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PREFACE

manual has been prepared to give puddance to those involved in the comstruction of water supply
anid latrine facilities in health instimtions on hoer to constmct and maintain water supply, sanitation
and hyeieme facilities in bealth cemimes andd bealth posts and provide puidelines to Implement

This marmal is advantageons becauss it provides important information needed for the constmaction
of safe, reliable and adequoate WASH facilities in health mstitations. The provision of WASH in
Health Cemires is critical, as these are already being wsed fior safe delivery —a concept that is likely
to be extended, over time, to a moch preater mumber of health posts at Eebele level. In temms of
matemnial health, safe delivery is difficult, if not impossible, to achieve withont reliable access to
safe water. Health Centres may also be associated with Impatient Therapeutic Cenires reating
childrem for Severe Acute Malnutrition — again, access to safe water and sanitation (with hand-
hing facilities) s critically i :

The mammal describes the possible water sources for health imstitations such as rain water harve st-
img which can be nsed to augment other water supply sources in health cemires and health posts and
gives illusrations and desizns. Also included in the manual are designs for other water sources
such as spring development, hand dug wells, deep borebole, and water lifting devices. Power
systems that conld be used as pood sources of sustainable power for accessing water sources such
as solar power system, wind power, and internal combustion engine are also described with use of
belpfol praphs and maps. In addition, sanitation and hygiens options and wasie management
designs for solid waste in health facilities including Ventilated Pit Latrines (WIPL), double vanlt
compost lairines, placenta pits, sharp pits and incinerators are described in detail with rumbers,

The need for a comprehensive guideline for the construction of WASH facilities in health instin-
tions has been considered for a lomg time_ This manmal, which is the first of its kind, has been devel-
oped with the Ministries of Health and Water & Enerpy and numerous other stakeholders. It will be
very helpful m solving the budpet waste problem that has been seen in the constmoction of WASH
facilities in health instihstions doe to a lack of nowledpe and a standard desipn mannal to use as a
puide.
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L. INTRODUCTION
1.1 Backzround

Health Center and Health Poct refers to those institutions in charpe of helping the commuonity on
health and sandtation izswes to improve the health stame. It also provides sducation and consulta-
tion on hypieme practices and suppont on the methods of improving the sanitation condition of the
comnmmity. This brings the conumumity to realive the impontance of bealth throngh the wse of
sanitation facilities and appropriate hyziens practices so that they cam practice themselves.

Health Cemters and Health Poets shonld serve as public imagss and samitation is one of those facili-
ties that shomld create that imags as 3 clean environment, creating a good imaps for visiting patients
and as demomnstration centers to commumities. The aim of providimg sanitation facilities to the
Health Cemter and Health Post is to improve existing sanitation conditions at the Health Center and
Health Post.

In order to effectively perform the activities, it is recommended o integrate the promotion of
ties.

The 4th Health Sector Development Plan aims at improving bealth infrastmenme in the country
through expanding, equipping and managing of health institations and different facilities requined
at bealth mstimtions. Conpled with the ongoing bealth extension program, improving health
infrastractare is anticipated to meet the MMillerrium Development Goals of redocing child mortal-
ity (MDG 4) and redocing maternal mortality (MDG 5). Towards this end, FAMOH is rapidly
increasing the mumber of health instinations (especially health cemters and health posts) all ower the
couniry. It had targeted to have 3 200 health centers and 11 440 health posts by the end of 2010, and
reached over 2 689 health cemters and 14 416 health posts

According to the health service delivery ammanpement mdicated in H5DP IV, primary bealth care
umit comprises of a bealth cemter and five satellite health posts, which altogether provide services
o 75 (W) manmle Haoalth mencts amo the frondhms haalth care voovidors and heabth conders 2mo the noxt
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higher level health care providers, which serves as a referral cemter for health posts.
1.2 Ohjectives

Health Center and Health Post Water Supply Sanitation and hyziene facilities design and imple-
meniation manal as the name implies is planned to give a working goideline for the constaction
or maintenance of water supply sanitation and hygiene facilities i bealth centers and health posts.
This will assist to increase the service coverape of water supply, sanitation and hygiene n the
Health imstinations through constroction of water schemes | construction of pit Latmimes and dissemi-
nating information on hygieme and environmentzl sanitation.



The major objective of the manual mainly emphasized:-

a) In designing safe, affordable, maintainable (robust) and reliable water supply and sanitation
facilities to the Health institutions, and

b) To provide guidelines to implement and maintzin the facilities.
1.3 Purpose of the Manual

The prowision of improved sanitation facilities will benefit mainly Health Centers and Health Posts
that do mot hawve any facilities or require mairtenance and rebabilitation.

The neizghboring compmonities will also benefit from the technical assistance that will be given in
the desipn and construction of latrimes, and m hygiene and emvironmental sanitation edocation.

1.4 Existing Water Supply, Sanitation and Hygiene facility Technology Options

Apcess to water supply and latrime facilities for the Health facilities in all Regional States wers
assessed by the Pederal Mindstry of Health and the result is shown in Table 1.1.

AcCCess o water Access to latrine facilities
Coverage rate % Coverage rate %
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The above assessment report clearly reveals that the water supply in Health Institutions needs
further attemtion in all Begiomal States. The latime coverage seems relatively satisfactory. How-
ever, the assessment is not covering the sanitation aspect of the [Health institioms inchading
handling of Solid waste, which is very crcial.



submitted in February, 2012 According to the report, most of the water supply facilities to the HCs
assessed is cormected to the commmamity water supply system with the exception of one HC which
has its oam water soures. Deep well, shallor well and developed springs are the sources of water
supply for the health centers assessed.

According to the summary of the report, shownin Table 1.2, 8 HC are consumuing les] m3 per day,

1 HC is comsuming 1.6 m3 per day and 3 HC are comsuming on an average 2.3 m3 per day. The
average water consumption of HC is about 1.02 m3 per day.

Table 1.2 Water supply coveraze as per WaSH Assessment by WaterAid

biomihly water
CONSUIpLion

Average
The study also reveals that HDW, SPD, SW and D'W are the sources of water supply for Health
Posts (HPs) assessed as well as for conmmumity water supply systems that share water to the HPs.

Assessment of the existing simation of latrines toilet at the HCs assessed indicated that all of them
hawve at beast 4 rooms latrime’ cubicle. In additiom to the rumber of rooms HCs have pour flash
toilets with pedestal in matemity/delivery rooms. The latminesitoilets are cleamed by cleaners
assigned for the purpose. Assessment of practical experiences of health cemters indicated that they
use either soak away pits or septic tanks o dispose wastewater. In rural health cemters hand wash-
img facilities in the rooms are constmcted with an onsite draimage system that is cormected o a soak
away pit. Whereas in the health centers with pour flash toilets, wastewater from hand washing
facilities, shovwers and pour flash toilets are connecied to waste disposal Septic tanks.
i3



Azsecement of the existing situatiom of latrines at the HPs asseceed indicated that all of them have
at least 2 rooms latrime. The todlets have doors and separate rooms for male and female_ But no clear
signs to differentiate rooms for males and fermales. Latrines in all the HPs visited are not accessible
local cnliural practices like anal cleansing with water. Fonctional hand washing facility is not avail-
able at all latrines of the HPs visited.

The fimdings of the field assessment indicated that, mcinerator, placenta pit and solid waste
disposal pit were provided to handle the solid waste penerated at the HP:. Non-of the HPs have

1.5 The Manual

Im this marmal the appropriate technology options for the construction of water supply, sanitation
and hygiens facilities that can be used by the Health Institations are described. The description for
each appropriate technology option includes the type amd purpose of the option, method of

Technical Drawing and Bill of Cuantities for Comstruction is aleo prepansd The drasing will shoar
in detail the size or dimensions of the structures, type of constraction materials and bill of quant-
ties of the techmolopy option under comsideration.



2. Minimum Standard for Water Supply and Sanitation in Health Institutions

The minimum WaSH facility required st Health Posts and Health Centers water supply and sanita-
tion is not established. The program for architectural design of the Health mstimtions did not estab-
lish minimmm patient flow at each Healith Institution and the desipned WaSH facility is also mot
complete andor adequate for satisfactory bealth service. Hence, emphasis was given in establish-
A Jard
2.1 Water Demand

Water demamd for the Health Institutions depends on the level of service to be provided and the
amount of water required in satisfying the demand of the different facilities of the Health mstita-
foms.

Arcordimg to Health Institwtions WaSH Assessment repaort, Febmary, 2012 the actnal quantities of
waier required will depend on seweral factors such as climate, awailability and type of water-nse
facilities (mchoding type of toilets), level of care and local water-uss practices. WHO roughly
estimates the mininmom amonnt of water that 3 health center requires for every patient, for purposes
of: hand washing, cleaning, lanndry and drinking (Table2-1).

2.1 Minimmam water requirement at health centres

on | e | ameeiien
|+ Jownsws 000000000 | Sweseosmin
| 2 Jmpiens | arespeemidy |
nm
|4+ | Doy sopplementary feding ceomr (depeading on wting ime) | 0.5-S ersecnsubation |

n th:lq:flt-:ul.l.r} feeding cemre

n Impatient therapentic feeding cemre :-II'IIlI.tm_p.ltluhdﬂ

Source: Operation mannal for staffs at primary health level, WHO, 2007

The Sphere Project: - Humanitarian Charter and hbininmm Standards in Humanitarian Eespomse,
2011 edition; estalblished hinimum water guantity for instimtions and other users. The standard is
idemtical to WHO standard with additiomal parameters for Cholera centers. Acconding to the estab-
lished standard, the water supply for Cholera centers should be 60 liters per patient per day and 15
liters per carter per day. Furthermore, it reconumends additional quantity for laondry equipment,
flashing toilets to be estimated by the designer.



2.2 Design Criteria for Solid and Liquid Waste Disposal

The Health Posts or Health Centre is a place where there are peopls in the fore-fromt in terms of
there are also patients and caregivers who ame the largest nomber nsing the health centre sanitation
facilities that om the other hand may not have the awareness in the bemefits of hygiene and sanita-
tion. As a result bealth cenire sanitation facilities must be cleam, and exemplary to the commuonity
about clean and safe envirorment. In this way it will provide a vanety of experiences to the visiting
patients for the purpose of improving attitodes, Enowledse and practices to health Topether with
bygiens promotion at the health cemters, it will bring the patients to pradually realize the impor-
tance of health and to act intelligently in conmmumity with this awareness.

221 Solid Waste

According to national Health Care Waste management Stratepy and Implementation Plan, Tanuary,
2012; the amount of solid waste production depends on the size and its lewel of activity of the
Health Instimation. These parameters can be estimated knvowing the mumber of beds, the average
daily occupancy rate and mumber of out-patients treated in the Health Care Facility. Literamares
inddicate that infections Health Care Wastes constitute 15% to 25% of total bealth-care wastes (zolid

waste) gemerated among which 1% are sharps, 1 % body part waste, 3% chemical or pharmaceuti-
cal waste, and1% radivactive and cytotoxic wasies or broken thermometers(less than 1%,

A study done in Hawassa city in nine HCFs incloding hospitals (four), health cemters{two) and
hipgher clinics (three) shows that the median gquantity of waste penerated at the facilites was 3 46
kp/bed/day (range: 1.48-8.1%kcebediday) and the zenerated waste per day at a HCF increased as
occupancy increased (p< 0.001). The proportion of hazardous waste generated ranges bebween
20-63.1% at the different HCFs assessed.

The study done in West Gojjam Fone of Amhara Repion was a cross-sectional smdy employed o
estimate waste gpeneration rate and evaluate its maEmagement system in tem public health centers
from March 2007 to April 2007. This sindy revealed that pemeral wastes, Sharps, Infections patho-
lopical wasies and Pharmacentical wastes were amomg all categones of HC waste produced in the
surveyed Health Centers. The daily mean bealth care waste-peneration rate at Health Cemter was
179 (=054 50 kp and waste zemeration per cutpatient was eguivalemt to 0.035(x 0.05 51 kg
bt the mean healtheare waste pemeration rate among health cembers did not sipnificantly vary. The
general waste of the health centers was 52% which is equivalent to 093 + 03 kp/day whereas (.86
+ 033 kpiday (42 0'%) was harardons wasie.

222 Pitlatrine and Liguid Waste
2221 PitLatnine

Apcording to The Sphere Project, Homanitarian Charter and hMinimum Standards in Homanitariam
Eespomse, published in 20011; Minimm nomber of toilets at public and mstitations is desizgnated
and is shoem in Table 2.3.



Table 2.2 Miniomim momber of toilets at public places and institutions in disaster siuations

| imtwion | sweetem | comgTem
| Matetamss | okt for somats ol for 20 sl
Hicespitnls/wee dicel cenies 1 doilet to 20 beds or 50 ouipatients | 1 ioilet to 20 beds or 300 outpatiems

1 ioibet to 50 adulis 1 ioilet o 20 adulis
Peeding cenierms 1 toibet to 210 children 1 toibet to 10 ¢hilidren

The required volume of the pit is caleulated by identifiring the following parameters,
* Shadge acconmlation rate (B)- the estimated slndze acenmmlation rate for a simgle person
{m3 / person year )
* Mumber of people (F) — average number of wsers of the pit each day
+ Filling time or the effective life of the pit () in years

Then
Volume of the pit (V) =Paz Rz M

The baszic parameters to be used for desizn of Latrimes are:
= Production of excreta volume per person per year is estimated to be 0004 - 0006 m3 ¢
person) Vear,
* The location of tollets shall be located at accessible and visible locations
= Tosoms extent their external elevation mads to be aesthetically attractive
* The inzide of the toilets will be desipned in such a way that there is sufficient space for
= DProvision of separate entrances and seats for men and women at each Mock of the latrine

Thrrrrsimes af seobne cnalle 28 e e sf Sem e
FIUTLaL Ol Wdlts o0aes 4l OUpeiuriss bl disls

Provision of hand wash facilities

Prowision of hand washing soaps and mirmors optional

The floor and wall made of non-weary and easily cleanable material

Dipors raised up from floors for easy cleaming and protecting the door

For the flush toilets nse sewer connection or compartmental, and de-sludee-able septic

® & = 5 &

I urime is let to leach in to the surmoumding sodls through dry fon-mostared | joints of the pit wall of
the latrine then if at all there is this property of the sormoumding soil, ondy the vohime of solids wdill
remain i the pit maximizing the filling rate or minimizing the frequency of dislodzimg rate. This
iz gite sperific desizn o be determined duning the implementation pariod based on the s0dl typa.

2222 DSeptictank and Soak away pits

A septic tank is an wnderpround watertizht settling chamber o which rawr sewage, both grey and
black water, is delivered through a pipe from phimbing fixtures mside the Health Instifution and
compound. The sewage is parally treated in the tank by separation of solids form shodze and



Efffluent from the tank infiltrates into the proond throweh drams or a soak pit. The system works
well where the soil is permeable and not lizble to flooding or water kngping , provided the slodes is
remaved at appropriate intervals to encure that it does not occupy too great a proportion of the tank
capacity.

For design of septic tank the following parameters are used:

= Septic tanks can be constructed from stome masonoy, brick, concrede blocks, concrete and
synthetic materials

* Sepiic tanks should be water teht both sidas

* Septic tank should have provision of solid settlement and partial biological weatment of
EEWAZE

= The sizing of the tank is based on the mumber of nsers, daily per capita water consamption,
shadpe production rate of the wsers, hydraulic retention time and frequency of deshadzimg

* The following formula is used to determine the volume of the tank

= V=(pxgxTd }/103 +(pxvxlNd )/ 103

Where

W = Effective volume of the tank in m3 (mimimom 1 mT)
P = Users population

[ = per capita daily water comsumpdion in liters

Td = Hydraulic retention time in days {1-3 days)

v = shadpe production per capita per year in liters (G0-13g)
Md= deslndping period (mmin 365 days)

hkamﬁmmﬂﬁﬂmﬁnnmﬂmcmuﬂfmdﬁpm]ufﬁammmage

Fnrdengnﬂfmal:pmﬂm following parameters will be used:
= The pits are designed for specific guantity of septage and sullage
= Befiore determining their momber and location standard infiliration test of the soil shonld
be conducted.
Al solids, prease, scum et must be trapped prior to the soak pits
The following formala can be used for determining the number of circnlar soak pits

Amt= PQ/ 1
Mosap = Aot / aDH

= Total effective area of required infiltration in m2
_T.Taarsp-upn]m»m

= required rumber of soak pits (M)
= assumed diameder of the pit {m)
= effective depth of the soak pit {m)

pei
1
1
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3. Design of Water Supply System for Health Institutions
3.1 Population served in Health Centers

Information regarding recorded cases . 122 Poblic bospitals, 2660 health centers and 15095
health posts were found from the Federal Democratic Fepublic of Bthiopia Minisiry of Health in
umpublished booklet on Health and Health related mdicators 2003/ 2011G.C.

Regions of Ethiopia conducted by Water Aid Ethiopia, February, 20012, According to the report, the
hiph patient flow in Health Cemters and Health Posts in a vear varies from region to region with a
minimum of 2 months in Tipay and maxiomom of & months in Bendshangul and SHNP. Om an
average Health centers and Health Posts will be overloaded 4 months in a year.

Mumber of cases and mumeber of months with mamiomm patient fiow is wsed to estimate the patient
flowr per day in Hospitals and Health centers. The estimate is basically for design purpose to be
modified when accurate data is available from FhicH. The estimate disregards Health Posts as
their primary purpose is health educatiom and their number of HPs is also not matching with the
reported cases. The resunlt is shown in Table 3.1.

Table 3.1 Estimated average patient flow in 122 public hospitals and 2660 health centres

Apcordimg to Healtheare waste gemneration and its manapgement system: the case of health centers in
Jouwmmal of Health Development, the mean + 50 (standard dewiation) patient flowr per day in all
sactions and ontpatients in each health center was 185 8 + 303 amd 51.7 £ 11 .6 patients, respec-
tively. The above data is nsed to estimate the water requirement of a Health Centre.



32 Water Demand for Health Institutions

1zx1 Water Demand for Health Centers

Table 3.2 Estimation of average water demand of a Health Centre

Based sn Health &
Health imdleators
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Table 33 Maximum water demand at Health cenfres
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Based on the above table, the average water requirement of 3m3 per day is recommended
for the water supply source identification and related design in HC.

If the health center is operating as a supplementary feeding centre of inpatient therapeutic
feeding cenire, additional water is required depending on the number of beneficiaries. On
another hand, the water requirement of the neighboring community cannof be under
estimated if adequate water supply is not available for the commumity.

3.2.2 Storage Requirement

The optimization of required storage reservoir can be analvzed based on the operation of
the health center taking into consideration that storage will be required to continue the
service of e health center during power intemiption. The required capacity of e service
reservolr, taking into account economical design approach, is 30% (8 hours) of the aver-
ape day demand. The operation of a health ceniter is mainly during the working hours. Due
requirement should be 3 m3.



According to Public Health Enpineering practice by LB Escritt, 1978, water storage
capacity, besides being estimated on water demand , is sometimes estimated on the romber
of fixtures provided. The umit storage requirement of each fixture is estimated in the book.
Based on the above reference, the following storage requirement is estimated for the daily
operation of the bealth Centre.

Table 3.4 Storage requirement at Health Cenires

mWaﬂHﬂmamumFm 2012, the assigned health extension work-
mmﬂm:ﬂﬂu&m%ﬁMMmhﬂummaﬂmﬂmm

hine af ihe toileis. The . S P s s g . ;
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4, Water Sonurces

tics and water availability. There are several types of water sources such as wells, springs,
rainwater, streams of rivers, lakes etc used for different purposes. Among these sources
some are available throughout the year while some are seasonal; some are Convenient or
provide water that tastes better while some do not.

After assessing a number of factors among the available water supply technology options
the selected options are discussed in this chapter.

4.1 Rainwater Harvesting
411 Introduction

Fain Water Harvesting (FWH) is an option which can be adopted to augment the water
demand of the Health institntions during the dry season. Fain water harvesting is mainly
used for the provision of drinking water, and when local water supply sources dry up for
a part of the year or it is can be also used as the sole water source in an area where there
is nniform and adequate rainfall pattem is observed.

Every rain water system consists of three basic components:

« Catchment surface,
» Storape reservolr amnd
» Delivery system

Where there are two Iainy Seasons, Tain water harvesting can be possible twice in a vear
and the storage, which is directly dependent on the demand and the available roof avea,
will be recharged during both wet seasons. However, in a single wet season the rain water
harvesting can occur only once in a year and this will require a large storage capacity. The
water demand and the required storage capacity may require a considerable capital cost.
With such system a strict water management sirategy is required to ensure that the water
is used carefully and will last undil next season or identify another source fior sustainable
SUppIy.

412 Fainfall Distribnton in the Country
The coundry can be divided into two according to the rainfall seasons (Daniel Gamachu

1977): (a) the western half of the country which receives one seasonal rainfall and (b)) the
eastern half the country which receives two seasonal rainfalls.
13|



The most humid region is in the southwest where the mean annual rainfall exceeds 2 000
mm in several places; the highest aroumd Gore is about 2 400mm . The highland regions in
the west and south receive high raimfall, but in general, the rainfall distribution in the
couniry is mot always altitude dependent. For example, the lowlands in the sonthwest in
the Baro-Akobo Basin receive as much rainfall as the highlands in the north (more than
1,000mmvear) though their difference in altitnde is quoite high, more than 1,000 meters.
What accounts for this is the direction of the moisture laden winds and the fact that the
meuntains in the southwest meet these winds first; and as a result not only the southweest
mountainons areas, but also the associated lowlands, receive high rainfall.

The arid regions are in the Ogaden, the Afar, and parts of the northwestern lowlands where
the mean amnual rainfall is less than 500 mmy'vear. These low rainfall regions have a
higher intensity of rainfall than those areas which have a higher amonnt of mean anmual
rainfall (an intensity of more than 100mm/day in the lowlands and less than S0mm/day in
the highlands). Generalized Isohytal map of the country is shown in Figore 4.1.
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Figure 4.1 Eainfall Distribution of Ethiopia
Source: produced from digital data on rainfail database of MoWR

413 Quantity of Roof top Catchment
Foof top rain water harvesting system gathers rainwater canght on the roof using gutters

and down pipes and lead to one or more storage containers ranging from simple pots to
large storage tanks.



The water collected from roofs is reasonably pure if the roofs are made of palvanized
sheets of tiles. It may be helpful to ammange the down pipe by fitting a foul flush device or
detachable down pipe s0 that the first water from each shower, which is mostly contami-
container and allowed to mom o waste.

For effective delivery of the rain water from roof catchments info storage tanks proper
constmoction of putter with respect to size, slope eic. is essential. The rainwater can be
stored in tanks made of Fermo cement, bricks/blocks, reinforced concrete, metal, plastic
and fiberglass and can be constructed owver proumd of underground. The storage tank has
to be water tight with solid and secure cover to avoid risks from pollotion sources or
damage by erosion and to avoid breeding provmd for mosgquitoes. Purthermore, the tank
has to be previded with proper inlet, overflow, and outlet and ventilation system.

The quantity of rainwater that can be collected from roof catchment larpely depends om
the size of the roof, the intensity of rainfall, and the storage capacity. This system can be
effectively used by the bealth institotions in the longest season which may pass without
rainfall.

The amount of rainwater that can be harvested from roof top for different rainfall anoumt
and roof area is shown in Table 4-1, which is a product of the surface area, amount of
rainfall and mm off coefficient ie. 0.8.

V=E**A
Where:-

V ="Volume of rain water harvested in b3

E = Funocif coefficient which is usnally 0.8 for cormgated iron rmoofs
I = Fecorded daily, monthly or anomal rainfall in meters

A= Sorface area of the roof in M2

Figure 4 2: Rooftop Water Harvesting




4.13.1 Volnme of Roof Catchment in Health Centers

The quantity of water available from a rainwater harvesting system depends mainly on the
amonnt and intensity of rain. Purthermaore, the size of the roof catchment surface, the
percentage catchment surface area that is pottered, the efficiency of the putters in trans-
porting the water, and the size of the storage tank also coniribute on the amount of rainwa-
TeT absiraction.

In standard Health Center, the available roof catchment surface area of all blocks, caleu-
lated from the roofing plan, is abont 659 2m?. This surface area and annual average
rainfall is used to calculate the possible anmual rainwater absiraction volume at different
places in the country. The data is plotted and shown in Fipore 4.3,
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Figure 4 3 Volume of rainwater which can be abstracted from HC roof catchment in m3 in
a vear

The above information can be used o plan and decide the level of utilization of rainwater
asa mmphmﬂnarjrmfmﬂeahhﬂﬂmr The location of HC can be funndusingGP‘S
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and the Maximum ainwaier absiraction can be ITETPOLAIE0 IO e Nidp 45 shown below.

Abi-Adi; iz at 39 0lo Longitude and 13 530 Latitede and makinmm volume iz 400 m3.
Adola; is at 39 080 Longitude and 5910 Latitude and matimum volume &5 480 m3.
¥abelo; is at 38100 Longitude and 4.880 Latitude and matimem volume is 500 m3.

Gode; i at $4 560 Longitnde and 5.100 Latitede and mtirmm vohsme iz 140 m3.

Bati (Kursa); is at 40 000 Longitude and 11.200 Latitude and metimum volume is 500 m3.
Ogolcho; iz at 39,030 Longitude and 8060 Latitude and mestimum volume is 450 M3 .

* Debre-Bithan; ix at 39 500 Lonpitede and 96330 Latitude and mantimum volome ix 500 m3.



4.132 Volome of REoof Catchment in Health Post

In standard Health Post, the available roof catchment surface area of all blocks, calculated
from the roofing plan, is about 73 m2. This surface area is used to calcunlate the possible
anmmal raimwater absiraction volume at different places in the country based on anmual
average rainfall. The data 15 plotied and shown in Figure 4 4.
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Figure 4 4Volume of rminwater which can be abstracted from HC roof catchment in m3 in

a vear

The above information can be used o plan and decide the level of utilization of rainwater
as a supplementary source for Health Center. The location of HC can be foumd using GPS
and the maximum rainwater absiraction can be interpolated from the map as shown below.

* Abi-Adi: iz at 39.010 Longitude and 13.53c Latitade and mmkinmem vobamse is 400 m3.
* Adola; ix at 39 080 Longitude and 5910 Latiide and matimem volome is 480 m3.

* Yabelo; is at 38 100 Lonpitede and 4 880 Latitade and matimum voheme is 500 m3.

* Gode; is at 44 560 Lonpitude and 5 100 Latitnde and motimmam volome is 140 m3.

* Biati (Kursa); is at 40,000 Longitede and 11 200 Latitede and masinmm vohme is 500 m3.
* Dzolcho; is at 39030 Longitade and §.060 Latide and mastinmum vohume is 450 m3.

* Diebre-Birhan; iz at 39 500 Longitude and 9 6330 Latitsde and matinmm vohmme is 500 m3.



414 Constmction of Roof Catchment
4141 Foofing Requirements

Materials commonly used in the constmuction of the roofs nsed for rainwater harvesting
are cormugated galvanized iron, concrete, of tiles. The effective roof area and the material
used in constrocting the roof infloence the collection efficiency and water guality.

4142 Convevance Fequirements

Conveyance systems usually consist of putters and drain pipes that deliver rainwater from
the catchment area into the storage tanks. The comveyance systems shounld be of inert
material to avoid adverse effects on water quality.

The roof puttering should slope evenly towards the down pipe, because if it sags, pools
will form that can provide breeding place for mosquitoes.

Dnast, dead leafs and bird droppings will accummlate on the roof during dry periods. These
will be washed off by the first new rains. It may be belpful to amange the down pipe so
that the first water from each shower (the “foul fiush™) can be diverted from the clear
water container and allowed to mum o the waste.

4143 Storage Requirements

The rainwater nltimately is stored in a storage tank, which should also be constrocted of
imert material. Reinforced concrete, fermo-cement, fibreglass, polvethylene, of stainless
stee] have been found to be suitable.

Storage tanks can be above-ground or below pround. Whichever type of storage is
selected, adequate enciosure shouid be provided to prevent any contamination from
buman or animals, leafs, dust or other pollutants entering the storage tank. A cover should
ensure dark storage conditions so a5 1o prevent algal prowth and the breeding of mosquito
larvae. Open confainers or storage ponds are penerally unsnitable as sources of drinking
WHlEL

Water is taken from the storage tank by tapping, pumping, of using bucket and rope. For
reasons of hypiene, the first two methods are prefermed. Tust before the start of the rainy
season, complete system bas to be checked for boles and broken parts and repaired if

NECESIATY.
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= adequate capacity,

= provision of a sloped bottony and provision for collection of settled grit and
sediment;

= overflow protection;

« inclusion of 2 manhole for easy access for cleaning;

« provision of a vent for air circulation (often the overflow pipe); and,

« Protectiom against insects and rodents.

The basic requirements are;
» The tank should not have excessive lose through seepage of evaporation;
» The tank should be covered to prevent eniry of light, and sealed against intrusion
by mosquitoes and small creatnres;
» The tank should be ventilated to prevent anaerobic decomposition of any washed
matter
« Toreduce puttering costs and complications, the tank should be sited as close to
the bouse as possible withont undemmining the foundation of the dwelling. If an under-
eround design is used it should be more than 15 m away from any pit latrine.

4144 Selection of Tank size

The selection of tank size is povemed by several factors. In areas where the annual rainfall
is above 1000 mm, the critical factor is the monthly average rainfall and momber of
months in which augmentation of supply is required. According to the estimate, the
monthly water demand is about 78 m3 for HC and 26 m3 for HP. Hence, the storape
volume will be a mmltiple of this quantity depending on the number of months with critical
water shortage.

In areas where the monthiy rainfall is below 1000mm, under sizing or over sizing of tank
can be minimized by critically analvzing the daily rainfall record of the rainy season from
tive nearbyy station and correlate it with the site selected. The tank should be sized to collect
the available rain in the short rainy period.

415 Cost Impiications

The cost of this technology varies considerably depending on location, type of materials
used, and level of implementation. The components that need cost estimate nclude
rocfing materials, putters, conveyance pipes and storage tanks.

Thus, the main components of rooftop rainwater harvesting system which have initial
investment costs are the following: m



Galvanized iron gutter

Galvanized iron/ concrete/ fermocement, efc. tank

Down pipe

Tap and filters

= Where the roof is not suitable for water harvesting, the cost of improving the roof
and the putters will have to be added to the cost of the tank

416 Operation and Maintenance
Fooftop rainwater harvesting sysiems require minimal attention with respect to their
operation. The major concen is to prevent the entty of contaminants into the tank while it
15 being replenished during a rainstormm.
The main canses of bacterial pollnton are from debris, bird and animal droppings, and
insects that enter the tank.
The following maintenance guidelines should be considered in the operation of roofiop
rainwater harvesting systems:

= Flush the rainwater to waste and away from the tank to avoid the eniry of debris

from the catchment area into the tank.

= Check and clean the storage tank periodically.

= Cover and ventilate the tank to avoid mosquito breeding, prevent insects and
rodents from entering the tank, and minmize the srowth of algae.

« Chlorinate the storage tanks as necessary if the stored water becomes contanm
nated. (MMost times the rainwater is nsed withont reatment.)

» haintain gutters and down pipes. A pood time to inspect gutters and down pipes
is while it is raining, so that leaks can easily be detected. Fepular cleaning is
nEcessary o avoid contamination.

= If filter is provided, it should be cleaned every few months, filter sand should be
washed at least every six monihs.

= Leaks have to be repaired throughout the year, especially leaking tanks and taps,
as they present health risks.



= In some cases, where the water is pomped, periodic, preventive mainienance is
required on the small pumps that Iift water to selected areas of a house or building,
of provide public supply from umdersround storage tanks;

Maintenance requirement and frequency of maimtenance is summarized in Table

Table 4 1Main activities involved and frequency of maimtenance for a BWH system

“m
paris

=
L N S
Clean the fikers | Twiccayewr | Sund chamal. plastic mesh
Repair mof, guiters and O] Tiles, metnl sheet, asbesios, cement | Hammer, saw, pliers, tin
piping o ¥ sheet ede., bamboo or PYC pipes, cuiter
mails, wire

4.2 Spring Wat xr Developmeni

421 Imtroduction

A spring may be defined as a place where a natnral ontflow of proumdwater oconrs. Spring
water is usually fed from a sand or gravel water-bearing ground formation (aquifer), or
water flow through fissured rock. Where there are solid lavers of block the underpround
flow of water is forced upward and can come o the surface. The water may emerge either
in the open as spring, invisibly as an outflow into a over, stream, lake or the sea. Where
the water emerpes in the form of a spring, it can easily be tapped. If the collection point is
protected with suitable strocture, this will prevent contamination at the point of collection
and prowvide the hydranlic conditions for distributing the water to points of nse.

Springs are found mainly in monntainons of hilly temains. Thns, the best places to look for
springs are the slopes of hill sides and over valleys. Green vegetation at certain poind in
dry area may also indicate availability of spring water, or one may be found by following
a siream up to its source. However, the local people are the best pnides, as they usually
kmow most springs in the area.



Spring water is safe and usnally can be used without treatment, provided it is properly
protected with a construction that prevents contamination of water from oufside.

Springs can be exploited by developing at the spot or by a gravity-fed or pumped delivery
system. Springs developed for a gravity-fed water supply should be at an elevation abowve
the supply area.

422 Tapping of Spring

Though, the type of construction o be adopted differs from each other due to spring type,
size and location, a tapping stmcture for a pravity type delivery svstem emerging down the
hillzide is considered for further discussion.

Springs can be tapped with drains consisting of graded pravel pack with open joints placed
over an impervious layer. The drain mmst be placed so0 deep that the satorated ground
above them will act as storage reservoir compensating for fluctuation of the pround water
fable. The water collected by a drain discharpes indo a storage chamber which is mostly
referred as the “spring box™.

The drain system and the storage chamber should be so constructed that the contamination
of the collected water is prevenied. Before the back of the chamber is built, graded stones
should be piled up. These serve to make a wall, and will prevent the washing away of soil.
The chamber should be fitted with sealed and removable manhole cover for cleaning and
access for maintenance work. Air vent, overflow pipe score drains must have screened
openings. A diversion ditch should prevent surface runoff ronning down the hiliside from
entering the chamber to prevent contamination of the spring water.

423 Components of Spring Tapping Stmicture

The spring chosen for a water supply is to be enclosed in a strocture from which a pipe
leads down conveying the water to point of delivery. The stmocture can be constrocted
from concrete of masonry of brick. The spring box serves as storage and distribution for
the spring water.

The spring box is nsually bumilt imto hill side and deep enough to collect or access the
Spring — water source. This device allows water to enter from the bottom and fill up to a
Ievel established by an overflow or vent pipe. Hydraalic pressure then maintains the level
in the spring box. The cutflow pipe near the base of the device may be connected via pipe
0 a larger storage system (such as a tank) closer to the point of nse or tapped directly at
the location of the box.

22



Thus, the main parts of a spring water collection system are:
» 4 drain under the lowest natoral water level,
an onilet to tank or collection point
an overflow pipe just below the roof
a protective strictore providing stability and
a seal to prevent surface water from leaking back info the stored water.

The drain is usnally placed at the lowest point and is provided with scour valve, while the
outlet pipe is nsually placed above the drain pipe preferably with a scresn.

The protective strocture may be made of concrete of masonry and the seal is usually made
of puddle clay. A screened overflow pipe puarantess that the water can flow freely out of
the spring at all times. To prevent contamination infilirating from the surface, a ditch
(Emown as interceptor drain) diverts surface water away from the spring box and a fence
keeps animals out of the spring area. Usnally spring water is of pood quoality, but this
should be checked.

For low vield springs it would be advantageous to consider constmetion of a collection
tank for night flow storage. Furthermore, when the terrain doesn’t allow construction, off
spot supply withdrawal can be possible by constmocting underground or over ground
collection tank downsiream at proper location.

424 Yield of Spring

The Maximmm daily demand of a health center is 0_1liters/second for eight hours. Due to
this, a spring having a minimum discharge capacity of 0.1 liters per second can be selecied
a5 a source for bealth center if it is available within a reasonable distance from the bealth
centre. The collection chamber will be additional storage to conserve the night discharpe.

425 Cost Impiications

There are different tvpes of spring tapping stmoctures, ranging from a simple weir sinciure
(open) to more complex constructed (closed) systems. There is also a range of sizes
depending on the flow and aerial extent of a given spring.

The main components of spring collection system which have injtial investment costs
implications are the following:

Excavation and backfill

Headwall or tapping box

Pipe work

Concrete work

Masonry work. E



4 2 6 Operation and Maintenance Fequirements

The type of spring capping would generally require minimal interventon for operation
and maintenance. Periodically, however, the chamber should be inspected and cleaned.

Thus, the main 085 activities are:
= Water should be permmitted to flow ocut freely from the chamber at all the time so
that it will not find another way out through the aguifer in different direction.
= Dperation may inclode activities such as opening or closing of valves to divert the
WaleT 10 3 Ieservoir, a conduit or a drain.
= The spring and sumoundings mmst be kept clean.

Contamination should be prevented, both where the spring water infilrates the round
(catchment area), if possible, and in area immediately sumonnding the spring. Contamina-
tion can comee from many sources, inchoding from open defecation, laiines, cattle, pesti-
cide and chenyicals.

To avoid the contamination and deterioration of the source, the following points are antici-
pated to be checked at intervals and on regnlar basis:

= Check surface drains,

« Check and repair animal-proof fence and gate

« Check and protect the vegetative cover growith both in the area where the spring
water infiltrates into the ground (if possible) and in the immediate sumoundings
of the spring {prevent clogging of the aquifer by prowth of roots).

» Check the water flow from the spring hox. IT there is an increase in torbiadity or
flow after a rainstorm, surface mm-off has to be identified and the protection of the
spring improved. If the water flow decreases, it has to be suspected that the collec
tion system is clogged. It may then be necessary to take ont the gravel and replace

= Repnlar water samples mmst be taken and analyzed to check for evidence of faecal
contamination;

« the washout should be opened anmually and the accummlate silt removed;

» screens should be checked and if they are damaged of blocked they should be
cleaned (if dirty) or replaced with non-rusting maierials (e.g. copper of piasiic
sCTeening);

» After cleaning, the washout valve should be folly closed and the manhole covers
1o be sealed.

« The spring box shonld be disinfected each time a person enters o clean or repair
it, or when there is a bacteriological contanyination.

» Leaks in the protective seal, undermining of the beadwall, and damaged cansed
by erosion of settlement of so0il mnst be repaired. m



Table 4.2 Main activities involved and frequency of maimtenance

Activity Materials amd spare

Taols & equipment

%

Clean the surroendings Broom, bucket, bos, macbeiz

Bucket, waich

ity| Crccasionally

Meimchede, axe, kbnife, hoe,
spade, pic ke

Fepair fence and clemn Wood, rope, wire

surisce drains

Clecasionally

0
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Check the water quality Labormiony resgents

Buckst, wrench, brush

?
:

Wash and disinfect the Annmlly

apring

Bucket, frowel, wrench, flat
Spannes

Bucket, frowel, hoe, spade,
wheelbareow

Spare pipes and valves, cement,
sand, gravel

Cement, sand, gravel, clay

Clocasionally

i
E.
i

4.3 Hand Dugz Wells

Hand dug wells may be defined as water points that tap water from shallow water tables.
shovels. Usnally, hand dog wells have a diameter of not less than 1.5 meters and a mini-
mum water column of 3 meters. The wells are lined using bricks of concrete rings; and
fitted with a pump.

4.3.1 Some Principles of Dug-Well Design

iz planmed, the rate of inflow to the well shonld be more than the rate at which the water

is being pumped out. This will safepuard the pump from pumping the well dry.

The well storage acts as a “buffer” in providing water at peak pumping periods (such as
early moming and late afternoon) when pump discharge can be higher than the rate of
inflow to the well. For that reason a dog well is best snited in aquifers of very low perme-

ability.



432 Well Yields

The storage requirement of the fixtures installed in health center is estimated to be 3 94m3
per day. Therefore well storage of about this vobume wionld be required and a total 24 houar
inflow of this same volume would also be necessary.

Storage of the full daily requirement is not necessary but, the mindmum storage should be
more than half the daily pomping requirement. As a safety margin, an arbitrary figure of
two-thirds of the full daily requirement should be allowed for. It is important to remember
that rate of inflow is a function of “head” or drawdown and not dug-well diameter, unless
the formation is fractured.

The dog-well diameter does not greatly affect the rate of inflow, bat it does directly affect
its storage. A dup-well of internal diameter of 1.0m after lining, has storage of about 786
liters fior each meter dug.

The capacity of pumyp is also a critical factor to determinge the yield of a shallow well. For
hand pumps with piston diameters of 7.5-10 centimeters (3-4 inches) capacities of 1200 to
2000 1'h were found, based on one full stroke per second and an effective pumping time
of 75%.

Therefore, the desired well depth can be calculated after determmining the full daily
required yvield of 3240 litter per day. Applying the safety margin the bealth center wounld
need a well that will store at least two thirds of this full daily requirement which is about
2626hters. One meter depih of a 1.0 meter diameter well has storage of about 360 liters.
To store 2626liters, a water colummn of 3 .0m is required in a 1 0m diameter well. The
desired well depth will be 1 .0m below the static water level.

Wiith 1m high concrete rings, at least three porons concrete rings should be installed if
possible, with the top of the highest one at least Im below the static water level. The
inflow into the drained hole over 12 hours should be adequate to fill at least to the top of
the third ring (i_e. a height of 3m of water). If the pump soction is to be sipnificantly abowe
the bottom of the well, additional depth must be added accordingly.

somomoTTE L owmm L w _w
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A fall in static water level conld result in a major drop in both storape capacity and rates
of inflow. In order to maintain acceptable water levels, the following should be obsered:
«  Constroct wells in the dry season when water levels are at thedr lowest.
« Be aware of longer-temm water-level finctuations, if data is available, and dig to
appropriate depths. o



= Be able to deepen the well fairly easily after completion shonld there be drastic
drops in water levels.

43 4 Design of Well Depih

The designed well depth should take info account both the average seasonal water level
[seamﬂafmmmmahnﬂdahuhemlmnmmmm
Drv Season: It is usnally adequate to allow for the desired depth of water column
(storage)
» (Dther Seasons: After allowing for the desired storage, add depth to allow for the
seasonal water level foctuation.

4 4 Deep Borehole Construction

A deep borehole is defined as a borehole that is preater than 25 meters in depth and ming-
o diameter of 110mm. These are normally constrocted using mechamical methods.
Enmuumunstepﬁfﬂrbnrehn]es
Site selection,
= The acinal drilling operation,
»  Installation of casing , screen and pravel pack, to ensure sand-free operation at
maximum yield,
= Well development and
=  Construction of sanitary seal
Two more of these operations may be performed simulianeously, depending upon the

4 4 1 Drilling hMethods

Drilled wells can be constrocted using the rotary method or cable tool percussion metiod.
The method selected will depend primarily on nature of the aquifer, type of temain amd
economic implications. Anticipated size and depth of well and the geologic formations to
be penetrated may also dictate which method is preferable.

4 4 7 Selection of Drilling Methods

The location of the Health Institution and the geologic formations to be drilled dictate the
drilling method best suited to the operation. In pranular formations, soch as in alluvial
plains, the rotary method is usually preferred to cable tool becanse penefration is more
rapid, a better well seal is obtained and maintaiming a siraight hole is easier. Hard
sedimentary rock, such as limestone and dolomite, is more resistant to rotary drilling; the
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small rotary drill with a rock bit makes slow progress at the top of the hole where the
weight of the drill pipe is not encugh to force the rotating bit against the rock. Air rotary
drilling is frequently used for drilling through metamorphic formations.

The cable tool method is prefemed when drilling through cavernous rock or other highly
permeable material, since all or most of the fiuid nsed in the rotary method may disappear
in this type formation, resulting in loss o the retorn flow o loss of circulation.

4 4 3 Well Completion

Well completion and development must follow the actual dolling to prepare a well for nse.
Elements of this process include:
« Installation of casing and screen
Installation of gravel pack
Development
Test pumping
Water sampling
Cementing and grouting
I —

4 5 Water-lifting Devices

Water-lifting devices are used to lift water to a beight that allows nsers easy access to
water. Lifting devices can be used to raise groundwater, rainwater stored in an under-
eronnd reservoir, and river water. Commumities should be able to choose from a range of
water-lifting devices, and each option should be presented with its advantages, disadvan-
tages and implications. For example, water lifting involves additional Q&M activities amd
potential problems, compared to pravity systems, and the latier are often preferred if they
are available and applicable to the situation.

The following water-lifting devices are described in this marmal:
» FRope and bucket (loose through a pulley, or on a windlass);
» Bucket pump;
= Rope pump;,

451 Fopeand Bucket

This device is mainly nsed with hand-dog wells. A bocket on a rope is lowered info the
water. When the bucket hits the water it dips and fills, and is pulled up with the rope. The
rope may be held by band, nom through a pulley, or wound on a windlass. Sometimes,
animal traction is used in combination with a pulley. Improved systems use a rope through
a pulley, and two buckets — one on each end of the rope. g



For water less than 10 m deep, a windlass with a hose mmning from the bottom of the
bucket to a spout at the side of the well can be nused. However, the hygiene of this system

15 poorer, even if the well is protecied.
452 Bucket Pump

The bucket pump is mainly used in drilled wells. It consists of a windlass over a 125 mm
PV mbe, down which a narmow bucket with a valve in the base is lowered into the water
on a chain. When the bucket hits the water, the valve open sand the water flows in. When
the bucket is raised, the valve closes and the water is retained in the bucket. To release the
water, the pump operator rests the buocket on a water discharper, which opens the valve in
the base. The windlass bearings are made of wood.

453 Fope Pomp

The basic parts of a rope pump are a pulley wheel above the well, a riser pipe from under
the water level to an outlet just under the wheel, and a rope with rubber or plastic washers.
The rope comes up through the pipe, over the wheel; back down into the well and into the
bottom of the pipe, completing the loop. When the wheel is tomed, the washers move
upwards and hift water into the pipe towards the outflow. Other important paris are an
underwater rope guide that directs the rope and washers back into the pipe, and a frame
that holds the pulley wheel. The rope pump can be made at village level using wood, rope
and PVC tubing (or bamboo canes with the centers bored out).

454 Deep-well Piston Hand Pump

With a deep-well piston hand pomp, the piston is placed in a cylinder below the water
level, which is nsually 1545 m below the pround. The pumping motion by the user af the
pump stand is transferred to the piston by a series of connected pumping rods inside the
wateT is drawn into the cylinder through a foot valve. On the downi-stroke, the foot valve
closes, and water passes the plunper and is Lifted on the next up-stroke. The pumping
height is limited cnly by the effort needed to lift the water to the surface. Nowadays, most

pump cylinders bave an open top. This allows the piston and foot valve to be remowved
through the rising main for servicing and repairs, while the rising main and cylinder stay
in place. The pump rods have special cormectors that allow them o be assembled or
dizmantled without tools, or with only verv simple ones. The connecting joints incorpo-
rate pump rod centralizers that prevent wear of the rising main. To a larpe extent,
improved models can be maintained at village level.
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455 Submersible Pump

For deep-well applications, cenfrifugal pumps are housed with the electric engine in a
gingle unit that is desipned to be submerped. Usnally, a multiple-stage pomp is used. The
mmltiple-stage pump is placed above a motor and under a check valve that leads to the
rising main. Submersible pumps are self-priming, if they do not un dry. To prevent the
pump from nmning dry, the water level in the well must be monitored, and pumping must
be stopped if the water level drops to the intake of the pump. Power is delivered through
a heavily insnlated electricity cable conmected to a switch panel at the side of the well. The
power may come fTom an AC mains connection, a generator, or a solar power system.

456 Power Systems
461 General

As per the water demand estimate in this report, the system demand is assumed to be
between 3 to 10 m3 per day depending on the duration of pumping. A shallow or deep
well drilled water source, with a submersible pump installed in the well and with a reser-
voir installed near the well is assumed as the most common method of supply when pump-
ing is involved.

For pumped supplies from a spring the pump unit can be a surface centrifugal pomp or a
submersible pump installed horizontally in the spring box or wet well.

For supplies from a hand dug well with a pomp installed, submersible pomp can be
installed except that the total head will generally be smaller.

A maximum total system bead of 50-60 meter, including pipe system losses, is assumed
for all demand ranges. Por shallow or deep well options, the static head is calculated from
the well DWL to the elevated tank_ For the spring option, the static bead is calculated from
the surface pump inlet to the elevated tank.

A Gl or PVC riser and transmission pipe of 1 347 is assnmed for the estimation of head
losses. The required pump discharge capacity and thms the required pump power is
dependent on the demand and the pump munning bours per day. The @hles and charts
below show the melaticnship between the demand, the pump working hours and the
required pump capacity.



Table 4 3 Demand versus pump discharge capacity

Demand vs pump discharge capacity in liters per seconsd for varioas werking hours
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Figure 4.5 Demand Verses pump discharge



The pump power requirement is a multiple of the total system head and the discharge from
the pump as well as the pumping system efficiency. It is expected that the discharge and
bead combination will vary from location o location depending on the water level in the
well, the location of the tank and the distance from the well to the tank. Therefore, a Tange
of system heads was calculated owver a range of discharges as shown below.

The head verses discharge relationship at constant pump power and the log(head) verses
log(discharge) /base exp/ relationship at constant power are shown in the following charts
The log chart of the discharpe and bead pives a better view of the relationships between
these parameters.

head vs discharge relationship at constant power

L0000

BO.OD

OO0

Head, m

4000 1

mnon +——1-

T e e s s Lol

.00
o0 ol 02 O3 D4 O5 DS OF OB 09 10 11 1.2 13 14

dischange, Ifs

Figure 4.6 Head versus Discharge relatonship
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For the discharpe rates selected abowve, the required pump operation bour to meet the
demand requirement will vary based on the motor power type selected and the confignra-
tion of the system.

462 Solar Power Source

Sun light is converted to solar eleciric power through the Photovoltaic conversion princi-
ple which is the direct conversion of sunlight into electricity with no intervening heat
ENgine.

Detailed information abont solar radiation availability at any location is essential for the
design and economic evaloation of a solar eperey system. For the present report, Surface
meteoroloey and Solar Enerey (S5E) data sets compiled by MASA, ATMOSFHERIC
SCIENCE DATA CENTER and spanming 22 years from Faly 1, 1983 throngh June 30,
2005 were used.

Solar enerpy is in the form of electromagnetic radiation with the wavelengths ranging
from about 0.3 mm {106 m) to over 3 mm, which cormespond to ultraviolet (less than 0.4
mm), visible (0.4 and 0.7 mm), and infrared (over 0.7 mm) Most of this energy is CODCen-
trated in the visible and the near-infrared wavelength range.
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The incident solar radiation, sometimes called insolation, is measured as imadiance, or the
ENSIPY Per unit time per umit area (or power per unit area). The units most often used are
Eilo-watt bours per meter squared per day (owh/m2/day) and walis per square meter
(Wim?2).

The amount of solar radiation falling on a surface normal to the rays of the sun outside the
atmosphere of the earth (extraterrestrial) at mean Earth—sun distance (D) is called the solar
constant, ID and as per Measurements made by NASA the value of the solar constant is
estimated to be 1377 Wim2.

4621 Solar Modules

Solar modules which convert sunlight into Direct Carmrent (DC) electricity are solid state
photoviolizic devices. Therefore, they are ruzped and simple in design and require very
litile maintenance. At present, modnle efficiencies are as high as 15~17%.

On the I-V curves of PV modules, there is a single point on each curve at which the power
delivered by the cell is 2 maxinm . This point is called the maximmm power point of the
cell. The maximum power point of the cell remains at a nearly constant voltage as the
illumination level of the cell chanpes.

Becanse individoal cells have ontput voltages and cument is limited to approximately
0.5V and 7TA respectively, it is necessary to combine cells in series and paralle] to obtain
higher voltapes and corrents. A typical PV module consists of 36 cells connected in series
in order to prodoce a maximum power voltage of approximately 17 V, with a maxinmm
power cument of approximately 7 A at 2 temperature of 25 “C. Such a module will
typically have a surface area of about 1 m2.

MModules also exist with 48 or more series cells 50 that three moduoles in series will produce
e same output voltage and cument as four 36-cell moduies in seres. Oiher larger mod-
ules combine cells in series and in parallel to prodoce powers up to 300 W per moduale.

It is important to realize that when PV cells with a given efficiency are incorporated into
a PV module, the module efficiency will be less than the cell efficiency, unless the cells
are exactly identical eiectrically.

When modules are combined to further increase system voltage and/or current, the collec-
tion of modnles is called an amay. For the same reason that the efficiency of a module is
less than the efficiencies of the cells in the module, the efficiency of an amay is less than
the efficiency of the modules in the array.
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Figure 4.8 Typical Solar Panel with control module
1 £
gL

Depending on the hydranlic power and total power needed, there is a Tange of pumping
systems, for which a power source is economical. PV is estimated to be the most economi-

cal for small poweT sy5tems.

However, the solar resource at the selected location should be greater than 3EWh'm2/day
for the system to be economically viable.

Generally a PV system should be conzidered when the hydraulic power (Q) times H) is
from 200 to 1,500 m-m3/day. Based on this criterion, for systems with a power rating of
05kw or less, the best selection is a PV system.

For systems with a power rating above that, while PV is not the most viable system (wind
is supposed to be most economical for mid seized systems), but is still economical. Thus,
the above selection of PV system rating is the optimal selection for the 5 and 10 m3 per
day demand ranges.
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assumed to be fixed and equal to the latitude degree phos fifteen for an optimal average

Bazed on the data an averape insolation of 5 8kwh/m2/May is selected for seizing solar
array requirements. But this figure should be replaced by the value shown for the partico-
lar location when making a location specific design.
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Figure 4.9 Averape Insolaton on tilt surface, kwh/m2/day

For specific location, average Insolation (incident solar radiation) can be interpolated
from the above drawing. Example how to read the above figure is given below.
= Abi-Adi; is at 39 010 Longimde and 13 530 Latimde and Insoiation is
6 3 7kwh/m2/day
= Adola; is at 39.080 Longitode and 5 910 Latitude and Insolation is
5.765kwhmXiday
= Yabelo; is at 38 100 Longitmde and 4 880 Latitude and Insolation is

5. 916kwh/m:/day



Gode: is at 44 560 Longimde and 5100 Latitude and Insolation is
5 954kwh/m?/day
« Bati (Kursa); is at 40 000 Longitnde and 11 200 Latitude and Insolation is
6.2195kwh/m?/day
« Dgolcho; is at 39.030 Longitude and & 060 Latitude and Insolation is
6 0679kwh/m?/day
« Debre-Birhan; is at 39 500 Longitude and 9 6330 Latitude and Insolation is
6 2195kwh/m?/day

4631 Storage

Since the sun’s power at a location varies with the time of day and crocially varies with
the weather condition. Power on overcast days is around 10% of that on suomy days with
clear sky.

Omne solufion to ensure a sieady supply is to install a battery bank with the system so that
the PV ammay could charge the battery bank during high power conditions. The battery
would be used to mun the pump on overcast days.

This alternative is not considered here as maintenance of the battery is tronblesome and is
not feasible in the remote locations where the system conld be installed in Ethiopia.

The altemnative considered bere is over sizing the PV amray, pump and siolage [eservoir to
ensure a steady supply.

maﬁvemnsecnmredlymlgemshnwnbemw

Based on the data shown above, 2 mean deficit of 30°% over the average insolation rate is
assumed. Therefore, the pump and amay are oversized by 30 % over the rated requirement.

The reservoir is also required to be oversized, to camy the exira volume which is pumped
during normal working times 50 that it could be nsed during deficit insolation periods. A
reservodr size of 2-2 .5 times the demand range is recommended for the demand envisaged
im this report.
464 Solar module and pomp selection
The primary considerations for the design of a PV system are:

= The load, (calculated above)

= The available solar resource in the desired location,

m = The size of amay required



4641 Load
The table below shows the required motor kw rating, taken from the discharpe vs bead vs

power charts shown in Fipure 4.5 and Figure 4 6/4.7 above, for the estimated demand
range of 3 to 10m3/day and a desipn head of approximately 50 meters.

Table 4 4 Motor rating for HC as per the water demand

—— ENETS

4642 Averape dav insolation

For a solar pumping altemative, the working bours are limited by the average day insola-
ticn, which has the same value as the peak sun bour (psh) which is in the 5~& bour range,
the possible pumping rates are linnted by this range. Based on the data shown in the tables
and charts, an average day insolation of 5 Skwh'm2/day is adopted as a mean valoe for the
country as a whole. But during system design for a particular site the average day insola-
ticn value for the particular site should be taken from the tables and charts.

4643 Seizing of PV armay

The enerpy production for the PV system is estimated as follows:
For a fixed array, the enerpy day can be estimated as:
Ed=Es*Ec*Ind *A
Where:

Es= system efficiency = 0%

Ec =cell efficiency = 11'%

Ind- averape insolation

A, = required armay area.
Another method is to use the average-day insolation (map value, tilt at Iatitnde) and the
power rating of the module.

ED=E5*EP*H5
Where

EP =the rated power, and

HS =the average nmber of sun hours =Ind
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4644 System Selection Summary

A water pumping system consisting of a PV array as calculated above, a DC motor driven
pump working at the voltages and currents specified above and a coniroller will be

mmmmmmmmmmmmmmm

will be installed.

The module or panel will consist of

= Transparent top surface -- glass

= Encapsulant -- thin sheets of ethyl vinyl acetate that hold topether the top surface,
solar cells, and rear surface

= Eear layer -- thin polymer sheet, typically Tedlar, to seal module



= Frame — ahomminom

= Elecirical connection

= The performance of the module will be as per the following standards
= Standard test conditioms -- (STC) 1,000 Wim2, 25°C

465 Solar module and pump Operation S&Control

Drust mmst be removed from the glass plates of the module repulardy. In addition, extemal
wires, the supporting stnciure: of the amay, covers for the elecironic components and a
fence may need occasional repairs. Wood or metal parts that are sensitive 10 COITOSION
must be painted every vear. Much of the additional electrical and electronic equipment
should fomction automatically for at least 10-15 vears, although batteries,
ACTDCoomverters, engines and pumps may need more freqoent servicing.

Local orpanization can be very simiple, comsisting mainty of appointing a caretaker. How-
ever, an adequate rmmber of technicians for repaifng such systems must be available at
regional or national level.

4651 Main Operation &Maintenance activities

Eegularly
= Clean the module surface. Water. Cloth, bucket.
Dccasionally
« Repair or replace additional Engine brushes, spare battery, AC/TIC Spanmers,
screwdriver, pliers, etc. components; converter, other complete coOmMpomnents.
» Fepair the fence. Wood, nails, wire. Hammer, machete, pliers.
Farely
« Fepair the mounting strocture; Cement, wood.
» Repair the wiring. Electricity cable, insulation tape. Enife, pliers.

B:ltennilpml:llenﬂ
vandalism, theft, or cattle damage to the cells, modules or SysiEm;
« the storage batteries wear out relatively quickly;
= fthe initial investoent is high;

« The sysiem is not feasibie for areas with daily radiation amounis below 3
EWh/m?2



466 Wind Power

The primary causes of aimospheric ait motion, orf wind, are uneven beating of the Barth
by solar radiation and the Earth’s rotation. Differences in solar radiation absorption at the
surface of the Earth and transference back to the atmosphere create differences in atmos-
pheric temperature, density, and pressure, which in tom create forces that move air from
one place o anoder.

The available power in the wind with air density p(1 2kg/m3 at sea level), passing through
an area A, perpendicular to the wind, at a velocity v, is given by

P=pAv3i2 wat
The actual power is dependent on the wind turbine desipn but the maximum power that
can be extracted from the wind is limited to less than 60% in principle. The power coefii-
cient Cp, takes this imit, turbine type and turbine efficiency into consideration. Thus,
actoal power produced is given by:

Pa=Cpp Av¥2 watt

Cp=-025 to 0 590 lift type tarbines

Cp=-02 to 0_3for drag type wind mills
Air density decreases with increasing temperature and increasing altitude above sea level.
The effect of temperature on density is relatively weak and is normally ignored because
these variations tend to average out over the period of a year.

The density difference due to altitude, however, is sipnificant; it does not average oot and
cannot be ignored. For example, the air density at an elevation of 1600 m, above sea level,
is approximately 14% lower than at sea level, so the wind at 1600mas] contains 14% less
power than wind of the same velocity at sea level. From the equation it is obwious that the
most important factor in the available wind power is the velocity of the wind — an increase
in wind velocity of only 20%, e.g., from 5 to & m's, vields a 73% increase in available
wind power
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This indicates the very high variability of wind power, from around 10W/m? in a lipht
breeze up to 41KW/m?2 at 40m's. This extreme variability greafly infloences virtually all
aspects of system design.

It makes it imposzsible to consider trying to use winds of less than about 2 5m's since the
power available is too diffuse, while it becomes essential to shed power and even shut a
windmill down if the wind speed exceeds about 10-15m's as excessive power then
becomes available which would damage the installation.

4 661 Wind Shear

Wind moving across the Earth's surface is slowed by trees, buildings, grass, rocks, and
other obstructions in its path. The result is a wind velocity that vares with height above
the Farils sorface—a g T o wind ghear

For most sitnations, wind shear is positive (wind speed increases with heipht), but situa-
tions in which the wind shear is negative or inverse are not unosnal. In the absence of
actual data for a specific site, a commonly nsed approximation for wind shear in an open
area is:
vivl = (HHa
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where:
v = estimated wind speed at height H
v =wind speed at the reference height HO
o =wind shear exponent ~ 0.14

The wind shear exponent, o, vares with terrain characteristics, bt usually falls between
0.10 and 0.25. Wind over a body of open water is normally well modeled by a value of ~
0.10; wind over a smooih, level, prass-covered plain~ 0.14; wind over row crops or low
bushes with a few scattered trees ~ 0.20; and wind over a heavy stand of trees, several
buildings, or hilly or mountainous terrain ~ 0.25. The available wind power at a site can
vary dramatically with beipght due to wind shear.

The amonnt of enerpy available in the wind (the wind energy resource) is the average
amount of power available in the wind over a specified period of time, commonly one
vear.

If the wind speed is 20 m's, the available power is very larpe at that instant, but if it cnly
blows at that speed for 10 b per vear and the rest of the time the wind speed is near zero,
the resource for the year is small. Therefore, the site wind speed distribution, or the
relative frequency of ocomrence for each wind speed, is very important in determining the
TESOUICE.

This distribution is often presented as a probability density function. The probability that
the wind occurs in any given wind speed range is given by the area under the density func-
tion for that wind speed ange. If the actual wind speed probability density distribotion is
not available, it is commonly approximated with the Eayleigh distribotion formmla.

The actual wind respurces in any specific area can vary dramatically from the resource
estimates and should be determined by measurement on site over an extended period.

distances in the horizondal or vertical directioms, 50 in order o get the best possible
estimate of the wind energy resource at a particular location, it is important to measure the
wind resource at the specific site and height of interest. A comprehensive site characteriza-
tion normally requires measuring the wind for at least 12 months.

467 Wind Tarbine Configurations

Although there are many different configurations of wind turbines, most of them can be
classified as either horizontal-axis wingd mrbines (FLAWTS), which have blades that rotate
about a horizontal axis parallel to the wind, or vertical-axis wind turbines (WVAWTE),

Ewhichhm&bladesﬂmtmmeahntiwrmalam.



They both contain the same major components, but the details of those components diffier
significantly. The terms “horizontal™ and “vertical” associated with these classifications
refer to the driving shaft on which the rotor is mounted.

HAWT: usually have all of their drive train (the transomission, penerator, and any shaft
brake) equipment located in a nacelle or enclosure monnied on a tower. Their blades are
subjected to cyclic stresses due to pravity as they rotate, and their rotors muost be oriented
(yvawed) so the blades are properly alipned with respect to the wind. HAWTs may be read-
ily placed on tall towers to access the stronger winds typically found at greater heights.

The most common type of modem HAWT is the propeller-type machine, and these
machines are generally classified according to the rotor orentation (opwind or downwind
of the tower), blade attachment to the main shaft (rigid or hinged), maximom power
conirol method (foll or partial-span blade pitch or blade stall), and pumber of blades
(penerally two or three blades).

VAWTs, on the other hand, usually have most of their drive train on the pround; their
blades do not experience cyclic pravitational siresses and do not require orientation with
respect to the wind. However, VAWT blades are subject to severe alternating asTodynanmic
loading due to rotation, and VAWTS cannot readily be placed on tall towers to exploit the
sironger winds at greater heights.

46E Wind Fesource

Sites of wind power class 4 or above (at least 200 Wim2 at 10 m beight or 400 Wim? at

50 m height) are ofien considered economic for utility-scale wind power development
with available wind technology.

Sites of wind power class 3 (150-200 Wim?2 at 10 m bheight or 300400 W/m?2 at 50 m

beipht) are not considered economic for uiility developmeni today bui are likely o

become economic with near-term wind technology advances.

Sites of wind power class 2 or lower (less tham 150 Wim?2 at 10 m height or 300 W/m2 at
50mbeight) are usnally considered ecomomic only for remote or hybrid wind power

SYSIEmS.
Detailed information about the wind resource at any location is essential for the desizn
and economic evalnation of a wind power system. For the present report, Surface meteot-

ology and Solar Energy (SSE) data sets compiled by NASA, ATMOSPHERIC SCIENCE
DATA CENTEE and sparming 10 vears of wind speed data were used.

-
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Figure 4. 11 Average wind speed at 50 meters above the surface of the earth m's

The location of HC or HP can be found by GPS reading and the averape wind speed can
be interpolated from the above figure. Sample of interpolation is shown below:-
= Abi-Adi; is at 39 01o Longimde and 13 530 Latimde and averapge wind speed is
5 7mys.
= Adola; is at 39 080 Longitude and 5 910 Latitode average wind speed is 4 25mis.
= YWabelo; is at 38.100 Longitude and 4.880 Latitnde and average wind speed is
4.05m/s.
= Gode; is at 44 560 Longitude and 5 100 Latitnde and average wind speed is
5.6ms.
« Bati (Eursa); is at 40 000 Longitude and 11 200 Latitode and average wingd speed
is 4.2m/'s.
= Ogolcho; is at 39 030 Longitude and 8 060 Latitpde and average wind speed is
3 74m's.
= Debre-Birhan; is at 39 500 Longitude and 9 6330 Latitude average wind speed is
m 3.75m's.



469 Wind Tarbine Selection

Wind pumps are one of the most cosi-effective options (compared with engines or any
other prime-movers) for pomping in locations with mean wind speeds exceeding about
4m/s, but, conversely, they are not at all cost-competitive where mean wind speeds are
significantly below 2 Sms."

Becanse the wind can be unreliable, it is recommended that there be water-storage facili-
ties with enough water to last for 3—4 days.

Ttems exposed to the wind are subjected to forces in both the drag direction {parallel to the
air flow) and the lift direction (perpendicular to the air flow). For predominantly drag
machines, larger numbers of blades result in higher drag and produce more power; there-
fore, these machines tend to have many blades.

Wind torbines use the lift penerated by the blades to produce power. Because the blades
must be widely separated to generate the maxinmnm ameount of Hift, lift-type machines have
a small rumber of blades.

The power extraction efficiency of a wind device may be expressed as the ratio of the
power extracted by the device to the power available in the wind passing through the area
occupied by the device (the projected area of the device), a ratio known as the power coef-
ficient, Cp.

A well-designed lifi-tvpe machine may achieve a peak power (based on the area coversd
by the rotating turbing blades) of 0.5-0 5%, while a pure drag-type machine may achieve
a peak power coefficient of no more than 0.2.

Some of the mmlti bladed drag-type windmills actnally ufilize a blade shape that creates
some fift, and they may achieve power coefficients of 0.3 or slightly higher.

The translation (or blade) velocity of the drag tvpe device must always be less than the
wind velocity or no drag is generated and no power is produced. The drag machines rotate
slowly (the blade translation wvelocity cannot exceed the effective wind speed) and
produce high torque, whereas the ift machines rotaie quickly (to achieve a high fransia-
fion velocity) and produce low torgque.

The slow-rotating, high-torque drag machines are very well suited for mechanical power

applications such as milling prain and ponmping water. On the other hand, fast-rotating,
lift-type machines are moch easier to adapt to electrical generators.
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Thus for the pumping requirements set oot in this report, three alternatives can be consid-
ered-

1) A drap type wind muill with a drive gear box, which changes the rotary motion of
the windmill to a reciprocating motion, mounted on the tower and a reciprocating pump
installed in the well. Pump amd drive head connected by a drive shaft.

2) A drag type wind mill with a drive gear box, which changes the rotary motion on
a horizontal axis of the windmill to a rotary motion on the vertical axis of the pomp shaft
pump and drive pear mechanically coupled through a drive shaft.

3) A lift type wind turbine coupled to an ac electric penerator supplying power to a
submersible pump.

Alemative 1 is mostly suitable for high head and low discharee simations and counld
possibly be emploved in deep well type water sources.

Alteniative 2 is mostly snitable for low bead high discharge applications and conld possi-
bly be nsed in shallow drilled wells and hand dug wells.

Altemative 3 is suitable for all water source types where a submersible pump of a surface
cenirifugal pump could be installed.

In addition altemative 3 has the added advantage of supedior performance and high
efficiency and less maintenance requirement when compared to aliematives 1 & 2. Thas
altemative 3 is the recommended option from the available wind power options.

4691 Wind Power Density

Becanse of the cube relationship between wind speed and energy availability, which is
true for any optimally matched wind pump, and wind regime, the economics of wind
pumps are very sensitive to wind speed. The wind power density varation with wind
speed is shown in the following table and chart.

Table 4.5 Wind power density
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Figure 4.12 Wind power density

For locations above sea level, the commection required for the air density parameter, in the
calculation of the power available in the wind resource is shown in the following table.

Table 4.6 Cormrection factor doe o altitude

IS Y N T Y Y
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For the seizing of the wind torbine, it is assumed that the wind turbine would be nomning
for 18 hours per day. The required pump discharge and motor kw rating is shown in the
following table.




Table 4.7 Pump discharge and myotor rating

| ol

In the least windy month the wind speed conld fall to around 60 to 70% of the anmual
mean wind speed and the available wind energy in the least windy month can go down to
as little as 20% of the annual averapge wind speed.

The selection of an 18 hour work day effectively over sizes the wind turbine by one third
0 take indo account the variation in the mean wind speed.

Based on the wind resource charts shown above, a genetal mean anmual wingd speed of
3.4m/s is assumed for the seizing of the wind turbines, based on the demand range listed
elsewhere as shown below.

This value shonld be replaced by the particular wind speed value of the location of instal-
lation.

The selected rotor diameters for each demand range, based on a mean anmmal wind speed
of 3. 4m/s are shown shaded in the table below.

The wind torbine will drive a dc penerator, which will provide power to the de motor
driving the pump. Alternatively the generator and motor could be altemating curment type,
but the dc type penerator and motor are the prefemred and widely available options in the
envisaged demand range.

The pump type could be surface centrifugal or submersible type based on whether the
source is a spring of a shallow drilled well'band dug well.
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Figure 4.13 Rotor diameter of wind turbine

Figure 4.14 Typical wind turbine
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4.6.10 Wind Tarbine Control

All turbines incorporate some method of regulating or limiting the peak power produced.
The entire turbine, inchnding the rotor, the transmission and the generator, mmst be sized
o handle the loads associated with peak power production. While high winds contain
large amoumits of available power, they do not oconr very often, and the power that can be
capiored is very small.

The power density is the power per unit of rotor area (normualized to vield a value nnder
the curve of unity) that is available for capture by a wind turbine_ This takes into account
the amoumt of time that the wind actoally blows at each wind speed

Generators and wansmissions operate most efficiently at their design conditions, typically
close to their maximum capacity. These efficiencies drop off quickly at conditions below
design. Cost rade-off studies reveal that it is far more cost effective to limit the maximmm
power level to that achieved at, the maximum capacity of the generators and to shut the
turbine down completely at a cotout wind speed, than to iry to capure the maxinmom
amonnt of power at the higher wind speeds. Under these conditions, the transmission and
EEnETator are operating near design conditions for a significant portion of the time, and the
turbine can be built with far less material than would be required for a tnrbine that gener-
ates peak power at hipher wind speeds.

The additional energy captured due to the increase in generator and ransmission efficien-
cies at the lower wind speeds is usually many times preater than that lost doe to limiting
the peak power at the rather infrequent high speed winds.

Mearly all modem large horizomtal-axis turbines now use blade pitch conirol, where either
the entire blade or a portion of it is rotated about the longitudinal axis to change the angle
of attack and, therefore, the power ouiput of the torbine, to limit peak power.

Small turbines, which are of primary interest with regard to the stated requirements,
frequently incorporate passive features, such as tail vanes and furling, that torm the rotor
s the rofor axis is no longer aligned with the wind, to limit peak power production in high
winds.

With foll-span blade pitch control, the blade may be rotated about its longitudinal axis to
decrease the effective angle of attack as the wind speed increases (commonly referred to

as pitch-to-feather), cansing decreased blade lift and limiting the peak power at the desired
level.
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4 6 10 1Main Operation & Maimtenance Activities

Operation is ofien automatic. Some windmills require manual release of the furling
mechanism after excessive wind. When no pumping is needed, the windmill may be
temporarily furled ot of the wind by hand. Windmill and pump should be checked repu-
larly and any abnormality corrected.

Every month, the windmill and pomp must be checked visually. The bolts on the pumping
rods tend to come loose, and loose nuts and bolts should be tiphtened and moving parts
preased, as necessary. Paintwork should be maintained anmually, and the lubrication oil
changed in the pear box (if one is used). Poor maintenance will lead to the bearings wear-
img out rapidly and the wind will then damage the rotor and other pump parts.

Maintenance for a windmill-driven piston pomp is comparable to that for a beavily-used
hand pump. Usnally, cne person is responsible for the windmill, pomp and storape sysiem.
This person has to be trained for the job and may receive a caretaker’s fee. Good preven-
tive maintenance may extend the life of a windmill to well over 20 vears, while bad main-
fenance may caunse serions damage within a vear.

Maintenance List
Monthly
« visually check the pomp and windmill;
« Tighten nuis and bolts; Spanners, wrench.
= Luobricate the moving parts. (il or prease. Lubricator, fomnel, container for nsed
nil smanners
Occasionally
» Repair the furling mechanism; Special pants, nuts, bolis, rope. Spanners, wrench.
« Heplace wom bearings. Bearing. Sparmers, wrench, screwdriver.
Anroally
= Paint the windmill. Anticormosive paint. Steel brush, painthmsh.

Potential problems
Pootly-trained caretakers may accidentally block the furling mechanism, which can lead
to the windmill being damaged in high winds;

=  mOVing parts may wear out quickly, because they are inadequately lubricated;

» when wind speeds are lower than 2 m's most windmills cannot pump, and many
windmills are not economically viable when the averape wind speed is below 3 ms;

« to avoid problems with pump quality and performance, choose a local manufac-
turer or supplier with a proven track record, and who sopplies a good-quality brand of
windomill.
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4611 ICEngine

Diese]l and petrol generators are frequentdy used as a stationary power source. Diese]
engines differ from petrol engines in that they do not have spark-plogs to ignite the foel
mixture, and work at much hipher pressures.

Diesze] engines need less maintenance than petrol engines, and they are more efficient. IC

engines can differ in size (from 1-6 cylinders or more) and speed (revolotions per minute),

and by the mumber of engine cycles (2-stroke, or 4-siroke). In general, low-speed four-

stroke engines last longer, and hiph-speed two-stroke engines prodoce more power per kg

of engine weight. Water-cooled engines penerally need less maintenance than air-cooled

ENgines.

= diesel engines are well-suited for stationary, high-power output;

= with pood maintenance they are dependable enerey sOUICes,

= It is important to select a brand that has a pood reputation, and for wihich servicing

SI_LT_

and spare paris aie locally availabie.

relatively cheaper.

A comparison between petrol, kerosene, high speed diesel and low speed diesel engines is
shown in the following table.

Table 4 8 Comparison between different type of engines
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Due to the above listed reasons, a slow speed diesel engine is generally preferable for a
permanent installation for the pumping requirements as stated elsewhere in the report.

While diesel engines can be mechamically coupled to work with pumps such as belical
rotor pumps, the preferred pumping equipment for the requirements listed in this report
are electric motor driven submersible pumps or electric motor driven surface cenrifgal
pumps. Thus the diesel power is required to dove a conpled ac generating set, which will
supply power to the electric motors driving the pomps.



4612 IC Power Selection

The pump sizing for the diesel power altemative is taken, with the assomption that the
pump and power unit will work for B hours per day, comesponding to the daily work hour.
Mo over sizing of the pumps is required as the power supply is steady as long as fuel is
available.

The selected pumps conld be three phase or single phase electric motor driven pumps. The
pump type conld be surface cenirifugal or submersible type based on whether source is a
spring of a shallow drilled well/hand dug well.

pump working hour=g
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In peneral for small three phase ac penerating sets the penerators are seized from 2.5-3
times the load requirement to OVETCOmE any starfing surpes and wirnng resistances. Since
the pump loads are small a single selection is made for the larpest pump load of 0.6kw
which would cover all required demand ranges

Generator b =06 ¥ 2 5 = 1 Skowr
If an engine is mm continoously at its Bated Power, premature wear will occor.  All
engines therefore require to be de-rated from the mamnfactorer's rated power which is the
usually de-rated to about T0-80% of their rated power.
Actoal Generator kw = 1.5/0.75 = Zkw

While, the main reason for de-rating an engine is to prevent premature wear, also the
optimum efficiency for most engines is achieved at a speed comesponding to about
T0-B0% of its speed for maximmom power. Therefore, de-rating an engine usually Improves
its specific fuel consnmption.

Also, a further 10% de-rating is recommended for each 1000m above s2a level, plus 1%
for each 5°C temperature rise above 167C at the engine air intake.



A diesel engine must be operated by a trained caretaker, and every engine has its own
operating mstroctions.

Before starting the engine, the levels of fuel, oil and cooling water should be
checked, and topped up if any are low.

During the operation of the engine, check the fnel level and 0il pressure, and that
the pump and penerator are functioning properly.

Check moving parts, may need to be lnbricated manually.

Check engine speed, if it is too low, the engine will have a low efficiency and
carbon rapidly builds up in it. This will increase the frequency with which the
Engine

needs o be serviced.

Fecord all daia on fiuid levels and ninmning houis in a logbook.

Clean the outszide of the enging, in dusty conditions, the air filler mmst be checked
and cleaned.

In moderately dosty conditions, oil-bath air filters are cleaned once a week.

If the enging is connected to a pump of generator with a v-belt, the belt will need
1o be replaced regularly.

Omnce a vear, The engine house must be painted and repaired.

The engine is serviced for preventive maintenance according to the nmmber of
honrs it has mon.

Every 50 bours, the clutch (if present) ooust be preased.

Every 250 hours, the filters must be cleaned or replaced | the oil ¢
nuts, bolts and exhaust pipe checked.

Every 1500 bours, a major service overhanl will be needed, that includes decarb-
urizing the engine, adjusting the valve clearance, etc.

4 612 ?Maintenance Check List

Daily

« Check finid levels, and top-up if Poel, engine cil, cooling lignid. Funnels,

containers for liquids.
NECEsSary,
start and stop the engine;

« Eeep a logbook. Paper, pen

Weekly

= Check the air filter, and clean or Mew, dry paper filter, kerosene and Wrench.
= Replace it if necessary; enging oil.

E -

check for oil and foel leaks;
Tighten any loose nmts and bolts. Spanners.



Every 5002000 hours
» decarbomizes the engine, clean Spanners, brass wire brush, special injector
nozzles, adjust valves, etc. tools
Occasionally
= Feplace engine parts; Nozzles, injectors, gaskets, bearings, Depends on the part
to be replaced, foel pump, etc.
» Fepair the engine mounting and Cement, sand, gravel, nuts and bolts, Trowel,
bocket, hammeer, chisel, bousing nails, galvanized comugated iron saw, Spanners,
Possible problems
= the penerator wears excessively, becanse O&M is poorly cammied out, or
neglected;
=« the engine is run at less than full loading , which leads to rapid carbon build-op and
low enpine operating efficiency,;
= the drive belts break:
« maintenance is required frequently;
= finel is difficult to get and its cost is high;
» from time to time, a specialist mechanic will be needed to service and repair the
PENETALOL.



5. Sanitation and Hygiene for Health Institutions

Latrines for health centers are stmctures nsed for managing buman excreta at the health
centre level. Usnally, health centre latrines, depending on the rmmber of the health centre
staff and patients visiting the health cenire, will have a mumber of comparnments with
boles in each compartment to serve the staff and patients of the health centre. The latrines
will be constmcted by digging long pits and then covered with concrete on top. Compart-
menits are then constmocted separating the number of sguat holes.

The health cenire lamine structore shonld be of permanent building materials (preater
durability) is necessary becanse of preater usage and of appropriate design to prevent pit
collapsing and small children from falling in the hole. Por this reason the health centre
latrines will be provided with durable lining material such as stone Of concTete, concTete
floor slab, hollow block walls and comugated iron sheet roofs.

The sanitation technology options for homan excreta disposal covers a range of altema-
tives from simple and economical technologies such as latrines 0 more complicated
sewerage sysiems. In the latring techmolopies a distinction is made between systems
which do not need water (dry systems) and systems which need water for functioning (wet
system).

The following technologies are listed in ascending orders from simple technologies such
a5 raditional pit latrines to more complicated sewerage systems.
Dry systems

» Traditional or Improved Traditional pit latrine

» Ventilated improved pit latrine

« Double —vault compost latring

» Bored hole latrine

Wetsystems
» Pour-flush latrine with leaching pit
» Septic tank and aquoa privy
Small bore or settled sewerage sysiem
Vaouum tanker
Drainage field
Conventional sewerage sysiem

From the technology systems described abowve the most appropriate ones for use for health
institutions will be mainly the dry systems as the others require water connection system
or adequate water located close by for flushing. Purthermore, the day to day operation
doesn’t involve the inpat of manpower except janitorial service. Therefore in this doco-
mmmaﬂydmmmtmumm:hddwmammd&mﬂmﬂ.



5.1 Ventilated Improved Pit Latrine

The ventilated Improved Pit (VIF) lairines are designed to rednce two of the problems that
are frequendly encoundered by wraditonalimproved traditonal pit latrines namely smell
and production of insects. A VIP latrine differs from a traditional lafrine by a vent pipe
covered with fly screen. Wind blowing across the top of the vent pipe creates a flow of air
which sncks out the foul smelling pases from the pit. As a resnlt fresh air is drawn indo the

pit through the drop hole and the superstrocture is kept free from smells.

The vent pipe also has an important role to play in fly condrol. Flies are attracted to light
and if the latrine is dark nside they will fly up the vent pipe to the lipht. They cannot
escape because of the fly screen, so they are wapped at the top of the pipe wnitil they dehy-
drate and die. Female flies, searching for an egp-laying site, are attracted by the odors
from the vent pipe but are prevented from fiving down the pipe by the fiv screen at ifs fop.

VIP latrines are a hypienic, low-cost, and indeed sophisticated form of sanitation, have
minimal fly and mosquite nuisance, and bave only minimal requirements for user care.
Figure 5.1 shows typical VIP lairine ammangement.

5.1.1 Site Selection

Latrines should be located away from drinking water sources preferably down slope from
boreholes or water wells. The following should be considered in sitting 1airines:

= dA# laxek SN ez freon 3 voator ocrmmreso ey e Tiole n'l"'n-n'llnhnn
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= A minimuom of & m away from the health centre block for patients not to travel
long distance and yet not to create nuisance of bad odor.
« Avoid locating 3 VIPL up-hill of a water source to avoid gravity transmission of
pollutants via ground water aquifer.
» Located where the s0il is fitm in order that the structure will not collapse.
= Located on raised ground in order that rain water can drain away easily.
« Located in relation to the appropriate wind direction in order that odor is
dispersed away from the latrine summounding.

512 Capacity

It is recommended that one squatting pit will be for every twenty patients. According to
Healthcare waste generation and its management system: the case of health centers in
West Gojjam Zone, Amhara Region, by Muluken Azage, Abera Eumne, published in
Ethiopian Joumal of Health Development, the mean patient flow per day in all sections
and outpatients in each health center was 186. If one carepiver is attending every patient,
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186 peoples are expected accompanying the patients. Assuming cne squatting hall for 50
people, 4 squatting rooms are recommended for HE.

Fizure 5.1 Typical VIP latrine for Health Centre

13 Construction of VIP Latrine

LN

of the pit required for excreta per vear per capita is 0.04 to 0.0& cobic meters. Mindmom
depth of proundwater table level for the lafrines is 1 5m Taking the mean patient flow per
day--

= Volume of pit required for five vears operation will be 46.5m3.

= Internal width of the pit is 2.8 meters

= Internal length of the pit to accommodate four separate squatting rooms will be

552 meters.

» Depd reguiied to accommixiate the above volume will be 3.0 meters.
Providing 0.5 meter free board,
= Total depth of the pit will be 3 5 meters.
= Location of VIP latrine must be away from the prevailing wind direction.

The zize of the pit can be calculated nsing the following standard procedure. The volume

It is recommended to line pit nsing stones. Use dry bonding at the bottom of the pit or use
mortar but honey-comb the walls up o one meter from the ground level, then do a solid
wall.

59)



Eeinforced comerete slab is recommended for the floor. The slab will be provided with a
hole on the floor close to the wall of the snperstmuctore for insertion of vent pipe. Squatting
plates should be cast in an oiled timber monld for ease of constriction.

The vent pipe should be 75 - 200 mm, preferably 110mm in diameter. Both the pipe and
the screen must be made from comosion-resistant materials (e.g. fiberplass, PVC). The
vent pipe preferably can be plastic with black color or painted black to minimize the
deterioration effect by the sun light and absorb heat and increase the temperatnre inside
the vent and expedite the ventilation process.. It should be located in the sunny side of the
latrine superstucture allowing the air inside the pipe beat up and create an npdraft with a
odorless. The pipe should be increased to 600 mm if the pipe cannot be located on the
snomy side of the superstrocture.

The vent pipe should extend for about 0.Em above the roof level and covered with
fly-proof netting (thick net that does not allow flies to pass throngh) material. The pipe
can be installed cutside the superstructure attached to the wall and passing throogh the
roof structore. The pit can also slightly offset to make room for an external vent pipe.

The VIPL supersttuchire mainly consists of walls and roofs. The walls could be made
from bricks, stone, hollow concrete blocks (HCB) or iton sheets. The roofs could be made
from irom sheets of tiles. The entrance to the latring muost be provided with a door.

Fignre 5.2 VIP latrine for Health Post



5.1.3.1 Health Centre/Post Hand Washing Facilities

Health cenire hand washing facility uses the water from elevated reservoir placed at the
left or right elevation of the bealth centre/post. Hand washing facility promotes the prac-
tice of hand washing by patients and staff after they have used a latrine. The practice to
hand washing after using the toilet is one of the most effective ways of preventing
diarriea.

A masonry structore with a water supply line from the elevated reservodr is designed. The
facility is located at the right or left side of the latrine.

If elevated water tanker is not available, use steel or plastic drum with tap (usually 1000
litre tanks) are used.

The iank should be elevaied io provide sulficieni pressure for ibe fow of wailer and ease
of washing hands nsing the little water available at the bottom of the tank when the tank
is mot fuoll. This can be achieved by lifting the tank for about 1 meter above gronmd.

If the health centre tank cannot be conmected to water supply Iine then a borebole or hand
dug well should be constructed for safe water supply systems. Afridey pump can be used
to fill the bucket whereby labor will be used to fill the tanks and this can be organized by
ithe health cenire or a stronger pump such as Climax pamp will be used to lift the water to
the tank.

14 Operation and Maintenance of VIF Latrine
5.14.1 Operation

A big concemn is the keeping of bealth cendre latrines tidy and clean. This is because
patients who are already week from other illnesses must not be infected by other diseases
from poor sanitation condition of health cendre latrines.
Operation of the VIP lairines consists of the following:

= Repnlar cleaning of the slab with water and a little disinfectant, if available, is
Tequired to remove any excreta and urine.

= Wash hands properly once vou have cleaned lafrines.

+ The door must always be closed so that the superstrocthure remains dark inside.

= The bole should never be covered as this would impede airflow.

= Use of appropriate anal cleansing materials should be available in or near the
latrine.



+ Ensure you defecate in the hole when using a latrine.
= Wash hands well with soap after each use of a lafrine.
= The material nsed for cleaning / sweeping latrines shonld never be kept inside the

VIPL and should mever be nsed to clean floors in the HC.

» Dispose of children’s as well as bedridden or critically ill person’s faeces as well

as animal waste safely, and wash hands properly soon afier disposing the waste.

= Do mot throw materials like stomes, glass, plastic, rags, etc. into the pit as they

redoce the effective volume of the pit.

= Fepnlarly fill the water to hand washing facility, if there is no connected water

SYSIEM

= Seats, raising/support handle for inclusive rooms should be included incorpo-

5142

rated and managed properly

Maintenance

The following should be practiced regarding maintenance of lairines:

Check the supersttocture for damage and maintain if any.

Check that the vent pipe and fly screen are not commoded or damaged.
Fepair of the superstructure {especially light leaks) may be necessary.
Ensure that surface water continmes to drain away from the latrtine.

= When the comtents of the pit reach the level of 0.5 m below the slab, a new pit has

5143

o be dup, Depending on the availability of free space in the Health Institution.

EAS AP LAk g e e e L Ly L A EA L

Ihmfﬁmes]ahanﬂmmﬂstmmuemmﬂnﬂwpu
Corver the old pit with at least 0 5m of top soil to hygiemically seal it off.

Operation and Maintenance Fequirement

The VIF larine is used by patients in the health institotion and arrangements should be
made for the operation and maintenance of the lairines. The following table shows opera-
tion and maintenance requirements for a VIP latrine.



Table 5.1 Operation and Maintenance Requirement of a VIP Latrine

Tonls & Equipment
Spare Parls
Clean drop hole, seat Assigmed Brush, bucket
and sepersiroc e persomme|
Imespect floor sllal, went
pipe and fly screen

Cleam fy screen and Every one io Assigmed Twig or long bemdable brash
vent inside siw meonith persomme|
Cement, sand,
waler, nails, Bucket or bowl, irowel,
kacal building sow, hammer, kmife
i []

Fepair shaby, seat, vent

pipe. fly screen or
supembnciure

leecal building
maberiaks

{if applicabde)

____________________________________§ ________________________§ |
Close pi.tﬂhlflﬂ. dig :‘:II'.'|I|. pn-npl_-.- Sheswche. plele. ket
& new pit, irmmsier slab cemsent, bricks, 3
and sapersirocboe mails, and other | Dammwer, saw, etc,

5.15 Problems and Limitations for Use of VIP Latrine

5.1.5.1 Frequent Problems are:

= Bad quality of the floor slab due to inappropriate materials or IMPIoOper curing o
L CRMICIERE .

= Inferior quality fly screens get damaged easily by the effects of solar radiation and
foul pases.

= Flooding and undermining of improperly sited latrines.

= Children may be afraid to use the latrine because of the dark or because of fear of
falling into the pit.

= If the superstructore allows too much light to come in, flies will be attracted by
which will jeopardize the whole VIP concept.

= Oudor problems may occur doring the night and early morming hours in lafrines
relying more on solar radiation for the air flow in the vent pipe than on wind speed.

= Leakage between pits can ocour because the dividing wall is not impermeable or
s0il is too permeable

= Collapsing becanse lack of proper casing or pit lining,



5.15.2 Major imitations are:

» In hard soils it may be impossible to dig a proper pit
» Pits often fill up too quickly with low infiltration and leaching capacity.
» VIP lairines cannot prevent mosquitoes breeding in the pits.

5.2 Double-Vault Compost Latrine

The double-vault compost latrine consists of two watertight chambers {(vaults) to collect
feces. Utine is collecied separately in a container as the contents of the vaalt have to be
kept relatively dry. Initially, a layer of absorbent organic material is put in the vault and
after each use, the feces is covered with ash (or sawdost, shredded leaves or vepetable
matter} o0 deodorize the feces, soak-up excessive moistme and improve C/N (carbon
nitrogen) ratio, which ensure that sufficient nitropen is retained to make a gond fertlizer.
When the first vanlt is three quarters foll, it is completely filled with dry powdered earth
and sealed so that the contents can decompose an aerobically. The second vanlt is used
umiil it is three quarters full and the first vanlt is emptied by hand, the contents are nsed as
fertilizer. The vanlts have to be large enough to keep feces for at deast a year in order to
become pathopen free.

Double-Vanlt compost latring can be used where people are motivated to handle and use
bumms of buman excreta as a fertilizer and where no water is nsed for anal cleansing.

£
i

1 Site Selection for Double-Vanlt Compost Latrine

The latrine can be boilt anywhere as there is no pollution coming ffom the watertizht
chambers o pollute the sumoundings. Where there is rock or a igh water table, the vaulis
can be placed above sround. However for safety, to avoid fsk which may result from poor
workmanship, it would be better to locate the lafrine away from drinking water sources at
a distance of not less than 50 m down slope side of the source.

522 Dimensions for Double-Vault Compost Latrine

The volume of the single pit of the double vault compost latrine must not be less than the
volume required for one year to allow the alternate use of the pit to keep feces for at least
a vear in order to become pathogen free. The dimensions for the double wault compost
lairine can be calculated taking the minimuom volume requirement and can be made bipger
depending on affordability of the construction cost. Taking the mean patient flow per day.-

» Internal width of the pit is 2.8 meters

« Internal length of the pit to accommodate four separate squatting rooms will be

552 meters.
« Volume of pit for one meter depth will be 15 46m3. m



523 Comstmuction of Donble-Vaalt Compost Latrine

The superstructure is built over both vaunlts with squat hole over each vault which can be
sealed off. The superstructore mainly consists of walls and roofs. The walls for the larine
could be made from bricks, hollow concrete blocks or iron sheets. The roofs could be
made from iron sheets or tiles. The entrance to the lairine must be provided with a door.
The walls of the pit must be kept straight from top to bottom. Line the walls of the pits and
the separation wall with water tizht structores such as both sides plastered brick, masonry
Of concrete stroctures.

Floor will be from reinforced concrete slabs and finished with cement screed. Seats
should be provided on the two holes to only allow the fasces into the holes without urine
which has to be collected separately.

5.2 4 Operation and Maintenance of Double-Vault Compost Latrine
5241 Operation

l}pennnnufﬂmnﬂublevaultmmpnstlilnnammm of the following:
» Initially some absorbent organic material is put in the empty vault.

A Fomr m=mmlh ronm amd redhoars s ene arralahls reeemd asls awmA crnsesn madars =l .
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added.

« When uringe is collected separately it is often diluted with 3-6 paris of water and
utilized as fertilizer. If it is not diboted, it may cause a health hazard and should be
avpided . Adding ash lime or ash may help, bat there is no suarantee that the urine
will then be safe.

* Repular cleaning of the slab with water (and a little disinfectant if available) to

remove any excreta. Water used for cleaning should not be allowed to go into the

latrine as it will make the comtents too wet.

Wash hands properly once vou have cleaned latrines.

Ensure you defecate in the hole and urine is collected separately.

‘Wash hands well with soap after each use of a lamine.

The material nsed for cleaning / sweeping latrines shonld never be kept inside the

home and shounld never be nsed o clean floors in the home.

« Dispose of children’s and bedridden or critically ill person’s feces as well as
animal waste safely, and wash hands properly soon after disposing the waste.

* Do not throw materials like stones, glass, plastic, rags, etc. into the pit as they
reduce the effective volume of the pit and the decomposing process.

= Hamd washing facility

Ten
[P =]



5242 WMaintenance

The following should be practiced regarding maintenamce of double vault compost
latrines:
» Check and maintain the slab for cracks.
= Check the superstmcture for damage and maintain if any.
= Ensure that surface water continmnes to drain away from the latrine.
= When the contents of the pit reach three quarters full, the contents are leveled with
a stick, after which dry powdered earth is added till the vamnlt is full.
» The squat hole is then sealed and the other vanlt emptied with spade and bucket,
after which it can be taken into use.
= The removed contents can be used safely as a fertilizer.
= Housebold may grow insect repelling plants like citronella around the latrine.

525 Operation and Maintenance Fequirement

Extensive investigation among potential users is needed to find out if the system is culbor-
ally acceptable and if they are motivated and capable to operate and maintain the system
properly. Prolonged support by the health office is needed to ensure that users understand
the system and execute operation properly.

The following table shows operation and maintenance requirements for a double vault
compost lamne.

Table 52 Operation and Maintenance Eequirement of a VIP Lairine

e A e e

Clean deop hole, seat q‘“'i'"bd Water, lime ash

and superstrociupe pemonne|

s | s | e e
M“

Brdnaibmainim 'lrltn-'ltra il bl

ﬂ.'ll|hlilﬁ:|
pemoanel

Cemenl, s
Fepair floor, eneral service "HH n-h
wapemircbore and vault of H™
e
V. r

leveling and .-iht sail,
empty other vault, open . . .
s squat hole andndd | | Depeadimgomsize | .| Water, absorbeat

(mmm of absorhent and number of of HE* crgamic materinl | Shovels and bocket
cagemic material before | ==

taking inio use, sione

[vemmeries ooy e ety



5.2.6 Problems and Limitations in the Use of Double-Vanlt Compost Latrine
5.2.6.1 Frequent Problems are:

= Proper operation needs full mnderstanding of the concept, if not, resnlts in
contents to be too wet making the vault difficult to empty and malodorons.

= Where people are eager 1o use the contents as fertilizer, they may mot allow suffi-
cient time to become pathogen free.

» Flooding and nndermining of improperly sited latrines.

5262 Major limitaticns are

= {Only to be used where people are motivated to nse bmman excreta as a fertilizer.
= The sysiem is not appropriate where water is used for anal cleansing (washers).
» The construction cost of a donble vanlt compost latrine is mmch higher in com-
parison to raditonal pit larines and VIP latrines.
527 ERecommended Use of Donble-Vault Compost Latrine
The use of double vaolt compost latrine for health institutions may not be practical as the
instimtions require large volume of hole and the difficulty in handling the latrines.

53 Health CentreHealth Post Water Points

Adequate drinking water should be supplied for the patients and the carepivers or attend-
ants during their stay in the health institutions. Access to water can be only throngh water

A masonty stucture with two fancets is designed o serve this parpose. The water supply
Iine will be from the elevated reservoir amd the spilling water on the apron is conmected to
the drainage pipe or the water can be nsed for watering the preen area. The detail should
e done based on the specific site condition

Figure 5.3 Typical Water paint



54 Cloth Washing Basin

clothes of the inpatients and their caregivers. The existence of washing slabs will encour-
Age washing their clothes which are spoiled by blood from wounds of any other dint before
final location will be confirmed during the construction period. The water supply line is
comnected to the pipe from elevated reservoir and the dinty water from the washing slab
will be drained to the sock away pit or sepiic tank

Fizgure 5.4 Typical clothes washinge basin

5.5 Shower Foom

The provision of a shower room in health institutions is o encourage the use of safe water
sources when bathing instead of bathing im rivers and lakes. The soper stocture is
desipned to be bult with similar consiruction material as the VIPL. The pipe for water
supply is connected to the elevated water tanker and the wastewater with the sewer line to
septic tank or sock away tank.

Fipure 5.5 Typical shower Koom



5.6 Septic Tank and Soak Away Pits

The waste collected from the various buildings is conveyed by B0 mm diameter sewer to
partitioned septic tank for partial biological treatment. The effluent from the first compart-
ment, after 3 maximuom of 3 days detention, is lead to the second compartment for further

From the second compartment the supematant or effloent is dischareed to soak pits for
final filtraticm and disposal as infiltration to pround.

The septic tank fior the HC or HP shall be located at comvendent places in the compound.
Standard size of septic tank desipned by FMoH is adopted.

The effluent from the septic tank is not fully weated, therefore before final there is a need
for secondary mweatment. The secondary treatment is achieved through soak away pifs,

5.7 Health Centre Refuse Disposal

Health institntion solid wastes are penerated as a result of activities related to the practice

mF rmm A mdrss wnd nalas aF rharm s e s Carme oof $hn haalilh aoes salid serspbae =oossse e

WAL LLECALINLING Rl St LRl RS0 CRULILILY . FLALLIC RO LD LG -eT AP Wadiod LAPLLIILE
from any particular institotion are similar in natre to domestic solid wastes, and may be
called “general health-care wastes”™. The remaining solid wastes are plastic syringes,
tissues, bandages, cloths, etc and pose serious bealth hazards becanse of their physical,
chemical or biological nature, and 50 are known a5 “hazardous healthcare wastes®. In
many cases the most dangerous items in healtheare solid wastes are needles from syringes
and drips, because the needles shield the vimses from chemical disinfectants and a harsh
external environment and the sharp point allows easy access for the vimses into the blood
siream of anyone who is pricked by the needle. The key to improving healthcare solid
waste management is to provide betier methods of storage and to train the staff to adopt
safer working practices and sesregate as hazandous healthcare wastes from general health-
care wastes.

571 Quantity of Solid Waste from Health Centers

According to Healthcare waste generation and its management system: the case of health
centers in West Gojjam Zone, Amhara Fegion, by Muluoken Arzage, AberaKumie,
publizhed in Ethiopian Journal of Health Development, The daily mean { = SI)) healthcare
waste-peneration rate was 1.79 = 054 kp, which was equivalent to 0035 = 005
kgfoutpatient’day. About 093 = 0.3 kg/day (52.0%) was general and 0.86 = 0.33 kp/day
(48 0%) was hazardous waste. The mean healthcare waste generation rate among bealth
centers did not sipnificantly vary.

ﬂ



A desipn study for a sandtary landfill for Barhir Dar by Metaferia Consulting Engineers in
2005 revealed that a cubic meter of high-density waste weizghs approximately 370 kg.

Based on the above data, the anmual averape solid waste peneration from health center is
1718 6K¢g from which B93.7 is peneral waste and 824 9Kp is hazards waste. The total

general waste generated in two vears time is 1787 4Eg or 4 83m3.

372 Segregation, Storage and Transporation

Prior to final disposal, all wasies must be stored safely and transported to respective
dizsposal sites. It is important that different types of waste are stored separately in order to
prevent contamination of ‘clean’ waste by infections or pathological wastes, and to allow
£asy Mansportation.

5721 Segregatiom

The first step is to determine how waste should be separated or seprepated. This will
depend on the composition and quantities of waste generated, and how they are to be
disposed of. The fact that this may change over time should be considered on-poing momni-
toring should ocour.

In general, it is recommended that each treatment, diagnosis and consultation area of the
medical cenire (including wards, laboratories and immmimization points) has a set of three
seeresated containers: the first for general waste; the second for infections and pathologi-

3l wagte- and] the third for shams If natholpoical wrastes ench az nlacentas are o he
Cal WAsK. Sl I TINTE IO SNATNS IT [ETTHVOEICE 48 a0y .C

dizposed of separately from infections waste, for example in a placenta pit, then a fourth
Type of container should be provided for this and disposal should take place immediately.

TN

5722 Storage

All containers should have lids and should be water tight in order to hold liquid. Open
cardbxoard boxes are not recommended since these can easily be tipped over and they
dizintesrate easily. The size of container will depend on the volome of waste generated in
each location but should be easy to handle and transport. It is recommended that contain-
ers of uniform color are provided for each type of waste thronghout the HC, This facili-
1ates ease of identification and belps to avoid confusion. In addition, containers may be
labeled, especially when containing infectious waste or sharps.

It is recommended that needles are stored in specially desizned containers. These contain-
ers should be disposed of topether with their content to eliminate further handling of
potentially hazardous needles.

70]



Simple sharps containers can be made from empty pharmaceutical or medicing containers.
The lid of plastic container is glued or taped shut and a small miangular slot is cut in the
lid. Following and injection the nser inserts the needle and syringe in the slot, shides it to
the nammow point of the slot and pull the syringe away leaving the needle safely in the
container. This prevents any handling of used needle.

Segregated storage containers should be designed so that they can be carred directly to
the final disposal point. Containers must therefore be easy o camry, preferably with
handles and a tight-fitting bat easy-to-remove lid. Where waste is disposed of in an incin-
erator or pit this should be designed so that it is relatively easy to empty the container

573 General Solid Waste Pits

The appropriate technology o dispose peneral waste is to excavate a pit within the com-
pound of the bealth instiution. Fefuse pit and compost- heap systems conld also be prac-
ticed at the health cendre if appropriate sepregation of the general waste is performed.

A pit 2meters long, 2 5meters wide with a depth of 1 meter can accommodate the
estimated waste for two years. It is recommended to cover this pit with s0il and prepare
another one for the preceding two years operation.

The pit can be prepared larger to handle the total amount of garden waste collected. The
waste which cannot be composted will be turnet and buried with the ash from incinera-
1ors.

574 Incineration

Incineration is an efficient and effective way to reduce organic and combustible waste to
inorganic matter. A medical waste incinerator is designed to disinfect and render hazand-
ous waste safe. Incinerators can be built from a disused oil doom or from boick and
COnCTete with iron or metal doors. Incinerators constmucted by brick are highly effective
for disposing of sharp, and infectious and pathological wastes. Eefuse pit is recommended
for dumping the ash from incinerators.

5741 Constuction of Incinerator

The size of the incinerator is nsually determined based on the volume of waste to be incin-
erated.



For the standard Health Center and health Post the minimom dimension can be used
Excavate a foundation with 2.5 meters width and 2.5 meters length with a depth of not
more than 0.5 meters. Excavation depends on the type of soil.

& TS
-

= Constmoct the foundation and the ash pit with reinforced concrete.
The minimum dimension of the ash pit should be 0 .56 meters length and 096

meters width having a depth of 0 Imeters
Constmoct combustion chamber with bomt brick and covered with reinforced
COnNCTEte .

Constmoct brick chinnmey having a minimum beight of 1.5 meters.

The location of the ash pit should be in fromt of the incinerators, with an ash
removal door for easy removal of combusted wastes.

Location of Incinerator must be away from the prevailing wind divection [ always
at the back of the facility)

Figure 5.6 Typical Incinerator

Sharp Fits

Where if is not appropriate to constmoct a proper incinerator, sharps should be disposed of
in a specially built and sealed sharps pit. A sharp pit can be a lined or unlined pit in the
ground with a sealed cover. The cover is normally constmucted from reinforced concrete
and has a small hole left in the middle. A tobe of pipe rises vertically from the hole. This
can be made from steel, asbestos or uPVE and should be approximately 200mm in diam-

EIET.

e

Placenta Pits

The construction of the Placenta Pits includes digging two meters deep and around two the

72



meters and a half long wide hole. Then the walls are constmocted with stone masonry and
the whole bunilding is finished with a one and a half meter high “chimney™ closed with a
cover on top. On one side, there is a fifty centimeters aluminnm door where the placenta
can be easily thrown. The door prevents the odors from escaping. Everything is painted in
vellow to be discreet and nice.

Another very simple way to build the placenta pits is dipging a hole and putting inside a
big concrete drainage pipe usoally minimmm one meter in diameter. The door and the
chimmney can be similar to the conventional placenta pit. This type of pit is recommended
for health posts.

5761 Constmction Flacenta Pits

Placenta pits are usually constmucted below the natoral ground level.
= Excavate a circular hole having a diameter of 270 meters and a depih of 2 meters
= Provide masonry lining to the internal wall. The masonry simicture should have
0.6 meters thickness at the bottom and 0.4 meters at the top with the vertical face
to the interior of te pit.
= The internal diameter of the pit should be 1.5 meters.

THlH=mme TEh o are thaale raranl = #hn ot and = sneesed Toreeme o B e dhaale amerens
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sand acting as a filter media_ The hiquid from the placenta will seep to the undery-
= Constmoct reinforced concrete cover with access hole to damp the placenta and a
vent hole.
= Provide manhole oover and diameger 800 mm vent pipe with vent cap.

5.762 Operation of Placenta Pits

= Don'tclose placenta pits with a key |, they have to be accessible,

= Throw only placentas inside the pit.

= Place a big sticker in the placenta pit saying, “Beware, Placenta Pits, please throw
Placenta only and nothing else especially plastic bags”



Figure 5.7 Typical Placental Pit

577 Edocaton and Training

A key aspect of the management of waste from medical centers is appropriate education
of all those who may come into contact with waste and training of those who are responsi-
ble for handling waste, segregation, storage and ransportation procedure be well Enown

amome 3l medical and related staff Siegn and color codine shomld be need extensively
‘within all Health Centers and health Post. A sendor member of medical or sanitation staff
should be given overall responsibility for the management of the sysiem.

578 EeyFecommendation for Waste Management

= Improve practices at all stages of the waste siream

» Separate the different types of waster at source.

+ The separation and sale of reusable but non-hazardous materials can successfully
take place under controlled conditions at source.

+ Be prepared to improve the systems.

= Establish a distinct management responsibility.

= Provide all staff with raining on handling waste.

« Work out detailed procedures for storage, handling , ransfer and disposal of waste
according to its characteristics and potential risks

74



6 DETAILED DESIGNS



< TERE
M 3enod awwrn | [ - ]

LY
=] Liwd Filade R |
L 5|
e e & 30

Ll o
i
13 S o
Sl= i
e ) iy
:_.1.:..4.|u-I.H._ W lupew _rl
i ] z
il mw mm mL
EFLLE] § N _.IWIr.. =+
A dlA, “
ey f # y m |_
e B I
i= -
i5 AT 51,
ut 1
L LT
. m b
00 g B B
i
T X338 L

O

10D moser] | ajy uepd aps 12023 g Eag



fu] HE | |
Ha N Es._m_ _ \.f_
I 20T JUHDEN
I - i X _
“ S,
i —H-H.I.._.iﬁ_
| 1
PE i s
|3 m ) P, =
. B
| |
i aun_m.,_uu.a&
ol g DifEe
..r.uu_..tl. o
| a m 7 woa m m
D I m El
H_H BRI | RH ik ] r_
_ eas f ek oy iy 1
= LS ﬂ i
.w_U 18] i
.mﬂ - I_ A
o : b
- ]

.-p_..P__
: »..:l__..u.

[ ]

w Ainagag
I =OHIED

= PETT ]
g | RO

[anede] |y wepd aps J0uae eIy




Health post site plan file 2 Layoutl

o Ei
== I




U82135 |28)5 WWQS| — %

m_:__unw__.”_ _H_H_._m" _:_:_U_.nl..m_.. m
e

2 L] ."
o
(27
4"
e
ary -
[OM =8 LGS S s LE!
- B
- ‘e
. - = o
Brd fo)n ———% %
|[Das ACluDs o) jnodb juswan m

HoE
S S
19
D|S =212J0U07 paoJojula
J8I5 Sisaonngpasiagtied Buise 820LNg
adid 2ad wwunz adid uonoasasgo —————

/

Y dp2 pap|am

[InoAE] PEIY-{|a R uSIsIP-| DA 2]



1= 4 b wddh HI0

iy 10w o bl

reerdeaes] cverdrein

(LU Tl [ER )

[ETITT]

i

Coampmcisd 11
rravimad - 1T
Conwchid <) -

AEFmIT

Bhad poncosle rogs

¥

A e
Pt ey

HAND DUG WELL A3 - HUND DU

Al e el 9

LR Tel W TAL T LAl

SECTION A-A



.t —_r_._“._?.._ PASTALL I UE] [3)5 PAVEAND IYND W]

230 ENLLO0d

WD 5T 3 WWTTE 4,

WS ="

uegr a0 sdngs

wwsEs —

T..?/S -

F

L
L]
L

GoE —

| 1 14
i WA ANV 13305 G3LVAIT
| —— 8 gu.:ﬁ:hrm.__.ﬁ = |_|
"I..l._un_-."__-“ —— i o
= =
g R
m .lllll- ) 5 Ly Sy ) e ]
] /.y s -
e E _
...ﬂ....- S ol
N i 5 i
|
B n ] -1

FGLLEITH
o s Rt R TL R TR L]

15114

e e f-ﬂ Tl LE - |

—_———

]

™71




v 1Iv13Q

_ L1215
| : :
Wik i
o YL
NN by h.. |1_
TS0 (e h Jﬁ__ml
faiay .|.______| 3
—....—. |-_. __.|||| .lmll
=
| Tl =
i * —.L .._u_.._
] .. lﬁ
e Tl TEAT T S
-
-
-
4l

TINOART SRR, UIEY J0) JOAISIY JUSWAT) 0.13) SR )]-L



E_D___.Hm_m_ﬂm_m LNIW3D - OYY3S IV INIYI0 (USE

-~
-~ el P
q|”|_.m_ i ...r... _... gt
T 3 ...r " ..__ VT, __ e
i m_.m _*.. el i T i
P _:u £ q_. i I|w_,i MJ_.,HI.,H[ .H_,|x : oo
in u] O Y PO ¥

", il gk g . d
S ’
-,

URITE [« e muxx& | N

I
| = | | ......‘-1 Nr(/_
1 ...\u ——
e g e B
-] |”.||- -- —_ ] _ & IHIll“1|11H1\11|1|1.-..-L...n..n.n._.r-.1.rrrrrrj.....J.r e THLED
TEemm e .M_,-u.muHHH..._J —w B _J.Hrr...u.
ol ey b )

0k,

i
)
f."ffl

IIII

III
|

%m I

[Ano AR AMEAY ITEY] J0) JI0AISIY] PNy O.LID) JEEMANY O]



BN B R S Eba P Sy

_ 1
qu._uiE.ﬂ*J._.. -

g Gy

e T

s iy g ._..._u_-.__l.-..E___-I..._.-_._n.

L] g _I_i..__-lis_
n_n:g.-!

ua.n._..u_.lu.i.:..

¥ ="vl30

e lIl_..l..l.... - .f_.;..,.

1S 400

WYLIA LNIWIDHO-ANITH

. o

He 1S =D

CInoAeT] S, UTEY A0) JI0AISIY LU X O.LI3) T8N



R

PO I A

e =

BEAEAL
Bphinp. masar

¥ - ¥ NOLLJES

e

Py LT

T

[ T R Labald g -,
*
-
e F L
[T LT b 1
| 3 5]
[ —
-
ey SdTE JW AT . FAR ]
gL I a
LA B R Y Y
- R wer [
InERs ] dpRy
] ,.
b A
! _I1.I..|I.__I11 =T £ = P n T [ TR
b ] Il AR
P gl ol - -
L e ; _
L T = :
J a
e
e ]
wipl anay
el p | = : l— —
. H ey i i | 1 |F
i b
=2 i i —
N ".u ]
A wEe wzge!
Ay E e b o
5 1

pinefe ] (qASIATY [Bunoea) jured dajes jEunmme )




FINOAET I UREY J0) JI0AISIY MU GLI3) JEJNXIL)



oo AN R

Avd ALTIINOD - £F uiseg Sungse



_|:=h:.__._1,m Prasiay SETH D) e e .oy 1A



gl WL

ST
Bz ELEF

G011 0T B@ L5 B
1 Am\_a
Br

W RCHLTEE

— T v =k - - -
s .8 R
.... . 1 LN ETT ST w0 e e A L o SR
Il aor” | o
T-[INOAET] PASIADY HEWa) P e ao) 1A




W WL
g

SUEEN SHABED 10] BB o
AN D B Wr A ok
e gyt T { B
- | - - e
S e g, 2 )

JERE
$00 ARy [Easumy

[-panede jsod qpeay ey pue JEwao) JjA



- Gunjo)
ai
= _H_

= |

RS

= 9
g |5 2y
i g

u.-..l..u_
N Ir“ ¥
= +_

TIL =" IRRE AT e L ko
ﬁ_@

..
L]
o T ¥
¥ AL
. I, W AL _ﬁ
L} I-
, ; 5 |
L8
-.r__- o
l-l-

aa.\,

T-pnode] ysod yreay yeway pue e ao)



AT R TR

TSI HILY
FHCAIT WA
TIrAH Dol AR
I e

[1naAE] J2A0E



L R e A e M B

g al
i i M ot __m [
lllllllll il
ETTT TR el st
o e g e ey | ey g —_—
e i ) e i
e i i e P ! |
I e B T T —
T Pn b b -
ke e a
. S e i S, - -
ez d e 1] 9
T P ] 3R N
—a nm gt
o k
] B RO ¥ NOLLDEE
g St S < %
- - Toeh 1l -
|
| O
FaF ]
=l T M HOOd
with i
R _ el ﬁ o ....nm._\....
E 3 _E_ L 1143 * 1 3
i, ‘o ™
Y HF T S L l e
" 1| Bl S i it
el _I._
= FEL " — kl _ 7
4 o o _ o 1
ATEmmATREE e TV _“.El... .:_r_-..—._

[I00AE] A[EIIA) PUE AEU 10) ) U0 1AMOYS



solar pumpsvstem P1

"”‘Hg.:'u.n.t e

CURINOL WEARLL

~{ |}
B —— E
=
i
L] :l- {‘:
-
eI

L
13 ML e rey

ENEE T




uoneAz|3 jucdH

uoneAalq apis
W
P : — i os'0-
-nﬂ_a!qa.n.g i e P
L ac P

|

____

el |5 e F _1____
|

1]

e d0:3 4
o=
- ]

_.. E i

| |

Iyt e

| |
By X F _—t
160 1o e )y ; = w04 1D

el

[100AE] SUNSAATELY XA LI



. g i

Lasa

E I N NI -

e

T AT

T-[INDAET] SUNEILIEY SR Un



g ) _.___n.._._..n_mm

|E_n|u

- B B
~ 8 B [
= _rlul = ; e -
g ——
iy | L _—
21 j m||_
- s
£ n"mi - L

e R gy Y &

o
-
’ ll]l..l.l_'.r.
XN e _...._.
-
R ld
TSF T
= T = I =STE
L=
& ..“.
= —= % . k :
T
i
-

© pmosey yux, ondag



¥-F WOLL3AE

- s jd EJUBIE|4 WG LA
L 5 f ~4..
J3QR| PUR Py ; B - L
. ___ 03 _ [k e Binataa
HIMNQE T8 (PO $E1E FRIITE) o~ i g ek o
L o :
el e - — T T -
P & g B Feé
PUnDET ELN R r PRy (i i
dELET W EIHILE Tu"r.ﬁ__:_uﬁ.. - L O s
-~ =
wmppze sdid ey
L o4y joap
. PERTILELE R R
SYTA LI YIS
- -
i Rl ! i K A,

e jens sy

[anedey yud doegs poe ey waoed



K R

o

(r—

HCIL¥AIT3 BvEd

L5

T -

MOILYAINT LN

=

e
FESLE
T

TS 0L

. b

== L1

[ LMOART JOVEDEAN] ()]

HOLYH INIINI

A e ”.vl
waala—y ﬂ [ X - - u.w.
o kg T —lu-.,......_ _.u...l.-._
T
: [ —]
4L
L5258 MNOILD3E
b
& F.w 13 3
i




Bill of Quantity for VIP Latrine construction for Health Centre

- Umii Price m

Back filling arcend the masonry wall with
selected excavated mmeral

WRY ENCERS Excavabed maienal
.'nliun 1|1E sile boundary

Sl Tadnl

concreie !'ll..l:n:l. in :h:«rm -rt .md "|I:¢'u:-:|I ur-.-'n'n-:l
reinforcement. Reinforcement sieel measured sepamtely

Supply cut, bead & fix in position steel reinforcement
s per the detailed drawimg, Price includes alil incidental
veorks 1o execuie the job

Tz byt or equivalem stone masonry wall os o wall
or the latrine pit & per the detail drorwing bedded in
cement morter{ 1245 in full joints. Price L'b'|l.l.|1||‘:l:
scaffolding and sl other sapp

in the pi

voned ihe lairine




B. Super Sirocture
3

1 - COMErELE, -5, AN K CEMRERL | Bas O

concrete filled im formwork and vibrated apowm
reinforcement. Beinforcement steel measured sepamtely

| om | | b
D N A N I

Cut, bend & fix im position stee] reinforcement as per
the detailed devwing for top tie beam and colomn. Price
includes all incidental works i execuie the

ichimdiem class © bollow concrete block wall in
cement sand mortar 1.5 both side lef for plasizring.
Price imzludes scaffolding or any suppont 1o execme
the job up tothe noof level

Drittes, lmt pastition wall 15x20x30 cm class ¢ H

wall hedded in cement mortar 123 both side 1ef® for
plasiening. Price includes all incidental works io execuie
the jobe up to the v

loke (0wl cond b ome for each todlet room
Supply and place squattiong plate for disables users
shown im the detailed drvwings. Frice includes 314 inch
gahvanized sieel pipe or equivalent maienial bandrail
Supply and place menstral facil
etailed drawings with 13 liters
contniner. Fimed with tap

Jorwm pape 3dem deve bopose nk =gl




cucal ypies
sodmion and shall be tightly fixed to top tie beam with
& mm plain bar

assembled io sizes and shapes of the door schedule wpon

submitting shop drawings to be approved by the
isor Price inclodes eylimder lock or simmilar,
shoppers and all other accessories io oomplese
ork i sccepinble standand.

Fointing all imemal and extemal HOE wall surface
with cement samd meortar 12

plastering i beams and column
warfece in cemen sand mortar 173

with {11 aggregaie mix. Price includes chiseling of
Moor im cement, sand amd aggregaie mix 1:

|| Misceltaneowsworks | ] ] ]

masoary structure for hand washing above ground
level bedded im cement mortar | 1=5) im full joinis

Supply and install 30 me uPYC dmin pipe and conme ct
to the sewer pipe of the compound. Price inchodes all
AT ESRONIES




Suh Teinl

Rump entramce

Supply and place 25cm hardoore on compacied soil ot
the romp eptrnee of the kairine providing & maximem
of &% shope

Place Som thick lean concrete cluss o-5, 150 kg
cement/m3 of concrese.

Supply and place class ¢-20 comcreter 10 cm thick mmp
floor with minkmum cement content of 320 kg m3
of cement

Smppldy and fix 1* galvanized siee] pipe or equivalem
material Band rail spaced ot 30 cm ol

Sopply and fix precast concreie manbole cover as
shown on the drwing

Suh Tednl

okl VILL

MATERLAL BEEAR LAY

Nlaterial descriptlon

Y.

“Totsl Prise

Cemenl

SN

Land

L5}

Aggregnte

10

Senne

P

H{CH 200mam

(N

HCH 150mmm

ZIAHE

Reinforcement Siesl

din 12mm

1200

din mm

Timber Eor formwork

45,00

Flaills of differem dismeser

T

San plate {Smi cm2) one for esch todled room

400

squatting plate for disables users with galvanized steel
pipe or tquivalm_mueriul hamdrail

L0

1% litem Roto or fiber glass comuiner

G52 T8 Roofing sheet

Se.00

Rioofing nail

)

Ciutter G0cm developmeent leagth

Ty

Dawn pipe £ development lengih

=
T

diam MHmm wFVC vent pipe

/)

Digmeter 10cm eucalypius upper and lower chord

SULH

Crigmpeter 10 cm encalvpius vertical and diagonal member]

200}

50 % M maw zigha or equivalest purlin

3500

hietal door Type  size T0x 210 em

100

Medednd oo e size 100 x 210 cm

L0

Smpphy and imstall 1/27 fancet connecied o the pipe
lime: From elevated peservair

A1)

Dizma. 50 mm wfPVC draim pipe.

ZANK

Swpply and fix 1" galvanized siee] ppe or equivalen
maierial for hand rail

.50




Lad

10.

12

References

. Federal Democratic Republic of Ethiopia, Mimstry of Health.
HNational Health Care Waste Management Strategy and Implementation Plan 2012-

2015. Tamary, 2012, Ethiopia

Federal Democratic Republic of Ethiopia, Mimstry of Health.
Health and health Related Indicators. 2002; (2009/2010GC)

TS - ~TT L |

. Federal Democrafic Republic of Efuopia, Mmistry of Health.

Health and health Related Indicators. 2003/2011GC.

Federal Democratic Republic of Ethiopia, Ministry of Health.
Health Sector Development Plan TV, 2010/11 — 2014/15

The Sphere Project. Humanitarian Charter and Mintmom Standards in Humam
tanan Eesponses. 2011 Edihion.

Healtheare Waste Generation mditannnagemﬂsjmtmn the case of health
centers m West Goram ?m Amhara remion. Ethiomia lilellrkm.l-'l':r:lm and

Ll L Sy el AR, Sl AR s ARSIV, AR S, Wy e AR

AberaFume.

Water Aid Bthwopaa. Health Instrtutions WaSHAssessement m Tigray, Affar,
Amhara, Oromoyva, Benashangul and SMMP Eegions of Ethopia. February, 2012,
Addis Ababa.

Federal Democratic Republic of Ethiopia, Ministry of Health
Latrine Technology Options. June, 2010, Addis Ababa, Ethiopia.

Water Eesources Development and hydrogeology of Ethoopia. TesfayeChernet,
1990

Dexign Study for Samitary Lamdfill for Babor Dar Town. Metafenna Consulting
Enzneesrs, 2005.

Federal Democratic Republic of Ethiopia, Ministry of Health
Federal Democratic Republic of Ethiopia, Ministry of Health















