING MALFUNCTION

Answer these four questions for essh of the causes of spring malfunction which
follow.

What is the problem(s)?

What might have caused it?

How would you repair it?

How could this have been prevented?

B GO DD =2
" e e e

A. Flow from the pipe has dropped considerably. It is the rainy season, so
you know it can't be drought.

B. Flow has diminished somewhat. You notice water is coming out from
underneath the retaining wall.

C. You notice a crack has formed in the rock and mortar wall and the plastic
PCV pipe is bending and deteriorating.

D. The villagers tell you the spring water isn't good anymore. They say the
color and the smell have changed.

E. You notice a small stagnant pool of water is forming under the spring
. flow against the base of the wall.

F. The villagers tell you there isn't enough water to go arouand anymore.
They complain about having to wait in lines to get water.
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Handout 12-2

COMMON REPAIR STRATEGIES

Reseal the interior face of the conerete or rock and mortar wall with mortar
or clay to prevent leaks or failure.

Repair the spring structure until it is level, at right angles, properly supported
and securely connected to its different parts.

Dig down into the sealed spring collection area to eliminate clogging; to
deepen or realign channels for spring flow; to alter level of pipes; or to
eliminate structural damage caused by roots.

Provide a mortar patch between the spring flow and the foundation or deepen
the foundation %o prevent the spring from flowing under the retaining wall
and/or foundation.

Completely isolate the spring area from sources of contamination: i.e.,
eliminate a newiy constructed latrine, install fencing to keep animals froin
destroying the natural earthen spring cover.

Improve drainage to keep collection area dry and water away from the base
of the wall and realign the splash pad to prevent the flow from eroding the
ground.

Replace or add overflow pipe(s) to reliesve pressure from increased flow
and/or install pipes at a lower level during dry periods to permit flow.

Add a storage cistern to the spring cap structure in order to provide adequate
water at peak collection times.

Abandon the spring structure when the increased pressure of the spring
collection pool forces the flow elsewhere or the spring water taste or quality
is drastically altered.

Previous Prae Rlenk
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SYNOPSIS
SESSION 13: EDUCATION FOR SPRING USERS

Total Time: 3 hours

FLIPCHART
PROCEDURES TIME HANDOUTS MATERIALS
1. Introduction 5 min. Session Objectives
2. Brainstorming 30 min,
3. Small Group Work 45 min. Directions &
on Strategies for 4 Group T ks
Training/Education
4, Small Group Work 45 min, 13-1: Session Topies
on Plans for
Training/Education
5. Sharing Training 30 min.
Plans
6. Generalizing and 15 min. Planning Guides Two Questions for
Applying ‘ (See Handout 2-5) Generalizing and
Applying
7. Closure v”5“v'?‘min.

N Py
Provious Puyge b
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SESSION 13: Education for Spring Users

Total Time: 3 hours

OBJECTIVES
At the end of this session, trainees will be able to:
e Identify the skills and knowledge that users need
e Define the most effective learning strategies for working with communities

e Prepare and deliver a training session for users

OVERVIEW

Users of improved springs must have the ultimate responsibility for making certain
the system functions properly and, in fact, supplies them with a safe, convenient
supply of water. If this is the case, then users need to know and understand
the basies of how to keep a capped spring functioning properly and how to
protect their water supply all the way from the source to consumjption.

This session is intended to help the trainees plan and implement appropriate user

education strategies that will enable the villagers to assume responsibility for
ensuring they have an effective spring and that their drinking water is safe.

PROCEDURES

1. Introduction Time: 5 minutes
Present the information contained in the overview and share the session objectives.

2. Group Brainstorming Time: 30 minutes

Have the group brainstorm a list of skills and knowledge users should have in
order to effectively care for their spring and their drinking water. Put this list
on the flipchart. (Ask trainees to refer to materials generated in Session 12.)

Then ask them to identify some strategies that could be used to get this
information to the villagers. Put this list on the flipchart.

3. Small Group Work Time: 45 minutes

Divide the trainees into groups of four. Have them discuss the following three
points ¢.1d prepare to share their conclusions in summary format with the total
group. Give them 15 minutes. (Use a flipchart.)
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e What strategies have you used or seen used to educate the community
about health issues (i.e., presentations, discussions, home visits, classes,
ete.)?

e Which ones worked the best? Why?
e From this what can you deduce about how people learn?
Then lead the total group in a discussion based on these discussion points:

® Ask for several examples of strategies they have used to train or
educate the community about particular issues.

e Ask which strategies worked best and why.

¢ Ask them for their ideas and thoughts about how people learn. Put
these on the flipchart.

®  Ask the group what kinds ¢f methods and strategies were used in this
workshop to promote learning. Would any of these be effective for
use with the community?

This discussion should take no more than 30 minutes and should culminate in a
list of ways people learn that emphasizes the need for the learner to be actively
involved in the learning process. Comment that training arid education strategies
that involve the learner in active ' ays such as discussions, planning or problem
solving meetings, and demonstrations followed by practice are all usually more
effective than lectures and presentations which put learning in & passive role.

4, Small Groups Preparing User
Training/Education Session Time: 45 minutes

Distribute Handout 13-1: User Training Session Topics. Divide the trainees into
four teams and give them this task:

Plan how you would deliver a 60-minute user training/education session
on one of the following topics. Decide who your target group is (mothers,
school children, health committee, etc.) and what is the setting (school,
religious meeting, clinic, etc.). Take 30 minutes for this preparation.
A. Water and Your Life
Cover some or all of these points:
e List/discuss uses of water.
e What is the most important use of water for people in your community?
e What kind of water can make people ill?
e What happens when you drink water that is not clean?
© Who gets sick most often?

e What can you do so children don't get diarrhea often?
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B. Ccllecting, Storing, and Using Water

Cover some or all of these pcints
e What sources of water do people use in your community?
® Which sources have the best water for drinking?

e Some communities have clean water but children still get diarrhea.
Why?

e How do people in your community collect water?

e How do people store water?

e How can water get dirty?

e What are some things a mother can do so her child gets clean water?
C. Using your New Capped Spring
Cover some or all of these points.

e Why is this spring a source of clean water?

e What needs to happen to keep the water clean?

e How can the spring be protected from damage?

e  What should be watched for that could mean the spring needs repairing?

@ Who should you report these repair needs to?

When the 30 minutes are up, give the groups another five to eight minutes to
prepare to describe their session to another group.

5. Sharing Training Plans Time: 30 minutes

Have two small groups join together to share training plans. (Two of these will
be conducted simultaneously with one trainer in each.) Each team should take
eight to ten minutes to describe its plan. Then the other group should take five
to eight minutes to offer feedback—suggestions, comments, or advice on how it
might be improved.

Each team should have no more than 15 minutes or so both to deseribe its plan

and to receive feedback. Then the roles would reverse and the other team would
present its plan and receive feedback.
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6. Generalizing and Applying Time: 15 minutes

Have the trainees work individually with the following two questions which you
have put on a flipchart:

e What do I feel are the essentials of an effective community education
program for use of capped springs?

e What are some strategies I plan to use in my community in order to
cover the essentials I have listed?

Suggest that they incorporate these into their planning guides.
7. Closure Time: 5 minutes

Summarize, refer to the objectives, link to tomorrow's training activities, and
close the session.

MATERIALS
Flipchart for:
Session objectives
Directions for small group tasks »
Two generalizing and applying questions
Handouts:

13-1: User Training Session Topics
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Handout 13~-1

USER TRAINING SESSION TOPICS

A, Water and Your Life

List/discuss uses of water.

What is the most important use of water for people in your community?
What kind of water can meke people ill? ‘

What happens when you drink water that is not clean?

Who gets sick most often?

What can you do so children don't get diarrhea often?

B. Collecting, Storing, and Using Water

What sources of water do people use in your community?

Which sources have the best water for drinking?

Some communities have clean water but children still get diarrhea.
Why?

How do people in vour community collect water?

How do people store water?

How can water get dirty?

What are some things a mother can do so her child gets clean water?

C. Using your New Capped Spring

Why is this spring a source of clean water?

What needs to happen to keep the water clean?

How can the spring be protected from damage?

What should be watched for that could mean the spring needs repairing?
Who should you report these repair needs to?
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SYNOPSIS

SESSION 14: SPRING SITE CCMPLETION
Total Time: 4 Hours
o FLIPCHART
PROCEDURES TIME - -HANDOUTS MATERIALS
1.  Introduction 5»mir:1.' ‘ Session Objectives
2. Lecturette 30 min. ‘14-13 Lecturette
B Notes
3.  Preparation for 10 min. 14-2: Completed
Field Work Spring
4.  Field Work 2 hrs.
5.  Discussion 30 min.
6.  Generalizing and 20 min. Planning Guides
Applying ‘ (See Handout 2-5)
7.  Closure

5 min.
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SESSION 14: Spring Site Completion

Total Time: 4 hours

OBJECTIVES
At the end of this session, trainees will be able to:

° Inspect spring system parts and make any needed repairs or adjustments
befcre closure

° Seal and backf{ill excavated spring area to construct earth spring cover
° Erect fence to keep animals away from water source

° Identify activities that would make the spring site more attractive and
pleasant for users

OVERVIEW

Now that all the structures of the spring system are completed, it is time to
complete the system with the earth spring cover. All parts of the system should
be inspected. The earth cover must be completed. The site needs to be cleaned
and made attractive for users, and the completion of the project should be
celebrated. This session is intended to enable the trainees to iearn how to do
these activities. A iabor force will be necessary to assist in the field work.

PROCEDURES

1. Introduction v Time: 5 minutes
Present the materials in the overview and share the objectives for the session.

2. Lecturette on Spring Cap
Closure Activities Time: 30 minutes

Use a flipchart for this lecturette. Tell the tFainees that a handout with the
information in the lecturette will be distributed at the end. Explain that there
are 7 steps to closing the sprirg and finishing the site. They are:

1)  Inspection of completed work

2)  Repair or corrections on work completed

3)  Disinfection

%)  Sealing and backfilling excavated spring

5 Fencing :

207 Beasdeng Prge B

’ Py 'u," ‘\bJ-“-d .-

ks
e A

s Ly



6)
7)

Spring cap cleanup

Presentation to guardian, health committee or villagers

Elaborate on each of the steps, covering the following points:

1)

2)

3)

¥

Inspection of spring cap structure, fi~ -, and pipes

° Check the cured rock and mortar wall, foundation, ~'ay wall
and remaining structural components regarding . ment,
damage, joints, leaks, cracks, connections, settli: ealing

(watertight), leveling, and appearance.

° Check the support of retaining vsalls, earthen side walls, access
steps, and drainage channels.

° Check quantity, i.e., liters per minute of flow. Has it changed
substantially from earlivr measurements?

o Check quality of spring water, i.z., taste, clarity, smell, etc.

° Check for protection and channelling of spring flow away from
spring structure.

° Check connection and slope of pipe(s) from spring flow
collection poal through wall to user's container.

° Check to see if water is flowing under or around places other
than through the pipe.

Obviously, any problems discovered during inspection must be
resolved before the spring is backfilled and closed.

Disinfection of a natural flowing system such as this capped spring is
difficult. A storage container/tank or spring box has smooth interior
surfaces which can be easily washed, disinfected and cleaned out;
wheieas a natural rock, sand, earth system may absorb and retain the
bad tasting disinfectant and/or not be fully disinfected. Within a
day's time, cleansing and clearing of disturbed muddy water will
occur from the natural spring flow. However, the water should not
be used or collected for drinking during this cleanup and closure
period.

Sealing and backfilling excavated spring

Now the spring can be closed and protected by following these steps:

® Within the clay wall surrounding the spring flow, rocks and
gravel should be spread over the entire excavated area to an
~ even level at least 20 cm above the water in the collection
pool. All of the holes between the rock channels znd earth
;ides should be filled with small gravel until the water cannot

e seen.
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5)

6)

Good quality clay should be placed on top of the rocks and
gravel, tamped and puddled in four to five layers of 3 cm each
for a total layer of 10-15 cm that will make a seal to prevent
surface water (rain runoff) from seeping down through the scil
into the collection pool. If a smooth layer of earth and sand is
placed over the rocks and gravel to prevent puncture, a sheet of
thick, durable plastic can be laid across the cover. This may be
expensive and difficult to find but will certainly form a seal
against surface water.

Now, the remaining clean fill material from the excavation can
be placed across the seal sloping downward from the excavation
behind the retaining wall to the top of the retaining wall.

A 20/25 cm layer of top soil will permit shallow-rooted plants
to prevent erosion and improve the appearance of the newly
constructed site.

Large, flat rocks should be placed over the intake screen to the
pipe and spring-flow channels.

Fencing

A fence around the spring site will serve to protect the area from
contamination by domestic and agricultural animals which can
otherwise drink from the outlet pipe and foul the area. As discussed
earlier in Session 2 (Handout 2-2), animals are one means of water
supply contamination.

A fence can be constructed with barbed wire on wooden posts,
or made from wooden rails or stones. The fence can be
erected alongside the drainage diversion ditches, as shown in
Handout 6-1.

A good durable fence probably cannot be constructed during the
training period of two weeks. However, the public health
advantages of a fence should be explained to the trainees, who
should encourage fence construction in their own projects.

Spring cap cleanup

The following can influence feelings of ownershlp, convenience,
responsibility, and pride in the newly improved spring site. !

Removal of piles of dirt and construction materials from the
excavation site

A dry, clean, smooth area with a durable splash pad beneath the )
pipe for collecting water

A hazard-free route from the. village to the sprmg area,'
possibly including steps and pathways ’
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. The location of a laundry pad below the collection area where
water is convenient, the area is not muddy, and the wash water
can drzin readily without affecting the spring. Laundry pads
should be covered with a smooth stone since concrete will
eventually wear out clothes.

7)‘ Presentation to guardian, health committee, and villagers

° Explain the basic construction and operation of the capped
spring.

. Demonstrate the importance of users safeguarding and
maintaining the quality of the water from the time they
collect it until they drink it.

° Explain who can be contacted for repairs and technical
assistance.

° Celebrate and drink the water together!

Distribute Handout 14-1: Lecturette Notes

3. Preparation for Field Activities Time: 10 minutes

Explain that for today the group will be working on these activities.
Field Activity No. I: Inspection of the Structure, Flow, and Pipes
Field Activity No. 2: Sealing and Backfilling the Excavated Spring

Field Activity No. 3: Planning Cleanup Activities (to be completed by
work force)

Distribute Handout 14-2: Completed Spring Showing Earth Cover.

‘ Depart for site.
4.  Field Work Time: 2 hours

Field Activity No. I: Inspection of the Structure, Flow, and Pipes

Divide the group into four teams. Assign two different inspection activities to
each team. (iive them 5 minutes to do their inspection, then lead brief
discussions around each item that was inspected. (This should take 30 to 40
minutes.)

Field Activity No. 2: Sealing and Backfilling the Excavated Spring

Have the teams begin working on the sealing and backfill activities. Use the
labor force where appropriate to save time. (Perhaps Field Activity No. 3 could
be interspersed while the labor force works on backfilling.) The labor force could
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have begun some activities before the trainees arrived. The idea is to provide
learning opportunities for backfilling and sealing without staying in the field over
2 hours.

Field Activity No. 3: Planning Cleanup Activities

Ask the group to identify activities needed to finish the site so that it is pleasant
and attractive to users. Use 10 minutes or so.

5. Workshop Discussion Session Time: 30 minutes

Lead a group discussion, focused on these questions (up to 30 minutes):
° Which of our activities today did you find the most difficult?
® Why?
® How could these things be made easier?

6. Generalizing and Applying Time: 20 minutes

Ask the group to review the steps necessary to carry out the appropriate
activities for completing the spring cap closure. Put the list on the flipchart.

Then ask that they take 15 minutes to work with their planning guides.
7. Closure Time: 5 minutes

Summarlze what they learned, refer to the objectives, and close the session.

MATERIALS
Flipcharts for:

Session objectives
The seven steps to closing spring

Handouts:

14-1: Lecturette Notes: Closing the Spring
14-2: Completed Spring Showing Earth Cover

Advance Preparation

Labor force to complete the backfilling
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Handout 14-1, p. 1

LECTURETTE NOTES: CLOSING THE SPRING

There are seven steps to closing the spring and finishing the site. They are:
1)  Inspection of completed work

'2)  Repair or corrections on work completed

3) Disinfection

4)  Sealing and backfilling excavated spring

5)  Fencing

6)  Spring cap cleanup

7)  Presentation to guardian, health committee or villagers
Eac': of the points is discussed below

A. Inspection of spring cap structure, flow, and pipes

° Check the cured rock and mortar wall, foundation, clay wall
and remaining structural components regarding alignment,
damage, joints, leaks, cracks, connections, settling, sealing
(watertight), leveling, and appearance.

® Check the support of retaining walls, earthen side walls, access
steps, and drainage channels.

° Check quantity, i.e., liters per minute of flow. Has it changed
substantially from earlier measurements?

e - Check quality of spring water, i.e., taste, clarity, smell, etc.

° Check for protection and channelling of spring flow away from
spring structure.

° Check connection and slope of pipe(s) from spring flow
collection pool through wall to user's container.

° Check to see if water is flowing under or around places other
than through the pipe.

2) Obviously, any problems discovered during inspection must be
~ ~~solved before the spring is backfilled and closed.
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3)

4)

5)

Handout 14-1, p. 2

Disinfection of a natural flowing system such as this capped spring is
difficult. A storage container/tank or spring box has smooth interijor
surfaces which can be easily washed, disinfected and cleaned out;
whereas a natural rock, sand, earth system may absorb and retain the
bad tasting disinfectant and/or not be fully disinfected. Within a
day's time, cleansing and clearing of disturbed muddy water will
occur from the natural spring flow. However, the water should not
be used or collected for drinking during this cleanup and closure
period.

Sealing and backfilling excavated spring

Now the spring can be closed and protected by following these steps:

\) Within the clay wall surrounding the spring flow, rocks and
gravel should be spread over the entire excavated area to an
even level at least 20 cm above the water in the collection
pool. All of the holes between the rock channels and earth
sides should be filled with small gravel until the water cannot
be seen.

9 Good quality clay should be placed on top of the rocks and
gravel, tamped and puddled in four to five layers of 3 cm each
for a total layer of 10-15 cm that will make a seal to prevent
surface water (rain runoff) from seeping down through the soil
into the collection pool. If a smooth layer of earth and sand is
placed over the rocks and gravel to prevent puncture, a sheet of
thick, durable plastic can be laid across the cover. This may be
expensive and difficult to find but will certainly form a seal
against surface water.

o Now, the remaining clean fill material from the excavation can
be placed across the seal sloping downward from the excavation
behind the retaining wall to the top of the retaining wall.

° A 20/25 cm layer of top soil will permit shallow-rooted plants
to prevent erosion and improve the appearance of the newly
constructed site.

o Large, flat rocks should be placed over the access holes to the
pipe and spring-flow chi.anels.

Fencing

A fence around the spring site viill serve to protect the area from
contamination by domestic and agricultural animals which can
otherwise drink from the outlet pipe and foul the area. As discussed
earlier in Sessicn 2 (Handout 2-2), animals are one means of water
supply contamination.
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Handout 14-1, p. 3

A fence can be constructed with barbed wire on wooden posts,
or made from wooden rails or a stone wall. The fence can be
erected alongside the drainage diversion ditches, as shown in
Handout 6-1.

A guod durable fence probably cannot be constructed during the
training period of two weeks. However, the public health
advantages of a fence should be explained to the trainees, who
should encourage fence construction in their own projects.

Spring cap cleanup

The following can influence feelings of ownership, convenience,
responsibility, and pride in the newly improved spring site.

Removal of piles of dirt and construction materials from the
excavation site

A dry, clean, smooth area with a durable splash pad beneath the
pipe for collecting water.

A hazard-free route from the village to the spring area,
possibly including steps and pathways

The location of a laundry pad below the collection area where
water is convenient, the area is not muddy, and wash water can
drain readily without affecting the spring. Laundry pads should
be covered with a smooth stone since concrete will eventually
wear out clothes.

Presentation to guardian, health committee, and viilagers

Explain the basic construction and operation of capped spring.
Demonstrate the importance of users safeguarding and
maintaining the quality of the water from the time they collect
it until they drink it.

Explain who can be contacted for repairs and technical
assistance.

Celebrate and drink the water together!
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Handout 14-2

COMPLETED SPRING SHOWING EARTH COVER

. SLOPE (maximum pitch - 2 horizontal to | vertical)

GRASS

TOP SOIL (6 inches)

SAND AND EARTH
CLAY (6 inches maximum)

uy, WATER AND ROCKS AND BROKEN STOKNE
(1 cm diameter)
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SYNOPSIS
SESSION 15: PLANNING FOR SPRING CAPPING PROJECTS

Total Time: 3% hours

| S FLIPCHART
PROCEDURES TIME HANDOUTS MATERIALS
1. Introduction "5:min. Session Objectives
2. Planning Steps ~10° min.
3. Small Group Work 60 .min., 15-1: Three

Planning Tasks
4. Group Reports 75min
5. Generalizing and 45 min, Planning Guides
Applying S (See Handout 2-5)

6. Closure - 5min.

Previous Page Elank
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SESSION 15: Planning for Spring Capping Projects

Total Time: 3% hours

OBJECTIVES
At the end of this session, trainees will be able to:
® Plan for labor force needed for a spring eapping projeat
o Plan for needed materials and tools
® Schedule all construction activities in proper sequence, estimating amount

of time required for each

OVERVIEW
Carrying out a spring development project requires careful planning and
preparation. Since the project involves water sources that are in constant use,
a good many things need to be coordinated in order to complete the project
smoothly and quickly to avoid undue disrupticn in the use of the spring. Decisions
have to be made about what is the best way to improve the spring; these
improvements have to be designed; costs must be estimated and budgets prepared;

materials have to be ordered, and labor recruited and hired.

This session will prepare the trainees to carry out these planning responsibilities.

PROCEDURES

I. Introduction Time: 5 minutes

Present the information in the overview, and share the objectives. Link this
planning session to the appropriate previous sessions in the workshop, the session
on preparing for construction, the construction sessions themselves, and the
session on planning the first spring capping project. Emphasize the importance
of planning.

2. Planning Steps Time: 10 minutes

Reintroduce the six planning steps that were covered in Session 5 on preparing
for construction:

o Investigating the spring site

o Determining location and design for the spring structure
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e Pipe, materials, and tools

e Labor requirements

e Costs/budget

e Time schedule
Comment briefly on each one of these steps. Explain that the trainees worked
on the first two steps before they began construction. Now that they are familiar

with construction activities, it is appropriate to look at the other planning steps.

3. Small Group Work Time: 60 minutes

Distribute Handout 15-1: Three Planning Tasks. Explain what each planning
team will do. Divide the total group into three planning teams. Have the teams
each work on one planning task. Give them one hour to develop their plans, put
the plans on flipcharts, and prepare to present the plans to the total group.

During this hour the trainers will act as consultants to the teams, remembering
that each team can use only 10 minutes of consultant time. (Do not count time
nceded to clarify the task.)

4, Group Reports Time: 75 minutes

Have each group take 10 to 15 minutes to present its plans to the total group.
Use the next 10 minutes or so in a general discussion on this type of planning.
Use no more than 25 minutes per group. Repeat the process for esach group.

5. Generalizing and Applying Time: 45 minutes

Have the trainees reflect individually for five- minutes or so, writing down the
most important things they learnad about planning for construction from this
practice exercise in planning. After five minutes or so ask them for examples.
Write them on the flipchart. Use about 15 minutes.

Ask the trainees to work on their planning guides in preparation for their own
spring development project. Give them 20 to 30 minutes.

6.  Closure Time: 5 minutes
Summarize the session, refer to the objectives, and close the sescion.
MATERIALS
Flipcharts for:
Session objectives
Handout:

15-1: Three Planning Tasks
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THREE PLANNING TASKS

Planning Task A

Your group is to organize and plan for the labor force needed to complete the
construction phase of this project. Use your construction guides for the
information you need. Your trainers are to serve as consultants to all three
groups. Organize the help you want and the questions you have for the consultants
so that you are able to use your consultant's time wisely. You can use up to
10 minutes of consultant time, either all at one time or on two different five-
minute occasions.

The points your group should address are:
e What labor must be performed?
o What skills are vequired?

e What type of workers are needed (i.e., masons, carpenters, laborers,
ete.)? How many?

e How would you recruit them?

e Approximately how long would each be needed (how many days or
half days)?

® Approximately how much will this cost?

e How much of your time as project manager will it take to put this
work team together?

Planning Task B

Your group is to organize and plan for the materials and tools needed to complete
the construction phase of this project. Use your construction guides for
information you need. Your trainers are to serve as consultants to all three
groups. Organize the help you want and the questions you have for the consultant
so that you are able to use your consultant's time wisely. You can use up to
10 minutes of consultant time, either all at one time or on two different five-
minute occasions.
The points your group should address sre:

e What materials are needed?

e Where can they be obtained?

e How will they be transported?

® How much will this cost?
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o What substitutions cculd be made if the materials aren't available?
e What tools are necessary?

e Where can you get them?

e How much will they cost?

@ How will you arrange for storage of materials and tools?

o How much of your time as project manager will the securing of labor
and materials take?

Planning Task C

Your group is to organize a work plan needed ‘o complete the construciion phase
of this project. Concentrate on scheduling activitics and estimating how long
each will take. Use your construction guicdes for information you neec. Your
trainers are to serve as consultants to ali three groups. Organize the hLelp you
want and the questions you have for the consultant so that you are able to use
your consultant's time wisely. You can use up to 10 minutes of consultant time,
either all at one time or on two different five-minute occasions.
The points your group should address are:

e What are the activities required to complete the construction phase?

e In what sequence are they performed?

e Approximately how long will each activity take?

e What might you expect that could interrupt or delay this.plan?

o How will you plan to handle delays?

e What does the project manager have to do ‘to. get readyfor these
construction activities? How long will it take?.
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SYNOPSIS
SESSION 16: EVALUATING ‘THE DEMONSTRATION SPRING CAPPING PROJECT

Total Time: 2 hours

| : ' o FLIPCHART
PROCEDURES _TIME- HANDOUTS MATERIALS
1. Introduction - 5 min.. Sessiun Objectives

2. Reviewing and 45 min, 16-1: Cheeklist:
Evaluating in R
Small Groups

3. AGroup Discussion 30 min;
4. Coneclusions: 15-min.
5. Application and 15 min; Planning Guides

~ Closure (See Handout 2-5)



SESSION 16: Evaluating the Demonstration Spring Capping Project
Total time: 2 hours

OBJECTIVES
‘By the end of this session the participants will be able to:

e Evaluate the strengths and weaknesses of the demonstration project and
identify ways to improve future projects

e Describe simple, basic steps useful in evaluveting spring projects

OVERVIEW

Knowing how to evaluate & project is an important skill for any project manager.
In this session the training group will have an opportunity to critically review
all that has been done in the demonstration project. Both successful elements
and arees of difficulty will be identified. The group will make recommendations
on how to improve further spring capping project efforts.

PROCEDURES

1. Introduction ‘ Time: 5 minutes |

Review the rationale of the session presented in the cverview. State the
objectives airfd answer any questions that arise.

2. Reviewing and Evaluating in Small Groups Time: 45 minutes

Distribute Handout 16-1: Checklist for Evaluating a Spring Capping Project. Go
over the items on the checklist. Amplify or clarify points when needed.

Divide the trainees into trios. Ask each trio to work together to complete these
tasks:

e Complete and respond to the items on the checklist in terms of the
demonstration project.

e Identify the elements of this project that worked especially well.

¢ Identify difficulties and/or problems and make recommendations for
how improvements could be made.

e Prepare to share your analyses with others.

Give each trio about 35 minutes to complete the tasks.
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3. . Group Discussion Sharing Analyses Time: 30 minutes

Have each trio join another trio, forming groups of six. Ask them to share their
analyses and their responses to the Evaluation Checklist. Give them 20 minutes.

Lead a total group discussion of the following two questions and pu the responses
on the flipchart. This should take about 10 minutes.

% What did you identify as elements in the project that went especially
well?  Not so well?

e What recommendations did you make for improvement?

4, Conclusions on How to Evaluate Projects Time: 15 minutes

Ask the group to comment on why they feel evaluating a recently-completed
project would be useful. Explain thet evaluation is the key to continually looking
for better, more resourceful ways of completing a project.

5. Application and Closure Time: 15 minutes

Ask the participants to spend a few minutes working with their planning guides
to write down their thoughts and ideas on how they will evaluate their first
spring project. Refer to the objectives and close the session.

MATERIALS
Flipchart for:

Session objectives
Handout:

16-1: Checklist for Evaluating a Spring Capping Project
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8.

Handout 16-1, p. 1

CHECKLIST FOR EVALUATING A SPRING CAPPING PROJECT

Name

Date

Spring

Is the spring flow adequate for the users?

Is the spring cap design satisfactory? (Is it sanitary, useful, and attractive
in appearance? Is it a source of community pride?)

Is the structure sound and solid?

Were the materials adequate and effective? Wes there maximum use of
local materials?

Was the labor force adequate? Who worked?

How much did the project cost? Who paid for it?

Was community paiticipation adequate?

Is the spring flow drainage operating satisfactorily and is it maintainable?
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10.

11.

12.

13.

14.

15.

16.

17.

Handout 16-1, p. 2

Is the spring protected from contamination and surface waters?

Will the villagers reserve this spring for drinking and cooking water and
do their laundry and water their animals elsewhere?

Does the water quality satisfy the users? (Taste, clarity, ete.)

Is someone responsible for maintenance?

Are the villagers aware of the benefits of keeping the water pure while
they carry, store, and use it at home?

Is the spring convenient to use?

Are the users satisfied?

Does the improved spring area look nice?

Other comments.
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SYNOPSIS

SESSION 17: ALTERNATIVE SPRING DEVELOPMENT TECHNOLOGIES

Total Time: 4% hours

FLIPCHART
PROCEDURES TIME HANDOUTS MATERIALS
1.  Introduction 5 min. Session Objectives
2. Small Group Work 45 min. 17-1: Designing Small Group Tasks
Structures
17-2: Constructing
Structures
17-3: Maintaining
Structures
17--4: Spring Box
17--5: Seepage
Collection
17-6: Storage Tank
3. Group Reports 60 min.
4.  Construction Planning 30 fnin,“ 1747: Two Spring
‘ ' Capping Situations
5. Sharing Plans 60 min..
6. Generalizing : 30_mi‘r_‘1'.f
7.  Application 30 min.
8.  Closure 5 min;
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SESSION 17: Alternative Spring Development Technologies

Tota} Time: &4 % hours

OBJECTIVES
At the end of this session, trainees will be able to:
° Describe how three other spring capping systems function

° Identify differences and similarities between these systems and the spring
capping project in this workshop

® Describe site conditions that determine how spring capping systems are
- designed

° Identify ways to obfain assistance in capping an alternative type of spring

OVERYIEW

This workshop was designed to improve springs where a retaining wall is the most
appropriate way to do it. This is a very basic design which can be used in a
number of situations. However, there are other types of springs as well as other
conditions which call for other spring capping systems.

This session is intended to enable the trainees to learn more about alternative
spring capping systems. They will work primarily on systems for springs that are
located in a flat area and/or where an infiltration collection system is required.

PROCEDURES
I.  Introduciiun Time: 5 minutes

Present overview and objectives for the session.

2,  Small Group Work Time: 45 minutes

Distribute Handouts 17-1, 17-2 and 17-3: Water for the World articles. Expfain
they are to be used for general reference.

Refer to the three types of springs that were presented in Session 2, Introduction
to Spring Development. Ask if anyone will be needing to work with a
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spring where a retaining wall would not be an appropriate structure. Explain
that this next exercise is intended to familiarize them with three additional
types of spring improvement technologies: a spring box system, a seepage
collection system, and storage tanks. Divide the total group into three groups,
give each group the Handout (17-4, 17-5, or 17-6) which describes its system, and
give the groups 30 minutes to do the following:

° Describe the basic components of your spring improvement system.
° What are the conditions which would require this type of system?

° In what way is this new system different from or similar to the
system used in the training project?

° Prepare a presentation of no more than ten minutes to share your
analyses with your colleagues.

(Note to trainer: It would be a good idea to divide the total group into three
smaller groups and distribute Handouts (17-4, 17-5, or 17-6) for reading the night
before.)

3. Group Reports Time: 60 minutes

Have each group present its analyses to the total group. This presentation should
take no more than ten minutes. Then encourage questions and discussion for
another ten minutes to make certain everyone understands that particular spring
capping system. Repeat this process for the other two groups.

4, Planning How to Construct
Alternative Designs Time: 30 minutes

Present the two spring capping situations described below. Explain that each
trainee will have an opportunity to work in some detail with construction
planning for one of the situations &nd will listen to and discuss someone else's
plans for the others.

Have each trainee choose one of the alternatives to work on and then join with
one other person, working on the problem as a two-member team.

Distribute Handout 17-7: Two Spring Capping Situations and go over the
questions the trainees are to answer. Explain that they should use Handouts 17-1
through 17-6 to respond to the questions. Give them 30 minutes.

Spring A

Springwater flows up into an open hole in a flat, sandy area. It often fills
the hole and spills out onto' the sides, which become muddy. Villagers step
across stones to get to this waterhole. Animals also sometimes come to
drink. There is always ¢nough water in the hole for many villagers to dip
their containers and collect water. How would you cap this spring in order
to protect it from cortamination and let the spring flow directly into the
villagers' water containers?
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° How would you investigate the flow?

° What type of spring structure would you use? How wouid it remain
stable?

° How would you protect the spring flow?

° How would you excavate? How big an area? What slope?

° How would you drain and cle~.n up the area?

° What materials would you need? How much?

Spring B

At present there is a small trickle of water flowing down from several
points across a rocky hillside, This collects in several small, silty clay
depressions side by side at the bottom of the hill. Villagers come to gather
water in their containers from these open pools covered with algae. There
is adequate slope down the valley, but water flowing out of the pools now
collects in a stagnant marshy pond. How could you cap this spring?

° How would you investigate the flow?

° How would you make this into one spring and service pipe under these
conditions?

° What type spring structure would you use?
° How big an area would you excavate? What slope? How deep?
° How would you drain and clean up the area?
e What materials would be required?
5.  Sharing Plans Time: 60 minutes

Have all the two-member teams who worked on Spring A meet together with one
trainer while those who worked with Spring B meet together with the other
trainer. Spend 20 minutes or so sharing analyses and discussing the issues or
problems involved.

Then have each two-member team that worked on Spring A join with a two-
member team that worked on Spring B. (The entire group will now be in sub
groups of four.) The team that worked on Spring A would then take 10/15
minutes to share its analyses with the team that worked on Spring B. Then the
team that worked on Spring B would take 10/15 minutes to present its analyses
to the team that worked on Spring A. This exchange should take no more than 30
minutes.
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6. Generalizing Time: 30 minutes
Ask the total group these generalizing questions:

° What are the site conditions that determine how spring capping
systems are designed?

° What are the basic components of a spring box system on a flat
surface?

° What are the primary difficulties one might have constructing this?

° What are the basic components of a seep collection system?

° What are the primary difficulties in building this system?

o What are the basic components of a system using a storage tank?
7.  Application Time: 30 minutes
Have all participants spend 15 to 20 minutes working with their planning guides.
Then ask the group these questions: "If you have difficulty capping one of these
alternative type springs, where could you obtain assistance?" "What would you
do if your system didn't work?" Lead a discussion of what to do if a project fails.

Help trainees plan how they might handle it.

8. Closure Time: 5 minutes

Summarize the session, refer to the objectives, and close the session.

MATERIALS:
Flipcharts for:

Session objectives
Small group tasks

Handouts:

Water for the World articles
17-1: Designing Structures for Springs
17-2: Constructing Structures for Springs
17-3: Maintaining Structures for Springs

Alternative spring improvement systems
17-4: Spring Box Systems
17-5: Seepage Collection System
17-6: Storage Tank

17-7: Two Spring Capping Situations
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Handout 17-1, p. 1

Water for the World g‘f

]
Designing Structures for Springs
Technical Note No. RWS. 1.D.1 J

\

Protective structures arc a very
important part of developing springs as
sources for a community water supply.

A properly designed protectlve siruc-
ture ensures an increased flow from the
spring. To protect the spring, silt,
clay and sand deposited at the spring
outlet, and other materlal washed down
from the slope by svrface run-off, must
be cleared away. When these materials
are removed, water flow lncreases.
Clearing away vegetation fruom the
spring effluent wi{ll alco allow better
flow. A protective structure will
improve the accessibllity of the water.
By channeling the' spring flow into one
collection area, a good quantity of
water can be stored for the community.
Spring water can be distributed to com~
munity standplpes or to indlividual
houses. A third benefit of a protec-
tive structure {5 that it protects the
spring water frowm contaminatlion.

This technical note discusses the
design of structures used to protect
and develcp springs for community water
supplies and makes suggestions for
spring development in a specific area.
The design chosen for a partlcular pro-
Ject will depend on local conditlons,
materials avallable and spring yield.
Read this entire technical note and
refer to "Salecting a Scurce of Surface
Water," RWS.1.P.3, before choosing a
design that will best meet a commu-
nity's needs.

The deslign process should result in
the following three items which should
be given to the construction super-
visor:

1. A map of the area. Include the
location of the spring; the locatlons
of users' houses; distances from the
spring to the users, elevations, and
important landmarks. Figure 1 15 a map
of a small village with a spring
located on high ground above it. A map
of this type 13 useful in helping the
pecple building the spring box locate
the spring site.
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Gseful Definitions \

DISCHARGE - The flow of wa‘er frcm an
opening in the grouna or f{rom a pipe
or otner source.

EFFLUENT - At a spring site, the polnt
from which water leaves the grouni.

GROUT - A thin mortas used to fill
chinks, as between tlles.

HEAD - Difference in water level be-
tween the inflow and outflow ends of a
system.

HYDRAULTC GRALIZNT -~ The measure of the
decrease 1in head per unit »f distance
in the dircction of flow.

MORTAR - A mixture of cenent or lime

with water in a basic proportion of U
units of sand to 1 unit of cement or

lime.

PERPENDICULAR ~ Exactly upright or
vertical; at a right angle to a glven
line or plane.

PUDDLED CLAY - A mixture of clay with a
little water so clay is worKable.

REINFORCING ROD - Steel bars placed 1in
concrete structures to give 1t tensile
strength.

UNDERFLOW -~ Fiow of water under a

Qructure. /

2. A list of all labor, materlals
and tools necded as shown in Tabie 1.
This will help nake sure that adequate
quantities of materials are avallable
so construction delays can be pre-
vented.

3. A plan of the spring box with all
dimensions as shown in Figure 2. This
plan shows a top,-side, and front visa,
and the dimensions of a cover for a
spring box 1m x lm x 1m.
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Tabie 1. Samplc Materials Lial

Item Description

Quantity Estimated Cost

Labor Foreman

Laborera

Portland cement

Clean sand and gravel,
i1f avallable, or
incally available
3and and gravel

Water (enough ‘o make
a Stiff wixture)

Wire mesh or rein-
forcing roas

Calvanized steei or
plastic pipe (for
outlets, overflcw,
an3 collectors;

Sereening {for pipes)

Boards and plywood
{for bullding forns)

0l¢ motor cil or other
lutricant (for
oiling foras)

Balirg «ire

Halls

Supplies

|1
1NN

Shevels and pizus (or
other digging tools)

Measuring tape or rods

Harner

Saw

Buckets

Carpenter's sguare or
equivelent (%o make
square edge)

Mixing 5in (for mixing
concrete)

Crowbar

Pliers

Pipe wrench

Wheelbarrow

A¢juscable wrench

Screwdriver

Trovel

Tools

T T T

Total Estimated Coat

General Construction Steps

Ref
con

mea
or
con

the
the
int
the
wat
ope

Follow the construction steps below.
er to the diagrams noted during the
atpruction process.

1. Locate the spring site and with
suring tape, cord and wooden stakes,
pointed sticks, mark out the
struction area as shown in Flgure 3.

2. Dig out and clean the area arcund
spring to e¢nsure a good f{low. 1f
spring flows from a hillside, dig

o the hill far epough to determine
origin of the spring flow. Where

er is flowing from more than one

ning, dig tack far enough to ensure
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that all the water flows into the
collectirg area. If the flow cannot be
channelec to the collection area
because Jopenings are too separated,
drains will have to be installed.
Information on the installation of
drains appears in the section on the

development of seep collection systens.

Flow from several sources may be
diverted tc one opening by digglng far
enough back into the hill. When
digging out around the spring, watch
to see i{f flow frcm the major openings
increases or if flow {ror. minor seeps
stops. These signs indicate that the
spring flow 15 becoeming centralized and
that most of the water can be collected
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from one point. The goal 15 to collect
‘all avallable water from the spring.
It 1s generally easler to collect water
from one opening than from several.

Dig down decp enough to reach an
impervious layer. An impervious layer
makes a good foundation for the spring
Yox, and provides a better surface for
a seal against underflow. If an imper-
vious layer cannot be rcached, attempt
to construct the box 1in the mos:
impermeable soll you can find.

3. Plle loose stones and grovel
against the spring bhefore putting in
the spring box. The stones serve as a
foundation for the spring box and help
support the ground near the spring
opening to prevent dirt from washing
away. They also provide some sedimen-
tation. For fast flowing springs,
large stones with gravel betwWeen them
should be placed around the spring to

-239-

prepare a good solid base. Figure 4§
shows an example of gravel and stone
placed between the spring box and the
spring.

4 EE h
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Stakes mank tence ne

Figure 3. Preparation of Spring Bor Sile
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If a spring flows from a single
opening on level ground, dig out around
the opening to form a basin. Be sure
to dig down to impervious material to
form the vase. Line the basin with
gravel so that the water f)ws through
1t before it enters the spring box.
7his 1s shawn in Ptpure 5, )

4. Approximately 8m above the spring
3ite dig a trench for diverting 3surface
run-off. The trench must be Jarge
enough to catch surface flawy from
heavy rains. If large stones are
avallable in the construsticii area, use
them to line the diversion trench to
increase the rate of rui-ofi and pre=-
vent erosion.

5. Mark off an arca about 9m by 9m
for a fence. Place the lence posts Im
apart and string the fence. A f{ence 18
useful to prevent animals from fre-
quenting the spring sitc.

Concrete Constructinn Steps

In order vo have a strong structure,
concrete must cure at least seven days.
Strength increases with curing time.
Therefore, construction of the spring
bux should begin at the site during .
the first day of work. If the concrete
13 poured on the first day, seven days
will be avallable for site preparation
before the spring box 13 put in place.
Be sure that all tools and materlals
needed to build the forms and mix the

concrete are at the construction site.
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1. Build wooden fornms, Cut ®dod to
the appropriate cizes and set up the
forms on a level surface. The outside

+dimensions of the forms should te 0.1z
“larger than the inside dimensions. A

form with an oper totton should be
bullt for a spring flowing from cne
spot on level ground, For springs from
hillsides, a aspring ber form with a
partially open batk must be construccs?
as shown in Figures 6 and 7. The size
¢f the opening depends on the area

‘which must be cavered to collect the

water. VYhe: bullding forms for a box
with a.buttom, be sure to set the
inside forms 0.1lm above the bottom for
the floor. This is done by nailing the
inside form to the outside form so that
it hangs 0.1m above the floor. Make
holes in the forms ror the outflow and
overflow plpes, Plarce small pleces of
pipe in them so that correctiy sized
holes are left in the spring box as the
concrete sets., A form for the spring
box cover must also be built, Bulld
all forms at the site.

Forms must be well secured and
braced bufore pouring the concrete.
Cement 13 heavy and the forms will
separate 1f the bracing 15 not strong
encugh. One useful method it to tie
the braces together with wire as shown
in Figures 6 and 7. Drill holes in the
forms and place wire through. them.
Using a stick, as shown, twist the wire
to tighten 1t and force the forms
together,
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2. Set the form:z in place. They site, water must be diverted {rom the

should be elther at the permai=nt site area. This usually can be done easily

“gf the spring box or nearby so it will by digging a small diversion di:tch, as

_not he difficult to move the completed shown in Figure 8. Make sure that no
atructure, If the forms are set and . water reaches the forms so tha: the
concrete {s poured at the permanent concrete can cure,-

241~
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If water diversion 1s difficule, (” s ™\

‘build the forms and pour concrete on a 150mm
level spot very near the spring. Once 4 F A K
the concrete dries, remove the lorms M) | i
and set the completed structure in ll l f
place. This will require six to elght T :
people, . ; . {

3. 011 the forms. Put eld motor ofl ! i
on the wooden [orms =5 the concrete B Rt )
w1ll not stick to them. T — .

b, Prepare the reinforcing rods in a tI,~ S L —J
grid pattern for placement In the Torms Se >
for the spring tox cover. 1lake sure LD >
there 15 0.15m between the parallel mm omm s
bars and that the rods are securely 25mm 3 ¢
tled together with wire. Then position - - .,
the reinforcing rods in the form. See i SR “;:W:TJ&w
Figure 9 for an example of reinforeing
rod placement in the spring box cover.
Major reinforcing L5 not needed for the
;g:égﬁgbg:‘o:séléhsu;ei?::trg:‘ngl{‘ :ﬁin- Q;urr 9. Placement of Rebar in Concrete Slab )

walls 15 good to prevent small cracks
in the cement., Four bars tied together
to form a square should be placed in
the forms.

5. Mix the concrete in a proportion
of one part cement, two parts sanz ang
three parts gravel {1:2:3). Aad Just
enougn water to form a thick pacte. Too
much water produces weak concrete. In
order to save cement, a mixture of
1:2:4 can be used. This mixture is Form for his ce
effective with high quality gravel. Box 4144 dudy om 3pnng

.Concrete mouncec lowsra
Cenier i) 3 ow
ne.c*

6. Pour the concrete into the forms.
Tamp the concrete to be sure that the
forms are filled completely and that
there are rv volds or air pockets that
can weaken it. Smooth all surfaces.
Smooth the concrete for the spring box .
cover so the middle i{s a little higher Form 1o/ bos o tever grouna
than the sides (convex shape), as
shown in Figure 10. This will allow e T
water to run off the cover away from weicover L V7T Fresn concrate
the spring box. ,\;f © Faweied smoctn

A

7. Cover the concrete with canvas, ";“J“
burlap, empty ceément bags, plastic, yaLy .
straw or some other protective material < 1L
to prevent it from losing moisture. H :
The covering stiould be kept wet 3o FOrm tor 1arger cover cast  sectons
water from the concrete {s not
absorted. If concrete becomes dry, it
no lorger hardens, its strength s
lost, and it begins to crack. Keep the
cover on for seven days or as long as Figure 10. Forms for Sprng Box Cover 4)
the concrete 15 curing. \\¥,

Sheet ol tnor
TS Dui0ing pader

_-242-
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8. Let the concrete structures set
for seven days, wetting the concrete at

Teast daily. after seven gays, ine
orms can be removed and the box can be
installed.
When constructing a masonry ring to

protect a spring, follow the construc-
tion steps listed below.

1. Mark out a circle on the ground
the diameter of the proposed masonry

ring.
2. Using half bricks, place a circle

of brick arcund the outside of the
rinz. wWhole bricks broken in nalfl or
Broken bricks can be used for the
structure. In some places, broken
bricks are avallable free.

3. F111 the spaces between the
bricks with pea gravel and mortar mixed

In a proportion of 1 part cement to *
As mortar is applied, add

arts sLand.
the next line of bricks. Be sure the

vertical Joints do not line up.

4, When reaching the desired heicht,
strengthen the structure using baling,
barbed or anv available wire., Put a
staxe in the ground next to the ring
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Handout:‘17~1, p.7

and attach the wire to 1t. 'Wrap the

wire around the ring several times as
shown in Flgure 11. Once the wire is
wrapped around, secure and cut 1it.

5. Mix mortar in the prcoortion of
part cement to 3 parts si13. Cover ©
outside of the ring W#itn a layer of
mortar. The layer shouid be thick
erniough to cover the wire completely.

6. A circular ccver should be butle,
Follow the same tecnnigues as .or wne
construction of concrete spring box
covers.

lastalling a Spring Box

The spring box must ce installed
correctly to ensure that it fits on a
solid, impervious base and that a seal
with the ground 1is created to prevent
water sceping under the structure.

1. Place the spring tox in position
to co.iect the flow from the spring.
If the flow comes from a hillside, <he
pack of the spring box will be oper.
Ston=s snould be placed at the bacr. of
the box to prcvide supper: for the
structure and to allew witer to enter
the spring box. Figure 4 3hows the
placement of open-Jjointed rock in a
completely installed spring box on a
hillside. On level ground, be sure
that the spring bex has a solid foun-
dation of improvious materlal. Place
gravel around the box or 1a the basin
so that water flows througzh it before
entering the box.

2. Seal the area where the spring
cox makes contact with the ground. Use
concrete or puddled clay to form a
seal that prevents water [rom seeping
under the box.

3. Be sure that the area where the
spring flows from the ground 1is well
lined with gravel, tlan backlill the
dug out area with gravel. The gravel
f111 should reach as high as the inlet
opening in the spring box so that the
water flowing into the structure passes
though gravel. In Flgure 4, the zravel
layer reaches the same level as the
open stone wall. For spring boxes on
level ground, gravel backiill 13 un-
necessary.

4, Place =he plpes in the spring
box. Remove the pilpe pleces used %0



form the holes and put in the pipe
needed for outflow and overflow. On
both sides of the wall, use concrete to
seal around the pipes so water does not
leak cut from around them. Place
screening over the pipe openings and
secure it with wire.

5. Disinfect the inside of the
spring box with a chlorine solution.
Before the spring box 1s closed, wash
its walls with chlorine. Follow the
directicns for disinfection 1n
"Disinfecting Wells," RWS.2.C.9.

6. Place the cover on the spring
box.

7. Backf1ll around the area with
puddled clay and soil. On a hillside,
place layers of puddled clay over the
gravel so that they alope away from the
spring box. The clay layer should
nearly reach the top of the spring box
and should be tamped down firmly to
make the ground as impervious as
possible. If only soll were used for
backfill, it would have to be as least
1.5-2m deep so that contaminated water
could not reach the gravel layer. For
springs on level ground, clay should be
placed around the box. Tre clay foun-
dation should slope away from the
sprirg box 3o that water runs away from
the spring outlet.

8. Backf1ll the remaining areas with
801l to complete the 1nsta11at;on,

Constructing Seep Collection System

Sometimes springs flow from many
openings over a large area. To collect
the water, a asystem of collectors made
of parforated pipe, an anti-seepage
wall, and a spring box must be built.

The collectors must extend on both
3ides of the spring box and anti-
seepage wall. Figure 12 shows an
example. To install collectors dig
trenches into the water-bearing sofl
until an impervious layer i3 reached,
In this way, water 13 taken from the
deepest part of the aquifer and most of
the availahle water can be collected.
The trenches should extend the
necessary length for collecting all
available water and should be about 1lm
wide.

-244~

Handout 17-1, p. 8

4 N )

Trancnes for
COHCLON D:DeS

- Ovuttet 1o
et L 1L ]]

PARY
: o ~ A
. H . —r—— Bz (s0n
:‘Y’uc: oz ay e o
< T 0N 00ure
~PLoaed say seang

r U
100mm cotect-on -
ppe Centoratea PVC

Imnen.ous
a0t

Figure 12. Seep Collection Sysiem j

S

Lay 50-100mm diameter plastic per~
forated pipe or 100mm clay pipe in the
trenches. Perforations in the plastic
pipe should ke about 3mm 1in diameter.
On the uphill side of the trench, place
encugh gravel to cover the pipe. On
the downhtll side, build up a small
clay wall to support the pipe. The
pipe should have a 1 percent clope
(0.0lm slope per lm distance) towar3
the point of collection. Flexible
plastic tubing with slots already
formed should be used If avallable. It
15 light and can be cut with a handsaw.

Clean-out pipes should be installed
in the collection system. Attach
lengths of plpe to the ends of the
collection pipes. At the end of the
clean-out pipes, place an elbow Joint
to which a vertical length of pipe is
connected as shown in Figure 12. The
pipe extends above ground level and is
capped.

The next step is to build a conzrete
or impervious clay cutoff or anti-
seepage wall. Dig down to 3.1 impervious
layer for a guod foundatioa. Make the
forms for the cutoffl wall 0.15m thick.
Flgure 13 shows a concrete cutof{ wall
1.2m long and 0.92 high. Follcw the
same procedures ror confstructing the
cutoff wall as for the spring box.
There must be a good seal between the
wall and the ground so that no water
seeps underneath. Water nust be
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directed into the trenches and ccllec-

. 'ters. A small spring box can be buils

at the inside angle of %he wingedi-w2ll
with the wall forming two sides. If a
spring box is builc, the forms must be
set ut the same time as the cutaflf
wall. Water must be diverted from the
constiruction area by smal. ditches for
the s»ven days needed Jor the concrete
to dry. Foras must be well braced and
have holes for the inflcw and outflcw
pip:s as shown in Figure 14. Always
pour the seep collection wall and
spring box in place. The structuire
11411 be much too heavy %o move alter
casting.

When using clav, be sure to remove
any debris frcm the site 2nd tamp the
clay well so that the small dam or wall
does not let water seep thrcugh. 7Th2
clay walls shouls be buil:t like walls
of a dam with a 2:1 or 3:1 slope. Ful
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Figure 14. Forms for Anti-Seepage Wall and Collection Box
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the clay down in layers 150mm thick and
tamp each layer down well to ensure
good compaction. Keep the clay molst.
Lay and tamp each 150mm layer until the
maximum helght 13 reached. The walls
should be well bonded to the spring
box.

The constructlion of a seep collec-

tion system 1s more difficult and
expensive than & simple spring box.

~246-
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Installation of collectors requires
more work and some experlence. Once
the collectors are installed, however,
the construction of the deep cutoff
wall 1s no different from spring box
construction. The same steps must be

lfollowed, the same mixture of concrete
used and the same general rules for
curing concrete and for placement must
be followed.
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Water for ¢

)

Constructing Structures for Springs
Technical Note No. RVWS. 1.C.1

L

There are two important reasons to
build structures for springs and seeps.
First, they protect the water from con-
tamination caused by surface run-off
and by contact with people or animals.
Secondly, the structures provide a
point of collection and storage for
water. Water from springs and seeps s
atored so it will be readily avallable
to the users. Thils technical note
discusses the construction of spring
boxes arnd seep collectlion systems and
outlines the construction steps to
follow. The steps are basic to small
construction projects and should be
fcllowed for “he construction of most
spring structures.

mseful Definitions w

CONVEX - Curving outward like thesur-
face of a sphere.

DISINFECTION - The process of
destroying harmful bacteria.

EFFLUENCE - An opening from which
water flows.

PUDDLED CLAY - A mixture of clay and
a little blt of water used tu make
something watertight.

UNDERFLOW - Flow of water undesc¢ a
structure.,

VOIDS - Open spac:~ in a material. 4)

Materials Needed

Before construction begins, the pro-
Ject designer should glve you the
following items:

(1). A map of the area, including
the location of the spring; locatlions
of users' houses; and distances from
the spring to the users, elevatinng,
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4 Grows )
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SunM/

\f:guu 1. Location Map J

and important landmarks. ®igure 1 is a
map of a small village with a spring
located un high ground above it. Use
your map to locate the const-uction
site for the spring box.

(2) A list of all labor, materials
and tonls neecded as shown in Tawvle 1.
Erisure that all needed materlals are
avallable and at the worx site before
work begins. Make sure that adequate
quantities of materials are avallable
to prevent cons:ructlon delays.

(3) A plan of the spring bcx «4ith
all dimensions as shown in Figure 2.
This plan shows a top, side, and Tront
view, and the dlnensions of a cover for
a spring box 1m x 1lm x 1m.
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Spring Box Design

There are several possible designs
for spring boxes but, generally thelr
basic features are similar. Spring
boxes serve as collectors for spring
water. They are sometimes used as
storage tanks when a small number of
people are being served and the source
1s locates near the users. When larger
numbers ¢ people are served, the water
collected in the spring box flows to
larger stcrage tanks. The two basic
types of spring boxes discussed in this
paper are a bor with one pervious side
for collection of water from a
hillside, and a box with a pervious
bottom for collectlion of spring water
flowing from a csingle opening on level
ground. To determine which design to
use dig out around the area until an
impervious layer 1is reached, locate the
source of the spring flow, and design
to fit the situation.

-

Table 1. Sample Materials List
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After this has been done, a collec-

be between 0.5-1m wide depending on
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Clguu 2. Spring Bnx Desgn )
Spring Box with Open Side. A spring
box with a pervious side Is needed to
protect springs flowing from hill-
sides. The area around the spring must
be dug out go that all available flow \
13 captured and channeled into the (
apring box. Cawer vooad ko
Mounded s 3 a rwater

. sorazer

tion box can be bullt around the spring 8 800ve 3ping 3',:::,?“

outlet as shown in Figure 3. The dug- /o

out area should be lined with gravel.

The gravel placed against the spring

opening serves as a foundation for the Concrete apron

box and prevents the spring water from I

washing soll away from the area. The :"',"’q Rl e 4

gravel pack also filters suspended oy e '7*

solids. The gravel-filled area should 70-“2‘
e iy

the size of the spring collection area.
To ensure that no contamination reaches
the water, the gravel pack should be at
least Im below the ground surface.

This i{s done elther by lccating the
spring catchment in the hillside or by
ralsing the ground level with backfill.
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Caution must be taken not to disturd
ground formations when digging out
around the spring. Without care, the
flow of the spring may be deflected in
another direction nr into ansther
fissure. The area must, however, be
dug out enough so that the spring box
fits into impermeatle material. In
cases where the box does not reach
impermeable material, puddled clay
should be used to scal the area around
the sides of the spring box.

Spring Roi with Open Bottom. If a
spring iiows through a fIssure and
emerges at one point on level ground, a
apring box with an open bottom can be
developed as shown in Flgure 4. The
area around the spring 1s dug out until
an impermeable layer is reached. The
area around the spring is then leveled
and lined with gravel. The spring box
is placed over the spring and gravel to
collect the flow, and clay or concrete
1s packed around the box to prevent
seepage between the ground and the box.
Sometimes a smzll sump can be bullt at
the bottcm so that sediment settles in
one place.

The design of both types of spring
boxes 4s basically the same and 1in-
cludes the following features:

(a) a water-tight collection box
constructed of concrete, brick, clay
pipe or other material,

(b) a heavy removable cover that
prevents contamination and provides
access for cleaning,

(c) an overflow pipe, and

(d) a connection to a storage tank
or directly to a distribution system.
The spring box with an open bottom 1s
sinpler and cheaper to construct.
Generally, on level ground, flow from
only one source must be captured and
collection of all available f'low 1is
much easler. Costs are lower because
less digging and fewer materials are
required.

The spring box should be constructed
at the spring site for easy installa-
tion. If the appropriate materlals are
available, the spring box should be
made of concrete. Informatlion on the
use of concrete {s included 1n
Worksheet A. Three sides of the spring
box must be impervious and depending on
the type of spring selected for devel-
opment, elither the bottom or the
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upslope side must be pervious or open,
The upslope side of an open sided
spring box can be constructed parcially
with concrete and partially with large
rocks and gravel as shown in Figure 3.
Large rocks suppart the spring box and
allow water to enter. Smaller stones
should be used between the large rocks
to close large openings so that sedi-
ment 1s filtered from the water.

* If materials for bullding a concrete
box are not available, or are expen-
sive, there are alternatives that are
particularly useful in developing a
single source spring. Large prefabri-
cated clay or concrete tubes, like
regular spring boxes, can be placed
around the spring. Water rises in the
tube and flows out the outflow plpe.
Rings for collecting spring water can
even be constructed using bricks and
mortar. Half or broken bricks can be
used to bulld a ring as shown in Figure
5. The bricks are laid in a circular
pattern, so that vertical joints do
not line up. Spaces beiween the bricks
are filled with gravel and mor:iar.
Bricks are laid until a height of be-
tween 0.9-1.2m 1s jpeached. The
dlameter may vary but should be around
0.7-1.0m. An outlet and overflow pipe
should be placed in the structure
before installation and with reinforce-
ment added. This type of structure is
very practical and 1nexpensive to
construct. Little cement 15 needed
and locally available materials can be
used.
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Worksheet A. Calculating Quantities Needed for Concrete
(Calculations for a box 1m x tmx 1.0m with open bottom)

Total volume of box = length (1) x width (w) x nelght (h)

Thickness of walls = 0.10m

cement: 0.167 x volume from Line 6 0.8/ = p,73 m3 cement.
sand: 0.33 x volume from Llne 6 _0.§7 = _p.1Lm3 sand.

~

gravel: 0.50 x volunme from Line 6 _Q_L 04{_.13 gravel,

8. MNumber of 50kg bags oi' cement = volume of cement
velume per Lag
volume of cement 0.13m3 - .\33m3/bag = SGES.

9. Volume of water = 28 liters x U bags of cemen:z = 112 llters,

(NOTE: 1) Do not determine volume for an open side or bottcm.
2) The top slab has a 0.1m overhang on each side.

3) The same calculations will be used to determine the quanticty

of materlals for construction of a seepage wall.
4) To save cement & 1:2:4 mixture can be used.)

l. Volume of top =1 2 mxw _JL.mx 2 0.0n=Q_.__r"L'_r§

2. Volume of bottom =1 _( axW__omnxz o me=__ One

3. Volume of two sides = 1 / m X ‘ mxt pgomx o= .:{2_::3

k. Volume of two ends =1 /s m x v mxt prgomx2 = pro =3

5. Total volune = sum of steps 1, 2, 3, 4,75 = pand

6. Unmixed volume of materials = toval volume x !.5; O0.54n0 x 1.5 =
D4/ m3

7. Volume of each material (cement, sand, gravel, 1:2:3):

)
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Mail Docas gravel and monar

300 corcrete
. monpr
12-hour period. Far example;
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Figure 5. Brick Spring Box
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The spring box should have an
overflow pipe. The pipe 15 placed a
little bhelow the maximum water level
and at least 0.15m above the floor of
the tank. If the pipe is above the
maximum water level, water will not
flow out and pressure 1s created in the
tank. The pressure could cause a back-
up and diversion of the spring. The
overflow pipe should be covered with a
screen fine enough to Keep nut
mosquitoes and strong enougn to keep
out small animals. The s3ize of the
pipe depends on the flow of the spring.
A rock drain or concrete slab should be
placed outside the tank below the
overflow pipe to prevent erosion near
the base and to carry the water away
from the spring. A pipe which extends
3-5m from the tank ls desirable in
order to keep the site free from still
water.

An outlet pipe for connection to a
distribution system should bz located
at least 0.1m above the bottom of the
spring box to prevent a blockage due to
sediment build-up. The pipe size
depends on the grade to the storage
tank and the spring flow. A general
rule to fonllow 1s thar ut a one percent
grade, a 30mm pipe should be used. A
gi'ade betweer 0.5 and one percent
requires a 40mm pipe, while a S0mm pipe
should be used for grades of less than
0.5 percent. In aome cases the same
pipe will be both outlet and overflow.
The outlet pipe should slope downward
for best flow.

After the spring box is installed,
the space behind it must be filled with
soil and gravel. The gravel 1s the
tottom layer. On top of it, a water-
tight layer should be formed to prevent
the entrance of surface water. This
can be done with concrete or puddled
clay. Puddled clay 1s a mixture of
clay and water formed into a layer
150mm thick. The layer 1s placed on
the ground and worked in by trampling
on it. Several layers of puddled clay
should be placzd behind the box.

After sealing the area, the box can
either be completely covered with ssil
or stand above the ground suriace, The
box should be at least J.30m above
ground ievel so thit run-off does not
enter it. For {urther sanitary protec-
tion, a ditch should be dug at least
8m abcve the spring box to take sur-
face water away from the arza, The
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801l from the ditch should be piled on
the downhil) "side to make a ridge. and
bhelp keep surface water away. A fence
around the area will keep animals fronm
getting near the spring box and help
prevent contamination and destruction
c¢f the area. The fence should have a
radius of between 7-8m.

Seep Design

Designs for seep devclopment are
similar to those for spring boxes.
Figure 6 shows the basic design.
Intakes (collectors) are very impcrtant,
features of seep development. The
collector system consists of small
channels containing 100mm clay c¢pen-
joint or 50mm plastic perforaced pipe
packed in gravel. The cscllectors are
installed in the deepest part of the
aquifer. Trhey take advantage of the
saturate? ,round above them for storage
during times when the gioundwater table
is low. The perforations in the plpes
must be about Smm in diameter or large
enough to collect sufficient water but
small enough to prevent suspended

matter from zntering the pipes. In
fine and rcedium-cized sand, perforated
pipe shoulc¢ be racked in gravel but
suspended macerial often will enter the
pipe in spitc of the gravel.

To prevent clogging, the collectors
should be 3i1zed so that the velocity of
Wwater flow in them 1s between 0.5m per
second and 1m per second. See "Methods
of Dzlivering Water," RWS.4.M.

Water celiected by the pipes is
channeled to the spring box through a
gravel pack. The collectors must
extend across the 2ntire width end
lergth of the water-bearing zore and
should be perpendicular to the flow of
the aquifer. Thesec intakes should
extend below the water-bearing zones to
collect the maximum amount of water and
permit free flow into the collector.
The advantage of a collector system 13
that water seeping over a large area
car be channeled into a central storage
besin,

Clean-out pipes to flush sediment
from the collection pipes should be
attached to the collection pipes. To
install clear.-out pipes, add a length
of pipe to the far end of the collec-
tion pipe. At the end of this length,
place an elbow joint facing upwards
and attach a vertical length of plpe.,
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The pipe should extend 2 little ahove
the ground and be capped. 1If the
ccllector system ciogs, water can be
added to the clean-out pipss to flush
out the cystenm.

Por secp acvelopment, a cutoff wall
cf clay, concrete or oLher Impervious
material should be constructed. The
cutoff 15 usuzlly constructed as a
large "V" polinting downnilll with wing
walla extending into the hill to pre-
vent water from escaping. The cutoflf
should extend Jdown into impervious
material to force the flowlng water to
move to the collectlion point and to
prevent lotcs of water due to undzrflow,

The use of concrete for the cutoff
wall 15 best but most expensive. A
wall 0.15m thick will ensure adequate
strength agalnst increased flow. The
helght of the cuteff wall depends on
the size of the {low being collected,
If desired, a spring box may be
constructed inside the "V" shaped
meeting of two walls as shown in Filgure
7. The spring box will provide
a settling basin for sediment removal
and storage. The spring box should be
designed so that water enters it
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through openings in the upper wall.
These openings nust be screened to pra2-
vent entrance of debris.

Puddled clay instead of concrete cin
be used to form the cutoff w~ali. “he
clay 15 piled up and trﬂped dosn to
form an imgervious wall It acts as 2
small dam which prelent, spring water



from flowing away from the collection
arca. The clay cutoff wiall works as
weil #9 the cement wall and i{:= much
¢heaper and easier to instzll. Good
Jmporvicus clay should be avallable if
.this type of cutoff wali is chosen.

An outlet pipe is installed to move
water from the collection polint to
storage. The diameter of the pipe
depends on the grade to storige and
will generally range between 30-50mm.
Tc-determine the correct pipe size, 3see
“"Methods of Delivering Water," RWS.4.M.
The outlet pipe for 2 soring box or
simple collection wall ashould be at
least 150mm from the bottom of the
¢e .lectlion area. A watertight connec-
tis>n should be made where the pipe
leaves the spring box or goes through
the cutoff wall. As in the case of
spring boxes, the outlet pipe rust be
screened with small mesh vire, Because
of the cost, this type of structure
should be used only where seeps cover
an extensive area. Cikilled laborers
will be needed for construction.

Horizontal Well Gesign

Horizontal wells are very simple and
can be qulite inexpensive. In order to
use a horizontal well, an aquiler must
have a steen slope or hydreuiie gra-
dient. Steep hydraulic gradients
genevally are found irn chilly, sloplag
land and follow the groun?d surfuce.
Horizontal wells, shown 1iii Flgure 8,
are installed in much the same manner
as voretical driven and Jetted wellis.
See "Designing Driven Wells,"
RWS.2.D.2, and "Designing Jetted
Wells," RWS.2.D.3 for specific design
features.

A horizontal well can be ditven if
the spring flows from an aquifer in
permeahle ground. A pipe with an open
end or with perforated drive points is
driven into the aquifer horizontally
or at a shallow slope to tap it at a
point higher than its normal discharge.
In some 50ils, the plpe can be driven
by nand. fCenerally the ~.pe is driven
using machinery.

"Designing Driven Wells,"
RWS.2.D.2, outlines the steps in de-
signing a driven well., These same
steps should be foliowed In designing
horizontal wells. One design differ-
ence.1s that extra care must be taken
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to avold leakage between the driven
pipe and the ground. If exterior flow
occurs, it can be stapped by forcing
clay or grout into tne space, or by
digging by hand 1m back along the pipe
and installing a concrete cutoff wall.
The wall should have a diameter of
0.6m2 and nc more than 0.05% thick.
After the concrete slab kardens, the
dug-out area should be packed and backa
filled with clay.

If the aquifer that feeds the sprin
is behind a rock layer, driving a
horizontal well will be very difficulsz
i1f not !mpossible. 1In this case, a
jJetted horizontal well will have to bde
installed. "Desisning Jetted Wells,"
RWS.2.D.2, explains the process of
Jetting wells. %“he problam 1s that
horizontal well 3drillins 1s different
from vertical drilling, and may be too
difficult for inexperienced people.
Drilled horizontal wells should only be
considered when there are no other
reisonable alternatives.
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Materials List

In addition t2 a location map and
design drayings, give the person in
charge of construction a materlals list
similar to Table 1 shawing the number
of laborers, types ar.’ quantities of
materials nceded to construct the
spring protectivn. GSome quantities
will have to be determined in the fleld
by the person in chacge of construc-~
tion.

Concrete. Concrete 1is the major
material used in the construction of
spring boxes and cutoff walls.
Concrete is a mixture of Portland
cement, clean sand, and gravel in a
fixed proportion. The proportion
generally used is one part cement, twWo
parts sand, and three parts gravel
(1:2:3). Water 15 used to mix the
concrete. Twenty-eight liters of water
should be ured for each bag of cement.
Worksheet A will help determine the
amount of materials needed. Use the
worksheet in making the following
calculations.

1. Calculate the voulume of mixed
concrete needed (length x width x
thickness; Worksheet A, Lines 1-5).

2. Multiply this number by 1.5 to
get the total volume of dry loose
material (cemeni, sand and gravel)
needed (Worksheet A, Line 6).

3. Add the numbers in the proportion
in order to find the fraction of the
total needed for each material (1:2:3 =
6, 80 1/6 of the mixture should be
cement, 2/6 sand, and 3/6 gravel. In
decimals, this 1s 0.167 cement, 0.33
sand, and 0.50 gravel).

4. Determine the amount of each
material needed by multiplying the
volume of dry mix from step 2 by the
proportional amount for each material
(1/6 x volume of dry mix = total amount
of cement needed; Worksheet A, Line 7).

5., Divide the volume of cement
needed by .03Im3 (33 liters), the
amount of cement in a 50kg bag, to find
the number of bags of cement required.
When determining the amount of cement,
figure to the largest whole number
(Worksheet A, Line 8).
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6. An extra quantity of cement
should be figured into the total for
use in grouting and sealing areas
around the outlet pipes.

7. Calculate the amount of water
needed to mix the concrete (28 liters
of water per bag of cement; Worisheet
A, Line 9).

B. Extra gravel will be needed for
backf1ll of areas behind springs.
Graded gravel 1s preferable, but local
materials can ve used if necessary.
Calculate the volume of the area to be
backf1illed by taking length x width x
height of area.

Reluforced Concrete. Concrete can
be relinrored to give it extra strengti.
This 15 best done with wire mesh or
specially made steel rods. Reinforced
concrete sections must be at least
0.10cm thilck. Reinforced concrete
should be used for all spring box
covers and for the walls of seep
strvctures. If wire mesh 1is used, the
quantity needed will be approximately
equal to the area of the slab being
constructed. If steel bars (rerod) are
used, they should be placed in the
wooden form before the concrete 1is
poured. 10mm diameter rods should be
used.

The reinforcing rod chould be
located as follows:

e So that the rods are at least 25mn
(v.?5n) from the form in all places;

e So that +the rebar rests in the
lower part of the cover; two-thirds the
distance from the top or .70mm from the
top of a 100mm slab;

e So that a 150mm (0.15m) space lies
between a parallel rods in a grid pate
tern as shown in Flgure 9.

Where the reinforcing rods cross,
they should be tied together with wire
at the point of intersecticn.

To determine the number of rein-
forcing bars, divide the total length
or width of the spring bdox cover by
0.15m (distance tctween bars). For
example, 1.79_ « 8 bars.

. 0.15m

To determine the length of eacn tar,
subtract 0.05m (0.025m each side) fra=
the total length or width of the cover.
For e¢xample, 1.2n -« 0.05m = 1.15m.
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Pipes, Outlet pipes can be of
galvaniced steel, or plastic depending
on what 1z avallable. Jalvanized steel
18 preferable because o its strength.
Steel pipe las.s longer and does not
shatter like plastic pipe. Intake
piper should be either clay, perforated
plastic open-Jjoint cemecnt or in some
cagses, bamboon. The cholce again will
depend on availablility of materilals and
cost. The pipe should have a minimum
diameter of 50mm to be gure that an
adequate supply of water enters the
collection syntem. All pipes must be
laid at a uniform grade to prevent air
lock in the usystem.
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When labor requirements, materials,
and tools have been decided on, prepare
a naterials 1ist similar to Table 1 and
give it to the constructlion supervisor.

Imporlant Considerations

3pring protection should ensure that
the source 13 always protected from
contamination. Before attempting to
develop a spring, conduct a sanitary
survey as described in "Conducting
Sani.ary 3urvevz to Determine
Arceptaole Surtace wWater Sources,"”
RWS.1.P.2. Follow the guidelines for
meazuring the quantity of available
water present In "Selecting a Source of
Surface Water,”' RWS.1.P.3, to be sure
that the source will meer community
rneeds.  The preliminary dork described
in these technical notes should be done
before designing a protective struc-
ture.

The choice of the structure for
spriny protection depends cn the geo-
loglic conditions of the area, the type
of spring, the materials avallable, and
the seill level of availatle labor.
Spring boxes are easy to design and
require little construction expertise,
although workers should have some
eonstruction experience. Driven
hcrizontal wells are also casy and
inexpensive to develop although some
cxpertise 1s needed to complete a suc-
cessiul vell.

Structures for seeps are more dif-
ficult to design and require that
workers have a nmuch higher level of
construction experience. The cost of
developing a gseecp may be very high
depending cn the length of the
retaining wall and tne amount of pipe
nceded for intakes.
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Spring structures are easy to
operate and maintain. One of the main
advantages of springs as water sources
is that they are inexpensive to devel-
op. The structures needed to protect
them require little attention after
installation. HNo structure, however,
ia completely maintenance free. Even
the most simply designed spring struc-
ture needs perlodic maintenance to
ensure that it provides good quality
water in sufficlent quantities. This
technical note describes the periodic
maintenance needed for spring boxes
and gseep collection systems so that
they operate effectively for many
years.

Useful Cefinitions \

EROSION - The wearing away of soil,
rock or other material by the flow of
water.

PERVIOUS - Allowing liquid to pass
through.

SEDIMENT - Small particl:s of dirt and
other matter that settle to the bottom
of wacer.

TURBIDITY - Cloudiness 1in water caused
by particles of suspended matter. ‘/

Maintenance of Spring Boxes

The maintenance of spring boxes
requires that a check be made to ensure
that the structure adequately protects
the water source and that all available
water i3 being ccllected. Examine the
spring box periodically to ensure that
there 13 no silt build-up and that
water quality i3 good. 3Study the
following conditions at the site to

"ensure that the spring 1s well-
protected and free from any operating
problems.
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Determine whether the diversion
draTnage oltch above tne spring is
dolng an adequate joo of removing Sure
face water from the area., [f not, the
Trench should Le [mproved. The diver-

“.2fon ditch should be lined with gravel

u¢ L%one8 to increase flow and to
prevent cresion of the zides. Grass
can be planted in the trench to prevent
erosion, hut heavy growth will block
flow. Be sure to check the diversion
ditch periodically to make sure that
grass i3 not too high and that no other
obstructions will hlock water [low.

If there {5 a fence above the
spring, make sure it {5 in gocd repair
and is effectavely keeping animals away
from the sprinz.

Check the upslope wall to be sure It
15 50l1id and erosion i3 not wearing it
away. Il there are signs of heavy ero-
slon or settling, add additional back=-
fil11 of top soil, clay or gravel.
Build up the hill with stores and
plant grass to help control erosion
around the apring box.

Check the water. 1If trerc 1s an
incrzaze {n turoidity or flow after a
rainstorm, surface run-.off {5 reaching
the source and contaminating 1it.
Identify the source of the run-off and
improve the protection of the spring.

Take periodic samples of the water
and ‘have them analyzed to check for

evidence of fecal contamination.

Information on taking a water sample
and analyzing it can be found if
"Taking a Water Sample," RWS.3.P.2 and
"Analyzing a Water Sample," RWS.3.P.3.

Check the cover to be sure the box
13 watertight. Make sure that tne
cover {3 not removed by the users and
that contamination is not being intro-

duced by people dipping buckets and
other utensils into the spring box.




PDetermine that all avafiable water
13 beilng cellccted by the system.
Wntch out for water secping {rom the
gides or from underneath the spring
hox. If water 3s2eps out, seal the leaX
with clay or concrets 5o that all flow
i= diverted into the spring box.

Ensure that the system 13 cleaned
odeguately. oUnce a yeor disinfect the
system and clean the gsediment out of
the spring box. To clean the system,
remove the cover. Allow the water to
drain from the 2pring box by cpening
the valve on the outlet plpe. If the
box has only cne pipe for outlet and
overflou, use a bucket Lo empty the
spring box as shown fn Flgure 1. Then
use a small shovel to clean oul the
sediment collected on the bottom of
the tank. Sediment removal will pre-
vent clogging and build-up whleh causes
the tank to [1)) up more qulckly.

Chezn scraen

e Coppng
of rug)

Chath perv.ous wall
lor 100LE Of (a0 310nes

\Figum 1. Emplying Spring Box j

If a pump {3 built into the spring
box to collect sediment, a drain plpe
can be installed to carry sediment
away. The drain pipe should have a
valve. This type of installation 13
eapeciaslly useful when tapping a fast
flowing spring.
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After .nleaning the tank, follow the
procedures for disinfection explained
in "Disinfecting Wells," RWS.2.C.9.
All walls of tne spring box should be
washed wWith a chlorine solution and
chlorine should be put directly into
the water, If posslble, the chlorine
should be allowed to stand for 24
hours. If the chlorine cannot stand
that long, apply two doses of chlorine
twelve hours apart to ensure complete
disinfection. Figures 1, 2, and 3 show
the cleaning and disinfecticn of a
apring bux.

-
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Lﬂguu 2. Ramoving Sediment )

Check the screening on the pipes to
see 1f cleaning i3 necessary. If
screens are clogged or very dirty, they
should be either cleaned or changed.
Always use copper or plastic screening
to prevent rust.

Maintenance of Seep Collection
Systems

Operating and malntalning seep
collection systems 13 similar to
spring bexes except that extra care
must be taken in the maintenance of the
collection pipes. Although collection
pipes are lined with gravel to filter
out sediment, the plpes can stlll clog.



[

If clogging occurs, substantlially less
water will reach the collection box.
I water flow decreases, suspect that
the collection syatem is clogged.

To clean the clogged pipes, remove
the cap from the clean-out pipe and
pour water into it. Use elther a hose
or a bucket 30 that sufficient force 15
available to break up the sediment.

See Figure 4.
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SPRING BOX SYSTEM

There are two important reasons to build structures for springs. First, they
protect the water from contamination caused by surface runoff and by contact
with people or animals. Secondly, the structures provide a point of
collection and storage for water. Water from springs is stored so it will be
readily available to the users. The following discusses the construction of
spring boxes and outlines the construction steps to follow. The steps are
basic to small construction projects and can be followed for the construction

of most spring structures.

Materials Needed

Before construction begins, the project designer should give you the following
items:

1. A map of the area, including the location of the spring; locations of
users' houses; distances from the spring to the users; elevations; and
important landmarks. Figure 1 is a map of a small village with a spring
located on high ground above it. Use your map to locate the construction
site for the spring box.

2. Ensure that all needed materials are available and at the work site
before the work begins. Make sure that adequate quantities of materials
are availdble to prevent construction delays.

3. A plan of the spring box with all dimensions is shown in Figure 2. This
plan shows a top, side, and front view, and the dimensions of a cover for
a spring box (1mx1mx1m),

( : Ground \

, slopes )
Dwversion ditch

-

Spring site — am N

Dwellings —ﬂ

TAKEN FROM WATER FOR THE WORLD TECHNICAL

NOTE - RWS 1.C.1 and 1.0.1.

qure 1. Location Map
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General Construction Steps

Follow the construction steps below. Refer to the diagrams noted during the
construction process,

1.

Locate the spring site and, with measuring tape, cord, and wooden stakes
or pointed sticks, mark out the construction area as shown in Figure 3.

Dig out and clean the area around the spring to ensure a good flow. If
the spring flows from a hillside, dig into the hill far enough to
determine the origin of the epring flow. Where water is flowing from
more than one opening, dig back far enough to ensure that all the water
flows into the collection area. If the flow cannot be channeled to the
collection area because cpenings are too separated, drains will have to
be installed. Information on the installation of drains appears in the
section on the development of geepage collection systems,

Flow from several sources may be diverted to one opening by digging far
enough back into the hill. When digging out around the spring, watch te
see 1f the flow from the major openings increases or 1if the flow from
minor seeps stops. These signs indicate thet the spring flow is becoming
centralized and that most of the water can be collected from one point.
The goal is to collect all available water from the spring. It 1s
generally easier to collect water from one opening than from soveral.

Dig down deep enough to reach an impervious layer. An impervious layer
makes a good foundation for the spring box, and provides a better surface
for a seal against underflow. If an impervious layer cannot be reached,
attempt to construct the box in the most impermeable soil you can find.

Pile loose stones and gravel against the spring before putting in the
spring box. The stones serve as a foundation for the spring box and help
support the ground near the spring opening to prevent dirt from washing
away. They also provide some sedimentation. For frst flowing springs,
large stones with gravel between them should be plac . around the spring
to prepare a good solid base. Figure 4 shows an example of gravel and
stone placed between the spring box and the spring.
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J

Figure 4. Spring Box with Open Side

If a spring flows from a single opening on level ground, dig out around the

opening to form a basin.
the base,

before 1t enters the spring box. This 18 shown in Figure 5.
( Cover slantod to
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X R e
Water lavel ’ g,:g:?;j pipe.
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Sprmg source

-~ e

- .

Concrete apron

4..' Outlet
““(to storage)
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Figure 5. Spring Box with Open Bottom
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4, Approximately 8 m above the spring site dig a trench for diverting
surface run-off. The trench must be large enough to catch surface flows
from heavy rains. If large stones are avallable in the construction
area, "~ them to line the diversion trench to increase the rate of
run-ofi ...l prevent erosion.

5. Mark off an area about 9 m X 9 m for a fence. Place the fence posts 1 m
apart and string the fence. A fence is useful to prevent animals from
frequenting the spring site,

Concrete Construction Steps

In order to have a strong structure, concrete must cure at least seven days,
Strength increases with curing time. Therefore, corstruction of the spring
box should begin at the site duvring the first day of work. If the concrete is
poured on the first day, seven days will be available for site preparation
before the spring box is put in place. Be sure that all tools and materials
needed to build the forms and mix the concrete are at the construction site.

1. Build wooden forms. Cut wood to the appropriate eizes and set up the
forms on a level surface. The outside dimensions of the forms should be
0.1 m larger than the inside dimensions. A form with an open bottom
should be built for a spring flowiung from one spot on level ground. For
springs from hillsides, a spring bor form with a partially open back must
be constructed as shown 1n Figures 6 and 7. The 3ize of the opening
depeids on the area which must be covered to collect the water. When
building forms for a box with a bottom, be sure to set the inside forms
0.1 m above the bottom for the floor. Thig is done by nailing the inside
form to the outside furm so that it hangs 0.1 m above the floor. Make
holes in the forms for the out-flow and overflow pipes. Place small
pieces of pipe in them so that correctly sized holes are left in the
spring box as the concrete sets. A form ‘for the spring box cover must
also be built, Build all forms at the site.

Forms must be well secured and braced before pour.ng the concrete.
Cement is heavy and the forms will separate if the bracing is not strong
enough. One useful method is to tie the braces together with wire as
shown in Figures 6 and 7. Drill holes in the forms and place wire
through them. Using a stick, as shown, twist the wire to tighten it and
force the forms together,
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Figure 6., Forms for Spring Box with Open Side
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2.

Set the forms in place. They should be either at the permanent site of

the spring box or nearby so it will not be difficult to move the
completed etructure. II the forms are set and concrete 1s poured at the
permanent site, water must be diverted from the area. This usually can
be done easily by digging a small diversion ditch, as shocwn in Figure 8.
Make sure that no water reaches the forms so that the concrete can cure.

1f water diversjon 1is difficult, build the forms and pour concrete on a
level spot very near the spring. Once the concrete dries, remove the
forms and set the completed structure in place. This will require six to
eight people.

0i1 the forms. Put old motor oil on the wooden forms so the concrete

will not stick to them.

Prepare the reinforcing rods in a grid pattern for placement in the forms

for the spring box cover. Make sure there is 0.15 m between the parallel

bars and that the rods are securely tied together with wire. Then
position the reinforcing rods in the form. See Figure 9 for an example
of reinforcing rod placement in the spring box cover. Major reinforcing
is not needed Tor the spring box walls but gcme minor reinforcing around
the perimeter of the walls is good to prevent small cracks in the cement.
Four bars tied together to form a square should be placed in the forms.

| [ 75mm 150mm
1k A

<

1]
i 14l

I\|150 ,
mm 100mm  50mm
25mm 5‘ !<
-=
100mm ITA—.‘.L. Le . 6, 8 Avmanhem :::;g::m

-~

Figure 9. Placement of Rebar in Concrete Slab
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Mix the concrete in a proportion of one part cement, two parts sand, and
three parts gravel (1:2:3). Add just enough water to form a thick paste.
Too much water produces weak concrete. In order to save cement, a
mixture of 1:2:4 can be used. This mixture 1s effective with high
qualicy gravel.

Pour the concrete into the forms. Tamp the concrete tv be sure that the
forms are filled completely and that there are no volds or air pockets
that can weaken it. Smooth ali surfaces. Smooth the concrete for the
spring box cover so the middle is a little higher than the sides (convex
shape), as shown in Figure 10. This will allow water to run off the
cover away from the spring box.

/’M "_W:i~“'"‘A£§

Inner form
. Braces

a [
Outler‘o?rm Wire bracus
\ keep walls

saparated

Holes for over-
7 flow and

outlet with
pieces of pipe

in ptare
—

= ™ "Shaet of tin or
building paper

3&;59“ e A/}

Figure 10, Forms fo;‘éﬁring Box Cover

Cover the concrete with canvas, burlap, empty cement bags, plastic, straw

or some other protective materials to prevent it from lusing moisture.

The covering should be kept wet so water from the concrete is not
absorbed. 1f concrete becowss dry, it no longer hardens, its strength 1s
lost, and it begins to crack. Keep the cover on for seven days o: as
Jong as the concrete is curing.

Let the concrete structures set for seven days, wetting the concrete at

least daily. After seven days, the forms can be removed and the box can

be installed.
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Installing a Spring Box

The spring box must be installed correctly to ensure that it fits on a solid,
impervious base and that a seal with the ground 1is created to prevent water
from seeping under the structure, -

1. Place the spring box in position to collect the ficw from the spring. If
the flow comes from a hillside, the back of the spring box will be open.
Stones should be placed at the back of the box to provide support for the
structure and to allow water to enter the spring box. TFigure 4 shows the
placement of open-jointed rock in a completely installed spring box on a
hillszide. On level ground, be sure that the spring box has a solid
foundation of impervisus material. Place gravel around the box or in the
basin so that water flows through it before entering the box.

2. Seal the area where the spring box makes contact with the ground. Use
concrete or puddled clay to form a seel that prevents water from seeping
under the box. ,

3. Be sure that the area where the.spring flows from the ground is well
lined with gravel, then backfill the dug out area with gravel. The
gravel fill should reach as high as the inlet opening in the spring box
so that the water flowing into the structure passes through gravel, In
Figure %4, the gravel layer reaches the same level as the open stone wall,
Yor spring boxes on level ground, ;ravel backfill is unnecessary.

4. Place the pipes in the spring box. Remove the pipe pieces used to form
the holes and put in the pipe needed for out-flow and overflow. On both
sides of the wall, use concrete to seal around the pipes so water does
not leak out from around them. Place screening over the plpe openings
and secure it with wire.

5. Disinfect the inside of the spring box with a chlorine solution. Befere
the spring box is closed, wash its walls with chlorine.

6. Place the cover on the spring box.

7. Backfill around the area with puddled ¢lay and soil. On a hillside,
place layers of puddled clay over the gravel so that they slope away from
the spring box. The clay layer should nearly reach the top of the spring
box and shouid be tamped dowu firmly to make the ground as impervious as
possible. If only soil were used for backf11l, it would have to be at
least 1.5 to 2 m deep so that contaminated water could not reach the
gravel layer. For springs on level ground, clay should be placed around
the box. The clay foundation should slope away from the spring box so
that water runs away from the spring outlet.

8. Backfill the remaining areas with soil to complete the installation.
Spring structures are easy to operate and maintain, One of the main

advantages of springs as water sources 1s that they are inexpensive to
develop. The structurer needed to protect them require little attention after
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instaliation. No structure, however, is completely maintenance free. Even
the most simply designed spring structure needs periodic maintenance to ensure
that it provides good quality water in sufficient quantities. The following
describes the periodic maintenance needed for spring boxes so that they
operate effectively for many years.

Maintenance of Spring Boxes

The maintenance of spring boxes requires that a check be made to ensure that
the structure adequately protects the water source and that all available
water is being collected. Examine the spring box periodically to ensure that
there is no silt build-up and that water quality 1s good. Study the following
conditions at the site to ensure that the spring is well-protected and free
from any operating problems. :

Determine whether the diversion drainage ditch above the spring is doing an
adequate job of removing surface water from the area. If not, the trench
should be improved. The diversion ditch should be lined with gravel or stones
to increase flow and to prevent erosion of the sides. Grass can be planted in
the trench to prevent erosion, but heavy growth will block flow. Be sure to
check the diversion ditch periodically to make sure thzc grass is not too high
and thac no other obstructions will block water flow.

If tlere 18 a fence above the spring, make sure it is in good repair and is

éf?;ctively keeping animals away from the spring.

\

Check the up-slope wall to be sure it is solid and erosion is not wearing it
away. If there are signs of heavy erosion or settling, add additicnal
backfill of top soil, clay or gravel, Build up the hill with stones and plant
grass to help control erosion around the spring bozx.

Check the water. Tf there is an increase in turbidity or flow after a
rainstorm, surface run-off is reaching the source and contaminating it.
Identify the source of the run-off and improve the protection of the spring.

Check the cover to be sure the box is watertight. Make sure that the cover is
not removed by the users and tliat contamination 1is not being 1introduced by
people dipping buckets and other utensils into the spring box.

Determine that all available water is being collected by the system. Watch
out for water seeping from the sides or from underneath the spring hox. If
water seeps out, seal the leak with clay or :oncrete so that all flow is
diverted into the spring box. .

Ensure that the system is cleaned adequately, Once a year disinfect the
system and clean the sediment out of the spring box. To clean the system,
remove the cover. Allow the water to drain from the spring box by opening the
valve on the outlet pipe. If the box has only one pipe for outlet and
overflow, use a bucket to empty the spring box as shown in Figure 1. Then use
a small shovel to clean out the sediment collected on the bottom of the box.
Sediment removal will prevent clogeing and build-up which causes the box to
£111 up more quickly.
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Figure 11, Emptying Spring Box Figure 12, Removing Sediment

If a pump is built into the spring box to collect sediment, a drain pipe can
be installed to carry sediment away. The drain pipe should have a valve.
This type of installation is especially useful when tapping a fast flowing
spring,

After cleaning the tank, follow the procedures for disinfection explained in
"Disinfecting Wells,”" RWS.2.C.9. All walls of the spring box should be washed
with a chlorine solution and chlorine should be put directly into the water.
If possible, the chlorine should be allowed to stand for 24 hours. If the
chlorine cannot stand that long, apply two doses of chlorine twelve hours
apart to ensure complete disinfection. Figures 11, 12, and 13 show the
cleaning and disinfection of a spring bcx.
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Check the screening on the pipes to see if cleaning 1s necessary. If screens
are clogged or very dirty, they should be either cleaned or changed. Always
uge copper or plastic screening to prevent rust.

g -

Stiff brush or
scrubbing tool

Chlurine solution

Figure 13. Scrubbing Walls with Chlorine Solution
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SEEPAGE COLLECTION SYSTEM

Sometimes springs flow from many openings over a large area. To collect the
water, a system of collectors made of perforated pipe, an anti-seepage wall,
and a spring box must be built,*

Constructing Seep Collection System

The collectors must extend on both sides of the spring box and anti-seepage
wall. Figure 1 shows an example., To 1install collectors, dig trenches into
the water-bearing so0i1l until an impervious layer 1is reached. In this way,
water 1s taken from the deepest part of the acuifer (the underground
water-bearing strata) and most of the available water can be collected. The
trenches should extend the necessary length for collecting all available water
and should be about 1 m wide.

Lay 50-100 mm diameter plastic perforated pipe or 100 mm clay pipe in the
trenches. Perforations in the plastic pipe should be about 3 mm in diameter.
On the uphill side of the trench, place enough gravel to cover the pipe. On
the downhill side, build up a small clay wall to support the pipe. The pipe
should have a 1 percent slope (0.0l m slope per 1 m distance) toward the point
of collection. Flexible plastic tubing with slots already formed should be
used 1f available. It is light and can be cut with a handsaw.

Clean-out pipes should be installed in the collection system. Attach lengths
of pipe to the ends of the collection pipes. At the end of the clean-out
pipes, place an elbow joint to which a vertical length of pipe 15 connected as
shown in Figure 1. The pipe extends above ground level and is capped.

Gravel on uphill side of pipe

Seep area
e N A

Collection . .
pipes % N ]

2 ! Anti-.eepage wall
Gravel = and spring box

Collection Puddied clay on
pipe downhill side of
pipe
Anti-seepage wall SIDE VIEW

Spring box

|

Outlet {to storage)

Figure 1. Seepage Collection System

*Note to participants: Another group is working with spring box construction,

TAKEN FROM WATER FOR THE WORLD TECHNICAL NOTE RWS 1.D.l, 1.C.l and 1.0.1.
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The next step 18 to build a concrete or impervious clay cutoff or anti-seepage
wall, Dig down to an impervious layer for a good foundation. Make the forms
for the cutoff wall 0.15 m thick. Follow the same procedures for constructing
the cutoff wall as for the retaining wall, There must be a gnod seal between
the wall and the ground so that no water seeps underneath. Wster must be
directed into the trenches and collectnrs. A small spring box can be built at
the inside angle of the winged-wall with the wall forming two sides. If a
spring box 1s buillt, the forms must be set at the same time as the cutoff
wall., Water must be diverted from the construction area by small ditches for
the seven days needed for the concrete to dry. Forms must be well braced and
have holes for the in-flow and out-flow pipes. Always pour the seep
collection wall and spring box in place. The structure will be much too heavy
to move after casting.

When using clay, be sure to remove any debris from the site and tamp the clay
well so that the small dam or wall does not let water seep through. The clay
walls should be built 1like walls of a dam with a 2:1 or 3:1 slope. Put the
clay down in layers 150 mm thick and tamp each layer down well to ensure good
compaction. Keep the clay moist. Lay and tamp each 150 mm layer until the
maximum height 18 reached. The walls should be well bonded to the spring box.

The construction of a seep collection system is more difficult and expensive
than a simple spring box.

Tnstallation of collectors requires more work and some experience. Once the
collectors are installed, however, the construction of the seep cutoff wall is
no different from spring box construction. The same steps must be followed,
the same mixture of concrete used and the same general rules for curing
concrete and for placement must be followed.

s ™

Excavation for anti-seepzge
Cleanout wall and collection pipe

Trenches for
collection pipes

e - . . Overflow
Puddled clay % i - e e -
e S GWN ! -~ Outlet {to
Gravel on . - 0 T storage)
uphill site ~ P ’ -l I
Tﬁ' i I\ Backfill [soil)
N P Puddied clay?,
- on downhill 1!
100mm collection side

pipe, perforated Impervious
PVC layer

. J

Figure 2. Seepage C(ollectinn System
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Figure 3. Forms for Anti-Seepage Wall and Collection Box

Operating and maintaining seepage collection systems 1is similar to spring
boxes except that extra care must be taken 1in the maintenance of the
collection pipes. Although col’z2ction pipes are lined with gravel to filter
out sediment, the pipes can still clog.

If clogging occurs, substantially lesz water will reach the collection box.
If water flow decreases, suspect that the collection system is clogged.

To clean the clogged pipes, remove the cap from the clean-out pipe and pour

water iInto 1t. Use either a hose or a bucket so that sufficient force is
available to break up the sediment, See Figure 4.
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STORAGE TANK

Purpose of Storage Tank

The construction of a storage tank for spring flow 1s an effective way to
improve a spring water source with a low rate of flow. Storage tanks can be
built as an addition to any type of spring containment system, retsining wall,
spring box, or seepage collection system. The water flow from the spring is
piped to a storage tank where the water accumulates and can be accessed by
villagers through an outflow pipe and faucet. The water 1s stored in the tank
overnight and is then available in large quantity when needed., Figure 1 shows
a village map of a spring and a collection taznk. The advantages of collection

tanks are these:

1. The tank serves to store water that is provided by the spring during
low-demand periods (such as overnight) for use during high-demand periods

(such as early morning).

2. Water can be accumulated in vessels more quickly, since stored water will
flow from the tank faster than from many direct-access spring flow pipes.
Thus wvillagers won't have such a long wait for water during high use

periods.

3. Water is captured overnight, thus resulting in less waste from unused
run-off water.

4. Water can be kept clean, since it 1is stored in a tight, covered storage
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Figure 1. Location Map
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Sizing a Storage Tank

To determine how large a storage tank must be, it 1s necessary to calculate
how much water is used at various times during the day, and compare this to
how much water is supplied by the source for those same time periods. The
difference between supply and use will mean either that water will be drawn
out of the tank or will flow into the tank. There are a number of ways to
determine tank capacity; however, they are beyond the scope of this training
program. The tank could be a variety of sizes and still serve as an
improvement to villagers; however, it never nced be larger than the volume of
water yielded by the spring during the night,

Shape of a Storage Tank

All other factors being equal, the most economical tank shape is circular,
then nearly-circular, then square, and then rectangular. For ease of
construction, certain shapes are easier than others:

Circular tanks: The most economical shape to use, but not easy to construct,
egpecially for small diameters,

Octagonal (8-sided) tanks: The best shape to use, but not easy to construct
for diameters less than 2.5 meters (or capacities smaller than 3,200 liters).

ﬂexagonal (6-sided) tanks: Good for tanks between 1,700-3,200 1liters
(diameters not less than 2 meters).

Square tanks: This is the traditional shape, and easiest to construct for
small capacities,

Rectangular tanks: The least-economical shape, especially as one side becomes
much longer than the other. However, due to physical constraints of the site,
it may be necessary to use this shape. Keeping it as nearly square-shaped as
possible will make a more economical design.

For example the most economical dimensions for a 1,000 liter tank would be 1
meter wide, 1l meter long, and 1 meter high,

Constructing a Storage Tank

Storage tanks should be constructed with a reinfoiced concrete foundation and
floor, followed by rock and mortar walls. The roof can be of wood fraqg or
reinforced concrete construction.

in2 location of the storage tank must be selected so that water from the
spring can flow into the tank and fi11l it, Further,the tank should be in a
location that 1s convenient for drawing water from a faucet piped from the
bottom of the tank,

The foundation for a storage tank 1is constructed in a similar way as that
described for the retaining wall. Excavation to a suitable soil sub-base is
first performed, then a layer of broken stone or gravel is placed over the
sub-base, The location of the foundation for the walls should be car«fully
aligned by staking the locations of corners. After the foundation 1is
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completed, the construction of the rock and mortar walls should be started at
the corners. After the corners are built to the height of two or three
courses of rock, then build the walls from corner to corner maintaining the
straight alignment of each wall.

Storage tank walls can be stepped as shown in Figure 2. Stepping the wall is
an economical use of construction materials and puts the thickest portion of
the wall at the base where the water pressure will be the greatest.

External Wall Internal
Partition Wall

0 T

Y D A N

60
H=100 A H=100

m]wmm@ i

= >
Figure 2. Storage Tank Wall

NCTE :
All dimensions
in centimeter

The floor of the tank may be either of masonry (i.e., mortared brick or stone)
or reinforced concrete. A bed of gravel or crushed stone must be put down,
roughly pitched so the floor will slope downwards to the drain pipe. As soon
as the final concrete or plaster has set, the tank should be filled to a depth
of about 30 cim to help the curing process (a deep depth of water would exert
too much pressure on the floor which the cement would not be strong enought to
support). After two weeks the tank can be filled completely and checked for
any visible leakage.

Roof design and construction is complicated, but the basic considerations for
a storage tank roof include:

a, It must be able to support its own weight, plua the weight of one or more‘ '

persons

b. It sliould be relatively tight to prevent rain and duat and debris from ,
entering the tank L A S S

c. It should have an access way for a person to inspect or enter the tank
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d. It should be made of a durable material, timber and slate, or concrete,
or galvanized iron sheeting, Avoid a material such as thatch, which can
house vermin,

The finished walls and floor should be plastered with cement mortar to make
the tank as watertight as possible. Plastering is discussed in Handout 8-1:
Cement, Concrete, and Masonry.

Piping for a Storage Tank

The piping for a small storage tank will include:
a, an inlet pipe from the water source

b. an outlet pipe to the supply tap (faucet)

c. a drain pipe at the bottom of the tank

d. an overflow pipe near the the top of the tank

e. & valved bypass pipe which connects the inlet and outlet directly,
allowing the tank to be emptied for maintenance

Figure 3 shows a typical piping arrangement,

Finished Grading

The ground around the reservoir should be mounded sc that rain run-off will
flow away from the tank. The surrounding land should be stabilized against
erosion, If there 18 generally heavy rain run-off, then suitable drainage
channels should be made. The drainage channel for the overflow should also be
carefully constructed, and preferably should carry the water to where 1t can
be utilized (such as for an animal water-hole, or for irrigation of a nearby
garden).

-280-



Handout 17-6, p. 5

Manhole and cover
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Figure 3. Storage Tank Design

Maintaining a Storage Tank

The maintenance of water storage tanks 1s necessary to ensure the quality of
the water stored. Maintenance of tanks basically involves two important
procedures: prevention of contamination, and cleaning the tank periodically to
ensure that water is fresh.

General Maintenance

Water quality in storage tanks should be preserved. All storage tanks should
be checked monthly to ensure that all necessary maintenance 15 done when
needed. Never delay in attending to any problems that arise.

When looking at the tank, make sure to check the following:

o Covers. Make sure the cover fits tightly over the tank. There should be
no space for dust or leaves to enter the storage tank. The cover should
fit tightly enough to prevert the entry of light. Light stimulates the
growth of algae in the tank.

] Potentlal Sources of Contamination. Check the area around the storage
tank to make sure that no contaminants have been introduced to the area.
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No waste disposal or garbage disposal sites should be near the storage tank,
especially when they are located below ground. Under no clrcumstances should
any disposal sites or animal pens be placed on ground above the cistern.
Contaminants can flow downhill and destroy the quality of water. A ditch
should be dug near the cistern to direct surface water away from the cistern
or storage area. Keep animals out of the drainage area.

' Screens. Check the screens covering the pipe ends to make sure they are
in good repair. Broken screens on outlet and overflow plpes are easy
entry points for mosquitoes and small animals. All damaged screens
should be replaced. '

° Pipes. Check all pipe connections to erisure that there are no leaks in
the system. When leaks occur, pipes should be tightened or repaired.
Check all valves for proper functioning.

® Structure. Repair any damage that may occur to the cistern or storage
tank. Add concrete to repair any chips, broken edges or cracks.

Cleaning the Tank

No matter how much prevention 1s practiced, a storage tank requires
disinfecting and cleaning. To clean and disinfect the tank do the following:

° Drain all water out of the storage tank. Usually, this is easily
accomplished by letting the supply in the tank fall over time and
draining the last bit.

) After the tank is drained, sweep and scrub it until all dirt and loose
material are removed,

Then chocse the most appropriate method for disinfecting the tank.,

) Fill the tank to overflowing with clean water and add enough chlorine to
make a 50 mg/l solution. Add the chlorine to the tank as it is filling
to get sufficient mixing. After the tank 1s filled, allow it to stand
for at least six hours and preferably more. After sufficient time has
passed, drain the tank and allow it to refill for regular use.

° A second and faster method can be used when little time 1s available.
Directly apply a very strong, 200 mg/l, chlorine solution to the inmner
surfaces of the tank. For best results, brush the walls with‘ the
solution and allow the chlorine to stay on the walls for at least 30
minutes before the tank is refilled.
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TWO SPRING CAPPING SITUATTONS

Spring A

Springwater flows up into an open hole in a flat, sandy area. If often fills
the hole and spills out onto the sides, which become muddy. Villagers step
across stones to get to this waterhole. Animals z2lso sometimes come to drink.
There 1s always enought water in the hole for many villagers to dip their
containers and collect water. How would you cap this spring in order to
protect it from contamination and let the spring flow directly into the
villagers' water containers?

o How would you investigate the flow?
o What type of spring structure would you use? How would it remqin'stablézi

o How wculd you protect the spring flow? -

o How would you excavate? How big anvdfea? What slope?
o Hew would you drain and clean up the area?

) Wnat materials wéuld you need? How much?

Spring B

At present there is a small tricle of water flowing down from several points
across a rocky hillside. This collects 1in several small, silty clay
depressions side by side at the bottom of the hill. Villagers come to gather
water in their containers frowm these open pools covered w’th algae. There is
adequate slope down the valley, but water flowing out of the pools now
collects in a stagnant marshy pond. How could you cap this spring?

o How would you investigate the flow?

o How would you make this into one spring and service pipe under these
conditions? ‘ ’
o What type spring structure would you use?

o How big an area would you excavate? ghat:élope? How deep?%?
) How would you drain and clean up the area?

o What materials would be required? -
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SYNOPSIS

SESSION 18: PLANNING FOR YOUR FIRST SPRING CAPPING PROJECT

Total Time: 3 hours

FLIPCHART
PROCEDURES TIME HANDOUTS MATERIALS
1. Introduction 5 min. Session Objectives
2. Individual Reviewing/ 60 min,
Summarizing
3. Developing Work Plan 90 min. 18-1: Work Plan Task Assignment
Chart
4. Summary and Closure 10 min.
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SESSION 18: Planning for Your First Spring Capping Project

Total Time: 3 hours

OBJECTIVES
By the end of this session, trainees will have:

e Develrped a one-month plan for implementing a spring capping project

OVERVIEW

This seceion is intended to help the trainees plan for their first spring capping
project. Throughout the course at the end of each major training session, the
trainees worked with planning guides on how they could apply the skills and
knowledge from that session to their first projeet. The next two to three hours
will be spent reviewing these plans and beginning to work out the details for a
one-month plan covering an entire spring capping project. A good deal of time
has already been spent working on the technical skills and knowledge of capping
a spring. Equaily impertant are the skills and knowledge required to effectively
plen and carry out a spring capping project—management skills. The managerment
skills of planning, organizing, and coordinating are especisally significant.in spring
capping since the village water supply is disrupted while the necessary construction
activities are occurring. If resources and activities are not effectively
coordinated, delays can cause numerous problems.

PROCEDURES

1. Introduction Time: 5 minutes
Give the group th~ information in the overview and state the objectives.

2. Individual Reviewing/
Summarizing Activity Time: 60 minutes

Give tne participants 20 to 30 minutes to work on their own to review their
notes and check back through their planning guides. They should write down
any concerns they have or any unresolved questions.

At the end of the time spent on individual reflection and review, ask what they

identified as concerns and unresolved questions. Lead a discussion for the next
30 minutes on answers and strategies for resolving these issues.
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3. Developing A One-Month Work Plan
For Capping A Spring Time: 90 minutes

Introduce the concept of a one-month work plan as the mechanism by which the
trainee can organize, schedule, and coordinate the resources and activities
necessary for timely and successful completion of the project.

Assign the following task for the trainees to complete on their own. Give them
20 minutes. Distribute Handout 18-1: Work Plan Chart, and ask the trainzes to
use the chart to plan or lay out their first month's activities.

e Identify the activities you would undertake during the one-inonth work
plan.

e How long would you estimate each activity will take?

e In what order would ydu schedule these activities so that events are
coordinated effectively?

At the end of the 20 minutes, have each trainee join with one other person and

diseuss each other's plan. Urge themn to offer each other comments and

suggestions to help make the plans as realistic as possible. Give them 20 to 25

minutes for this joint discussion. Examples of issues that could be expected are:
¢ How much time can the trainee devote to this project?

e How many trips can she/he make to the designated viliuge before
actual construction begins?

e What resources are there in the village, both skills and materials?
e What resources does the trainee have?

e What transportation is available?

@ Who should know about this project and who should be involved?

After the two~-member teams have spent 20 to 30 minutes working together, lead
a discussion of thesc questions with the total group (about 30 minutes):

e What are some examples of activities you feel should occur in week
one?

® Which activities did you feel would take the most time?

e Vhat problems might you anticipate in scheduling these activities?

¢ Throughout the project cycle, there are critical coordinating points,
places where several elements have to come togeiher for desired

activity to occur. In looking back over the project cycle, where are
some of these "critical coordinating" points?
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This question is an important one. Ask trainecs to think individually for a few
minutes before you ask for their responses. Suggest they review the project
cycle as well as reflect on the field activities they participated in during the
last two weeks. Use the examples listed below to help clarify the question or
to supplement their responses. List their responses on the flipchart.

Examples of "eritical coordinating" points:

% Arrangirg to get your other work taken care of so you are iree to
concentrate on spring capping

e Ordering supplies so they arrive in time for start-up
e Arranging transportation of supplies so they arrive on time

e Recruiting the work force and fitting the work into their daily/seasonal
activities

e Arranging for user surveys
o Collection of monies prior to construction
e Arranging for alternative water sources during construction

4, Summary and Closure Time: 10 minutes

Refer back to the objectives for this- session. Engage the trainees in a brief

discussion of whether they feel the objectives have been reached. Summarize

and emphasize the importance of planning and encourage them to continue working

on this one-month plan &s a tool for managing their spring capping activities.
MATERIALS

Plipcharts for:

Session objectives -
Task assignment

Handouts:

18-1: Work Plan Chart.
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Handout 18-1

WORK PLAN CHART

‘ Who Is Resources
Activity Whenr Responsible? Required
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SYNOPSIS
SESSION 19: WORKSHOP EVALUATION

Total Time:

1 hour

PROCEDURES

FLIPCHART
TIME HANDOUTS MATERIALS

1. Introduction

2. Written Evaluation

3. Oral Feedback

4. Ciosure

5 min.

30 min. 19-1: Evaluation
Form

20/30 min.

Previoug Paye Eienk
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SESSION 19: Workshop Evaluation

Total Time: 1 hour

OBJECTIVES
e To fill out the workshop evaluation questionnaire

e To provide oral feedback to the trainers on the workshop

OVERVIEW

It is assumed that the trainer will be able to evaluate the workshop in a variety
of ways, formally and informally. Each session contains objectives which are
generally verifiable by observation: skills can be either demonstrated or not. It
is also assumed that the recipients of this treining are well motivated adults
who will seek help if they don't understand something. The ultimate evaluation
measure, however, will be demonstrated long after the workshop when the
participant develops his/her own spring capping project. If the training has been
successful, the participant will be able to apply his/her knowledge and skills
learned in the workshop to promote a project which is technically and socially
sound.

This evaluation session provides one sdditional source of data. It is based upon
the participants' feelings and observations about the workshop. The information
gained from this session can be used tc both improve the training design and
help the trainer do a better job next time in conducting this workshop. This
session uses two tools, a written opinionnaire and an informal oral feedback
session. The written portion provides a record for the trainer. It is intended to
be done anonymously to ensure more open feedback. The oral portion is designed
to gather information about the workshop which will help explain and interpret
the written data and provide the opportunity for give and take between the
trainers and the participants.

PROCEDURES

1. Introduction Time: 5 minutes

Introduce the evaluation session by explaining that the evaluation is important
to the trainers as a way of learning how the training ‘has been received and for
future learning purposes. Describe the two parts of the evaluation (written and
oral) and the time constraints.

2. Written Evaluation Time: 30 minutes

Distribute Handout 19-1: The Evaluation Form and answer any questions about
the instructions on the form. Then give the group 30 minutes to fill it out.

) . . .
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3. Oral Feedback Time: 20/30 minutes

Write on the flipchart a two column divided space as follows:

Workshop Strzngths Constructive Suggestions
for Improvement

Ask the group to volunteer comments on both sides of the question. Record
the comments as they are given. At each comment, it is good to verify the
comment with others in the group to see if the comment is shared by others or
is only one person's opinion. It is particularly important that the trainer not
act defensively and spend a lot of time explaining weaknesses. This will ority
serve to discourage constructive feedback.

4. Closure

When the group has discussed its feedback sufficiently, close the session by
acknowledging all of the good ideas and feedback.

Since this is the end of the workshop, some formal closing would be appropriate.

Do whatever is appropriate locally to close the workshop. Be sure to thank the
trainees for their hard work and to express your appreciation.

MATERIALS
Handout:

19-1: Evaluation Form—Spring Capping
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HANDOUT 19-1, P. 1
EVALUATION FORM-SPRING CAPPING
(Please do not sign your name)
Goal Attainment: Please circle the appropriate number to indicate
the degree to which the workshop goals have been achieved.
At the end of this workshop trainees will be able to:
® Identify resources necessary to complete a village spring
capping project.
1 2 3 4 5
Low High
® Communicate with village leaders and promote activities needed
for project implementation.
1 2 3 4 5
Low High
° Identify and apply strategies for involving the community in
spring capping activities.
1 2 3 4 5
Low High
) Survey and evaluate sites for potential spring capping.
1 2 3 4 5
Low High
o Communicate and apply relevant theories about water and its
relationship to envirorment and health.
1 2 3 4 5
Low High
° Develop and implement work plans and logistics necessary for
project start-up.
1 2 3 4 5
Low High
® Coordin:.te and supervise work force and delivery of materials.
1 2 3 4 5
Low High
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°® Design and build a retaining wall for capping springs.
1 2 3 4 5
Low High
® Describe three alternative spring capping systems: the spring

box, seepage collection and storage tank systems.

1 2 3 4 5
Low High
® Use, maintain, troubleshoot, and repair retaining wall spring

capping system.

1 2 3 4 5
Low High
® Identify strategies for solving the most common problems which

develop while building spring capping retaining walls.

1 2 3 4 5
Low High
® Evaluate the spring capping project and document and record
information gathered for future use.
1 2 3 4 5
Low High
® Develop action plans for implementing spring capping projects

in their regular work environments.

1 2 3 4 5
Low High
Workshop Feedback and Learning: Please answer the following

questions as fully as possible so that the trainers can learn how
effective the workshop methodology was.

What have been the most positive +things about this workshop?
Comments:

What have been the most negative things about this workshop?
Comments:
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What one thing stands out as important to you in this workshop?
Comments:

What things have you learned that you did not know before?
Comments:

Workshop Organization and Training

What comments do you have about the way the workshop was planned and
organized?

What comments do you have about the amount of time spent in the
classroom compared to the amount of time spent in the field?

Yhat can be done in the future to improve a workshop like this?

What specific steps in developing a spring capping project do you
feel you will need to learn more about in order to successfully
promote and develop such a project in the future?

What comments do you have about the trainers?
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SESSION 20:

SYNOPSIS

MID-POINT WORKSHOP EVALUATION AND REVIEW

(Optional)
Total Time: 75 minutes
FLIPCHART
PROCEDURES TIME HANDOUTS MATERIALS
1. Introduction 5 min. Session Objectives
2. Group Review 15 min.
3. Individual Task 15 min, 19-1: Evaluation
Form
4. Break 15 min., Eveluation Results
5. Group Discussion 20 min.
6. Closure 5 min,
L 1 opuy : ) "
Previocus Pages Elonk
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SESSION 20: Mid-Point Workshop Evaluation and Review

Optional Session

Total Time: 90 minutes

OBJECTIVES
By the end of this session, the participants will have:
® Reviewed the session objectives from the sessions completed
e Filled out the workshop evaluation

e Discussed problems encountered during the first half of the workshop and
made suggestions on how they can be resolved

OVERVIEW

The mid-point evaluation has two purposes. The first is to give participants an
opportunity to review what they have learned to date in the workshop. The
second is to give trainers information about how the participants are reacting
to the workshep. The questionnaire, which participants fill out anonymously,
should indicate if any modificaticns need to be made by the trainers during the
second half of the workshop. For example, if a sufficient number of participants
feel uncertain about topies or skills covered in a specific session, an evening
review session could be planned.

Individuals should be encouraged to approach the trainers about any area of
confusion.

(Note to Trainer: In this course the trainer can choose from two types of mid-
course review. This session is the more comprehensive, covering an evaluation
form and requiring one hour and fifteen minutes to complete. The other
alternative is located in Session 8: Constructing the Foundation, Procedure 6,
Checking for Skill-Level Progress. This alternative method for mid-coursc review
uses the task analyses as a way of looking at skill development progress and
requires only 30 minutes. The trainer could use one or both methods of mid-
course review. However, it is important that some type of mid-course check
be conducted.)

PROCEDURES

1. Introduction Time: 5 minutes

Introduce the mid-point evaluation by explaining to participants that this is an
opportunity to review what we have accomplished in the workshop so far, to
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identify any information that needs to be clarified or skills that need further
practice, and to find out in general how participants are feeling ahout the
workshop.

2. Large Group Review Time: 15 minutes

Post the session objectives from all past sessions and briefly review for
participants the major activities covered in each session. Make reference to
the project cycle chart and where each session fits.

3. Individual Task: Mid-Point Evaluation Form Time: 15 minutes

Pass out the Mid-Point Evaluation Form to all participants and ask them to fill
it out. Encourage honest respcenses. Tell them not to write their names on the
form. Give them 15 minutes ic complete it.

4. Break Time: 15 minutes

As the participants finish the evaluation and during a break, do a quick compilation
of the answers and write them on flipchart paper under the following headings:

® Major areas of successful learning

® Sessions or learning objectives where there are problems
e General problems with workshop

e Ideas for imprcvement

5. Large Group Discussion: Evaluation Results Time: 20 minutes

Go over the compilation of the evaluation responses with the participants
clarifying the responses when necessary. Make some general observations about
the responses, i.e., "It seems that most of you found Sessior 7 to be particularly
useful and at least half of you .4 not see Session 4 as being applicable to your
work." Lead a discussion by asking the following questions:

e What do the evaluation responses say about how we¢ should proceed?

® Who agrees/disagrees with the ideas for resolution of workshop
problems? Why? What alternatives do we have? -

The discussion should end with agreements between trainers and participants
about any modifications that need to be made in the next half of the workshop.
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6. Closure Time: 5 minutes
Encourage participants to continue to voice their ideas and reactions to the

workshop. Invite individuals who feel a need to clarify a particular topic covered
or to follow up a session in any way, to see the trainers.

MATERIALS
Flipcharts for:

Session objectives
Compiling evaluation results

Handout:

19-1: Mid-Point Evaluation Form—Spring Capping
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1. INTRODUCTION TO THE SUPPLEMENT

1.1 Needs Addressed by the Training Supplement

The purpose of this training supplement 1is to adapt the basic
workshop on spring retaining walls to tne alternative spring box
design. With this supplement the trainer can adapt the basic
training guide on a session-by-session basis, to training in spring
box systems. Although most of the adaptations are included in this
supplement, trainers may need to make some additional modifications
to the basic design.

1.2 Overall Goals

The overall training goals of the supplement are the same as in the
basic workshop, but the training is directed specifically at the
spring box system.

The spring box system differs in several respects from the retaining
wall system. The box system is more difficult to build, but can be
inspected and cleaned more easily than the wall system. The box
system, which c¢an alsc be used as a holding tank to help satisfy
peak water demands, should be used when a village chooses to upgrade
an existing retaining wall system, or if the village survey shows
that a box 1is a feasible alternative.

1.3 Trainers

The same two-tralner approach used in the basic workshop 1is
suggested for this supplement.

1.4 Approach to Training with this Supplement

This supplement can be used in conjunction with the basic workshop
in two ways. First, the basic workshop can he modified to teach the
spring box design 1lnstead of the retaining wall design. Such a
modification may be required if the village survey indicates that a
spring box would be a more appropriate technology than the retaining

wall design. Second, this supplement cari be used to expand the
basic 12-day workshop by adding 6 days of training in spring box
construction. This use, however, wduld require significant

modification of the basic workshop design, which goes beyond the
adaptations included in this supplement. ‘

1.5 Organization of the Supplement

The supplement 1is organized as a series of notes for each session
that explain to the trainer the specific changes required for
teaching the spring hox design. New handouts are provided where
necessary. They are identified with the letter '"S" {following the
handout numbers {(e.g. Handout 5-2/8S 1is for the supplement and
replaces regular Handout' 5-2). All new handouts are included here
at the end of the supplement.
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1.6 Workshop Content and Methodology

The general content and methodology of the workshop for spring box
training is the same as that outlined in the basic workshop.

1.7 Planning for the Tr-‘uirg Program

Planning for training 1in th:s spring box system is the same ns
outlined in the basic workshopn, except that more materials are
likely to be needed.

Revise the quantities shown in the basic workshop as follows for a
spring box.

Cement Clll....l.ll..l...'l'l 15 tO 20 SaCkS, 50 kg eaCh
Reinforcing Bar...:ceeesee.. 20 m 6 mm steel reinforcing bar

Sand.....ccccivrveevessesss 1.5 to 2 cubic meters

Broken stone (1 ¢m diam)... 1.5 to 2 cubic meters

Pipe and appurtenances..... 50 mm diam. galvanized iron pipe
- 1 m threaded one end (intake
pipe)
= 0.7 m threaded one end (drain
pipe)

- 0.5 m plain ends (outlet pipe)

- Intake screen with flanged
connections

- Plug for drain pipe

Adapting the Session Sequence. In Section 1.7.6. of the bhasic
workshop, there are suggestions ‘for adapting the session sequence
for participants with particular Job responsibilities. Spring box
training can be adapted in the same way, after making the
modifications to each session as described in the supplement.

1.8 Task Analysis

The task anslysis for spring boxes is similar to that presented in
the basic workshop for retaining walls.

1.9 Workshop Schedule

The 1length of each session for spring box training should be
essentially the same as the length shown in the basic workshop.
Sessions 6 to 9 may require one or two additionai hours each to
provide for handling the greater amount of stone, mortar, and
concrete inherent in the spring box design.
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SUPPLEMENTS TO THE TRAINING SESSIONS

SESSION 1: INTRODUCTION TO SPRING DEVELOPMENT WORKSHOP

No changes in procedures.

NEW HANDOUTS

Handout 1-1/S: Overall Course Goals
Handout 1-2/S: Schedule of Activities

SESSION 2: INTRODUCTION TO SPRING DEVELOPMENT

No changes in procedures or handouts.

SESSION 3: SKILLS ASSESSMENT FOR SPRING DEVELOPMENT

TECHNOLOGTES

No changes in procedures or handouts.

SESSION 4: VILLAGE SURVEY METHODS AND DATA COLLECTION FCR

SPRING SITE SELECTION

Changes in Procedures: Expand the 10-minute lecturette/discus-

gsion in Step 2 to 15 minutes by adding the following material.

6. How do retaining wall and spring box systems differ, and what

are their advantages and disadvantages?

The spring box differs from the retaining wall in the following
respects:

In the retaining wall system the groundwater source (spring)
is connected directly to the outlet pipe from which the
water is taken.

The spring box includes a retaining wall, but it adds a
small tank (the hox) between the groundwater source and the
outlet pipe. The spring water flows from the ground into
the box, then out the box through the outlet pipe.

The spring box creates a tank in which a volume of spring
flow is stored and in which some soil washed from the spring
can settle.

The spring box has the following advantages over the retaining
wall:

It stores some spring flow, acting as a small reservoir.
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® It allows sedimentation to occur ahead of the pipe, thus
providing clearer water.

® The box is readily accessible for maintenance.

NEW HANDOUTS

HANDOUT 4-1/S: Lecturette Notes: Spring Site Selection

SESSION 5: PREPARATION FOR SPRING DEVELOPMENT CONSTRUCTION
ACTIVITTES

New Overview

Learning how to implement a spring development project is
best accomplished by working on an actual project.
Therefore, this course involves working on a spring capping
training project, of which the construction stages will
begin tomorrow. This session is intended to: 1) familiarize
the participants with the spring project selected for this
training; and 2) involve the participants in the appropriate
planning and design steps necessary before -onstruction
begins.

The trainees will visit the project site and participate in
the pre-construction planning activities such as 1)
estimating and completing a preliminary design of the spring
box, 2) choosing the proper location of the structure and 3)
planning for other resources and improvements that are
included in this project.

Changes in Procedures: Steps not listed here remain unchanged.

Group Familiarization with this Project:
Substitute the following:

If the participants have visited the spring that will be
developed in this training project, ask them to describe the
spring as they remember it. Using a flipchart explain that the
decision has been made to improve this spring in the following
ways:

e Construct a spring box to capture the spring flow for
convenient usage.

® Protect the spring from contamination.

® Place a pipe which will allow for convenient water collection
in carrying vessels.
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e Construct a concrete box cover to protect the spring from
contamination.

Using a flipchart, explain the criteria that were used to make
the decisions about the spring improvements.

® The spring structure should not be too difficult to build.

e The structure should be constructed of 1locally available
materials.

@ A lubor force with the necessary skills should be available
locally.

® The structure should adequately handle the flow of the spring
all year round.

® The improved spring should benefit users.

e The structure should not be too expensive; the community
should be able to afford it.

e The community should be in agreement with the plans.

Distribute Handout 5-1: Photographs of Stages of Spring
Development

Distribute Handout 5~-2/S: Spring Box Structure I. Explain the
drawing. In addition, distribute (or draw on a flipchart) a map
of the spring site, pointing out key features.

Introduction of Planning Steps: Change the word retaining wall
to spring box.

Lecturette/Discussion on Spring Box Designs: Substitute the
following material for Step o.

Ask the group to refer to Handout 5-2/S showing a drawing of a
spring box and its foundation. Check to see if they understand
eacn part of the structure.

Explain the basic dimensions for the foundation and spring box.
Define the three terms: height, length, and width. Explain that
the foundation is aiso slightly longer and wider all around to
support the retaining wall and box and simplify construction.

Explain the following considerations in establishing the volume
of the box.
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© For access in cleaning, the box must have minimum dimensions
of 80 cm x 80 cm and 80 cm high.

® The box can be larger if more storage volume is required.

Distribute Handout 5-3/S: Spring Box Structure I1I

Explain to the participants that you are now going to give them
a minimum dimension for a spring box. This 1is the smallest
structure that you would ever design. It could handle average
flow rates from 50 to 100 liters-per-minute.

- Given this flow rate, the minimum dimensions to use for the
~gpring box foundation would be 15 to 20 em high, 210 c¢m long and
170 cm wide. Have everyone approximate these dimensions.

The 6 mm steel reinforcement rods should be placed as shown in
Handout 5-4/S: Reinforcement for Spring Box Foundation and
Cover.

The discussion in Step 5 on construction materials, splash pads,
and pipes should be included. Point out that pipes should be
located as shown in Handout 5-2/8.

Preparation for Field Work: The preparation outlined in the

basic workshop is the same for the spring box training, with the
following exceptions:

Field Activity No. 1: DEEEEEEEE_EBE_EQEEEEEEEB_EBE_EEEE
Structure -

The trainer should divide the group into four smaller teams.
Ask two of the teams to find answers to these questions (put the
questions on a flipchart):

® Where is the impermeable layer?

® How deep should the foundation be?

® VWhere should the foundation be placed?

© What dimensions should the foundation have?

Assign two other teams these questions:

® Where is the best point to capture the spring? .

® At what height will the outlet pass through the wall?

e Where should the wall be?

e Will there be room under the outlet for a collection vessel?
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Group Discussion on Planning for Tools and Materials: This step

is the same as in the basic workshop except for a few changes in
Handout 5-6/S: Quantities of Materials Required for an Average
S1ze Spring Box.

NEW HAND:«:UTS

Handout 5-2/S: 3pring Box Structure I

Handout 5-3/S: Spring Box Structure II

Handout 5-4/8: Reinforcement for Spring Box Foundation and
Cover

Handout 5-6/S: Quantities of Materials Required for an
Average Sized Spring Box Structure

SESSION 6: LAYOUT AND EXCAVATION

No changes in preocedures.

This layout and excavation session does not change, because the
spring box 1s constructed as a foundation and retaining wall
first; then a box is added on the spring outlet end. The size
of the excavation is slightly larger for the spring box, so a
full day session should be expzcted.

NEW HANDOUTS

Handout 6-1/S: Drainage Canals

SESSION 7: FORM BUILDING AND REINFORCEMENT

Changes in Procedures: The key changes in the procedures are
as follows: ‘

® More intricate and larger forms for the spring box foundation
must be constructed.

e Forms for a cover for the spring box, instead of a laundry
pad, are constructed.

Changes in specific field work procedures are noted below;
otherwise the session remains unchanged.

3. Lecturette on Layout and Setting up FOIEE_EQI_EEE
Foundation

This step is the same as in the basic workshop except for
Handout 7-1/S: Wooden Forms for Spring Box Foundation.

4. Preparation for Field Work

Prepare the trainees for the day's field work. Explain that
two forms will be constructed: 1) the foundation for the
spring box along with a splash pad for the outlet pipe and 2)
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the cover for the spring box.

Today the participants will do the layout and build the
forms; tomorrow they will mix and pour the concrete.

The trainees will be assigned to two work groups for the
field work. Zach work group should develop a work plan for
its structure and divide the work accordingly.

The foundation and cover for the box and the splash pad will
be necessary for the spring improvement. These three
different structures will provide the workshop participants
with ample practice experience to build their skills.

Field Activity No. 1: The trainees will prepare a solid
impermeable location for the foundation. Two of the work
groups will prepare the spring box foundation area and the
other two groups will prepare the area on which to cast the
box cover.

Field Activity No. 2: The work groups will decide where to
put the structures, sizing them to adequate height, length,
and width.

Field Activity No. 3: The work groups will build the forms
for their structure.

Field Activity No. 4: The work groups will place the
appropriate reinforcement materials for their concrete
structure.

Assign the work teams. Explain that today the field
activities will center around the layout and form building
for two structures: the foundation for the spring box wall
and the box cover itself. The activities will be occurring
simultaneously; two of the work groups will work on one
structure and two on another.

5. Field Work Time: 4 hours

Field Activity No. 1: Preparing a Solid Impermeable Layer
for the Foundation and Preparing a Work Area to Bulld the
Cover

Have two of the work groups prepare the foundation area for
the spring wall and the other two prepare the area on which
to build the cover.

Foundation Work Groups

Refer the groups that will work on the foundation to the
dimensions of their structure. Guide them through the
necessary steps -- finding an impermeable layer and leveling
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gso the weight can be evenly distributed. Also help them
determine the depth to which they should dig.

Explain that they should make a reasonable attempt to reach
an impermeable/stable layer; however, go down. no more than 1
meter. If no solid layer is reached, create a solid one by
adding a layer of broken stone and gravel.

Cover Work Groups

Refer the groups that will work on casting the concrete box
cover to Handouts 5-2/S, 5-3/S and 5-4/S: Spring Box
Structure I and IT and Reinforcement for Spring Box
Foundation and Cover which show the cover dimensions and
reinforcing. (1f a large enough piece of slate is available,
a slate cover is a good alternative to a concrete cover.)
The objective in preparing the work area for the cover is to
make a stable, level, and smooth surface in a location that
is not in a heavily travelled area. The location should be
close to the tank, because the cover will be heavy. The form
for the cover will be built on the work surface. In later
sessions, the concrete will be placed and cured. After the
concrete has cured for two weeks, the forms will be removed
and the cover will be lifted and placed on the top of the
spring box.

Explain that the groups should prepare the ground surface for
casting the cover. The finished ground surface should be
covered with sheet plastic, heavy paper, or wood so the
concrete is not poured directly on the soil.

After the groups have completed their respective tasks, have
all participants view and discuss each project. Ask a member
from each work group to explain and report on iis work.

Field Activity No. 2: Locating and Sizing the Forms:

Ask each of the two project groups to determine the depth and
other dimensions of their structures. The group working on
the spring box structure should refer to the decisions they
made during the planning session, or during the workshop
lecturette. The group on the box cover should determimre the
cover dimensions from Handout 3-5/S. The cover must
obviously fit the spring box and any adjustments in the
dimensions should be coordinated among the zroups.

Explain and demonstrate how to figure out what the depth of
the box should be. Three factors must be taken 1into
consideration: how much support the walls will require, how
far into the ground one must excavate to get a proper footing
into the impermeable layer, and how high the foundation must
be in relationship to the water.

Explain and demonstrate that the height or top of the
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foundation should be 15 to 20 cm below the excavated spring
level. S

Explain and demonstrate how the foundation islkeYed into the
ground by support from the undisturbed earth sides of the
excavation.

In climates without freezing conditions, and where stable
soil rock is encountered, the following general guide can be
used for small spring retaining walls.

Total

Height Thickness of Depth of

of Wall(m) Wall(cm) Foundation(cm)
0.5 ' 30 20

0.5 to 1.0 45 - 25

1.0 to 1.5 60 30 -

Refer to Handout 5-3/S for a picturé showing th64 ﬁa11
dimensions. : i

NEW HANDOUTS

Handout 7-1/8: Wooden Forms for Spring Box Foundation
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SESSION 8: CONSTRUCTING THE FGUNDATION

No changes in procedures or handouts.

SESSION 9: INSTALLATION OF SPRING BOX WALLS AND PIPE

Changes in Procedures: Generally the procedures are the same as
in the basic workshop. The constructinon Ls performed by
building a retaining wall with a box wall structure in front
as shown in Handout 5-3/S. Specific changes are identified
below.

2. Lecturette/Discussion on Buildlng Spring Box Walls and
Associated Piping

This lecturette/discussion 1is the same, except that the
service pipe locations are as follow:

Follow these steps in laying the service pipes:

e Lay the "plugged" pipz at the lowest level possible in the
box wall so it can be opened to drain the box.

@ The diameter(s) of the service pipe(s) and intake screen
must be adequate to carry the spring flow. This can be
determined by referring to the table in Handout 9-1/S:
Lecturette Notes: Building Spring Box Walls.

e If pipe must be ordered in advance, measur< the spring
flow and use the table in Handout 92-1/S to determine the
number and diameter(s) of service pipe(s) required.

e The intake and outlet pipes should be placed just at or
below the level of the iowest annual point of emergence of
the spring.

® The outlet pipes should extend far enough out of the box
to permit convenient collection of water into a vessel,
without being long enough to risk damage from hanging
buckets or children hanging or swinging on the pipe(s).
Stresses like these could cause the pipe to break out of
the wall. All pipes should tilt slightly downward so that
the downstream end is lower than the upstream.

3. Field Activity No 3: Building Spring Box Walls

Begin building the spring box walls. Have the group 1lnspect
the rocks to make certain they are clean. Demonstrate how to
position the rocks (they must be wet) and apply the mortar
around themn. Show how rocks are positiononed to best resist
the pressure from the water. Have one group select and wet
the rocks, while another positions the rocks and applies the
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mortar. Rotate the teams working on the retaining wall and
box portions frequently enough for everyone to get practice.

Stop the spring box construction at the appropriate time for
laying the service pipes. Demonstrate or have a work team
demonstrate how the pipes should be laid, covering all the
points included in the lecturette. Demonstrate hov to seal
the pipe through the wall to the mortar mixture by lightly
roughening the pipe surface sc the mortar can adhere to the
pipe tightly.

Have the group determine how high the wall sh . - be, using
the dirzctions from the lecturette.

If the structure is not finished when the field work time is
up, have the group return to the workshop and allow the labor
force to complete the structure.

NEW HANDOUTS

Handout 9-1/S: Lecturette Notes: Building Spring Box Walls

SESSION 10: COMMUNITY SELECTION AND DECISION-MAKING
No changes in procedures or handouts.

SESSION 11: COMMUNITY INVOLVEMENT; ORGANIZING THE COMMUITY
TO PARTICIPATE

No changes in procedures or handouts.

SESSION 12: OPERATION, MAINTENANCE AND REPAIR

Changes in Procedures: All the material in the basic workshop
for retaining walls applies to spring boxes. However, spring
hoxes have certain additional maintenance requirements.
Therefore, add to the Lecturette on Maintenance Procedures in
Step 4 the following discussion.
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Additional Maintenance Requirements for Spring Boxes

In addition to the maintenance requirements listed for
retaining walls there are special requirements for spring
boxes, as follows:

Check the cover daily to make sure it has not been dis)odged.
Ideally the cover should be locked.

1f the cover has been moved, check the interior of the box
for contamination.

Check the interior of the box at least weekly.

1f sediment has accumulated to a significant depth in the
box, drain the box and remove the sediment.

Disinfect the box after each cleaning.
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SESSION 13: EDUCATION FOR SPRING USERS

No changes in procedures or handouts.

SESSION 14: SPRING SITE COMPLETION

Changes in Procedures: Add to the Lecturette on Spring Cap
Ciosure Activities 1in Step 2 a short description of the
procedure for mounting the cover on the spring box.

The cover should not be moved for at least two weeks: therefore,
it must be mounted by the local laborers after the workshop. 1If
a slate cover is used, it can be mounted on the tank during the
workshop.

After two weeks, the forms for the cover should be carefully
removed. the cover will weigh about 250-kg, so four able-bodied
people will be needed to 1ift it. Lifting and moving must be
done with extreme care to avoid unusual stress on the cover,
which could break it.

No changes in handouts.

SESSION 15: PLANNING FOR SPRING CAPPING PROJECTS

No changes in procedures or handouts.

SESSION 16: EVALUATING THE DEMONSTRATION SPRING CAPPING
PROJECT

No changes in procedures or handouts

SESSION 17: ALTERNATIVE SPRING DEVELOPMENT TECHNOLOGIES

Changes in Procedures: This secsion will have to be modified to
include those technologies that the trainees have not worked on
during the workshop. The trainers will have to include
information on retaining wall systems found in the basic
workshop and delete the information on spring box systems.

No changes in handouts.

SESSION 18: PLANNING FOR YOUR FIRST SPRING CAPPING PROJECT

No changes 1n procedures or handouts.

SESSION 19: WORKSHOP EVALUATION

No changes in procedures.
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NEW HANDOUTS

If the spring box workshop 1is conducted in place of the

retaining wall workshop, use Handout 19-1/S: Evaluation Form --
Spring Box Workshop.

SESSION 20: MID-POINT WORKSHOP EVALUATION AND REVIEW

No changes in procedures or handouts.
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Handout 1-1/8

OVERALL COURSE GOALS

At. the end of this workshop, trainees will be able to ~-

Identify resources necessary to complete a village spring
capping project.

Communicate with village leaders and promote activities needed
for project implementation.

Identify and apply strategies for involving the community in
spring capping activities.

Survey and evaluate sites for potential spring capping.

Communicate and apply relevant theories about water and its
relationship to environment and health.

Develop and implement work plang and logistics necessary for
project start up.

C Lrdinate and supervise the work force and delivery of
materials.

Design and build a spring box for capping springs.

Describe two alternative spring capping systems: seepage
collection and storage tank systems.

Operate, maintain, troubleshcot, and repair spring box spring
capping systems.

Identify strategies for solving the most common problems which
develop while building spring bozxes.

Evaluate a spring capping project and document and record
information gathered for future use.

Develop action plans for implementing spring capping projects 1i-
their regular work environment.

] vy O S
Poevicous Puge Elauk
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SCHEDULE OF ACTIVITIES

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6
@ Workshop ® Skills Assessment o FPreparation Construction
Introduction for Spring for Activities
Development Constructicn
Technologies Activities ® Layout and @ Form Building e Constructing
Excavation and the
Reinforcement Foundation
e Introduction e Survey
to Spring Methods and
Development Data
Collection
Day 7 Day 8 Day 9 Day 10 Day 11 Day 12
e Installation ¢ Community @ Operation, ® Spring Site e Project e Planning

of Spring
Box System

Selection and
Decision Making

Community
Involvement:
Organizing the
Community to
Participate

Maintenance
and Repair

e Health
Education
for Spring
Users

Completien

Evaluation

© Planning for e Alternative

Spring
Capping
Projects

Spring
Development
Technologies

Your First
Spring Capping
Project

e Workshop
Evaluation

® Closure
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Handout 4-1/8, p.1
Lecturette Notes: Spring Site Selection

Review the five criteria used for selecting or evaluating a spring
for possible spring capping.

1.

Is the flow adequate? The spring has an adequate flow if it can
provide enough water for at least the daily drinking water needs
of the user group or village. Steps for determining this are to
measure the flow of the spriag to arrive at the total volume
produced in 8 to 12 hours and divide this by the number of
people to be served by the spring. By measuring the flow you
obtain the number of liters available for use per person per
day. Then compare this amount to the minimum standard of 15

liters per person per day to determine if the spring flow is
adequate or not.

Is the spring flow reliable? A spring flow is reliable only if
it has been constant and adequate through both we and dry
seasons for many years.

Is the water safe to drink? Remember that spring water is often
the best quality nature has to offer. It is continuously
flowirg from a source underground which has been purified by
slowly filtering through and layers of s92il many meters deep.
However, it must be uncontaminated by pit latrines and other
sources of human waste, livestock, flish ponds, food processing
(for example cassava soaking and fermentatior), bathing,
washing, surface water runoff, and flooding.

Is the water convenient and accessible to the users? A spring
should be as close to the users as possible to minimize the
daily work required to collect and haul water. Difficult and
hazardous crossings should be avoided. (For example, roads or
log bridges or infested waters.)

Is the spring site technically feasible...can the spring be
capped?

In determining if a spring is technically feasible for capping,
there are several factors to be considered:

e A spring should have an adequate slope for proper drainage.

e It should have protection from flooding and diversion of
watershed runoff.

@ The slope should be steep enough so that a collection vessel
c~n be placed underneath the discharge pipe.

e Labor and materials such as gravel, rock, sand, and clay
should be locally available.
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Handout 4-1/S, p.2

There should be a solid footing on impermeable ground for the
structure.

6. Spring Capping Technique

Review the differences and advantages ot using a spring box system,
as opposed to a retaining wall:

The retaining wall system provides a direct connection
between the grnundwater source (spring) and the outlet pipe
from which water is taken.

The spring box includes a retaining wall, but it adds a small
tank (the box) between the groundwater source and the outlet
pipe. Spring water flows from the grouad into the box, then
out the box through the outlet pipe.

The spring box creates a tank in which a volume of spring
flow is stored and in which some settling of soil washed Trom
the spring can settle.

The spring box has the following advantages over a retaining
wall:

o It stores some spring flow, acting as a small
reservoir.

e It allows sedimentation to occur ahead of the pipe,
thus providing cleaner water.

® The box is readily accessible for maintenance.
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Handout 5-2/8

SPRING BOX STRUCTURE I

— Impervious Soil

Intake Pipe ' emovable
and Screen-— Cover

Outlet
Pipe

~ Groundwater

Stratum Impervious

Stratum
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Handout 5-3/8
SPRING BOX STRUCTURE II

Cover

Spring Box —

——Drain Pipe
with Plug

- —— Splash Pad

P
Previous Page Liank
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Handout' 5-4/8

REINFORCEMENT FOR SPRING BOX
FOUNDATION AND COVER

-g-

- Form

FOUNDATION ‘ &
: £ & wn?® Lics

@mmd?@lécm 1>

E_‘é vvwv\(be (Zrem
-
b <G—— Form
émm‘* e\ Gemttomi=al i
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COVER
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Handout 5-6/8 p.1

QUANTITIES OF MATERIALS REQUIRED FOR AN

AVERAGE SIZED SPRING BOX STRUCTURE

Supplies

Cement

Sand, clean (uniform)

Broken stone (1 cm diameter)

Rock, clean
Reinforcement rods (rebar)

Wrapping wire

Pipe and appurtenances

Intake screen with flanged
connections

Plug for drain pipe

Plastic

Chlorine bleach
Sturdy rope or cord

Clay

Wood for forms and
mixing board

15-20 sacks, 50 kg, top grade,
dry and powdery

1.5-2 cubic meters
1.5-2 cubic meters
1-3 cubic meters

20 m, 6 mm diameter

5-10 meters of 3 or 5 mm flexible
wrapping wire

50 mm diameter galvanized iron
pipe
-1 m threaded one end (intake
pipe)
~-0.7 m threaded one end (drain
pipe)
-0.5 m plain ends (outlet pipe)

1 roll of thick plastic sheeting,

1 m wide x 5 m long

2 gal. or 10 liters

1 roll 1-2 cm

Locate a source for good quality
clay as close to the site as
possible.

Locally available lumber

Previcua Pays Blank
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Handout 5-6/S p.2

1-2 masons

3-5 laborers
Tools

2 spades for digging

1 rake

trowels (1 for every 2 partidipantss

3 wooden paddles

1 pick axe

1 crowbar

2 saws for cutting forms

1 hacksaw or wire snipper

2 hammers

2 boxes of flat headed nails for building forms

4 plastic buckets of known volume

1-2 wheelbarrows

1-2 measuring tapes

1 sifting screen

1 tamper/compactor

gloves
The above suggested list is, 6f course, based on estimates and will
certainly vary depending upon the size of the spring box required.

These items are usually necessary. However, they may not be readily
available. Alternative materials may be substituted if necessary.
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Handout 6-1/8

. DRAINAGE CANALS
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Handout 7-1 /S

WOODEN FORMS FOR SPRING BOX FOUNDATION




Handout 9-1/S p.1

LECTURETTE NOTES: BUILDING SPRING BOX WALLS

Rock and mortar wall construction may begin on the day following the
foundation construction. The clay dam continues to pool and divert
the spring flow so that it will not disturb the construction. The
height(s) of the service plpes must be established so that flow from
the spring will be continual during both the dry and wet periods.
The pipe(s) must be firmly set in the rocks and mortar as the wall
is bullt. Remember that the wall being built must withstand water
pressure at 1ts weakest points —-- which are the bonds between the
rock and the mortar. Therefore, the wall must be made with strong,
dense materials which water will not penetrate, such as sound rock
and mortar. Here is a series of steps to complete the task.

o Mix strong batches of mortar using one portion of cement, two
portions of clean sand, and Just enough water to make it
workable, not too wet.

) Wet the rocks before placing and surrounding them with mortar in
order to achleve the best possible bond between the rocks and
mortar.

-} Lay the rocks so the wall will retain water. Select rocks to

lay side-by-side 1in the upstream row. Place these rocks into
the fresh mortar and filil the spaces between the rocks with
mortar. Select and lay the second (downstream) row sc that the

rocks are centered on the mortar space of the upstream row.

°® Place the next layer on top of the upstream row, centered on the
mortar spaces in the row below. Thus, a vertical mortar joint
does not continue to the next layer.

Follow these steps in laying the service pipes:

1. Lay the "plugged" pipe at the lowest 1level possible in the
spring box so it can be opened to drain the box.

2. The diameter(s) of the service pipe(s) must be adequate to carry
the spring flow. This can be determined by experimenting with
the diverted flow, and using the size guidelines below:

Maximum Spring Flow Pipe Diameter
up to 1.0 1ps 30 mm
1.1 to 3.0 1ps 50 mm
3.1 to 7.0 1lps 60 mm

Previcus Pugs Blenk
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Handout 9-1/S,p.2

The intake and outlet pipes should be placed at or below the
level of the lowest annual point of emergence of the spring.

The pipes should extend far enough o2ut of the box to permit
convenient collection of water into a vessel,; without being long
enough to risk damage from hanging buckets or children hanging
or swinging on the pipe(s). Stresses like these could cause the
pipe to break out of the wall. All pipes should tilt slightly
downward sc that the downstream end is lower than the upstream.

The retaining wall should be at 1l2ast 20 em higher than the
outlet pipes. The spring flow may increase during the wetter
seasons, thereby increasing the flow and pressure against the
box wall. If the box extends higher than 30 cm above the outlet
pipes, install an overflow pipe placed 20 cm above the outlet
pipe to discharge excess fiow and relieve the pressure.
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Handout 19-1/8S, p.1l.

Evaluatiorn Form - Spring Box Workshop

Goal Attainment: Please circle the appropriate number to

indicate the degree to which the workshop goals have been
achieved.

At the end of this workshop trainees will be able to:

e Identify resources necessary for a village spring capping
project.

1 2 3 4 5
Low High

® Communicate with village leaders and promote activities
needed for project implementation.

1 2 3 4 5
low High

e Identify and apply strategies for involving the community in
spring capping activities

1 2 3 4 5
Low High

°® Survey and evaluate sites for potential spring capping.

1 2 3 4 5
Low High

] Communicate and apply relevant theories about water and its
relationship to the environment.

1 2 S 4 5
Low High

e Develop and implement work plans and logistics necessgry for
project start-up.

1 2 3 4 5
Low High
® Coordinate and supervise the work force and delivery of

materials.

1 2 3 4 5
Low High
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Design and build a retaining wall for capping springs.\\

2 3 4 5
High

Design and build a spring box for capping springs.

2 3 4 5
' High

Operate, maintain, troubleshoot, and repair capped springs.

2 3 - 4 5
High

Understand the application of the spring box as opposed to
the retaining wall system.
2 3 4 5
High

Identify strategies for solving common problems which develop
throughout the spring capping preccess.

2 3 4 : 5
High

Evaluate a spring capping project and document and record the
information gathered for future use.

2 3 4 5
High

Develop action plans for implementing spring capping
projects.

2 3 4 5
High
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Workshop Feedback and Learning: Please answer the following’

questions as fully as possibly so that the trainers can learn
how effective the workshop methodology was.

What have been the most positive things about this workshop?
Comments:

What have been the most negative- things about this workshop?
Comments:

-

Was the additional spring box training as valuable as the
retaining wall training?

What things have you learned that you did not know before?
Comments:

Workshop Organization and Training

What comments do you have about the way the workshop was planned
and organized?

What comments do you have about the amount of time spent in the
classroom compared to the amount of time spent in the field?

What can be done in the future to improve a workshop like this?
What specific steps in developing a spring capping project do
you feel you will need t*to 1learn more about in order to
successfully promote and develop such a project in the future?

What comments do you have about the trainers?
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Evaluation Form - Spfing Box Workshop

Goal Attainment: Please circle the appropriate number to
indicate the degree to which the workshop goals have been
achieved.

At the end of this workshop trainees will be able to:

Low

Identify resources necessary for a village spring capping
project.

2 3 4 5
High

Communicate and facilitate village 1leadership activities
needed for project implementation

2 3 4 5
High

Identify and apply strategies for involving the community in
spring capping activities.

2 3 4 5
High

Identify and apply strategies for involving the community in
spring capping activities

2 3 4 5
High

Survey and evaluate sites for potential spring capping.

2 3 4 5
High

Communicate and apply relevant theories abcocut water and its
relationship to the environment.

2 3 4 5
High
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Develop and implement work plans and logistics necessary for
project start—up :

2 . 3 4 5
. High

Coordinate and supervise work force and delivery of
materials.

2 ) 3 4 5
High

Design and build a spring box for capping springs

2 3 4 5
High

Operate, maintain, troubleshoout, and repair capped springs.

2 3 4 5
High

Identify strategies for solving most common problems which
develop throughout spring capping process.

2 3 4 5
High

Evaluate a spring capping project and document and record
the information gathered for future use.

2 3 4 5
High

Develop and ﬁnplement action plans for 1integrating these
improvements into village life for longer term:environmental
impacts.

2 3 4 5
‘ High
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Workshop Feedback and Learning: Please answer the followirg

questions as fully as possible so that the trainers can learn
how effective the workshop methodology was.

What have been the most positive things about this workshop?
Comments:

What have been the most negative things about this workshop?
Comment«:

What one thing stands out as important to you in this workshop?
Comments:

What things have you learned that you did not know before?
Comments:

Workshop Organization and Training:

What comments do you have about the way the workshop was planned
and organized?

What comments do you have about the amount of time spent in the
classroom compared to the amount of time spent in the field?

What can be done in the future to improve a workshop like this?
What specific steps in developing a spring capping project do
you feel you will need to 1learn more about 1in order to
success?ully promote and develop such a project in the future?

What comments do you have about the trainers?
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Harndout 1-1

OVERALL WORKSHOP GOALS.

At the end of this workshop, trainees will be ablc to:

Identify resources necessary to'complete & village spring capping project.

Communicate wiih villege leaders and help them with activities needed
for project implementation.

Identify and apply strategies for involving the community in sbring capping
activiiies.

Survey and evaluate sites for potential spring capping.

Articulate and apply relevant theories about water and its relationship to
environment and health.

Develop and implement work plans and provide the logistical support
necessary for project start up.

Coordinate and supervise the work force and the delivery of materials.
Design and build a retaining wall for capping springs.

Describe three elternative spring capping systems: the spring box, seepage
coliection, and storage tank systems.

Use, maintain, troubleshoot, and repair retaining wall spring capping
systems.

Identify strategies for solving the most common problems which develop
throughout the development of spring capping retaining wall systems.

Evaluate a spring capping profect and document and record information
gathered for future use.

Develop action plans for implementing spring capping projects in their
regular work environments.



WORKSHOF SCHEDULE
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Retsaining Decision-Making Repair stration Spring Spring Capping
Wall and Capping Froject Project :
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® Community e Education ¢ Planning for 2 Alternative a Workshop
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Organizing the Users Capping Development
Community to Projects Technologies ;
Participate o Closure
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THREE TYPES OF SPRINGS

SLOPED SPRING-

Slope

‘Water Reaches Surface
. . n,.__%/l‘w . ‘

~—Water Table

FLAT SPRING

‘Water ‘Reaches Surface-

AN e

i

| i
Water Table

SEEP ‘SPRING

Water Reaches Surface
Tn Small Amounts



Handout 2-2, p. 1

THE WATER CYCLE IN NATURE

Each time it rains, rain falls on the earth, ir the rivers, in lakes and in oceans.
When rainwater falls on the earth, part of it stays on the surface and feeds
directly into sireams and rivers, but another ‘part penetrates the soil and little
by little arrives at what is called the water table. It often takes water a long
time to reach this water table, and during that time it becomes potable water
because it is filtered by the ecii. Rain felling on the soil must penetrate various
strata (sand. limestone, grave!, alay) which become more and more closely packed,
and which are very difficult for water to penetrate. In this way, the impurities
end micro-organisms found in the water are reiained by the soil, and the water
becomes cleaner and cleaner, Under the water table is found an impermeable
layer, of bed rocks or hard, clay-like soil, through which water cannot penetrate.
The depth of the water table varies from place to place and can be right at
the surface or as low as several hundred meters from the surface. The water in
the water table never stagnates; it always flows slowly downhill, towards valleys,
rivers and lakes, and finally reaches the ncean.

However, sometinies this water finds an outlet from the ground before arriving at
a river. When the water table meets the’ecarth's surface, one sees wet, soaked
soil, and this is called a spring. It is here that people often come to draw water.

Also, sometimes the water table never reaches the earth's surface, and it becomes
necessary to dig wells in order to gain access to water.

To review the water cycle, rain water falls on the earth. A part of this rain
water flows directly into rivers, lakes, and oceans, and another part penetrates
the soil and finally arrives at a body of water or at the surface of the earth.

Then the sun heats all the water on the earth's surface and some of it evaporates
into the air, to form clouds which at a later time will form rain, and the cycle
will continue.

How Does Water Become Contaminated?

In most cases, water in the water table (or groundwater) is clean and potable
and contains few organisms which cause illnesses. Often it is at the spring
where contamination originates. Here, leaves from trees, weeds, etc. can enter
the spring water. Rainwater flowing down hills can erter the spring, carrying
mud, filth from the surface, and even animal and human waste. Animals such
as goats end pigs may use the spring for drinking or even to bethe in and thus
may pollute it.

Also, people often draw water with unclean pots or buckets, and this too can
contaminate water. Sometimes spring water does not flow well and stagnates
with leaves and weeds carrying micro-organisms which have fallen into it. Algae
~-forms, too, and all multiply rapidly in this water. In addition, occasionally there
is nut enough slope for the water to flow clear of the spring outlet, so the
water continually re-enters the spring outlet and contaminates new water flowing
out.



Handout 2-2, p. 2

If there is a latrine near the spring, contamination is likely and dangerous. Many
microbes live in the excrement of human beings.

Water from a spring which is open and not well managed can easily be
contaminated in many ways. The question, then, is how can we protect a spring
from this potentially great contamination?



Svrings: Springs are points where water from an underground
sourcc 15 aple to seep to the surface. Flows are typically less

than 2 LPS, but some can be quite substantial, The flow of a spring
is governed by several factors: watershed collection area, percolatim
rate of water through the ground, thickness of ground above the
aquifer (ie- overburden), and the storage capacity of the soil.
Springs are scasonally varizble, tending to lag behind the seasonal
rainfall patterns {ie- springs can give normal flows well into the
dry seascn Lefore tapering off, and may rot resume full flow unt{}
after the rainy season is well under ~ay). Due to ground percolation
and filtration, most springs are quite frec of the pathonogenic
organisms that cause many health problems; however, some springs flow
through limestone or geclogic cracks and fissures fn the rocks. In
such cases, filtration effects are minimal, and the flow may still be
contaminated. Also, it is possible that the source is not a true
spring at all, but rather a stream that has gone underground for a
short distance and is re-emerging. Invectigation around the source
will reveal the type of spring it fs, Figure 2-1 shows the typical
yeology of a spri-a, showing the different levels of ground water
curing the dry - and rainy seasons,
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/ GROUND VEGETATION PREVENTS
/ QUICK QUN-OFF OF SURFACE

WATUR £ ALLOWS \WATER TO

SCEP INTD GROUND (INEILTRA-
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:,\fu !
. L]
4
FlﬂfdlA""G ) 5 .
LATER ( = WCT SEASON SOCING
#ROn Shaace) \PEL3 UD DURING CGY SEASON
o WHEN WATER TABLE SINKS
! LOWEQ THAN SPRING)
[} N
tXr
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— Vrsoan s \ 3% PCOMANENT SORING
g (eLos warea

‘-;:::;________~_ ALL YEAR ROUND?.

- .;N
1
7 7

{ WaTER CANNOT SZED DOWN THROUGH IMDERVIOUS LAYCERS
. SUCH AS QOCK, OR CLAY.)

/4
MPEQVIOUS LAvpn
/Y

HyororoG1c DiAGRAM OF SPRINGS

taken from: T.D. Jordan, Jr., Gravity-Flow Water Systems, UNICEF, Nepal
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ILLUSTRATIONS OF WAYS WATER IS CONTAMINATED
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PREPLANNING

Planning how to work
spring capping into
work load

identifying resources
needed for a villiage
spring capping
project

Design/conduct pre-
liminary studies to
determine which
villages to begin
with

Meet with and ex-
plain spring capping
to village leadership

Meet with local users
to find out their
concerns and issues
about their water
requirements

SPRING CAPYING PROJECT CYCLE

PLANNING & DESIGN

Determine maximum
springflow and type of
development required

Design/conduct sanitary
survey of village water
usage

Compile/analyze/recommend
appropriate sites

Present survey results to
leadership; facilitate
decision to proceed

Develop work plan for
construction

Orgaunize village labor
force

Plan for and obtain needed
materials and tools for
construction '

CONSTRUCTION

Layout/prepare
site, create
surface diversion

Excavation for
proper foundation
and spring capture

Design/construct
conccrete forms,
lay rocks and
mortar

Mix/pour concrete

Install struc-—-
ture(s)

Lay piping, com-—
plete connections,
finish off the
installation

Prepare and
implement spring
protection measures

OPERATION,
MAINTENANCE,
AND REPAIR

Select/train
guardians

Train users in
proper usage

Design/implement
necessary main-
tenance schedule

Explain sanita-
tion measures to
villagers

Be prepared to
solve any opera-
tional problems
that arise; repairs

Recommend appro-
priate measures for
making additional
improvements of
convenience

EVALUATION

Reflection on
project, note
what changes
should be made
before repeating
cycle with next
spring

Determine ways to
integrate spring
capping results
intec other commu-
nity health and
saaitation programs

Encourage village
to celebrate
completion

Identify future
work for improving
village water
resources
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Handout 2-4, p. 1

TASK ANALYSIS FOR FIELD WORKERS WHO MANAGE
SPRING CAPPING PROJECTS

PRE-PLANNING STAGE

1.

2.

3.

4,

9.

6.

Determine availability of outside resources which might be necessary
in a viilage spring capping project (i.e., materials—cement, sand,
gravel, tcols; funding—cash con‘ributions, loans, ete.; other spring
capping efforts in the region; technical expertise—technicians from
other types of projects, development agencies, etc.).

Assess current werk responsibilities and commitments and plan how
to incorporate spring capping project respensibilities into  this
existing work load.

Discuss and clerify job expectations with supervisor, setting up
communication and reporting procedures to be used throughout the
project.

Publicize availability of service to the region where you work..

Design and conduct preliminary studies of villages in the region,
setting up criteria to determine which village(s) weuld be appropriate
to begin a self-help spring capping project. Criteria might include
comparative degrees of need, interest, and comrmitment; technical
difficulty; village leadership capabilities; and socio-political
confliets.

Design, conduct, and document preliminary sanitary surveys to
determine the most likely village for the initial project. Data
should inelude: number of, location, and condition of springs; flows
during driest season; number of users; different uses; sources of
contamination; senitary practices and prevalent diseases.

Meet wit> and explain to village leaders just what spring capping
is, why it is needed in the villege, and how it will help the villagers.

Present to village leadzrs recommendations on how to proceed with
spring capping in the village as well as helping the leaders to arrive
at a decision whether to commit village resources to the project.

Meet with villagers to discuss current problems with springs and
seek their suggestions on what would improve the use of the spring
as a water source. Explain to villagers in ways they can understand
what spring capping is and how it would be beneficial.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Handout 2-4, p. 2

Involve women at all stages of projeet development as users and
decision makers,

Resolve the most common problemc che extension worker encounters
in utilizing a village to actually construct the capping facilities,
Among these problams are weak village leadership, political issues,
scarcity of labor, scarcity of materials, transport of materials, ete,

Interest people in water/health behavior and practices, realizing
that changing attitudes toward water use, environmental sanitation,
and personal hygiene is a long-term process,

PLANNING AND DESIGN STAGE

Disturb cpring and determine maximum flow, force, and type of
improvement required. Determinz rainy season flow conditions and
what impact they will have on the design.

Design and conduct a detailed sanitary survey, involving appropriate
members of the community in collecting information. Survey
specifiecs could include traditions, customs, historical usage,
reliability, collection time and volume, and sources of contamination.

Compile and analyze ‘all information (both socio-political and
technical) on possible sites, developing recommendations for which
site is the most appropriate.

Present survey results, specific site recommendations, and plans and
requirements fcr implementation to village leadershio.

Plan and supervise the preparation of constenetion activities with
the village mason and workforce.  Demonstrate leadership by
organizing the logistics and exploring alternatives for required
materials and other resources; e.g., quarntities, costs, and transport
of locally available materials, tools, cement, and pipes; and days
required and appropriate ser-duling of labor.

CONSTRUCTION STAGE

Il.ay out and prepare spring site for improvement. Create surface-
runoff diversion and drainage ditches.

Excavate te a level suitable for proper foundation (impermeable
layer) and spring capture.
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20.

21.

22.

23.

24.

25.

26.

27.

28.

25.

Handout 2-4, p. 3

Design and construct concrete forms including placement of
reinforcement where required. '

Select materials and properly mix, pour, and cure concrete spring
or storage structures.

Install structures; ~or:plete connections; lay gravel, piping, and water
seal materials (e.g., clay, plastic); and backfill and grade with
compacted soil.

Take measures to protect the spring and insure effective operation;
e.g., fencing, separation of uses, height of discharge pipe. Use
shallow rooted plantings and rocks for stabilization and erosion
control.

Solve problems which may arise; e.g., inadequate curing of concrete,
alteration of natural spring fiow, inability to reach impermeable
layer.

OPERATION, MAINTENANCE, AND REPAIRS

Help the users to select a responsible guardisn and assistants.
D-monstrate to the users and train the guardians in proper operation
and usage of the improved spring.

Develop and schedule appropriate maintenance procedures, e.g.
cleaning spring box, clearing diversion and drainage ditches, repairing
protective fencing.

Now that the villagers have put their time and effort towards
cleaner spring water, make it clear that in order to realize the fuil
benefits of their investment they must practice proper hygicne and
sanitation. Demonstrate rinsing of containers and proper household
storage, and avoiding possible sources of contamination.

Determine if a malfunctioning cpring should be repaired, replaced,
or abandoned. Recognize and be able to solve common problems
which develop, e.g., undermining of foundation by spring flow, poor
settling, unsanitary usege.

Discuss with the spring users ways to incorporate additional
improvements in convenience or more effective water usage (e.g.,
clothes washing pads below spring discharge, use of drainage water
for crops, constructior: of storage isznk and transmission line),

- 12 -
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30.

31.

32.

33.

34.

Handout 2-4, p. 4

EVALUATION STAGE

After the initial spring capping project is completed, the extension
worker will need to reflect on how the project progressed, what
worked and what didn't, and what should be done differently the
next time.

Integrate water improvement project into other village health and
sanitation activities (i.e., health education programs, sanitation
improvement efforts, disease control, ete.).

Encourage the viliage to celebrate and feel proud of the completion
of the spring capping effort,

Schedule: periodic visits to return to the spring to see how the
cappiirg is working.

Identify what future spring capping activities would be appropriate
for this village Develop means for infrastructural support. Present
needs and results to authorities.

1 - must be done
2 - should be done
3 - could be done to extend benefits

Task Difficulty:

1 - very

2 - moderately

3 - easy

- 13 -
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PLANNING GUIDES FOR YOUR SPRING CAPPING PROJECTS

Throughout this workshop you will be learning new skills and acquiring new
information. Each one of you will have individual ways of managing (keeping
track of, recording, remembering) what you have learned so that you have on
hand the new skills and informsticn you need to begin your spring capping
activities. This planning guide will: 1) help you record notes on the workshop
and observations on how what you are learning applies to your project or site
conditions; 2) serve as a stimulus foer your thinking, perhaps sparking new ideas
or awareness; and 3) serve as a planning mechanism for your first spring capping
project.

Specifically, the objectives of this planning guide are to help you to:

) Reflect on the activities in the training secsion you just completed in
order to more clearly crystallize what you have learned

° Identify skill and knowledge gaps so that you can address these before
the workshop is over

° Plan how you would apply these new skills and knowledge to your first
spring capping project

How these planning guides will be used in tne workshop

Some time will be set aside during the workshop at the end of each major
training session for you to work on your planning guides for your own project.
At that time the trainers will give you a clean copy of the planning guide to fill
out for the major points of that session. (You may find you want to work with
them occasionally during your free time.) Obviously, the more you are able to
work on how you plan to cap your first spring, the more confident and the better
prepared you will be to begin. There will also be a final planning session toward
the end of the workshop.

- 14 -~
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PLANNING GUIDES FOR YOUR SPRING CAPPING
PROJECTS

Spring Capping Activity on

KEY STEPS What are, the steps I plan to follow in implementing this
activity? ‘ :

- 15 -



Handout 2-5, p. 3

DIFFICULTIES What difficulties do I expect to encounfer?-

How do I plan to deal with these difficulties? Who can help
me?

TIME How long will this activity take?

- 16 -



Handout 2-5, p. 4

COMMUNITY Who must I talk with to accomplish this activity?
INVOLVEMENT ’ .

AND

LABOR

Who will I work with?

MATERIALS What materials and tools will I need? Where will I obtain
AND them?
TOOLS

How much will they cost?

- 17 -
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SKILLS _ What aspects of this activity do I feel the
AND least prepared for? How can I prepare
KNOWLEDGE myself more in this area?

OTHER COMMENTS:

- 18 -
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SELF-ASSESSMENT OF SKILLS NECESSARY
FOR IMPLEMENTING SPRING DEVELOPMENT

TECHNOLOGIES

Rank yourself in terms of how well you feel you now do each of these
tasks. This is for your use only, so please be accurate and honest with
your answers. Put check marks in the appropriate columns:.

Column 1 if you now do this task well

Column 2 1if you now doc this task okay

Column 3 if you now do this task with difficulty
Colunn 4 if you can't do this task

Do
with
Do Do diffi- Can't
well okay culty do

Pre-blanning Stage

1!

2.

Determine the availability of resources
necessary for a spring capping project.

Incorporate the spring capping project
responsibilities 1in your overall work
commitments.

Promote the availability of spring capping
improvements in your region.

Design and conduct preliminary studies of
villages, setting up criteria to determine
which villages ae appropriate to undertake
a spring capping project.

Design and conduct preliminary sanitary
surveys to determine the most likely
village for the initial project.

Determine who are the most appropriate
individuals in the community to involve in
the project.

Develop strategies for 1involving the
appropriate community members, including
women, in the various stages of project
development.

Explain to community leaders what capping a

spring involves and why it will benefit the
community.

- 19 -



Do
well

Do
with

Do diffi- Can't

okay culty

do

10.

11.

Handout 3-1, p.2

Explain to villagers three types of spring
capping systems: retaining wall, spring
box, and seepage collectioa.

Make recommendations to the community on
how to proceed with a spring capping
project.

Resolve common problems in motivating a
village to undertake a spring capping
project.

Planning and -Design Stage

12.

13.

14.

15.

16.

17.

18.

Determine maximﬁm spring flow and type of
spring improvement needed.

Design and conduct a detailed sanitary
survey.

'Gather, record, and analyze all the.

information on possible sites.

Present survey results to the village
leaders. v

Plan for the 1labor force needed for the
construction.

Schedule all construction activities,
estimating the amount of time required for
each activity.

Estimate the tools and materials needed for
capping a spring.

Construction Stage

19.

20.

21.

22.

Lay out and prepare theispring site.

Control and divert surface water and spring
flow.

Find a stable impermeable location for the
foundation of the retaining wall.

Size and design the foundafibn and
retaining wall.
..20..



Do
well

Do
with

Do diffi- Can't

okay culty

do

24,
25.
26.

27.

28.

Handout 3-1, p.3

Design and construct wooden forms for the
concrete.

Shape and place reinforcement.material.
Mix, pour, and cure concrete.

Build +thc retaining wall using rocks and
mortar and install service pipes.

Seal and backfill the excavated spriag

area, erect fences to keep animals away,
and use shallow rooted plants and rocks to

prevent erosion.

Solve problems common during constructicn
such as 1inadequate caring of concrete,
alteration of spring flow, and inability to
reach the impermeable layer.

Operation, Maintenance, and Repair Stage

29.

30.

31.

32.

33.

34.

Help community to select and train a
guardian 1in operation and usage of the
improved spring.

Develop procedures for routine maintenance,
e.g., cleaning the spring box, clearing
diversion and drainage ditches, and
repaliring the fencing.

Demonstrate proper hyglene and sanitation
practices, e.g., rinsing containers,
storage of water, and avoiding sources of
contamination.

Determine if a malfunctioning spring should
be repaired, replaced, or abandoned.

Solve common problems such as undermining
of the foundation by the spring flow,
uneven settling of the structure, poor
drainage, and unsanitary usage.

Discuss with users ways to make additional
improvements such as washing pads, use of
drainage water for crops, and construction
of storage tanks.
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Handout 3-1, p.4

Evaluation Stage

35. Evaluate each spring capping project for
lessons learned.

36. Integrate spring capping project into other

health and sanitation activities in the
community.

-22 -



1)

3)

4)

5)

Handout 4-1

LECTURETTE NOTES: SELECTING A SPRING
FOR CAPPING

Is the flow adequate? The spring has an adequate flow if it can provide
enough water for at least the daily drinking water needs of the user group
or village. Steps for determining this are to measure the flow of the
spring to arrive at the total volume produced in one day and divide this
by the number of people to be served by the spring. We will do this
measurement this afternoon. By measuring the flow you obtain the number
of liters available for use per person per day. Then compare this amount
to the minimum standard of 15 liters per person per day to determine if
the spring flow is adequate or not.

Remember animals may be watered from this spring also. The following
are approximate minimum water needs per animal: cows 10/15 liters;
buffalo 15/20 liters; goats 5/10 liters; chickens 5 liters per dozen.

Is the spring flow reliable? A spring flow is reliable only if it is constant
and adequate through both wet and dry seasons for many years.

Is the water safe to drink? Remember that spring water is often the
best quality nature hes to offer. It is continuously flowing from a source
underground which has been purified by slowly filtering through many
meters and layers of scil. However, it must be uncontaminated by pit
latrines and other sources of human waste, livestock, fish ponds, food
processing (for example manioc soaking and fermentation), bathing, weshing,
surface water runoff, and flooding.

Is the water convenient and accessible to the users? A spring should be
as close to the users as possible to minimize the daily work required by
the women ard children to collect and haul water. Difficult and hazardous
crossings should be avoided, for example, roads, log bridges, or infested
waters.

Is it technically feasible to cap the spring?

In determining if it is technically feasible to cap a specific spring, there
are several factors to be considered.

¢ A spring should have an adequate slope for proper drainage.

e It should have protection from flooding and diversion of watershed
runoff.

e The siope should be steep ernough so that a collection vessei can
be placed underneath the discharge pipe.

e Labor and materials such as gravel, rock, sand, and clay should
be locally aveilable.

e Tiere should be a solid footing on well-drained ground for the
structure.
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‘Number of people using spring

SANITARY SURVEY FORM

Village

Handout 4-2

Location

Village leader(s)

Village population

Animal population and water needs

Number of families _

Health center or organization

Name of spring

Distance from village __

Location of spring (distance from users)

Slope ; flow

(1pm)

accessibility

average number of litres per day per person

Quality of water

Condition during dry season

Condition during wet season

Soils around spring

Sources of contamination
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SANITARY SURVEY

Physical Characteristics of
the Location

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 is adequately protected with a
spring box. Not all water from springs

1s free from contamination. A sanitary
survey of the spring site will help
determine whether contamination 1s
likely.

The first ster in a sanltary 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 ~enings or fissures
in the bedroclt abc . . he spring, con-
tamination of the spring from surface
runoff may occur. Surface runorf
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 again at a lower elevation.
What appears to te a spring actually
may be surface water that has flowed
underground for a short distance. The
water 1is generally contaminated and may
flow only during the wet season.

Determine if there are sources of
potential fecal contamination.
Livestock areas, septic tanks and other
sewage disposal sltes 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 soll may indicate
that contamination is likely.
Filtration may be poor if permeable
501l deeper than 3m is within 15m of
the spring. Water passes quickly
through coarse soils and impuritles are
not filtered out. If this conditlion
exists, or if there is 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 lime=tone 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 informatlon collected
through observation. They will know
about spring yields and reliability and
about other local conditions.

*1aken from Water For the World - Conducting Sanitary Surveys to Determine

Acceptable Surface Water Sources.

Technical Note No. RWS. 1, p. 2.
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Bacteriological Quality of Water

Good quality water must be avallable
to ensure the health of the people 1in a
community. The bacteriological quality
of water 1s 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
contaminatlon, and by the treatment of
water. A thorough sanitary survey must
determine the potential sources of con-
tamination of a water source so that
measures to protect the source can be
developed.

An untreated water source should be
as free from bacteriological con-
tamination as possible. The greatest
and most widespread source of such con-
tamination is human and animal wastes,
which 1is called fecal contamination. A
sanitary survey determines the degree
to which water sources may be subject

to fecal contamination.

Equipment for testing water may not
be available and water analysis may be
impossible. If so, observation can
reveal characteristics that indicate
bacteriuvlzsgical contamination. If
there 1is 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
tocal health officials and village
lzcaders to find out if there is a large
number of cases of dilarrheal 1llnesses.
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 contamination can
be controlled and eliminated. If con-
tamination 1s not reduced, then the
water source should be considered

unacceptable.

Handout 4-3, p. 2

Physical and Chemical Quality of Water

The bacteriological quality of water
15 the most important factor in dezer-
mining the acceptability of « source.
Many times, though, water is 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.

Turtidity. Turbidity 1s the pre-
sence of suspended material such as
clay, silt, organic and inorganic
mcterial which clouds or muddies water.,
Turbid water may be potable but often
it is aesthetically unacceptable to
users. Turvldlty may also indlicate
contamination. A laboratory analysis
should be done, 1f possible.

Color. Dissolved organic material
from decaying vegetation and scme
inorganic material cause color in
water. An excessive algal growth
mmay 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
domestlc,, agricultural or natural sour-
ces. VWater that has‘a bad odor or a
disagreeable taste will be rejected by
2 communlty for a different source.
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FLOW-MTASIRING TECHNIQUES

In mest investigaticns, aczurate flow measurements of a8 source
will require some earthwork, usually just a simple type of earth bank,
dam, or crainace channel. Thus it is advisable to briny 2long one
or morc villagers with digoing tools and a machete-type knife (for
clearing away underbrush, etc). After the channels or dams have
been construcied, wait a few minutes for the water to achieve steady,
constant flow, bafore attonpting any measurements,

Discussed below are tWO cimpie methods for measuring the flows
of springs and streams. Alwuys measure the flow several times, and
calculate an average reading, Any measurements which are obviously
deviant should be repeated. Question the villagers closely about
seasonal variations in the fiow.

Bucket and stopwatch: Spring flows are most convenientl
measured by using a wide-routhed container (of known capacity} and
timiny how long it takes to fill up. A large-size biscuit or
kerosene container (capacities of about 18-20 liters), or a bucket,
fs usually available in the village. For the most accurate results,
the capacity of the container should be such that it requires at
least 15 seconds to fill (smaller containers, such as one-liter
drinking canteens, shouid only be used if nothing larger is avaiiable)
An ordinary wristwatch {that has a sweep-second hand) can be used
for timings, but it is best in this case if two persons vork together:
one concentrating on the wristwatch, the other filling the container,
The flow is calculated:

Q =-%: where: Q = flow {liters/second)

()
L]

capacity of container {liters)

time to fill {seconds)

(a4
"

\o
0 ’Y)ou:.z'
¥ ver pipe

.,
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Velocity-area method: Thi's method requires more work and is
not as accurate at the V-notch weir, yet for particulorly wide
streams it can be easier to use, HMeasure the surface water velocity
of the stream by timiny how long it takes a drifting surface float
(such as & block of wood) to move down a measured length of the
stream (this measured section must be fairly straight and free of
obstacles, for a length of 6-10 times the average water depth}),
Meadsure the cross-sectinonal ares i the ctream. The measurements
should be repeated several times, averaging the resuiis together,
The average stream velocity is ¥5% of the surface velocity, and the
flow #s colculated:

Q=600 xV,xA where: Q= flow (LPS)

V = surface velocity (m/sec)
A = cross-sect'l area {(m?)
This method of flow measurement is applicable to streams of

waler depth of at least 30 centimeters. Figure 2-3 illustrates the
velocity-arca method of measurcment,

"\wzuunzo DRIFT
DEMFTING AVERAGE

BURFACE C205S SECT ‘L.

FLOAT ARQEA OF
STREAM SECTION

g

A:IEQAGB STREAM VELOCITY ® 85 % OF GURFACEH VELOCITY.
JALABLRLD DR T DSTANCE 3HOULD BE 610 TIMEE AVORAGE. DEPTFI,
Q¢ FLOW (LP3)

FLOW Q) » VrQs 850 V s SURFACE vELOLTY (METRES/SEC)
A 3 CROSS SECT'L 4AREA OF STREAM (MY)

FiGure 2-3  VeLociTY-AREA MeTHOD oF Frow [EASUREMENT
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PHOTOGRAPHS OF STAGES OF
SPRING DEVELOPMENT

Figure A. Building the Forms for
the Foundation

Figure B. Building the Rock and Mortar Wall
- 29 -
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Figure C. Pouring Concrete
for the Foundation

Figure D. Clay Wall To Keep Construction Area
Dry. Pipes Diverting the Flow
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Figure F. Nearly Completed Retaining Wall, Showing
Rock and Gravel Fill-in
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RETAINING WALL STRUCTURE
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Handout 5-3

DIMENSIONS FOR FOUNDATION AND RETAINING WALL

WIDTH
ROCK AND MORTAR . )
RETAINING WALL ?0 60ﬁm-

FORCE OF
SPRING FLOW HEIGHT
‘ 1.5 METERS
\\’\/\M
’W
LENGTH VARIES
HEII CoNCRETE

20-30cm. :
3;m FouonmAT IO N

A B A

-
—an4
WIDTH/50-80cm.
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Handout 5-4

REINFORCEMENT RODS IN FOUNDATION

Top View 1 ] P ﬂ

n
-

&
P

Scm|| 10cm 10cm|| 10cm||Scm

Width

Reinforcement __1 o
Rods

6mm Diameter

Thi
hickness
50-80cm
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MATERIALS AND SYSTEM COMEBONENTS

System Components Materials and Tools
e Excavation . picks

. shovels

. wheelbarrow

measuring tape or rods

picks
shovels
wheelbarrow
gravel/rocks

o 'Diversion ditehes and canals

water
cement
sand
gravel
rocks
reinforcement

. nails/hammer/saw
wood for forms
oil for lubricating forms
shovels
buckets
sifting screen
tamper (compacter)
trowel

e Poundation

o o e o e e e @ e ® e ® e o

rocks

clay

cement

sand

gravel

galvanized iron pipe
sereening for pipe
trowel

o Retaining wall

cement

gravel

sand

wood for forms
flat stone

e Splash pad

e Well for temporary . clay
containment and . rocks
diversion of springflow



Watertight seals for
retaining wall

Backfill

Watertight sealed layer (to
prevent surface water from
contaminating spring flow)

- 36 -

clay
mortar

rocks

sand

gravel

clay

soil

shovels
wheelbarrow

clay
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QUANTITIES

Handout 5-8, p. 1

OF MATERIALS REQUIRED FOR AN

AVERAGE SIZE RETAINING WALL STRUCTURE

Sugglies

Cement

Sand, clean (uniform)

Broken stone (1 em diametéer)

Rock, clean

Reinforcement rods (rebar)

Wrapping wire

Pipe and appurtenances

Intake screen with flanged
connections

Plug for drain pipe

Plastic

Chlorine bleach
Sturdy rope or cord

Clay

Wood for forms and
mixing board

Labor

1-2 masons

3-5 laborers

10-20 sacks, 50 kg, top grade, dry and
powdery

1-2 cubic meters
1-2 cubic meters:.
1-3 cubic meters

4-6 6 mm rods 6 m in length or 25 m
total length

.5-10 m of 3 or 5 mm flexible wrapping

wire
50 mm dlameter galvanized iron pipe

1 m threaded one end (outlet pipe)
0.7 m threaded cne end (drain pipe)

1 roll of thick plastic sheeting, 1 m wide
x 5 m long

2 gal. or 10 liters

1 roll 1-2 cm

Locate a source for good quality clay
as close to site as possible,
(Quantity varies)

Locally available lumber



Handout 5-6, p,2

Tools

2 spades for digging

1 rake

trowels (1 for every 2 participants)

3 wooden paddles

1 pick axe

1 crowbar

2 saws for cutting forms

1 hacksaw or wire snipper

2 hammers

2 boxes of flat headed nails for building forms

4 plastic buckets of known volume

1-2 wheelbarrows

1-2 measuring tapes

1 siftiné sereen

1 tamper/compactor

gloves
The above suggested list is, of course, based on estimates and will certainly vary
depending upon the size of the spring capping required. These items are usually

necessary. However, they may not be readily available. Alternative materials
may be substituted if necessary.
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DRAINAGE CANALS




Handout 6-2, p. 1

LECTURETTE NOTES: LAYOUT AND EXCAVATION
OF THE SPRING SITE

Layout and excavation of the spring site are accomplished in three major steps:
1. Investigate the spring flow.
2. Excavate the site for construction.

3. Protect and control spring flow during construction.

1. Investigate the Spring Flow

Springs form when underground water follows the path of least resistance through
soils and reaches the surface. In investigating spring flow the first thing to do is
to explore the area to determine if this site is thc first and only place that
this spring flow surfaces. This is done by checking the area above the spring
and the area surrounding it to see if there are other sources of water which
might be connected to this spring. If there are other sources of water in the
area, check to see if these sources could possibly contaminate the spring you
intend to cap. You might have to protect the entire area or the spring that is
being capped could be contaminated by other springs immediately surrounding it.

Most people have a respect for naturc's mysterious springs and nrefer not to
disturb them. However, you will need to clear away and drain any mud, rocks,
standing water or other obstacies to spring flow in order to release or unify its
meximum flow. If the flow is small with little pressure, take care not to plug
the flow as it may seek another outlet and disappear.

Springs flow and come to the surface by the force of gravity or from pressures
created by the weight of layers of earth. Often in flatter regions there is
insufficient height between the spring flow elevation and the ground level for
the ccllection vessel to be placed. Also, there must be enough drop in elevation
below the collection point to provide drainage. Wells are usually better in flat
terrain.

2. Excavation of the Spring Site for Construction

The immediate area surrounding the spring flow should be cleared to a depth
free of muddy or loose material so that the structure can be attached or placed
upon firm, stable soil or rock. The extent of the excavation will depend upon
the type of spring construction and the particular physical conditions. It may
vary from a cubic meter for small springs with or without slope, to a few cubic
meters for larger springs or seeps where the excavation is spread wide to collect
several spring flows.

In the cases where spring flow is to be retained by a wall or box, a suitable site
for the foundation must be excavated and leveled.
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Handout 6-2, p. 2

3. Control of Surface Runoff at Spring Site

Often a spring is located in an area which receives surface runoff when it rains.
Surface ‘runoff can cause soil erosion around the completed spring retaining wall,
and it may damage the wall. In areas with heavy rainy seasons, surface runoff
flows can be heavy and damaging.

The site arcund the spring capping structure should be protected from surface
runoff by excavating a drainage ditech around the periphery of the site. The
ditch should be laid out in such a way that it can intercept surface runoff and
divert it around and away from the site. A typical arrangement is illustrated
in Handout 6-1: Drainage Canals.

The size and extent of the drainage ditches will depend on the quantity of runoff
that must be diverted. It is best to question the local residents about the need
for runoff diversion and the quantity of runoff that can be expected. In locations
with heavy rains, ditches with a depth and width of one-half meter or more may
be necessary.

ik



“Handout 7-1

WOODEN FORMS FOR CONCRETE FOUNDATION
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LECTURETTE NOTES: CONSTRUCTING THE FOUNDATION

A foundation is the spring system's link to the ground, its base, floor, or footing.
The foundation must also be securely attached to the wall or structure It
'supports in order to provide holding strength to counteract the forces it is built
to oppose or control. In this case the forces from the flow and volume of spring
water under the pull of gravity will try to push the wall over or seek ways of
getting around or under it\ Since the structure must continually oppose these
forces for perhaps 10 years, inspection and malntenance are important to
prevent system failure.

There are five basic tasks to complete this construction step. They are:
? Find a solid, stable, impermeable location for the foundation.

° Measure the depth, width, and thickness which will be required for
the wail.

° Connect or key the foundation into the earth.

° Lay out and build the forms which will hold the concrete in the shape
desired until it has hardened.

° Shape and hang reinforcing materials.

Finding a Solid, Stable, Impermeable Location for the Foundation

A commun cause of retaining wall failure is undermining, in which the spring
flow forces its way under the foundation and escapes. To avoid this:

e Dig 15 cm down into a solid, stable layer.

® If it is to be on soil, excavate until a stable, impermeable soil is
revealed. Excavation to rock is preferable.

° Make the soil or other impermeable layer level so the weight of the
structure will be distributed evenly.

Deciding What Height, Length and Width Will be Required for the Wall

The three dimensions of height, length, and width will obviously vary for
different site conditions. These factors should be considered in making this
decision:

9 The structure to be built

° The flow and force of the spring flow

° The strength and stability of the supporting soils and rock
- 43 -
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Based on the above conditions, choose from thz model foundations given during
the planning and design session.

Connecting or Keying the Foundation to the,Earth

Where possible use natural conditions to connect or key the foundation into the
earth. Do this by:

® Always removing topsoil from the area and continuing to excavate at
least 45 cm below the existing ground surface.

¢ Providing wing walls or supports pushing on the front or outside face
of the structure against the natural flow force and gravity.

Laying Out and Building the Forms to Hold the Concrete

Lay out and build the forms which will hold ihe concrete in the shape you want it
until it has hardened and attained its full strength and permanent form.

° Select materials which can be cut to fit tightly into the space which
you have excavated for the foundation.

o Use wood, sheets of tin roofing, or other rigid materials which can
resist and maintain their shape as the wet concrete pushes against
them.

) As concrete hardens, it shrinks.

° Concrete is very dense and heavy; 2,500 kg per cubic meter or 150
pounds per cubic foot. :

[ If the form is constructed above ground realize that the bottom
section will try to expand more than the top as the weight pushes
down.

° All corners and sides must be sccurely connected to resist the
expansion forces which will seek the weakest point in the form.

Shaping and Placing Reinforcement Materials

Concrete can resist crushing weight, but it can be bent and is brittle and cracks
easily. Reinforcement is used to prevent bending or stretching.

An iron rod will bend, but not break, and it will not stretch. Therefore, as the
concrete hardens, it grips and adheres to the ridged rod. Then when force is
applied to the concrete, the strength of the rods within it will help it resist.

Reinforcing rod is expensive and often in short supply, but worth getting.
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Reinforcement should be provided at a level 2/3 the depth, 1/3 from the bottom,
and five centimeters from the surface along the entire width and across the

thickness in two, three or four places.

The reinforcement should be clean and dry and placed or hung so it will be
completely covered by the concrete, thus protected from corrosion or
destruction by the weather or the spring's waters.
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|

Divert water away from splash
! pad while placing and curing
concrete.

I

\

SPLASH PAD AND SPRINGFLOW
DRAINAGE DITCH

Since springs flow continually, it is
necessary to insure that the water
will flow away from the collection
site in a well-sloped drainage
ditch. Shown here are the wooden
forms into which concrete is
placed to slope toward the
drainage. A large flat rock should
be placed in the concrete beneath
the pipe to resist erosion from the
falling water. Precise dimensions
would depend on the particular
spring.

,l‘:i"

. : =
| =
| / Wooden Forms
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CEMENT, CONCRETE, AND MASONRY

Adapted from: Handbook of Gravity Flow Water Systems, T.D. Jordan, UNICEF,
Nepal, 198Q,

INTRODUCTION

Just atout all structures constructed in water supply projects require the use
of cem.nt: mortar for masonry, plaster for waterproofing, and concrete for
floor slabs. Proper knowledge of how to select the best materials, how to
organize cement-mixing procedures, and how to make efficient and ecornomical
use of cement is all essential to the trainee.

This chapter describes the various materials required for cement work, -their
properties, and important considerations, It will discuss masonry of brick
and stone, and conccete slabs for floors and roofs. It will present
organizational procedures, helpful construction tips, and mention some common
problems.

DEFINITIONS AND TERMS

The common cement work vocabulary used in this chapter is listed here, with a
brief explanation:

cement: serves as an adhesive, gluing together sand and stone. Typically,
normal Portland cement 1s used: a gray powder, similar to flour,

mortar: a mixture of cement and sand in various proportions, depending upon
desired strength. Used to cement together bricks or stones 1in masonry, and
used to plaster walls for waterproofness.

concrete: a mixture of cement, sand, and aggregates (such as gravel or crushed
stone) in various proportions. Can be poured to form slabs.

RCC: reinforced concrete. Concrete with reinforcing steel rods or bars
embedded in it for additional strength and support. Wire screesning may also
be used.

rebar: reinforcing steel bars or rods, used in RCC or KF brick.
aggregate: small pleces of stone mixed with cement and sand to form concrete,
Coarse aggregates may be gravel, crushed stone, or crushed brick, Fine

aggregate 1is sand.

gravel: usually found along rivers and streams: small pebbles and stones, worn
fairly smooth and rounded by the action of water.,

crushed stone: large pleces of rock or stone broken down to aggregate size, by
manual labor using sledge hammers.,

crushed brick: pieces of broken-up brick.
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CEMENT

Cement is a mixture of chalk or limestone and clay, which is fired and then
ground into a fine powder, Additional materials may be added to dimpart cer-
tain properties to the cement (such as to make it quick setting, low-heat,
rapid-hardening, etc.). Ordinary cement is a gray powder, commonly known as
"Portland cement".

Properties of cement: Portland cement 1is used for ordinary construction
projects. Cement mortar or concrete has high compressive (crushing) strength,
but relatively low tensile (stretching) strength. When water is added to a
mortar or concrete mixture, it' forms a fluid mass which is easily worked and
placed into position. Within an hour (depending upon temperature and mix) the
cement begins to set, losing its plasticity. Within four kours it has
finished setting and can no longer be worked. From the time that setting
begins, the cement i1s undergoing . chemical hardening process which will
continue for at least a year, although it hardens most rapidly during the
first few days. For the purpose of spring capping construction, the required
strength for continuing work is achieved in a week.

Hydration: When water is added to a dry cement mixture (for either mortar or
.concrete), it begins a chemical reacticn with the cement known as "hydration".
This reaction causes the cement to set and harden, giving off heat in the
process. The rate of hydration is accelerated by heat and humidity, therefore
cement will set and harden- faster at warmer temperatures, and vice versa.
(Freezing of cement completely kills the hydration reaction, which will not
continue even if the cement is thawed out. The hydration reaction requires
moisture, but the heat generated by hydration tends to cause evaporation of
the moisture in the mix. Thus it 1s necessary to prevent the rapid drying-out
of the cement, especially during the first few days. Once hydration ceases,
the cement will gain no further strength.

Setting: When water is added to a cement mix, there is a period of about 30+60
minutes in which the mix is plastic and easily worked into position. However.
after that perlod, the mix begins to set, becoming stiffer and, stiffer.
Within a few hours, the setting should be complete. Once setting has begun,
the mix should not be disturbed or It will weaken. The onset of setting ean
be determined by pressing the hlunt end of a stick or pencil into the mix:
resistance to penetration will suddenly increase when setting begins.

Hardening: This 1s a process whereby the cement mix gains strength. Hardening
begins as soon as setting begins, but continues for at least a year.

Both setting and hardening are influenced by temnerature: heat accelerates the
rates of both.

Curing: Curing 1s the process of xeeping the cement mix properly wetted, to
ensure that there 1s enough moisture for the hydration reaction to continue.
It is especially importanc during the first few days after pouring a concrete
mix, when the cement most rapidly gains its strength,

Packaging of cement: One liter of Portland cement weighs abprq;imately 1.44
kg. Cement is typically factory-packed in bags of 50 kg each, so therefore
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each bag should ideally contain nearly 35 1 of cement. However, some cement
is lost during shipping and portering. For practical purposes, the amount of
cement per bag should be considered as follows:

burlap (jute) bags: 32 liters
paper bags: 34 liters

Storage of cement: Cement easily absorbs moisture from the air, and as a
result loses strength during long periods of storage. Typical losses are as
follows:

Period of storage Loss of strength
3 months 20%
6 months 30X
12 months 407%
24 months 50%

When cement is stored at the project site, it should be stacked in a
closely-packed pile, not more than 10 bags high (to keep the bottom bags from
bursting). Close-packing also reduces air-circulation between the bags, which
is good. The pile of cement should be raised on a platform above the floor.
The room or storage shed should have as little air circulation as possible,
and if a long storage period 1s anticipated, the pile should be further
covered by plastic or canvas tarpaulins. Paper bags of cement will resilst
aging much better than burlap bags; therefore, paper )ags should.be on the
outside of the pile, and the burlap bags should be the firet used in
construction,

0ld cement will form lumps. All lumps should be screened out of the cement,
and no lumps should be used which cannot be easily crumbled by the fingers.
If old cement (i.e., field stored for more*than six months) must be used,
increase the amount of cement in the mix by one-half to one part (depending
upon how lumpy it 1s).

WATER

Water in the cement mix serves two purposes: first, to take part in the
hydration reaction of the cement; and second, to make the mix fluid and
plastic enough so that it can be easily worked and placed.

Quality: Water that is fit for drinking is usually fit for mixing cement,
Water unsuited for drinking may still be used, 1f tested as follows:

Using water of known suitability (i.e., drinking water), make 3 cakes of
cement paste, each approximately 1-2 cm thick by 6 cm in diameter. At the
same time, make 3 identical cakes using the unknown water. Comparing the two
types, observe the setting time, the "scratchability" (using a fingernail) and
strength affer a few hours, 24 hours, and 48 hours. Only 1f both types of
cakes are equally strong should the unknown water be used.

Quantity: Water 1s necessary for the hydration of the cement, but too much

water added during mixing results in a weaker strength. The quantity of water
generally needed to make the mix easily workable 1s much more than is needed

- 49 -



Handout 8-1, p. 4

for the hydration reaction. Therefore, no more water should be added than
necessary to mevz the mix easily workable. The ideal quanti:ies of water
depend upon the amount of cement in the mix, and approximate guidelines are
given later.

Once the cement has finished setting, further addition of water does not
weaken it. In curing concrete, this 1s a necessary action to prevent the
surface of the slat from drying out too quickly.

SAND

Sand is used in both mortar and concrete (in the latter, it is sometimes
referred to as “fine aggregate"). Proper sand 1s well-graded (i.e.,
containing grains of many sizes mixed together). Sand of a uniform size; such
as beach sand or very fine sand, is not suitable (but can be mixed into
coarser sands).

Sources of sand: Sand found in land deposits is knowa as '"pit sand". Such
grains are generally irregular, sharp, and angular. Sand carried by water,
such as found along banks of rivers or lakes, is known as "river sand". Such
grains are generally rounded and smooth, due to the action of water.

Both types of sand are suitable for cement work, so long as they are
well~graded and clean.

Qualicty: Sand containing clay, silt, salt, mica, or organic material is not
good, since such contaminants can weaken the strength of the cement if they
are present in large quantities. There are easy field tests which can be
conducted to determine the quality of a sand source:

a) A moist handful of the sample sand is rubbed between the palms of the
hands, Suitable sand will leave the hands only slightly dirty.

b) Decantation test: a drinking glass (or other clear glass container) is
half-filled with the sample sand, and then filled three-quarters-full of
water. The glasgs is then shaken vigorously, and allowed to sit undisturbed
for an hour or so. The clean sand will settle immediately, and the clay and
silt will settle as a dark layer on top of the sand. The thickness of the
clay/silt layer should not be more than one~seventeenth (6%) of the thickness
of the sand.

Dirty sand can be washed by rinsing repeatedly with water.

Bulking of sand: Damp sand that contains up to 5-6% water will swell up and
occupy a greater volume than 1f it were perfectly dry. This 1s known as
"bulking". A moisture content of 5-6% can increase the volume by over 30%.
Additional water content reduces the bulking, until the sand 1is saturated
completely (saturated sand occupies nearly the same volume as it does when
dry). Thus when using slightly damp sand, it is necessary to use an extra
amount of sand in the mix if it is to be proportioned by volume. Very damp
sand (such as freshly washed) 1s measured as if it were dry. If the mix is
proportioned by weight, the bulking is of no consequence.

-~ 50 -



Handout 8-1, p. 5

AGGREGATES

Aggregate is the general term for the material mixed with cement and water to
form concrete., Sand is a fine aggregate, and large material is a coarse
aggregate,

Coarse aggregates may be gravel (generally river-worn, rounded rocks) or
crushed rock and brick.

Stones of granite, quartzite, basalt, or those with rough non-glossy surfaces
are best. Hard limestones are good: soft sandstones are not. Limestones and
sandstones are porous and therefore not good for water tank floor slabs, but
can be used for roof slabs (the same applies for crushed brick).

Aggregates must be clean and well-graded. Smaller rounde~ aggregates (such as
river gravel) are better for waterproof floor slabs.

Sizes of aggregates: Aggregates should be well-graded so that air voids
between pileces are minimal. Largest sizes should be:

For roof slabs: 10 mm
For unreinforced or lightly reinforced slabs: 20-25 mm

Crushed brick: Pieces of broken-up brick may be used as aggregate in concrete,
but due to their porous nature should not be used for floor slabs of water
tanks, When crushed brick aggregate is used, the pieces should be thoroughly
soaked in water prior to mixing, to prevent absorption of moisture from the
mix (which will interfere with the Lydration reaction).

REBAR REINFORCEMENT

Reinforcement of concrete 18 only needed for slabs which are large in area or
which will be put under great hydrostatic pressure (i.e., deep water depth),
An RCC slab can be thinner than a non-reinforced slab. The preserice of the
reinforcement helps to distribute the stresses and forces uniformly over the
entire mass of concrete.

Reinforcing bar (rebar): Rebar 1s available in many sizes, but for typical
water supply projects only the following diameters are needed: 6 mm, 8 mm, or
10 mm,

Wire-mesh screen (also known as '"wire-mesh fabric"): Wire-mesh screen can
also be used as reinforceuent in slabs. The size of aggregate in the concrete
mix should be smalier tnan the size of the mesh (using a pilece of the screen
to sift the aggregate is the best way of ensuring this).

Spacing of rebar: The spacing of the rebar must distribute the cross-sectional
area of steel uniformly across the cross-sectional area cf the slab. For a
floor slab, the area of rebar must not be less than 0.225% of the total
cross-sectional area of the slab, and for a RCC roof slab it must not be less
than 0.30%. The following table can be used:
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Type of Thickness Spacing of Rebar (cm)
slab (cm) 6 mm 8 mm 10 mm
floor 8 15 30 40
roof 8~9 12 21 33
r.of 9-11 10 17 27
roof 11-13 8 14 22
roof 13-15 7 12 19
roof 15-17 6 11 17

Placing of rebar: The reinforcement is made as a grid, with the size of the
squares according to the table above. The rebar rods can be tied together
with thin wire or string. The rebar must have a minimum of 3 cm of concrete
covering. For a roof slab, the rebar is set 3 cm from the bottom of the slab,
and for a floor slab the rebar is set 3 cm from the top of the slab,

The rebar must be securely fastened so that it cannot be shifted around while
the concrete 1is being placed (the rebar can be supported an pieces of
non-porous rock, but NOT brick or wooden stakes).

CEMENT MIXING

For convenience, it is usually easiest to mix cement at the construction site,
so it is necessary to ensure that there is an organized system for delivering
cement, sand, aggregates, stone or brick, and water. It is particularly
important when mixing and pouring concrete that it be done in a continuous
operation, without long delays caused by lack of materials.

Mixing pad: Cement should never be mixed on the ground. A mixing pad of
brick, slate or concrete, or a wheelbarrow should be used. It should be large
enough to allow mixing of convenient-sized batches, without overflowing: 1.5
square meters is adequate. If possible, build a small lip around three sides
of the pad so that materials may not get accidently washed off,

Proportioning: Although the most accurate method of proportioning cement,
sand, and aggregates 1is by weight, in a field site this is not so easy to
arrange. The common method is to mix by volume, using a small bucket.
Measuring by shovelfuls 1is not accurate. Mortar should be mixed in smaller
batches than concrete, but no batch should be so large that it is not used in
30 minutes.,

Dry-mixing: All ingredients are first thoroughly dry-mixed together, using
shovels and trowels, until the mix is of a uniform color and consistency,

Wet-mixing: Water is added slowly, a small quantity at a time. Each time
water 1s added, the mix is thoroughly '"turned over" a few times with shovels.
Water is added until the mortar or concrete is at the desired consistancy.
The wet-mix can be adjusted as follows:

Too wet: add sand and cement or add aggregate

Too dry: add water
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Too stiff: add sand
Too sandy: add cement

Tools and Manpower: A cement-mixing team should minimally have three persons:
two for mixing, one for adding water and ingredients. Each team should have
two shovels and two trowels, a small bucket (for measuring proportions) and a
large bucket (for transporting the mix to the masons).

MORTAR
Cement mortar is used for masonry construction of walls and for plastering.
Grout 1is used to cement rebar anchor rods into rocks and embed galvanized iron

(GI) pipes into the masonry.

Typical mixes: Proportions of cement to sand, by weight or by volume:

Type of mortar Cement:sand
Ordinary masonry 1:4
Reinforced brick roof slabs 1:3
Rough plaster 1:3
Final plaster 1:2

Volumes of mortar: The total volume of mortar is equal to the total volume of
sand in the mix. The cement mixes with water to form a paste which fills in
the voids in the sand. Thus, 2 1:4 mix requires 1007 sand and 257 cement; a
1:3 mix requires 100% sand and 337% cement, etc.

. 3
Quantities required to make one cubic meter (1.,m”) of various mortar mixes:

Mortar mix Sand (m3) Cement (m3)
1:4 1.0 0.25
1:3 1.0 0.33
1:2 1.0 0.50
1:1% 1.0 0.67
1:1 1.0 1.00

MASONRY

Because the masonry walls of the tanks are required to be as waterproof as
possible against the hydrostatic pressure of the water inside, particular
attention must be paid to the workmanship of the masons. It must be made
clear to them that a masonry wall built the same as walls for their house is
not adequate, and that the walls of the tanks must be carefully laid down
according to directions.

Brick masonry: Bricks are usually locally manufactured and are of various
shapes and quality. The exact dimensions of local bricks should be obtained
for making the estimated requirements. The total volume of brick masonry is
approximately 25% mortar and 75% brick. Bricks should be soaked in water for
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several minutes prior to being used (this prevents them from absorbing too
much moisture from the mortar), but they should not be soaked excessively,

Masons who are experienced at building houses with brick and mud mortar will
e inclined to build tank walls in the same manner: laying down a bed of
mortar, then placing the bricks tightly together on top of it, then laying
down another mortar bed for the next course. The result is a network of
unobstructed channels between the bricks where water will have easy leakage.
Proper brick masonry for waterproof walls requires spacing the bricks one
centimeter apart, and carefully filling in the joints with mortar. Bricks
should be laid in patterns that do not result in a straightline joint from the
inside to outside of the wall, Refer to Figure 1 for various points on brick
masonry,

BLICKS SDACED 1CM. ARART OW
10 OF AOQTAR, AND JONTS AQL
CARCFULLY *BACKSNLED™ WITH
MORTAR ,

GLCOD BRICX. AASONRY.

BRCES CLOSELY PucxED OM BeD
OF MORTAR, JOUNTS MOT FULBD.

BAD BRICK MASONRY. —~—

OM F4CH COURLE AT aPpRoy,
IVERY O LM INSEAT BONDING
SACKS ) NE THE FRoNT ¢,
RRAR LA TOdRTMSR .,

ALTEQMATH VeRTICAL
JOINTS SETWREN COURSKS,
|

Brick Masonry TecHnioues

Figure 1: Brick Masonry Techniques
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The top course of bricks should be completely clean and wetted before putting
down the mortar bed for the next course. If the mortar on the top course has
begun to set, the joints should be scraped down approximately one centimeter
deep and refilled with fresh mortar. The walls should be built up evenly, 80
that the weight is distributed uniformly: no section of a wall should be more
than 15 courses (approximately 1 meter) higher than the lowest section.

Once the mortar has set, the masonry should be wetted regularly (several times
per day) for several days.

Dressed-stone masonry: Also known as "ashlar masonry". In this type of
masonry, the stones are carefully cut to rectangular dimensions, making "stone
bricks". Such masonry requires skilled masons, and much time and labor.
Ashlar masonry is approximately 30% mortar and 70% stone.

Rubble-stone masonry: This is the most common type of masonry. The stones are
roughly shaped by the masons. The stones gshould be lightly tapped down into
the mortar, then seccurely fixed using mortar and pieces of crushed gravel. No
stone should span completely from the inside to the outside of the wall, With
this type of masonry, it is very easy to leave air voids between the stones,
so care must be taken that this does not happen. For estimate purposes, this
type of masonry is approximately 35% mortar and 657 stone. '

Setting GI pipe: GI pipe 1s set into masonry walls on a bed of 1:1 or 1l:lk
mortar. A minimum length of 30 cm of pipe should be embedded, and the more
the better. Once the pipes have been placed, they must not be disturbed at
all for several days. Building a protective dry-stone masonry wall will
protect agalnst accidental dislodgement (this can happen quite easily
otherwise, for the worksite is the scene of much activity). The pipemouths
should be plugged up to keep any mortar from accidentally falling into them.

CONCRETE

Concrete is used for pouring floor and roof slabs of tanks. The size and type
of aggregates depends upon the purpose of the slab, its reinforcement, and its
thickness. '

Typical mixes: The following proporiions are recommended for concrete,
proportions by either weight or volume:

Normal RCC work (roof slabs): 1:2:4 (cement, sand, aggregate)
Waterproof slabs (tank floors):. 1:1%:3
Concrete 1s proportioned and mixed as already discussed earlier.

Water: For the above mixes, the approximate amount of water needed 1is
three-fourths part water per part of cement (1:3/4 cement: water) by volume,

Volumes of concrete: The total volume of the concrete mix 1is never less than
the total volume of aggregates. Typically, air voids make up 50% of: the
aggregate volume, and these voids must first be filled by the mortar. Excess
mortar then adds to the volume of the concrete.

- 55 -



Handout 8-1, p. 10

For 'the above mixes, the following volum%F of cement, sand, and aggregate are
necessary to produce one cubic meter (1 m”) of concrete:

Concrete mix Cement (m3) Sand (m3) Aggregate Cm3)
1:2:4 0.25 0.5 1.0
1:1%:3 0.33 0.5 1.0

Segregation: This is the separation (due to gravity) of the aggregates in the
coicrete. The heavier aggregates will tend to sink to the bottom, and water
will rise to the surface. The result is a poorly mixed concrete which will be
weak. Segregation usually happens when the concrete is transported from the
mixing pad to the work site; therefore, the mixing pad should be as close to
the final pouring point as possible, and the concrete should be re-mixed with
a trowel before pouring.

Placing the concrete: A bucket of concrete should never be dumped from any
height since segregation of the aggregates will occur. Concrete should be
placed in strips about 15-20 cm wide, never as piles (refer to Figure 2). If
a fresh layer is to be put down on top of an earlier layer, then the second
layer should be put down before the first has begun to set (within 30
minutes). Rough leveling of the concrete can be done, but extensive
trowelling will cause the cement paste to rise to the surface of the slab.

Before it sets, the concrete must be thoroughly compacted.

Figure 2, Placing Conciete
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Compacting: This is the process of settling the concrete so that 1t contains
mo alr voids. This is accomplished by "rodding" the concrete: poking a length
of rebar into the concrete and stirring it up and down.

The concrete should be carefully rodded in all cormers and around the
reinforcement. Over-rodding, however, will cause segregation. After
rodding,the concrete should be tamped level again, using a flat board of wood.
Sprinkling loose cement on the surface of the slab (to absorb excess water) 1s
not good: such a layer will easily crack, crumble, and powder.

Waterproofing floor slabs: A day after the concrete has been placed, a water
proofing plaster may be put down. A mortar mixture of 1:1 proportions should
be worked onto the surface of the slab with a wooden float. Only a thin layer
of plaster 1s needed, just enough to seal the surface pores of the slab and
smooth it over. Waterproofing compound can be added to the mortar.

Curing: After the concrete has set 8 to 12 hours, the floor slab should be
flooded with a few centimeters of water., More than this will put too much
hydrostatic pressure on the concrete, which may not be strong enough to
support it. After one day, the water may be drained off for waterproofing (as
described above), but once the waterproofing plaster has set it should be
re-flooded and kept that way for several days (after three days, if all else
is finished, the tank may be filled fully and put into service).

When the slab is first flooded, care must be taken that the discharge flow
doesn't erode the fresh concrete.

If the slab is being poured over a.period of several days, tie surface of each
gection must be covered over with a tarpaulin and constantly wetted. This
method must also be used for drying a roof slab.

Improper curing will allow the surface of the slab to dry out and shrink,
while the interior mass renains unchanged. The resulting tensions will cause
the surface to crack, reducing waterproofness. Too much loss of moisture will
stop the hydration reaction, and no further strength will develop {even if the
concrete 1s thoroughly flooded again).

PLASTERING

Plastering masonry walls adds to their waterproofness. Several thin coats of
increasing richness (i{.e., cement content) are better than one or two thick
coats,

All walls will receive at least two coats of plaster, each 1 cm thick; and
should be plastered at least 5 cm above the overflow level. -

Rough coat: A mortar mix of 1:3, applied to the masonry. That coatfi#‘left
with a rough surface. R R

Final coat: The final coat is a 1:2 mortar mix, which isﬁfinélijvttOVeled
smooth and clean, ) S .

Only one coat of plaster per,day_should‘be &pplied.
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Volumes of plaster: For a plaster coat 1 cm thick, the following quantities of
cement and sand are needed for each square meter of plastered surface:

Plaster Mix Cement (m3) Sand (m3)
Rough coat. (1:3) 0.0030 0.01
Final coat 0,0050 0.01

SMALL SLAB COVERS

Small RCC slabs (less than 100 cm square) can easily be made for spring
capping.

For such slabs, the reinforcement is best done using large-mesh wire screen,
but small size rebar can also be used.

A simple wooden form can be constructed. The rebar is firmly set in plzace,
and short pieces of %" GI or 20 mm HDP are fixed into position where the 3/8"
bolts will pass through. Handles of wire or rebar should be tied to the
reinforcement, so that the slab can be lifted.

The thickness of the slab should not be less than 5 cm, and not more than
necessary to cover the rebar with 2.5 cm of concrete on both sildes.

The concrete mix should be 1:2:4, with small-size aggregate small enough to
fit through the mesh 1if wire screen 1is used.

After the concrete has been poured, the slab should be coveved with sand and
kept wetted for three days. After that time, 1f the form is needed to make
more covers, the slah can be carefully removed from the form and kept in a
shady place for several more days, being constantly wetted. Covering the slab
with wet burlap (jute) sacking will help to keep it moist.

When the concrete has been cured for several days, the slab may be plastered
with a 1:3 mortar, to give it a smooth, clean surface.

Figure 3 shows some details of the form and slab reinforcement.

COLD WEATHER CONCRETING

When cement work must be done where temperatures are expected to drop down to
freezing levels, special precautions must be taken to protect the cement.

[ 4
When concrete or mortar freezes, the hydration reaction {s stopped
permanently. Even when the cement is thawed and re~wetted, the chemical
process does not resume, and the concrete develops no further strength than it
had when it first froze.

Since the hydration reaction generates heat, the single best gtrategy 1s to

insulate the cement work to prevent the loss of this heatjy especially during
the first two days (when the rate of heat loss would be highest).
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Handles (Wired to
Reinforcement)

4" Pipe Imbedded in
Slab(For Bolts)

Reinforcement Grid

Figure 3

(Form and Slab Reinforcement)
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Padding the cement work with straw and covering with mats or tarpaulins will
be of special help. When the cement is re-wet (during curing), heated water
should be used if possible. Protecting the cement work against the wind is
extremely important, and all protruding rebar should be wrapped with cloth
(since steel is an excellent conductor of heat, these would be major points of
heat loss).

The setting and hardening of cement is temperature-dependent, and will proceed
more slowly at lower temperatures. Increasing the amount of cement in the mix
by 20-257 will help generate more heat and earlier strength. Heating the
aggregates and using hot watex for mixing will improve the setting time. The
aggregate should not be heated hotter than can be touched by the hand, nor
should the water be hotter than 140°F/60°C. Never heat the cement alone, or

add hot water to the cement alone.

The freezing point of the mix may be reduced by dissolving salt into the
heated mixing water. Salt is added by weight, and should not exceed 5% of the
w.:ight of the cement. Each percentage of salt lowers the freezing point by
about 1.5°F (0.8°C), but salt cannot be used effectively for temperatures
lower than 25°F (~4°C).
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LECTURETTE NOTES: RETAINING WALL CONSTRUCTION

Rock and mortar wall construction may begin on the day following the
foundation construction. The clay dam continues to pool and divert the spring
flow from the construction area. Now, the height(s) or level(s) of the pipe(s)
must be decided so that flow from the spring will be ensured during both the dry
and wet periods. The pipe(s) will be placed in the wall at those levels as the wall
is built, Remember water will constantly try to flow through the weakest points
of the wall being built. These pcints are the bonds between the rock and mortar.
Therefore, the wall must be made with strong, dense materials which water will
not penetrate, such as concrete. Here is a series of steps to complate the task.

° Mix batches of strong mortar using one portion of cement, %0 portions of
clean sand, and just enough water to make it workable, not soupy.

° Wet the rocks Lefore placing them and surrounding them with mortar, in
order to achieve the best pcssible bond between the rocks and mortar.

¢ Apply mortar surrounding the rocks.

® Select rocks to lay side by side in a row facing the spring. Place selected
rocks into the fresh mortar and fill the spaces between the rocks with
mortar. Select and lay the second {downstream) row adjacent to the first
row so that they are behind the mortared joints of the upstream row.
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- Place the next layer on top of the upstream row, centered on the mortar spaces

- In the row below: thus a vertical mortar joint does not continue to the next
layer. _ '

Follow these steps in laying the service pipes:

l.

2,

3.

4.

3.

Locate a "plugged" pipe at the lowest level possible so it can be opened to
drain the back of the retaining wall.

The number and diameter(s) of the service pipe(s) must be adequate to
carry the spring flow. This can be determined by experimenting with the
diverted flow and usiﬁ\g the size guidelines below:

Maximum Spring Flow A Pipe Diameter
up to 1.0 Ips 30 mm
1.1 to 3.0 ips 50 mm
3.1t07.01ps 60 mm

Place the outlet pipe(s) so that it will be just at the level of the spring
during the driest period of the year. Refer to Handouts 5-2 and 5-3.

The pipes should extend far -enough for the convenient collection of water
into a vessel, without being long enough for buckets to hang on or children
to step on them and break them. All pipes should tilt slightly downward so
the downstream end is lower than the upstream end.

The top of the retaining wall should be at least 20 cm above the outlet

~ pipes. The spring flow may increase .uring the wetter seasons, thereby

increasing the flow and the pressure against the wall. If the wall extends
higher than 30 cm above the outlet pipes, then instal! an overflow pipe
placed 20 cm above the service pipe to discharge excess flow and relieve
the pressure.
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CASE_STUDY

Project History

Trickling Spring i3 a community which the community promoter selected some
months ago, after doing a technical feasibility study and a social inventory, as
a very likely community for a spring capping project. Many of the springs in
the area have dried up. Trickling Spring's water remains constaat. However,
due ‘to the use of the spring by animals and for laundry purposes, the spring
water has become contaminated. A hole has been dug to capture the available
water. ,

During the project development phase the community promoter had worked with
a local health committee formed by a nearby health clinic nurse. The committee
consisted of two school teachers, two community mothers, and three village
elders. Most. of the committee's activity and work was done by one of the
school teachers and the two community mothers, all women. The village elders
were on the con mittee to lend it prestige, but took little interest in it.

The spring did not produce a great deal of water but it supplied the needs of
the Trickling Spring community. In addition, people came from a neighboring
village (about an hour's walk away) to get drinking water. That community was
not involved in the health committee. The project promoter was very busy most
of the time and had no transportation, except the occasional use of a vehicle
belonging to a regional engineer in the department of health. Otherwise she had
to get transportation from whatever vehicle was going to the community. Because
of this limitation, the promoter worked mostly with the heaith committee and
did not get involved with others in the community. The people on the health
committee were very trustworthy and respectzd people.

During the meeting with the committee when the project was explained and the
community responsibilities were discussed, the committee assured the project
promoter that the community was very interested in capping the spring. Several
of the children hed recently been very sick and the clinic nurse said it was
because the spring was contaminated. When the spring produced- very little
water, the available water became very muddy in the hoie that had been dug
to collect it. The community agreed to collect a small sum of money from
each village family every month for six months in order to pay for the project
materials. They also agreed to provide all of the labor if the promoter could
arrange for the Ministry of Health to pay for one half of the cost of a skilled
mason and provide the technical direction for the spring improvement.

On this basis, the promoter requested and received project approval from her
supervisor. The Ministry would purchase the needed materials and deliver them
when the community had paid its share of the costs.

Current Situation

The c¢mmittee has collected half of the community's contribution, but the
community refuses to give any more. One vocal and well known family in the
community maintains that it is unfair that Trickling Spring should have to pay
- for all of the costs of the spring capping when the neighboring community will
receive the benefits as well. The nurse who formed the health committee has
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been transferred to another clinic and the health committee does not meet
anymore. The supervisor of the project promoter has threatened to send the
construction materials to another community because he does not believe this
project will work. He has given the promoter one month to make the project
function' and come up with the community contribution. Otherwise, he will
abandon the project.

Discussion Questions

1. Analyze the case study and decide what you would do to salvage the
situation.

2. Discuss and list the possible mistakes the project promoter has made and
the things you would do to avoid these mistakes.

Be prepared to present your recommendations on the first two questions to the
other small groups thet are also doing this exercise.
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EXAMPLES OF SPRING MALFUNCTION

Answer ‘these four questin=z for each of the causes of spring malfunction which
follow.

1. What is the problem(s)?

2. What might have caused it?

3. How would you repair it?

4, How could this have been prevented?

A. Flow from the pipe has dropped considerably. It is the rainy season, so
you know it can't be drought.

B. Flow has diminished somewhat. You notice water is coming out from
underneath the retaining well.

C. You notice a crack has formed in the rock and mertar wall and the plastic
PCV pipe is bending and deteriorating.

D. The villagers tell you the spring water isn't good anymore. They say the
color and the smell have changed.

E, You notice a small stagnant pool of water is forming under the spring
flow against the base of the wall.

F. The villagers tell you there isn't enough water to go around anymore.
They complain about having to wait in lines to get water.
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COMMON REPAIR STRATEGIES

Reseal the interior face of the concrete or rock and mortar wall with mortar
or clay to prevent leaks or failure.

Repair the spring structure until it is level, at right angles, properly supported
and securely connected to its different parts.

Dig down into the sealed spring collection area to eliminate clogging; to
deepen or realign channels for spring flow; to alter level of pipes; or to
eliminate structural damage caused by roots.

Provide a mortar patch between the spring flow and the foundation or deepen
the foundation to prevent the spring from flowing under the retaining wall
and/or foundation.

Completely isolate the spring area from sources of contamination; i.e.,
eliminate a newly constructed latrine, install fencing to keep animals from
destroying the natural earthen spring cover.

Improve drainage to Keep collection area dry and water away from the base
of the wall and realign the splash pad to prevent the flow from eroding the
ground.

Replace or add overflow pipe(s) to relieve pressure from increased flow
and/or install pipes at a lower level during dry periods to permit flow.

Add a storage cistern to the spring cap structure in order to provide adequate
water at peak collection times.

Abandon the spring structure when the increased pressure of the spring

collection pool forces the flow elsewhere or the spring water taste or quality
is drastically altered.
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USER _TRAINING SESSION TOPICS

A, Water and Your Life

List/discuss uses of water.

What is the most important use of water for people in your community?
What kind of water can make people ili?

What happens when you drink water that is not clean?

Who gets sick most often?

What can you do, so children don't get diarrhea often?

B. Collecting, Storing, and Using Water

What sources of water do people use in your community?

Which sources have the best water for drinking?

Some communities have clean water but children still get diarrhea.
Why?

How do people in your community collect water?

How do people store water?

How can water get dirty?

What are sore things a mother can do so her child gets :lean water?

C. Using your New Capped Spring

Why is thiz spring a source of clean water?

What needs to happen to keep the water clean?

How can the spring be protected from damage?

What should be watched for that could mean the spring needs repairing?
Who should you report these repair needs to?
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LECTURETTE NOTES: CLOSING THE SPRING

There are seven steps to closing the spring and finishing the site. They are:

1)
2)
3)
u)
5)
6)
7)

Inspection of completed work

Repair or corrections on work completed

Disinfection

Sealing and backfilling excavated spring

Fencing

Spring cap cleanup

Presentation to guardian, health committee or villegers

Each of the points is discussed below

A.

2)

Inspection of spring cap structure, flow, and pipes

Check the cured rock and mortar wall, foundation, clay wall
and remaining structural components regarding alignment,
damage, joints, leaks, cracks, connections, settling, sealing
(watertight), leveling, and appearance.

Check the support of retaining walls, earthen side walls, access
steps, and drainage channels.

Check quantity, i.e., liters per ininute of flow. Has it changed
substantially from earlier measurements?

Check quality of spring water, i.e., taste, clarity, smell, etc.

Check for protection and channelling of spring flow away from
spring structure.

Check connection and slope of pipe(s) from spring flow
collection pool through wall to user's container.

Check to see if water is flowing under or around places other
than through the pipe.

Cbviously, any problems discovered during inspectior must be
resolved before the spring is backfilled and closed.
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3)

4)

5)
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Disinfection of a natural flowing system such as this capped spring is
difficult. A storage container/tank or spring box has smooth interior
surfaces which can be easily washed, disinfected and cleaned out;
whereas a natural rock, sand, earth system may absorb and retain the
bad tasting disinfectant and/or not be fully disinfected. Within a
day's time, cleansing and clearing of disturbed muddy water will
occur from the natural spring flow. However, the water should not
be used or coli\pcted for drinking during this cleanup and closure
period. '

Sealing and backfillinz excavated spring

Now the spring can be closed and protected by following these steps:

) Within the clay wall surrounding the spring flow, rocks and
gravel should be spread over the entire excavated area to an
even level at least. 20 cm above the water in the collection
pool. All of the holes between the rock channels and earth
sides should be filled with small gravel until the water cannot
be seen.

° Good quality clay should be placed on top of the rocks and
gravel, tamped and puddled in four to five layers of 3 cm each
for a total layer of 10-15 cm that will make a seal to prevent
surface water (rain runoff) from seeping down through the soii
into the collection pool. If a smooth layer of earth and sand is
placed over the rocks and gravel to prevent puncture, a sheet of
thick, durable plastic can be laid across the cover. This may be
expensive and difficult to find but will certainly form a seal
against surface water.

‘@ Now, the remaining clean fill material from the excavation can

be placed across the seal sloping downward from the excavation
behind the retaining wall to the top of the retaining wall.

° A 20/25 cm layer of top soil will permit shallow-rooted plants
to prevent erosion and improve the appearance of the newly
constructed site.

° Large, flat rocks should be placed over the access holes to the
pipe and spring-flow channels.

Fencing

A fence around the spring site will serve to protect the area from
contamination by domestic and agricultural animals which can
otherwise drink from the outlet pipe and foul the area. As discussed
earlier in Session 2 (Mandout 2-2), animals are one means of water
supply contamination.
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6)

7)
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A fence can be constructed with barbed wire on wooden posts,
or madc from wooden rails or a stone wall. The fence can bhe
erected alongside the drainage diversion ditches, as shown in
Han:dout 6-1.

A good durable fence probably cannot be constructed during the
training period of two weeks. However, the public health
advantages of a fence should be explained to the trainees, who
should encourage fence construction in their own projects.

Spring cap cleanup

The following can influence feelings of ownership, convenience,
responsibility, and pride in the newly improved :spring site.

Removal of piles of dirt and construction materials from the
excavation site

A dry, clean, smooth area with a durable spiash pad beneath the
pipe for collecting water.

A hazard-free route from the village to the spring area,
possibly including steps and pathways

The location of a laundry pad below the collection area where
water is convenient, the area is not muddy, and wash water can
drain readily without affecting the spring. Laundry pads should
be covered with a smooth stone since concrete will eventually
wear out clothes.

Presentation to guardian, health committee, and villagers

Explain the basic construction and operation of capped spring.
Demonstrate the importance of users safeguarding and
maintaining the quality of the water from the time they collect
it until they drink it.

Explain who can be contacted for repairs and technical
assistance.

Celebrate and drink the water together!
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COMPLETED SPRING SHOWING EARTH COVER

SLOPE (maximum pitch - 2 horizontal to ! vertical)

GRASS

TOP SOIL (6 inches)

\N : SAND AND EARTH
- o '




THREE PLANNING TASKS

Planning Task A

Your group is to organize and plan for the labor force needed to complete the
construction phase of this project. Use your construction guides for the
information you need. Your trainers are td serve as consultants to all three
groups. Organize the help you want and the questions you have for the consultants
so that you are able to use your consultant's time wisely. You can use up to
10 minutes of consultant time, either all at one time or on two different five-
minute occasions.

fhe points your group should address are:
e What labor must be performed?
e What skills are required?

o What type of workers are needed (i.e., masons, carpenters, laborers,
etc.)? How many?

o How would you recruit them?

e Approximately how long would each be needed (how many days or
half days)?

e Approximately how much will this cost?

e How much of your time as project manager will it take to put this
work team together?

Planning Task B

Your group is to organize and plan for the materials and tools needed to complete
the construction phase of this project. Use your construction guides for
information you need. Your trainers are to serve as consultants to all three
groups. Organize the help you want and the questions you have for the consultant
so that you are able to use your consultant's time wisely. You can use up to
10 minutes of consultant time, either all at one time or on two different five-
minute ocecasions.
The points your group should address are:

e What materials are needed?

© Where can they be obtained?

e How will they be transported?

e How much will this cost?
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e What substitutions could be made if the materials aren't available?
e What tools are necessary?

e Where can you get them?

e How much will they cost?

e How will you arrange for storage of materials and tools?

e How much of your time as project manager will the securing of labor
and materials take? '

Planning Task C

Your group is to organize a work plan needed to complete the construction phase
of this project. Concentrate on scheduling activities and estimating- how long
each will take. Use your construction guides for information you need. Your
trainers are to serve as consultants to all three groups. Organize the help you
want and the questions you have for the consultant so that you are able to use
your consultant's time wisely. You can use up to 10 minutes of consultant time,
either all at one time or on two different five-minute occasions.
The points your group should address are:

¢ What are the activities required to complete the construction phase?

e In what sequence are they performed?

e Approximately how long will each activity take?

e What might you expect that could interrupt or delay this plan?

e How will you plan to handle delays?

e What does the project manager have to do to get ready for these
construction activities? How leng will it take?
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1.

2.

3.

4.

5.

6.

1.
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CHECKLIST FOR EVALUATING A SPRING CAPPING PROJECT

Name

Date

Spring

Is the spring flow adequate for the users?

Is the spring cap Jdosign satisfactory? (Is it sanitary, useful, and attractive
in appearance? Is it a source of community pride?)

Is the structure sound and solid?

Were the materials adequate and effective? Was tnere maximun. use of
local materials? ‘

Was the labor force adequate? Who worked?
How much did the project cost? Who paid for it?
Was community participation adequate?

Is the spring flow drainage operating satisfactopily,fénd' is it maintainable? .
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9.

10.

11.

12.

13.

14.

15.

16.

17.
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Is the spring protected from contamination and surface waters?

Will the villagers reserve this spring for drinking and ccoking water and
do their laundry and water their .aimals elsewhere?

Does the water quality satisfy the users? (Taste, clarity, etc.)

Is someone responsible {or maintenance?

Are the villagers awere of the benefits-of keeping the water pure .while
they carry, store, and use it at home?

Is the spring convenient to use?

Are the users satisfied?

Does the improved spring area look nice?

Other com ments.
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Water for the World

Designing Structures for Springs W
Technical Note No. RwWS, 1.0.1

C

Protective structures are a vory
important part of developing springs as
sources for a community water supply.

A properly designed protective struc-
ture »nsurer an increased flow from the
spring. To protect the spring, silt,
clay and sand dcposited at the spring
outler, and other material washed down
from the slope by surfice run-off, must
be cleared away. When these materials
are reroved, water flow increases.
Clearing away vegetation from the
spring effluent will also allow better
flow. A protective structure will
iuprove the accessibility of the water.
By channeling the spring flow into one
collection area, a good quantity of
water can be stored for the community.
Spring water can be distributed to com-
munity standpipes or to individual
houses. A third benefit of a protec-
tive structure 1is that !t protects the
spring water from contamination.

This technical note discusses the
design of structures used to protect
and develop springs for com.unity wa er
supplies and makes suggestions for
spring development in a specific area.
The design chosen for & particular pro-
Ject will depend on local conditlions,
materials available and spring yleld.
Read this entire technical note and
refer to "Selecting a Source of Surface
Water,” RWS.1.P.3, before choosing a
design that will best meet a commu-
nity‘s needs.

The design process should result in
the following three items which should
be given to the construction super-
visor:

1. A map of the area. Include the
location o~ the spring; the locations
of users' .aouses; distances from the
spring to the users, eclevations, and
important landmarks. Flguie 1 18 a map
of a small village with a spring
located on high ground above 1it. A map
of this type is useful in helping the
people building the spring box locate
the apring site.

e
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Gseful Definitions w

DI. _HARSE - The flow of water frcm an
opening in the ground or from a pipe
or other source.

EFFLUENT - At a spring site, the point
frem which water leave the ground.

GROUT - A thin mortar used to f1ll
chinks, as between tiles.

HEAD - Difference in water level te-
tween the inflow and outflow ends of a
systom.

HYDRAULIC GRALIZNT - The measure of thn2
decrease in head per unit of distance
in the direction of flow.

MORTAR - A mixture of cement or lime
with water in a basic proportion of 4
units of sand to 1 unit of cement or
lime.

PERPENDICULAR - Exactly upright or
vertical; at a right angle to a given
line or plane.

PUDDLED CLAY - A mixture of’clay with a
little water so clay is v.-rkable,

REINFORCING ROD - Steel bars placed in
concrete structures to give 1%t tensile
strength.

UNDERFLOW - Flow of »ater under a
structure.
Nk _/

2. A list of all labor, materlals
and tools needed as shown in Table 1.
This will help make sure that adequate
gqiantities of nmaterials are availatle
o construction delays can be pre-
/ented.

3. A plan of the spring box w“ith 1il
dimensions as shown in Figure 2. 7Ghl
plan shows a top, side, and front vied,
and the dimensions of a cover for a

spring box 1m x 1lm x 1lm.
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Table 1. Sample Materials List

Item Description

Queuntity Eatinated Cost

Fore=an
Latorers

Lavor

Suppllies Portl»nd cement
1f avallable, or
lically avallatle
s'nd anc grave!l
Water (enougn %0 make
a Miff =aixture)
Wire -esh or rein-
foreing roas
Galvanized steei or
plastic pipe {(for
outlets, overflcw,
ans collectors:
Screering {(for pipes)
Boar3s and ply=ood

lutricant (for

olling faorms)
Balirg «ire
tatls

Clears sand and gravel,

(for dullding forns)
0lc¢ notor cil or other

HE 1

Tools Shovels and picks (or

Harmer

Saw

Bucxets

Carpenter's sgquare or
equivalent (to maxe
square eilge)

eoncrete)
Crowbar
Pliers
Pipe wrench
Wheelbarror
Adjustable wrench
Serewdriver
Trowel

otrer digging tools)
Measuring tape or rods

Mixing tin (for mixing

\.

Total Estimaced Cost A//

General Construction Steps

Follow the construction steps below.
Refer to the dlagrams noted during the
censtructior process.

1. Locate the spring site and with
measuping, tape, cord and wooden stakes,
or polntid sticks, mark out the
construction area as shown in Figure 3.

2. Dig out and clean the area arcund
the spring to ensure a good flow. If
the spring “lows from a hillside, dig
into the hill far enough to determlne
the origin of the spring flow. Where
water 18 flcwing from more than one
opening, dig tack far enoughk to ensure

- 7'7 -

that all the water flows into the
collecting area. If the flow cannot be
channeled to the collection area
because openings are too separated,
drains will have to be installed.
Information on the installation of
drains appears in the section on the
development of secp collection systems.

Flow from several sources may be
diverted to one opening by digging far
enough back into the hill. When
digging out around the spring, watch
to see {f flow frcm the major openings
increases or If llow {ror minor seeps
stops. These signs indicate that the
spring llow 1s becoming centralized and
that most of the water can be collected
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\ﬂqun 2. Spring Box Design
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from one point. The goal 13 to collect
all avallable water from the spring.

It is generally easier to collect water
from one opening than from several.

Dig down deep enough tc reach an
impervious layer. An impervious layer
makes a good foundation for the springz
box, and provides a better surface for
a seal against underflow. If an imper-
vious layer cannot be reached, attempt
to construct the box in the most
impermeable zoil you can find.

3. Plle loose stones and gravel
against the spring before putting in
the spring box. The stones serve as a
foundation for the spring box and help
support the ground near the spring
opening to prevent dirt from washing
away. They also provide some sedimen-
tation, For fast flowing springs,
large stones with gravel between them
should be placed around the spring to
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prepare a gcod solid base. Figure 4
shows an example of gravel and stone

placed between the spring box
spring-
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qun 4. Spring Box with Open Side )

If a spring flows from a single
opening on level ground, dig out around
the opening to form a basin. Be sure
to dig down to impervious material to
form the base. Line the basin with
gravel so that the water flows through
it before 1t enters the spring box.
This 1s shown in Figure 5.

4. Approximately 8m above the spring
site dig a trench for diverting*surface
run~off. The trench must be large
enough to catch surface flows from
heavy rains. If large stones are
available in the construction area, use
them to line the diversion trench to
increase the rate of run-off and pre-
vent erosion.

5. Mark off an area about 9m by 9m
for a fence. Place the fznce posts 1Im
apart and string the fence. A fence i3
useful to prevent animals from fre-
qQuenting the spring site.

Concrete Construction Steps

In order to have a strong structure,
concrete must cure at least seven days.
Strength increases with curing time.
Therefore, construction of the spring
box should begin at the site during
the first day of work. If the concrete
is poured on the first day, seven days
will be available for site preparation
before the spring box 1s put in place.
Be sure that all tools and materials
needed to build the forms and mix the
concrete are at the construction site.
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1. Build wooden forms. Cut wood to
the appropriate sizes and set up the
forms on a level surface. The cutside
dimensions of the forms should bte 0.1:=:
larger than the inside 2i{nmensions. A
form with an oper. tottom should te
bullt for a spring flowing from one
spot on level ground. ror springs frecn
hillsides, a apring box form with a
partially open back must be constructed
as shown in Figures 6 and 7. The si:ze
of the opening depends on the area
which must be iovered to collect the
water. When tullding forms for a box
with a bottum, be sure to set the
inside forms 0.1lm above the bottom for
the floor. This 13 done by nailing the
inside form to the outside form so0 thac
it hangs 0.1lm above the floor. Make
holes in the forms for the outflow ani
overflow »ipes. Place small pleces of
pipe in them so0 that correctly sized
holes are left in the apring box as the
concrete sets. A form for the spring
box ~over must also be built., Builr
all forms at the site.

Forms must be well securec. d
braced before pouring the concrete.
Cement 1s heavy and the forms will
separate if the bracing 1s not strong
enough. One useful inethod is to tie
the braces together with wi-~ as shown
in Flgures 6 and 7. Drill ' _.es in the
forms and place wire through them.
Using a stick, as t..wn, twist the wire
to tighten it and force the forns
together.
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2. Set the forms in place. T.ey
should be either at tne per=ani t site
of the spring box or nearby £ it +1il
not be difficult to move the compirted
structure. If the forms are set and
concrete 1s poured at the permanent
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J

site, water must be diverted from the
area. This usually can be Z2one easily
by ‘igging a sm:.ll diversion dicch, as
shown in Flzure (. Make sure that no
water reaches the forms so thas the
concrete can cure,
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If water diversion 1is difficult, (’
build the forms and pour concrete on a
level spot very near the spring. Orce
the concrete dries, remove the forms e
and set the completed structure in 1B I 41
place. This will require six to eight ,

1

i
J

people.

3. 011 the forms. Put old motor oil ! i
on the wooden lorms so the concrete 1
will not stick to them. .

b. Prepare the reinforcing rods in a
grid pattern for placerment in the forms de S
for tne spring bcx cover. dake sure N L
there {s 0.15m between the parallel ;
bars and that the rods are securely 20mm > ¢
tied together with wire. Then position L Rl IO
the reinforcing rods in the form. See b L T
Flgure 9 for an example of reinfeorcing
rod placement in the spring box cover.
Major reinforcing 1is not needed for the
?‘g:é?ggbg:‘ozﬁé l:hz‘l;eigggtzinz; ;ﬁén Figure 9. Placement ot Repar in Concrete Slab j
walls 1s good to prevent small cracks
in the cement. Four bars tied together
to form 2 square shquld be placed in
the forms.

5. Mix the concre!e in a proporticn {'7
of one part cement, t@Wo parc: sancz anc

three parts gravel (1:2:3}. Add Just ,::;<r////,/-~\‘\‘\/
enougn water to torm & thick paste. Too = -
Ty

much water produces weak concrete. In
order to save cement, a mixture of

1:2:4 can be used. This mixture 1is zf”x“"cn, ,
effective with high quality gravel. $A7S aad from 30609

6. Pour the concrete into the forms. Hang'es setn C°“<’""'°u:f"°';°-¢_'ﬂ
Tamp the concrete to be sure that the an corciany 1::—f;r<fi: Rl
forms are filled completely and that : -—’,/,/—\”774‘ “
there are no voilds or nir pockets that - .{1
cnn weaken 1it. Smooth all surfaces. I o
Smooth the concrete for the spring box P . ;
cover so the middle 1s a little higher Form for box 0n level g/0ung
than the sides (convex shape), as
shown in Figure 10. This will ailow : e T,
water to run off the cover away from w";;;‘ff7 n-r /i ~Freimconcrure
the Sprlng box. ., d,'.’,‘. rIweied BOCIN

7. Cover the concrete with canvas, ‘4
burlap, empty cement bags, plastic, yANY
straw or some other protective material -l .
to prevent {t from losing moisture. T
The covering should be kcpt wet so Form 1or targer Cover Cast n 3ectons
water from the concrete is not
absorbed. If cvoncrete becomes dry, 1t
no longer hardens, 1%s strength 1is
lost, and {t begins to crack. Keep the
cover on for seven days or as long as \‘fhuu|°-meshvswmoﬂo-Conv ,)
the concrete 15 curing.

Sheet o 1n oo
TS ouicng pazer
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8. Let the concr&te stiuctures cet
for seven aays, wetting the concrewe at

Yeas: datly. Alcer seven aays, ine
foras can be removed and the box can be
installed.

Wnen constructing a masonry ring to

protect & spring, follow the construc-
tion steps listed below.

1. Mark out a circle nn the ground
the diameter of tne proposed masonry

ring.
2. Using half bricks, place a circle

of brick arcung the outside of the
TIng. whoie bric«s oroken In nall or
Broren bricks can be used for the
structure. In some places, broken
bricks are avallable free.

3. Fill the spaces between the
bricks with pea gravel and mortar mixed

‘dug, out area with gravel.

Tn a proporcion of 1 part cement to 7
arts sann. As mortar is applled, add
the next line of bricks. Be sure the

verticzal joints do not line up. .

4. When reaching the desired helght,
strengthen the structure using vallirg,
barbcd or anv available wire, Put 3
Stare in the ground next to the ring

- g2 -
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and attach the wire to 1t. ‘wrap the
wire around the ring Several times as
shown in Figure ll1. Once the wire is
wrapped around, secure and cut 1%.

5. Mix mortar in the precoortion of 1
part cement to 3 parts sani. Cover ine
outslce of tne ring Ai:zn a iayer of
mortar. The layer chould be thick
enough to cover the wire completely.

6. A clircular ccver should be buils.
Follow the same tecnnigues as for ine
construction of concrete spring box
covers.

tnstalling a Spring Box

The spring box must te installed
correctly to ensure that it fits on a
solid, impervious base and that a seal
with the ground 15 created to prevent
water tceplng under the siructure.

1. Place the spring box 1n positilon

te co.iect the flow from the spring

1f the flo« comes from a nillslde, che
back of the spring box will be oper.
Ston2s should be placed at the dacr of
the box to prcvide suppert for the
structure and to allow witer to enter
the spring box. Flgure ! shows the
placeaent of open-jointed rock in a
completely installed spring box on a
htllside. On level ground, be sure
that the spring box has a solid foun-
datlon of imprevious matzrial. Place
gravel around the box or in the bacsin
5o that water flows through 1t belore
entering the box.

2. Seal the area where the spring
box makes contact with the ground. Use
concrete or puddled clay to form a
seal that prevents water [rom seeping
under the box.

3. Be sure tha. the area where the
spring flows from the ground 1s well
{ined with gravel, then backfill the
The gravel
r111 should reach as high as the inlet
opening in the spring box so that the
water flowing into the structure passes
though gravel. In Flgure 4, “he sravel
layer reaches the same ievel as the
open stone wall. For spring boxes on
level ground, gravel bausl'ill 1s un-
necessary.

4. Place the pipes in the spring
box. Remove the pipe pleces used <2



form the holes and put in ‘he pipe
needed for outflow and overflow. On
both sides of the wall, use concrete to
seal around the pipes sb water does not
leak out from around thém. Place
screening over the pipe gbenings and
secure it with wire.

5. Disinfect the inside of the
spring box with a chlorine solutton.
Before the spring box 13 closed, wash
its walls with chlorine. PFollow the
directions for disinfection in
"Disinfecting Wells," RWS.2.C.9.

6. Place the cover on the spring
box.

7. Backfill around the area with
puddled clay and soil. On a hillside,
place layers of puddled clay over the
gravel so that they slope away from the
spring Sox. The clay layer should
nearly reach the top of the spring box
and should be tamped down firmly to
make the ground as impervious as
possible. If only soil were used for
backf1ll, 1t would have "to be as least
1.5-2m deep so that contaminated water
could not reach the gravel layer. For
springs on level ground, clay should be
placed around the box. The clay foun-
"itlon should slope away from the
sSpring box so that water runs away from
the spring outlet.

8. Backfill the rcmainling areas with
soil to complete the installation.

Constructing Seep Collection System

Sometimes springs flow frcm many
openings over a large area. To collect
the water, a system of collectors made
of perforated pipe, an antl-seepage
wall, and a sgring box must be built,

The collectors must extend on both
sides of the spring box and anti-
Seepage wall. Figure 12 shows an
example. To install collectors dig
trenches into the water-bearing soil
until an impervious layer 1s reached.
In this way, water 13 taken from the
deepest part of the aquifer and most of
the avallable water can be collected.
The trenches should extend the
necessary length for collecting all
avallable water and should be about lm
wide.
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‘Lay 50-100mm dlameter plastic per-
forated pipe or 10Jmm clay pipe in the
trenches. Perforations in the plastic
pipe should be adout 3mm i{n diameter,
On the uphill side of the trench, place
enougi gravel to cover the pipe. On
the downhill side, build up a small
clay wall to support the pipe. The
pipe should have a ) percent slope
(0.0lm sloge per 1lm distance) toward
the point of collection. Flexible
plastic tubing with slots already .
formed should be used if available. It
1s light and can be cut with a handsay.

Clean-out plpes should be installed
in the collectinn system. Attach
lengths of pipe to the ends of the
collection pilpes. At the end of the
clean-out pipes, place an elbow Joint
to which a vertical length of pipe s
connected as shown in Figure 12. The
pipe extends above ground level and 1is
capped.

The next step 1s to build a concrete
or impervious clay cutoff or anti-
Seepape wall. Dig down to an impervious
layer fsr a good foundation. Make the
faorns for the cutoff wall 0.15m thick.
Figure 13 shows a concrete cutofl wall
l.2m long and 0.9x high. Follcw the
same procedures for constructing the
cutoff wall as for the spring box.
There mus: be a zood seal between the
wall and the ground so that no water
Seeps underneath. Water must be
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directed into the trenches and ccllece
tors. A small spring tdx can be Sulls
at the inside angle of the winged-wall
with the wall forming tdo sides. If
spring box 1s bullt, the forms must o
set at the same time as the cutdlf
wall. Water mus: be diverted freom
construction area by srmall ditches
the seven days needed {or the concre
to dry. Forms nust be well braced an
have noles for ths inf.c# and outflcw
pipes as shown {n Flgure 14,  Always
pcur tne 3eep collection wall and
spring box 1in place. The siructiurs
will pe nuch too heavy %o move alt
casting.

[

e
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When using clay, be sure to remove
any debris frcm the site and tanp ne
clay well so tha: tne small dam or waLl
does not let water seep threcugh. 7The
clay walls should bYe butilt live walis
of a dam with a 2:1 or 3:1 slope. Fut
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the clay down in layers 150mm thick and
tamp each layer down well to ensure
gocd compaction. Ke'ep the clay moist.
Lay and tamp each 150gm layer until the
maximum height 1is rea&?ed. The walls
should be well bonded %o the spring
box.

The construction of a seep collec-~

tion system is more difficult and
expensive than a simple spring box.
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Instullation of collectors requires
more work and some experience. Once
the collectors are installed, however,
the construction of the seep cutoflf
wall i1s no different from spring box
construction. The same steps must be

followed, the same mixture of concrete
used and the same general rules for
curing concrete and for pl:zrement must
be followed.
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Constructing Structures for Springs
Yechnical Note Ny. RWS. 1.C.1

C

There are two important reasons to
build structures for springs and seeps.
Pirst, they protect the water from con-
tamination t.aused by surface run-off
and by contact with people or animals.
Secondly, the structures provide a
point of collection and storage for
water. Water from springs and seeps 1s
stored so 1t will be readily avallable
to the users. This technical note
discusses the construction of spring
boxes and seep collectlon systems and
outlines the construction steps to
follow. The steps are baslic -to small
construction prnjects and should be
folloned for =he construction of most
spring atructures.

Mmful Definitinons \

CONVEX - Curving outward like thesur-
face of a sphere.

DISINFECTION -~ The process of
destroying harmful bacteria.

EFFLUENCE - An opening {rom which
water flows.

PUDDLED CLAY - A mixture of clay and
alittle bit of water used to make
something watertight.

UNDERFLOW
structure.

-~ Plow ol water under a

K!OIDS - Open spaces in a materlal.

Materials Needed

Before construction begins, the pro-
ject designer should glve you the
following ltems:

(1). A map of the area, including
the location of the spring; locations
of users' houses; and distances from
the spring to the users, elevations,

Qquu 1. Location Map

and important landmarks. Flgure 1 1s a
map of a small village with a spring
located on high ground above it. Use
your map to locate the construction
site for the spring box.

(2) A list of all labor, materials
‘ard tools needed as shown in Tanhle 1.
Ensure that all needed raterizls are
avallable and at the worx site before
vwork begins. Make sure that adequate
quantities of materials are avalilable

to prevent cons:tructicn delays.

(3) A plan of the spring box with
all dimenslons as shown in Figure 2.
This plan shows a top, side, and lreont
view, and the dimensions of a cover for
a spring box 1lm x lm x 1m.



=

\Figure 1. Location Ma)
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Spring Box Deiign

There are several possible designs
for apring boxes but, generally their
basic features are similar. Spring
boxes serve as collectors for spring
water. They are sometimes used as
storage tanks when a small number of
people are being served and the source
is located aear the users. Vhen larger
numbers of pu.ople are served, the water
collected in the wpring box flows to
larger storags tanks. The two basic
types of spring boxeuv discussed in this
paper are a box with one pervious side
for collection o" water frem a
hillside, and a lox with & pervious
bottom r'or collection of spring water
flowing from a single opening on level
ground. To determine which design to
use dig out around the area until an
impervious layer is reached, locate the
source of the spring flow, and cdesign
to fit the situation.

-

Tabie 1. Sample Materials List
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' kﬂgm 2. bpring Box Design

Spring Box iith Open Side. A spring
box with a pervious alde ls needed to
protect springs flowing from hill-
sides. The urea around the spring must
be dug out so that ail avallable flow
13 captured and channeled into the
spring box.

Af'ter this has been done, a collec-
tion bos can be built around the spring
outlet as ahown in Figure 3. The dug-
out area should be lined with gravel.
The gravel placed against the spring
opening serves as a foundation for the
box and prevents the spring water from
washing soil away from the area. The
gravel pack also filters suspended
solids. The gravel-rilled area should
be between 0.5-1m xide depending on
the size of the spring collection area.
To ensure that no contamination reaches
the water,. the graves pack should be at
least 1m below the ground surface.

This 1s done either .y locating the
spring catchient 4n the hillside or by
ralsing the ground level with bqgkrlll.

\

Cover nioshd 10
detect a rwatet

Oveartiow 00
wKreened

/s

Concrate apron

A N

Nroervous laret Gravel  Lage 270 smas

108
- kﬂnuu 3. Spning Box with Open Side




Caution must be taken not to disturb
ground fsrmations when digging out
arcund the spring. Without care, the
.'t'low of the spring may be deflected in
another direction or into another
fissure. The atea must, however, be
dug out enough so that the spring box
fits into impermeable material. In
cases where the box does not rrach
impermeable material, puddled clay
should be used to seal the area around
the sides of the spring box. ’

%Eging Box with Open Bottom. If a
spring llows through a {issure and
emerges at one point on level ground, a
spring box with an open bottom can be
developed as shown in Figure 4. The
area around the spring 13 dug out until
an impermeable layer 13 reached. The
area around the spring 1s then leveled
and lined with gravel. The spring box
is placed over the spring ana gravel to
collecc the flow, and clay or concrete
13 packed around the box to prevaent
Seepage between the ground and the box.
Sometimes a small sump can be built at
the bottom so that sediment settles in
one place,.

The design of both types of spring
boxes 15 basically the same and in-
cludes the following features:

(a) a water-tight collection box
ccnstructed of concrete, brick, clay
pipe or other material,

(b) a heavy removable cover that
prevents contamination and provides
access for cleaning,

{c) an overflow pipe, and

(d) a connection to a storage tank
or directly to a distribution system.
The spring box with an open bottom is
simpler and cheaper to construct.
QGenerally, on level ground, flow from
only one source must be captured and
collection of all available flow is
much easier. Costuy are lower because
less digging and fewer materials are
- reguired.

The spring box should be constructed
at the spring site for easy installa-
tion. 1If the appropriate materials are
available, the spring box should be
made of concrete. Information on the
use of concrete i3 included in
Worksheet A. Three sides of the spring
box must be impervious and depending on
the type of spring selected fo~ devel-
opment, either the bottom or the
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Figure 4. Spring Box with Gpen Bottom j

upslope side must be pervious or open.
The upslope side of an open sided
spring box can be constructed partialiy
with concrete and partially with large
rocks and gravel as shown in Figure 3.
Large rocks suppart the spring box and
allow water to enter. Smaller stones
should be used between the large rocks
te close large openings so that sedi-
ment is filtered from the water,

If waterials for building a concrezs
box are not available, or are expen-
sive, there are alternatives that are
particularly useful in developing a
single source spring. Large prefabri-
cated clay or concrete tubes, like
regular spring boxes, can be placed
around the spring. Water rises in the
tube and flows out the outf'low pipe.
Rings ror collecting spring water can
even be constructed using bricks and
moriar. Half or broken bricks can be
used to build a ripng as showa in Figure
5. The bricks are laid in a circular
pattern, so that vertical Joints do
not line up. Spaces between the bricks
are [1lled with gravel and mortar.
Bricks are laid until a height of be-
tween 0.9-1.2n 18 reached. The
diameter may vary but should be around
0.7-1.0m. An outlet and overflow pipe
should be placed in the structure
before installation and with reinforce-
ment added. This type of structure is
very practical and inexpensive to
construct. Little cement 1s needed
and locally available materials can be
used.


http:0.7-1.0m
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Worksheet A. Calculating Quantities Needed for Concrete
(Calcula!lons for a box tm x 1mx 1,0m with open bottom}

Total volume of bt\x = length (1) x width (w) x helght (n)
Thizkness of wallsiw= 0.10m

1. -Volume of top =1 2.2, nxw S Lnrxrt Qo0 0./5’9‘":}

2. Volume of bottom =1 _ O mxw Qo N X2 p M= O me

3. Volume of two sides w 1 _ ¢ mxw _/ nxt pyonxz2= 40 =3
4. Volume of two ends =1 _/ = & W m X% pqomx 2= Q.éDtﬁB
5, fTotal volume = sum ST aieps 1, 25 3, 4, % » ILIELD3

6. Unnixed volume ol materials = total volume x 1.5; _g.g¥=> X 1.5 =

F.Zl m
7. Volume of each material (cement, sand, gravel, 1:2:3):

cement: 0.167 x volume from Line & 0.8/ =« p./3 m3 cenment.
sand: 0.33 x volua: from Line 6 0.7/ * _p.Jdbnm3 sand.

gravel: 0.50 x volume from Line 6 p.f7 = _O% m3d gravel.

8. HNumber of 50kg bags of cement = volune of cenent

voiume per oag

volume of cement 0.13m3 - .033a3/bag = _ 4 :23s.

9. Voluhe_of water . 28 liters x U bags of cement = 112 liters.

storage or pre-storage. If the sprin
box i5 used for storage, it shoull e
large enough to hold a volume of watz2
equal to the neceds of the users over

12-hour period. For example: If 100
people each use 25 liters of water pe

day, the amount of water consuzed in
hours 1s 1250 liters. There are 13CT
11ters per @3, Therefore the volume
the spring box 3hould be 1.25m3.

¢Volume = lengzh x width x helzhtl.
.the collection Sox is used only fer
pre-storage and wat2r flows on o
annther storage tank, the collectlon
box can be smaller.

A reinforced concrete cover must
corstructed to protect the tank fren
outside contanination. The cover
should te cast in place to ensure
proper Tit. I should exsend over I

N
N, Siae m rouno 10 spring tox abou: 0.lm on each side 52
san e ’ rain does not f3ll at .he base of the
K‘fnmcs.muusmmqaol 44/ spring box. The cover should be heav
enougn so chiliren cannot 11f% 12 off

r

-

(NOTE: 1) Do not determine volume for 25 open side or botticm.
2) The top s5lab has a 0.1m overrang on each side.
3) The same calculations willl be used to determine the quantlity
of materials for constructlon of a scepasge wall.
4) To save cement a 1:2:4 mixture can be used.)
\Z _/
(" = The capacity of the spring box
Soaces lied rin pes-tded w depends on whether 1t 13 being used <
Hat brehs Qravel and monar

2

I
H

)

<.

-r

e

2



The spring box should have an
overflow pipe. The pipe 15 placed a
little below the maximum watei level
and at least 0.15m above the floor of
the tark. If the pipe is above the
maximum water level, water will not
flow out and pressure \s created 1in the
tank. The pressure could cause a backe
up and diversion of the ypring. The
overflow pipe should be dovered with a
screen fine enough to keep out
mosquitoes and strong enough to keep
out small animals. The size of the
pipe depends on the flow of the spring.
A rock drain or concrete slab should be
placed outside the tank below the
overflow pipe to prevent erosion near
the base and to carry the water away
from the spring. A pilpe which extends
3-5m from the tank 1s desirable in
order to keep the site free from still
water.

An outlet pipe for connection to a
distribution system should be located
at least 0.1m above the bottom of the
spring box %o prevent a blockage due to
sediment bulld-up. The pipe size
depends on the grade to the storage
tank and the spring flow. A general
rule to follow is that at a one ercent
grade, a 30mm pipe should be used. A
grade between 0.5 and one percent
requires a 40mm pipe, while a 50mm pipe
should be used for grades of less than
0.5 percent. In some cases the same
pipe will be both outlet and overflow.
The outlet pipe should slope downward
for best [low.

After the spring box is installed,
the space behind 1t must be filled with
soll and gravel. The gravel 1is the
bottom layer. On top of it, & water~
tight layer should be farmed tg rrevent
the entrance of surface vater. This
can be done with concrete or puddled
clay. Puddled clay 1s a mixture of
clay and water formed ir.o a layer
A30mm thick. The layer 1is placed on
the ground an.: worved in by trampling
on it. Several layers cf puddled clay
shqyld be placed behind the box.

After sealing the area, the.box can,
either be completely covered with soil
or stanuy above the ground surface. The
box should be at least 0.30m above
ground level so that run-off does not
enter it. For further sanitary protec-
tion, a ditch should be dug at least
8m above the spring box to take sur-
face waver away from the area. The
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s0ll from the ditch should be piled on
the dowihill side to makes a ridge and
help keep surface water away., 4 fence
around the area will Keep animals fron
getting near the spring box and help
prevent contamination and destruction
of the area. The fence should have a
radius of between 7-8m.

Seep Design

Designs for secp development are
similar to those for spring boxes.
Flgure 6 shows the basic deaign.
Intakes (collectors) are very important
features of seep development. The
collector system cnnsists of small
channels containing 100mm clay open-
Joint or 50mm plastic perforated pipe
packed in gravel. The collectors are
installed in the deepest part of the
aquifer. They take advantage of the
saturated ground above them for storage
during times when the groundwater table
1s low. The perforations 1in the pipes
must be about Smm in diameter or large
enough to collect sufficlent water but
small enough to prevent suspended

macter from entering the pipes. In
fine and medium-sized sand, perforated
pipe should be packed 1in gravel but
suspended material often will enter the
pipe in spite of the gravel.

To prevent clogging, the collectors
should be sized so that the velocity of
water flow in them 1s between 0.5m per
second and lm per second. Sece "Methods
of Delivering Water," RWS.4.M,

Water collected by the pipes 1is
channeled to the spring box through a
gravel pack. The collectors must
extend across the entire width and
length of the water-bearing zone and
should be perpendicular to the flow of
the aquifer. These intakes should
extend below the water-bearing zones tc¢
collect the marximum amount of water and
permit free flow into the collector.
The advantage of a collector system 1is
that water seeping over a large area
can be channeled into a central storage
basin.

Clean-out pipes to flush sediment
from tlie collectlion pipes should be
attaches to the collection pipes. To
install clean-out pip~s, add a length
of pipe to the far end of che collec-
tion pipe. At the end of this length,
place an elbow joint facing upwards
and attach a vertical length of pipe.
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The pipe should extend a 1i%.lz 253V
the grround and be capped.
collector system clogs, wacer can be
added to the clean-out pipes to flush
out the system.

Por seep developrent, a cutoff wall
of clay, concrete or other impervious
material should be constructed. The
cutoff 1s usually constructed as a
large "V" pointing downhill with wing
walls extending into the hill to pre-
vent water from escaping. The cutoffl
should extend down intc impervious
material to force the flowing water to
muve to the collectlion point ~id to
prevent loss of water due to underflow.

The use of concrete for the cutnff
wall is best but most expensive. A
wall 0.15m thick will ensure adequate
strength against increased flow. The
height of the cutoff wz2ll depends on
the size of the flow belng collected,
If desired, a spring box may be
constructed inside the "V" shaped
meeting of two walls as shown in Flgure
7. The spring box will provide
a settling basin for sediment removal
and storage. The spring box should be
designed so that water enters it
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figure 7. Basic Design Feature of a Seep Collection System

through openings in the upper wall.
These openings must be screened to pre-
vent entrance of debris.

Puddled clay {nstead of concrete can
be used to for:1 the cuzoff wali. The
clay i3 piled up and tanped dewn to
form an impervicus wall. Tt acts as a
small dam which prevents spri=g water

\



from flowing away from the collection
area. The clay cutoff wall works as
well as the cement wall and 1is much
cheaper and easler to install. Good
impervious clay should be available 1if
this type of cutoff wall is chosen.

An outlet pipe is i{nstalled to move
water from the collection point to
storage. The diameter%YF the pipe
depends on the grade to!storage and
will generally range between 30-50mm.
To determine the correct pipe size, see
"Methods of Delivering Wacer," RWS.4.M.
The outlet pipe for a soring box or
simple collection wall should be at
least 150mm from the bottom of the
collection area. A watertight connec-
tion should be made where the pipe
leaves the spring box or goes throusn
the cutoff wall. As in the case of
spring boxes, the cutlet pipe rmust be
screened with small nmesnh wire. Becausge
of the cost, thls type ol structure
should be used only where seeps cover
an extensive area. Skilled laborers
will be neceded for constructiion.

Horizontal Well Design.

Horizontal wells are very simpie and
can be quite inexpensive. In order to
use a horizontal well, an aquifer must
have a steep slope or hydraulic gra-
dient. Steep hydraulic gradients
generally are found in chilly, sloping
land and follow the ground surface.
Horizontal wells, shown in Figure 8,
are installed in much the same manner
as vertical driven and Jetted wells.
See "Designing Driven Wells,"
RWS.2.D.2, and "Designing Jetted
Wells," RWS.2.D.3 for specific design
features,

A horlzontal well can be driven if
the spring flows from an aquifer in
permeable ground. A pipe with an open
end or with perforated drive points is
driven into the aquifer horizontally
or at a shallow slope to tap it at a
point higher than 1ts normal discharge.
In some solls, the plpe can be driven
by hand. Generally the pipe is driven
using machinery.

"Deslgning Driven Wells, "
RWS.2.D.2, outlines the steps in de-
signing a driven well. These same
steps should be followed in designing
horizontal wells. One design differ-
ence 1s that extra care must be taken
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to avold leakage between the driven
pipe and the ground. I exterior fleow
occurs, 1t can be stopped by forcing
clay or grout into the space, or by °
digging by hand lm back along the plpe
and installing a concrete cutoff wall.
The wall should Lave a dianeter of
0.6m2 and no more than 0.05% thick.
After the concrete slab kardens, the
dug-out area should be packed and bask-
filled with clay.

If the aquifer tha: feeds the spring
1s behind a rock layer, driving a
horizontal well will be very difficulz
if not impossible. In this case, a
Jetted horizonzal well will hnave “co bde
installed. "Desisning Jetted Wells,”
RWS.2.D.2, explains the process of
Jetting wells. The problzm 1s that
horizontal well drilling i{s different
from vertical drilling, and nay be <co
difficuls for inexperienced peogple.
Drilled horizontal wells should only bte
conslidered when there are no other
reasonable alternatlives.



Materials List

In addition to a location map and
design drawings, give the person in
charge of construction a materlals 1list
similar to Table ) showing the number
of laborers, types and quanptities of
materials needed to construct the
spring protection. Some quantities
will have to be determined in the field
by the person in charge of construc-
tion.

Conzrete. Concrete 1s the major
material used in the construction of
spring boxes and cutoff walls.
Concrete is a mixture of Portland
cement, clean sand, and gravel 1in a
fixed proportion. The proportion
generally used is one part cement, two
parts sand, and three parts gravel
(1:2:3). Water 1s used to mix the
concrete. Twenty-eight liters of water
should be used for each bag of cement.
Worksheet A will help deteraire the
amount of matertals needed. Use the
worksheet in making the following '’
calculatlons.

1. Calculate the volume of mixed
concrete needed (length x width x
thickness; Worksheet A, Lines 1-5).

2. Multiply this number by 1.5 to
get the total volume of dry loose
material (cement, sand and gravel)
needed (Worksheet A, Line 6).

3. Add the number:z in the proportion
in order to find the fraction of the
total necded for each material (1:2:3 =
6, 30 1/€ of the mixture should be
cement, 2/6 sand, and 3/6 gravel. In
decimals, this is 0.167 cement, 0.33
sand, and 0.50 gravel).

4. Determine the amocunt of each
material needed by multiplyling the
volume of dry mix from step 2 by the
proportional amount for each material
(1/6 x volume of dry mix = total amcunt
of cemznt needed; YWorksheet A, Line 7).

5. Divide the volume of cement
needed by .033m3 (33 liters), the
amount of cement in a 50kg bag, to find
the number of bags of cement required.
When determining the amount of cement,
figure to the largest whole number
{(Worksheet A, Line 8).
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6. An extra quantity of cement
should be figured int-~ the total for
use in grouting and sealing areas
around the outlet plpes.

7. Calculate the amount of water
necded to mix the concrete (28 liters
of water per bag of cement; Worxsheet
A, Line 9).

8. Extra gravel will be needed for
backfill of areas behind springs.
Graded gravel is preferable, but local
materials can be used 1lf necessary.
Calculate the volume of the area to be
backfilled by taking length x width x
height of area.

Reinforced Conzrete. Concrete can
be Telntored to g.ve 1t exira strengtii.
This is best done with wire mesh or
specially made steel rods. Reinforced
concrete sections must be at least
0.10cm thick. Reinforced concrete
should be uced for all spring box
covery and for 'the walls ol seep
structures. If wire mesh i3 used, the
quantity needed will be aprroximately
equal to the arez of the sladb belng
constructed. If stecl bars (rerod) are
used, they should be placed in the
vooden form before the concrete 15
poured. 10mm dlameter rods should be
used.

The reinf'orcing rod should be
located as follows:

e So that the roda are at least 25mn
(0.257) from the form in all places;

e So that the rebar rests in the
lower part of the cover; two-thirds the
distance from the top or .70mm from the
top of a 100mm slab;

e So that a 150mm (0.15m) space lles
between a parallel rods in a grid pai-
tern as shown in Figure 9.

where the reinforclng rods cross,
they should be tied together with wire
at the point of intersection.

To determine the number of rein-
forcing bags, divide the total lengt®
or width of the spring bdox cover by
0.15m (distance tetween bars). For
example, 1.2m =« B bars.

0.15m

To determine the length of each tar,
subtract 0.05m (0.025m each side) fro=~
the total lengtin or width of the cover.
For example, 1.Zn - 0.05m = l.15m.



e
-
/

i >
LY I
¥ om< 100mm  50mm
,
25mm > ¢
Al “0mm
[ — = 30mm

Figure 9. Placement of Rebar in Concrete Slab

J

Pipes. Outlet pipes can be of
galvaniced steel, or plastic depending
on what 1is available. Galvanized steel
is preferable because of its strength.
Steel pipe lasts longer and does not
shatter like plastic pipe. Intake
pipes should be either clay, perforated
plastic open-joint cement or in some
cases, bamboo. The choice again will
depend on availability of materials and
cost. The pipe should have a minimum
diameter of S0mm to be sure that an
adequate zupply of water enters the
collection system. All pipes must be
lajd at a uniform grade to prevent air
loek in the system.
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When labor requirements, materials,
and tools have becn decided on, prepare
a materials list similar to Table 1 and
give it to the construction supervisor.

Important Considerations

Spring protection should ensure that
the source i3 always protected fronm
contamination. Before attempting to
develop a spring, conduc% a sanitary
survey as described in "Conducting
Sanitary Surveys to Deternine
Acceptable Surface Water Sources,"
RWS.1.P.2. Follow the guidelines for
measuring the quantity of available
water present 1in "Selecting a Source of
Surface Water," RWS.1.P.3, to be sure
that the source will meet communicty
needs. The preliminary w“ork describded
in these technical notes shculd be done
before designing a protective struc-
ture.

The choice of the structure for
spring protection depends cn the g=o-~
logic conditlons of the area, the type
of spring, the materials available, and
the skill level of available labor.
Spring boxes are easy to desigzn and
require little construction expertise,
although workers should have some
construction experience. Driven
horizontal wells are also easy and
inexpensive to develop although some
expertise 13 needed to complete a suce
cesstul well,

Structures for seeps are more dif-
ficult to design and require that
workers have a nuch higher level of
construction experience. The cost of
developing a sececp may be very high
depending on the leng~h of the
retaining wall and the amount of pipe
needed for intakes.
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Water for the World

Maintaining Structures for Springs
Technical Note No. RWS. 1.0.1

\

Spring structures are easy to
operate ond ma’atain. One of the main
advantages of springs as water sources
is that they are inexpensive to devel-
op. The structur>s needed to protect
them require little attention after
installation. HNo structure, hovever,
13 compietely maintenance free. Even
the most simply designed spring struc-
ture needs periodic mairntenance to
ensure that it provides good quality
water in sufficlient quantities. This
technical note describes the perlodic
maintenance needed for spring boxes
and seep collection sys:tems so that
they operate effectively for many
years.

rUs«:ful Definitions

EROSION - The wearing away of soll,
rock or other muterial by the {low of
water.

PERVIOUS - Allowing liquid to pass
through.

of water.

\

SEDIMENT - Small particler of dirt and
other matter that settle to the bottom

TURBIDITY - Cloudiness in water caused
\by particles of suspended matter.

Maintenance of Spring Boxes

The maintenance of 3apring boxes
reguires that a chaclk be mace to ensure
that the structure adequately protects
the water source and that all ava{lable
water 1s being collected. Exduine the
spring box periodically to enjure that
there is no ajit bulld-up and that
water quality 1is good. Jtudy the
following conditions at the site to
ensure that the spring is well-
protected and free from any operating
problems.
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Determine whether the diversion
drafnace altch above tne spring s
doins an agequate JOD €I removing sul-
Tace water f{rcx ctne arei, il .i0%, ne
trencn snouid te Improved. The diver-
sion ditch should be lined with gravel
or stones to increase flow and to
prevent erosion of the sides. Grass
can be planted i{n the %rench to prevent
erosion, but heavy growth will block
flow. B3e sure to checx =he diversicn
ditch periodically to mzke sure that
grass {s not too high and that no other
abstructions will bdlock water {low.

If there 15 a fence above the
sprine, make sure it {5 in goc: repa!r
and 5 eflectively Feeping anizals anay
from the sprins.

Check the upslcpe wall to be sure it
18 solld and erosion 1is not wWearins 1%
away. If tnere are signs of heavy ero-
sion or settling, add additional back-
111 of top soll, clay or gravel.
Build up the hill with stones and
plant grass to help control erosian
around the spring box.

Check the wuter. If trere i3 an
increase in turoidity or flow after a
rainstorm, surface run-off is5 reaching
the source and contaninating it.
Identify the source of the run-off and
improve the protection of the spring.

Take periodic samples of the water
and have them analyced to check fcor
evidence of fecal contamina“ion.
Information on taking a water sample
and analyzing it can be found in
"Taking a Water Sample," RW5.3.P.2 and
"Analyzing a Water Sample," RWS.3.P.3.

Check the cover to be sure the box
i3 watertight. Make sure that ine
cover 1s not removed by the users and
that contamination 15 not being Intro-
duced by people dipping buckets and
other utensils into the spring box.




Determine that all available water
is being collected by the systenm.
Watch out for water seeping Irom the
sides or from underneath the spring
.box. If water seecps cut, seal the leak
with clay or concrete so that all flow
is diverted into the spning box.

Ensure that the system is cleaned
adeguately. Once a year disirl'ect the
system and clean the sediment out of
the spring box. To clean the syitem,
remove the cover. Allow the water to
drain from the spring vox by opening
the valve on the outlet pipe. If the
box has only one pipe for outlet and
overflow, use a bucket to empty the
spring box as thown in Figurec 1. Then
use a small shovel to clean out the
sediment collected on the bottom of
the tank. Sediment remcval will pre-
vent clogging and build-up which causes
the tank to fill up more qulckly.

._ Checn screen

lor Cogging
of tust

Check pervous wat
1of 10038 of laten siones

Sedwrant

Kﬂgu’o 1. Emptying Spring Box y,

If a pump is built into the spring
box to collect sediment, a drain plpe
can be installed to carry sediment
away. The drain pipe should have a
valve. This type of installation is
especially useful when tapping a fast
flowing spring.
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After cleaning the tank, follow the
procedures for disinfection explained
in "Disinfecting Wells," RWS.2.C.9.
All walls of the spring box should be
washed with a chlorine solution and
chlorine should be put directly into
the water. If possible, the chlorine
should be allowed to stand for 24
hours. If the chlorine cannot stand
that long, apply two doses of chlorine
twelve hours apart to ensure complete
disinfection., Figures 1, 2, and 3 show
the cleaning and disinfecticn of a
spring box. -

Sman shove! 67 00D

L Figure 2. Removing Ssdiment J

Check the scr>ening on the pipes to
gee if cleaning 15 na~essary. If
screcns are clogged or very dirty, they
should be either cleaned or changed,
Always use copper or plastic screening
to prevent rust.

Mainlenance of Seep Collection
Systems

Operating and maintaining seep
collection systems is similar to
spring boxes except that extra care
must be taken in the maintenance of th
collectioit pipes. Although collection
pipes arr. 1ined with gravel to filter
out sediment, the pipes can still clog.
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If clogging occurs, substantlally less
water will reach the collection box.
If water Clow decreases, suspect that
the collection system i3 clogged.

518 brush o /N
IO b0 \

To clean the clogged pipes, remove
the cap from the clean-out pipe and
pour water into it. Use elther a hose
or & bucket so that sufficlent force 1s
avallable to break up the sediment.

See Figure 4.

qun 3. Scrubbing Walls with Chionny Solution

Watet poured LNOUgh

] -

/
S / ;
‘- 'IJL'-?_—-—_‘-:.J.—J.:-' ‘f»-*u.u; . e,

Cotecion ppe

K Figure 4. Flushing Out Seep Collection System
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SPRING BOX SYSTEM

There are two important reasons to build structures for springs. First, they
protect the water from contamination caused by surface runoff and by contact
with people or animals. Secondly, the structures provide a point of
collection and storage for water. Water from springs is stored so it will be
readily available to the users. The following discusses the constructior of
spring boxes and outlines the construction steps to follow. The steps are
basic to small construction projects and can be followed for the construction

of most spring structures.

Materials Needed

Before construction begins, the project designer should give you the following
items:

1. A map of the area, including the location of the spring; locations of
users' houses; distances from the spring to the users; elevations; and
important landmarks. Figure 1 is a map of a smali village with a spring
located on high ground above it. Use your map to locate the construction
site for the spring box.

2.  Ensure that all needed materials are available and at the work site
before the work begins. Make sure that adequate quantities of materials
are available to prevent construction delays.

3. A plan of the spring box with all dimensions is shown in Figure 2. This
plan shows a top, side, and front view, and the dimensions of a cover for
a spring box (I1m x1mx1m).

a round ™

* / siopes
, - Civarsion ditch
) ;:' T /

Im " Fs3
1

Spring site—— AT )

~ Feni:e

TAKEN FROM WATER FOR THE WORLD TECHNICAL

NOTE - RWS 1.C.1 and 1.0.1.

Slreafn/

Figure 1. Location Map
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General Constructilon Steps

Follow the construction steps below. Refer to the!diagrams noted during the
construction process. % =

1.

2.

Locate the spring site and, with measuring tage, cord, and wooden stakes
or pointed sticks, mark out the construction a-ea as shown in Figure 3,

Dig out znd rlean the area around the spring to ensure a good flow. If
the spring flows from &« hiilside, dig into the hill far enough to
determine the origin of the spring flow. Where water is flowing from
more than one opening, dig back far enocugh to ensure that all the water
fiows into the collectlon area. If the flow cannot be channeled to the
collection area because openings are too separated, drains will have to
be installed. Information on the installation of drains appears in the
gection on the development of seepage collection systems.

Flow from several sources may be diverted to one ovening by digging far
enough back into the hill. When digging out around the spring, watch to
see if the flew from the major openings increases or if the flow from
minor seeps stops. These signs indicate that the spring flow is becoming
centralized and ‘that most of the water can be collected from one point.

The goal 1s to collect all available water from the spring. It is-.

generally easier to collect water from one opening than from reveral,

Dig down deep enough to reach an ‘wpervious layer. An impervious layer
makes a good foundation for the spring box, and provides a better surface
for a seal against underflow. If an impervious layer cannot be reached,
attempi to construct the box in the most impermeable soil you can £ind,

Pile loose stones and gravel againsc the spring before putting in the
spring box. The stones serve as a fcundation for the spring box and help
support the ground near the spring opening to prevent dirt from washing
away. They also provide some sedimentation. For fast flowing springs,
large stones with gravel between them should be placed around the spring
to prepare a good solid base. Figure 4 shows an example of gravel and
stone placed between the spring box and the spring. '
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" Mounded Soi

Diversion ditch am above I
8pring

~

Cover sloped 1o dallect
raiiwater

impervious fayer
pe Y Gravel

© Large and small stones

1 \Overﬂow pipe,
screoned

Concrete apron

Quitlet (to
storage)

J

Figure 4. Spring Box with Open Side

If a spring flows from a single opening on level ground, dig out around the

cpening to form a basin.
the base.

before it enters the spring box.

Be sure to dig down to impervicus material to form
Line the basin with gravel so that the water flows through it
This is shown .in Figure 5.

*—‘\

Cover slanted to
/1ellect rainwater

e

Water lava!

" e e o~

Overflow pipe,
screened

Concrete apron

/

Figure 5. Spring Box with Open Bottom
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4. Approximately 8 m above the spring site dig a trench for diverting
surface run-off, The trench must be large enough to catch surface flows
from heavy rains. If large stones are available in the construction
area, use them to line the diversion trench to increase ‘the rate of
run-off and prevent erosion.

5. Mark off an area about 9 m X 9 m for a fence. Place the fence posts 1 m
apart and string the fence. A fence 1s useful to prevent animals from
frequenting the spring site.

Concrete Construction Steps

In order to have a strong structure. concrete must cure at least seven days.
Strength increases with curing time. Therefore, construction of the spring
box should begin at the site during the first day of work. If the concrete is
poured on the first day, seven days will be available for site preparation
bafore the spring box is put in place. Be sure that all tools and materials
needed to build the forms and mix the cnncrete are at the construction site.

1. Build wooden forms. Cut wood to the appropriate sizes and set up the
forms on a level surface. ' The outside dimensions of the forms should be
0.1 m larger than the inside dimensions. A form with an open bottom
should be built for a spring flowing from one spot on level ground. For
springs from hillsides, a spring box form with a partially open back must
be constructed as shown in Figures 6 and 7. The size of the opening
depends on the area which must be covered to collect the water. When
building forms for a box with a bottom, be sure to set the inside forms
0.1 m above the bottom for the floor. This 1s done by nailing the inside
form to the outside form so that it hangs 0.1 m above the floor. Make
holes in the forms for the out-flow and overflow pipes. Place small
pleces of pipe in them so that correctly sized holes are left in the
spring box as the concrete sets. A form for the spring box cover must
also be built, Build all forms at the site.

Forms must be well secured and braced before pouring the concrete.
Cement 1s heavy and the forms will separate i1f the bracing is not strong
enough, One useful method is to tie the braces together with wire as
shown in Figures 6 and 7. Drill holes in the forms and place wire
through them. Using a stick, as shown, twist the wire to tighten it and
force the forms together.
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Inner lorm suspended Wire braces keep walls separated  =rggh concrete,
troweled smooth

75mm above ground level

Wot cover
Holes drilled
in inner
and outer
walls
\Holes for
P overflow and . '
oulfet with .
pieces ol ’ . Temporary
pipe in : braces
place :
| _ . é{/
yu' (4 A. -
- _:_:’
Opening for v ~Y -
pervious wall
Ground levelled
and raked smooth ) Fresh concrete foor
Figure §. Forms for Spring Box with Open Side
-~ P ",

Inner form
Braces

| Outer form Wire braces

keep walls
separated

Holes for over-
fe. Lk flow and

outiet with
piecas of pips
in place

. Spring box site
Sheet of tin or
building paper

Temporary
riversion ditch for spring water

¥igure /. Forms for Spring Box with Figure 8. Excavating Spring Site
Open Bottom
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Set the forms irn place. They should be either at the permanent site of

the spring box or nearby so it will not be difficult to move the
completed structure. If the forms are set and concrete is poured at the
permanent site, water must be diverted from the area. This usually can
be done easily by digging a small diversion ditch, as shown in Figure 8.
Make sure that no water reaches the forms so that the concrete can cure.

If water diversion is difficult, build the forms and pour coencrete on a
level spot very near the spring. Once the concrete dries, remove the
forms and set the completed structure in place. This will require six to
eight people.

011 the forms. Put old motor oil on the wooden forms so the concrete

will not stick to them.

Prepare the reinforcing rods in a grid pattern for placement in the forms

for the spring box cover. Msake sure there 1s 0,15 m between the allel

bars and that the rods are securely tied together with wire. Then
position the reinforcing rods in the form. See Figure 9 for an example
of reinforcing rod placement in the spring kox cover. Major reirnforcing
i8 not needed for the spring box walls but some minor reinforcing around
the perimeter of the walls is good to prevent small cracks in the cement.
Four bars tied together to form a square should be placed in the forms.

/ 75mm | 150mm ‘\
- TF

4

4

IF 1l

150

N 100mm  S0mm
25mm 3, |<
100mm l b bete B 8L Sas Avmaeaben 3-. ;g::::

Piguve 9. Placement of Rebar in Concrete Slab
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Mix the concrete in a proportion of one part cement, twn parts sand, and
three parts gravel (1°2:3). Add just enough water to form a thick paste.
Too much water produces weak concrete, In order to save cement, a
mixture of 1:2:4 can be used. This mixture 1is effective with high
quality gravel.

Pour the concrete into the forms. Tamp the concrete to be sure that the
forms are filled completely and that there are no voids or .air pockets
that can weaken it. Smcoth all surfaces. Smooth the concrete for the
spring box cover so the middle is a little higher than the sides (convex
shape), as shown in Figure 10, This will allow water to run off the
cover away from the spring box.

g

Wire braces
keep walls
separated

Holes for over-
flow and

outlet witt
pieces of pipe
in place

l_—

T~

- - —
e

—_——

C—

Sheet of tin or
t 4ilding paper

Figure 10, Forms for Sgring Box'Cover

Cover the concrete with canvas, burlap, empty cement bags, plast. .traw

or gome other protective materials-to prevent it from losing moisture.

The covering should be kept wet so water from the concrete 1s not
absorbed. If concrete becomes dry, it no longer hardens, its strength is
lost, and 1t begins to crack. Keep the cover on for seven days or as
long as the concrete is curing.

Let the concrete structures set for seven days, wetting the concrete at

least daily. After seven days. the forms can be removed and the box can

be installed.
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Installing a Spring Box

The spring box must be installed corréctly to ensure that it fits on a solid,
impervious base and that a seal with the ground is created to prevent water
from seeping under the structure,

1. Place the spring box in position to collect the fiow from the spring. If
the flow comes from a hillside, the back of the spring box will be oper,
Stones should be placed at the back of the box to provide support for the
structure and to allow water to enter the spring box. Figure 4 shows the
placement of open-jointed, rock in a completely installed spring box on a
hillside. On level ground, be sure that the spring box has a solid
foundation of impervious material. Place gravel around the box or in the
basin so that water flows through it before entering the box.

2. Seal the area where the spring box makes contact with the ground., Use
concrete or puddled clay to form a seal thar prevents water from seeping
under the box, -

3. Be sure that the area where the spring flows from the ground is well
Iined with gravel, then backfill the dug out area with gravel. The
gravel fill should reach as high as the inizt opening in the spring box
so that the water flowing into the structure passes through gravel. In
Figure 4, the gravel layer reaches the same.level as the open stone wall,
For spring boxes on level ground, gravel backfill is unnecessary.

4. Place the pipes in the spring box. Remove the pipe pleres used tc form
the holes and put in the pipe needed for cut-flow and overflow. On both
sides of the wall, use concrete to seal around the pipes so water does
not leak out from around them.. Place screening over the pipe openings
and secure it with wire,

5. Disinfect the inside of the spring box with a chlorine solution. Before
the spring box 1s closed, wash its walls with chlorine.

6. Place the ccver on the spring hox.

7.  Backfill around the area with puddled clay and soil, On a hillside,
place layers of puddled clay over che gravel so that they slope away from
the spring box. The clay layer should nearly reach the top of the spring
box and should be tamped down firmly to make the ground as impervious as
possible. 1If only soil were used for backfill, it would have to be at
least 1.5 to 2 m deep so that contaminated water could not reach the
gravel layer. For springs on level ground, clay should be placed around
the box. The clay foundation should slope away from the spring box so
that water runs away from the spring outlet.

8. Backfill the remaining areas with soil to complete the installation.
Spring structures are easy to cperate and maintain, One of the main

advantages of springs as water sources is that they are inexpensive to
develop. The structures needed to pretect them require little attention after
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installation. No structure, however, is completely maintenance free. Even
the most simply designed spring structure needs periodic maintenance to ensure
that it provides good quality water in sufficient quantities. The following
describes the periodic maintenance needed for spring boxes so that they
operate effectively for many yea>s,

Maintenance of Spring Boxes

The maintenance of spring boxes requires that a check be made to ensure that
the structure adeguately protects the water source and that all available
water is being collected. Examine the spring box periodically to ensure that
there 1s no silt build-up and that water quality is good. Study the following
conditions at the site to ensure that the spring is weil-protected and free
from any operating problems.

Determine whether the diversion drainage ditch above the spring is doing an
adequate job of removing surface water from the area. If not, the trench
should be improved. The diversion ditch should be lined with gravel or stones
to increase flow and to prevent erosion of the sides. GCrass can be planted in
the trench to prevent ercsion, but heavy growth will block flow. Be sure to
check the diversion ditch periodicaily to make sure that grass is not too high
and that no other obstructions will block water flow.

If there is a fence above the spring, make sure it is in good repair and is
effectively keeping animals. away from the spring.

Check the up-slope wall to be 'sure it is solid and erosion is not wearing it
away. Ii there are eigns of heavy erosion or settling, add additional
backfill of top soil, clay or gravel. Build up the hill with stones and plant
grass to help control erosion around the spring box.

Check the water. If there is an increase in turbidity or flow after a
rainstorm, surface run-off is reaching the scurce and contaminating {it.
Identify the source of the run-oif and improve the protection of the spring.

Check the cover to be sure the box is watertight. Make sure that the cover is
not removed by the users and that contamination is not being introduced by
people dipping buckets and other utensils into the spring box.

Determine that all availlable water is being collected by the system. Watch
out for water seeping from the sides or from underneath the spring box. If
water seeps out, seal the leak with clay or concrete so that all flow ie
diverted into the spring box.

Ensure that the system 1is cleaned adequately. Once a year disinfect the
system and clean the sediment out of the spring box. To clean the system,
remove the cover. Allow the water to drain from the spring box by opening the
valve on the outlet pipe. If the box has only one pipe for outlet and
overflow, use a bucket to empty the spring box as shown in Figure 1. Then use
a small shovel to clean out the sediment collected on the bottom of the box.
Sediment removal will prevent clogging and build-up which causes the box to
fill up more quickly.
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Check pervious wall
for loose or fallen stones

Small shovel or scoop
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Figure 11, Emptying Spring Box Figure 12, Removing Sediment.

'If a pump is built into the spring box to collect sediment, a drain pipe can
be installed tc carry sediment away. The drain pipe should have a wvalve,
This type of installation 1is especially useful when tapping a fast flowing
spring.

After cleaning the tank, follow the procedures for disirfection explaired in
"Disinfecting Wells," RWS.2.C.5. Ali walls of the spring box should be washed
with a chlorinc solution and chlorine should be put directly into the water.
If poussible, the chlorine should be allowed to stand fer 24 hours. If the
cklorine cannot stand that long, apply two doses of chlorine twelve hours
apart to ensure complete disinfection, Figures 11, 12, and 13 show the
cleaning and disinfection of a spring box.
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Check the screening on the pipes to see if cleaning is necessary. If screens
are clogged or very dirty, they should be either cleaned or changed. Always
use copper or plastic screening to prevent rust,

T a N

Stiff brush or
scrubbing ool

Chlorine solution

- _

Figure 13. Scrubbing Walls with Chlorine Solution
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SEEPAGE COLLECTION SYSTEM

Somctimes springs flew from many openings over a large area. To collect the
water, a system of collectors made of perforated pipe, an anti-seepage wall,
and a spring box must be buillt.*

Constructing Seep Collection System

The collectors must extend on both sides of the spring box and anti-seepage
wall., - Figure 1 shows an example. To instali collectors, dig trenchés into
the water-bearing soil until an impervious layer is reached. 1In this way,
water 1s taken from the deepest part of the aquifer (the undergrcund
water-bearing strata) and most' of the available water can be collected. The
trenches should extend the necessary length for collecting all available water
and should be about 1 m wide.

Lay 50-100 mm diameter plastic perforated pipe or 10C mm clay pipe in the
trenches., Perforations in the plastic pipe should be about 3 mm in diameter.
On the uphill sides of the trench, place enough gravel tc cover the pipe. On
the downhill side, build up a small clay wall to support the pipe. The pipe
should have a 1 percent slope (0.0l m slope per 1 m distance) toward the point
of collection. Flexible plastic tubing with slots already formed should be
nged if available. It is light and can be cut with a handsaw.

Clean-out pipes should be installed in the collection system. Attach lengths
of pipe to the ends of the. coll~ction pipes. At the end of the clean-out
pipes, place an elbow joint tg which a vertical length of pipe 15 connected as
shown in Figure 1. The pipe extends above ground level and 1s capped.

Gravel on uphill side of pipe

Soep area
/ N

Anli-seepage v du
and spring box

Collection
pipes
Roa "’"‘v-
. /{,-S
Seep layer Lo .
Collection Puddled clay on
pipe downhil! side of
pipe
Anti-seepage wall SIDE VIEW

|

Outlet (to storage,

Figure 1. Seepage Collection System

»Note to participants: Another group is working with spring box construction,
TAKEN FROM WATER FOR THE WORLD TECHNICAL NOTE RWS 1.p.1, 1.c.1 and 1.0.1,
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The next step is to build a concrete or impervicus clay cutoff or anti-seepage
wall. Dig down to an impervious layer for a good foundation. Make the forms
for the cutoff wall 0.15 m thick. Follow the same procedures for constructing
the cutoff wall as for the retaining wali, There must be a good seal between
the wall and the ground so that no water seeps underneath. Water must be
directed into the trenches and collectors. A small spring box can be built at
the inside angle of the winged-vall with the wall forming two sides. If a
spring box is built, the forms must be set at the same time as the cutoff
wall. Water must be diverted from the construction area by small ditches for
the seven days needed for the concrete to dry. Forms must be well braced and
have holes for the in-flow and out-flow pipes. Always pour the seep
collection wall and spring box in place. The structure will be much too heavy
to move after casting.

When using clay, be sure to remove any debris from the site and tamp the clay
well so that the small dam or wall does not let water seep through. The clay
walls should be built like walls of a dam with a 2:1 or 3:1 slope. Put the
clay down in layers 150 mm thick and tamp each layer down well to ensurs good
compactlon. Keep the clay molst. Lay and tamp each 150 mm layer until the
maximum height is reached. The walls should be well bonded to the spring box.

The construction of a seep collection system is more difficult and expensive
than a simple spring box.

Installation of collectors requires more vsork and some experience. Once the
collectors are installed, however, the construction of the seap cutoff wall is
no different from spring box. construction. The same steps must be followed,
the same mixture of concrete used and the same general rules for curing
concrete and for placement must be followed.

( ™

Excavation for anti-seepage
Clegnout wall and coliection pipe

Trenches for
collection pipes

- PO - .
Gravelon . . | . . ==
uphill site ~__ S LTS W B B L

o
[
o
=
=
=X

100mm collection sido Bitan ;
pipe, perforated ‘mpervious
PVC layer

| Figure 2. Seepage Collection System
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Figure 3. Forms for Anti-Seepage Wall and Collection Box

Operating and maintaining seepage collection systems is similar to spring
boxes except that extra care must be taken 1in the maintenance of the
collection pipes. Although collection pipes are lined with gravel to filter
out sediment, the pipes can stiil clog.

If clogging occurs, substantially less water will reach the coilection box.
If water flow decreases, suspect that the collection system is clogged.

To clean the clogged pipes. vemove the cap from the clean-out pipe and pour

water Into it, Use elther a hose or a bucket so that sufficient ferce 1is
available to break up the sediment. See Figure 4,
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Figure 4, Flushing Out Seepage Collection System

- 114 -



. Handout 17-6, p. 1

STORAGE TANK "

Purpose of Storage Tank

.~ The construction of a storage tank for spring flow 1s an effective way to
improve a spring water gource with a low rate of flow, Storage tanks can be
built as an addition to any type of spring containment system, retaining wall,
spring box, or sespage collection system. The water flow from the gpring is
piped to a storage tank where the water accumulates and can be accessed by
villagers through an outflow pipe and faucet. The water is stored in the tank
overnight and is then available in large quantity when needed. Figure 1 shows
a village mar of a spring and ? collection tank. The advantages of collection
tanks are these: -

1. The tank serves to store water that is provided by the spring during
low-demand periods (such as overnight) for use during high-demand periods
(such a~ early morning).

2. Water can be accumulated in vessels more quickly, since etscred water will
flow from the tank faster than from many direct-access spring flow pipes.
Thus viilagers won't have such a long wait for water during high use
perlods.

3. Water is captured overnight, thus resulting in less waste froum unused
run-off water,

4. Water can be kept clean, 'since it is stored in a tight, covered storage.
‘tank, ‘
( Grong ' \\

slopes
Divarsion ditch
e

-

NN
<
S, ~F

~ Spring sile—:-\agm,

-t

‘f;Dwﬂm?s-ﬁﬁﬂ

Figure 1. Location Map

TAKEN FROM WATER FOR THE WORLD TECHNICAL NOTE - RWS 5.D.2
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Sizing a Storage Tank

To determine how large a storage tank must be, it is necessary to calculate
how much water is used at various times during the day, and compare this to
how much water is supplied by the source for those same time periods. The
difference between supply eand use will mean either that water will be drawn
out of the tank or will flow into the tank. There are a number of ways to
determine tank canacity; however, they are beyond the scope of this training
progran. The ta.k could be a variety of sizes and still serve as an
improvement to villagers; however, it never need be larger than the volume of
water yielded by the spring during the night,

Shape of a Storage Tank

All other factors being equal, the most economical tank shape 1s circular,
then nearly-circular, then equare, and then rectangular. For ease of
construction, certain shapes are easier than others:

Circular tanks: The most economical shape to use, but not easy to construct,
especially for small diameters.

Octagonai (8-sided) tanks: The best shape to use, but not easy to comstruct
for diameters less than 2.5 meters (or capacities smaller than 3,200 liters).

Hexagonal (6-s1ded) tanks: Good for tanks between 1,700-3,200 1liters
(diameters not less than 2 meters).

Square tanks: This 1is the traditional shape, and easlest to construct for
small capacities,

Rectangular tanks: The least-economical ehape, especially as one sids becomes
much longer than the other. However, due to physical constraints of the site.
it may be necessary to use this shape. Keeping it as nearly square-shaped as
possible will make a more economical design.

For example the most economical dimensions for a 1,000 iter tank would be 1
meter wide, 1 meter long, and 1 meter high.

Constructing a Storage Tank

Storage tanks should be constructed with a reinforced concrete foundation and
floor, followed by rock and mortaxr walls. The roof can be of wood frame or
reinforced concrete construction.

se location of the storage tank must be selected so that water from the
spring can flow into the tank and fill 1it, Further,the tank should be in a
location that is convenient for drawing water from a faucet piped from the
bottom of the tank. -

The fouvndation for a storage tank is constructed in a similar way as that
described for the retaining wall. Excavation to a suitable soil sub-base is
first performed, then a layer of broken stone or gravel 1is placed over the
sub-base. The location of the foundation for the walls should be carefully
aligred by staking the locations of corners. After the foundation 1is
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completed, the construction of the rock and mortar walls should be started at
the cornera. After the corners are built to the height of two or tlree
courses of rock, then build the walls from corner to corner maintaining the
straight alignment of each wall,

Storage tank walls can be stepped as shown in Figure 2. Stepping the wall is
an economical use of construction materials and puts the thickest portion of
the wall at the base where the water pressure will be the greatest.

External Wall Internal
Partition Wall
4
- -I;o | 20
’*rff“'“ /'y e e

' ‘ 30 30

 — -
1 60
| H=100 | o H=100

s - NOTE :
T 45 All dimensions
in centimeter
60

&)

B
Figure 2. Storage Tank Wall

The floor of the tank may be either of masonry (i.e., mortared brick or stone)
or reinforced concrete. A bed of gravel or crushed stone must be put down,
roughly pitched so the floor will slope downwards to the drain pipe. As soon
as the final concrete or plaster has set, the tark should be filled to a depth
of about 30 cm to help the curing process (a deep depth of water would exert
too much pressure on the floor which the cement would not be strong enought to
support). After two weeks the tank can be filled completely and checked for
any visible leakage,

Roof design and construction is complicated, but the basic considerations for
a storage tank roof include:

a. It must be able to support its own weight, plus the weight of one or ‘more
persons ‘ e SRR A

b, It shorld be relatively tight to prevent fain'énd duﬁf‘dﬁq“débriéifrom
entering the tank o " R R

c. It should have an access way for a person to inbpeét or‘enteg‘the”fénk
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d. It should be made of a durable material, timber and slate, or concrete,
or galvanized iron sheeting. Avoid a material such as thatch, which can
house vermin.

The finished walls and floor should be plastered with cement mortar to make
the tank as watertight as possible. Plastering is discussed in Handout 8-1:
Cement, Joncrete, and Masonry.

Piping for a Storage Tank

The piping for a small storageé tank will include:
a. an inlet pipe from the water source

b. an outlet pipe to the supply tap (faucet)

c. a drain pipe at the bottom of the tank

d. an overflow pipe near the the tobhof“theutank

e. a valved bypass pipe which connects the inlet and outlet directly,
allowing the tank to be emptied for maintenance

Figure 3 shows a typical piping arrangement.

Finished Grading

The ground around the reservoir should be mounded so that rain run-off will
flow away from the tank. The surrounding land should be stabilized against
erosion. If there is generally heavy rain run-off, then suitable drainage
channels should be made. The drainage channel for the overflow should also be
carefully constructed, and preferably should carry the water to where it can
be utilized (such as for an animal water-hole, or for irrigation of a nearby
garden).
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Figure 3. Storage Tank Design

Maintaining a Storage Tank

The maintenance of water storage tanks 1s necessary to ensure the quality of
the water stored. Maintenance of tanks basically involves two important
procedures: prevention of contamination, and cleaning the tank periodically to
ensure that water is fresh,

General Maintenance

Water quality in storage tanks should be preserved. All storage tanks shouid
be checked monthly to ensure that all necessary maintenance is done when
needed. Never delay in attending to any problems that arise.

When looking av the tank, make sure to check the following:

) Covers. Make sure the :over fits tightly over the tank. There should be
no space for dust or leaves to enter the storage tank. The cover should
fit tightly enough to prevent the entry of light., Light stimulates the
growth of algae in the tank.

- Potential Sources of Contamination. Check the area around the storage
tank to make sure that no'contaminants have been introduced to the area.
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No waste disposal or garbige disposal sites should be near the storage tank,
especially when they are located below ground, Under no circumstances should
any disposal sites or ani-s) pens be placed on ground above the cistern.
Contaminants can flow downhill and destroy the quality of water. A ditch
should be dug near the cistern to direct surface water away from the cistern
or storage area., Keep animals out of the drainage area.

o Screens. Check the screens covering the pipe ends to make sure they are
in good repair. Broken screens on outlet and overflow pilpes are easy
entry points for mosquitoes and small animals. All damaged screens
should be replaced.

° Pipes. Check all pipe connections to ensure that there are no leaks 1in
the system. When leaks occur, pi,es should be tightened or repaired.
Check all valves for proper functioning.

® Structure, Repair any damage that may occur to the cistern or storag§
tank., Add concrete to repair any chips, broken edges or cracks. A

Cleaning the Tank

No matter how much prevention is practiced, a storage tank requires
disinfecting and cleaning. To clean and disinfect the tank do the following:

° Drain all water out of the storage tank. Usually, this 1is easily
accomplished by letting the supply in the tank fall over time and
draining the last bit.

° After the tank is drained, sweep and scrub it until all dirt and loose
material are removed.

Then choose the most appropriate method for disinfecting the tank,

® Fill the tank to overflowing with clean water and add enough chlorine to
make a 50 mg/l solution. Add the chlorine to the tank as it is filling
to get sufficient mixing. After the tank 1s filled, allow it to stand
for at least six hours and preferably more. After sufficient time has
passed, drain the tank and allow it to refill for regular use.

® A second and faster method can be used when little time is available,
Directly apply a very strong, 200 mg/l, chlorine solution to the imner
surfaces of the tank. For best results, brush the walls with the
solution and allow the chlorine to stay on the walls for at least 30
minutes before the tank is refilled.
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w0 SPRING CAPPING SITUATIONS

Spring A

Springwater flows up into an open hole in a flat, sandy area, If often fills
the hole and spills out onto the sides, which become muddy. Villagers step
across stones to get to this waterhole., Animals also sometimes come to driuk,
There is always enought water in the hole for many villagers to dip their
containers and collect water. How would you cap this spring in order to
protect it from contamination and let the spring flow directly into the
villagers' water containers?

o How would you investigate the flow?

o What type of spring structure would you use? How would it remain stable?
o How would you protect the spring flow?

o How would you excavate? How big an area? What slope?

o How would you drain and clean up the area?

o What materials would you need? How much?

Spring B

At present there is a small tricle of water flowing down from several points
across a rocky hillside. This collects 1in several small, silty clay
depressions side by side at the bottom of the hill. Villagers come to gather
water in their containers from these open pools covered with algae. There is
adequate slope down the valley, but water flowing out of the pools now
collects in a stagrnant marshy pond. How could you cap this spring?

o How would you investigate the flow?

o How would you make this into one spring and service pipe under these
conditions?

o What type spring s.ructure would you vse?

o How big an area would you excavate? What slope? How deep?

o How would you drain and clean up the area?

o What materials would be required?
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EVALUATION FORM-SPRING CAPPING

(Please do not sign your name)

Goal Attainment: Please circle the appropriate number to indicate

the degree to which the workshop goals have bkeen achieved.

At the end of this workshop trainees will be able to:

Identify resources necessary to complete a village spring
capplng project.

1 2 3 4 5
Low High

Communicate with village leaders and promote activities neeled
for project implementation.

1 2 3 4 5
Low High

Jdentify and apply strategies for involving the community in
spring capping activities.

L 2 3 4 5
Low High

Survey and evaluate sites for potential spring capping.

1 2 3 4 5
Low High

Communicate and apply relevant theories about water and its
relationship to environment and health.

1 2 3 4 5
Low High

Develop and implement work plans and logistics necessary for
project start-up.

1 2 3 4 5
Low High

‘Coordinate and supervise work force and delivery of materials.

1 2 3 4 5
Low High
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@ Design and build a retaining wall for capping springs.
1 2 3 4 5
Low High
) Describe three alternative spring capping gsystems: the spring
box, seepage collection and storage tank systems.
1 2 3 4 5
Low High
[ Use, maintain, troubleshoot, and repair retaining wall spring
capping system.
1 2 3 4 5
Low High
°® Identify strategies for solving the most common problems which

develop while building spring capping retaining walls.

1 2 3 4 5
Low High
°® Evaluate the spring capring project and document and record
information gathered for future use.
1 2 3 4 5
Low High
[ Develop action plans for implementing spring capping projects

in their regular work environments.

1 2 3 4 _ 5
Low : o High
Workshop Feedback and Learning: Please answer the following

questions as fully as possible so that the trainers can learn how
effective the workshop methodology wag.

What have been the most positive things about this workshop?
Comments:

What have been the most negative things about this workshop?
Comments:
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What one thing stands out as important to you in this workshop?
Comments:

What things have you learned that you did not know before?
Comments:

Workshop Organization and Training

What comments do you have about the way the workshop was planned and
organized?

What comments do you have aktout the amount of time spent in the
classroom compared to the amount of time spent ip the field?

What can be done in the future to impreove a workshop like this?

What specific steps in developing a spring capping project do you’
feel you will need to learn more about In order to successfully .
promote and develop such a project in the future?

What comments do you have about the trainers?
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