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CHAPTER 1

INTRODUCTION

“At the beginning of 2000 one-sixth (1.1 billiongmte) of the world’s population was
without access to improved water supply...” Worldlte Organization, 2000

These guidelines summarize key elements of corisigyand operating water systems
for communities in the developing world. They arended as a general reference for
members of a team participating in the assessnmatstigation, design, construction,
operation and maintenance of a community wateesyst



CHAPTER 2

MEETING CONSUMER AND COMMUNITY WATER DEMAND

2.1 Introduction

The principle lesson learned from numerous atteapéssist rural and poor
communities in providing a safe water system i$ @mamproved water suppipust meet
consumer and community dema@bmmunity water systems, even very well-engingere
systems, must not be imposed by an outside teaperexace has shown that where
water systems were installed without community supghere are problems of under use,
poor operation and maintenance, and poor cost eegaeeded to continue operation.
Demand for water supply should be seen as a resgormseople within a community
including the poor who often find it difficult tooice their demand.

2.0 Assessing Demand

Providing water supply for small and rural commigsitshould assure that demand is met
by allowing people to choose their preferred watgricefrom a range of feasible

options The final plan to provide new or improved watepgly usually results from
negotiations that reflect social, technical, enmimn@ntal, financial and institutional
constraints. In some cases, educating a commubatytahe benefits of providing
additional safe water supply may need to be stitadlaefore the engineer can develop
water demand. Modifying community perceptions alibair water supply requires very
different skills than those needed to implement#ewsupply project and can also take a
great deal of time. This hidden or latent demamctlean water in a community may be
promoted by considering water supply options tleatehfeatures that the community
desires and at a price the users are willing to pay

2.0.1 Demand as the key technical design factor

Water demand can be measured for an existing supgiyulated using local data from
similar communities, or based on established n@mnasstandards. Water demand is
based on the number and types of users to be seéhesgopulation growth rate, and
seasonal influences on water use.

Many governments in the developing world cannadrafto provide or sustain water
systems. However, many communities choose to mgkéisant economic
contributions to receive water services that theyose and desire.

2.0.2 Demand as an expression of a human right
Since 1948 the United Nations has promoted annateEmal human rights framework

that includes the right to a standard of livingqukge for health and well-being. This can
only be achieved with access to safe clean wadequate sanitation, and sufficient



awareness of the associated health and hygienemnaRroviding safe water can be paid
for by government or by the consumer. The humahtigsed view of supplying water
demand emphasizes the importance of assuring peofile community a central role in
decision making about the water service they requir

2.0.3 Defining water demand by the population to be s#rve

Defining the water demand should satisfy a numlbénaese technical, cost, and rights-
based factors including:

Reflect how people using the water value the impdowater service rather
than being based on assumptions provided by others.

Stress the importance of community users makingdesysions.

Provide for services to vulnerable groups or indlirgls, above all, the poor
and women who are often excluded from decisions.

Water demand must include an informed expressiatesire to have a particular water
service based on the investment people are preparadke over the lifetime of the
water service in order to sustain it. Water demargteatly influenced by poverty and
gender, factors that are frequently overlooked.ideengineers need to assure they use
indicators of demand appropriate for all users. pberest or most marginalized
members of a community may need an appropriatadsubs

2.0.4 Stimulating water demand

In some cases, people may prefer to use a contdinater source for convenience,
costs, cultural or aesthetic reasons. Indeed, mamywater systems that provide safe but
different tasting water due to chlorine disinfentitave been abandoned or ignored in
favor of traditional, but contaminated water sosrd@emand for a safer water supply
may need to be stimulated before users can vahl®ite a more risky water supply.
Even if stimulated, a traditional water use practitay take years to change. Frequently,
behaviors are modified over a period of time byasype to the benefits of using an
improved water service.

In practice, community perception of safe water dethmay be poorly informed or
biased by poor performance of a past or nearbyrnggstems. Sometimes the water
system that is offered does not conform to the camity's interests. Demand for safe
water can be stimulated by promoting the charasttesi of a service that people agree is
attractive and at a price they are willing to plagr water supply engineers, the challenge
is how to implement a sustainable water supply@and a community system to
maintain that source after the design engineetdiage community.



2.0.5 Meeting Demand

Most individual water demands are expressed dtdlisehold level and therefore
demand-responsive projects should focus on therwatxls of the household. Typically,
water supply solutions may have to be negotiatedeatommunity, neighborhood, or
collective household level requiring the need fatective decision making. Demands of
women and children should not be overlooked arglrittay mean establishing specific
mechanisms for women to articulate their water deima

Three factors in meeting community water demandrasst important.

1.

Water service level and price

It is sometimes assumed that users will alwayscséhe cheapest level of
water service offered. Experience has shown thatymaople desire — and
are willing to pay for — higher levels of servi¢@ar example, people may
buy water from a vendor rather that queue at algipe either in order to
engage in some other activity or to avoid the denggnd labor of fetching
water.

Gender of water users

In many cultures ‘voluntary labor’ and local maaés are often supplied by
women. Many women also pay for water with theinasarnings,
particularly if water is sold by the container ater points. Despite this,
many water supply projects have focused on invaitig demand as
expressed by heads of households — usually adldgsntaffective water
supply projects should provide for water demandsehandwomen taking
into account the difficulties women face in makthgir interests heard.

Relationship of water use to economic productiaquneng water

If water is supplied adequate to irrigate a gayeeter livestock, or to
manufacture building blocks, water demand will becimhigher. It is
important to link the water needs of people andahter needs for their
economic activities in a manner that is sustaindbhlsome cases, these
needs can be provided by constructing dual watgesys such as providing
an irrigation water source that does not have #deglrio be disinfected and a
separate system to provide drinking water. Sucakssfter supply projects
reduce poverty by providing people with increaseneenic opportunities
that require water. Water supply systems usuattygoon improving
existing conditions while reducing vulnerability toexpected or seasonal
events. Using the community’s definition of watenthnd often includes
providing water for economic activity as well ashb-related uses. Often
the key element of meeting essential water demaiwmimprove water
sanitation, which when coupled with appropriatenges in hygiene
behavior, may significantly reduce people’s vulihdity to diarrhea and
other water-borne disease.



2.0.6 Achieving a sustainable system

A water system is sustainable when:

It functions properly over a long period of time

It delivers the required quantity and quality watlisy access that is
reliable and provides health and economic beniefitsers

The community manages the system and is sensitigertder issues
Its operation, maintenance, replacement, and adtrative costs are
covered at the local level through user fees ogratbntinuous financial

means

Obviously, without adequate operation and mainteed@&M), even a well-designed
system will not be sustainable. The importanc®&M for sustainability is depicted in
Figure 2.1 below. A project is designed to raig®mmunity’s water system from level
“A” (benefits are unsatisfactory or non-existemd)Jevel “B”. The project cycle includes
three main phases: i) planning and design; ii) taoson; and iii) O&M. If O&M
implementation is unsatisfactory in the third phakthe project cycle the level of

benefits will not remain sustainable.

F 3

Levels of benefit
ws)
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I

" PLANNING & DESIGN PHASE COMSTRUCTION PHASE

OLM PHASE

1 & 2: Development reaches sustainability
3: Unsustainable development

Figure 2.1 Water project cycles
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CHAPTER 3

FRAMEWORK FOR DEVELOPING A COMMUNITY WATER SUPPLY

3.1 Introduction

Typically engineers focus their efforts on the sgte of technology and locating a
suitable water supply source. The basic principleeaommended by Engineers Without
Borders--USA and other organizations including\Werld Health Organization is that
communities need to be involved in selecting thaier system from the start of the
process.To achieve this, it is recommended tbaveral feasible options be designed and
offered for consideration and modification by tleemmunity.

3.2 Framework for community water-supply development

To select the most appropriate water system, EWB-B\&jgests that the selection
process include these steps:

Request for improved services

Conduct a preliminary assessment with participabypmthe community
Analyze the data

Develop several designs if requested by the comiytimat will meet the
needs

Hold discussion with the community to review anidwlthem to select
the design

Obtain a formal written agreement

3.2.1 Request improved services

The community requests support from a governmesn@gor an NGO to improve their
community water supply. The request should préfgrle in writing and originate from
a recognized community group or leader.

3.2.2 Conduct a preliminary assessment

The supporting group, such as the EWB universigpbér, conducts a baseline survey
that includes needs and problem analysis. All thiatp listed below should be
considered. See Chapter 4 for more specific watantity and quality assessment
techniques:

What is the adequate level of service needed?e ra& account gender
preferences and the availability of the water seurc

What are the advantages and disadvantages offtagedt technologies?
What are the motivations, expectations, and prata® of the users?
What is the present system and how is it mainténed



What are the causes and effects of poor operatiomeintenance of the
present system?

What reliable sources of water are available?

Can the source provide the required quantity aradityuof water needed
through all seasons of the year?

What water treatment is needed? Can this treatbeeptovided at the
point-of-use or for the entire system?

Can all social groups benefit?

What materials, replacement parts, and skills asgled to sustain the
system?

What structure is needed to manage and sustanteieed level of water
service?

What are the capital and operation and maintenemsis of the options
considered?

What technical, financial, and capacity-buildingiatance does the
community need and expect?

3.2.3 Analyze the data

The analysis of the field data collected will ldada range of technology options and
differing levels of service. To choose the mostrapgate technology, the options can be
weighted with respect to the following factors:

Technical aspects
Can the source provide an adequate supply in atloses?
What is the most appropriate water treatment?
How much technical knowledge is needed to opeleesystem?
What technological design is working in nearby camities?
What materials are needed and how often?

Environmental factors
Will the diversion of water affect important agueatesources, especially
for systems that use large volumes for irrigatianppses?
How will the watershed be protected?

Management capacity
What are the management options including legalcaitdrally
appropriate approval to use the water source?
Is there sufficient technology knowledge to manegeh system being
considered?

Financial sustainability
What will it cost and is there funding availabledtks must be given to
the long-term operational and maintenance cosgraezimg that the most
appropriate technology may not necessarily bedastIcost. The least-
cost technology can be costly to maintain or it maibe able to meet
demand over the long-term because it was constrwatl low-quality
materials.



How will the recurrent costs be recovered? Theesgsthould include
shared financing responsibilities, options for feexl the ability to
manage these income sources.

Are there community controls to minimize or prevgrdft and
corruption?

3.2.4 Develop feasible options

Developing feasible options helps focus the commtywn the advantages and
disadvantages of differing systems. Community imeoient in the selection improves
the likelihood the system will become sustainalfghout alternatives water system
designs to select from, there is not much of agiletifor the community to make.

3.2.5 Hold discussions with the community

Discussions should be held with the community entéthnology options. Each option
should be discussed with special focus on the teng-management of each system.
Any adjustments to the design can be selectedp&hsons responsible for development
and maintenance should be defined.

3.2.6 Come to a formal agreement on the chosen technology

Once the community has made an informed choicthfar water system, a formal
agreement should be obtained between the commamityall involved partners. When
formulating this agreement, the following shoulddoasidered:

Is the system affordable, manageable, and mairtizirtey the
community?

Are there grants or low-interest loans available?

Will all members of the community benefit?

Who will take care of preventive maintenance, nepand protect the
watershed?

How will the ongoing costs of the system be recesieand organized?
What type of contribution is the community goingpimvide in the initial
investment?



CHAPTER 4

CONDUCTING A WATER QUANTITY AND QUALITY ASSESSMENT

4.1 Selecting the source for the community water supply

When selecting a water supply, the rationale oistfas selecting a particular water
source should be carefully considered. The sourteeaaw water may be ponds,
streams, or springs depending on proximity andlaviity through out the year. Water
sources may differ due to taste and this factanelmay affect the community
acceptability of a source. If users believe thatager supply ‘improvement’ is

something that tastes ‘worse’ or otherwise is tesssrable in any aspect, they may return
to their traditional, contaminated sources. Waystesns using chlorine, for example,
may have an odor and taste so that it will be reszgg0 explain the need for disinfection
to users.

The following options for community water sourcesl aifferent intake systems are not
exhaustive, but includes the most commonly usedcssun developing countries.

4.1.1 Rainwater from rooftop harvesting

Rooftop catchments gather rain from buildings uginters and down pipes that lead to
storage. Designs need to include foul-flushingltimaathe first millimeter or more of rain
to be diverted from storage. This prevents dusggts, or bird droppings and other
debris from contaminating water in storage. Yidldsn rooftop harvesting are
approximately 1 liter per square meter per millienetf annual rainfall. The quantity
produced is typically only sufficient for drinkingater purposes. Rooftop harvest is
typically applied in arid or semiarid climates wla@ther sources are unavailable or
difficult to protect. Periodic cleaning and shod#arination of the storage tank can result
in a safe and healthy rooftop harvesting systerhawit the need for continuous
disinfection. Chlorination may be necessary to @ss0 presence of fecal coliform
contamination, however, well managed and maintagystems using foul-flushing and
secure tanks are likely to have a low risk of comteation.

Gutter cleaning and cutting overhanging trees

Maintenance of roof collection systems is simplg,dannot be overlooked. Maintenance
includes cleaning gutters and removing vegetatimva the roofline. The use of
disinfection agents such as mild chorine bleaclcleaning of the roof, gutter, and down
sprouts will improve sanitation; which is espegiathportant in systems that do not rely
on chlorination for disinfection.




Foul-flush diversion

The simplest method to bypass the first portiothefrain is to install detachable or
movable downspouts (Figure 4.1). However, this imetlelies upon the user to move the
downspout. Another method is to install a smadktthat must fill before water flows to
storage. The foul flush tank has a small hole enldbttom that allows the water to be
released prior to the next rainfall.
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Figure 4.1 Rainwater Harvest System

Pre-filters of sand and gravel

Routing the rainwater through a filter of sand gnalvel can further reduce the organic
material load entering the storage tank. Some systaount the sand and gravel filter on
top of the roof above the storage. Periodic remo¥éaves and insect parts from the
uppermost sand layer and replacement with cleash wdhbe necessary.

4.1.2 Catchments and storage dams

Water can be provided by placing a small dam amdrgf the water on the surface or
below the surface in sand or gravel to prevent esatn. Dams are usually constructed
of compacted earth with a clay core, stone facimgloutments and a spillway to route
overflow without damaging the dam. Water storediela dam will normally require
disinfection before entering the community disttibn system. For safety reasons, such
systems are usually no more that a few meters hilgis.type of storage is used in hilly
or mountainous terrain where other water sourcedirarted. If the dams are to be higher
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than several meters then a geotechnical stabili#jyais will be needed. Once a year, the
reservoir may be allowed to dry out to reduce thegeér of schistosomiasis.

4.1.3 Bank-side intake

A protected bank-side intake provides a stable six¢ to the stream or lake for water to
flow to a chamber and then flow by gravity or pu(Rmure 4.2). It needs to be built to
withstand floods and to avoid filling with streaedéments. These intakes are usually
reinforced concrete with a means of removing sedtraecumulation. The water from
the stream is screened prior to entry and a spiliw@roved for routing overflow. Any
erosion of the river bank will need to be repameth boulders of sufficient size. It is
frequently preferable to establish well-rooted peral vegetation upstream of the bank
inlet to provide for bank stability.
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Figure 4.2 Stream Bank Intake
4.1.4 Spring water collection

Springs are ground water sources that dischartpe aurface. When impermeable layers
such as clay or dense rock types block the undengrfiow of water moving through the
ground, the water is forced to the surface asiagp®prings will not become cloudy

with sediment during rain events. Collecting wdtem surface springs may provide a
secure, drought-resistant source. Usually the gpvater is of good quality without fecal
coliform contamination, but this should be checkébund water exiting at springs can
be contaminated by livestock that are concentraiher at the spring or at its source of
recharge.
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Proper spring development requires protecting taeemsupply from contamination.
Concentrated springthat occur on hillsides are the easiest springiet@lop and protect
from contamination because surface flow is easilegd away from the spring collection
point. Another type of spring islaw-area springin gentle or flat terrain which may
present greater challenge to control surface flomtamination.Seepage springsccur
where groundwater seeps from the soil over a larga. These springs may need be
collected over a wide area underground and thennglled to a collection point.

Box collection

Collecting water using a spring box is typicallg tleast cost method requiring the least
skill. A box is placed at the point of dischargatttvill route the flow to the collection
pipe. While this method is simple to construcpriésents problems of insect and bacterial
contamination within the box. Figure 4.3 below shoass-sectional drawings of typical
designs for spring collection boxes (top showssagtefor on a hillside or concentrated
spring, bottom shows a design for flat terrainaaw-area spring).

e Starfaicn water

1‘ givargion diteh o Watetight cover

L Qutofwall - s

_ Bustace waler _ )
4 sheeersion dileh | Watenlight cover

7
femnn e e e e
LA AT Tt

« Dverfiow pipi

Hr i e et Lt s TV
et T PR e bbb

Pp it i sy, &
L PR et

A : 4 Outhet pipe
Figure 4.3 Spring Box Collection

Underground collection with clay-filled collectidrenches

Springs can also be developed by installing twd¥ped trenches below the spring at
least one meter below grade or where bedrock isweriered (Figure 4.4). A collector

12



tile pipe is installed in the uphill V-shaped trarand clay or concrete is placed in the
downhill trench to act as a cut-off wall allowirtgetspring to fill the collection trench.
This method has an ecological advantage to the atkéhods since it is not necessary to
dig within the spring and thus the aquatic orgasismwildlife relying upon the spring
may not be affected.
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Figure 4.4 Clay-filled collection trench for spgm

(See “Protecting Water Supply Springs”, by Gredoryennings, North Carolina
Cooperative Extension Service, 1996.)

Spring Disinfection

Springs are often contaminated with bacteria ducmgstruction or maintenance. New
and repaired spring collection systems should biefdicted usinghock chlorination|f
bacterial contamination occurs on a regular basistinuous chlorinatiormay be
necessary.
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Shock chlorination requires concentration of asie®0 parts per million (ppm) chlorine.
(As a point or reference, 200 ppm is the same ptimpoas 1 pound of salt in about 600
gallons of water.) To obtain this concentratiord &dints of liquid chlorine laundry
bleach (such as "Chlorox," which is about 5 perchihtrine) for each 100 gallons of
waterto be disinfected. Other sources of chlorine apeiof swimming pool

disinfectant or concentrated bleach (at 12 to XZgre chlorine) per 100 gallons of water
or 4 ounces of high-test calcium hypochlorite tebte powder (at 65 to 75 percent
chlorine)per 100 gallons of water.

Follow these steps to disinfect spring-fed wateteays:

1. Remove debris and sediment from the spring boxdsstdbution system.
Scrub interior surfaces with a strong chlorine softu(1 gallon of liquid
chlorine laundry bleach per 10 gallons of water).

2.  Disinfect the spring box by first allowing it tdlfwith fresh spring water. If the
spring flow is small enough, plug the outlet pipel @dd chlorine to the spring
box to obtain the 200-part-per-million chlorine centration. Hold the
chlorinated water in the spring box for at leashb?rs. Keep the overflow
pipe open. If the flow rate is too high to retaiater in the spring box, feed the
chlorine solution into the spring box continuoufsly at least 12 hours.

3. Disinfect the water distribution system includinggsure tanks, storage tanks,
pipelines, valves, and faucets by pumping chloedavater through the
system. Open all faucets until a strong chlorinerasl detected at each outlet.
Close the faucets to allow the chlorine solutioneimain in the system for at
least 12 hours.

4.  Open all valves and faucets to allow fresh spriagewto flow through the
system until no chlorine odor or taste can be detec

5.  Test the spring water for bacterial contaminatidrh@urs after chlorine has
been removed from the spring and household system.

4.2 Water Quality Assessment

Verifying the quality of any drinking water souriseone of the most important aspects of
any development project. Unfortunately, curretitigre is no international minimum
water quality standard that can be applied worléwahd each country, province, or even
local municipality sets what they deem most appaderfor their community. Safe
drinking-water, as defined by the WHO’s Guidelif@sDrinking-water Quality, does

not represent any significant risk to health ovefedime of consumption, including
different sensitivities that may occur between $fages. In these guidelines we will
further refine this definition to include specifiinimum standards that will be applied to
all EWB projects worldwide.
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4.2.1 Potential Pollutants

Creating a sustainable treatment system requitiesraugh understanding of potential
contaminants and their potential effects on huneaith. In addition to actual microbial
and chemical contaminants, it is also importar@valuate the acceptability aspects of the
drinking water.

Microbial Contamination

Microbial contamination is probably the most impmitwater quality parameter to test
for and treat, due to its acute and often veryossrhealth effects. The most common
source of microbial contaminates is when a watarc@comes in contact with human or
animal feces. When this contact is made, ofterctimeentration of the pathogen can
increase rapidly, increasing disease risks andlggssggering outbreaks of waterborne
diseases. It is for this reason that the WorldltHgarganization says that “The potential
health consequences of microbial contaminatiorsacé that its control must always be
of paramount importance and must never be compseathis

Table 4.1 below lists some of the more common \katere pathogens and their
significance in water supplies. For more detadedcriptions of each of these
contaminants, refer to the Microbial Fact SheeGhapter 11 of WHO’s Guidelines for
Drinking-water Quality.
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Table 4.1 Common Waterborne Pathogens (WHO)
While many of the pathogens listed above can hasigraficant impact on human health,

it is often not feasible to test for all of theseaitypical field based EWB project. For
this reason, the focus of these guidelines wilbbéhe most commonly tested “indicator”

16



bacteria, E.coli. If a full laboratory testing figty is available it is highly recommended
that a full regiment of water tests be run on as®gample before design begins. See
section 4.2.2 for more information on testing equant.

Chemical Contamination

Chemical contamination is another important watelity parameter that needs to be
measured and tested for. Unlike microbial contatnom that often has acute affects on
human health, the risk for most chemical expossifeom long term chronic exposure.
The primary exception to this is nitrate. Thereraany potential sources for chemical
contamination of water sources, including pestisidertilizers, accidental spills, and in
some places there can even be a natural occuroécbemicals in groundwater.
Examples of these sources of contamination are showable 4.2 below and explained
in further detail in the following section. Forone detailed descriptions of each of these
contaminants, refer to the Chemical Fact Shee@hapter 12 of WHO’s Guidelines for
Drinking-water Quality.

Table 4.2 Common Contaminant Sources

Naturally occurring chemicals

Naturally occurring chemicals are often some ofrttest difficult to treat because they
do not usually have a identifiable point sourcd,rather leach from rocks and sediments
that surrounding the water source. Several ofrtbst common naturally occurring
chemicals that have been shown to have an advesdth leffect and their maximum
allowable concentration (from WHO'’s Guidelines [ainking-water Quality) are listed

in Table 4.3 below.
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Table 4.3 Guideline Values for Naturally Occurri@gemicals

Chemicals from industrial sources and human dwells

A variety of industries use chemicals for theirggsses and often these chemicals are not
properly disposed of and contaminate drinking watgplies. This is particularly true in
developing countries where no coordinated hazard@sse collection and disposal

system exists. In addition to industrial contartiora an increasing number of household
products have hazardous chemicals in them andftare d@isposed of with regular
household wastewater. Chemicals from industriatses and human dwellings that have
been shown to have an adverse health effect amdagimum allowable concentration
(from WHO'’s Guidelines for Drinking-water Qualit@ye listed in Table 4.4 below.
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Table 4.4 Guideline Values for Chemicals from Isttial Sources

Chemicals from agricultural activities

Since the industrial revolution, an increasing nemdf agricultural and livestock
husbandry activities have used chemicals. Pesscigerbicides, fungicides and
fertilizers all have a variety of chemicals in thémat have made their way into surface
and groundwater sources worldwide. Chemicals fagnicultural activities that have
been shown to have an adverse health effect aimdrhgimum allowable concentration
(from WHO'’s Guidelines for Drinking-water Qualit@ye listed in Table 4.5 below.
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Table 4.5 Guideline Values for Chemicals from Agtiural Activities

Chemicals used in water treatment or from materiaiscontact with
drinking-water

Many drinking water plants use chemicals as patteir treatment process and in some
occasions these chemicals can react to other tosrsis in the water to form dangerous
byproducts. Some chemical additions such as etda@nd monochloramine are added to
disinfect microbial contaminants and are benefidat high levels of these chemicals
can also harm public health. In addition, manthef materials used in distribution
systems can leach potentially dangerous chemictdghe water. Chemicals used in
water treatment and distribution that have beemvaho have an adverse health effect
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and their maximum allowable concentration (from WslGuidelines for Drinking-water
Quality) are listed in Table 4.6 below.

Table 4.6 Guideline Values for Chemicals Used iat& Treatment
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Pesticides used in water for public health purposes

In some countries, certain pesticides are addddn&ing water to control the larval
stages of insects to prevent widespread diseabeecalit Most commonly these are used
to control mosquito populations in areas with malar typhus risk. Although only
pyriproxyfen has been approved by the WHO for tyye of treatment, several other
pesticides have been used in the past (includitay@jrifos & DDT) and may be
persistent in groundwater supplies. Chemicals asguesticides for disease vector
control that have been shown to have an adverdthledtect and their maximum
allowable concentration (from WHO'’s Guidelines Brinking-water Quality) are listed

in Table 4.7 below.

Table 4.7 Guideline Values for Pesticides for RuHealth Purposes

Radiological Contaminants

Although there is some possibility of radiologicahtamination of drinking water from
natural, artificial, or human made sources, thea®ain and treatment of these
contaminants is well beyond the scope of most EMigepts. If historical review of a
community reveals potential radiological contamimaf a drinking water source,
consider finding a different source or finding @esjalist to analyze the extent of the
problem. For further information regarding radgitzal contamination of drinking water
refer to Chapter 9 of WHO'’s Guidelines for Drinkimgater Quality.

4.2.2 Water Quality Testing

All EWB projects that will be installing, repairingr retrofitting a drinking water system
will require field testing of the quality of theidking water source. Given the short time
frame and remoteness of most site assessmentitigpsften necessary to limit the
number of parameters that are tested, but the $banid try to get as clear of picture as
possible as to the quality of the source wateavéilable, it is recommended that a
sample of the source water be run through a fulldge of tests at an accredited water
quality laboratory. Unless the laboratory is cleseugh to the testing site to run daily
tests, however, this should not be a substitutédtt testing.
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Water Testing Kits

There are many water quality testing kits availdbbd can test a variety of different

parameters, but in order to collect uniform dat@sg all EWB projects, two specific kits

are recommended for field testing of source wdler;Hach MEL/850 Potable Water

Laboratory and the OXFAM DelAgua Water Testing [itible 4.8). Both of these kits

are designed for field use and test for generalrpaters needed for a basic water quality

assessment.

Water Quality Parameter Hach MEL 850 DelAgua

Fecal Coliforms (P/A) X

Total Coliforms (P/A) X

Fecal Coliforms (Counts)

Total Coliforms (Counts)

Turbidity

pH

Chlorine

Conductivity

Nitrate

Nitrite

Phosphate

Sulfide X
Table 4.8 Water Test Kit Parameters

XX XXX | X

XXX X[ X[ XX

These kits are recommended for most field samg@ppications, but if a project requires
specific parameters that are not included in thésecheck with water quality testing
vendors for other products that will meet that need

Sample Data

Since most EWB project trips are fairly short indéh, it is necessary to collect enough
valid data to be able make design decisions oregrifhis over. At a minimum, samples
should be collected on a daily basis at the waterce. If possible, sample at multiple
locations around a distribution system. For comitnes of 5000 people or larger the
WHO'’s Guidelines for Drinking-water Quality shoube followed when collecting
samples (Table 4.9).

Table 4.9 Recommended Minimum Sampling (WHO)
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CHAPTER 5

WATER TREATMENT TECHNIQUES

5.1 Point of Use Treatment Techniques

The following recommended water treatment methodsraended to be used at the
household level, or point-of-use, and are interfde@mergency purposes until a more
sustainable cost-effective community scale systeambe implemented. The
recommended methods are driven by solar energymagrivity since fuel to distill
water may not be available or have its own envirental concerns, such as
deforestation.

The point-of-use treatment methods described sgbction were selected as appropriate
as they provide effective removal of most physarad microbiological pollution and can
be constructed at low-cost with little or no neédlemicals. However, pollution from
fertilizer and industrial waste will not normallg bemoved by these discussed below and
advice from experts in the field should be soughtliese situations.

The use of chlorine is not a recommended pointsafwater treatment method due to the
difficulty of deciding appropriate dosing levelspage of chemicals, discharging
chlorinated water, and obtaining the chemicalsromdividual level.

5.1.1 Filtration and Aeration

The effectiveness of the point-of-use methodsgsligidependent on the water quality
and turbidity of the source water. If the sourcéevappears questionable as to potential
for contamination and if the turbidity level is gter than 20 NTU, filtration and aeration
should be implemented as the first step prior fatpaf-use treatment. Straining the
water through clean cloth filters will remove ate@r amount of silt and suspended
solids. Monofilament cloths also remove such orgrausi axopepodsvhich act as
intermediate hosts for guinea-worm larvae. Rapitiddters (Figure 5.1) or simply
allowing the source water to settle in containersat least 24 hours prior to decanting
into clean containers (e.g., WHO’s 3-Pot methode-Isternet Resources) are effective
in reducing suspended solids and pathogen levels.
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Figure 5.1 Upflow Rapid Sand Filter (Heber, 1985)

Aeration through roughing filters and other methoatseases the oxygen level in the
source water which removes volatile substances asi¢tydrogen sulfide and methane
that affect taste and odor. Dissolved minerals siscinon and manganese are oxidized in
the aeration process so that they form precipitdtgiscan be removed during filtration.

Internet Resources — Filtration and Aeratio

WHO/SEARO — Technical Note No. 5 “Emergency Treathw# Drinking Water — Point
of Use” http://doultonusa.com/doulton_water filters/Emeimetreatment-of-drinking-
water.htm

5.1.2 Solar Still Water Purification

Water sources may contain pollutants that arecdiltfito remove using filtration and
disinfection methods but can be utilized if distil] either by the sun or by other heat
sources. Distilling is the process of evaporatliofved by condensation. Solar stills are
effective in removing:

Salts/Minerals (e.g., Na, Ca, As, FI, Fe, Mn)
Bacteria (e.g., E. Coli, Cholera, Botulinus)
Parasites (e.g., Giardia, Cryptosporidium)
Heavy Metals (e.g., Pb, Cd, HQ)

Radio nuclides or pesticides

A solar still consists of a shallow basin typicaiyade up of the basic components shown
on Figure 5.2. The bottom of the basin is a bl#do&rfreinforced plastic to absorb solar
heat effectively and the top is covered with tramept and tempered glass tilted and
oriented towards the noon sun so that maximum sathation can be transmitted in to
the still. The edges of the glass are sealed tbdka so that the entire basin becomes air
tight. Water is charged, usually by daily dosingpithe basin in a thin layer. The heat of
the sun evaporates the raw water in the basinrendistilled water is collected on the
underside of the collector surface and routeddrage. Water is then collected and stored in
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a container that can be cooled by storage in ttie 8alar distilled water is palatable with no
odor or taste, very low in salt content (less th@mmg/I total salinity) and all organic and
inorganic pollutants will be removed. Typical rdtes stills in the south-western United States
and near Juarez, Mexico ranged from approximalégrd per square meter in the summer to half
of this in the winter months.

solr tne-rgy\
Glass \
Trough

Insulation \ \

Condensation
\ ‘_____~—~

L Evaporafion

Figure 5.2 Basic Components of a Solar Still

Internet Resources

El Paso Solar Energy Associatidritp://www.txses.org/epsea/stills.html
Vendors — SolAqua Inc. of El Paso, Texai$p://www.solaqua.com/

5.1.3 Filtron — Potters For Peace

Since 1998, Potters for Peace (PFP) has been géawgla low-tech, low-cost, colloidal
silver-enhanced ceramic water filter; the Filtrdhe Filtron is a colloidal silver-
impregnated ceramic filter constructed from pulzed clay (60 percent by weight) and
screened sawdust (40 percent by weight). The saJcus or rice husks can also be
used) is combusted during the 900° C firing procaliswing the ceramic pot to be
porous. This porosity allows the filter to flowatate of approximately 1 to 2 liters per
hour. The colloidal silver is then mixed with watard applied to the outside of the filter
with a paintbrush. The colloidal silver is usedi&stroy any single celled bacteria,
viruses, or fungi. Field experience and clinicat tesults have shown this filter to
effectively eliminate approximately 99.88% of mastter born disease agents and has
been cited by the United Nations' Appropriate Tetbgy Handbook.

Internet Resources - Filtron
Potters for Peace organizatibtip://www.potpaz.org

5.1.4 Solar Water Disinfection — SODIS

SODIS (Solar Water Disinfection) was developed BWNAG/SANDEC (The Swiss
Federal Institute for Environmental Science andhfietogy/Department of Water and
Sanitation in Developing Countries) and simply ilves filling a plastic two-liter bottle
¥, full of source water and setting the bottle arsitle in the afternoon sunlight for
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approximately 6 hours (two consecutive days undestiy cloudy skies), or until a water
temperature of at least 50° C is achieved. The SGdyktem is effective only in warm
climates with abundant sunlight. Sunlight treatswhater using two synergistic
mechanisms: temperature increase and UV-A radiafierwith any UV water treatment,
turbidity can inhibit the effectiveness of the SGBiystem.

The containers most frequently used are 1 to PREET (polyethylene terepthalate)
bottles, commonly used for soft-drinks. PET bottes the preferred treatment container
because they are durable, more translucent thas,glad contain less UV-stabilizers
than plastic bottles made from PVC (polyvinyl clidi@). The system can be enhanced by
painting the back half of the bottle black to irase heat gain (clear side facing sun).

Internet Resources - SODIS
EAWAG/ SANDEC- http://lwww.sodis.ch/

5.1.5 Ceramic Candle Filters

Water may be purified by passing through ceramantite” filters that are impregnated
with colloidal silver and are operated by gravitysgphoning (hand suction pumps can
also be used), as shown on Figure 5.3. A candlewitthe colloidal silver will remove
suspended particles, but will require boiling oectical disinfection.

When the filter becomes clogged with sediment,lamprush can be used to remove the
amassed slime. Each cleaning removes some cerach@fter a few cleanings, the filter
needs to be replaced. Most ceramic candle filtensecwith a kit that includes a circular
gauge that can be slipped over the candle to etealdaen the filter needs to be replaced.

Figure 5.3 Candle Filter Operation

Internet Resources — Ceramic Candle Filters

WHO/SEARO — Technical Note No. 5 “Emergency Treathw# Drinking Water — Point
of Use” http://doultonusa.com/doulton water filters/Ememmetreatment-of-drinking-
water.htm
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5.1.6 PuR Water Treatment Packets

For emergency uses, or if other point-of-use teldgies are not practical, Procter &
Gamble has developed an easy to use, effective patiying kit. PuR Purifier of Water
packets contain powder (ferric sulfate and calchymochlorite) that when mixed with
water remove pathogens and cause patrticles te setthe bottom of the mixing
container.

The PuR water purification process involves simpiplements that consumers have in
their homes.
" Add one sachet to 10 liters (or 2.5 gallons) ofewvaind stir to begin process of
precipitation and coagulation.
Stir water for five minutes until clear.
Filter water through a clean cotton cloth and déspof
separated floc in latrine.
Let clear water stand for 20 minutes to allow fomplete
disinfection.
Store in a suitable container to prevent recontatian.

Internet Resources —PUR Water Treatment Packets

Proctor & Gamble - http://www.pghsi.com/safewatewelopment.html
PSI - http://www.psi.org/our_programs/products/ptml

5.2 Community Scale Treatment

The following techniques are intended for commustgle treatment. These systems
will often require a capital investment by the ptjteam and community, but are a more
sustainable long term approach to providing potaldter to a community. One or more
water quality assessments must be completed bstiaring design of any of these
systems.

In addition to the design and construction of aommmunity scale water treatment
system, the project team is responsible for trgimhoperators and working with the
community to establish a sustainable operationshaadtenance fund to keep the system
up and running over the long term.

The following techniques are presented as possigément methods and should not be
considered as complete design guides. Nor shbidde considered a complete list of
all treatment techniques. Project teams are eggddotresearch and design systems that
are most appropriate for the source water quatity@mmunity resources. Sources for
specific design guidelines are referenced with ¢gektment method.
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5.2.1 Sedimentation Tanks

One of the easiest ways to remove large susperatéidi@s from a water source is
through sedimentation. This process simply redtiveselocity of the incoming water
stream to the point where these heavier particleseitle out of the water by gravity.
Sedimentation tanks are particularly effective wtieay are used as a pre-treatment
process before a filter. Sedimentation tanks @ddsigned to operate on a continuous
basis or in batches. The main design considesafmma sedimentation tank are listed
below:

1. Settling Velocity The most important parameter in sizing a seditiongank is
the settling velocities of the suspended particlEse settling velocity is affected
by the density and size of the particle, but algthie temperature of the water.
Since these can vary significantly from place tcpl it is necessary to determine
these parameters for the water supply using “gste To perform a jar test, stir
the sample water; pour it into a jar; and time Homg it takes for the water to
become clear. Often you will see a layer of dattigles on the bottom of the jar,
but sometimes you may only notice a clear layevater near the top. The
settling velocity is the depth of clear water daddby the time it takes to become
clear.

2. Surface AreaThe surface area of the tank is calculated bidolig the design
flow rate (m3/day) by the settling velocity (m/dayA tank can be either circular
or rectangular.

3. Depth of TankA typical depth for a sedimentation tank is abb&tto 2.5 meters
deep. Itis important to remember to allow for thld up of a certain amount of
sludge.

4. Detention Time:The detention time for a sedimentation tank wally with your
particle density and water temperature, but typiedies are from 0.5 to 3 hours.

5. Sludge Removal:Regardless of whether the tank is operated as@ncous or
batch process, eventually the accumulated solrdsudge, will have to be
removed from the tank. Often this means that k vah have to be taken out of
service while an operator physically goes intotdmk and removes the sludge
manually, so, if feasible, two tanks should be giesd to operate in parallel to
maintain continuous treatment.

Internet Resources — Sedimentation Tank

“Designing a Small Community Sedimentation Basin”:
http://www.lifewater.org/resources/rws3/rws3d2.pdf

“Constructing a Sedimentation Basin”:
http://www.lifewater.org/resources/rws3/rws3c2.pdf

“Operating and Maintaining a Sedimentation Basin”:
http://www.lifewater.org/resources/rws3/rws302.pdf

RedR — Engineers for Disaster Relief, Jan DavisRolert Lambert, “Engineering in
Emergencies: A Practical Guide for Relief Worket$DG Publishing, 1995
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5.2.2 Filtration

Filtration is a basic technique for straining s@umwater through a media that has small
pore spaces and filters out large particles. Teeteveness of this technique largely
depends on the size of the particles in the sonater and the pore size of the media. It
can be as simple as using a cotton t-shirt ta fdgél particles and as complicated as
reverse osmosis that requires high pressure areh@dbnane with pore sizes on the
nanometer scale. This section will focus on sofite@most commonly used filters for
water sources in developing countries.

Slow Sand Filter

The SSF is a relatively efficient design that ogmdally be constructed using local
resources and is effective in removing impuritle®tigh sedimentation, adsorption,
straining, and chemical/biological processes. TBE 8esign requires the components
described below:

1. Housing Tanks with non-reactive surfaces such as plasticcrete, fiberglass, or
lined galvanized tanks with a capacity of at |44 liters are appropriate for
housing filters. Clay can be used for the houding,is typically not very durable.

2. SupernatantThe supernatant water, above the filter sandjlghmave a constant
depth between 0.5 - 1.5 m to supply the hydrawdadhto drive the water
treatment. Influent water turbidity should be léssn 20 NTU (maintenance
intervals shorten with water greater than 20 NTd aray not function at all
when the water is greater than 200 NTU). A detertiime of at least two hours is
required to settle out solids and provide a tentpegebuffer for the biological
layer, or “schmutzdecke”, that develops on the ddiadl surface.

3. Schmutzdecke (Biological Layer)he biologically active film (composed of
bacteria, fungi, protozoa, rotifera, and a plethafraquatic insect larvae) grows
on the surface of the sand filter and helps wateifipation by breaking down
pathogens into inorganic compounds such as carlooidd, nitrates, sulfates,
and phosphates. Larger aquatic organisms, suahdagpencta, snails and annelid
worms, inhabit the film as the system matures. §dtenutzdecke typically
develops within three to seven days following imnpéatation.

4. Filter Sand The filter sand, directly underneath the schmetke, should be at
least one meter deep in order to allow sufficiercplation time and address the
need for scraping the surface during ordinary dpmrand maintenance. The
sand filter supplements the biological treatmernthanSchmutzdecke. The filter
sand should have maximum and minimum diametersnofi3and 0.1 mm,
respectively, with an effective grain size (chagaized by Qo, or sieve size
through which 10 percent of the sand passes) bat@d® and 0.35 mm. The,C
(uniformity coefficient, or ratio of sieve sizegdgh which 60 percent and 10
percent of the sand passessy/D1g) should be less than 3. The filter pack
gradation allows relatively high water to grainfage contact for adsorption
while maintaining a percolation rate between 0.thauf and 0.3 m/hour (ideal
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rate is 0.2 m/hour). It is essential that the damevashed through sieves to
remove fine and organic material before being mlanghe SSF.

5. Underdrain MediumThe underdrain gravel layers (the finer gravelirectly
below the sand filter) envelops pipes that dischaogthe clean water storage.

The time interval for cleaning the sand filter ependent on the turbidity of the influent
and filtration rate. In general, filter run time® dypically between 2 and 25 weeks. An
ordinary filter cleaning requires the scrapingathin top layer of the schmutzdecke to
increase water flow. If the filter becomes air-ledkor contaminated from deposits, the
filter may need to be back-washed.

Because the biological film requires two to sevapsito re-develop after each
maintenance routine, constructing at least two S&Fsystem redundancy is highly
recommended. The second SSF should be placed iatigmeapproximately seven days
prior to routine maintenance to maintain a conssapply of water for the community.
Operators must be trained to maintain a constant fate, constant head, and
temperature.

Another type of SSF is the Oxfam filter. The Oxf&S8F incorporates a synthetic fabric
on top of the sand filter to reduce the amounioidsremoved during cleaning. During
the cleaning process, the water is lowered to aqmpately 200 mm below the sand. The
fabric is removed from the tank and washed, redyttie operation and maintenance
time and the need for running two parallel filtéFkis design does not break down
pathogens and requires disinfection prior to drigki

Internet Resources - SSF

“Biosand Filter: Biological Action”: http://biosaffidter.org/biosandfilter/index.php/item/
“Slow Sand Filter Bed”: http://en.wikipedia.org/vi&low_sand_filter_bed

“Slow Sand Filtration”: http://www.oasisdesign.vester/treatment/slowsandfilter.htm
“Slow Sand Filtration”:http://ewr.cee.vt.edu/enviraental/teach/wtprimer/slowsand/slo
wsand.html

WHO/SEARO — Technical Note No. 5 “Emergency Treathw# Drinking Water — Point
of Use”http://doultonusa.com/doulton_water_filters/[Emeigetreatment-of-drinking-
water.htm

RedR — Engineers for Disaster Relief, Jan DavisRwoiert Lambert, “Engineering in
Emergencies: A Practical Guide for Relief Worket$DG Publishing, 1995

Rapid Sand Filter

A Rapid Sand Filter (RSF) differs from a Slow Sd&ilder mainly by the size of the sand
used and by the flow rate through the filter. Like SSF, a RSF operates the principle of
mechanical straining and physical adsorption ntesit has an increased pore size it can
operate up to 40 times faster. With this increaspeed, however, there is also a large
increase in maintenance due to the method of clgahe filter, discussed below.

A RSF filter bed requires the components as desdridelow:
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1. Housing Tanks with non-reactive surfaces such as plastiecrete, fiberglass, or
lined galvanized tanks. Capacity depends on theuatof water that will be
treated on a daily basis. A typical flow rate thgh a RSF is about 1 to 2 gallons
per minute per square feet (gpm/ft2) of surfaca.are

2. Filter Sand The filter sand for an RSF ranges in size fro850o 1.0 mm, with a
coefficient of uniformity of 1.2 to 1.7. A typicalze might be 0.5 mm, with an
effective size of 1.3to 1.7 mm. The sand layer loa anywhere from 1 to 2
meters thick depending on the turbidity of the seuwvater.

3. Underdrain MediumThe underdrain system is similar to the SSF at this
usually a layer of fine gravel enveloping a seaeperforated pipes. Usually this
layer is about 30 cm thick with a preferred grasieé of about 5 - 60 mm.

4. Backwash SystenThe most important part of a RSF is the backveysttem. To
clean the filter and maintain flow rates it is nesary to backwash the system by
reversing the flow of water through the entireefilbed on a regular interval
(often daily). This can be accomplished using hagh pumps or designing a
self backwashing system using adjustable weir gaBegsause of the rapid flow
rates through the filter, it is necessary to ttam operators how to recognize
when the filter needs to be cleaned or set uplg dackwash schedule.

A rapid sand filter can be very effective for elimating large particles and turbidity from
a water source, but care must be taken to propeity operators on how to clean the
system. If the filter is not maintained, it willigkly clog up and be ineffective. This
must be considered and discussed with the commpnidy to design.

Internet Resources - RSF

“Sand Filtration”:http://www.usace.army.mil/publications/armytm/tm&26chapl12.pdf
“SIZING A RAPID SAND FILTER”:
http://www.usace.army.mil/publications/armytm/tm&26app-f.pdf

"Sand filtration: rapid versus slow”:
http://www.biosandfilter.org/biosandfilter/index jpitem/316

5.2.3 Disinfection

Disinfection is probably the most important pareafy drinking water treatment system.
Since bacterial contamination is the most likelyrse of public health risks, it is almost
always necessary to disinfect a water source b@iatteng into a distribution system to
be used. While there are a variety of differenthrads used to disinfect drinking water
in the United States, very few of them are applieab typical EWB projects due to high
cost, high energy demand, and technical complexkgr this matter, these guidelines
will mainly focus on disinfection using Chlorinecdiscuss how some of the
technological improvements in UV disinfection magka it a viable sustainable
technique.
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Chlorine

Chlorine is the most commonly used disinfectantfater supplies worldwide. It has a
low cost, is readily available anywhere, and ieeti/e against a wide range of
pathogens. It also comes in several forms so #rerseveral options to choose from
depending on local supply conditions. There ase alany different ways of dosing

water supplies with chlorine so it is importanttmose a method that is most appropriate
for a specific project design. Specific dosingtaques will be discussed below.
Important chlorine disinfection design points aigcdssed below.

1. Turbidity: Chlorine is most effective when a water source dgurbidity of less
than 5 NTUs, but will work for turbidities up to 20TUs. Above that, it loses it's
effectiveness quickly. If a water source has higbidity, the water must be
treated through a filter or sedimentation tanketduce the turbidity before
disinfection.

2. Chlorine DemandChlorine demand is simply the amount of chlotim&t is
needed to oxidize all of the contaminants in théewaSince chlorine will also
react with organic and inorganic substances iwtier, the demand will be
higher if there are a large amount of these substaim the source water.

3. Chlorine Residualln addition to meeting chlorine demand, it isoalsiportant to
leave a “residual” in the water to prevent furtbentamination in the distribution
system. Usually a residual of 0.2 to 0.5 mg/L rafténutes of contact time will
meet this requirement.

4. Chlorine DoseThe total dose of chlorine will depend greatlytba quality of the
water to be disinfected, but will usually be in thege of 1-5 mg/L. To
determine the actual dose needed for your watethesmllowing steps:

Get five 1-liter samples of your water source eaci containers

Dose your samples with a varying doses of chldiriom 1 to 5 mg/L

Let the samples sit for 30 minutes

Test each sample for chlorine residual using ara@mparator kit or test

strips. You design dose should be the samplesthighas 0.2 to 0.5 mg/L

of chlorine left.

e. Note that in countries that have a distinct monsseason, the water
source should be tested in both the dry and raagans as chlorine
demand can vary significantly. If this is the ¢aseés especially important
to train the operators on how to test for residunal adjust the dose.

5. Taste and Smellt is important not to overdose a water supplyhveaihlorine. At
high doses (or at high turbidity levels), chlorzen give off an unpleasant odor
and/or taste that may cause a community to turthefthlorine dosing or use
another, possibly unsafe, water source.

6. Safety:Chlorine is a very reactive and corrosive chemécal care should be
taken when handling it. Gloves and protectiveldtag should be worn to protect
the skin and care should be taken not to inhaléuimes.

apop

Chlorine can be found in many forms and strengths important to take the amount of
free chlorine available in a particular type ofariie. Table 5.1 adapted from RedR'’s
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“Engineering for Emergencies” lists several comrnygpes of chlorine, the amount of
available chlorine and the quantity required to en&Kiter of 1 percent solution.

: Available Quantity
Chlorine Source Chlorine, % | required Approx. measure
High Test
Hypochlorite 70 14 g 1 heaped tablespoon
(HTH) granules
Bleaching
Powder 34 3049 2 heaped tablespoons
Stabilized
tropical bleach 25 409 3 heaped tablespoons
Liquid
Household 10 100 ml 7 tablespoons
Disinfectant
Liquid Laundry 5 200 ml 14 tablespoons
Bleach
Antiseptic : No need to adjust as itis a 1%
. 1 1 liter )
Solution solution

Table 5.1 Preparation of 1 liter of 1 percent ohi® solution

Chlorine Dosing Equipment

Chlorine dosing equipment can vary almost as msdhetypes of chlorine, but they
generally fall into three categories:

Batch dosing of a fixed volume of water.

Constant rate dosing of water flowing at a steade.r

Proportional dosing at a rate proportional to thgable flow rate of the
water.

Batch dosing can be fairly effective for short tesatutions or on a household level, but
won't work very effectively for a large scale commnity water source. Proportional
dosing requires a way to effectively gauge the ftate of the water, which is possible
using differential pressure as show below, bueisegally difficult in small scale
projects. By far, the most common method of dosinigrine is with constant dosing of
water that does not have a lot of flow variatioBome suggested chlorine dosing
systems are shown below:

Pot Chlorinator

A pot chlorinator is simply a earthen pot thatlied with a mixture of sand and
bleaching powder and lowered into a well or taifikis type of system holds about 1.5
kg of chlorine and can effectively treat 1000-1%@@ay for about one week. Although it
is fairly simple, it will require weekly maintenamand refreshing of sand and bleaching
powder.

34



Figure 5.4 Pot Chlorinator (Lifewater Internatigna

Drip Chlorinator

Drip chlorinators are a commonly used method ahégstion in the developing world.
The basic concept has a chlorine holding tank witloating feed tube (Figure 5.5). The
feed tube floats near the surface of the liquid slod/ly draws in a consistent amount of
chlorine which is then dripped into the water seurtt takes some effort to properly
calibrate a drip system to feed a proper amounhlafrine into the water, and it is
necessary to properly maintain the system to ptdweckages and to maintain chlorine
levels in the storage tank. It is also somewhfficdit to adjust the feed rate of the
chlorine if there is a change in the incoming wélaw rate.
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Figure 5.5 Drip Chlorinator (Lifewater Internatadj

Floating Bowl Chlorinator

Floating bowl chlorinators are another common typdrip chlorinator (Figures 5.6 and
5.7). It consists of a large storage tank fordhierine solution and a “floating bow!” to
provide a consistent chlorine dose to the wateplsupt has some of the same as the
drip feed chlorinator, but because the weight eftibwl controls the dosing rate, it can
be adjusted if the flow rate of the water changes.
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Figure 5.6 Floating Bowl Chlorinator (WHO, 2003)

Figure 5.7 Floating Bowl Chlorinator (Lifewaterténnational)
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Shock Chlorination

Shock chlorination is a means of disinfecting ataomnnated system, but should not be
used as a sustained disinfection process. Shdekrddtion usually entails introducing
large doses of chlorine to a storage tank, weltlistribution system that has been shown
to have been contaminated. This method will eiifett destroy all bacteria in the
system and can be used to clean out a systencafistruction or bacterial bloom. After
the chlorine has completely reacted with the comtants, no residual remains and there
is no longer any disinfection occurring. If a caminated source is reintroduced into the
system, it will become contaminated once againocBlethlorination also exposes a
community to high levels of chlorine and can affiesit when disposed of in natural
waterways. Shock chlorination should be used sghriand only under the supervision
of a trained professional.

Internet Resources — Chlorine Disinfection

“Linking technology choice with operation and maimance in the context of community
water supply and sanitation: A reference documenplianners and project staff”:
http://www.who.int/water_sanitation_health/hygiemma/wsh9241562153/en/index.html
“Designing a Small Community Disinfection Unit”:
http://www.lifewater.org/resources/rws3/rws3d4.pdf

“Constructing a Disinfection Unithttp://www.lifewater.org/resources/rws3/rws3c4. pdf
“Operating and Maintaining a Chemical Disinfectidnit”:
http://www.lifewater.org/resources/rws3/rws3o04.pdf

“Chlorinating small water supplies™http://www.lboro.ac.uk/well/resources/well-
studies/full-reports-pdf/task0511.pdf

RedR — Engineers for Disaster Relief, Jan DavisRwoigert Lambert, “Engineering in
Emergencies: A Practical Guide for Relief Worket¥DG Publishing, 1995

UV Disinfection

UV disinfection is another system of disinfectitvat uses the ultraviolet spectrum of
light to disrupt the DNA of pathogenic organismsl gmevent them from reproducing.
Although this method of treatment has been usedhory years in the developed world,
it was often though too expensive and energy imerfer use in small scale developing
communities. Recently, however, there has beere gooygress in developing
inexpensive units for these communities and as guwhcould be considered for
implantation if appropriate. It is important toteghat while UV is an effective
disinfectant, it does not provide a residual ta@rbagainst contamination in the
distribution system. If a residual is requireddiéidnal chlorination may be necessary.

Internet Resources — Chlorine Disinfection

“An Overview of Sustainable Drinking Water Disinfemn for Small Communities in the
Developing World:

http://www.cee.mtu.edu/peacecorps/documents_julyi@8ifection FINAL.pdf

“The UV-Tube Project”http://ist-socrates.berkeley.edu/~rael/uvtube/ugpibject.htm
“Water Health International'http://www.waterhealth.com/products.html#household
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CHAPTER 6

WATER DISTRIBUTION

The design of a water distribution system from seunp community requires knowledge
of the generally accepted engineering practicesldition to an understanding of the
politics of ownership (of the water and system)intemance, and locations of
distribution points to avoid marginalizing a portiof the community. This section
provides a practical, general guideline for waterrese development engineering and
distribution including basic engineering principatsd providing references.

Typically, the rights to the water source and thalfdistribution system can be the most
political part of the pipeline network (as discusge Section 1). Much consideration
should be taken to identify the system ownershperation and how many distribution
points will be required to provide equal accesthtowater for all members of the
community.

6.1 Pipe Materials

The transmission of water by gravity from sourceligiribution can use numerous
systems such as canals, ditches, and aqueductgvdgwenly a pipeline distribution
system can increase or decrease pressure wheysteenshas to traverse steep and/or
uneven terrain. The typical pipe materials usedatgvinyl chloride (PVC),

polyethylene (PE), and galvanized steel (Gl). Galngpecifications for each material are
discussed in the following section.

When selecting the appropriate pipe material, tiragry consideration is availability of
the material and the expense to the communitya#ddimpts should be made to use
locally available pipe in order to facilitate manance and repairs by the community
membersNote: Although the purchase of pipe locally is reammended for continued
operation and maintenance and replication, it is sggested that in absence of proof
of pipe quality that a lower pressure class is asswed in design (See Section 3.4).

6.1.1 Polyvinyl Chloride (PVC)

PVC and uPVC (unplasticized PVC) materials arestast to many ordinary chemicals
such as acids, bases, salts and oxidants. HowRVEX js not typically resistant to
ultraviolet radiation (UV) damage unless the pgpspecified to include the addition of
stabilizers to enhance the ability to resist UVrdegtion. Carbon black is a black
pigment, which can also enhance mechanical pr@seass well as act as an excellent UV
stabilizer when properly compounded into a plasticubber. Above grade installations
may not be the best application for PVC.
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Sizes and Pressure Classes

Nominal outside diameters are typically found raggirom 16 mm to 160 mm and
available in standard 4 m and 6 m pipe lengths.grassure ratings are typically given
for a maximum temperature of 27° C for the meteges. Pipe standard diameters,
pressure ratings and even colors are dependeheamation where the pipe was
manufactured. Therefore, determining the sourqap# is critical for design. For
example, Table 6.1 includes pipe standards for upM€ from Thai Pipe Standards
(TIS).

Nominal . Wall Thickness Weight per Length, Kg (length is %
Pipe Size Outside
mm D'ar;"n‘:ter' PVC5 | PVC85| PVC135 PVC5| PVC86  PVC135
20 26 = 2+0.2 2.5+0.2 = 0.86 1.06
20 48 15+015| 2.3%0.2| 3.5%0.26 1.25 1.89 2.8
80 89 25+02 | 4.1+03|  6.4+0.4 3.89 6.26 95
100 114 3.2+025| 52+035  8.1%05 6.37 10.17 15.41
150 165 246+03| 75%0.45 11.7+0.65  13.2¢ 21.29 B2.3
200 216 54+035| 8.8+05 13.7+0.15  20.4¢ 32.87 0.0

Note: Working Pressures of uPVC pipes class PVP\&; 8.5, and PVC 13.5 are 5, 8.5 and 13.5 k§fespectively.
Table 6.1 Standards for Drinking Water Service GHRpe (TIS 17-2532)
The two most common PVC pipe standards (ASTM) useélde United States are

schedule 40 and 80. Nominal diameters, wall thiskee and maximum operating
working pressures for non-shock conditions at 7atd-shown in Table 6.2.

SCHEDULE 40

Nominal Pipe | Outside Diameter | Average Inside | Nominal Weight Maximum Working
Size, in. (OD), in Diameter (ID), in| per foot, Ibs Pressure (WP), psi

" 0.840 0.602 0.170 600

1" 1.315 1.029 0.333 450

2" 2.375 2.047 0.720 280

3" 3.500 3.042 1.488 260

4" 4.500 3.998 2.118 220

5" 5.563 5.016 2.874 190

6" 6.625 6.031 3.733 180

SCHEDULE 80

Nominal Pipe | Outside Diameter | Average Inside | Nominal Weight Maximum Working

Size, in. (OD), in Diameter (ID), in| per foot, Ibs Pressure (WP), psi
3 0.840 0.526 0.213 850
1" 1.315 0.936 0.424 630
2" 2.375 1.913 0.984 400
3" 3.500 2.864 2.010 370
4" 4.500 3.786 2.938 320
5" 5.563 4.768 4.078 290
6" 6.625 5.709 5.610 280

Table 6.2 Working Pressures for Schedule 40 ane\8D Pipe
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Temperature De-Rating

When the pipe network is operating in elevated &majpires above 27° C (approximately
80° F), the working pressure (WP) of the pipe syssbould be multiplied by a de-rating
factor as shown in Table 6.3.

Operating De-Rating Factor
Temperature
23° C (73°F) 1.00
27° C (80° F) 0.88
32° C (90° F) 0.75
38° C (100° F) 0.62
43° C (110° F) 0.51
49° C (120° F) 0.40
54° C (130° F) 0.31
Note: The maximum service temperature for PVC & 60
C (140° F).

Table 6.3 De-Rating Factors

Joining PVC Pipe

PVC pipe less than 4-inches in diameter is typygalined by primer and solvent cement.
However, push-fit connections may be available amdtypical for pipe diameters
greater than 4 inches. PVC pipe is typically burlaat can also be used above ground if
the pipe is protected from traffic (livestock, faotd wheel) and contains stabilizers and
UV inhibitors to shield against ultraviolet rad@ii When joining PVC pipe and fittings
with solvent cement, always consider the followpmgcedures:

1.

2.

oo

Pipe must be cut as square as possible (A diagohaéduces bonding area in the
most effective part of the joint).

Some plastic tubing cutters may produce a raisad bethe end of the pipe. This
bead must be removed with a file or reamer, adllitvipe the cement away when
pipe is inserted into the fitting.

Remove all burrs from both the inside and outsidd® pipe with a knife, file or
reamer.

Remove dirt, grease and moisture (moisture widnetture, and dirt or grease
can prevent bonding).

Check the dry fit of pipe and fittings before cenieg

Priming: The purpose of a primer is to penetrate and softerisurfaces so they
can fuse together. Next aggressively work the priometo the end of the pipe, to
a point 1.25 cm (1/2") beyond the depth of theniittsocket. Immediately, and
while the surfaces are still wet, apply the appiedprsolvent cement.

. Cementing{(Stir the cement or shake can before using). Asgively work a full

even layer of cement onto the pipe end equal taépeh of the fitting sockebo
not brush it out to a thin paint type layer, as this will dry within a few seconds.
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Without delay, while cement is still wet, assemtbie pipe and fittings. Use
sufficient force to ensure that the pipe bottomthanfitting socket. If possible,
twist the pipe a 1/4 turn as you insert it.

8. Hold the pipe and fitting together for approximgt80 seconds to avoid push out.
9. After assembly, a joint should have a ring or beadement completely around
the juncture of the pipe and fitting. If voids md ring are present, sufficient

cement was not applied and the joint may be defkecti

10.Using a rag, remove the excess cement from thegugditting, including the
ring or bead, as it will needlessly soften the @pd fitting and does not add to
joint strength. Avoid disturbing or moving joint.

11.Handle newly assembled joints carefully until mlitset has taken place.

12.Follow set and cure times as shown in Table 6 gsideline.

Pipe Diameter, mm

(in)

Movement of Joint Allowed,
minutes

100 Percent of Working
Pressure, hours

Hot Weather — 32 to 60° C (90 to 140°

F) Surfaceperature

25 (1”) 15 4

50 (27) 30 6

75 to 100 (3" to 4”) 45 8
>100 (over 4”) 60 10

Mild Weather — 10 to 32° C (50 to 90° F) Surfacenperature
25 (1) 20 5
50 (2") 45 8
75 to 100 (3" to 4”) 60 15
>100 (over 4”) 90 20

Cold Weather —-18 to 0° C (0 to 50° F) Surface perature

25 (1" 30 7

50 (2") 45 10
75 to 100 (3" to 4”) 80 18
>100 (over 4”) 110 30

Table 6.4 Cure Time for PVC Pipe

6.1.2 Polyethylene (PE) Pipe

Polyethylene (PE) is a thermoplastic material poediufrom the polymerization of
ethylene. PE is usually first categorized by itasiiy as indicated in the abbreviations
e.g. HDPE (high density PE), MDPE (medium denskEy,R.DPE (low density PE), and
LLDPE (linear low density PE). PE pipe typicallynges in two types: blue for below
ground use and black for above ground use, thaughaictice both types are resistant to
UV light to several years.

PE pipes can be used in low temperatures -18° €)0F colder without risk of brittle
failure. In addition, the high impact strength dahe flexibility of PE (can be bent to a
minimum bending radius of 30 times the pipe's datsliameter for HDPE and 20 times
the pipe's outside diameter for MDPE) makes PEca ghoice for use in water
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distribution applications. PE pipe is recognize@eseptable plumbing piping for water
services, drainage, and sewer applications in mosiel plumbing codes.

Sizes and Pressure Classes

PE plastic pipe is manufactured by extrusion iesianging from 2" to 63" and is
available in rolled coils of various lengths orstnaight lengths up to 40 feet. Generally
small diameters are coiled and large diameters (mi®D) are in straight lengths. PE is
available in many varieties of wall thicknesse$eaed by the designer on the basis of
the required working pressure for the pipe. Thmt8tandard Dimension Ratio (SDR) is
a unitless term that relates the pipe outside dian{®D) to the pipe wall thickness. The
higher the SDR number, the thinner the pipe, arddiver the overall pressure rating.

Min. O D

SR = i WallT hicknese

The most typical PE pipes and the pressure ratirajsare obtained are shown in Table
6.5 below. Again, if the nation of manufacturingkieown, specific standards should be
researched.

PE Density OD, mm SDR Pressure, bar (psi)
20-63 11 12 (174)
MDPE 90-315 11 10 (145)
90-1000 17.6 6 (87)
90-500 11 16 (232)
HDPE 90-500 17.6 10 (145)
160-1000 26 6 (87)

Table 6.5 PE Pipe OD and Pressure Ratings

Joining PE Pipe

There are several joining methods available fopRE systems. The fusion welding of
the pipe creates joints that are as strong asipieeitgelf and are able to withstand
hydraulic end thrust from internal pressure. A®asequence, thrust blocks are typically
not required at changes of direction which savetllation time. Some common joining
methods are described below.

Butt Welding- PE pipe systems can be joined by butt weldingréwide homogeneous
joints. Preheated pipes and/or fittings are joineder controlled pressure and
temperature conditions. The final weld is as strasghe pipe itself.

Weld cross section
FE FPipe
Externalmeld bead = ;//

FE Fipe N 7
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Stub Flanges and Backing PlateBE pipes can be flange-jointed by using PE stub
flange ends in conjunction with metal backing @aed rubber sealing gasket to provide

a demountable joint or to match up with pumps, esletc.
Fabyethylene to pohrethylene

M3 back-up plates - Stub flange
drilled table [
galawvinsed

Fohrethyle ne F ahrethngle ne

Stub flange  Gasket

Mechanical Compression JoirH$E pipes 16mm to 160mm outside diameters may be
joined by mechanical compression fittings. Thisl#es jointing of PE/PE or PE to other
pipe materials without the need for power or sgdomls.

(Graphics reproduced courtesy of Vinidex, Iittp://www.vinidex.com.au)

Although PE joints are very strong, the abilityotatain fusion welding equipment or
parts for mechanical joints may not be readily Eoée. The availability of parts and
equipment should be considered when designingtaisable water distribution system.

6.1.3 Galvanized Steel Pipe

Galvanized steel (Gl) pipe is more expensive angier (higher loss of head due to
friction) than plastic pipe. and much more rigicowever, Gl is much more rigid and
there are certain cases when Gl pipe may be sdlecte

Pipe sections subject to high pressure.

Pipe sections that cannot be buried such as hakdareas.

Exposed to the environment over ravine crossings.

The amount of soil cover is not sufficient to distite stress from traffic.
Exposed pipework (e.g., tapstands and tanks).

Galvanized pipe is galvanized internally and exd#yn However, the galvanized finish is
removed when cutting new threads which can resudbrrosion at the joints.
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Sizes and Pressure Classes

Gl pipe is commonly available in 3 or 6m lengthgliameters of up to 100 mm (4 in.). A
common source of Gl pipe uses the British Standd@8s1387) for size and working
pressures, included in Table 6.6. Steel tubesaegorized as Light, Medium and
Heavy.

However, only medium and heavy pipes provide tlaeteal rigidity for threaded joints.
Gl pipe manufactured internationally may not complth the standards stated in this
section. When possible, samples of pipe obtainmd the project location should be
brought back for further testing and investigatiorevaluate wall thickness and
appropriate strength.

Nominal Medium Heavy
Pine Size | Thread. in Wa_lll Meters | Pressure Wa_lll Meters per | Pressure, bar
pe ; ;
mm Thickness, | per bar Thickness,| tonne
mm tonne mm
15 Ya 2.6 787 35 3.2 667 42
20 Ya 2.6 610 35 3.2 516 42
25 1 3.2 398 35 4.0 329 42
32 1% 3.2 309 28 4.0 254 35
40 1% 3.2 268 28 4.0 220 35
50 2 3.6 190 24 4.5 156 31
65 2% 3.6 148 24 4.5 121 31
80 3 4.0 114 21 5.0 93 28
100 4 4.5 78 17 5.4 66 21
125 5 5.0 57 17 5.4 53 21
150 6 5.0 48 14 5.4 45 17

Source: British Steel plc, Tubes & Pipes

Table 6.6 BS 1387 GI Pipe Weight and Working Rress

Joining Gl Pipe
Gl pipe is usually supplied with tapered pipe thiseat both ends and connected to other
pipes with a straight connector per pipe. Joinlrgggipe requires:

Clean the threads to remove surface rust, diraarydpreviously used jointing
compound.

Check for any damaged pipe thread or deformed éhtihe pipe thread is
damaged, or the pipe ends are deformed, the sedttmrd be cut off and the pipe
re-threaded.

Water-tight joints are made by wrapping PTFE tapeiad the thread in a
clockwise direction prior to joining pipe sections.

Do not over-tighten threaded joints as they caddmaged or cracked.

To allow for valves to be removed for repair, jtineaded Gl pipe with screwed unions
on at least one side of a valve or fitting (botkesi are preferable).
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Metal pipes can become very hot when exposed éztdsunlight. In order to avoid the
pipes from getting too hot, store the Gl pipe ura®rer or slightly bury the pipe in a

long trench (keeping the joints exposed). Alsocéeful not to fill the pipes with very
cold water as sudden contraction can damage tleegpithe threaded joints, causing them
to leak.

6.2 Valves

The most common valves used in a water pipelineesyare described in this section
and shown on Figure 6.1.

1. Gate, ball and butterfly valves are used to coritooV rate.

2. Check (non-return) valves only allow flow in oneedition.

3. Float valves automatically maintain the water lewed tank by closing the valve
at a set water level to prevent overfilling, or ntain a constant pressure.

4. Air valves are usually placed at high points in@epne to allow accumulated air
trapped in a pipe to escape and to let air entenvthe pipe is empty.

5. Pressure reducing valves (also see Section 3#R2description of break-
pressure boxes).

Ball Valve Butterfly Valve Check \&alv  Float valve

Figure 6.1 Typical Valves Used in Water DistrilontiSystems

6.3 Design Parameters and Considerations

A sustainable water distribution system uses gyawitdrive the system and has been
designed to offer a long service life with litteehio maintenance. In practice, most
systems require maintenance, cross uneven temaating critical pressure points), and
often need pumps to drive the system. The follovdagign parameters should be
considered prior to designing a water system.

6.3.1 Delivery Rate

The water distribution system should be designetktiver approximately 0.2

liters/second (I/s) with a residual head of 3 netdreach tapstand. Rates greater than 0.2
I/'s may waste water at the delivery points and fomiees may result in long lines waiting
to fill containers. Perforation or tap sizes carslzed to increase or decrease flows
where decreasing pressure is undesirable an/aasitrg head is not possible.
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Velocities in the pipeline should be kept betweehri/s and 2 m/s. Sedimentation may
clog pipes at velocities lower than 0.7 m/s andceesgive scouring of the pipe (causing a
higher friction value) may result at velocities giex than 2 m/s. Velocities greater than 2
m/s may also tend to “kick” when closing off dibuition valves as the system quickly
returns to the static pressure head. Design ceratidns should look at normal day use,
peak hour and peak day loads to evaluate storatyéreat delivery needs.

6.3.2 Pipe Protection

Where the pipe is above ground, or buried less éham below ground, and exposed to
traffic (livestock, foot and wheel) the system riegsi additional protection. This may be
achieved in any number of methods including: doehkang, Gl pipe, construction of
barriers, and covering the pipeline with rock (aimum layer of 1-foot).

6.3.3 Distribution

The number of taps and distance from dwellings water system should use minimums
of 200 people per tap at 0.2 I/s (SPHERE recomm2B@geople per tap at 0.125 I/s)
and that no dwelling is located greater than 50@om a tap.

The tapstand should be designed with positive dgraway from the tap to prevent
standing water. The drainage should be directedrasva trough for livestock, a garden,
or soak pit (if the soils have a percolation ragtér than 25 minutes per cm) as shown on
Figure 6.2. Without such measures in place, thedgtg water will quickly create
unsanitary conditions and an environment suitatnenisects.

Figure 6.2 Tapstand and Drainage Schematic

Simple Branch or Ring Main

The geometry of the distribution system considieesgeographical layout of the village
(straight road ways or narrow winding paths) ansldairect influence on pipe size
calculations. The use of a ring main should be idened as flow can move in two
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directions, thereby reducing the chances for cotagstem blockages. The ring main
also reduces the frictional losses on the systemethycing the flow path. The branched
distribution is often used as it provides an easystem to install (e.g., along existing
roads) and more access to the water given a lirpifeel length. A schematic of the two
systems is shown on Figure 6.3.

Branch Distribution Ring Main

Figure 6.3 Distribution Systems

6.4 Pipeline Hydraulic Design

In order to effectively move water from the sousc@ply to distribution points with
sufficient pressure, the pipeline needs to acctaurttead loss (friction and local losses)
and the hydraulic grade line along the length efdiastem. The major head loss
component is the sidewall friction along the pipedth and is directly dependent on the
pipe material, age and condition. Local lossesa#irébuted to the joints and bends.

6.4.1 Frictional Head Loss

The basic equation relating the total energy ofib@mass of water in a fully developed,
steady flow pipe (pressurized) is Bernoulli's eduat

2
H :£+V_+Z

rg 29

Where:H = total energy, (m)
P = Pressure of water, (Pa, N)m
r = density of water, (N/f)
g = gravitational acceleration, (rf)/s
z = height of water above a datum, (m)
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The three components of the equation are: pressugy (pressure within pipeline),
kinetic energy (difference between the total enengy hydraulic gradient), and potential
energy (elevation above the datum). These compsm@eatshown on Figure 6.4 below.

Figure 6.4 Energy Components in Steady Pipe FR&dR)

The difference in slope between the energy grame(EGL) and the hydraulic grade line
(HGL) is due to the velocity head loss. Positivegsure is maintained in the system
when the HGL is above the pipe profile and negatnessures when the HGL dips below
the profile and then back above the profile, caysiin-locks that reduce or even stop
flow (see 3.4.4.2 Design Example).

Darcy-Weisbach Equation

The Darcy-Weisbach equation with the Moody diageamconsidered to be the most
accurate model for estimating frictional head liosa fully developed, steady,
incompressible flow. The Darcy-Weisbach equatianhiead loss can be expressed as:

2
HL = fLV_
D 2¢g
Where:
HL = head loss (Length)
g = acceleration of gravity in(Length/Time/Time)
L = pipe length (Length)
d = pipe diameter (Length)
v = flow velocity (Length/Time)
f = friction factor

The above equation can be used with any set ofstens units. The friction factor is
described by the Moody diagram and is generallynation of the Reynolds number (Re)
and the relative roughness of the pgpédetermined by the ratio of the roughness
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coefficient to the pipe diameter). An empiricallgrived equation can be used to
represent the turbulent portion of the Moody diagy(8.01>¢ >10° 1>Re>3000).

f =1.329In(027e+ 574Re )] 2

Hazen-Williams Equation

The Hazen-Williams formula is an alternative metlodbdalculating frictional head loss
in a water pipeline system. The following forms ameSI units.

_109LQ™®

_A72LQ™
_Cme

m _CmDm

(SI units) h, (Imperial Units)

Where:

hs = head loss, (m, ft)

L = length of pipe, (m, ft)

Q = flow, (n/s, ft'/s)

C = Hazen-Williams coefficient (see Table 6.7)
D = internal diameter (ID), (m, ft)

Material Hazen-Williams C Darcy-Weisbach €
(millifeet)

Cast Iron 130 - 140 0.85

Concrete 120 - 140 1.0-10

Galvanized Iron 120 0.5

PE, PVC 140 - 150 0.005

Steel 140 - 150 0.15

Table 6.7 Coefficients for Head Loss Formulas
6.4.2 Secondary Frictional Losses — Minor Losses

Energy in a pipe system is also lost at pipe emixit, changes of pipe diameter and
direction, and fittings. The lost energy is expessm terms of lost head (height lost
above the datum). There are several methods ohatstig the losses.

A reasonably accurate method is to express secpiwises in terms of the

velocity head in the pipe:
2

h, =k, \2/— (values fork, are included in Table 6.8)
g
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Geometry k, Geometry k.
Globe valve (fully/half open) 7.5 Bellmouth entranc 0.1
Gate valve (fully/half open) 0.1 Plain suction anire 0.9

45 degree elbow 0.4 Square-edged entrance 0.5
90 degree elbow 1.0 Pipe exit 1.0

Table 6.8 Minor Loss Coefficients

If the pipe length is sufficiently large comparedpipe diameter (i.e, L/D>1000),
it is common to neglect minor losses. However, icaus recommended as
secondary losses can be significant. Thereforenwigufficient information is
provided, a rough estimate of secondary lossedeastimated by adding five
percent of the length before calculating the majotional loss.

6.4.3 Negative and Excessive Pipeline Pressures

Many water distribution systems encounter unevenaiteand ravines (see Section 3.5
Pipeline Installation) between the source and pahdistribution. The major hydraulic
challenges in community water pipelines with untotaslopes between source and
distribution are points of negative pressure amdiigh of a pressure.

Negative pressure can develop when the hydraudidegline (HGL) dips below the
pipeline profile and reduction or stoppage of floan result (Figure 6.4). Negative
pressures can be avoided by reducing frictiona loshe upstream section with a larger
diameter pipe.

The maximum pressure in a gravity-flow system iwHow is shut off at the

distribution points and the system is subject todfatic head of the source. Steep terrain
can also create pressures that exceed the rat&thg@ressure of the pipe. When
pressures exceed the working pressure rating,akimessure tank should be installed. A
small tank, or even a large diameter pipe extensionbe used as a pressure-break to
expose the water to atmospheric pressure. Inflowbearegulated by a float valve
(Section 3.2) and excess water controlled by ameeged overflow. The effective use of
pressure breaks (as discussed in the design exda®lple) allows the system to be
constructed from less expensive, lower pressuesl jaipe.

6.4.4 Design Example

The difference in elevation between the level ofevan the top tank and the pipe outlet
is 63 m. The maximum difference in elevation betwte tank and the lowest point of
the pipe is 68 m. The required flow rate is 3 Wsroa distance of 1200 m from source to
distribution. The pipe available at the site is RVC

A pipe inside diameter (ID) of 0.054 m is initiabglected for trial. The head loss was

calculated as 39.5 m (using Hazen-Williams, C=15@) a hydraulic gradient of 0.033.
This provides a residual head of 63 m — 40 m = 23ms is plotted on Figure 6.5.
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Figure 6.5 Pipe Profile and HGL (RedR)

The initial selection of pipe results in a HGL tligts below the pipe profile within
approximately 100 m of the source. This will cansgative pressures downstream that
create air-locks that result in flow reduction amdtoppage of flow.

Two potential remedies would either design therersystem with a larger diameter pipe
(rated for the maximum static head pressure), lecta larger diameter section upstream
of where the HGL dips below the pipeline profile0A762 m ID pipe would result in a
head loss of only 7.4 m head loss and a hydratgidignt of 0.005. Wh