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This manual is a revised version of the first publication released in 2010. The major
input into this edition is the inclusion of water supply for schools in more detail, im-
proved latrine designs for pastoralists taking into account their religious and cultural
norms and values and enriching earlier designs with more information for schools.
This version of the manual introduces and encourages the use of renewable energy
sources such as solar and wind as power sources for school water supply.

The consulting firm has assessed regional experiences in the use of the first manual
and valuable inputs and feedbacks are included in this version of the manual,.

This edition is prepared under the techmical guidance and close supervision of
UNICEEF Ethiopia in collaboration with the three Ministries; Ministry of Health, Min-
istry of Education and Ministry of Water and Energy.
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‘Water supply, sanitation and hygiene-or more simply, ‘WASH’, are prerequisites of an effective
education. Without adequate WASH facilities, not only does the quality of education suffer, but
some students, especially girls, may be discouraged from attending school at all. Equally, there
is a wealth of evidence that tells us that with adequate, child friendly facilities and effective hy-
giene promotion, school enrolment and retention will benefit, together with the quality of educa-
tion received.

‘Whatever the theory, it is clear that we must design and build-and then maintain-more appropri-
ate facilities. Above all, these must cater to the specific needs of school boys and girls-and they
must also be cost effective, easy to clean with limited water-and safe to use. To avoid costly mis-
takes, this updated and improved school WASH manual which is the first of its kind for Ethiopia,
developed with the three ‘WASH’ Ministries-Education, Health and Water Resources-and nu-
merous other stakeholders including school children themselves-is very much needed.

The designs set out in this manual are not prescriptive. Instead they serve as a well informed
guide that will help ensure an appropriate, child-friendly product. The designs are intended to
augment rather than replace sound engineering judgments which are made on a site specific, case
by case basis. Furthermore, if at all possible, the design and construction of school WASH facili-
ties should be seen as part of a broader school development plan.

All users of this manual should respect the fact that all local, state and federal codes and regula-
tions wherever applicable must be satisfied on all projects. In the event that these standards
differ from state or federal requirements, the more restrictive and minimum standard shall apply.

Finally, no manual can retain its value without being periodically reviewed and updated if need
be. The Ministry of Education will lead this process and ensure that the manual is so improved
over the years, with the aim of achieving universal access to WASH facilities in all of the coun-
tries schools.

[1






CHB
CIS
cm
FDRE
GS
ISO
IWRM
kg

mm
MoEd
MoH
MoWE
NGO
o&M
PTA
PV
PVC
RC
RET
SNNPR

UNICEF
VIP
WASH
WHO

Concrete Hollow Block

Corrugated Iron Sheet

Centimeter

Federal Democratic Republic of Ethiopia
Galvanized Steel

International Standard Organization
Integrated Water Resources Management
kilogram

Millimeter

Ministry of Education

Ministry of Health

Ministry of Water and Energy

Non Governmental Organization
Operation and Maintenance

Parent Teachers Association

Photo Voltaic

Polyvinyl Chloride

Reinforced Concrete

Renewable Energy Technology

Southern Nations and Nationalities Peoples Region

United Nation

United Nations Children Fund
Ventilated Improved Pit
Water, Sanitation and Hygiene
World Health Organization

[1I






PAGE
ACKNOWLEDGMENT 1
PREFACE I
ABBREVIATIONS o

1.1 SCHOOL WATER SUPPLY, SANITATION AND HYGIENE (WASH) FACILITIES IS A PRIORITY------1
12 SCOPE OF THE MANUAL
1.3 FOR WHOM THE MANUAL IS FOR
14 STRUCTURE OF THE MANUAL.
1.5 PRINCIPLES FOR THE DESIGN AND CONSTRUCTION OF WASH FACILITIES
SECTION II: WATER SUPPLY FOR SCHOOLS
2.1 INTRODUCTION
22 MAJOR WATER SUPPLY SYSTEMS

2.2.1 School Rooftop Water Harvesting

O oo © o WU W W

—
—

222 Groundwater Sources
SECTION III: DESIGN AND CONSTRUCTION OF WATER SUPPLY FACILITIES
3.1 INTRODUCTION
32 WATER DEMAND
33 WATER SUPPLY SYSTEMS

3.3.1Roof water Harvesting

—_
>

= F

—_
(9]

—_
(9]

—_
e}

3.3.2 Spring Protection:
333WELLS
35 DISINFECTION, WATER QUALITY TEST AND DOCUMENTATION
3.7 PIPED WATER SUPPLY CONNECTION
3.7.1 Design of Pipelines used in schools
3.8 DRINKING WATER FOUNTAINS
39 WATER CARTING
3.10 WHAT CAN GO WRONG IN SCHOOL WATER SUPPLY SYSTEMS?
3.11 WATER LIFTING DEVICES
3.112 Piston Pumps:
3.124 Force Lift Pump.

8]
—_

[N}
(o)

[\S]
~

N

[\e]
e}

0 N
SO

(O8]
—_

[S8]
—_

(98]
[N




SECTION IV: SANITARY FACILITIES IN SCHOOLS

4.1 VIP REFRESHER 34
4.2 THE BASIC OF VIP: HOW IT WORKS 34
4.3 WHAT CAN GO WRONG IN SCHOOL LATRINES? 35
4.4 NUMBERS, LOCATION AND ORIENTATION: 35
4.4.1Numbers 35
4.4 2Location 37
4.3 Orientation 39
4.5 THE DIFFERENT TYPES OF SCHOOL TOILETS 39
4.5.1Introduction 39
4.5.2The “Deep Pit” Non-Composting VIP Toilet 40
4.5.3Sizing the Pit 41
4.6 COMPOSTING TYPE ALTERNATING “TWIN PIT” VIP SCHOOL TOILET 45
4.6.1Description 45
4.6.2Sizing the Pit 46
SECTION V: CHILD FRIENDLY DESIGN AND CONSTRUCTION OF SANITARY AND HYGIENE
FACILITIES 48
5.1 VIP LATRINE DESIGN 48
5.2 CONSTRUCTION 48
5.2.1Safe Excavation 48
5.2.2 Bottom of the Pit. 48
5.2.3Lining the Pit and Partition 47
5.2.4Toilet Superstructure: 50
5.3 IMPROVED LATRINE DESIGN FOR SCHOOLS IN PASTORALIST AREAS 52
54 URINALS 53
5.4.1The Basics 57
5.4.2Girls and Boys Urinal 57
5.4.3Roof and Privacy Wall for Urinals 58
5.5 HAND WASHING FACILITIES 59
5.5.1The Basics 59
5.5.2Location, Size and Type 59

VI



SECTION VI: WASTE WATER MANAGEMENT 61

CONCEPT6.0 61
6.1 WASTE WATER OR GREY WATER IS A VALUABLE RESOURCE 61
6.2 DISPOSE OF OR REUSE WASTE WATER 61
63 A SOAK AWAY 62
64 MULTIPLE USE OF WASTE WATER IN SCHOOLS 63
SECTION VII: GREEN TECHNOLOGIES FOR WATER PUMPING IN SCHOOLS 64
7.1 INTRODUCTION 64
72 SOLAR AND WIND PUMPS FOR WATER PUMPING 65
73 WINDMILLS FOR WATER PUMPING 65
SECTION VIII: MANAGEMENT AND SUSTAINABILITY OF SCHOOL WASH FACILITIES----=-==-=-- 66
8.1 INTRODUCTION 66
82 MANAGEMENT OF SCHOOL WASH FACILITIES 67
8.2.1 Technology choice, operation and maintenanc 68
8.2.2 Monitoring School WASH facilities 68
8.2.3 Roles and Responsibilities of the stakeholders in the management of school WASH facilities---------------- 69
8.2.4 Financing School WASH Program: 70
8.2.5 Participation and Coordination at local level 70
8.2.6 Integrated management of WASH facilities: 71
ANNEXES 72
ANNEX A: DETAILED DESIGNS FOR WATER SUPPLY 72
Annex Al: Design and Construction of Hand-Dug Wells 73
Annex A2: Design and Construction of Spring Development: 75
Annex A2 Figure 1 Perspective views of spring water protectio 76
Annex A3: Design and Construction of Rooftop Water Harvesting 77
Figure 2 Rooftop Water Harvesting 77
ANNEX B: DETAILED DESIGNS FOR VIP LATRINES 78
ANNEX C: BILL OF QUANTITIES 84
ANNEX C1: FOR DESIGNED WATER SUPPLY 85
Annex D: BILL OF QUANTITIES FOR DESIGNED VIP LATRINES 93
REFERENCES 110

VII






_ Design and Construction Manual for Water Supply and Sanitary Facilities in Primary Schools _

SECTION 1: INTRODUCTION
1.1 School Water Supply, Sanitation and Hygiene (WASH) Facilities is a Priority

Schools are a learning environment for children. It is in schools that children gain knowl-
edge that influence, stimulate changes in their attitude and practice and develop life skills.
One of the key school facilities that provide such changes are water supply, sanitation and
hygiene (WASH) facilities that children use daily. School children in many ways are seen
as agents of change to the communities, and this is true particularly in the use and manage-
ment of water supply and sanitation facilities, and this has paramount significance; first
these changes are brought within their schools, and then at homes and finally in the commu-
nities they live in. More importantly the acquaintance with the technologies, the proper use
of water supply and sanitation facilities in schools, and the promotion of hygiene practices
among school children have a great deal of influence first on the quality of education deliv-
ered to school children and secondly in bringing the technologies and the changes required
by the communities through school children - an important strategy to bring social change.

As a matter of fact, the existing sanitation condition for many of the schools in Ethiopia is
horrendous. Most school latrines are filthy and unclean, and the poor condition is contribut-
ing to a high level of disease prevalence, creating poor learning environments and especially
impacting on girls’ education. There are two major causes to these problems. Firstly, about
30% of the schools in Ethiopia do not have any water supply or toilet facilities for sanitation
and hygiene at all, and schools with toilets do not have hand washing facilities. Where these
facilities exist, they may be poorly designed and constructed or may not have sufficient
water for hand washing. Secondly toilets are not managed properly and many school toilets
are filthy and unusable and school children often resort to open defecation. In many cases,
the toilets are locked to avoid having to keep them clean (Figure 1.1).

Figure 1.1: The locked School Toilet
Source: Field visit to primary schools

in Ethiopia report

Some of the diseases observed among school
children are water born diseases such as diar-
‘ rhea, typhoid, hepatitis A, and water washed
(@ ‘ diseases such as diarrhea/amebic dysentery,
trachoma, scabies/skin infections. It is caused
by poor hygiene and spread by any route which
permits faecal material to pass into the mouth.
In a recent review and study conducted on the
impact of washing hands with soap on the risk of diarrhea, Curtis and Cairncross (2003)
found that washing hands with soap can reduce the risk of diarrhea by 42 to 47 percent. This
same study highlighted that hand washing is also important in the prevention of acute respi-

ratory infections.
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Poor design and construction, and management of school facilities are the causes of many
of the problems such as filthy conditions, damages to structures, spread of diseases.. In
some cases, there are not enough toilets for the number of students which results in overflow
of the toilets. As a result many are abandoned without adequate use — a colossal waste of
scarce resources. Others cannot be emptied without demolishing most of the superstructure.
The result is full and overflowing pits that are dangerous to use. Some toilets are so dark
inside that younger students are too scared to enter. In some cases, girls do not want to use
the toilets because they do not provide the level of privacy and security they need.

Appropriate design; proper sitting, adequate number of latrines coupled with the provision
of water and promotion of hygiene, have a great influence first on the health of school chil-
dren and secondly on improved hygienic services, increased enrollment of children and the
quality of education received, especially for girls. This rule is supported by a mass of evi-
dence from around the world. In Ethiopia, there isevidence of for high dropout rates particu-
larly among girls due to the lack of proper sanitation and hygiene facilities in schools.

The investment in water supply and sanitation facilities in schools has multipurpose objec-
tives. Standardized water supply and sanitary facilities and associated technologies intro-
duced to schools can act as a practical demonstration for learning the different facilities and
their use. Their teachers can function as models in the proper use and management of
WASH facilities. School Children will learn, bring about behavioral change, and in turn
educate their families and relatives when they return home. In the absence of facilities that
do not provide sustainable services, children would be unable to learn the proper life skills
they need to learn and their schools could become risky places; disease outbreaks could
occur and affect the health of school children and even transmit to their families and the
community at large. It is therefore important as a priority that water and sanitation facilities
in schools have to have proper design and construction so that services can be delivered
sustainably.

The aim of this manual is to provide technical guidance to schools to have proper design,
construction and management of school WASH facilities so that schools ensure children
have a safe learning environment.

1.2 Scope of the Manual

This manual deals with both hardware and software aspects of water supply and sanitation
that are needed to bring about changes in hygiene behavior for school children who will
become the future of the country. The hardware is the total package of water supply and
sanitary and hygiene facilities in schools. The software is the activities aimed to create
awareness, promote and ensure the use of clean and safe water for drinking, proper anal
cleansing, hand washing, maintaining a safe and healthy school environment for children.
The manual focuses on appropriate [Child friendly] technologies for school water supply
and sanitation services and hygiene practices.
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most appropriate water supply technology options for schools. Designs on water lifting de-
vices and other alternative power sources are presented and discussed.

With regard to sanitation facilities, the design and construction and management of Venti-
lated Improved Pit (VIP) latrine is presented and thoroughly discussed as this is the recom-
mended technology option for sanitation for all schools. Basic ideas, concepts and principles
in the design and construction are presented. Efforts are made to make VIP latrine low cost
and affordable by all schools in rural, pre-urban and urban areas.

Finally, whilst this is a design and construction manual, the management of school WASH
facilities is critical and it is covered to support school administration to keep the WASH fa-
cilities; water supply, latrine and urinals, clean so that it provides safe environment for
school children. This important subject is also covered in depth in a separate guideline pre-
pared by the MoH and MoE in collaboration with UNICEF (2007), and it can be referred for
more detail information on the management of school WASH facilities.

1.3 Whom the manual is for

This manual is prepared to meet the design and construction need of the various stakehold-
ers that are associated with schools in Ethiopia, and these include.

* MoH, MoE, MoWE, Multilateral, Bilateral and UN Agencies (UNICEF Offices) and
NGOs who are partners to WASH programs in Schools.

* School Administration, PTA, teachers and students of primary, lower secondary, religious
and nursery schools.

The manual is also intended to provide a working tool as a guide for all actors in water and
sanitation sector that are engaged in a range of professions such as planning and practicing
water supply and sanitary works, engineers and contractors engaged in planning, imple-
mentation and management of WASH facilities in schools.

1.4 Structure of the Manual

The manual is divided into 8 sections; this introduction is part of Section 1, which is focusing
on the importance of a design for school water supply, sanitation and hygiene facilities, why
it is important to focus on schools WASH facilities, and child friendly principles that under-
pin all effective school WASH interventions.

Section 2: introduces the different water supply options available for schools in Ethiopia. It

summarizes the existing and innovative community water supply systems that have the po-
tential for adaptation and use for school.
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Section 3: Presents the designs and related technical details on water supply technologies and sys-
tems used in schools. There are a wide range of water supply systems widely used in community
water supply schemes but because of special needs and environment requirements of schools in
Ethiopia, relatively few technologies are available and they are discussed in this section.

Section 4: Introduces the different latrine types (i) a conventional deep pit VIP toilet and (ii) an al-
ternating shallow pit VIP latrine for schools. The construction details include from excavating the
pit to fitting the fly screen on the vent pipe. The section revisits the basic theory school toilets
design need to have — the VIP latrine, and how it should be applied in a school environment.

Section 5: This section discusses which two types of VIP latrine design and construction; (i) a
conventional deep pit (> 3 meters), when full will be abandoned, and (ii) a composting type of la-
trines with depths ranging between 1.5 and 3 meters depth. The second type features as appropri-
ate for areas where excavation is difficult due to hard geological formation (rock), collapsing soils
or a high water table. It is also a very useful design in that the contents of the pit are regularly exca-
vated, removed and used as a fertilizer or soil conditioner. The manual also covers urinals and
waste water management. Water flushed toilet design has not been considered here because its ef-
fective operation depends on availability of a reliable water supply source, which is difficult to
guarantee in most rural settings. It mainly focuses on detailed designs for dry toilet facilities, uri-
nals and hand washing facilities for schools.

Section 6: Deals with ‘Waste Water Management’ in schools, specifically how best to manage
waste water from urinals, and grey water from hand-washing stands. In this manual we describe
infiltration pits and trenches. Whilst we support the use of urine and water as a fertilizer, details of
how to do this are included in the planned second volume to this manual.

Section 7: Presents a brief discussion on ‘Green Technologies for Schools”. This section is
needed to support the introduction and practical use of green technologies in school WASH facili-
ties. The manual presents and introduces more importantly the existence of the need for demon-
stration of these essential technologies for children at school level.

Section 8: Concerns the management of school WASH facilities. As this is a design and construc-
tion manual, only a summary of this very important subject is presented, including a number of
important principles that must be respected in order to ensure that the facilities built are both used
and maintained. Construction and maintenance of school facilities and monitoring implementa-
tion and impact aspects are included so as to ensure effective use of the school WASH manage-
ment and sustainability.

Annexes: Finally, detailed designs sketches of the different WASH facilities, Bills of Quantity
and references and additional information on the use of the manual are annexed. The designs are
sufficient to build the structures described in the text, including a four stand deep pit and four
stand alternating pit VIP toilet. In practice, an engineer or technician should use these designs and
the text to compile a set of site specific working drawings.
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1.5 Principles for the design and construction of WASH Facilities

Before going into any detail concerning the layout, orientation, design or construction of school
WASH facilities, it is very important to understand the special context in which these are to be
used. This is after all a school environment populated in the main by children. And children are
not just small adults. Children have specific perceptions and needs. These must be taken into ac-
count from the outset.

Neither are all children the same. In particular, we have to consider and differentiate between the
different needs of girls and boys, of short children and tall children, of able bodied children and
disabled children, of pre-adolescent and adolescent children. For many engineers, used to design-
ing and building for adults, this is a challenge.

To help, here are some Child Friendly principles which are central to the design and construction
of School WASH Facilities.

Box 1.1: Child Friendly Principles

1.Address the gender-related needs and roles: The number, location, orientation of school
WASH facilities should take into consideration the gender factor (gender mainstreaming) along
with the cultural and religious needs of the community.

2.Adequate capacity and minimal waiting time: The numbers of toilets should be sufficient to
ensure that students do not have to wait in a queue to use the toilet for anything more than a few
minutes. Urinals can help reduce load on the toilets at peak times. Equally, the school administra-
tion should arrange and if necessary stagger school breaks to avoid overloading. When there are
not enough facilities for the amount of school children, children search for other places to urinate
and defecate, ‘forget’ to wash their hands, throw garbage on the ground or drink water from unsafe
sources. Ensuring the right capacity is usually not a matter of applying a simple ratio. There are
some other important factors that determine the required capacity besides the total number of
school children, such as the times when children are allowed to go to the toilet/drink water/ wash
hands, the amount adults that are available to help the youngest children to go to the toilet and the
future growth of the school population.

3.Have appropriate dimensions and adjustments for children: WASH structures in schools
must be physically safe for users to use - in terms of the structural stability; in terms of a child not
being able to fall through an oversized drop hole; in terms of children not risking abuse, bullying
or attack when approaching, using or leaving the facilities provided. Adapting designs for children
is about making facilities accessible and comfortable for them. Children are smaller and weaker
than adults and therefore facilities for children require different dimensions than those for adults.
For young children the weight of doors or hole covers, or strength needed to open a tap or operate
a pump can mean that children do not use the toilets or hand wash stands.

4 Physically separate facilities: Physically separated facilities must be provided for girls and
boys, spaced sufficiently apart to ensure that girls do not feel embarrassed but secure when ap-
proaching and using the facilities. Separate hand-washing areas should also be provided, affording
privacy for girls who may need to wash menstrual cloths. .
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5.Use appropriate orientation of facilities: Specifically the direction that the toilet entrance
faces, must also take into account the perceived security and safety of girls. The orientation of the
squatting plate should also take into account cultural and religious norms. Finding the right orien-
tation requires looking at different practical, environmental and cultural aspects. This can become
difficult when these aspects conflict and different users have different preferences. The final selec-
tion has to be made carefully.

6.Have appropriate location of toilets: Location of the facilities needs special consideration.
Too close, and users may feel embarassed as peers can see them from the class room; the smell
from the vent pipe may be offensive. Too far, and it may take too long to get to the toilet for a child
with a small bladder. Remote toilets are often neglected, and may be perceived as unsafe.

7.Appropriate designs for different age groups: The detailed design of the facilities provided
must also be young child friendly. Steps must be easy to climb. Door handles must be easy to
reach. The toilet interior cannot be too dark. Squatting plates must be designed to accommodate a
child’s feet rather than those of an adult. Even a well-designed facility faces the risk of not being
used if it has a poorly considered location.

8.The facilities should encourage hygienic behavior: Hand-washing facilities must be pro-
vided in each toilet block, together with water and soap. The hand-washing stand must be sized to
facilitate its use by smaller as well as larger children. The facility must provide an acceptable
degree of privacy for girls. The design must facilitate the filling of water containers by children.
Therefore, water and sanitation facilities must be simple to use, provisions for hand washing and
anal cleansing should be integrated into the entire package of facilities, and water and soap should
be available at all times.

9. Address the needs for children with physical disabilities: Facilities provided must include
provision for disabled children, with at least one toilet cubicle for girls and one for boys modified
accordingly. Exclusion from basic services and facilities, such as sanitation and safe water, can
result in isolation, poor health, and poverty. In terms of design, ramps and hand rails should be
provided, with more internal space for a caregiver to assist if necessary. Disabled girls and boys
should be consulted with their able bodied peers to get the design right. When incorporated in the
original design, the adaptations can be made at little additional expense. Adaptations does not
mean separate facilities but merely imply small no-cost or low-costs design details that allow the
disabled to use the facilities.

10. Do not harm the environment: Improving hygienic conditions in schools may have an
impact on the overall environment. Some sanitary solutions may pose risks of soil and groundwa-
ter contamination, while others may produce wastewater flows that must be managed. WASH fa-
cilities and related practices should be designed to encourage children to understand their environ-
ment and conserve scarce resources, especially water resources. With the right technology and
safe supervision, urine, waste water and composted faecal matter from toilet pits can be reused to
support agricultural production and boost the school’s budget.
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11. Look for low-cost solutions without compromising quality: There is tendency to construct
the cheapest possible school facilities in order to reach the highest coverage possible. Regrettably
this also often results in low-quality facilities that require excessive maintenance and neither
enable nor promote better hygiene practices among school children. Best are those facilities that
are affordable, durable, encourage proper use, and are easy to maintain and keep clean. Investing
in good quality, sustainable facilities therefore means investing in overall public health. Moreover,
despite higher initial investment costs, money will be saved in the long run because the facilities
have a longer lifespan and require less maintenance. On the other hand, this does not mean that the
most expensive options are best. It is always a matter of finding the right balance between costs
and quality.

12. Addresses the environmental, cultural, religious and socioeconomic factors: Designs for
water supply, and sanitation facilities need to take the environmental; cultural and religious factors
into consideration.
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SECTION II: Water Supply for Schools
2.1 Introduction

Water is a critically needed resource for both drinking and sanitary use in schools, and without ad-
equate and reliable water supply, it is difficult to sustain a healthy learning environment for chil-
dren. Each student requires about five liters per day for meeting metabolic sanitary and hygiene
requirements, to keep the toilets and urinals clean as well as for hand-washing after using toilets
and urinals. The designed school latrine and urinal cannot function without water. Water supply
projects for schools must clearly address these water requirements.

The provision of clean and safe water in plentiful quantities, and adequate sanitary and hygienic
facilities is a significant factor in the improvement of the health status of school children particu-
larly in prevention of the diseases that prevail in most schools. Hence, a school without water
supply and sanitary facilities could be a potential spot for the spread of diseases. A survey made
by the Ministry of Health in collaboration with UNICEF in 2007 showed that about half of the ail-
ment found among school children is related to urinary infections and it is by lack of personal hy-
giene caused by inadequate provision of water. In the absence of water supply, sanitation and hy-
giene services in schools, water born disease can easily breakout and be rapidly transmitted by any
route which permits faecal material to pass into the mouth, and there is a vital linkage and intimate
relationship between health and personal hygiene, which depends largely on the availability of
sufficient water and sanitary facilities. It is for this reason that access to adequate and safe water
supply for sanitation services is basic in schools. The services are needed to promote the use of
sanitary facilities and hand washing practices as an important life skill for school children.

This section of the manual is devoted to the physical activity required that enables schools to have
access to improved water supply services. It will focus on giving technical details, particularly on
the hardware part of the water supply systems for schools in Ethiopia.

2.2 Major Water Supply Systems

Broadly there are two water supply systems that can effectively be used in schools in Ethiopia, and
these are:

(1) Rainwater catchment system,
(i1) Groundwater supply system,
e Spring catchment
¢ Hand-dug well
¢ Bored or drilled well (shallow and deep wells)

Apart from the above two major water sources, there are conventional water supply sources where
water may be taken directly from a river or lake or reservoir and subjected it to treatment before
domestic use. The water treatment requires higher investment and high level management that de-
mands the use of a complex set of equipments, and these water supply systems have limited appli-
cation for use in schools. Hence design and construction details on these systems is beyond the
scope of this manual. If there is exceptional need that require the development of small scale water
treatment systems, references are available in several books and web sites.
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In this manual, roof water harvesting is discussed as the most widely used and technically and en-
vironmentally feasible option for school water supply in Ethiopia, primarily as a supplementary to
other sources that may be considered. The design and construction may need mixing and adapting
different technology options to meet the desired water demand for schools with different popula-
tion sizes. Specific design, construction and management requirements may have to be developed.
Practicing engineers, hydrologists, hydro-geologists and contractors may have to adapt the pro-
posed technologies to their own local situations and needs.

2.2.1 School Rooftop Water Harvesting

Almost all water that we use every day is from rain and it is part of the hydrologic cycle. The water
bodies in rivers, lakes, reservoirs, ponds, in the soil and all underground waters have their origin
from rainwater that finds its ways to each type of water bodies through different hydrological pro-
cesses, so that these water bodies can be utilized when the rain is not actually falling. The average
annual rainfall in Ethiopia is 800 mm, and for most part of the country, 80% of this rainfall occurs
over a three months main rainy season — June to August, and nearly 20% occurs in March and
April (short rainy season). Most schools open in September and high water demand exist thereaf-
ter throughout the dry periods — October to May with the driest period in February to May. Roof-
water harvesting has high potential in areas that receive higher rainfall and have longer rainy
season, and these areas include south western, central and eastern highlands of Oromia, south
western Amhara, most of SNNP regions. Such areas can meet their water needs through harvest-
ing rainwater in higher possible size storage facilities. Rainwater harvesting can be an important
supplementary resource to meet water demand in central and eastern highlands of Oromia, north
and eastern Amhara and most of Tigray.

Roof-top water harvesting is the simplest, less expensive and obvious choice for many of the
schools in the country, since there are several and large roof structures made of corrugated galva-
nized iron sheets. The harvested water is always useful for many purposes and hence roof water
harvesting is an important and attractive investment choice for two reasons;

(1) In areas where groundwater development is either difficult or has been rendered
unusable by high level fluoride content, salinity, etc., and
(i1) In areas where the only available option is surface water.

Roof water harvesting systems involve six essential components:

¢ Catchment surface: the collection surface from which rainfall runs off,

¢ Gutters and downspouts: channel water from the roof to the tank,

¢ Leaf screens, first-flush diverters, and roof washers: components which remove debris and
dust from the captured rainwater before it goes to the tank,

¢ Storage tank: one or more storage facilities, plastic (ROTO) or reinforced concrete/ masonry
water storage facilities called cisterns (placed either underground or surface) are needed,

¢ Delivery system: on spot at the storage or gravity-fed or pumped to the end use,

¢ Treatment/purification: this is done to make the water potable; chlorination or use of filters
and other methods to make the water safe to drink.

Of the above components, three are major ones in the design and construction of roof-top water

harvesting system.
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Catchment Areas: Catchment areas are hard impermeable surfaces (roof) on to which rain falls.
Schools have sufficient roof catchments that are made of galvanized corrugated iron sheets from
which water could be harvested and used as long as there is rain falling.

Gutters and down pipes: These are conveyance channels for the harvested water from the roof to
the storage container. In Ethiopia gutters are constructed from galvanized iron sheet folded to the
required dimensions, and most often they are rectangular or trapezoidal in shape. Down pipes can
be made from PVC or galvanized iron sheet, and there is enough local skills in the country to pro-
duce these accessories. Gutters and down pipes should have filters to remove solid materials along
with the water flowing through.

Storage: The storage tank is the most expensive component of the rainwater harvesting system.
The availability of readymade plastic storage facilities make rooftop water harvesting less time
taking, attractive and an important water supply option for schools in Ethiopia. Unless cost re-
stricts, as much as possible the storage needs to be large enough to capture all the harvested rain-
water particularly in areas where other sources of water supply systems are technically or environ-
mentally less feasible. The shape of the storage can be cylindrical, spherical, rectangular or square,
and they can be constructed from ferro-cement (RC), masonry, readymade plastic containers
(ROTO), etc.

How much water can we get from school roof top in a year?

The rainwater that can be harvested from the roof top depends on the rainfall intensity (inches
/cm?hr) in the catchment area/site, and the characteristics of the roof area and available storage fa-
cility. The volume of water that can be harvested in a given time period is estimated using an em-
pirical equation presented below (equation 1). The water that runs off a roof (Q) in liters per year
is fairly easy to calculate using the following formula.

Q = CRA Equation (1)

C = Runoff coefficient and it takes account of the losses due to evaporation from the roof area,
losses in the gutters and down pipes, and it is taken as 0.8,

R = Annual rainfall in millimeters (converted in meters), if the year is taken as the design time
frame,

A = guttered roof area in square meters (m?),

Water Quality

Rainwater is naturally high quality water. It should be recognized however that rainwater col-
lected from roofs in most schools is considered less safe for drinking for two major reasons

(1) a roof can be a natural collection surface for dust, leaves, blooms, twigs, insect bodies, bird
feces, and airborne residues such as pesticides and insecticides in areas where there exits commer-
cial farms, and (ii) the harvested water stays a while before freshwater refills the storage tank.
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2.2.2 Groundwater Sources

About 70% of the water supply source in Ethiopia is from groundwater source such as spring and
wells. Springs, dug wells, and bored or drilled shallow and deep wells are groundwater sources
that are available as potential water supply sources for schools in Ethiopia. These sources are more
important since groundwater does not require special treatment for water quality and it is generally
safe to drink directly from the source because of natural filtering through the soil and hence it is
less expensive for use in schools and in communities.

Deep machine drilled wells are not discussed in this manual because of the following reasons: (i)
its high initial capital investment and operation and maintenance cost, and (ii) the yield (quantity
of water) produced is very large and beyond the demands of most primary schools, (iii) most often
its sitting may be falling outside of the premise of the school and creates ownership and manage-
ment problems, and (iv) it may involve more advanced technologies (motorized pumps, pump
house, large storage facilities and strong management to optimize the resource).

Owing to the highly varied topography, climate and geomorphology of the country, there are wide
range of groundwater sources that can be developed and used. The major groundwater supply
sources that are considered appropriate, financially realistic and useful for school water supply in-
clude the following.

2.2.2.1 Spring water

Springs are groundwater resources that occur where the natural flow forces the groundwater to
appear at the surface on a sloppy ground or at valley bottoms. Springs in Ethiopia are located in
large number in high rainfall areas, along the slopes and valley bottoms of mountainous areas and
escarpment or edges of plateaus that have adequate rainfall input and vegetative land cover.
Springs are hardly found in dry lowland areas. The spring water is obtained from a water bearing
formation called aquifer.

Spring water is usually fed from groundwater formations — aquifers or water flowing through fis-
sured rock. The catchment area has to be conserved and protected for a sustainable water supply
and reliable yield.

Spring water is generally safe water and inexpensive in its development. The main structural com-
ponents of the spring water system include:

(1) A protective structure at the source or where it appears at the ground surface (eye of the
spring),

(i1) A collection chamber (storage) which is used for collecting night storage and it is located
downstream of the protective structure,

If the catchment of the spring is conserved and protected, springs are reliable water sources that
can supply water in adequate quantity and quality. The collection point needs to be protected prop-
erly and the necessary natural hydraulic conditions (free flow) should be maintained for its opti-
mal use. This involves a survey in order to ensure there is adequate water flowing from the eye of
the spring, the area it covers and its potential for a free flow, the presence of a sufficient head for
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the water to flow to the collection chamber. Design and construction plan has to be prepared to
protect the spring water at the site where it initially appears (eye protection). The water flowing
from the eye protection chamber should be conveyed to (i) on spot use, and (ii) a collection or stor-
age facility; and it requires an appropriate site downstream where collection chamber could be in-
stalled and from which the water can be piped under gravity. If the drinking water point in the
school is at an elevated site from the collection chamber, pumps could be used to deliver the stored
water to a storage facility on an elevated ground so that water can be distributed to the drinking
fountains, latrines and hand washing facilities in schools. The problem with spring water is that its
sources are rarely located within the premise of a school, and in such cases it is owned and man-
aged by the community. If there are proper agreements and memorandum of understanding is
signed with the community, schools can have access from these sources through pipeline connec-
tion.

2.2.22 Wells

A well is a hydraulic structure, which when properly designed and constructed, permits the eco-
nomic withdrawal of water from underground water-bearing formation or aquifer. Wells (both
shallow and deep) are vertical shafts that are dug or bored or drilled into the ground for the pur-
pose of accessing and supplying safe and reliable water from underground aquifers. There are dif-
ferent well types and these are (i) hand-dug wells, and (ii) bored or drilled wells. Hand Dug wells
and Bored or Drilled Wells are further classified as shallow and deep wells based on the extent of
their depths to water level in the ground. Wells with depths less than 60 meters are shallow wells.

(1) Hand - dug well — The Basics

Hand-dug well, as the name implies, are excavated wells, and the excavation (digging) is done by
hand and their diameter is larger than 1 meter. Hand dug wells for schools are lined or use concrete
tubes (Caisson sinking). In this manual we are discussing protected hand dug wells where the sur-
face area is covered and the upper part of the well shaft above the water level is water tight sealed
and protected from any runoff or dirt entering the well.

If technicaly feasible, hand dug wells can be constructed with in the premise of the schools, and it
can provide a cheaper water supply services. The existence of shallow water bearing geological
formations — aquifers within in less than 30 meters depth suit to the hand dug well technology.
Perched water tables are less reliable water sources and it should be avoided. The construction of
hand-dug wells is done manually using skilled local artisans. Their depth ranges between 8 and 15
meters as typical and between 6 and 25 meters as effective limits (Stephon, 2006).

(i1) Bored or Drilled wells

The term borehole or tube well is often used for bored or drilled wells. The range of depths to the
water level determines whether the borehole is shallow or deep. Boreholes are drilled using hy-
draulic tools consisting of a series of drill-bits or augers for various applications and including the
use of a set of rods which are fitted to the bits and extended as the bit descends into the ground.
Drilling machine mounted on vehicles is used to construct boreholes.
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SECTION III: DESIGN AND CONSTRUCTION OF WATER SUPPLY FACILITIES
3.1 Introduction

In many aspects, the water supply systems for schools are not different from community water
supply systems. Relatively fewer water supply systems are technically, environmentally and fi-
nancially feasible and meet the specific needs of schools. However, the different local and envi-
ronmental situations within which schools exist which include the topography, climate, geomor-
phology, geology, etc. limit the choice of the technology options.

Many schools are fully integrated with the local community. This may be an advantage in many
respects, for example, the possible site for water points may fall in community property rather than
in the premises of the school. In both cases feasible water supply system that meets the water
demand of the school will be considered. Where it is feasible, it may be possible for the school to
share water from a community water supply. If the water supply system for the community is deep
well with motorized pump with sufficient water, schools can have access through supply pipe-
lines. According to many of the regional water bureaus, this option is a priority and it is the most
realistic option. In areas where hand dug well or spring is not feasible, drilled shallow or deep well
options are priorities.

3.2 Water Demand

Estimated water demand per day for a school with average school population at peak hour water
demand is given in 3.1 below.

Box 3.1: Water Demand in Schools

The fundamental question: How much water is needed? For a typical rural school of a given popu-
lation, with a VIP type toilet, urinals, we estimate that 1 liter is needed for drinking, 0.5 liters for
hygiene (hand washing with soap) and 0.5 liters for cleaning both the toilet and urinal per student
per day. There are also needs for water for cleaning class rooms, offices, and for greening schools.

For a 4 stand toilet block and urinal (catering for 400 students), this equates to 200 liters for hand
washing and 200 liters for cleaning. Inevitably, some water is wasted, and additional water may
be needed for menstrual hygiene, so an average of 2 liters per student per day ONLY FOR HY-
GIENE AND TOILET CLEANING is appropriate. An additional 1 to 2 liters per student per day
is needed for DRINKING. Even providing a total of 3 to 4 liters per student and teacher can be a
great challenge for some schools. An additional one to two meters cube of water is required for
other uses in schools including irrigating green areas.

Much more water is required for residential schools, for staff living on campus, and to operate
flush toilets. The greater the water demand, the greater the amount of waste water and grey water
that will need to be disposed of.
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3.3 Water Supply Systems

The water demands shown in box 3.1 can be met with appropriate selection of water sources and
provision of adequate storage facilities. After reviewing a number of basic options, a number of
technology options can be considered for selection that can meet the school water demand. Avail-
able options include (i) springs, (ii) hand-dug wells, (iii) shallow wells, (iv) roof-water harvesting,
and (v) piped water supply systems from a nearby community water supply source.

3.3.1 Roof water Harvesting
3.3.1.1 Estimating roof runoff

Estimating roof runoff is the first in the design of the roof water harvesting for schools. The rela-
tionship shown in Box 3.2 is used for estimating the harvestable water from school roof tops.

Box 3.2 A case of a sample school

In one of the schools, you have two equal blocks of school building with a dimension of 20 meters
by 4 meters. Suppose there is a rainfall of 950 mm a year, the design equation gives the following
roof top runoff (Q) from the school buildings:

Q=08R A . from equation (1) above

R=is the rainfall in millimeters

A= is the guttered roof area of the building block in square meters,

0.8 = 1s a “runoff coefficient, C” which takes into account loses between the roof and the stor-
age facility

Based on the above relationship, the expected water harvested from the rooftop is 63.0 m3 from
each school building. The school can have a total of 126 m3 or 126,000 liters of water in a year
from both buildings. Using the rule of thumb of one-fourth of the yearly total as the design value
for storage facility, approximately 10m3 or 10,000 liters of storage facility can be selected and
used in each side of the school buildings, and it is adequate to capture sufficient runoff water for
the school.

If the harvested water is properly managed and used for drinking, cleaning toilets and hand wash-
ing, a school of 600, 800, 1000 and 1500 student population will use the water for approximately
5,4, 3, and 2 months (of 20 school days per month), respectively, and this is quite a valuable re-
source a school cannot let it waste.

3.3.1.2 Sizing storage facilities

Water demand for a school having three blocks of buildings (20m by 4m) with about 600 students
needs about 3,000 liters every day for drinking, hand washing and cleaning
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latrine and urinals (see box 3.1 and 3.2). A reservoir designed to hold 60 school days
supply(around three calendar months) would need to have a volume of 180,000 liters.

Box 3.3 Water requirements

Type of water use? Peak water demand (m?*/day) for an
average school population of

600 800 1000/ 1500

Drinking 0.60| 0.80| 1.00| 1.50
Hand washing 0.30 0.40 0.50| 0.75
Cleaning and washing sanitary facilities 0.30 0.40 0.50| 0.75
Cleaning class rooms and administration offices 0.10 0.10 0.10( 0.10
Gardening 1.50 1.50 2.00| 2.50
Greening the school compound 1.00 1.00 1.50| 1.50
Total volume of water required 400, 4.20 5.60| 6.10

The most common design (rule of thumb) for sizing storage facilities is to take a quarter of the esti-
mated demand, and still this is a relatively expensive proposition. Accordingly two 5,000 liter stor-
age tanks placed at each side of the school buildings (totaling 10,000 liters for each building) needs
to be designed to take full advantage of the harvested roof water, i.e. placing two 5000 liter storage
tanks in each side of the building may be a better option than one 10,000 litter although still expen-
sive. If one tank or its roof catchment needs repair, first the other tank on the other side of the build-
ing block can still provide some water, and secondly such design would allow shorter slope length
for the gutter reducing overflow and spillage.

A ferro-cement and masonry storage facilities may be the most cost effective water storage tank
material where possible, but this depends on the local availability and cost of construction materials
and skilled labour. The roof catchment and gutters need frequent maintenance, and the system
should be fitted with a first flush system to reduce the risk of debris- and contamination — entering
the tank.

3.3.1.3 Standard Specifications

Selecting Gutters — It is important to select the proper materials when designing the shape and
slope for a gutter so that the harvested water is directed to a storage facility and prevent the water
from running down and damaging or staining the roof walls. Most gutters in Ethiopia are construct-
ed from galvanized iron sheet of size 04 mm or 28 Gage Galvanized Iron Sheet (GIS). The shape
is trapezoidal where the bottom width is 18 cm, average depth 15 cm (one side 18cm and upstream
side which is immediately next to the roof, 12 cm depth) and an internal cross sectional width of 18
cm. The down pipe size varies for different roof size and runoff volume. See annex C1 for details.
For large class room roof size of length more than 20 meters, the cross section can be 15x9 cm
box pipe made from 28 gage size GIS or 110 mm PVC.
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Leaf and debris screen: To remove debris of the roof top and ensure high quality water, a %-inch mesh
screens in wire frames should fit at the top of the down pipe and also close to the storage tank.

Storage Facility: Two types of materials can be used as storage facility for roof top water harvesting and the
first is plastic water storage facility (ROTO) with a water holding capacity of 2,3, 5 and 10 m3 as appropri-
ate, and the second one is masonry storage facility with similar design as that used widely for community
water supply in most rural areas. A platform made from masonry need to be constructed for resting the stor-
age facility at a suitable location next to the building, and a masonry foundation of 45 cm depth below ground
and about 50 cm structure above the ground is desirable so that access and drawing water from the tap of the
storage facility using taps and Jeri cans is possible.

If the width of the school building under consideration is long enough say more than 30 meters, this manual
recommends the use of two storage facilities (5 m3 each) placed in each side of the school buildings in order

to reduce the drop in the elevation of the gutter as it reaches the storage. Knowledge of the local situation and
based on rainfall intensity, size of gutters have to be designed neither too small nor too large and should be

Down Pipe drain to
remove debris

Both gutters drain to | |

—

|Water fills down fJ|

& over flows to

r
-

10,000liter Water tank Tap

All Dimension are in mm.
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Choosing the slope of the Gutter:- Gutters are placed at the edge of [horizontal] corrugated roof-
ing with a slope towards the storage facility and increasing the gutter slope and shortening the
length means a smaller gutter can be used. It is important that slope should ensure the full capture
of the roof runoff; and a 0.10% slope is suggested for schools although local conditions such as
volume of runoff, size, shape and length of gutter may dictate the final slope design. Ensure there
is no bigger gap at the downstream end and this is bad because the gutter will not catch all the roof
runoff water. For instance, placing the storage facility at mid point along one side of a 50 m length
school building would require the gutter to drop by 5 cm from the edge of the roof elevation.

First Flush Diverter: The simplest first-flush diverteris a 110 or 115 mm PVC standpipe. The di-
verter fills with water first, backs up, and then allows water to flow into the main collection piping.
These standpipes usually have a cleanout fitting at the bottom, and must be emptied and cleaned
out after each rainfall event.

3.3.2 Spring Protection
3.3.2.1 Introduction

The essential nature of a spring is that ground water is flowing along the top of the aquifer layer
by gravity until it reaches an outlet at the surface. The spring water appearing on the surface is al-
lowed to flow freely and it has to be “captured” fully in order to be stored and used. This situation
hardly occurs inside school premises. Springs are often perennial in nature and there are users of
the excess water downstream. In order to protect, develop and use the water of such springs for
school, the school administration has to hold consultation with the downstream community users
in the area, and provide the necessary provisions accordingly.

3.3.2.2 Design and construction

The spring protection work has three major infrastructural works which are the following:
(1) Spring box (see figure 3.3 below)

(i1) Collection chamber/reservoir

(iii) Tap stands

(i) Spring Box:

Site selection:

¢ Eye of the spring are located based on the geology and geomorphology of the area,
e It should be at least 30 meters upstream from a potential source of pollution or contamination.

Development and Protection of the eye of the spring:

¢ Excavation work should sufficiently expose the eye of the spring, and the width of the free seep
age lines that determines the width of the wing wall,

¢ Hence the free flow or seepage water (spring) at the eye of the spring has to be first captured, collected and
directed to the spring box (see figure 3.3 and 3.4),
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¢ The spring collection area is the heart of the spring water supply system, and care and experi
ence is needed for proper spring construction,

¢ Appropriate drainage ditches should be constructed to divert any surface runoff from entering to the eye of
the spring from upland areas,

¢ An experienced artisan (masonry worker) should be used in the construction of the eye of the spring, and
it requires utmost care,

¢ The spring box has wing walls that intercepts, collects and directs the flow to the spring box,

¢ The spring box has ventilation at the top, and the top side bends downward as shown in figure, and it
should have sufficient height so that children will not have access to the inlet. At the downstream side, the
box has an over flow pipe (centered at the same elevation as the piezometric surface of water in the aquifer
formation so that there is no back flow) and a drain pipe at the bottom of the box (see plan view of a spring
in figure 3 and 4 below),

¢ The eye of the spring should be fenced and protected,

¢ The catchment area upstream of the eye of the spring should be conserved and protected for a sustainable
water yield,

Generally spring water is of good quality water and contamination is less if the eye of the spring is properly

located and constructed. The soil must be thick enough to provide natural filtration and biological action for

natural filtration. Therefore schools and their communities need to recognize the significance of the need for

the rehabilitation and maintenance of the catchment of the spring through soil conservation and afforestation,

which schools with the communities should plan and organize a catchment protection and management work.

(i) Collection Chamber/Reservoir

The design and construction of the collection chamber should take sedimentation into consideration. Thus,
access must be provided for regular cleaning. Figure 3.3 illustrates a detailed view of a spring collection area
design. The major parts of the construction are the permeable construction and the barrage (dam). The perme-
able construction is a package of filter material made of rocks, stones and gravel that allows water to drain to
atemporary storage structure. The barrage can be a concrete dam or a stone masonry construction controlling
the drain and directing water into the supply pipes. The floor of the permeable construction and the perforated
pipes slopes at about 2%.
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Figure 3.3 Schematic section of a spring eye development with a spring box
Source: MWRI2009.A manual for field staff and practitioners. April 2009.
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If the collection chamber lay in a low spot area relative to the location of the school, a small ca-
pacity solar or wind power pumping systems could be used to lift the water from the collection
chamber to a suitable storage and distribution facility uphill in an elevated ground so that the
system can deliver water using gravity flow to the different use points.
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Figure 3.4 Schematic lay out (overview) of a spring eye protection with spring box

If the yield of the spring is large enough (Q=20 liters per minute) and the topography of the site
permits, a collection chamber or storage facility is planned and constructed downstream to store
over-night flow. Water from the storage facility is distributed to different water use points
(drinking fountains, toilets, hand washing facilities) with a suitable gravity or pump fed supply
system. The design and construction of the collection chamber or reservoir for overnight storage
can be available in most reference materials. Based on the estimated water demand for the
school under consideration, the size of storage facility will be determined as mentioned above in
sub section 3.3.1.1 and box 3.2. Masonry and reinforced concrete are some of the options avail-
able as water storage facilities.

(iii) Tap stands

Tap stands or drinking fountains are designed and constructed as shown in figure 3.6, in sub
section 3.8 and it should be located near to a play ground for school children where it is conve-
nient for school children to use.

The tap height for school children aged 4 to 9 years should be at a height between 45 and 50 cm,
while for age above 9 years, the recommended height of taps is 70 cm from the standing ground
elevation. This design avoids damages to taps by small children trying to reach and open taps
beyond their height.



_ Design and Construction Manual for Water Supply and Sanitary Facilities in Primary Schools _
3.3.3 WELLS

In the design and construction of a well, the objective is to develop structurally stable, long lasting,
efficient wells with enough space to house a motorized pump and other accessories. How adequate
a well is for the purpose depends on three things (Johnson Division, 1975):

(1) Appropriate application of the principles of hydraulics in the analysis of wells and aquifer per-
formances,

(i1) Skills in digging, drilling, and well construction that ensures taking best advantage of the geo-
logic conditions, and

(iii) Selection of construction materials that insures long life.

Both the person in charge of the design of wells and the one who constructs them need to know
the fundamentals of well hydraulics. In the absence of skilled personnel, this could be the major
challenge and causes for the failure of many of the dug well and the machine drilled wells in many
parts of the country.

3.3.3.1 Hand-Dug Well — Design and Construction

In Ethiopia there are well experienced local artisans for constructing hand dug wells. Local arti-
sans construct the well shaft maintaining straight alignment and standard dimensions. Properly de-
signed and constructed hand — dug wells provide a viable alternative to many of the unhygienic
and unprotected water sources that are being used by a large part of the country. It is less expen-
sive and also avoids high capital and maintenance costs compared to machine drilled wells.

To make the construction of a hand-dug well viable, water must be available in sufficient quanti-
ties at shallow depths (6 to 25 m) that will allow safe excavation and economically feasible exploi-
tation of the water resource in the well. This will depend, of course, on a range of specific local
conditions, for instance it must have stable soil and a depth to the water table that does not allow
pollution.

(i) Site selection

The site selection should be done by a team which needs to include the school administration and
a suitably qualified water engineer or hydrogeologist. The first option for selection should be
within the premises of the school compound. Detailed site selection information is covered else-
where (MoWE, 2006). Some of the factors to consider are:

A preferred well site A bad well site

¢ Nearby springs, e On ahill
e In low lying area or valley bottom, depres o Near latrine or sewer line
sion or dry river bed, « Flood prone areas, ,
¢ The presence of ever green bushes and  Swampy ground
shrubs,
¢ Weathered rock zones,




_ Design and Construction Manual for Water Supply and Sanitary Facilities in Primary Schools _

However it may be important that the engineer or hydrogeologist check the proposed site is appro-
priate.

(i) Construction

The construction of a standard hand-dug well has three main elements: (ii) the Head Work, (ii) the
Well Shaft, and (iii) the Well Bottom. A typical hand-dug well design is shown in figure Annex
Al. The main features of each of the elements are explained below.

Well Shaft

¢ A hand dug well for schools is required to be lined so that it can provide long years of service.
Lining could be done with bricks or stone or use of prefabricated reinforced concrete tubes. This
manual recommends the use of Caisson sinking for proper digging of the well and safety during
construction. It is an effective method of digging and deepening hand dug wells in both stable and
unstable formations, provides long duration of service (Stephon, 2005). The procedure is similar
to what is seen in figure 3.5. For further information, contractors are advised to refer Stephon Bolt,
2005 on steps to follow on caisson sinking method and equipments required for digging hand dug
wells.

¢ A minimum thickness of 75 mm for pre-
cast concrete is suggested,

¢ The diameter could range between 1.3 to
1.5 meters but this could depend on the mold
available for local manufacturing of the
RCBs,

¢ Atleast the top 3 meters depth is sealed to
prevent surface water from entering the
well,

¢ The void between the well lining and the
surrounding ground should be packed with
graded aggregates for those with precast
concrete rings. Ensure the well is deep
enough (more than three meters) to provide Figure 3.5 Hand Dug Well digging
water through the dry season, (Water Aid/ Picture by Caroline Penn )

¢ The well below the water table or often called intake section of the well should be deepened
enough (if technicaly possible up to six meters) below the water table to ensure a continuous and
dependable water supply in all seasons,

e Caissons all the way along the well shaft: Caisson sinking provides a safe working environ-
ment, a superior and very cost effective method of lining hand dug wells, and simpler and re-
quires less costly equipment purchase,

¢ The concrete casings above the phreatic line or water table are blind, and the concrete casings
below the level of the water table are perforated,

¢ Use perforated concrete rings below the water table to allow water to enter to the intake area of
the well. The digging/excavation work below the water table requires additional equipment — a
dewatering pump. The water in the well is regularly dewatered to allow further excavation
(deepening) to reach a minimum depth of three meters and a maximum of six or more meters.
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After the perforated concrete rings are put in place, a well graded gravel envelop surrounding the
perforated concrete rings is packed to prevent clogging the perforations by the soils and also to im-
prove the hydraulic conductivity from the aquifer to the well,

Well Bottom

The well bottom is the water bearing formation of the well. Water enters both along (horizontally
from the wall of the well and also vertically upward from the lower side of well bottom), and it
should be designed and constructed considering such hydraulic features. Well bottom should have
the following:

It should penetrate the aquifer adequately by at least three to six meters:

¢ Five to six meters for minimum yield / of 10 liters per minute

¢ Four meters for 15 liters per minute

¢ Three meters and a minimum yield of 20 liters per minute

¢ Place layer of gravel in the bottom of the well to facilitate flow from below and to avoid
silting up.

Construction Safety:- Artisans should have the necessary protective equipments. During the con-
struction period, a protection wall of at least 70cm high wall must be built to prevent school chil-
dren falling in until the well is fully completed with cover slab and a hand pump installed. Skilled
and knowledgeable contractors have to be contracted to ensure the successful completion of the
well and safety of workers during the construction process.

Head Works:-Head works include the protective apron, channel for drainage water and the soak-
away pit. It stands out above the surrounding ground, and it requires proper design and construc-
tion for stability of the soil and rock at the site, to support the hand pump and avoid potential seep-
age into the well from excess water from the pump (drainage water) and surface runoff from the
surrounding areas. Proper care should be taken in mixing the concrete and reinforcements and
allow them to cast properly.

In general the head work for hand dug wells should have the following:

¢ A minimum of at least 3 m diameter protective apron which has a 25 cm of height; a height from
the surrounding ground surface. A foundation masonry structure of 45 to 60 cm is constructed
after the land and debris are cleared and a superstructure of the hand-dug well rests on it,

¢ Should have a cover slab which seals and protects the well shaft, but with an access hole and re-
movable hatch and 2 150 mm diameter hole for installing a hand pump rising main (see figure
Annex Al),

¢ Having selected the most appropriate hand-dug well design, the construction work will have to
be organized. Whichever option is chosen, the involvement of the school community in any deci-
sion making including school children is important.

¢ The excess or drainage water is directed to a soak-away pit or underground cistern.

Recently a new design of the head works for hand dug wells has been considered as suitable for
schools. The head work is designed on an elevated platform of about 1.5 m to 2.0 m masonry
structure above the ground surface so that the pump outlet is connected to a ROTO storage
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facility so that a drinking fountain (see section 3.6 on the details of the design) can be designed
at lower elevation to allow gravity supply.

(vii) Detail Well Specifications

Inside diameters of a hand dug well/ well shaft:- the standard diameter ranges between
1300mm to 1500mm. The inside diameter for water intake area could be lesser or equal to the
diameter of the well shaft above it.

Depth of the water column:- The depth of water column in the water intake area must be in the
range between three and six meter depth or more to make the well more productive. The well
yield should meet dry period water demand and must secure a minimum of three meters of water
column during the dry period between March and May.

Well cover (apron):- The well cover will have a diameter of 3 m apron and a thickness of 150
mm and should have reinforcement bar of 12 mm @ circular edge bar. A 40x40 cm plate with a
circular opening (150 mm @) at the center of the plate that has a bolt at each corner is construct-
ed and put in place for installing the hand pump. A 60 x 60 cm access hole is also constructed
with a RC cover slab located at one convenient side of the apron as shown in figure Annex Al.

Soak Away:- The excess water is channeled to a soak away facility and detail on the design and
specification of the well cover is shown in figure Annex Al. The soak-away should be located at
arecommended distance of at least 20 meters and a minimum of 10 meters away from the well.
For those schools with additional fund, the soak-away could be replaced with an underground
cistern (made from masonry or concrete) to store and use the excess water for gardening and for
greening the school compound.

(viii) Equipments and materials:

The major equipments and tools required for the excavation and digging of hand-dug wells in-
clude Tripod with one tone Chain Block for Caisson sinking, excavation tools, dewatering
pump, etc. For more details on the list, refer to the manual developed by the MoWE (2006).

3.3.3.2 Drilled Wells

The quantity of groundwater depends on rainfall, geomorphology and hydrogeology of the site
under consideration. More detailed site level information is obtained from a geophysical study,
and such study may be required to determine the nature of the aquifer formation at the proposed
site.

The diameter of the hole made to extract the water and the depth of penetration into the water-
bearing stratum, aquifer, influences the extent of the water that can be made available for use.

The standard specifications for the well and it accessories is desirable for optimal water yield,
and the protection of the well from pollution and contamination. Below presents this aspect of
the design and construction work.
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Location- potential sources of pollutants and contaminates such as school latrine, sewer line, etc.
should be located at least 30meters at down slop from a well point, and it should also be located
10meters from school boarder or fence.

Well diameter — the choice of the well diameter has to be made during the design stage, since it
affects significantly the cost of the well construction. The well diameter must be chosen to satisfy
two important requirements:

¢ The well casing must be large enough to accommodate the pump diameter which is related to
the total dynamic head required to pump the desired quantity of water and it must ensure and have
proper clearance and efficient operation,

¢ The diameter of the intake section (lower part) of the well must be such that it will assure good
hydraulic efficiency

Well Depth — The expected depth of the well during the construction is usually determined from
the log of test hole, from logs of other nearby wells in the same aquifer, or during drilling of the
production well. Generally the well is completed to the bottom of the aquifer. This is desirable for
two reasons:

(1) More of the aquifer thickness can be utilized as the intake portion of the well, resulting in
higher specific capacity, and
(i) More drawdown can be made available permitting greater well yield.

The lack of ensuring the above factors are major reasons for the malfunctioning of most drilled
wells in rural Ethiopia.

Well Screen Length — The optimal length of well screen is chosen with relation to the thickness of
the aquifer, available drawdown and stratification of the aquifer. For this manual, screening the
entire aquifer for shallow wells is suggested:

Well Specifications

Casings: Casings shall be of steel, iron, plastic, or fiberglass of sufficient strength and durability
consistent with the intended use of the water and the maximum anticipated differential head be-
tween the inside and outside of the casing. Steel and plastic casing materials shall meet the
strength requirements stated in most standard specifications set by International Standard Organi-
zations (ISO). The most widely used casings in Ethiopia is plastic casings made of Polyvinyl
Chloride (PVC) for depths less than 150m, and the diameters vary depending on the size of the
submersible pump designed for the well.

Table 3.3 Specifications for well screen and pump size for machine drilled wells

Anticipated well Nominal size of Optimum size ~ Smallest size of
yield in liters per Pump Bowel in of well casing well casing in
second inches inches
Less than 6 4 61D 51D
5-11 5 81D 51D
9-25 6 10ID 81D

Source: Johnson Division, UOP Inc.1980
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size, four to five inches inside diameter (ID) is used for shallow machine drilled well that are most
often used for schools in Ethiopia.

Joints: Well casing joints shall have adequate strength to carry the load due to the casing length
and still be watertight, or shall be mechanically supported during installation to maintain joint in-
tegrity. Such mechanically supported casings shall terminate on firm material that can adequately
support the casing weight.

Screen: Well screens for deep wells shall be constructed of commercially manufactured screen
sections, well points, or field-perforated sections. Perforation by any method is allowable pro-
vided proper slot size and entrance velocity limits can be met. The length and open area of the
screen shall be sized to limit entrance velocity of water into the well to less than or equal to 0.03
m/sec.

Gravel Pack: If gravel pack is used, it shall have the gradation and thickness specified in the
design given by the hydro geologist or engineer.

Annular Seal: The space between the well casing and the wall of drilled hole is referred to as an-
nular space. This space shall be effectively sealed at the upper section of the well to prevent it
from being a path way to return flow, surface runoff and other contaminants.

The minimum depth of annular surface seal is 10 meters at valley bottom and flood plain areas,
and 3 meters in well drained sloppy sites. The annular seal must be cement grout.

Pumps: Drilled wells use hand pumps for depths between thirty and sixty meters, while those
having depths more than 60 meters could use motorized, wind or solar (PV) pumps.

3.4 Well Development

After the well screen, well casing and gravel packs have been installed, the well will be developed
to clean the borehole and casing of the drilling fluids and to properly settle the gravel pack around
the well screen. Once the well drilling is completed and developed, a pump test is conducted and
data analyzed to determine the efficiency and capacity of the well. Hired consultant supervisors
need to be assigned to follow up the process of both the drilling and well development.

3.5 Disinfection, water quality test and documentation

Disinfection: Wells and storage facilities must be disinfected immediately following their con-
struction or repair to neutralize any contamination from equipment, material, or surface drainage
introduced during construction. During its use, regular water quality tests have to be made to
ensure public safety. The disinfection process and water quality standard shall comply with all
Federal regulation and water quality requirements.

Water Quality Testing: The water supply for schools should be free of pollutants. Water quality
tests have to be made during the drilling, construction and later on a regular basis as per the re-
quirement stipulated in the Federal Water Quality guidelines (MoWR, 1999)
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and this should be the responsibility of the woreda water office. The physical, chemical and bio-
logical analysis of the water quality will give the status of the water quality.

Documentation: The contractor responsible for hand-dug well or machine drilled wells shall pro-
vide water well completion report to the School Administration and sector offices in the woreda
with copies sent to the Water Resources Administration Directorate of the FMOWE.

3.6 Accessibility

All dug or drilled wells shall be located with an adequate distance from buildings, fence, school
and play ground for repair and maintenance and rehabilitation.

3.7 Piped water supply connection

For certain schools it may be feasible to extend a water supply pipeline from nearby community
water supply facilities, which can even be cheaper and reliable in meeting the water demand of the
schools.

3.7.1 Design of Pipelines used in schools
3.7.1.1 The mains

Hydraulic design of water mains providing water supply either from storage or direct from a
source shall be based on pipe carrying capacities consistent with head losses determined in accor-
dance with the Hazen-Williams Formula using a C value of 120. The C value, however, can vary
on the type and state of condition of the pipe; PVC or GIS and the age of pipe — old or new. The
maximum allowable flow velocity is 1.5 meters per second for domestic flow. All losses through
valves, tees, and other appurtenances will be computed and added to determine total head loss
through the water distribution system. Generally the size of the main for schools should be one to
one and a half inches diameter pipe based on the volume of water required per day.

3.7.1.2 Water supply lines and accessories

Water supply lines are to be provided solely for the purpose of delivering potable water. In the
case of school water supply, there are two important components of water supply pipelines (i)
mainline from the source to a storage facility, (ii) from the storage facility to the distribution points
or use points. All sizes and drawing of the pipelines comply with the Federal Pipeline standards
for water supply.

The design of the different water supply pipelines are not presented here and such criteria for
design is established on a case by case basis for sites that have specific site conditions for consid-
eration.

(i) Main and distribution pipelines

The main pipe line delivers water from a source to a storage facility or extension from nearby
community water supply systems, and its size should be 1 to 2 inches diameter
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galvanized pipe. Distribution pipelines from the reservoir to the distribution stands or drinking
fountains should be % inches and 1 % inches depending upon the water demand.

All drinking water supply pipelines must be placed above a sewer line or drainage pipe.
(ii) Pipes and fittings

The size of the distribution pipeline within the school compound to the different use points; drink-
ing water fountain, toilets, hand washing facilities, etc. should be in a three — fourth of an inch di-
ameter pipe. The pipes size used at the drinking fountain (as shown in figure 3.6 and for sanitation
facilities will be half inch diameter pipe.

Gate valves for the mains should vary depending upon the pressure head intended to control the
flow, and they are also used at the different use points for complete shutting during emergency or
breakage/damage along the line and to carry out repair and maintenance services. Those used
along the main line must be placed in a masonry manhole with access cover and it should be sited
conveniently for supervision and it should be within the premises of the school.

3.8 Drinking Water Fountains

Drinking water fountain provides direct access to water supply for school children for drinking. It
should be located at a convenient location and if possible close to the play ground for school chil-
dren (see figure 3.6).

The design for drinking water fountains for schools is shown in figure 3.6. The drinking water fa-
cility can be adapted to local conditions. However, depending upon the source of water, the adap-
tion could be left to the contractor. In the case of a hand dug well, the drinking water fountain will
be connected directly to an elevated tank and a hand pump. If there is a gravity fed supply, the
drinking water fountain will be connected by a main pipeline with a control valve.

Drinking water fountains could be arranged separately for girl and boy students provided the
water source is allowable. Otherwise both sexes can use the same drinking water fountain.

The number of taps needed depends on the numbers of users. In general, one tap should be pro-
vided for every 100 students, with a minimum of two for smaller schools. The maximum number
of taps that should be installed in a single fountain is six, to avoid crowding. If two or more foun-
tains are needed, it is good practice to provide separate facilities for girls and boys and locate these
taking into account their preferences.

The dimensions of the drinking fountains should take into consideration the age of the users. The
height of the tap and the drainage water trough for different age groups vary. We recommend a 50
cm height for the trough for under nines, and a 70 cm height for over nines. In both cases, the tap
is positioned 25 cm above the trough.

One design of a drinking fountain for school children that takes care of different age requirements
is presented below. In this design, there are five taps in each side of the
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difficult for a child to use when washing his or her hands. Instead, we recommend good quality
half inch faucets. Even these will require routine maintenance. The fountain must also be con-
nected to a drain pipe and soak pit or infiltration trench.

1/2 Inch type Water Tap

110

110

Drainlineto  Drainline to
sokaway sokaway

Note :- all dimensions are in centimeters

Figure 3.6 Basic Design of Drinking Water Fountain

3.9 Water Carting

In the case of schools with severe water shortage, all available technological options have to be
tried and efforts have to be made to have water for schools. Water catering could be considered for
meeting the sanitary water needs. In many schools it is not uncommon for school children carrying
water in a three liter yellow plastic Jeri Can from home for sanitation purposes. For some schools,
water carting may be also as simple as a donkey cart fitted with two 200 liter water drums if water
is availablz outside the premises of the school and within twe kin distance. The main issues are in
fact financial and institutional, relating to the management of the local water filling point, how a
school is expected to pay for the water provided. How to ensure water safety when it comes from
a remote supply is also an issue if the water is used for drinking.

One variation on this theme, already mentioned, is to agree with parents that older children bring

a limited quantity of water to school each day, some of this going into hand washing containers.
One challenge may be to ensure that all students have access
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to water containers of the right size, and that their families have reasonable access to safe water in
the first place.

3.10 What can go wrong in school water supply systems?
Basic encounters in the design and construction of water supply systems:-

Roof water harvesting

Installation faults of the gutters, getting the slope wrong, leakage at bends could cause

major loss in the harvested water and a damage and stain to the wall of school buildings,

¢ The use of unnecessarily large [size] and expensive gutters and down pipes,

¢ The taps from the storage have inadequate height and are often located in a ditch with no
outlet for drainage of excess water,

¢ Water quality is always a major problem.

Spring protection

¢ Inadequate consultation with the downstream users or communities who can be potential
users of the spring,

¢ Major error could occur in capturing the free flow of the spring while excavating and con
structing the wing walls at the spring box construction site and its upstream in an attempt to
collect and divert the flow into a suitable outlet. Error in such work could create backflow
which could potentially change the flow direction,

e If spring catchment is not protected and managed, it could be degraded and the yield of the
spring could decline or even disappear.

Hand dug and drilled wells

¢ Poorly constructed wellhead: surface runoff, flood and drainage water from areas used by
livestock or other contaminant sources could enter the well head if it is poorly constructed ,

« Inability to ensure sufficient depth at the water intake areas could result in drying up of the
well,

e Failure to keep the well shaft straight could result in the breakage of the casing and eventu
ally damage to the well,

e Gravel pack selection and placement.

Drinking fountains

¢ Improper heightening of the taps for the different age group could cause damage to the taps,
¢ Poor management could cause filthy and unusable situation.
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Water Tracking

¢ Low quality water due to possible contamination and pollution
¢ Becomes expensive as fuel prices and labor cost increases dramatically

3.11 Water Lifting Devices

Different pumps are used for lifting water from its sources and deliver to the point of use. Hand
pumps are widely used in schools.

3.11.1 Lift Pumps (Suction pumps)

Water must be lifted or pumped out of a well in order to transport it to a storage facility located at
an elevated ground from the source. For dug wells and drilled shallow wells, hand pumps are often
used as low cost and effective options for schools. Water is sucked upwards by the piston because
of the relative under-pressure below the piston. Theoretically the suction head of a suction pump
is 10 m, unfortunately in practice this is 6 to 7 m. A good example of a suction pump is the ‘Trea-
dle pump’. These pump types are relatively inexpensive and can be produced and repaired locally.

The Rope pump is a lift pump with continuous upward movement of a rope and a number of pis-
tons in a tube. The Rope pump has a relative lightweight construction and is made of locally avail-
able materials and can be produced and repaired locally (brief note is given on the pump in section
3.11.3).

3.11.2 Piston Pumps:

Most hand pumps are piston type lifting device. In piston pump the piston is situated below the
water level. Water is forced upward by the piston (positive displacement). In general, pumps of
this type are more expensive, as it requires long pump rods and rising mains. Examples are the Af-
ridev and Indian Mark.

It is not easy to produce these pumps locally and most of these pumps and their spare parts have
to be imported.

Afridev is the recommended hand pump for schools. It is the best documented and sustainable
hand pump in Africa and also in Ethiopia. It is an appropriate and low cost technology option
available in the market. It can be maintained by trained school children and teachers. There are
also other hard pump types available in Ethiopia. For deeper wells, the Indian Mark 11 is used as
suitable in lifting adequate water.

Three hand pumps are recommended by MoWE, UNICEF and World Bank, and these are the
Rope pump, AFRIDEV and the India Mark II. The Rope pump is very suitable for very shallow
hand-dug wells. For deeper wells say up to forty five meters, the AFRIDEV is recommended.
Indian Mark II is used for deeper depths.

AFRIDEV and the Indian Mark IT pumps are lever-action, single-action hand pumps suitable for
wells up to 70 meters depth (up to 45 meters in the case of Afridev and up to 70 meters in the case
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3.11.3 Rope Pump

Rope Pump is a positive displacement pump producing a constant output, unlike the pulsating
flow of piston pumps. The weight of the water column is equally carried by all pistons in the rising
main. The pressure built up in this tube is only the height of the water column between two pistons
(1 m). As a result, the forces on the pistons and the radial water pressure on the rising main are
small, making the use of ‘thin wall’ or ‘low pressure type’ PVC pipes possible. In a piston pump
(with a foot valve) the pressure would be created by the height of the entire water column.

The maximum force on the rope is determined by the volume of the water column in the rising
main. The continuous flow not only reduces peak forces on the rope, but also maximizes the effec-
tive flow of water through a given tube diameter. Finally, the absence of peak forces and the
gradual filling of the pump tube, contribute to good human ergonomics. The Rope pump has a
relative lightweight construction and is made of local obtainable materials (for drawings, please
see module 2 and Annex II).

The Rope pump consists of a wheel and an endless rope with small pistons, made of polyethylene
(or car tire in homemade models) that are attached to the rope at intervals of 1 meter. The pistons
fit, with a clearance of around 1 mm, in the PVC pipe called ‘rising main’. The rope and pistons
move freely (and not in a pipe) down into the well. At the bottom, the rope is led by a guide box
into the rising main. The wheel and handle are mounted on a support structure on top of the well.
The rope and pistons are lifted by the wheel. The water is brought up by the pistons and discharged
at the surface. When an additional wheel is added it can even be higher than ground level. Rope
pumps can be used on open hand dug wells or boreholes with a diameter as small as a 3 inch (75
mm). More details on the technical aspect of rope pump is available with the MoWE (Arjen van
der Wal, et al., 2006)

For shallow wells (less than 35 meters depth), rope pump is recommended as cheaper and also ef-
fective for use although the existing design is vulnerable to contamination and pollution due to an
opening in the above ground pipe.

3.114 Force Lift Pump

The force lift hand pump (see Figure 3.7) has already been mentioned as being particularly useful
in an institutional setting such as school or health post. Force Lift Pump are relatively simple, and
are based on a standard hand pump design such as the India Mark I common in many rural areas
in Ethiopia.

The standard pump lifts water up into a riser pipe to a collection box or storage facility from where
it discharges through an open spout. In the case of a Force Lift Pump, the spout is not open but
connected to a second riser pipe, connected to an elevated tank up to five meters higher than the
hand pump itself. Water is pumped into the tank. The connection rod which connects the pump
handle to the working parts (basically the piston and cylinder and cylinder at the bottom of the
riser pipe) passes through a seal termed as ‘staffing Box’), to prevent water leaking out. The seal
needs regular adjustment every few weeks or so — a simple task for a trained caretaker — and occa-
sional replacement.
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While more sophisticated alternatives to a Force Lift Pump are available, such as a solar pump,
wind pump or even a roundabout type ‘Roundabout ‘ or ‘Play pump’, all of these are significantly
more expensive to buy and more difficult (and expensive) to maintain.

Young children may find it difficult to operate a hand pump, particularly a Force Lift Pump which
requires more effort. This should be taken into account by the school authorities and teachers
when establishing a pumping system.

Handle
Assembly

ball bearing
G.I. Pipe

|
e Tee Socketpuuel 3  water Tank
Assembly
1o

Fig 3.7 : Force lift pump

(]

S.No Description No.
1 Base Assembly 1
2 Barrel Assembly 1
3 Head Assembly 1
4 Bracket 1
5 Handle Assembly 1
6 Piston Assembly 1
7 Check Value Assembly 1
8 Hex bolt M.12 x 45 8
9. Hex Nut M-12 14
10 Washer (to suit M-12) 7
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4.1 VIP Refresher

With regards to toilets in schools, this manual focuses on a simple, tried and tested design — the
Ventilated Improved Pit or VIP. This is because VIP toilets are relatively simple to design, build
and maintain. Their operation and cleaning uses relatively little water; certainly they do not
depend on a regular water supply. The design can be adapted for different circumstances. And the
resulting toilet can be relatively low cost. For almost all conditions in rural areas, VIP technology
can be used. As set out in the introduction, the technology has merit in many urban settings where
areliable water supply cannot be guaranteed.

Like in a simple pit, in the basic VIP human excreta (urine and feces), falls into a pit through a
drop hole. Liquid leaches through the pit walls, and solid materials break down. It is suitable for
rural & semi-urban areas without sewer areas and for institutions like health facilities and schools.
The risk of the pits collapsing is minimal, with little smell from the pit and fly nuisance. Ventila-
tion is an integral part. Inside the light system seems poor but creates good privacy for users. From
a durability and sustainability point of view, once it gets full, it needs to be discharged.

The cost of VIP latrine are slab, net and superstructure costs and also cleaning and emptying costs
if not included as part of maintenance. It is still possible to get it wrong. A VIP without a well sited
vent pipe, a fly screen or adequate ventilation will not work. The pit has to be the right size. The
interior may be too bright (as explained previously, too dark may be a problem for small children
as well). All these problems can be seen in the field. Because the designer or builder has not re-
membered how the basic VIP works.

4.2 The Basic of VIP: How It Works Unlike a simple pit design, the VIP has two critical
features which make it safer and less smelly.

Firstly, the vent pipe causes an updraft that draws
fumes up from the pit. The effect is more pro-
nounced when wind passes over the top of the pipe,
so it should extend about the roof line. As air is
drawn out of the pit, it is replaced by warm air from
the cubicle — which is effectively ventilated. Air
vents must be built into the cubicle to ensure that
fresh air gets in, typically above and below the door.
As simple smoke test can be used to see how the air
flows - drop some smoking grass down the pit and
see what happens.

Fly Screen i Yat

Secondly, whilst flies can enter the pit through the
drop hole, and breed there, they cannot escape, as
elod pk lerine they are attached to the sunlight at the top of the vent
pipe. This is brighter than the light entering the pipe
from the drop hole. Escape from the vent pipe is
prevented by a wire mesh — they fall back and die in
Figure 4.1: The Basic VIP Latrine the pit. If the interior of the cubicle is too light, flies
would indeed fly up through the drop hole and out,
carrying faeces with them. If the cubicle is too dark,
children will be scared to use it, so the right balance

. has to be found.
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4.3 What Can Go Wrong in School Latrines?
Basic problems encountered with the execution of this simple design include:

¢ The pit is too small, and insufficient for the number of users, so it fills up too quickly and
needs emptying after only a few years

¢ The pit cannot be easily emptied, so the only option remaining is to seal it off and build a
new toilet elsewhere

* The pit is not lined, the soil cannot take the weight of the superstructure, and the toilet su
perstructure collapses into the pit

¢ The pit walls are fully sealed — there is no provision for leaching liquid mater into the sur
rounding soil, as a result, the pit floods;

¢ Waste water is diverted into the pit, more than can be absorbed by the soil, so the pit floods.

¢ After excavating a hole, a single massive pit is built, rather than a number of individual pits
separated by partitioning. This may save on pit lining materials, but it makes covering the
pit with a slab more difficult and expensive, and significantly reduces the ventilation effect.

¢ The vent pipe is missing, or its diameter is too small. The pit is effectively unventilated and
the toilet is very smelly. Alternatively, the vent pipe may be too short, so it does not pro
trude above the roof line, reducing the ventilation effect.

¢ No provision is made for air to get into the cubicle — again, there can be no air flow through
the cubicle, which is stinking as a result.

¢ The fly screen is missing — so the toilet becomes a source of flies, potentially spreading dis
ease

¢ The vent pipe is poorly located in the corner of the cover slab, or connected with an elbow -
so little or no light penetrates the pit through the pipe. As a result, flies escape through the
drop hole

¢ The cubicle is too bright — so flies are attached to the drop hole and make their escape. Al
ternatively, if the cubicle is too dark, kids are too scared to use it. A balance has to be found.

All these issues are reflected in the sections of this manual that detail the design and construction
of the school toilet itself. Understanding how a VIP works is however essential to ensure that these
common problems do not occur!

4.4 Numbers, Location and Orientation

Before getting into detailed design, however, we have to decide how many toilets are needed,
where these should be placed, together with other facilities, and how they should be orientated —
in particular, the location of entrances / exits.

4.4.1 Numbers

Number in this case refers to the number of toilet stands (toilet cubicles) that are needed. The cur-
rent Government norm that applies to primary schools in Ethiopia is one stand for every 100 girls
and one stand for every 150 boys, with physically separate facilities for girls and boys (Sanitation
protocol, MoH, 2005). In other African countries, design ratios of 1:50 — 1:100 are common, but
these standards are not always met due to resource constraints. This is also the case in much of
rural Ethiopia, where the ‘on the ground’ average is one stand per 200 students or more.
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The use of appropriately designed urinals for both girls and boys reduces the number of toilets
stands needed by one third or more. This approach should be standardized in Ethiopia as it signifi-
cantly reduces construction costs. Constructing separate latrine for teachers is an integral part of
this design manual.

In determining the number and location of toilet stands needed, planners (engineers and school au-
thorities) should take into account the projected population of the school, with a recommended
planning horizon of 3-5 years. Most primary schools in Ethiopia start off relatively ‘small” with
250-300 students, and develop over time to around 600-750 students. The following table (table
4.1) indicates the number of toilet stands required for schools of different sizes. It is based on a
1:100 toilet stand - student ratio, with both girl and boys having access to appropriate urinals. The
minimum number of stands for both boys and girls is two, ensuring a degree of ‘emergency’ ca-

pacity.

One important point is that the toilets provided are used by students and staff alike, with no sepa-
rate facilities for teachers. This is not just a cost-saving measure. Teaching staff have an important
role play in encouraging the proper use of school toilets and ensuring their upkeep. Having sepa-
rate facilities for staff may undermine this responsibility.

Table 4.1: Numbers of students, number of stands
No of Boys  Min. No. of Stands No of Girls Min. No. of Stands

Up to 100 2 Up to 100 2
100-200 2 100-200 2
200-300 3 200-300 3
300-400 4 300-400 4

400- 500 5 400- 500 5
500-600 6 500-600 6

These figures in table above show the minimum number of toilet stands required. If resources
allow, adopting a 1:50 toilet stand / student ratio is preferred, reducing pressure on toilets, increas-
ing their fill up time, and making their upkeep easier to manage.

Box 4.1: General Design Requirements

Gender Requirements: Girls and boys should be consulted about the number, location and orien-
tation of school WASH facilities. This consultation should be organized with girls and boys sepa-
rately, discussion facilitated by women and men respectively.

Physically separate facilities-Separate Sanitary facilities for teachers, boys and gitls. In between
boys and girls, a hedge plant should be established to provide privacy.

The sizing and orientation of facilities — The toilet entrance should face the direction that pro-
vides the privacy, security and safety of girls. The orientation of the squatting plate, urinals, and
hand washing area should also take this into account, as well as cultural and religious norms.

Locations of toilets - Location of toilets for girls require special consideration in terms of provid-
ing privacy and security.
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4.4.2 Location

Many schools were visited during the preparation of this manual. A common problem encountered
concerned the location of school toilet blocks in relation to the classroom and boundary wall. The
relative location of boys and girls toilets (basically, the distance between them) is also very impor-
tant.

Getting the location right is very important factor in ensuring that toilets are used. In line with the
principles listed earlier, girls and boy students must be consulted and the design must be participa-
tory. This consultation should be undertaken separately, the girl group led by a woman, the boys
group led by a male (here it makes sense to enlist the help of teachers).

Factors to consider in locating toilet blocks are set out in the following table (table 4.2 below). In-
evitably, with all these factors to consider, the location of school toilets is going to be a compro-
mise. This reinforces the necessity of consultation, with school girls and boys and their teachers.
Drilling a test hole with an auger (or digging a test pit if this is not available) to see what lies un-
derneath the surface can save considerable amount of time and money.

Table 4.2: Location Checklist

Factor Check
The normal wind direction — it is best if the toilet’s vent pipes are down- \/
wind of the classrooms (see figure 4.2).
The distance from the toilet block to the class, if possible it needs to be \/
between 30 and 50 meters. More than 50 meters may be too far for a small
child in a desperate hurry, and in terms of toilet management and upkeep, it
is best to keep the toilet nearer rather than far from the classroom.
The distance to the boundary wall — if the toilet is placed on the boundary, \/
there may be a risk of students extending their trip to the toilet to a trip
outside the school. Equally, girls in particular may feel insecure — here its
best to get their opinion.
The need to empty toilet pits when they are full. If the sludge or compost is
to be picked up by a tractor-trailer, then there needs to be enough space for
vehicle access and movement.
The distance between the boys’ and girls’ toilets. Again, this is best fixed
with consultation. About 15 meters or more may be needed to secure the
privacy and security needed by girls. It is also important to get the relative
orientation of girls and boys toilets blocks right — see below in figure.
The distance to a well or borehole — a minimum of 30 meters is
recommended to avoid any risk of contamination.

AN

AN

Future plans to expand the school is another consideration in the design.

Soil conditions — avoiding rocky outcrops, unstable ground conditions and
depressions with a shallow water table. Here a small earth auger can be
used to test ground conditions if there is any doubit.

ANEER NN N

Drainage — ensuring that rain water does not flood the pit.

37
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Fig 4 .2: Possible layout of school WASH Facilities
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4.3 Orientation

Other than location, it is very important to get the orientation of the toilet blocks right as well.
Social and cultural considerations are paramount — so again, it’s important to consult with boys
and girls. In particular, this concerns the direction the toilets (and here we mean the toilets’ en-
trance) faces. For example, if the entrance of a girl’s toilet is opposite a classroom or the entrance
to the boys’ toilet, girls may not want to use it. Alternatively, if the entrance faces a nearby bound-
ary wall, boys and girls may feel insecure for another set of reasons. Orientation, like location, is
case specific, but consultation is critical to encourage rather than discourage the use of toilets.

Figure 4.2 above shows one possible layout of school WASH facilities. There is no blueprint, but
the changes of the toilets being used are much higher if the guidance set out above is followed.
Inside the toilet block, the orientation of the squatting slab is also important, for example, respect-
ing religious norms. This issue is dealt with later.

4.5 The different types of school toilets
4.5.1 Introduction

The National Sanitation and Hygiene Strategy require that institutional sanitation facilities must
be composting type, and this manual gives emphasis to this type of latrines. Hence the manual rec-
ommends as much as possible the use of composting type VIP latrine for schools while other op-
tions are still open and discussed here as well. The selection of VIP latrines for certain local condi-
tions and environments are presented in table 4.3 below. The table will help guide the selection of
latrine that is appropriate to certain situations and environments.

Table 4.3: Suggested types of latrines to certain local situations

. . Type of School Toilet
Situations “Shallow” VIP (1.5 to 3 m) | “Deep Pit” VIP (>4 m)
High ground water table Raised floor design’ Not appropriate
Areas prone to floods Raised floor design Raised floor design
Hard rock geology Raised floor design Not suitable
Unstable and low Pit wall must have slope Pit wall must have slope
permeability soils and lined with dry masonry | and lined with dry masonry
Stable soil, gravel and Appropriate and with Appropriate
coarse material composting type design
Dry and stable sail Composting type Appropriate

In areas where the latrines are prone to seasonal flooding, or where water table is very shallow, the
solution is to build raised latrine and make the latrine pit watertight. The latrines pits need to be
raised and sealed to stop the sewage mixing with the ground water and polluting ground water
sources. In order to do that the pit walls could be constructed with cement plastered. In section
five, the different latrine design and construction will be discussed in detail.
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4.52 The “Deep Pit” Non-Composting VIP Toilet

In rural areas where land for latrine construction is not a constraint and it is technically and finan-
cially feasible, “deep pit non composting VIP toilets” can be used. This section focuses on the
design and construction of what is the most common and probably most useful school toilet type,
the conventional VIP deep pit. It is designed to reduce two of the problems frequently encountered
by traditional latrine systems, namely their smell and their insect production. A conventional VIP
deep pit latrine differs from traditional latrine by a vent pipe covered with a fly screen. Wind
blowing across the top of the vent pipe creates a flow of air which sucks out the foul smelling
gasses from the pit. As a result fresh air is drawn in to the pit through the drop hole and the super-
structure is kept free from smells. The vent pipe also has an important role to play in fly control.
Flies are attracted to light and if the latrine is suitable dark inside they will fly up the vent pipe to
the light. They cannot escape because of the fly screen, so they are trapped at the top of the pipe
until they dehydrate and die. Female flies, searching for an egg-laying site, are attracted by the
odors from the vent pipe but are prevented from flying in by the fly screen at its top.

Although this toilet is relatively common, so there are also associated with its design and construc-
tion. Many of these are fundamental (see Section IV: What can go wrong?). Other problems con-
cern detail, for example, ensuring adequate ventilation or the detailed design or finishing of the
squatting plate.

The heart of a pit latrine is its superstructure — the bit that’s under the ground. It is critical to get
this bit right, as any mistake may be impossible or very expensiveto fix once the above ground part
of the toilet, is finished. In particular, the pit has to be the right shape and size. If too small, it will
fill up too quickly; if it is too big, the cost of excavation and construction will be prohibitive.

Fig 4.2: Possible layout of school WASH Facilities

WASH structure in schools: They must be safe for users to use - in terms of the structural stabil-
ity; in terms of a child not being able to fall through an oversized drop hole; in terms of children
not risking abuse, bullying or attack when approaching, using or leaving the facilities provided

Detailed design of the toilet: It must be child friendly. Steps must be easy to climb. Door handles
must be easy to reach. The toilet interior cannot be too dark. Squatting plates must be designed to
accommodate a child’s feet rather than those of an adult. Surfaces must be easy to clean. The drop
hole must be correctly sized. Too large, it may be unsafe. Too small, cleaning will be needed after
every visit. Ventilation is important to minimize any smell.

Address the need of children with physical disabilities: Facilities provided must include provi-
sion for disabled children, with at least one cubicle for girls and one for boys arranged accord-
ingly. In terms of design, ramps and hand rails should be provided, with more internal space for a
caregiver to assist if necessary. Disabled girls and boys should be consulted with their able bodied
peers to get the design right.
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4.5.3 Sizing the Pit

It is important that designers, builders and the school authorities understand how the pit size is cal-
culated. This is set out in Box 4.3 below. The calculation is relatively simple, and is based on a
number of tried and tested assumptions. A different set of assumptions are used in the design of an
alternating twin pit toilet.

The basic assumptions used here are:

(1) The toilet is designed for 100 students per toilet stand (each with its own pit under
neath) — taking into account the associated use of urinals

(i1) The toilet is designed for a minimum five year fill time

(iii) The school is open for 200 days a year

(iv) The pit area under each stand is set at 1.1 meters wide, 2.6 meters long

(v) The average volume of excreta amounts to 25 liters per child per year, measured over
the five years. This allows for (i) materials used for anal cleansing (ii) volume reduc
tion due to decomposition over the 5 year period and (iii) the fact that the child will
also defecate at or near home, either before or after the school day

(vi) The average volume of fluid entering the toilet (urine and cleaning water) is 1 liter per
child per day, of which 50% evaporates or percolates through the bottom of the pit

(vii)The infiltration rate of the soil is assumed to be 25 liters per meters square 2/ (this
being side wall area) per day — equivalent to a sandy loam soil (See section 7). Soils
with more clay will need connection to a soak pit or infiltration trench

Based on these assumptions the depth of the pit is calculated as shown in Box 4.3.

Box 4.3: Calculating Pit Depth ‘D’

Solids

A. Inone full year, volume of sludge = 100 students x 25 litres = 2,500 litres
B. In 5 school years, volume of sludge =5 x 2,500 x (200/365) = 6,850 litres
C. Assumed pit area of 1.2 x 2.6 meters = 3.12 m2

D. Resulting depth of sludge (D1) = 6,850 / 3.12 = 2.195 meters

Liquids

A. Inone day, amount of liquid entering the pit is 1 litre per student = 100 litres. Of this, 50% is
lost by evaporation and deep percolation, leaving 50 litres

B. Assumed infiltration rate of soil: 251/ m2 / day

C. Wall area need to infiltrate liquid = 2 m2

D. Additional depth of pit needed to infiltrate liquid (H2) =4/ (1.2+1.2+2.6+2.6)

D2 = 0.26 meters

Freeboard
A. Additional safe space above solid and liquid below the slab: Minimum Freeboard (D3)

= 0.5 meters (given)

Total Depth of Pit (D) = 2.195 + 0.26+ 0.5 = 2.955 (rounded up to 3m)
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The total pit depth ‘D’ required has to allow for (i) containment of accumulated solids, D1; (ii) the
infiltration of liquid through side walls D2 and (iii) a reasonable free space (freeboard) beneath the
toilet squatting plate, D3, 0.5 meters being used here. The total pit depth H is the sum of D1, D2
and D3 (Figure 4.3 below).

The depth of pit needed is therefore just over 3 meters for a five year fill time. Further deepening
the pit will add to the fill time as set out in Table 4.4 below, but it also adds significantly to the dif-
ficulty and cost of excavation — as well as the risk of collapse to the laborers excavating the pit and
the risks on contaminating shallow ground water.

D3 Freeboard

D2 __Liquid

D1 Solid

Total pit Depth (D) = D1+ D2 + D3

Figure 4.3: Determining Pit Depth ‘D’

Table 4.4: pit Depth Versus Fill Time

Pit Depth Fill Time
3 meters 5 years

4 meters 7.5 years
5 meters 10 years

Ground water contamination is a potential health threat if the bottom of the pit is within two
meters of the ground water table. To be safe, the toilet pits should not be located with 30 meters
of any water source drawing ground water (such as a hand dug well).

If the soil in which the pit is being sunk has a lot of clay in it, then there may be a problem with its
capacity to infiltrate liquid (urine and water for cleaning). In this situation, a 75 or 110 mm diam-
eter overflow pipe should be included in the pit design, ensuring that excess liquid is drained to a
soak pit or infiltration trench adjacent to the toilet.
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In terms of excavation, the ‘standard pit’ should be three meters deep. The pit width is set at 3
meters, enough to ensure an internal width of 2.6 meters after lining. The pit length is of course
variable, determined by the number and width of the toilet stands needed, and the width of the
blocks used to line it. The urine and waste water drains into a physically separate soak pit or infil-
tration trench at least 5 meters away. The minimum dimensions of the excavated pit, in this case
sized for a 4 stand (i.e. a 4 partitions or cubicle) toilet, are shown below in Figure 4 4. This infor-
mation is summarized in Table 4.5, which includes basic pit dimensions for 2, 3, 5, and 6 stand de-

signs.

Figure 6: Minimum Pit Dimensions
for 4 stond deep pit tolet

Figure 4 .4: Minimum Pit Dimensions for 4 stand deep pit toilet

Table 4.5: Minimum Pit Dimensions (excavated size) for different toilet configurations,
Note that space limitations normally prevent extension beyond a 6 stand

design
Configuration Excavated Lenght Excavated Excavated Depth
in m wideth in m in m
2 stand 3.8 3 3
3 stand 5.3 3 3
4 stand 6.8 3 3
5 stand 8.3 3 3
6 stand 9.8 3 3

4.6 Composting Type Alternating “Twin Pit” VIP School Toilet

4.6.1 Description

The previous section focused on a remarkably simple, conventional ‘deep pit’ technology, with
provision at the back of the toilet superstructure for emptying the pits every five years or so. The
problem is that in a significant minority of cases, it is not practical to sink a pit by the required 3
meters or more. For example, after a meter or so of difficult excavation, one could already be strik-
ing hard rock. Alternatively, a high water
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table may be encountered. And collapsing sands may also make excavating a pit a risky proposi-
tion. In this case, an altering twin pit VIP latrine can be considered as an option.

For First year
Cubicle A uses pit a
Cubicle B uses pit ¢ B
Cubicle C uses pit ¢ m efgeogl: dveor original squat
Cubicle D uses pit e, etc S i Aol

A goes to pit b

B goes to pit b

C goes fo pit d

[~ D goestopitd, etc

Mean while material in pits ,c +
e composts for 1year before
being emply. At begining of
year 3 cycle repeats.

Figure 4.5: Alternating VIP Design: Basic Operation

The basic alternating pit toilet (figure 4.5), hardly a new idea, is based on a shallow vault to collect
feces and material used for anal cleansing. The latrine has two shallow pits, separated by a parti-
tion with one superstructure. The Alternating twin pit VIP differs from conventional deep pit VIP
in the layout of the floor of each toilet cubicle. In the alternating twin pit VIP design, each cubicle
accommodates two drop holes, one over each pit and one being temporarily sealed with a 30 mm
concrete tile, the other fitted with a prefabricated san plat. Only one pit is used at a time. When this
one is full, the san plat is shifted to cover the second set of pits once the first set of pits is full. Vent
pipes are moved at the same time.

The second pit is used. At this stage, the first pit contents are left to compost for a year. After a
period of at least one-year, the contents, the composted material, typically a dry, crumbly soil of
the first pit can be removed safely and used as a fertilizer or soil conditioner. Pathogenically it is
safe from the perspective of bacteria and viruses, but precautions should still be taken to avoid
direct handling just in case cysts from parasitic worms remain viable. The pit can be used again
when the second pit has filled up. The altering cycle can be repeated indefinitely. The all impor-
tant floor plan of a cubicle is shown in Figure 4.6 below.

Alternatively, taking into account the children friendly principle, the school authorities and or
Parents Teachers Association (PTA) may want to make better and more regular use of composed
faecal matter and urine to support agricultural production — generating food for the community, or
income for the school, or both.
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Whilst those more used to urban living may turn their noses up at this argument, it should be re-
called that tens of millions of rural people and thousands of farming communities across Asia
depend on recycling human waste to enhance crop production — just as many farmers do in devel-
oped countries with larger urban populations.

Figure 4.6: Floor Layout — Alternating Twin Pit

Box 4.5: Key Principles

Environmental sustainability: It should be an integral part of the design, implementation, opera-
tion, and maintenance of sanitary facilities. The challenge is to promote awareness of the environ-
mental issues surrounding water, sanitation, and hygiene in schools, while providing incentives
and tools to address them. In a learning environment, it is important to reduce the negative envi-
ronmental effects and hazards to public health at the same time.

Minimize smell and problems of drainage: To minimize the problem of smell and drainage
from a relatively small pit, urinals should be used to the extent possible by girls as well as boys
(Section 7), and care should be taken to avoid flooding the pit with water used for cleaning. Urine,
waste water and grey water from hand washing is in fact channeled to a separate leach pit or infil-
tration trench in this design, just as it is in the design featured in Section 3.

Use of urine, waste water and composted faecal matter: It is relatively simple to modify the
design of the leach pit and use the urine / water collected as a potent fertilizer. Once in operation
systematic quality monitoring has to be taken place in the use of urine, waste water and composted
faecal matter from toilet pits to support agricultural production for its quality before official hand-
ing-over of the facility. More detail of how to do this are to be included in the next edition of this
manual, together with other eco-friendly designs. The basic alternating twin pit VIP concept in a
school setting is shown in Figure 4.5.
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4.6.2 Sizing the Pit

Getting the dimensions of the pit right in an alternating VIP design is fundamental. Here again, the
starting point is a number of rational assumptions based on global experience. These are set out
below. The basic assumptions used here are:

1. The toilet is designed for 50 students per toilet stand, with two stands sharing one pit at any one
time,

2.The pits are designed for a minimum 12 month fill time,

3.The school is open for 200 days a year,

4.The basic internal pit area under each stand is 1.1 meters wide, 2.6 meters long,

5.The average volume of excreta amounts to 45 liters per child per year. This allows for (i) materi-
als used for anal cleansing (ii) reduced aerobic, decomposition over a limited one year period and
(iii) the fact that the child will also go to the toilet at home, before or after school,

6.The average volume of fluid entering the toilet (urine and cleaning water) is 1 liter per child per
day, of which half evaporates or percolates down through the bottom of the pit,

7.The infiltration rate of the soil is assumed as a minimum of 25 liters per meter squared (side wall
area) per day — equivalent to a sandy loam soil. Soils with more clay will need connection to an ad-
ditional soak-way or infiltration trench.

Based on these assumptions, the depth of the pit can be calculated. The total pit depth required has
to allow for (i) containment of accumulated solids, H1; (ii) the infiltration of liquid through side
walls H2 and (iii) a reasonable free space (freeboard) beneath the toilet squatting plate, H3, 0.3
meters being used. The total pit depth H is the sum of H1, H2 and H3.

BOX 4.6: Calculating Pit Depth

Solids

A. Inone year, volume of accumulated sludge = 50 students x 2 x 45 1 =4,500 1
B. In one school year, volume = 4,500 x (200/365) = 2,500 1

C. Assumed pit area of 1.2 x 2.6 m = 3.12 m2

D. Resulting depth of sludge = H1 = 2500/3120 = 0.80 m

Liquids

A. In one day, amount of liquid entering the pit is 1 1 per child = 100 1 of which 50% is lost by
evaporation and deep percolation

B. Assumed infiltration rate of soil: 251/ m2

C. Wall area need to infiltrate liquid = 2 m2

D. Additional depth of pit needed to infiltrate liquid (H2) =2 / (1.2+1.2+2.6+2.6) = H2

=0.26 m (half of this for a sandy soil or coarser materiel)

Freeboard
A. Additional safe space above solid and liquid below the slab: Minimum Freeboard (H3) =
0.3m

Total Depth of Pit (H) = 0.80 + 0.26+ 0.3 = 1.56m
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Notes:

The calculation in Box 4.6 above is based on a fairly impermeable soil with a relatively low infil-
tration rate of 25 liters / meter2 / day. If the soil type has a higher infiltration rate, the pit volume
(depth) can be reduced. Alternatively, a drain pipe can be included in the design of the pit, falling
to a separate infiltration trench.

The figure of 45 liters (annual accumulation rate per student) is much more than the equivalent
figure of 15 liters per year used for the deep pit calculation. This is because the excreta has only
one year to degrade / decompose, compared to five years or more in the deep pit design.

Finally, to ensure that the pit is filled efficiently, every 3 months, the pit access cover at the back
of the pit should be removed and the contents raked back. Alternating Twin Pit VIPs have a greater
need to periodic maintenance as a result, although the task is relatively simple to perform.

4.7 Hand Washing Practice in Schools

The hands of school children get in contact with a lot of dirty substances and particularly after
using the school latrines. Hand washing with soap or ash is, therefore, important for removing
pathogens off their hands and protects and improves their health. In a recent review and study con-
ducted on the impact of washing hands with soap on the risk of diarrhea, Curtis and Cairncross,
2003 found that washing hands with soap can reduce the risk of diarrhea by 42 to 47 percent. The
same study highlighted that hand washing is also important in the prevention of acute respiratory
infections. Most schools in Ethiopia do not provide appropriate hand washing facilities and proper
hygiene education. Where these facilities are available, they may be poorly located, or do not have
sufficient water and soap or ash for hand washing.
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SECTION V: CHILD FRIENDLY DESIGN AND CONSTRUCTION OF SANITARY
AND HYGIENE FACILITIES

5.1 VIP Latrine Design

The detail design sketched of the VIP latrine is provided in the Annex. Other than the pit dimen-
sions, many aspects of the design and construction are the same for both selected technology op-
tions (the conventional deep pit VIP and the altering twin pit VIP latrines).

There are some aspects in local environments which also influence and dictate the design. These
include the level of the ground water, soil type (unstable and collapsing), and rocky ground, etc.
In areas where the water table is very high or where there are annual floods, the latrines must be
built high enough so that the floods do not make the latrine content flow out of the pits, creating
very serious risks for the spread of diseases. If the soil is unstable, a masonry structure may be re-
quired. If the ground is rocky, the depth could be developed above the ground. Thus the school 1a-
trines should be designed taking into account the above design factors.

5.2 Construction

Having selected the most appropriate sanitation facility design, construction will have to be orga-
nized, whereby choices will have to be made about the level of involvement of the school commu-
nities; school administration, school children, PTA, and other stakeholders. This basically boils
down to comparing the financial means needed to pay outsiders and the opportunity costs of con-
struction by students, teachers and community members. Whichever option is chosen, involve-
ment of the school community in any decision to be taken is important if facilities are to be used.
As sanitary facilities are an essential part of schools, their operation and maintenance should be in-
cluded in the management plan. However, construction of facilities are usually not included in a
school's annual plan and therefore do not appear in the budget.

5.2.1 Safe Excavation

Digging a pit of this size can be tricky, even dangerous, and Box 5.1 below outlines some simple
precautions that should be observed

5.2.2 Bottom of the Pit

The bottom of the pit should be sloped with a 10 - 20 cm (5-10%) fall towards its back wall. This
is to help distribute excreta evenly and fill the pit efficiently.

5.2.3 Lining the Pit and Partition

Once the pit is excavated, the next step is to line it. ALL. SCHOOL TOILET PITS MUST BE
FULLY LINED REGARDLESS OF THE SOIL TYPE. This is because the toilet is designed to
last ten years or more, the pit is designed to be emptied every five years or so, and the superstruc-
ture itself is heavy and has to be well supported. A school toilet also has to be safe. School toilets
with unlined pits are prone to collapse, risking the lives of children using it.
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Box 5.1: Safe Excavation

Excavating a three metre deep pit in any circumstances is a risky business. Above all, in un-
stable soils, the sides of the pit have to be sloped towards the bottom with an angle of 40 degrees
or less — the natural ‘angle of repose’ of the soil. This means more time and more effort. Alter-
natively, shutter can be used, but this is often difficult to find or fabricate in rural areas, and
complicates lining the pit. In these circumstances, it may be better to change design to an alter-
nating pit toilet — see Section four. This features a relatively shallow pit only 1.5 meters deep.
Even digging this may be dangerous if the sides collapse.

It is also important that those excavating the pit wear hard hats to protect them from falling ob-
jects, and safety glasses if they are breaking rock. In a school environment, it is also important
to ensure that children do not risk falling in the pit. The construction site should be fenced off,
and children should be told not to approach because of the risks involved unless the visit is su-
pervised. Once the day’s work has ended, or before it has begun, a guard should be posted until
all children have left the school.

The lining should be stone masonry, concrete hollow block (CHB) or burnt brick, depending on
the materials and skills locally available, and the cost. The bottom course should be placed on
a 5 cm mass concrete foundation. Ensuring that successive courses remain level and that the
walls are vertical is the key to a safe superstructure. If stone masonry is used, the pit wall should
be 60cm thick at the bottom, tapering to 40 cm thick at the top.

The lining should include partition walls, so that each toilet stand has its own pit underneath it.
The individual partitions (measuring 1.2 wide by 2.6 meters long) are needed to ensure effec-
tive ventilation, and help stabilize the entire structure. Partition walls are best constructed from
burn brick or CHB — masonry partitions would be relatively thick, reducing the pit volume.

It is important to use porous or open block-work or masonry when lining the pit. This allows
liquid to infiltrate the pit sides into the surrounding soil, minimizing the risk of flooding. The
bottom of the pit is not sealed. The top 50 cm of the lining should be fully sealed, to minimize
the problems of flooding and tree roots breaking into the pit. The partition walls should be fully
sealed from top to bottom so that any one individual pit can be emptied.

Finally, the gap between the pit sides and the lining must be carefully backfilled, ensuring that

the soil is properly compacted layer by layer, to prevent voids forming which could later col-
lapse. All these features are important and are shown in Figure 5.1.
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Figure 5.1: Details of completed sub-structure, 4 stand deep VIP latrine

5.2.4 Toilet Superstructure
5.24.1 Basic

Having completed the substructure, the next stage is to complete the toilet superstructure. This lies
on top of the sub-structure. There are two options here, depending if the doors of the toilet cubicles
are to open inwards or outwards.

If the doors open inwards, more space is required in the cubicle to allow for it to swing open, leav-
ing space for the user to enter and close the door without tripping up on the squatting plate towards
the back of the cubicle. The added length adds to construction costs. The advantage of an in-
swinging door is that these are much less vulnerable to wind damage. And a toilet with damaged
or missing doors is unlikely to be used.

The alternative is to arrange the doors to open outwards, saving on space, materials and costs, but
risking damage to the doors if they are not properly secured. The design is based on the in-swing-
ing arrangement except the disabled which is out-swinging.

5.2.4.2 Grade Beam and Slab Design Layout
The increased length of floor needed is achieved by extending the reinforced concrete grade beam

that covers the pit wall by 60 cm to the front of the toilet. The beam, measuring 150 mm thick, pro-
vides a stable, level platform on which to lay the floor slab
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and back panels. The toilet floor is cast on the beam. The offset to the front provides the additional
area needed, and ensured that there is still room at the back of the toilet for pit emptying (Figure
5.2). There is no need to extend the grade beam over the front of the pit wall if the toilet doors are
to open outwards. However, this leaves the doors vulnerable to wind damage. For this reason, the
offset is recommended.

A single 100 mm thick RC slab is then cast in situ on top of the forward half of the grade beam to
form the toilet floor. 200 mm wide by 300 mm long drop holes should be cast in the slab, one in
the centre of each toilet partition for demolishing type and a properly located twine drop holes are
also casted (see figure 5.3). High quality precast san plats are later mortared over these holes.
These have a smaller ergonomically designed drop hole, about 150 mm in width, and 200 mm in
length, with a keyhole profile.

Fly Screen

110 mm PVC
Pipe for vert

F Superstructure
/ offset 60 cm
e -

8D

.'[ 260 i [

Figure 5.2: Showing Superstructure offset (doors open inwards)

The rear 1.8 meters of the pit should be covered with 80 mm thick RC panels (ferro-cement may
also be used). Fitted with handles formed from 12mm reinforcing bar, the two panels furthest
from the superstructure are removed when the pit contents need leveling or the pit needs empty-
ing. The front-most panel is fixed in place and includes a 115mm hole for the 110mm diameter
PVC vent pipe (Figure 5.2). The PVC vent pipe should protrude the lower side of the slab by
about 5 to 10 cm so that warm air leaves the pit effectively.

Figure 5.3 presents a ground section of the slab floor for the VIP latrine; shows each cubicle,
urinal, access holes for emptying the pit, and a walking path. It offers a better visualization and
understanding of the floor layout, dimensions of each components of the toilet. The one shown in
Figure 5.3 is a four seat toilet with urinal for boys. .
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5.2.4.3 Walls, Partitions and Doors

The standard toilet cubicles have a floor area of 1.2 meters (width) by 1.6 meters (length) if the
doors are to open inwards, and 1.2 meters by 1.2 meters if the doors are to open outwards. This is
sufficient for able-bodied children to maneuver. The door opening accommodates a standard door
205cm x 70cm, and is completed with a 10 cm thick timber or RC lintel.

Outward opening doors reduce the floor area of the toilet compartments, and so reduces the quan-
tity of materials need to complete the superstructure. However, outward opening doors are much
more vulnerable to wind damage, and so the inward opening option is preferred.

In our design, the first cubicle is 1.5 meters wide, allowing more room for manoeuvre for a dis-
abled child, if necessary accompanied by a care giver. At 90 cms, the door is wider as well for the
same reasons.

Exterior walls and partitioning can be timber, masonry, burnt brick, stabilized compressed soil
brick or concrete hollow block (CHB). The latter come in two sizes; 20x20x40 cm, and 15 x 20 X
40 cm. It is recommended that the smaller size is used for both exterior walls and partitions. 150
x 150 mm RC columns on each corner of the superstructure are desirable for stability, but are not
essential. Wire ties in the back wall (every second course) are needed to secure the vent pipe.

The roof, the front sloping down the back, is supported by the block work, and internal timber
trusses over each partition wall. Details are provided below.

Timber or RC Lintel Beam over door Vent pipe profrudes
above roof ine

Ventilation

above doors

Handralil for handicap
Access

Door Knob

40mm ventilation gap
below doors

Note:- door knob/ lock at 70cm above floor for
tollet A and D and 1.0m for the other toilet rooms
(C,D.efc..)

Figure 5.4: Superstructure Walls and Doors
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As already mentioned, doors are an important component of most school toilets, essential to guar-
antee privacy and security for the user. Treated timber is preferred to steel. A standard 205mm x
70 mm door is recommended, with two or more hinges. The standard door frame measures
210cms high, resulting in a 40 mm air gap underneath the door for ventilation. The end cubicle
should include a wider door, 90 cm rather than 70 cm wide (Figure 5.4), providing more room for
a disabled user and caregiver.

5.2.4.4 Privacy Wall

A privacy wall, 1.5 meters high is placed 1.4 meters in front of the toilet partitions. The privacy
wall in the girl’s toilet block is closed at the end of the structure. This provides more security for
girls using the urinal, and more privacy for washing (Figure 5.5). The design of the wall can be
made open block, saving blocks, affording limited visibility and making the exterior of the toilet
more welcoming. The design and the height of the wall, needs to be finalized with the participa-
tion of students.

5.2.4.5 Roof and Vent Pipe

The roof, sloping down from front to back, is covered with galvanized Corrugated Iron Sheet
(CIS). A minimum 32 gauge Corrugated Iron Sheet (CIS) is recommended. Seasoned eucalyptus
wood is recommended for the timber frame (see Figure 5.6), which is fastened to the top of the
partition walls with 4 mm tie bar. The roof is supported on block-work at each end of the toilet
block and over the lintel. Three courses of block work extend from the lintel to the top of the frame
above the door, raising the roofline by 70 cm. A 40 cm high, 80 cm wide gap provides additional
ventilation and ensures that the toilet partitions are not too dark to discourage their use. The venti-
lation gap may be completed with a 40 mm square chicken mesh to keep birds out.

Privacy
wall

Figure 5.5: Privacy Wall
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Figure 5.6: Detail of Roof Truss

The 110 mm diameter 4 meter long PVC vent pipe — one for each partition - is critical to the op-
eration of the toilet. A dark colored or black- painted pipe is preferred, the heating effect enhanc-
ing the updraft. The pipe should be secured with wire ties to the back wall and grouted in place.
A 1 mm galvanized wire mesh is secured at the top of the 4 m pipe to trap flies in the pit. The top
50 cms of the pipe should protrude above the roof line to the maximize ventilation effect

(Figure 5.7).
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Figure 5.7: Detail of Vent Pipe
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5.2.4.6 Interior and Squatting Plate

Many decent school toilets are used less, if not abandoned, because insufficient thought has gone
into the interior of each partition. The most important aspect is the floor, and the squatting plate
with foot rests. Often these seem to be designed for use by an adult rather than a child, and are next
to impossible to clean without using many liters of precious water.

It is STRONGLY recommended (the first and only time this adjective is used in this manual) that
the squatting plate used is precast using concrete and an off the shelf, high quality san plat mould
(designed for domestic use) with integrated footrests. The san plat does not have to be larger than
60 x 60 cm, and should drain into the drop hole. It is possible to achieve a very smooth, easy to
clean finish with such a mould and the right aggregate.

The san plat is cemented over the rectangular drop hole cast into the concrete slab. The gap be-
tween the san plat and back wall of the toilet cubicle is then filled with cement mortar, the surface
being benched to drain into the san plat’s key-hole, and given a polished finish. This helps clean-
ing. If the budget allows, the interior walls of the cubicle should be plastered up to a height of one
meter. The floor can then be finished with a polished cement screed, draining towards the toilet
entrance (Figure 5.8).

1.5mor 1.2m San plat fill area with o weak
All Dimension should be as /cemem mortar fo aid cleaning
a manufacturers standard -
l (&)
T z_ 60cm x 60cm sanplat precast
|~ | high quaiiy infegral foo ress
= [——T——1— Positioned and maintained
over rectangulor drop hole
8 W/RC slab
=3 b\gu\’— )
\Hoor benched fo
. i drainout of cubicle
Turkish fype WC Door - 3 hinges
open inwards

Note: If door open outwards A = 1.2m

Figure 5.8: Interior and Squatting Plate (door opens inwards)
5.3 Improved Latrine Design for schools in Pastoralist Areas
In certain communities such as the pastoralists, covering human feces is not only for sanitation

purposes but seeing it with the naked eyes creates bad feelings. Therefore, the latrine design pre-
sented in the earlier section is adapted to avoid seeing the feces down through the hole directly
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and an improved latrine design is given in figure 5.9 that can be used in schools in these areas.
The pipe hose at the hole of the toilet diverts the feces to the pit. To meet this design requirement,
the front pit wall of the earlier design will move backward and align itself exactly under the back
wall (superstructure) of the VIP latrine.

In all pastoralist areas, people use some amount of water for cleaning purposes after using latrines
and it is possible this water could be used to flush the solid waste through a 71 to 75 cm inclined
PVC pipe (as shown in figure 5.9 below).
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Figure 5.9 VIP Latrine design for schools in pastoralist areas
5.4 Urinals
5.4.1 The Basics

If well designed and cared for, urinals save both time and money, by reducing the pressure on
toilet stands. If they are poorly designed and are not cared for, urinals can turn into the smelliest
part of the toilet. This section describes the design and construction of urinals for girls and boys.
In both cases the urinal is part of the ‘standard’ toilet superstructure described in section 5, with a
physically separate soakage pit.

5.4.2 Girls and Boys Urinal

The dimensions of the girl’s urinal are 3.05 meters long by 1.2 meters wide. With a urinal trough
on one (long) side, the sloping floor design with precast footrests can accommodate up to five
girls at a time. The boys ‘trough and pipe’ design is also 3.05 meters long by 1.5 meters wide, but
the trough is on three sides and the urinal can therefore accommodate up to 9 boys at a time.
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Urine is collected with the water used to clean the urinals and piped to a separate soak away. This
can be a separate pit or a trench if the infiltration rate of the soil is lower than about 25 1/m2/day.
Wastewater from the hand-washing stand (see next section) drains into the same pit. The basic de-
signs are shown in Figure 5.10 for girls and Figure 5.11 for boys. Detailed designs are presented
in Annex B.

Fig 5.10: Girls Urinal

Fig 5.11: Boys Urinal5.4.3 Roof and Privacy Wall for Urinals

If the available finance allows, roof and privacy wall for urinals could be constructed. Based on
pilot sites visited, the need for roofing is less significant, and its service is not worth the money.
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The privacy wall for girls could be constructed using a hanging wall (20 cm above the floor ex-
tending up to 1.30 m and it should be fixed to one side of the wall. The privacy wall could be con-
structed from wood (play wood) or sheet metal fixed with a screw on the wall. For a five seat
urinal, four hanging walls are needed to provide privacy for each girl using the urinal. The urinal
for boys does not need privacy walls. Detail dimensions of the urinal for boys and girls are pre-
sented in Annex B.

5.5 Hand Washing Facilities
5.5.1 The Basics

After using the toilet or urinal, students should wash their hands to avoid the possibility of getting
sick (or making others sick) by faecal — oral contamination. Global lessons learnt and best prac-
tice shows that it is absolutely critical to provide hand-washing facilities — water and soap — at the
toilet itself. Furthermore, separate and relatively private facilities are needed by adult girls, who
may have to use these facilities to wash sanitary cloths if they happen to be having a period
(menstruating).

Box 8: Appropriate hand washing facilities

1.Location: The hand washing facility should be located very close to the latrine as shown in
figure 5.13 below so that children see it in front as they leave.

2.Standard Dimensions: A concrete structure with varying heights is constructed to keep plastic
barrels for carrying water for hand washing. The dimensions vary to suite to the heights of school
children. For small children the height of hand washing facility will be 50 cm height while for
older children between age 9 and 15 years will use a 70 cm height of hand washing facility.

3.Materials: A plastic [barrel] container with taps installed on it is used. Soap or ash is also kept
as hand washing agents and hygienic materials.

4.Access: Hand washing facilities are located within one and half meters distance from the la-
trine and it is near and readily available and accessible for school children using the latrines.

5.5.2 Location, Size and Type

The design included in this manual positions the hand washing facility against the inside privacy
wall of the girls’ and boys’ toilet blocks. The hand washing stands are there in front of users when
they come out of the toilet. Each facility is made up of a minimum of two stands (four are pre-
ferred), each comprising of a 100 liter plastic drum and tap, drain and soap cage. The taps are at
different heights similar to the one shown in drinking fountain in sub section 3.8 to suit students
of different ages. For girls, the privacy wall offers additional designed requirements for hand-
washing.

The drums could be filled by a water pipe from an elevated tank. If piped water supply is not
available, they will need to be filled manually, and steps (elevated ground) are also provided to fa-

cilitate this. .
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Grey water can be collected by a drain and piped to the soak-away — the same as the one used by
the urinals (see sub section 5.4). Alternatively, it can be reused as a valuable resource, for ex-
ample, to water a vegetable garden (see Box 6.1 in next section).

Fig 5.13 Latrines for boys (right) and girls showing hand-washing stands
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SECTION VI: WASTE WATER MANAGEMENT
6.0 Concept

The concept of waste water management has been mentioned in the preceding sections and here
this important subject receives the attention it deserves. The source of waste water is from excess
water from water supply sources, drinking water fountains and hand washing facilities at the
toilet. If these waste waters are not properly managed, the excess water will make a pond at those
waste water sources. The stagnant water breeds and attracts flies and mosquitoes that carry dis-
ease.

Whilst disposing of waste water efficiently and safely is important, we are also wasting a valuable
resource. So, before deciding on how to dispose of waste water, one should first consider if and
how it could be reused more productively (Box 6.1).

6.1 Waste Water or Grey Water is a Valuable Resource

Box 6.1: Waste Water, Grey Water, or a Valuable Resource?

Waste water or ‘black water’ refers to water discharged from toilets and urinals. This may con-
tain very high levels of pathogens — and it smells pretty bad as well.

Grey water is untreated waste water that has not come into contact with high concentrations of
faecal contaminants. In this case, grey water refers to water from hand washing stands, which may
be slightly, but not highly contaminated.

Management of waste water and grey water is very important. If left to pool on the ground, it
may present a health risk — not least by providing mosquitoes with a breeding ground, or attract-
ing domestic animals into the school compound. Water combines with soil to make mud, which
may be fun for some — but this can also put off users from entering the toilet or washing their
hands.

Infiltration of water back into the ground is may work in terms of reducing the health risk. But
it is also wasting a valuable resource. If properly handled, grey water can be reused to for cleaning
toilets and urinals, or for watering trees and plants - which can be sold by the school to augment
its budget. Waste water can also be used in this way, although it needs more careful handling.

The concept of grey water reuse and recycling will be described in more detail in a second
volume of the School WASH Guideline. This will also include the use of urine as an incredibly
potent fertilizer, a broader range of composting toilets.

6.2 Dispose of or Reuse Waste Water

Assuming the decision is made to dispose of waste water rather than reuse it, the following infor-
mation must be considered.

The total volume of urine and waste water (from hand-washing stands, from rainwater and from
cleaning the urinal may exceed 800 liters a day for a four stand sanitation block, designed to meet
the needs of 400 students. .
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The following box takes on h the basic design of an infiltration trench. In this case, a trench is
being used to drain liquid into the ground. Liquid drains through the sidewalls of the trench rather
than the bottom, which rapidly silts up. The key factor that determines the length of the trench is
the soils infiltration rate (I, here measure in liters per meter squared), which varies enormously
depending on the type of soil. The more clay there is in the soil, the less liquid it can handle and
the lower the value of infiltration. Infiltration rates for different soil types are tabulated in table
6.1 below.
Table 6.1: Infiltration Properties of Different Soil Types

Soil Tvpe Infiltration Rate I (1/m2)

Coarse to mediium sand >50
Fine sand, loamy soil 33
Sand loam 25
Porous silt clay 10
| Expansive clay <10

6.3 A Soak Away

Box 6.2: Designing a Soak Away

Soil infiltration rate: Estimated by inspection of soil type: 50 liters / metre2 / day

Volume of liquid (urine, grey water, waste water combined) in liters / day to be drained: 2 liters
per student per day: 800 liters

Side area of infiltration trench required = 800 / 50 = 16 m2
Wall area of trench = 8 m2 (for each side)

Depth of trench = 1.2 m (with 75cms infiltration zone)
Length of trench needed = 8 /0.75 = 11.5 meters

Note that the end walls of the trench have not been included in determining its infiltration capac-
ity. The area involved is relatively small as the trench need only be 60-75 cm wide. The bottom
of the trench will soon silt up, reducing its infiltration capacity as well.

In this case, the top 45 cm of the 1.2 meter deep trench lie above the pipe leading from the urinal,
leaving a 75 cm deep infiltration zone (see Figure 6.1 below).

If more infiltration area is needed, two or more parallel trenches may be built, spaced two meters
apart.

The resulting design is shown below in Figure 6.1. A soak away based on a pit takes up less space,
but is significantly deeper than a trench (and potentially more difficult to construct).

Using the same design parameters, a circular pit 1.2 meters in diameter would need to be dug to a
depth of 4.7 meters to provide an infiltration area of 16 meters2, allowing for the same 45 cm deep
freeboard. In practice, two pits each 2.4 meters deep may be easier to excavate. .
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While there is a need to use gray water for multiple use, an underground cistern (circular of
square) may be considered to provide storage facility and use.

ound level
\\\\\\\\\\\\\\\\ \\ \\\\\\\\\\ \\\\\\\\\
2 NN ym =0 y&%@’ %@ \ff" @g% |
f INGPINN
vi b \U b e aey
I R bt
Drain pipe PVC Mﬁlu%u?u?u?uﬂﬂx{ Nﬁ;‘“‘
ommp bri ARG SR
80mm@ Drilled or gt eggutyydyterd e
slotted within Fa A A MG Ave A v A e
trench, on 5% L W
slope (fall) ; Polythlene
Side area for membrane
infiltration= 2xlIxh

Figure 6.1: Soak away

6.4 Multiple use of waste water in schools

Most schools encounter water shortages for use in WASH facilities and for environmental uses
such as planting trees while gray water in schools is left to waste. Waste water or gray water has
not been widely recognized as a beneficial resource, and the practice is less known and imple-
mented as it should. So why look for or pay for processed drinking water for use for gardening,
greening schools or flush or clean school toilets?

Waste water use for multiple purposes is one less costly and readily available option, and waste
water system must be included as one aspect of the waste management plan in schools. Waste
water from drinking fountain and hand washing facilities should be diverted and stored for use in
gardening and greening the environment and cleaning and flushing toilets. Safely harnessing
wastewater and subjecting it to low level treatment for food production can offer significant ben-
efits in terms educating school children on gardening and providing additional money to the
school.

The biggest challenge to these multiple use ideas is the fear of "germs" and related health impacts
and it may be imperative and essential to subject gray water under low level treatment before use
for crop production and reuse for cleaning and flushing toilets in schools. The implementations of
this project need the close support of the woreda health and water offices.

All waste water from drinking fountains, hand washing facilities and urinals should be collected
in underground storage facility at a location away from class rooms, water supply sources and
from children playing ground so that it does not create nuisance and health problems to the school

community.
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SECTION VII: GREEN TECHNOLOGIES FOR WATER PUMPING IN
SCHOOLS

7.1 Introduction

Climate change is no longer a distant threat to Ethiopia. World wide it has now become daily
news and arguably the greatest threat and challenge of our times. For the last five decades, Ethio-
pia has experienced devastating environmental, social and economic impacts of climate change
such as drought, water and power shortages, crop failure and severe food shortages and recently
flooding. School children need to learn and understand more about climate change; what causes
climate change, and how to cope with its impacts and adaptation and mitigation measures to take
against the eminent threat of climate change.

Recognizing the enormous challenge of climate change, Ethiopia has prepared a green technology
development strategy up to 2050, and the strategy has been presented and endorsed by a global
climate change panel in Durban, South Africa in 2011. It is almost a one generation strategic plan
which outlines and promotes on the use of Renewable Energy Technology (RET), as alternative
power sources with no carbon emission and little damage to the environment. School children
have a role to play in the implementation of this strategic plan since they are the future generation
that is most affected by the ongoing and upcoming climate change and its impacts. They can also
be agents of change for propelling climate change adaption and implementation of the strategy
within their own communities.

What are the available green technologies that schools can demonstrate to school children while
receiving services and at the same time adapting to the eminent climate change of the future?
There are some schools that use diesel pumps for pumping deep well water, and the continued use
of diesel in the future is increasingly becoming a concern because of its high carbon emission, the
fuel it uses is imported and increasingly becoming expensive, less available and accessible in
most remote areas where it is badly needed. The ever increasing cost of fuel and the difficulty in
securing a sustainable supply of fuel, oil and maintenance services for diesel power make it diffi-
cult to rely on. There is enormous evidence that supports the idea that water facilities that use
diesel power are less sustainable. Solar and wind pumps are receiving increasing attention in
using them for water pumping in Ethiopia.

To supply water for many of the schools with populations between 800 and 1500, designed water
supply system particularly motorized shallow and deep well sources require power strong enough
to pump water to a suitable storage location uphill from where gravity flow can provide a rela-
tively cheaper water supply service. Renewable energy sources such as solar (Photo voltaic, PV)
and wind pumps are now a days an important source of energy for water pumping. They are envi-
ronmentally friendly and cost effective over a long term basis. The following section of the
manual presents a brief introduction on such renewable technology options. For more detail de-
signs and construction, an experienced hydraulic, mechanical and electrical engineers may have
to be consulted. Reference materials are available in several books and websites.
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7.2 Solar (PV) pumps for water pumping

The Solar (PV) pump system (frigure 7.1) components include the panels, support structure, elec-
tronic parts for regulation, cables, pipes and the pump itself. The pump is submersible type and it
should be designed and installed according to local situations. Solar radiation data are required for
design of the solar (PV pumping) system. Meteorological data on sunshine hours and irradiance
are needed for designing photo voltaic (PV) system as a source of power for running submersible
pumps. In areas where local meteorological data are not available for use, NASA data could be
used using GPS reading for the site.

Figure 7.1 A PV Module for water pumping

Figure 7.2. Components of Wind Pump: 1-blade
(rotor),
2 — Tower,

7.3 Windmills for Water Pumping o )
3. Rod (transmission), 4. Supply pipe, 5 — pump,

A wind pump (windmill) for water pumping consists of a rotor, power transmission to a pump,
safety system and a tower (see figure 7.2).

Rotor:- The rotor is the essential part of windmill, a prime mover for producing both the mechani-
cal and electrical power. It converts the power of the wind into useful mechanical shaft power in
the case of suction pump or electrical for the use of submersible pump. The number of blades can
be 4, 6, 8, or 18, mostly supported by spokes only. These rotors operate at higher tip speeds. The
rotor is fixed to a steel shaft by means of a hub plate. The shaft is supported by sleeve bearings
(receiving oil from the gear oil bath), or by roller bearings (lubricated by grease or by oil). Rotors
of water pumping windmills range from 1.5 to 8 m diameter.

Power Transmission:- An essential part of a windmill transmission is some kind of eccentric
device that transforms the rotating movement of the rotor into a reciprocating movement of the
pump rod.

Water Pump:- The majority of water pumping windmills is equipped with single-acting piston
pumps. When the piston moves down, the foot valve closes and water passes through the open
piston valve. On the upward stroke the valve in the piston closes, the foot valve opens, and water
is pumped to a desired elevation or elevated site where the storage facility is located. Water from
the storage tank flows by gravity to the drinking fountain, toilet, hand washing facilities and water
supply stands, etc.
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SECTION VIII: MANAGEMENT AND SUSTAINABILITY OF SCHOOL
WASH FACILITIES

8.1 Introduction

As water supply and sanitation facilities are an essential part of the schools, their operation and
maintenance should be included in the management plan. But it is often overlooked first at the
planning stage, and secondly this oversight has often led to serious problems, both during the ex-
ecution phase and during the operation and maintenance phase. In particular, the management of
a system after its inauguration does not always receive due attention and it is in this area that the
concept of sustainability comes under the greatest pressure. Assumptions made and activities un-
dertaken during the planning phase must be examined for long-term implications, and measures
must be taken to ensure that the sustainability of the school WASH facilities and the system they
constitute is not compromised. Cleanliness in the area of the water and sanitary facilities in school
is an important factor in the management and overall introduction of new and improved facilities
in schools. If the surrounding area is not kept clean and free of animals, debris, waste and stagnant
water, the water and sanitation facilities could have the very undesirable effect of providing an
ideal site for breeding vectors and transmission of disease. In this respect, the ability of the school
community to manage the system and ensure regular cleaning of the water and sanitation facilities
is vital. However little emphasis and attention is given to the upkeep, maintenance and manage-
ment of sanitation facilities.

Figure 8.1 Examples of filthy sanitary facilities

The photograph above shows a typical situation in many schools which could contribute to the
spread of disease or illness among school children. Many of the latrines in schools are poorly
managed and hence small children prefer open defecation in areas outside of existing latrines and

in the nearby bushes.
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8.2 Management of School WASH Facilities

Whilst investing a great deal in the provision of WASH facilities in schools, it makes sense to
invest in ensuring their proper use, upkeep and sustainability. Many aspects relating to manage-
ment have indeed been mentioned in the preceding nine sections of this manual. Some key prin-
ciples are reiterated below. These are merely a summary of the issues involved.

Box 8.1: Principles of Effective WASH Management in Schools

Proper Design and Construction is key to improved management of the school WASH facilities.
Poorly designed and constructed WASH facilities require frequent repair and maintenance and
hence they are expensive.

Institutionalizing Management: assignment of personnel and their roles and responsibilities for
the management of school WASH facilities must be agreed upon and should be established and
must be part of the school administration.

Participation is vital in the management of sanitation facilities in schools — involving school chil-
dren both boy and girl students, teachers, the school principal / head teacher, school administra-
tion and PTA. Ensuring the participation of students to play an active role in the planning and
upkeep of facilities is extremely important

Contributions in terms of cash, materials, labor, time and decision making from the local com-
munity and their representatives can engender a sense of ownership and shared responsibility for
the maintenance of the facilities established

Oversight during construction is important to ensure that the facilities are correctly built — in the
right place, using the right materials.

School management should extend to ensuring that students understand how to use sanitation fa-
cilities — avoiding the unintentional soiling of toilet compartments and unnecessary waste of
water, for example.

Responsibilities for daily and weekly cleaning should be agreed. This may involve organizing
students to clean toilets according to a roster, supervised by a teacher

Maintenance extends to organizing the safe emptying of a full latrine pit and the safe disposal or
use of the waste material; and ensuring that infrastructure and/or systems are in place to bring ad-
equate quantities of water into the school. Preventative maintenance reduces the risk of break-
down. A system to ensure regular checking and maintenance needs to be established, probably in-
volving a contracted worker who needs to receive an adequate financial incentive

To ensure facilities are fully utilized and hygiene practices respected, a system needs to be estab-
lished to pay for cleaners, cleaning materials, spare parts and soap (even water). This needs to be
agreed at the outset with all parents
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8.2.1 Technology choice, operation and maintenance

The provision of uninterrupted water supply, and sustained and adequate sanitation services are
key requirements for a healthy education program in schools. It is important to note that such re-
quirements are taken into account during the design and construction phases. As far as possible
facilities selected should be durable, easy to operate and repair and maintain without specialist
skills. Hence technology selection should take account of local capacities for maintenance and
repair.

A regular cleaning and maintenance service to the water and sanitation facilities provide the de-
sired healthy environment for schools. Badly maintained water supply and sanitation facilities
often cause an even bigger health risk for school children. Stagnant water around tap stands and
in blocked drainage channels attracts rodents and it forms a breeding place for mosquitoes and
other disease causing vectors. Water supply sources, water lifting devices and power systems and
taps may require regular services using local capacities to ensure uninterrupted and long term ser-
vice to schools. Therefore, there is a strong need for a regular servicing of the different elements
in the water supply and sanitation facilities in schools.

Drinking fountains, taps, toilets rooms and urinals need to be regularly cleaned with water. If
there is power source used for water pumping, it should as well be serviced regularly; malfunc-
tioning parts should be replaced, oil and greasing of parts need to be done on a regular basis
before a major breakdown occurs. Responsibilities for operation and maintenance should be
clearly defined and appropriate skills provided.

8.2.2 Monitoring School WASH facilities

Monitoring is key to ensure the proper and continuous functioning of water and sanitation facili-
ties in schools. Table 8.1 below presents the monitoring requirements of WASH facilities in

schools.

Activities Frequency Manpower assignments
Regular cleaning of the latrines, Daily Cleaners or school children (above
urinals, hand washing facilities and 9 yrs of age) with guidance and
drinking fountains close supervision by teachers.
Inspect the water supply system and Daily Cleaners/ Administrator,
sanitary facilities (latrine, urinal and students/Teachers
hand washing) for any malfunction, Every six Professional Engineer/ contractor
crack, damage, etc. that may occur months
during use.
Repair and maintain water supply Immediately as Hired contractor, trained school
system, latrine slab, seat, vent pipe reported community member,
and fly screen or any part of the latrine Trained teachers & students
superstructure
When twine pit is full, open the second | When full Local mason
hole and switch to other pit
Empty pit (for composting type) One year after Contracted or hired labor or local

the pit is sealed | municipal service
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Every month the floor of the latrine slabs have to be checked for cracks and the vent pipe and fly
screen are properly functioning. Fly screens must be inspected and when needed replaced to
ensure their effective use. Rainwater should drain away from the latrines. For deep and conven-
tional pit and when their content of the pits reach the level of 0.5 m below the slab, a new pit has
to be dug and the old pit should be abandoned. In composting type, the pits are emptied as per the
scheduled period.

Monitoring requires regular reports indicating what has been observed and actions taken on the
facilities, and these reports have to be shared among the school administration, PTA and partners,
woreda sector offices on a regular basis.

8.2.3 Roles and Responsibilities of the stakeholders in the management of
school WASH facilities

School Children

e Participate in the design process,

¢ They should comply with procedures for use and care,

¢ Observe appropriate hygiene measures and practices in school,
Teachers

¢ Monitor the state and use of facilities,

¢ Organize the care and maintenance of facilities,

¢ Motivate school children to adopt appropriate behavioral changes,

¢ Provide hygiene education

School Directors or head teachers
¢ Organize different occasions for water, sanitation and hygiene at school level; for instance a
hand washing day, environmental day to clean the school, etc.
« Create enabling environment for teachers and staffs to achieve and maintain certain targets
set for each school year
Parent Teachers Associations (PTAs)
¢ Monitor regularly the conditions of the facilities and conduct discussion with school adminis
trations
¢ Advocate locally for improvement in the management and financing of the facilities; ensure
WASH get its share of the allocated budget for school facilities,
 Support and ensure school facilities receive adequate maintenance services.
School Children Families
¢ Encourage children to comply with procedures for use and care of WASH facilities in schools
and at home,
 Support or participate actively in Parent Teacher Associations,
¢ Contribute to the financing of school WASH facilities and servicing
Sector Offices at woreda level
¢ The sector offices should provide guidance on environmental health aspect, repair and main
tenance,
« Staffs should conduct regular monitoring on the conditions of the facilities on a regular basis,
Woreda and Kebele Officials
« Ensure schools are provided with resources such as land, funding and security.
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8.2.4 Financing School WASH Program

Finance is a critical input in the construction, operation and maintenance of water supply and
sanitation facilities. Contributions from government, donors, and private individuals or local
community are major sources for funding the school WASH facilities. The government allocates
funds for school facilities, but it is very small for up-keeping WASH facilities.

Schools may have to develop their own fund raising strategy. One approach could be having a fee
(in the range between 1 to 10 Birr) per child for registration. Other options could be to generate
more funding through starting small schemes for generating additional income such as gardening
using the excess water from water supply, or grey water from a hand-washing stand. Proceeds
from the sales of products such as grasses (hey), vegetables, etc. could be a source of additional
funding. This will have multi pronged benefits to the school and the community: (i) secure cash
income, (ii) works as a demonstration for school children on modern gardening and crop produc-
tion technique, (iii) contribute to access to food security by making additional food available for
sale to local communities, and (iv) the funds raised can pay towards the upkeep of the water
supply, for buying soap for hand washing facilities, and buying detergents for cleaning latrines,
urinals and other WASH facilities in schools.

8.2.5 Participation and Coordination at local level

Managing the WASH facilities at the local level requires the engagement of all the stakeholders
and requires effective coordination at the local level. School administration, school community
(teachers and students) and PTA, and the local government and non-governmental organizations
(NGOs) operating in the area could participate. The different clubs such as health (sanitation) and
environment clubs in schools can play a very positive role in creating awareness about the impor-
tance of water, sanitation and hygiene, and they can play active role in the management of school
WASH facilities. The school administration and teachers should take the responsibility in coordi-
nating the efforts of the different clubs in promoting water, sanitation and hygiene at school level.

At the national level and regional level, the relevant government and non-governmental agencies
such as the MoWE, MoH, MoE and international non governments organizations and multilateral
organizations such as the WHO and UNICEF can play major role in promoting the capacity build-
ing of school management to improve water and sanitation services for schools in the country.
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8.2.6 Integrated management of WASH facilities

Integrating water supply sanitation and hygiene (WASH) in the management of the School
WASH facilities is crucially needed in order to have long term services and create synergy in
terms of impacting hygiene and behavioral change among school children. It is also useful in
conserving, protecting and managing water for different uses.

Another principle in IWRM is the efficient use of water resources. School children should be
taught through demonstration and participation that catchment areas serve as principal source to
clean water and need to be protected and conserved and the school children should participate and
be leaders in the effort to conserve, protect, reclaim and rehabilitate the catchments within their
environment. School teachers should be their model in promoting these principles.
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ANNEXES
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Annex A: DETAILED DESIGNS FOR WATER SUPPLY

Annex Al: Design and Construction of Hand-Dug Wells
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Annex A2: Design and Construction of Spring Development

Annex A2 Figure 1 Perspective views of spring water protection
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Annex B: DETAILED DESIGNS FOR VIP LATRINES
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ANNEX C: BILL OF QUANTITIES

Annex C1: FOR DESIGNED WATER SUPPLY
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Item Description Unit | Qty Rate | Total
1 Spring Eye

a | Site clearing m* 25

b | Excavation for foundation m> 5

¢ | Concrete work for foundation below masonry work m’ 0.54
( when necessary)

d | Spring Box masonry work m> 5

e | Three coat plastering for the capping structure from m* 2.84
inside.

f | Filling the spring box with stones and river gravel m’ 5

g | Casting concrete on top of the spring eye m? 6

h | Pointing the masonry walls of spring capping m* 1.05
structure from outside

i | Preparing the manhole with cover and fixing the each 1
necessary plumbing works

j | Fencing the spring eye ( 5mx5 m ) and preparing each 1
flood protection ditches

Sub - Total Il
2 | 2m’ collection chamber

a | Site clearing m* 25

b | Excavation for foundation m> 4

¢ | Excavation of trench for pipe laying m° 12

¢ | Foundation masonry works m> 4

d | Hard core filling m> 2.4

e | 5 cm thick lean concrete above the hardcore m’ 7.36

f | Water tight basement, 10 cm thick concrete work m’ 0.5

g | Construction of collection chamber 1™ 50cm thick m> 5
masonry walls

h | Applying three coats plastering to the collection m? 6
chamber from inside

i | Casting of 12 cm thick reinforced concrete slab to m’ 0.6
cover the collection chamber

j | Pointing the collection chamber masonry walls from | m? 7.08
outside

k | Preparing manhole with cover and fixing all each 1
plumbing works including the connection pipe from
the spring eye.

I'| Fencing around the collection chamber (8m X8m). each 1
Constructing necessary steps and drainage works

Sub — Total lll
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[tem|  Descripion | Unit | Qty | Rate | Total |
&g vater o (rsepare omeseron | || |
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[ ComsvuctionoFap sand Wit S ap s 50
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m All plumbing works — 10 m length % inch pipe --

- Water taps — % inch size ---

o e chamelosoak vy~ [ | || ]
One inch PVC pipe to be buried in the drainageditch | m [>10 | | |

e Sub - Total IV
| 5 [Completon |

s Do ot olsiondhamerand sorgs [ waoh |||
B .. A S R S

T T—
11—

The number of stand depends on the school population, see design on the number of taps per hun-
dred school children
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Site preparation (land clearing, surface runoff diversion
ditch, etc.)

[ b [ Excavation above water table ( 0-4 meters below ground)
[ c | Excavation above water table(4-8 meters)
[ d [ Excavation above water table ( 8- 12 meters)
| e [ Excavation above water table( 12- 16 meters)
Excavation above water table (over 16 meters)
| ¢ [ Excavation below the water table (3 meters) [ m | 3 ] [ ]
Excavation for additional 3 m using dewatering pump

] 1
Well lining (concrete — suggest pre-cast) - ] ]
[ a| Well lining above the water table ( 0-4 meters) [ m [ 4 ] [ ]
Well lining above the water table (4 — 8 meters) [ m [ 4 ] ] ]

Well lining above the water table ( 8 — 12 meters) --
n Well lining above the water table (12- 16 meters) --
m 4

" Well lining above the water table (over 16 meters) ----

| 3 | Wellliningl (masonry) if itis considered asappropriate | | | | |
& [ WellTining above the water fable (0 dmetery) | m | & | | |
b | WellTining above the water table (4 Smeters) | m | 4 | | |
" c [WellTining above the water able (8 2meters) | m | & | | |
[ Well Tming above the water wble (12 Tometery | m | & | | |
— [ se-rtoraumr | [ [ [
4 [Woksbeowvwaerwble [ [ | | |
& [ Catsson Ting below the water table Gmeter) | m | 3 |||
b | Caisson Tnng forwelldeepening__—__——— | m | 3 || |
" c [ Dewatering service for decpening depth below watertable [ days| 3 | | |
I
I S N T N N
— [ swrwv | | [

Annex C3: Table 1 Bill of quantities for a Hand Dug Well

C
g

This is a special situation where it is needed and appropriate. Bricks could as well be used instead of masonry
if the material and skill is locally available. The diameter of the well should be larger than the concrete casing.
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Annex C3: Table 1 Bill of quantities for a Hand Dug Well (continue ...)

(5 im0 [

I (O
BN A TG O - ] O
[t oG g o dimomsion) s |1 [ [

| e [ Apron with raised lip -
| f | Drainage channel (min. ten meters length) EN

- Trough and / or soak away Pit (min 90 cm width) —--
| h | Hand Pump (Afridev) Installation EXNE

B — ) N R W
| Sw-TotaV [ | | |

n----
[ a | Well disinfection and cleaning EXNE
-——-
| c | Operation and maintenance training  Jeach| 1 | | |
— Sub— Tofal VI I —
[ A N B
I TOTAL I S R
!l [ [ |




Design and Construction Manual for Water Supply and Sanitary Facilities in Primary Schools

Quantity of material for HDW (average depth 15m)
Description Quantity

Perforated Concrete cylinder (1:4). No of Cylinders=4
Cement

Aggregate
Blind Concrete cylinder (1:2:4). No of cylinders = 26
cement

sand

Aggregate

Concrete ring seal (1:2:4) (20x15 cm. around the cylinder

Cement
Sand

Aggregate
Cement grout (1:6) for sanitary protection

Cement

Sand
Lean Concrete

Cement
Sand
Aggregate

Cover Slab (1.6*1.6*0.15m) (1:2:4)
Cement

sand

Aggregate

Manhole cover (0.6*0.6*0.1m) (1:2:4)
Cement

Sand

Aggregate

Hard core

Reinforcement Bar

n 8mm

n 6mm

Soft wire
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Annex C3: Table 3 List of Equipments Hand Dug Well construction and
development

Type of equipment and tools

Tripod
Chain block
Pulley

Dewatering pump

Nylon Rope 10 mm diameter (100m roll)
steel cable 12 mm diameter (50m roll)

spade
Shovel
Bucket
Wedge
Mattock
Crow Bar

I IN|ojL]|P~|W|IN]|EF

=
o

[EEY
[EEY

=
N

=
w

Sledge Hammer

=
S

Masson Hammer

=
(92

Bow Saw

=
(@)

Trawl
Plumb Bob
Spirit level

=
~N

=
co

=
Yo}

Tape meter - 50 m

N
(@)

Pincer

N
=

Adjustable wrench

Safety Helmet

Cylinder Mould - 150/130
Cylinder Mould - 120/100

N
N

N
w

[REN [N SRR RN YN N (N [ TN NN [ O (SRR RSN [ NOT SN G (NG SN QSRR RN SR TSEN SN [

N
5

N
(O}

Ladder (made from Nylon rope and 1/2 inch pipe
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Annex D: BILL OF QUANTITIES FOR DESIGNED VIP LATRINES
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Annex D1: Table 1 - A 2 seat latrine for teachers

Description

I. Latrine Block — 2 seat latrine block

A. Sub-Structure

Excavation & Earth Work

Clear off the site to remove top soil to an average depth

of 30 cm

Bulk excavation to reduce level excavation to ordinary soil

not exceeding 1.5m

Over 1.5m not exceeding 3.0 m

Back fill under hard core & around masonry with selected

granular borrowed material from outside & well ram

in layers not exceeding 20 cm thick until it attains

@ minimum of 95 % proctor density.

Cart away surplus excavated material & deposit at a distance

not exceeding 1km from the site.

25cm thick basaltic or equivalent stone hardcore, well rolled,

Consolidated & blinded with crushed stone

Total to summary

Concrete Work

5cm thick lean concrete class C-5, 150 kg cement / m3

concrete, under masonry foundation wall.

) under masonry

Reinforced concrete, C-25, 360 kg cement/m3 of concrete

filled into form work and vibrated around reinforcement

measured separately.

@) in grade beam

In 15 cm thick RC ground floor slab class C-20 with

minimum cement content of 320 kg/m3 evenly spread
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Annex D: BILL OF QUANTITIES FOR DESIGNED VIP LATRINES

.|Description

Provide cut and fix in position sawn zigba formwork

or equivalent.

@) For grade beam

b) For ground slab

c) Support poles of 8mm diameter & 3m length

Steel reinforcement according to drawing cut, bend

& placed in position, unit price shall include cutting,

bending & placing in position & tying wires.

Q) ®6mm

b) @& 10mm

c) @d12mm

Masonry Work
500mm thick trachytic or equivalent stone masonry below

gsround level bedded in cement mortar (1:4) in full joints.

Total to summary

20X20X40cm Solid Concrete Block Pit Partition Wall

"class C" bedded in cement sand mortar 1:3 both side

left for plastering

Total to summary

Total to summary
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Description

B. Super-Structure

Concrete Work
Reinforced concrete, C-25, 360 kg cement/m3 of concrete
filled in to form work and vibrated around reinforcement

measured separately.

@) in elevation columns

b) in top tie beam
Provide cut and fix in position sawn zigba formwork or equivalent.

a) to elevation columns

b) totop tie beam
Steel reinforcement according to drawing cut, bend &
placed in position, unit price shall include cutting, bending

& placing in position.
@) ®6mm
a) ®12mm

Total to summary
Concrete Block Work Above Grade Walls

20X20X40cm HCB Wall "class C" bedded in cement
sand mortar 1:3 both side left for plastering

15X20X40cm HCB Wall "class C" bedded in cement
sand mortar 1:3 both side left for plastering

Total to summary

Roof Work

Roof cover in G32 CIS Nailed to 5x7cm battens as proposed by the
Engineer.

Supply and fix G-32 galvanized sheet metal

sutter and down pipe

a) Gutter 50cm development.

b) Down pipe 33cm development

Vent Pipe
a) PVC vent pipe ) 110 mm

Total to summary
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Annex D1: Table 1 - A 2 seat latrine for teachers (continue...)

Description . Total Price

Carpentry Work
All structure truss members shall be in seasoned eucalyptus

\wood and painted two coats of anti termite solution and

shall be tight fixed with top tie beam with 6mm diameter plain bar.
Diameter 8cm eucalyptus upper and lower chord

Diameter 6¢cm eucalyptus vertical and diagonal members

50x70mm zigba roof purlin

Total to summary

Metal Work
All metal doors are manufactured from locally produced LTZ seiko

steel profile frames. All works should be cut and assembled to

sizes and shapes of the door schedule upon submitting workshop

drawing by the contractor. unit price includes cylinder lock or
similar, door stoppers and other necessary accessories for

the work. All according to doors schedule and as specified completing|
[Type D2, size:- 70x210cm
Mesh wire

Total to summary

Plastering and Pointing

Pointing to all internal and external HCB wall surfaces

with cement sand mortar 1:2

IApply three coats of plastering to beam & columns surface
Supply and made an average thickness of 5cm roughened

cement sand screed with 0.1 aggregate mix, price
Includes chiseling of floor.

Stone riprap foot path in front and around the latrine

Total to summary

Il. Hand wash area

\Water trough masonry work

.14400 mm thick trachytic or equivalent stone masonry

above ground level bedded in cement mortar (1:3) in full Joints.

IApply three coats of plastering to external trough surface

Supply and install a 200 lit fiber plastic ground water tank

with an out let % * pipe, price shall include fixing

in position and complete the system with all its necessary

IAccessories to make the system workable.

Total to summary
Grand Total
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Annex D2: Table 2: A Four seat latrine for Girls

Description : Total Price

1. Latrine Block
A. Sub-Structure
“xcavation & Earth Work
Clear off the site to remove top soil to an average depth
f 30 cm
Bulk excavation to reduce level excavation to ordinary soil
1ot exceeding 1.5m
Dver 1.5m not exceeding 3.0 m

3ack fill around masonry with selected granular borrowed
naterial from outside & well ram in layers not exceeding
’0 cm thick until it attains a minimum of 95 % proctor
lensity.

Cart away surplus excavated material & deposit at
1 distance not exceeding 1km from the site.
'5¢cm thick basaltic or equivalent stone hardcore, well rolled,
:-onsolidated and blinded with crushed stone
Total to summary

Joncrete Work

icm thick lean concrete class C-5, 150 kg cement / m3
soncrete, under masonry foundation wall.

1) under masonry

Reinforced concrete, C-25, 360 kg cement/m3 of concrete
illed in to form work and vibrated around reinforcement
neasured separately.

1) in grade beam

n 15 cm thick RC ground floor slab class C-20 with

ninimum cement content of 320 kg/m3 evenly spread

’rovide cut and fix in position sawn zigba forkwork

:) _support poles of 8mm diameter & 3m length
steel reinforcement according to drawing cut, bend
x placed in position, unit price shall include cutting,
bending & placing in position & tying wires.
® 6mm
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Annex D2: Table 2: A Four seat latrine for Girls (continue...)

oo el

Masonywork [ | [ [
3.1 500mm thick trachytic or equivalent stone masony below | m* | 3359 | | |
-----
3.2 [The top 50 cm masonry bedded with cement mortar(1:3) [m3| 6 | [ |
Total to summa ----
---

class C" bedded in cement sand mortar 1:3 both side

Ieft for plastering
Total to summa

- B. Super-Structure
i lconcretework | | | [ |
| 1.1 Reinforced concrete, C-25, 360 kg cementim3 ofconcrete | | | [ |
- illed in to form work and vibrated around reinforcement ----
| |measuredseparatey. [ [ | [ |
|l nelevationcoumns [ m*foar | | |
| byntoptiebeam | mjos | | |
Provide cut and fix in position sawn zigba formwork or ----
| lquvalent. [ |

I
a) to elevation columns --
b) to top tie beam --
Steel reinforcement according to drawing cut, bend & --
placed in position, unit price shall include cutting, bending -
&placinginposiion. | [ |

| Boemm 0000000000000 |kg|2126)
| b) o12mm | Kg [ 10763
| |  Totaltosummay | [ |
ﬂ--
2.1 P0X20X40cm HCB Wall ‘class B bedded in cement | m? | 3070 |
---
.

---
-----
[ N N N
| Totaltosummay | | | [ |
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Annex D2: Table 2: A Four seat latrine for Girls (continue ...)

Description

Roof Work
Roof cover in G32 CIS Nailed to 5x7cm battens as
proposed by the Engineer.
Supply and fix G-32 galvanized sheet metal gutter and
down pipe

a) Gutter 50cm developed

b) Down pipe 33cm developed

Vent Pipe

a) PVC vent pipe ) 110 mm

Total to summary

Carpentry Work
All structure truss members shall be in seasoned
eucalyptus

wood and painted two coats of anti termite solution and
shall be tight fixed with top tie beam with 6mm diameter
plain bar.
Diameter 8cm eucalyptus upper and lower chord
Diameter 6¢cm eucalyptus vertical and diagonal members
50x70mm zigba roof purloin

Total to summary
Metal Work (Door)
All metal doors are manufactured from locally produced
LTZ seiko steel profile frames. All works should be cut
and assembled to sizes and shapes of the door schedule
upon submitting workshop drawing by the contractor.
Unit price includes cylinder lock or similar, door stoppers
and other necessary accessories for completing the work.
All according to doors schedule and as specified.
Type D1, size:- 90x210cm
Type D2, size:- 70x210cm
Door Lock

Total to summary
Plastering and Pointing

Pointing to all Internal and External HCB wall surfaces
with cement sand mortar 1:2

Apply three coats of plastering to beam & columns surface
IAverage thickness of 5cm roughened cement sand screed
with 0.1 aggregate mix, price includes chiseling of floor




Design and Con on anual fo ate pply and San

o : Unit [ Total
S.n Description Unit| Qty. Price| Price
7.4]Stone riprap foot path in front and around the latrine m® | 24.86
Total to summary
Il. Urinal Block
A. Sub-Structure
1 [Excavation & Earth Work
1.1|Clear off the site to remove top soil to an average depth m? | 10.13
of 30 cm
1.2|Bulk excavation to reduce level excavation to ordinary soil m® | 4.70
not exceeding 1.5m
1.3|Back fill under hard core & around masonry with selected m® | 2.51
granular borrowed material from out side & well ram in layers|
not exceeding 20 cm thick until it attains a minimum of
95 % proctor density.
Cart away surplus excavated material and deposit at a
1.4/distance m® | 523
not exceeding 1km from the site.
1.5]25¢cm thick basaltic or equivalent stone hardcore, well rolled, m? 8.38
consolidated & blinded with crushed stone
Total to summary
Concrete Work
2.115cm thick lean concrete class C-5, 150 kg cement / m3 m? | 4.38
concrete, under masonry foundation wall.
a) under masonry
2.2|Reinforced concrete, C-25, 360 kg cement/m3 of concrete
filled in to form work and vibrated around reinforcement
measured separately.
a) For grade beam m® | 0.35
2.3|Provide cut and fix in position sawn zigba formwork
or equivalent.
a) For grade beam m? | 3.50
2.4|Steel reinforcement according to drawing cut, bend
& placed in position, unit price shall include cutting,
bending & placing in position & tying wires.
P 6mm kg 7.42
D 12mm kg | 33.03

Total to summa
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Annex D2: Table 2: A Four seat latrine for Girls (continue ...)

Description

Stone masonry

500mm thick trachytic or equivalent stone masonry
ground level bedded in cement mortar (1:4) in full joints.
Urinal trough masonry

Total to summary

B. Super-Structure

Concrete work
Reinforced concrete, C-25, 360 kg cement/m3 of concrete
filled in to form work and vibrated around reinforcement

measured separately.

a) in elevation columns
Provide cut and fix in position sawn zigba form work or
equivalent.

a) to elevation columns

Steel reinforcement according to drawing cut, bend &
placed in position, unit price shall include cutting, bending
& placing in position.

a) ® 6mm

b) ®12mm

Total to summary
Concrete Block Work Above Grade Walls

20X20X40cm HCB Wall "class B" bedded in cement
sand mortar 1:3 both side left for plastering

Total to summary

Finishing work

Apply three coats of plastering to internal wall surface

Pointing to Internal and External HCB wall surfaces
with cement sand mortar 1:2

Apply three coats of plastering to beam & columns surface

Plastering urinal trough
Supply and made an average thickness of 5cm roughened

Cement sand screed with 0.1 aggregate mix, price Includes
chiseling of floor.

Total to summa
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Annex D2: Table 2: A Four seat latrine for Girls (continue ..

Description Qty.
Total Price

paining 0 I | [ |
--_
----_
[ I O
| | Totatosuwmmay | | | |
. r r
|l Hand WashingFaciiy | | | | |
1 Watertroughmasonrywork | | | [ |
| 1.1}400 mm thick trachytic or equivalent stone masonry | m® {0992 | | |

above ground level bedded in cement mortar (1:3) in full

Jomts

--_
surface ourface [ ]
Supply & install a 25 lit fiber plastic ground water tank m--_
- ith an out let %~ pipe price shall include fixing ---_
|__ln position and complete the system with alltsnecessary | | | | |
| lAccessories to make the systemworkable. | | | | |

Total to summa

0000000000000
| | 00 GndTota | | | |
| | | |
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Annex D2: Table 3 - A Four seat latrine for Boys

Description

1. Latrine Block
A. Sub-Structure
Excavation & Earth Work
Clear off the site to remove top soil to an average depth
of 30 cm
Bulk excavation to reduce level excavation to ordinary soil
not exceeding 1.5m

Over 1.5m not exceeding 3.0 m

Back fill under hard core & around masonry with selected
granular borrowed material from outside & well ram

in layers not exceeding 20 cm thick until it attains

@ minimum of 95 % proctor density.

Cart away surplus excavated material & deposit at

a distance not exceeding 1km from the site.

25cm thick basaltic or equivalent stone hardcore, well rolled,

consolidated & blinded with crushed stone
Total to summary

Concrete Work

5¢cm thick lean concrete class C-5, 150 kg cement / m3

concrete, under masonry foundation wall.

a) Under masonry
Reinforced concrete, C-25, 360 kg cement/m3 of concrete
filled in to form work and vibrated around reinforcement

measured separately.

in grade beam
In 15 cm thick RC ground floor slab class C-20 with
minimum cement content of 320 kg/m3 evenly spread
Provide cut and fix in position sawn zigba formwork
a) or equivalent.

b) for grade beam

c) for ground slab
support poles of 8mm diameter & 3m length
Steel reinforcement according to drawing cut, bend
& placed in position, unit price shall include cutting,
bending & placing in position & tying wires.
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Annex D2: Table 3 - A Four seat latrine for Boys (continue)

S S [ o A
[ ®meimm [ «kgfto970| | |
| ot2om  lkg[tssol | |
-----
MasomyWork | [ | |
| 3.1 |500mm thick trachytic or equivalent stone masonry below | m* [ 3359 | | |
----_
---_
Total to summa --_
---
----_
I left for plastering I
| | Totatosummary | [ | [ |
- B. Super-Structure
Concrete Work
-
- illed in to form work and wbrated around reinforcement
--

- In elevation columns --
- n top tie beam -m

1 .2 |Provide cut and fix in position sawn zigba formwork or

--

| | toclevaoncowmnns | m* | 1472
| |  totoptiebeam | w1208
---_
I I

placed in position, unit price shall include cutting, bending

| lndplacinginposton. | [ | [ |
[ 2126

(10763 | |
| Totaltosummary | | | | ]
2 | ConcreteBlockWork AboveGradeWals | | | | |
20X20X40cm HCB Wall "class C" bedded in cement --
| landmortar 1:3both side leftforplastering | | | | |
| 22 [15X20X40cm HCB Wall "class C" bedded in cement m2 [ 1907 | | ]
| landmortar 1:3both side leftforplastering | | | | |
[ (N N
| |  Totaltosummary [ [ | | |
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Annex D2: Table 3 - A Four seat latrine for Boys (continue)

Description

Roof Work
Roof cover in G32 CIS Nailed to 5x7cm battens as
proposed by the Engineer.
Supply and fix G-32 galvanized sheet metal
gutter and down pipe
Gutter 50cm development
Down pipe 33cm development
Vent Pipe
@) PVC vent pipe g 110 mm

Total to summary
Carpentry Work

All structure truss members shall be in seasoned eucalyptug
wood and painted two coats or anti termite solution and
shall be tight fixed with top tie beam with 6mm diameter
plain bar.
Diameter 8cm eucalyptus upper and lower chord
Diameter 6cm eucalyptus vertical and diagonal members
50 x 70mm zigba roof purloin

Total to summary

Metal Work

All metal doors are manufactured from locally produced
LTZ seiko steel profile frames. All works should be cut
and assembled to sizes and shapes of the door schedule
upon submitting workshop drawing by the contractor.

Unit price includes cylinder lock or similar, door stoppers
and other necessary accessories for completing the work.
All according to doors schedule and as specified.

[Type D1, size:- 90x210cm

[Type D2, size:- 70x210cm

Door Lock

Total to summary
Plastering and Pointing

Pointing to all Internal and External HCB wall surfaces
with cement sand mortar 1:2

Apply three coats of plastering to beam & columns surface

Supply and made an average thickness of 5cm roughened

Cement sand screed with 0.1 aggregate mix, price
includes chiseling of floor.
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Annex D2: Table 3 - A Four seat latrine for Boys (continue)

o Unit | Total
I I
Stone riprap foot path in front and around the latrine ---
| fotaltosummay | | [

— ST I

I T N N N
i [Excavation&EathWork | | | | |
Clear off the site to remove top soil to an average depth ---
----
---
not exceedln 1.5m
----
| lgranular borrowed material from outside 8 wellraminlayers| | | | |
| |not exceeding 20 cm thick until it attainsaminimumof | | | | |
----
| 1.4 [Cart away surplus excavated material & depositata | m’ |432| | |
- distance not exceeding 1km from the site. ---
| 1.5 [25om thick basaltic or equivalent stone hardcore, well rolled, | m* | 400| | |
----
| [ Totaitosummary | | | | |
Concrete Work ----
[ 21 [ Som thicklean concrete dlass C5 150 kgcement/m3 | m? 350 | |
| lconcrete, under masonry foundationwat. | | | [ |
| Bundermassony | [ [ |
| 2.2 [Reinforced concrete, C-25, 360 kg cement/m3ofconcrete | | | | |
| fflled in to form work and vibrated around reinforcement | | | | |
| measuredseparately. | | | | |
----
| 2.3 |Provide cut and fix in position sawn zigbaformwork | | ] | |
-----
----
----

placed in osmon unit price shall |nclude cuttln,

bendln & in position & tying . ----
| moeom 00000000 lkgleor| | |

| boetoeom 00000000000 |kglewee] | |
| __________ Jotaltosummary | | | [
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Annex c: Table 3 - A Four seat latrine for Boys (continue)

Description

Stone masonry
500mm thick trachytic or equivalent stone masonry below

iground level bedded in cement mortar (1:4) in full joints.
Urinal trough masonry work

Total to summary
B. Super-Structure

Concrete work
Reinforced concrete, C-25, 360 kg cement/m3 of concrete

filled in to form work and vibrated around reinforcement
measured separately.

a) in elevation columns

Provide cut and fix in position sawn zigba formwork or
lequivalent.

a) to elevation columns

Steel reinforcement according to drawing cut, bend &
placed in position, unit price shall include cutting, bending
& placing in position.

a) ® 6mm

b) ®12mm

Total to summary
Concrete Block Work Above Grade Walls
20X20X40cm HCB Wall "class B" bedded in cement
sand mortar 1:3 both side left for plastering
Total to summary
Finishing work
Apply three coats of plastering to internal wall surface

Pointing to Internal and External HCB wall surfaces
with cement sand mortar 1:2

IApply three coats of plastering to beam & columns surface
Plastering urinal trough

Supply and made an average thickness of 5cm roughened

Cement sand screed with 0.1 aggregate mix, price Includes
chiseling of floor.

Total to summa
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Annex D2: Table 3 - A Four seat latrine for Boys (continue)

N = E A
4 lpainting [ | [ | |

Apply three coats of approved type oil paint to internal --
| plastered wallsurfaceti=to00 [ | | | |
[ 1]

Total to summa

ater trough masonry work
400 mm thick trachytic or equivalent stone masonr

above ground level bedded in cement mortar (1:3) in full

I S
Apply three coats of plastering to External trough
| luface 0000000

| withanoutlet %" pipe price shallinclude fixing |
| i position and complete the system with all its necessary _|
| IAccessories fo make the system workable. |
| [ Totaltosummay | |
| GRanpTOTAL | |
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