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ABSTRACT

Urban water supply utilities in developing coundriare faced with challenges of low
service coverage and high unaccounted for wateM\(JJRUFW reduces the water
available to customers, and results in loss of megefor the water utility. In Southern
Africa, UFW ranges from 11% to 60% and in Malawiist between 28% and 48%.
Zomba has UFW of 30%. Most studies on UFW havdomissed on its partitioning into
real and apparent loss components. Crude UFW doesllow the water utility to
identify appropriate priority areas and actions BFW reduction. It is against this
background that a study was carried out on the Zo@lty water supply system to
partition UFW. The water supply system is owned apérated by Southern Region
Water Board (SRWB). The study analysed UFW, partéd it into its components and
assessed major factors affecting the components: Wwater supply zones (Airwing,
Malonje, Sadzi and Mtiya) were selected based eim tmique characteristics. Historical
data on water production and consumption were tsegdsess overall UFW. Bulk meter
readings for each zone were taken for three moaibagside the corresponding
consumptions. Flow and pressure loggers were ladtéd obtain Minimum Night Flows
(MNF) and assess pressures respectively. Watemdedawere carried out. Meter
inaccuracy tests were also carried out to asse&ssrtpact of meter errors on apparent
losses. Records of pipe bursts, faulty meters amdies on high bills were also used in
the study. The average UFW from 1999 to 2008 whashated to be 27.5% of which real
losses represented 71% while apparent losses \9éte Phe average UFW for the four
study zones was 13% for Airwing, 62% for Malonj&%b for Sadzi and 6% for Mtiya.
Real losses in Airwing estimated at 73% of UFW, dige had 75%, Sadzi had 40% and
Mtiya had 23% as real losses. The remaining peagestrepresented apparent losses for
each study site. It was also established thatlesaks in Airwing were due to pipe bursts
mainly as a result of pipe age while in Malonje &atizi; the real losses were affected
by bursts due to pipe age and high pressures.dtfetand out that more than 58% of the
pipe network in the whole distribution system wagro60 years old. Malonje and Sadzi
areas had operational pressures above 50 m andenqgel frequent pipe bursts. It was
also found out that 53% of customer meters testedevwover 5 years old. Meter
inaccuracy tests also showed that all the metederaregistered and that 46% of the
meter errors were above the allowable toleranc&%f at low flow rates and -2% at high
flow rates. It was concluded that the average umaded for water was above the 20%
recommended for Southern African urban water sepplPartitioning of UFW showed
that different areas had different levels of readl @pparent losses and gave a hint on
UFW components hence is an important tool towardpgy planning of priority areas in
UFW control strategies. Real losses in Airwing waftected by distribution network
age, while in Malonje this was affected by pressamd distribution network age. Sadzi
had a high level of apparent losses as the numbeormections in the zone was very
high. It is recommended that routine water auditsibne for the other remaining areas to
come up with a comprehensive UFW control stratdgys also recommended that
feasibility of pressure management for UFW reducte investigated in Malonje area.
Distribution network replacement is recommendedimving. UFW control strategy for
Sadzi should focus more on reducing the high lesk&pparent losses.
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CHAPTER ONE
1.0 INTRODUCTION

1.1 Background

In the year 2000, about 1.16 billion people hachocess to improved water sources and
double as much (2.36 billion people) had no actesadequate sanitation worldwide
(UNDP, 2003). According to UNDP (2003), Sub-Sahakfica accounts for about 23%
of the global total population without access teiaved water sources. The Millennium
Development Goals (MDGs) recognize that accesaf® water is crucial for survival
and aim to halve the proportion of people withoustainable access to safe drinking
water by 2015 (UNDP, 2003). According to Baiettal. (2006), the challenge to provide
adequate safe drinking water and improved sanitaténuire well performing water
utilities. For many years more than 90% of urbamewaupply and sanitation services in
developing countries have been provided by stateedwmonolithic water organizations
also known as public water utilities (Ndokostial., 2007). As part of a general move to
market oriented systems in the 1980s and 1990swaparadigm emerged to transform
utilities into more modern service delivery orgaatians that emphasize operational and
financial sustainability (Baietgt al., 2006).

In many developing countries public water servicevygers have failed to provide
consumers with adequate water supply and sanitaionces (Baiettt al., 2006). Apart
from the problems of service coverage of less BG¥, other problems that are faced by
water utilities in these developing countries induwverstaffing and high unaccounted
for water (UFW), which often averages between 4@%6(Baietti et al., 2006;
Schwartz, 2008). According to Balkaran and WykeO@0 UFW is between 15% and
30% in the developed world but elsewhere it is nldeely to be in the 30% to 60%
range. Moreover, the service providers in develgmountries are often confronted with
financial problems due to a combination of low ftari poor consumer records and
inefficient billing and collection practices (Schamand van Dijk, 2007). As a result, the
quality of water services that is actually delivcete the consumer, if they are connected
at all, is low (Schwartz, 2006). The public wateilities, which are likely to remain
responsible for service provision for many yearsctone do not have satisfactory
performance and provide inadequate services to ¢hstomers (Schwartz, 2006).

Unaccounted for water (UFW) often constitutes aamgroblem in water supply,
representing considerable loss in revenues, creatcessive production and reducing
the available water to customers (SIDA, 2000). Adoay to Schwartz (2008), high
levels of unaccounted for water indicate inefficigron the side of a water utility as
UFW is a crude measure of the utility’s performarfsecording to Yepes and Dianderas
(1996), the level of UFW is considered a good prday the overall efficiency of
operations of a water utility. Tynan and Kingdor®@2) indicate that a crude measure of
asset maintenance is unaccounted for water. Thesureeaaptures not only physical
losses but also commercial losses, due to ineffididling or illegal connections. Thus
according to Tynan and Kingdom (2002), high levaflsinaccounted for water indicate
poor system management and poor commercial praciisevell as inadequate pipeline
maintenance. This agrees with assertions by Yeped#anderas (1996) and Schwartz
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(2008). The World Bank recommends a UFW of 23% @fyand Kingdom, 2002) in
developing countries, while 20% was set for welif@ening urban water utilities in
Southern African region (Gumbo, 2004).

With the increasing international trend towardstansbility, economic efficiency and
protection of the environment (Savenije & Van deag, 2002), the problem of losses
from water supply systems is of major interest akwide (Lambert and Hirner, 2000).
Both the technical and the financial aspects aceiveng increasing attention, especially
during water shortage or periods of rapid develagm®ne of the Integrated Water
Resources Management (IWRM) three key policy pples is efficiency which states
that water is a scarce resource hence should lbeetfsgiently. Therefore assessment and
control of UFW is a major component towards ackgviefficient use of water.
According to Savenije & Van der Zaag (2003), UFWtcol ensures sustainability of
infrastructure (sustainable development), postp@mtraf investment and availability of
water to other new customers; this supports thetyeguinciple. UFW assessment and
control aims to achieve desirable consumption pateboth in terms of distribution
among sectors and quantities consumed, coupledanitimcreased reliability of supply
(Savenije & Van der Zaag, 2003). This agrees wigdmbert and Hirner (2000) who
indicate that water loss control is a key to im@@water demand management.

In most of the water supply systems in SoutherncAfrreliable estimates of water loss
components are not available (Farley, 2001). SiWE® occurs as both real and apparent
losses; reporting a crude figure of UFW makes fiiadilt to establish areas of priority
when it comes to UFW management. Southern RegiortelWBoard presents
unaccounted for water as a crude figure (SRWB, a@p0Bhe utility does not have the
guantification of real and apparent losses. Iligiaiast this background that the study was
carried out to partition UFW into real and appatests components in Zomba City water
supply system. The water supply system is ownecdbagedated by the SRWB.

Urban and peri-urban water services in Malawi arevided by water boards. The
Regional Water Boards inherited very old and irgffit water supply facilities from the
District Water Supply Fund which was formerly respible for supplying water in small
urban areas in Malawi (Mulwafet al., 2002). In Zomba City, the old facilities are
responsible for high losses of water through leaekdhe poor conditions of the old
pipelines result in frequent pipe bursts (SRWB, @00 here are also issues of faulty
meters and problems of uneven pressure in the wapgly systems that can cause pipe
bursts. Management of unaccounted for water indib&ibution system will improve
service delivery, as some of the areas in the argy currently experiencing water
shortages (SRWB, 2009).

The study was carried out in the four specific zowhich were Airwing, Malonje, Mtiya

and Sadzi. All these zones have individual wat@neations but very few connections in
Mtiya and Sadzi are communal water points (CWPhEg &ntire Zomba City has a total
of 79 CWPs (SRWB, 2009). Approximately 70% of tiedy areas are traditional and
high density areas whereby those connected to SRMIBr supply have single taps. The
other percentage has multiple in-house taps. Maltnjreported to have high level of
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reported problems which include pipe bursts andewahortages (SRWB, 2009) and
40% of the population relies on boreholes, indrgatiow coverage and water supply
inefficiencies by SRWB. From the socio-economicveyrdone by SRWB (2009) it was
reviewed that Malonje, Mtiya and Sadzi had low cage of piped water supply of 65%.

1.2 Problem statement

Many water utilities have managed to quantify thetal unaccounted for water (UFW).
Urban water supply systems in Southern Africa Hadi#&V ranging from 11 to 60% and
in Malawi, the unaccounted for water ranges betwag% and 48% (World Bank, 2007).
Unaccounted for water for Zomba City is at 30% (SRW008a). In most of the water
supply systems in Southern Africa, reliable estemabf water loss components are not
available (Farley, 2001). A crude figure of UFW wlhiis reported by many water
utilities does not give the water utility cluesgdoritise and schedule on the operations
and management of the system (Kingdetnal., 2006). It is for this reason that a study
was carried out in Zomba City water supply aregadition unaccounted for water, into
real and apparent losses; and to establish ther majaributing factors to the current
water losses in the system.

1.3 Justification

The UFW for Zomba city is currently high at aro@o (SRWB, 2009), and the SRWB
aim to reduce this to 20% by 2020. AlImost 58% ef dirstribution mains are old network
and the poor conditions of the old pipelines resulirequent pipe bursts as reported by
SRWB (2009). Management of unaccounted for watethe distribution system will
improve on water demand management, as some dréas in the city such as some
parts of Malonje and Mtiya are currently experieigcivater shortages (SRWB, 2009).
Identification of priority areas and effectivenessthe UFW reduction can be achieved if
water audits and UFW partitioning are carried out.

According to Liemberger (2002), real and apparessés have to be quantified. No
proper unaccounted for water reduction strategy d®n planned without the
guantification of physical and apparent (comme)clakses (Kingdom et al., 2006).
When the magnitude of all components is known ipdssible to forecast potential
savings (real losses) and potential revenue ineréasparent losses), develop real and
apparent loss reduction strategies and set realistgets (Liemberger, 2002). Thus
breaking down unaccounted for water may assistwter utility to improve knowledge
and documentation of the distribution system inigdproblem and risk areas. The
breakdown and hence the water audit also becormakiable tool to manage resources,
by getting a better understanding of what is happeto the water after it leaves the
treatment plant. Thornton (2002) indicates thatewddss reduction programmes lead to
reduced water losses, financial improvement, iregdaknowledge of the distribution
system, more efficient use of existing supplie$egaarding public health and property,
improved public relations, reduced legal liabiliagnd reduced disruption of water supply
to customers.
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1.4  Objectives

1.4.1 Main objective

+« The main objective of the study was to assess antitipn unaccounted for water
into real and apparent losses for Zomba City watgply system and to analyse
system characteristics in order to predict UFW deerior better operation and
management of the water system.

1.4.2 Specific Objectives
The specific objectives of the study were:

+«+ To establish the trends of unaccounted for wateZfonba city from 1999 to 2008.

¢+ To establish unaccounted for water in selectedsprthe Zomba City water supply
area, partition it into real and apparent losseksfarther assess the revenue loss due
to the unaccounted for water in the system

« To analyse system characteristics such as presqipe age, bursts, meter
inaccuracy, tank overflows; and identify the mogingicant ones with respect to
UFW in the area.

+ To develop relationships that will describe anddprethe unaccounted for water with
respect to system characteristics for better ojperaind management of the water
system.
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CHAPTER TWO
2.0LITERATURE REVIEW

2.1 Introduction

Most of the water on the earth, some 97%, is coathiin the world's oceans and is
therefore not for essential agriculture, drinkirg, most industrial uses (Butts, 1997).
Moreover only 0.36% of the world's water in rivelakes, and swamps is sufficiently
accessible to be considered a renewable fresh wedeurce (Butts, 1997). The supplies
of useful fresh water are finite, and most of tleenfs in which it is used have no
substitute. In 2000 a global population of 1.18idnl people lacked adequate potable
water supply (UNDP, 2003). Water constitutes a wwitle challenge for the 21
century, both in terms of the management of avialalater resources and the provision
of access to drinking water and sanitation for wwld's population (UNDP, 20083;
SADC, 2005). Projections of population, water dethand water development indicate
that by 2025 some countries in the Southern Afrieggion will experience water quality
and quantity problems in the dry season and otheélisexperience “water stress”
(SADC, 2005). Malawi and South Africa will experemn“absolute scarcity” where the
fresh water resources distribution will be lessith@00 |/capita/yr (UNEP, 1999; SADC,
2005). It can be deduced that water shortage aartisy has now become a global
concern and poor management of water resourcesxeaerbates its unavailability.

An essential component of water demand for pubBtewsupply may be the losses in
transport, treatment and distribution systems ndynk@own as unaccounted for water
(ICTR, 2005). ICTR (2005) suggests that UFW maychekevels of 60% in old and
deteriorated systems. According to Balkaran and &\{2002) unaccounted for water
(UFW) also known as water losses, is between 15843866 in the developed world but
elsewhere it is more likely to be in the range @¥a3to 60%. UFW in the range of 40% to
60 % is far often the case in urban distributioategns in the developing world (SIDA,
2000; Baiettiet al., 2006; Schwartz, 2008). In Malawi unaccounted fatex ranges
between 28% and 48% (World Bank, 2007). UFW in misteloping urban water
utilities is very high compared to the internatibetandards set. Van der Zaag (2003)
states that the normal percentages for unaccodotedater in the system are from 15%
to 25%, including a 5% ‘loss’ in the treatment pgaand SIDA (2000) reports that UFW
in the range of up to 15% to 20% of the producedntjty is often a realistic and
sustainable level for developing countries. Publater utilities have a duty to ensure
UFW control in order to achieve sustainable anttieffit water supply systems.

According to SIDA (2000) unaccounted for water tigh leaking pipes, overflows from
tanks, illegal connections, metering errors and-matered uses in the water production,
poor plumbing and other faults in the system vdtgroconstitutes a major problem in
water supply resulting in considerable loss in nexs and excessive production. SIDA
(2000) states that comprehensive water loss coptogrammes are often priority issues
in urban water supply rehabilitation and improveby@ojects. Contrary to this, Schwartz
(2008) indicated that operation and maintenanceater supply has a low, and usually
an inferior profile as compared to new constructioi system extension. According to
Schwartz (2008), while water utilities get fundifoy new construction; little money and
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attention is given for operations and asset maartea. The challenge is that
unaccounted for water may exceed one quarter ofwaeer put into supply, and
according to Balkaran and Wyke (2002) this canasgnt a substantial financial loss to
any water undertaking. It is suggested therefoaé water demand management (WDM)
with improvements to the existing water supply eyst should be pursued before
construction of new and costly systems are undentaldFW assessment and control in a
water utility is important as there are considezabéduction in water shortages,
improvement in revenue and postponement of majoastructure investment on water
supply system. Thus as one of the major WDM todt\control needs to be pursued.

2.2 Unaccounted for Water

Unaccounted for water is the difference between ghwunt of water produced, or
purchased, and the amount of water sold to albowsts (Johnson, 1996). UFW includes
underground leakage; unauthorized use; unavoiddédkage, inaccurate master,
industrial, commercial and domestic meters and wausauses (Johnson, 1996).
According to Johnson (1996), unusual causes inctuneof the following: recirculating
water, that is, water pumped into a pressure zatie am open valve which allows the
water to recirculate without being consumed; natoaating for treatment plant use;
estimated pumping rate due to inaccurate or noste&xi meters; leakage in reservoirs,
ground storage tanks or elevated storage tanks; @mdtentional inter-system
connections where water passing through is unrecordr there are emergency
connections to other distribution systems. Theee different definitions and words to
describe unaccounted for water which mostly conthsaeaders. According to Thornton
(2002) the problems of water and revenue lossesdmided into three. There are
technical problems where not all water suppliecabyater utility reaches the customer;
financial problems where not all of the water thaaches the end user is properly
measured or paid for and terminological problemsmhstandardized definitions of
water and revenue loses are lacking (Thornton, ROJBhnson’s definition of
unaccounted for water did not break it down inte tategories. Based on the
International Water Association (IWA), there areotwajor categories under which all
types of supplier loss occurrences fall (Lambed &tirner, 2000). These are real and
apparent losses. Real losses are physical escapatef from the distribution system,
and include leakage and overflows prior to the poinend use (Lambert and Hirner,
2000). This can be synonymous with technical prokl®ef water and revenue losses as
presented by Thornton (2002). Apparent losses asengially losses consisting of
customer use which is not recorded due to meteemgr, incorrect assumptions of
unmeasured consumption and water theft (Fanne#)28ed this definition is similar to
the financial problems of water and revenue losseslescribed by Thornton (2002).
Unaccounted for water should be broken down int dbomponents to ease their
assessment and reduction.

According to KWA (2002) a high percentage of unacted for water in a public water
utility may arise when the utility has:
+ Inaccurately estimated the amount of water pumpeguwchased due to no
metering of all water at the intake source or bipgisaw water or finished water
meters that are inaccurate or improperly installed;
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Bookkeeping errors;

Inaccurate customer meters;

« Non-metered uses such as water used in the treafnecess, city buildings,
churches, watering a golf course;

< Water leaks.

Table 2-1 gives the IWA standard water balance Wwijust like in financial cash balance
analysis and auditing, is where the amount of waiiinto distribution is compared with
the sum of the components of water consumed or (Badey, 2001). Further to this
table are the steps used to calculate the comporegnthe water balance and are

presented after Table 2-1.

Table 2-1: The IWA ‘best practice’ standard water talance
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(Adopted from Fanner, 2004)
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» Steps for calculating non-revenue water and watesdgadopted from Lambert and
Hirner, 2000).

The following steps are used to obtain componehtseowater balance, which at the end
enable the water utility to calculate its waterskes and non-revenue water. The steps
refer to Table 2-1 above which has seven (7) cokumn

>

>

Step 1: Define sources of water and enter in Col. 1

Step 2: Define correcte®ystem Input Volume as sum of Col &nd enter in Col. 2.
Col. 3 represents total water diverted by the watéity and this can either be
exported to other water utility or can be supptedhe utility’s customers.

Step 3: DefinaBilled Metered Consumption, Billed Unmetered Consumption and
Billed water exported in Col. 6; enter total irBilled Authorised Consumption
(Col. 5) andRevenue Water (Col. 7).

Step 4: Calculate the volume Nbn-Revenue Water (Col. 7) as correcte8ystem
Input Volume (Col. 2) minusRevenue Water (Col. 7).

Step 5: Define Unbilled Metered Consumption and Unbilled Unmetered
Consumption in Col. G transfer total tdJnbilled Authorised Consumption in Col.
5.

Step 6: Add volumes dilled Authorised Consumption andUnbilled Authorised
Consumption in Col. C; enter sum asuthorised Consumption (top of Col. 4).

Step 7: CalculatéNater Losses (Col. 4) as the difference between corrected
System Input Volume (Col. 2) andAuthorised Consumption (Col. 4).

Step 8: Assess components bfauthorised Consumption and Metering
Inaccuracies and data handling errors (Col. 6) by best means available, add these
and enter sum iApparent Losses (Col. 5).

Step 9: Calculat®eal Losses (Col. 5) asWater Losses (Col. 4) minusApparent
Losses (Col. 5).

Step 10: Assess components of real losses (Cbly Best means available (night
flow analysis, burst frequency/flow rate/duratialoulations, modelling etc), add
these and cross-check with volumeR&al Losses in Col. 5 which was derived

from Step 9.

From Table 2-1, the difference between non-revemater and water losses can be seen
in that non-revenue water represents unbilled aisdd consumption, apparent losses
and real losses while water loss or unaccountedvéder represents apparent and real
losses. The UFW can be considered as a total wofanthe whole system, or for partial
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systems such as raw water mains, transmission stritdition (Lambert and Hirner,
2000). And where UFW analysis is carried out fa thistribution network or zone, it is
referred to distribution losses (Lambert and Hijr000). In each case the components
of the calculation would be adjusted accordinglye® are many causes of UFW in the
water supply system and each cause may contribffiéeethtly to UFW. For successful
control of UFW, all the technical, financial andnenological aspects of UFW need to
be understood by the water utility. This includesessment of UFW using the IWA
standard water balance.

2.3 Components of Unaccounted for Water

UFW is broken down into two main components whice eeal (physical) losses and
apparent (commercial) losses (Yepes and Diand&gff). A few methodologies have
been developed to assess the unaccounted for watemter distribution systems,
however most of them just concentrate on the ssds concept, and have no emphasis
on the apparent losses, which is so important irstmumdeveloped and developing
countries (Tabesh and Asadiani Yekta, 2005). Istncases, unaccounted for water is
presented as a crude figure that is, it is not émokown into its components. For
instance, for well performing water utilities, tiéorld Bank set 23% as unaccounted for
water in developing countries (Tynan and Kingdo®02). Baiettiet al., (2006) listed
levels of unaccounted for water and circumstandastwgive rise to such losses without
stating how much constitutes real or apparent ¢assponents. This indicates that most
of the studies done do not further on to partittdRW. Contrary to this, some water
utilities like those in South Africa have calculdteomponents of non-revenue water,
apparent losses and real losses using the staadatl water balance and have further
developed software tools to enable reduction of UMtkenzie et al., 2002b).
Unaccounted for water is a problem for all watelitigs (Balkaran and Wyke, 2002) and
the need to know the causes and quantitigbe various components of UFW is obvious
and has to be emphasized (Kingdeinal., 2006). Table 2-2 presents the composition of
UFW for some selected cities as reported by Yepdaanderas (1996).

Table 2-2: Composition of UFW

Country/City Year | Physical | Commercial | Total
(%) (%) (%)
Singapore 1989| 4 7 11
Spain, Barcelona 1988 11 12 23
Colombia, Bogota 1991 14 26 40
Costa Rica, San Jose 1990 21 25 46

(Source: Yepes and Dianderas, 1996)

The table suggests that the issue of UFW partitipralthough has been taken up by few
water utilities, is not new; for example, the tableows that Singapore partitioned UFW
in 1989. Therefore UFW partitioning should not b&en as a new subject. Yepes and
Dianderas (1996) presented unaccounted for watrins of its two components. From
Table 2-2, it can be seen that each of the two oompts contribute significantly to
UFW, contrary to the common assumption that regkds are always greater than
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apparent losses. Farley (2001) indicates thattindies of Viethamese water companies
established that around two-thirds of losses are tunon-physical losses (apparent
losses) and one-third are due to physical losseal Bsses in the system may dominate
if that system has old distribution pipelines whaan no longer withstand high pressures
and experience a lot of bursts and leaks. Unavliilabf customer cadastre, reluctance
on meter repairs and poor accountability to custsmmay lead to high levels of apparent
losses. Thus presenting unaccounted for watercasda figure may not enable the water
utility visualise how each component is contribgtio total UFW and hence may not be
able to narrow down to areas of priority during cocwunted for water control
programmes.

2.4 Apparent losses

Apparent losse$AL) consist of unauthorized consumption (theft or #llegse), and all
types of inaccuracies associated with productiorterimey and customer metering
(Lambert and Hirner, 2000; Tabesh and Asadiani &eR005). Apparent water losses
can be perceived as occurring in three primary w@dysnbert and Hirner, 2000).
According to Lambert and Hirner (2000) these lossasur as a result of errors in water
flow measurement, errors in water accounting aruthorised usage or theft. They are
related to management losses resulting in a shodfarevenue for water supplied
(Farley, 2001). Because this water was availabieséde, these losses are incurred at
retail rate (Tabesh and Asadiani Yekta, 2005). Wndgistration of production meters
and over-registration of customer meters lead tdetsestimation of real losses; and
over-registration of production meters and undgrsteation of customer meters, lead to
over-estimation of real losses (Lambert and Hirr2900). Hence an inappropriate
assessment of apparent losses often results ilossds being overstated in the water
audit, potentially misguiding water loss optimisati planning by placing inordinate
emphasis on leakage while potential revenue regayees unattended (Thornton, 2002).
This reveals that assessment of apparent lossea dagect impact of real losses and
therefore it is important to pay attention to bottmponents of unaccounted for water.

Further to the IWA standard water balance in T&sle apparent losses are broken down
into four component errors (IWA, 2008). There arssks due to under-metering which
refers to the errors generated by the water méteraselves or by the management of
the water meters where the meter does not complesgister the volume passing
through them (Rizzat al., 2004). For unmetered customers, estimation of tenae
consumption also generates errors. This is a vappitant component for systems that
are not fully metered (Rizzet al., 2004; IWA, 2008). Unauthorised consumption is
another component of apparent losses which refemsitegistered water connection and
any kind of frauds or malpractice (Tabesh and Amaidliekta, 2005). According to
Rizzo et al. (2004), unauthorised consumption comprises theftamdform of illegal
consumption. The fourth error component of appal@sges is linked to data acquisition
system which, according to IWA (2008), refers te #irors that may be generated at the
various stages of the data acquisition process agadttata capture (meter readings and
computer system data entry), transmittal, procgssmanipulation etc. According to
Rizzo et al., (2004) data acquisition errors are data transfesrs between meter and
billing system and data analysis between archivetessment of apparent losses is
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therefore supposed to target these four compon€ntssequent to the four categories of
apparent losses, there are four categories ofratas presented in Fig. 2-1 that can be
implemented to get the apparent losses under ddifitrornton, 2005).

Customer
accountability
data integrity

=

Current level of AL

Policy : Customer

enforcement Economic level of meter

control AL management
Unavoidable AL

Data

handling
and analysis
control

Fig. 2-1: Components of a proactive apparent lossamagement program

(Adopted from Rizzo et al., 2004)

The level of apparent loss may increase or decr@ggending on the level of control of
each category of loss. One of the major charatiee$ the apparent losses is that they
can be positive or negative (IWA, 2008). For ins&a water meter may over-register in
some specific conditions; and a non-metered consampan be overestimated (IWA,
2008). Working on the four reduction strategiessprged in Fig. 2-1 is a key to reduced
apparent losses.

2.4.1 Assessment of Apparent Losses

There are various factors affecting apparent lossediscussed in the previous section
and these can be assessed in different ways. Doegqiing discussion looks at ways of
determining their quantities which can later bedusethe water balance analysis.

* Under-registration by customers’ meters

This concept reflects the fact that the water niegedevices do not actually display an
exact readout of the water volume that passes ghranem (Sanchez, 2007). This is
influenced by several factors. Customer meters tenthder-register as a result of meter
aging, inappropriate meter installation, inapprafgrisizing and impacts of customers’ in-
house installation. Meter mismanagement also r@sutteter under-registering or errors.
This includes errors in meter reading, inventedemetading and when the meter is out
of operation (IWA, 2008).
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Meters that under-register can be estimated frosample survey (Sanchez, 2007).
Accurate ‘C’ or ‘D’ class meters, may be temposanistalled in line with the customer’s
meter, as check meters to compare the volume flBwseter test bench which has an
inbuilt calibrated meter can also be used if abddgIWA, 2008). Other organizations
have used a 200 | calibrated drum and checkeddbt@acy of the meter under test by
filling the drum to a mark of 200 |, and reading tholume that has passed through the
meter. The volume which is lost due to under-regigin in the surveyed area is
calculated and extrapolated. According to SancBe@%) calculation of metering errors
is solely executed in accordance to the age of nietering device. Inaccuracy is
determined for each metering device in a % overdedout, based on the age of the
device counted since the date of its installatibhe error percentage, which is then
multiplied by the recorded amount (metered billed/ar metered unbilled in the period
of analysis), is assigned to the meters per lidesribution (Sanchez, 2007).

* Meter Error Curve

Meter inaccuracy depends on the flow rate at wthehmeter is being used (IWA, 2008).
Studies have reviewed that residential consumptypically occurs at 5, 15, and 80
percent for low, medium, and high flows, respedyivé study carried out in Detroit
Water and Sewage Department (DWSD, 2004) concludatd 15- to 20-year-old all-
brass meters (no longer manufactured) have anlbaeraracy of 98.5 to 99% while 15-
year-old meters with plastic drives have testedabl@5% accuracy. In another study, in
Australia, DWSD (2004) indicated that 6% of the evadelivered to 11,000 residential
properties was not measured due to inaccuracy enflhw meters, but nothing is
mentioned in regarding the age and calibration etfens.

The meter has to be tested at different flow ra&begive different errors from which a
meter error curve is established (Sanchez, 2004, [R@08). For better use of the results
from the meter survey, the water utility has toWrnits customers and their consumption
patterns, that is, the category in which the custofalls; how much the customer uses
and at what flow rates. When the meters have besied, the water utility can have a
picture on what kind of the meter a customer rexpugo that the utility does not lose a lot
of revenue through meter under registering or srror

Fig. 2-2 shows the meter error curve. The 2% and \&tes for new meters are
suggested by international standard (ISO) (IWA,80The curve of the meter should
always be located inside what is called the “tuh(i®/A, 2008). This indicates a normal
operating meter which is under-registering to ataigp levels. Fig. 2-2 shows that even
with a new meter, the error (under-metering) maywéry high when the consumption
flow rate is small. The error is 100% under thetsip flow rate. The meter should not
be used for flow rates lower than the minimum floate (IWA, 2008). But the
customer’s consumption is what it is: this is thason why, even with new meters, there
is always a volume of water consumed that is ndered that is apparent loss.
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Fig. 2-2: Customer meter error curve

(Adopted from Actaris Meter Systems, 2004)

» Stopped or broken meters

Stopped or broken meters record zero flow wherctistomer is actually using the water
(IWA, 2008). Average consumption on the other haluks not represent the true
consumption of the customer and usually under-egéisnthe consumption. The number
of these can be estimated from meter records amgple survey (Farley, 2001). During

meter readings, meter readers take records of eféns which are stuck and are not
recording at all. Volume lost due to stuck metexs be calculated from meter records or
from estimates of per capita consumption (Farl&)12. Meter records give an average
consumption of the customer based on the past ogotgun patterns.

* Unauthorised use

Unauthorized use is an area often overlooked indrjo reduce unaccounted for water.
Unauthorized use can consist of unmetered use byramtors; unauthorized or
unmetered connections; and theft by bypassing setérauthorized use, especially in
older systems, can be one of the most difficulaarto eliminate in trying to reduce
unaccounted for water (Johnson, 1996).

As in real losses, the most important first stegd thust be taken with regard to apparent
losses is in their quantification, or measuremeélmiess some idea is known about the
volume of water that is being consumed but not dpgiaid for, little support will be
provided by the organization concerned to redutedpparent loss (Rizza al., 2004).

It can also not be concluded that the apparentefoase low in a water utility by just
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looking at a large number of new meters instalé=dmeter errors are not the only factor
influencing apparent losses and literature has ragealed that even a new meter under-
registers to some degree; quantification is they avhy to confirm that the apparent
losses are indeed low.

25 Real Losses

Real losse$¢RL) are physical water losses from the pressurise@sysip to the point of
customer metering (Farley, 2001). According to Eiband Asadiani Yekta (2005), real
losses are categorised as water losses from relpanig unreported bursts, background
losses, reservoir leakage and overflow and leakage valves and pumps. Because this
water did not have the opportunity to pass throaghustomer's meter, Tabesh and
Asadiani Yekta (2005) indicate that these lossesiacurred at the production rate.
Further to this, Farley (2001) argues that sine Iesses comprise physical water losses
from the water supply system, real losses leag@doged supply to customers. The IWA
recommended definition for real losses is ‘the ahmolumes lost from transmission and
distribution systems through all types of leakstslaiand overflows on mains, service
reservoirs and service connections, up to the pficustomer metering’ (Thornton and
Lambert, 2005).

Leaking systems may present substantial thregtsiltbc health, because of possibilities
for infiltration of contaminated groundwater undiEw pressure conditions in the
distribution network (Tabesh and Asadiani YektaD20 Leak detection programs are
effective ways to minimize leakage and to fix snpatbblems before they become major
ones (Water Audit Guidance, 2008). Thus real las#rol through leak management is
essential not only to avail water to customerstbudrotect the public health as well. Fig.
2-3 presents the components of real losses.

Leakage and
overflows at
storage

— =

Current level of RL

Wgeon . Leakage on
mains Economic level of service
RL connections
Unavoidable RL

Background
leakages on

pipes

Fig. 2-3: Components of real losses

(Adopted from Thornton, 2005)
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Measures to control real losses should be appimedl®neously on the four components
in Fig. 2-3. Initial efforts can reduce real los$esn current level to economic level of
real losses. Further reduction of these componetitseduce real losses to unavoidable
real losses where further reduction will not bereouoical (Thornton, 2005). Fig. 2-4
provides the proactive real loss control program.

Pressure
Management

=

Current level of RL

Improved : Proactive
Leak repair Economic level of Leak
Time RL Detection

Unavoidable RL

Infrastructure
Management]

Fig. 2-4: Components of a proactive real loss managent program

(Source: Thornton, 2005)

There are four major components to real loss comthich aim to reduce the four real
loss components presented in Fig. 2-3. The numberew leaks arising each year is
influenced primarily by long-term infrastructure gipeline and asset management which
includes selection, installation, maintenance, wete and replacement. Pressure
Management can influence the frequency of new leaid the flow rates of all leaks and
bursts (Lambert, 2002). The average duration ofl¢h&s is limited by the speed and
quality of repairs, that is, improved leak repaind, and the proactive leakage control
strategy controls how long unreported leaks runbfeiore they are located (Thornton,
2005). The extent to which each of these four dm#s/is carried out will determine
whether the volume of annual Real Losses incread®seases or remains constant
(Lambert, 2002). To keep real losses at minimuiat, i) to squeeze the real loss box, the
four measures in Fig. 2-4 have to be employed e¥iey.

25.1 Assessment of Real Losses

There are various components of real losses ars tten be assessed in different ways
(Farley, 2001).The proceeding discussion looks at the components ways of
determining their quantities which can later bedusethe water balance analysis.

* Reservoir Leaks
Leakage from reservoirs can be measured by thevmeserop test. The inlet and outlet
valves of the reservoir are closed and the dropater level over a period of time is
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measured. For reservoirs which have compartmetsh €an be monitored in turn.
According to Farley (2001), drop tests are usuabyried out at night to minimize
disruption to the supply.

* Reservoir overflows

Overflows from reservoirs are assessed by inspgdhia float valves when the reservoir
is at top water level (TWL). The volume passing tloe period when the reservoir is at
TWL is estimated or measured (Lambert and Hirn@d02.

» Leakage from trunk mains

Assessment of leakage from trunk mains can be dgneaserting meters or clamp-on
ultrasonic meters at each end of the main to caleuhe change in volume flow rate. An
alternative way is to include the trunk mains ie thistribution system measurement as
suggested by Farley (2001).

* Leakage in distribution system

According to Farley (2001), leakage in the disttib system is assessed using two main
classes of measurements. These are the supplyreamirement and the district metered
areas (DMAs) measurement. These classes are assbscbelow.

0 Supply zone measurement: use of minimum night flGMINF)
The urban water distribution system is often suidig into sub-districts containing 200
to 3000 properties (Gummab al., 2003). These areas are isolated and fed throsgigke
meter, capable of measuring and recording the ke of flow that occur during the
early hours of the morning, also known as Minimurnghtl Flow (MNF). This is a
method for measuring the night flow into a suppine and includes trunk main leakage.

The MNF, usually occurring between 12 am and 4 ,asmone of the most meaningful
pieces of data for measuring leakage (Thornton5R0Bccording to Farley (2001),
authorized consumption between 12 am and 4 amaisrahimum and, therefore, leakage
is at its maximum percentage of the total flowislassumed that the night flows closely
represent the water loss and particularly realdesa the supply zone. This is because
little legitimate consumption is expected to takecp during the period of measurement.

The measured night use by large customers andstimated night use by households are
subtracted from the measured night flow to give lib&s in the distribution system
(Farley, 2001). According to Thornton (2005), tletireation of the leakage component
at minimum night flow is carried out by subtracting assessed amount of legitimate
night-time consumption for each of the customemsnected to the mains in the zone
being studied. Mckenzie (1999) indicates that #sult obtained from subtracting the
assessed night use and exceptional night use frerminimum night-time flow is known
as the Net Night-time Flow (NNF) and this consigtedominantly of real or physical
losses from the distribution system.

Typically, in urban situations, about 6% of the plapion will be active during the
minimum night-time flow period (Mckenzie, 199%)it is known that there is significant
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or non-normal night use, otherwise known also agpttonal night use, within the zone,
then this must also be estimated or measured byirgrout meter reading tests during
the minimum night period. NNF can be further sumtbd into background leaks and
breaks using component analysis methodology (Fa2e§1; Thornton 2005).

In cases where there are no bulk meters, another db reservoir drop test can be used
to obtain the MNF, where the inlet valve to theergsir is closed and the drop in level

over the same period is measured, after subtratii@egsame values for customer use
(Farley 2001). As it makes use of the reservois, talculation will also include reservoir

leakage and trunk main leakage.

o District Meter Areas (DMAp

According to Farley (2001), DMAs are small zone$00 to 3000 households within a
supply zone. Gumbet al. (2003), state that DMAs typicallgontain 2000 to 5000
properties. Each DMA is a discrete zone, with andef boundary. The boundary may
either be permanent or temporary. Flows into (amdof) each DMA are monitored by a
flow meter. The meters are read regularly &nslpply is inexplicably high, inspectors
are sent intdhat district to locate leaks (Gumlabal., 2003). When monitoring shows
that leakage has increased in a DMA, sub-divisibrDMAS into smaller areas by
temporarily closing valves can be carried out @garR001). This enables the DMA team
to narrow down to the areas of highest real lodseBMAs where sub-dividing would
cause too much disruption, consideration can bengio installing a meter or meters on
an internal boundary. In effect this creates two Aylone cascading into another
(Thornton, 2002). These meters would not normakyrbead, untii DMA monitoring
shows an increase in night flow. Internal valvesal@ may be carried out in conjunction
with metering for further sub-division.

Night flow measurements are used to calculate gaka the distribution system
(distribution mains, service connections and fifij) after subtracting customer night use
as recommended by Farley (200Ihis method has the advantage that the wateryutilit
personnel can concentrate their efforts in thostridis where the highest levels of
leakage occur. It also has the added advantagenfoatation regarding flows and use
of water within the network is obtained that canuseful for the day to day running of
the network and for the planning and design ofriiextensions. However, the method is
not sensitive to changes in leakage and does n@rndi@e the position of leaks.
Mckenzieet al. (2002b) state that although district metering alldiws detection and
estimation of water losses within the district st highly dependent on the range of
measurement, accuracy and sensitivity of the wagder.

2.5.2 Waysto minimize Real losses

In a water utility, a number of factors might caontite to the low level of leakage. These
include low operating pressure, when the systeverig new and burst rates in the system
are low (Farley, 2001). Location of the mains ieflces detection of leaks. Farley (2001)
indicates that when the mains are located in fabfpander paving blocks, which are
usually characterized by sand soils with a highewtdble, virtually all leaks are visible.

The poor quality of water usually exacerbates o of the network thereby increasing
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leaks; hence water quality control is very impotti#nleak reduction. Rapid response to
reported leaks also reduces leaks.

* Pressure management

Sudden drops in pressure may reduce the leak tevfrom a defect in a pipe (Gumbo
et al., 2003). Thus reduction in pressure leads to reduatedof escape through each leak
and may also affect the number of leaks occuritiffpctive management of pressures is
the essential foundation for an effective leakagmagement strategy (Lambert, 2002).
Pressure reduction is relatively cheap and canuiekly effected, but Mckenziet al.
(2002a); and Thornton and Lambert (2007), cautianlthwer pressure may also increase
the leak population by making them less detectable.

Pressure reduction can be achieved in a numbeays such as reducing pumping heads,
installing break pressure tanks and using pres®sgecing valves. The control of
pressure surges and cycling is likely to reducentimabers of bursts and leaks that occur,
especially in plastic pipes. The South African CadePractice SABS 0306 “Code of
Practice for the Management of Potable Water inrDigtion Systems” recommends that
for water distribution networks, the static presssinould be limited to between 30 m and
60 m (Gumboet al., 2003). ICTR (2005) recommends that water presssiesid not
exceed 50 m at service connections, unless theceeiy provided with a pressure-
reducing device. Pressure control is a necessatydothe technical management of the
system. When combined with any other method of mlats estimation, pressure control
could give very useful information in order to idiénthe causes of water lost through
leakage.

2.6 Performance Indicators

Performance indicators are a means of measuringc@amgaring progress in operations
(Rizzo, 2007). Unaccounted for water is usuallyregped in a number of ways. The
most common one is the difference between wateplggpand water sold expressed as a
percentage of net water supplied (Balkaran and \W38@2). Use of percentage values in
expressing unaccounted for water, although freq€atley, 2001), is not usually
recommended for comparing leakage rates from os&emsyto another. According to
Farley (2001), this indicator fails to take accoahainy of the main local influences. On
the other hand, Balkaran and Wyke (2002) indicai® fpercentages are useful for
comparing the leakage rates for the same systamdre year to another. Since by using
percentages comparisons can be drawn from ondgdlae other within the same utility,
OFWAT (2002) describes that percentages can be fosédternal benchmarking'. It is
not feasible and helpful to use percentages foteteal benchmarking’, in other ways,
where there is an international comparison.

OFWAT (2002) further states that expressing leakagees in terms of percentage of
distribution input can be misleading. For examme, increase in consumption will
appear to lead to a leakage level reduction wheacinal fact, the volume of water lost
has not reduced. Likewise, a successful campaigeffizient use of water will reduce
the amount of water put into supply and leakagée appear to increase. The recently
developed IWA performance indicators also sugdestleakage should not be presented
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in percentage form (OFWAT, 2002). It can therefbee concluded that percentages
should be used when comparing unaccounted for \irater one year to the other in the
same water utility.

Balkaran and Wyke (2002) indicate that the otheysmaf expressing unaccounted for
water are as the difference between water supphedwvater sold expressed as a volume
of water ‘lost’ per km of water distribution netvkoper year (MYkm/yr) and as the
difference between water supplied and water soplesssed as volume of water ‘lost’ per
water connection (fconnection/yr). These two volumetric indicators easily be used
to baseline and track performance of an individwater supplier's loss management
efforts. It is also easy to turn the volumes intdues for simple and more complex
economic calculations (Thornton and Lambert, 200&gcounting for the losses in terms
of percentage of the volume produced is signifidanthe efficiency of the system but
does not allow conclusions about the profit pogsiditained with their detection and
depends on the water utility characteristics undealysis. The implementation of
leakage surveys is related with the lost volume,pipe length and the customer number
of each water utility (more precisely with the nwmiof connections) Marques and
Monteiro (2001). According to Marques and Monte{@001), expressing losses as
volume per pipe length per time from the economiealter quality and environmental
points of view, is extremely important to decisiomking when conducting a leak
survey.

Network efficiency which is defined as the relasbip between the daily average water
volume produced and the total network length ie als important performance indicator.
This indicator characterises the population digparsithin the water utility and as this
indicator increases, the higher is the populatiemcentration and, as a consequence, the
higher will be the consumption and more profitabli be the water utility (Marques and
Monteiro, 2001). This discussion suggests that eg#age should not be used when
comparing performance of different water utilitiésis an important tool to check the
utility’s asset maintenance efforts from one yeaithe other. UFW of different water
utilities should be compared using volumetric irdacs as it implies comparing entities
with common parameters and hence assists the waiid@y in coming up with
profitability and water loss control strategies.

A better interpretation of the actual real losseany distribution network is obtained by
comparing technical indicator for real losses (T)Rilso known as current annual real
losses (CARL) with a best assessment of unavoidabteial real losses (UARL) for
local conditions (Farley, 2001). Based on a siasibtanalysis of international data,
including 27 diverse water supply systems in 19ntoes, a method of predicting UARL
has been developed and tested for applicationdies with average operating pressure
of between 20 and 100 m, density of service commestetween 10 and 120 per km of
mains and customer meters located between 0 andfBim the edge of the street.

UARL = (18%XLn+ 0.80xN+25 X L) X P ...ocoiiiiiiiiiiiiie, Equation 2-1

Where:
UARL = Unavoidable annual real losses (I/d);
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Lm = Length of mains (km);

Nc = Number of service connections (main to meter);

Lp = Length of unmetered underground pipe from sedge to customer
meters (km);

P = Average operating pressure at average zoné (pajn

(Source: Mckenzie et al., 2002a).

As reported in Farley (2001), UARL can vary betwe2d and 142 litres/service
connection/dayor specific combinations of average operating gues between 20 and
60 m, density of service connections between 201&dservice connections per km of
mains and customer meters located between 0 amad, 2@m the edge of the street and
the delivery point (length of connections). Theaatf the actual CARL to UARL related
to the local system is a useful non-dimensionalexnaf the system performance

(Thornton, 2005). This is known as infrastructwwaklage index (ILI) and it is worked out
as:

ILI S CARL/JUARL ..ot Equation 2-2

(Source: Liemberger et al., 2007).

ILI is recommended as an additional step for therpretation of the actual value of
CARL and should hence be used for comparison of utikty’'s total real loss
management efforts and performance.

Jessy Alida Chipwaila 20 2009



MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

CHAPTER THREE
3.0 STUDY AREA

3.1 Location

Zomba District is located in the Southern Region Mélawi and its geographical

coordinates are 15° 23' 0" South, 35° 20' 0" E®Wgkipedia, 2009). It is bordered by

Chiradzulu to the South West, Mulanje and Phalomistricts to the South, Machinga
District to the North, Balaka District to the NortWest and Mozambique to the East
(NWDP 11, 2007; ESIA, 2009). The City of Zomba iset district headquarters, and
according to NWDP 1l (2007), it is 64 km north ofaBtyre City, the country's main

commercial centre; and 288 km south of LilongweyCihe Capital of Malawi. Zomba

City is the second largest town in the Southernidtegfter Blantyre and the fourth

largest in the country. Appendix XI shows map ofrixa.

3.2  Topography, Geology and Climate

The topography of Zomba district varies from mourdaas and hilly regions that
comprise the ridge dividing the Upper Shire Valieythe Western part of the district to
the broad, flat plains of Lake Chilwa (a sensitivetland ecosystem) in the East (ESIA,
2008). The district elevation varies from 627 maslLake Chilwa to 2,130 masl on
Zomba Plateau. The diverse topographical charatiterigenerate a variety of climatic
zones between different areas of the district (NWDRO0O07; ESIA, 2008). The geology
of Zomba district is varied with a base complex posed of metamorphic rocks derived
from sedimentary and igneous rocks of Precambriagino There are different types of
minerals and these include limestone currently denmed commercially in the district.
The climate of Zomba district is cool to hot withraal average temperatures ranging
from 15 °C to 25 °C. Zomba experiences a tropidiahate with three main seasons:
cold-dry, hot-dry and hot-wet, ranging respectiviegdm April to July, August to October
and November to March. Zomba receives an annuafathiof between 600 mm and
1500 mm.

3.3 Vegetation and Environment

The vegetation of Zomba is primarily Savannah arwhm be classified into two distinct
biotic communities (ESIA, 2008; ZDA, 2008a). Pafttbe plateau is semi evergreen
forest while the other part is made up of wetlandsombo woodlands comprise
forestlands in the plateaux hills and escarpmemis have medium to high rainfall.
Mopane woodlands which are largely dominatedblophospermum mopane with open
glades cover the fringes of the district. The distnas high species diversity particularly
on the Zomba Mountain. In addition to the variousetspecies, the district has the
Zomba Forest Reserve. However, most of the navegetation has been greatly reduced
and has been replaced by exotic bluegum, pine,iganahd other tree species.

The environmental situation in Zomba is fast detating due to the rapid loss of forest
cover (ZDA, 2008a). Deforestation is occurring ateay fast pace as a result of human
encroachment in protected forests, for purposeagoicultural expansion, increasing
demand for fuelwood (charcoal and firewood), angh&r timber requirement. The rate
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of forest destruction is further aggravated by asfructure development, such as the
construction of Mulunguzi Dam and expansion ofdistrict road network.

34 Land Use

With regard to land use, Zomba district has a tatala of 2,541 ki(ESIA, 2009).
According to NWDP 11 (2007) this land area is 3%tloé total land area of Malawi. Most
of the land in the district is under customary ldadure system. The City of Zomba
covers a total land area of 22,800 ha of which 4D,Ba (44.9%) is taken by urban
development, while forest reserves and plantatamver 5406 ha (23.7%) and 7152 ha
(31.4%) respectively (ZDA, 2008b).

35 Socio-economics

According to the SRWB (2008b), Zomba City had tbevdst unemployment rate of
15.9% compared to the other cities where Lilongwad 18.6%, Blantyre had 21.3% and
Mzuzu had 18.8% unemployment rate. Most of the |gewpthe City were civil servants
(49.6%), 33.9% were self employed, 11.1% were fasmaad 5.4% were family business
workers. Most formally employed individuals (97%#¢ne service personnel, professional
and technical personnel, production and clericall 8% were in managerial and
administrative positions.

3.6  Population Size and Growth

From the 2008 Population and Housing Census coaduxy National Statistical Office
(NSO, 2008), Zomba District had a total populatwr670, 533 which is about 5.2% of
the national population. The average populatiowgiiaate per annum is estimated at 2
% in the rural and 2.9% in the Zomba City. Zomb#&y@iad a population of 87, 366
(NSO, 2008; ZDA, 2008b).

3.7 Water resources

Zomba District has many rivers that include Mulungurhondwe, Domasi, Naisi,
Namadzi, Phalombe and Likangala (NWDP IlI, 2007).atidition to several rivers of
importance, the District has Lake Chilwa into whgtdme of these rivers drain. The new
dam on Mulunguzi River is the main water supplyrseuor the City of Zomba and its
peri-urban areas

3.8 Water Supply

3.8.1 Urban and peri-urban areasin Malawi

The existing urban and rural water supply schemdssgstems in Malawi provide access
to potable water facilities for up to 54 % of trmuotry’s population, which reduces to 32
% with access to potable water at any one timetdumeakdowns, drying up of sources
and other operational and maintenance problems (M\{94; Mvalo and Company,

2002). Before 1996, urban water supply schemegptxhose for Blantyre and Lilongwe
were run by Government under the district waterpgupund. The Water Resources
Management Policy and Strategy launched in 1994dsed on improving water supply
and sanitation services that had deteriorated aetce viacing major challenges of
sustainability, with emphasis on decentralisatiomd a&commercialisation (Mvalo &
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Company, 2002). This was achieved through the ksitabent of three regional water
boards to take over the water supply schemes whese centrally run by Government
through District Water Supply Fund of the Ministf Water Development. Five water
boards are now established and operate under tiher Werks Act of 1995 which is the
legal framework of the water resources managemaidypof 1994 (MWD, 1994; Water

Works Act, 1995).

Water services in urban and peri-urban areas iraMaére provided by public water
utilities, also known as water boards. The Regidiater Boards inherited very old and
inefficient water supply facilities from the Distti Water Supply Fund which was
formerly responsible for supplying water in smatban areas in Malawi (Mulwafet al.,
2002). These old facilities are responsible fohHmgses of water through leakage. There
are also issues of faulty meters and problems efem pressure in the water supply
systems that can cause pipe bursts. Despite thedlergges, urban water supply coverage
has improved (WHO, 2000). Fig. 3-1 shows the ingee service coverage for urban
water supply which are managed by water boards.
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Fig. 3-1: Urban water supply coverage in Malawi

(Source: WHO, 2000)

Fig. 3-1 shows that there was a general increaseban water service coverage from
1980 to 2000. In 2000 the coverage was 95%. Efartquired to get to 100% coverage
and since unaccounted for water reduces wateradigty, UFW control can avail some
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water and hence it can increase service coveraigeltale some new customers who are
not connected to the urban water supply.

3.8.2 Zomba City

Southern Region Water Board is the supplier of lgetavater to the City of Zomba and
some parts of the Zomba district. The Water Bodostracts water from a new dam on
Mulunguzi River on Zomba plateau. Zomba City waseipply system has service
coverage of 89% by population (SRWB, 2008a).

The Zomba Water Supply system originally consistédn intake on the Mulunguzi
River, a conventional treatment plant with a cafyaef 6,000 ni/day, 17 storage tanks
with capacities ranging from 25°to 455 ni and 90 km of distribution pipelines with
pipe diameters ranging from 25 mm to 200 mm madeadbus types of materials. This
system was built in the early 1950s and could nffice the demand starting from the
1980s. Due to acute shortage of water within theaZa City the Government of Malawi
with financing from the World Bank under the Na@bnVater Development Project
initiated a project aimed at augmenting and extgndihe water supply including
construction of a more reliable water supply sour€his project resulted in the
construction and commissioning of a 3.4 Rikulunguzi Dam designed for the year
2015, an additional 12,200°d capacity treatment plant, storage tanks wittotal t
storage capacity of 9,750°mand a total of 41.3 km of pipeline of PVC, GI athactile
iron with diameters ranging from 80 to 350 mm (La&yer International, 2000).

* Operational challenges
According to the SRWB brief outline of Zomba schérf2008a), the city water supply
faced a lot of challenges. Some of the problemisidiec

+« Old Water Supply Infrastructure

Zomba City has some water supply networks whicheveanstructed in the early 1950s
hence they are very old. Almost 58% of the distidiumains are at their serviceability
limit state (SRWB, 2009). The Zomba City water dypis hence pumping a lot of
money on the maintenance of the infrastructure sashAC and steel pipes. The
infrastructure is also not adequate for the curpamulation since the infrastructure was
constructed some 60 years ago when the populatsnstill small and huge investments
were not feasible.

+ Meters are operating beyond their design life
The number of meters of over 10 years of age imattd to be in excess of 4000 out of
the 9,249 meters (43%) in the Zomba scheme. Bligtiat the scheme is losing a lot of
revenue through meter errors, as water meters tenahder-register when they are
getting old (SRWB, 2008a).

! Zomba scheme has six sub-schemes; one of thenh vehadso the largest is Zomba City water supply
system.
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¢ High Unaccounted for Water

Zomba City has high unaccounted for water in tmgeaof 30%. The reason for the high
unaccounted for water is mostly pipe bursts whiehas a result of old pipelines that can
no longer withstand high pressures in the wateplsupetwork. The high unaccounted

for water is also as a result of old meters thagllg under-register consumptions. Apart
from the challenges above, there are no devicethensystem installed to monitor

unaccounted for water at different stages and tmanitng of UFW has also not been

done.

» Efforts to reduce high unaccounted for water

The SRWB uses improved leak repair time strateggedd and quality of repairs) and
infrastructure management strategy to control rémdses and customer meter
management to control apparent losses. The WatardBaas increased the number of
maintenance teams and vehicles to facilitate quégair of bursts, and whenever the
burst cannot be repaired immediately, valves awvsetl to minimise water losses. In an
effort to reduce apparent losses, the SRWB staltedeplacement of faulty meters in
March 2009.

3.9  Specific Study Areas

The study was done in the Zomba City distributigstem with a specific focus on four
distribution areas or zones. The areas are distioges supplied by an individual tank
each and have operational measuring devices (hokkdutlet meters). Fig. 3-2 and Fig.
3-3 show the schematic and distribution networkZofmba City water supply system
respectively with the specific study areas hightligh and Table 3-1 presents the base
data for the specific study areas.
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Fig. 3-2: Schematic of Zomba City water supply shoing specific study areas.
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The specific study areas were Airwing, Malonje, Saahd Mtiya. Schematic of the
distribution system in Appendix XlI also show theegsure zones of Zomba City water

supply system.

Table 3-1: Details of Study Areas

Area/Tank Tank Tank elevation No. of connections | Mains length
size (m3) (masl) supplied (km)

Airwing 250 840 52 1.2

Malonje 250 962 179 2.4

Sadzi 1500 960 965 12.1

Mtiya 250 1027 42 14
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CHAPTER FOUR

4.0 MATERIALS AND METHODS

4.1  Study Design

The study used documentation review and field datiection, and both qualitative and
guantitative data were collected. This study wamied out on Zomba City water
distribution system from January to April 2009, amponents studied included overall
unaccounted for water, real losses and apparesgdpsystem pressure variations and age
of the distribution network.

The main monitoring points were on water productizeters at the treatment works, tank
bulk meters, customer meters and customer tapsrt Aygan the whole distribution
system, four specific supply areas were studie@sé@lareas were selected based on their
unique characteristics in the sense that they @istenct zones, each being supplied by a
single tank which additionally did not supply antyer area. All the specific study areas
had residential or individual customers, and thkd¢ahad bulk meters in good condition
as recommended by Farley (2001). Table 4-1 sumesarike data collected and
frequency of monitoring.

Table 4-1: Data collection: Monitoring and Frequerty

Objective Type of data | Nature of| Monitoring Frequency | Purpose of
data data
Trends of| -Water Historical | Production monthly To evaluate
UFW  (1999-| production meter UFW
2008) -Total billed readings
consumption
UFW of | -Tank water| Current -Bulk  meter -Weekly for| To obtain
specific  study| supply readings three UFW  for
area -Consumption -Consumption| months specific
for  specific from billing -Monthly areas
areas consumption
Partitioning of| -Minimum current Bulk meter 4 days on -To
UFW Night flow flow logging | each of the 4 determine
tanks real losseg
then
partition
UFW
System Pressure Current Logging on| 24hr- 4 daysg -Assess
characteristics customer taps| in each area| pressures
for real
losses
Meter errors | Current Meter Each meter -Assess
inaccuracy tested at 3-4 meter
tests different errors  for
flow rates apparent
losses
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4.2  Data Collection
This section presents the data collected baseldeospiecific objectives of the study.

4.2.1 Trends of unaccounted for water

To establish trends of unaccounted for water fomEa City, two important data sets
were required. These were water produced by thigéyutitended to supply the City of
Zomba and water consumption billed for the Citzomba as recommended by Lambert
(2003). Thus historical data on the water producti@re collected from the Zomba City
water treatment works. Water production reading®ereethe treatment plant were not
used as they also included the water used for basikwg of the filters which was a
‘useful loss’. Hence water production readingsretfe treatment works (the net system
input) were taken for the period between the y&889 and 2009. Data on monthly water
consumption billed was taken from the billing sewti

Further to the above data, corresponding numbeustiomers served in terms of number
of connections which were active were also takemfthe billing summaries. Lengths of
the distribution mains (network) were also calacedlfrom the distribution drawings.

4.2.2 UFW for specific study areas

Tank bulk meter readings (outflow) for specific dfuarea were taken once every week
for a period of three months. Customers suppliedumh tanks were also identified and
consumption billed for these customers over a pesichree months was taken from the
billing section.

4.2.3 Partitioning of UFW

* Flow logging

Data logging exercise for the four study distribatareas was carried out. A flow logger
was installed at the tank bulk meter which washatihlet to the zone as suggested by
Farley (2001). While the flow logger was on a padtar bulk meter, the pressure logger
was changed every 24 hours within the zone atrdifteelevations in order to have an
appreciation of pressure variations in the zonee fidsults from the flow logging were
used to assess the minimum night flows from whieal tosses were calculated. The
apparent losses were worked out from the differefc¢etal UFW and real losses

4.2.4 System characteristics influencing UFW

* Pressure logging

Pressure logger was installed on different pointshe study distribution areas, for 24hrs
at each point. There were only two data loggerdlabla, one for the tank outflow
assessment and the other one for zone pressussiEsd. It was therefore not possible
to have several pressure loggers at various ets&{or locations) at the same time. The
pressure results were assessed with the flow patfeom the tanks.

Pressure at various points of the distribution sowas also recorded using a pressure
recording gauge and bucket tests were carried betavestimated average time to fill a
20 litre standard bucket was recorded.
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» Meter inaccuracies

A meter testing bench was used to verify the aayucd customer meters as suggested
by Sanchez (2007) and IWA (2008). The testing bemek installed in line with the
customer meter under test (see Appendix Xlll). Meteere tested at flow rates of 150,
300, 500, 800 and 1000 in order to obtain the meter error curve.

* Secondary data

Secondary data were gathered through interviewgiews of operations reports,
distribution drawings and customer care documediish data included records on pipe
burst, type and sizes of pipes, the age of theligion system, tank over flows and their
frequencies and data on errors due to data adquisit

4.3 Data analysis

4.3.1 Trends of unaccounted for water

Unaccounted for water was analysed based on thervealance method, where the
difference of water production and water billed wésained as recommended by Farley
(2001) and Lambert (2003). Historical monthly wapFoduction meter readings and
water billed were used in the water balance methadording to Motieeet al. (2007),
the water balance in a water network system catebeed as:

Q= Qe Qe Equation 4-1

Where:

Q, = Produced or supplied volume per time;
Qc: = Consumption volume per time;

QL = Total water losses volume per time.

Number of connections and length of distributionimeavere also obtained in order to
express unaccounted for water not only as a pexgendf production but also as the
function of number of connections and length of piygeline as suggested by Balkaran
and Wyke (2002). Trends of UFW from 1999 to 2008enestablished.

4.3.2 UFW for specific study areas

Based on the same water balance method in equitiothe difference between the tank
supply (bulk meter readings) and the customer aopsion (from billing) was taken as
unaccounted for water also known as distributias lm the specific distribution areas or
zones. The unaccounted for water for these stuelysavas expressed as a percentage of
volume supplied; volume per connection per timaqgaerand as volume per length of
pipe mains per time period.

4.3.3 Partitioning of UFW

* Real Loss Assessment: Minimum Night Flow Analysis

Real losses were assessed from data logging reshith had evidence of pipe bursts
and the Minimum Night Flows. For each day, the munn flow occurring between 12
am and 4 am was used as minimum night flow in tredysis as proposed by Thornton
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(2005). MNF were analysed using the South AfricaghNFlow Analysis (SANFLOW)
Model version 1.6. The model was developed by thatls African Water Research
Commission in order to help water suppliers to eiee the level of unexplained burst
leakage in a particular zone metered area (ZMAnftbe analysis of recorded minimum
night flows (McKenzie, 1999). Apart from the MNFtdathe SANFLOW model also
requires basic infrastructure variables such agtlhenf mains, number of connections;
number of properties, estimated population, average night pressure and major water
users. Where there was no data such as leakagécierd$ and pressure correction
factors, some assumptions were made and SANFLOVdullefalues which were
recommended by Mckenzie (1999) were used. Tabl@sadd 4-3 provide the base
information and assumed parameters which were iastie SANFLOW model for each
of the study area. Detailed outputs of the SANFL@Wdel are provided in Appendix
VI.

Table 4-2: Infrastructure variables used in SANFLOW Model

Description Value
Airwing | Malonje Sadzi Mtiya

Length of mains (km) 1.2 2.4 12.1 1.4

Number of connections 101 179 965 42

Number of properties 120 220 1300 70

Estimated population 800 800 6500 600
Table 4-3: Leakage Parameters Used in SANFLOW Model
Description Value

Defaulf Airwing | Malonje | Sadzi Mtiya

Background losses from 40 40 40 40 40
mains(l/km.hr)
Background losses from 3 3 3 3 3
connectiongl/conn.hr)
Background losses from 1 1 1 1 1
propertiegl/conn.hr)
% of population active 6 6 6 6 i
during night
Quantity of water used ina | 10 10 10 10 10
cistern ()
Background losses pressure 1.5 15 1.5 1.5 1.5
exponent
Burst/leaks pressure 0.5 0.5 0.5 0.5 0.5
exponent
exceptional use fthr - 6 0 0 0

2 There were 52 connections in Airwing, one of whiikhe Airwing (Army) institution bulk meter. An
equivalent of 50 connections has been used tosepr¢he bulk meter.

¥ SANFLOW default value

* Almost all the houses in Mtiya had single outdigfes and normal night use was expected to be very |

® In Airwing exceptional use of 6 #r was assumed to represent the night use foomess served from
one bulk meter. High water usage is common in hoaise where service is through a bulk meter and
water bills are covered by the institution.
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In the SANFLOW model the excess night flows (ENini which the real losses (RL)
are worked out are calculated as follows:

Expected night use = background losses + normat nigge.................... Equation 4-2
ENF=Measured MNF-Expected nightuse..............c.ccoeiviiiiininne. Equation 4-3

RL (m*month) =ENF (rihr) x (hour/day factor) x 30 days/month........Equation 4-4

(Adopted from Fanner, 2004).

The maximum ENF value was used hence the hour/datorf was taken as 24 as
recommended by Lambert (2002). The real lossesrrdeted represent the current
annual real losses (CARL).

» Apparent loss Assessment

Apparent losses (AL) were obtained as the diffeeebetween the average zone UFW
(distribution losses) and the real losses. Baseavater balance, apparent losses were
calculated as:

AL (m¥month) =Average UFW-RL..........ccccoviiuiiiiieeiieeiie e Equati@h5

* Meter Inaccuracy Tests

A meter testing bench was used to investigate ttwiracy of customer meters as
suggested by Sanchez (2007) and IWA (2008).té$teng bench watemporarily installed
in line with the customer’'s meter, as a check meietompare the volume flows. The
meters were tested at different flow rates to obtia¢ meter error curve.

The meters were also categorised with respectetio #ige; to assess the effect of age on
meter inaccuracy. For residential consumptior) @hd meter error (E) or meter accuracy
(A), the volume lost (L) due to meter inaccuracysweatimated as:

I O (o Equation 4-6
Or
L = (CRIA)-C et e e e Equation 4-7

(Adopted from DWSD, 2004)
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CHAPTER FIVE

5.0

5.1

RESULTS AND DISCUSSION

Trend of unaccounted for water for Zomba City

Data on water production collected from the watezatiment works, and water
consumption collected from the billing section weumsed to determine trend of
unaccounted for water. The number of service caimes obtained from the billing
system and distribution mains length determinednfrine distribution drawings and
operations reports enabled expressing UFW in valuoierms in addition to percentage
as recommended by Balkaran and Wyke (2002). Tabkle sbmmarises the water
produced, water billed, and unaccounted for waiel 999 to 2008. Monthly details are
presented in Appendix .

Table 5-1: Yearly unaccounted for water for Zomba @y water supply system

Year Water Water Apx conns UFW
PQOd bil?!ed mains Vol (m%yr) | Vol | m¥%km/yr | m3conn/yr
(myr) | (myr) (km) % of
Prod
1999 | 2,635,066 2,045,291 90 2,775 589,775 22.4 36,55 213
2000 | 3,219,040 2,141,569 90 3,185 1,077,471 33.5 ,9721 344
2001 | 4,431,450 2,828,998 132 3,495 1,602,452 36.2 2,140 459
2002 | 4,768,010 3,180,0Q0 132 4,000 1,588,010 33.3 2,030 397
2003 | 4,693,888 3,663,063 132 4,343 1,030,825 2.0 ,8097 237
2004 | 4,781,266 3,564,494 132 4,278 1,216,772 P5.5 ,2189 284
2005 | 4,749,074 3,717,818 156 4,512 1,031,p56 1.7 ,6116 229
2006 | 5,132,983 3,586,128 156 4,708 1,546,855 30.1 ,9169 329
2007 | 4,698,937 3,778,632 156 5,519 920,805 19.6 995,8 165
2008 | 5,369,925 3,738,002 156 5,966 1,631,023 30.4 0,461 274
Average 1,223,564 27.p 9,261 293

Fig. 5-1 presents plots of the total annual watedpced and billed and UFW from 1999
to 2008.
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Fig. 5-1: Total water produced, billed and UFW forZomba City from 1999 to 2008
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From Fig. 5-1, there is a general increase in watteduction and consumption over the
10-year period but UFW does not show a definedepatiThe average unaccounted for
water for the 10-year period was established a8%27293 ni/conn/yr) with the lowest
occurring in 2007 at 19.6% (165°fwonn/yr) and the highest occurring in 2001 at 36.2
(459 n¥/conn/yr). The high UFW of 36.2% in 2001 may beaagsult of frequent bursts
occurring due to pressure testing of the new nétveord within the old water supply
boundaries which were joined to the new distributi@twork. It may also be because the
number of new customers increased but they wereimotediately updated in the
customer database, hence the water used by sudmars was unaccounted for.

From a study by Gumbo (2004) it can be concluded tihe average UFW for Zomba
City was higher than the UFW for the City of Bulawavhich was 20%. Marunga al.
(2006) found out that UFW for the City of Mutaresva7% in 2006 which is more than
double the UFW of Zomba City. In a similar watepply system, Nkhomat al. (2005)
established the UFW for Lilongwe City in Malawi 38%, which is higher than that of
Zomba City. The average unaccounted for water fana City was above 20% which
is recommended for well performing urban wateritigd in the Southern African region
(Gumbo, 2004). It can be concluded that the UFW Zomba was within the range
reported in literature (20% to 57%) but higher thlaa level recommended for Southern
Africa.

5.2 Unaccounted for Water and its partitioning forthe specific study areas

5.2.1 Unaccounted for water for study areas

The UFW for the specific study areas representdisigibution loss in the study areas
and it was determined based on the difference ef bnlk meter readings and

consumption billed for the areas, that is, the whtdance as recommended by Farley
(2001).

* Water Consumption

The billed consumptions and number of connectiamsebich specific study area were
established and are summarized in Table 5-2. Agwirank supplies 8% of the

connections in Matawale, an area known as Airwiglonje Tank supplies parts of

Chinamwali and Malonje and the whole of Habitataar8adzi Tank supplies 87% of
Sadzi and 82% of Thundu in addition to all conrediin Mpunga and Chizalo areas.
Mtiya Tank supplies the whole of Mtiya area. Moretalls of these percentages are
presented in Appendix II.

Table 5-2: Consumption billed for the four study aeas

Area No. of Consumption billed ()
connections| Dec Jan Feb Average
2008 2009 | 2009
Airwing 101 8,293 8,194 7,642 8,043
Malonje 179 3,385 3,315 3,463 3,388
Mtiya 42 414| 405 407 409
Sadzi 965 12,41211,768| 11,589 11,923
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Consumption for Airwing area appears to be veryhhigth respect to the number of
connections supplied by the Airwing Tank. This whaes case as one of the connections in
Airwing area was the Airwing institution. This iftstion had different houses but it was
served from one bulk meter. Where government utgtits are responsible for water
bills, there is usually high usage of water by econers paid for (Schwartz, 2008). Sadzi
zone had the highest number of connections anduogpison of all the areas.

» Tank Supply

There were no records of tank bulk meter readiregd before and hence the data used
was obtained during the study period. Bulk metadiegs recorded are also shown in
Appendix Il. The water supplied to the distributiarea was determined as the monthly
difference in meter readings. The results are ptegen Table 5-3.

Table 5-3: Water supply to the four study areas

Area Tank Supply (nT)

Month 1 | Month 2 Month 3 Average
Airwing 8,650 10,270 8,910 9,277
Malonje 9,021 9,243 8,411 8,716
Mtiya 440 460 410 437
Sadzi 26,538 19,620 26,310 24,153

Sadzi, which is supplied by a 1500°ank, had the highest tank outflow or supply. The
other three areas are supplied by 250tank each, but the water consumption for Mtiya
area was far much lower than that for Airwing andldhje areas. This indicates to the
low number of connections and the type of housmiyliiya where most of the properties

have single taps.

« UFW

The UFW for the specific study areas was determasethe difference between the water
supplied to the distribution area and the consurnptilled for that area (Farley, 2001).
This was considered as the total volume for pastyatems as discussed by Lambert and
Hirner (2000). Based on the average supply anduwopson for the three month period,
the UFW for the four supply areas were determined the results are as presented in
Table 5-4.

Table 5-4: Average UFW for the four supply areas

Area Average Average Conns | Approx UFW
Tank Supply | Consumption Mains | m¥month | % | m%conn/yr | m¥km/yr
(m*¥month) | (m¥month) (km)
Airwing 9,277 8,043 101 1.2 1,234 13 147 11,942
Malonje 8,892 3,388 179 2/4 5504 62 369 27,7151
Mtiya 437 409 42 1.4 28 3] 8 246
Sadzi 24,153 11,923 965 121 12,2|30 51 152 52,12

® The UFW for the specific areas is actually theritistion losses in these distribution areas.
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As a percentage of tank supply or outflow; disttits losses in Airwing were low but
the distribution losses per connection were highldvje had the highest distribution loss
of all the specific study areas. Sadzi had distitloulosses of 51% which was also very
high. Sadzi is the biggest zone in all aspects, ithat is supplied by a 1500 *mank,
there were 965 customers and the total distributiams of 12.1 km. Mtiya had the low
unaccounted for water of 6%. The factors whichuefice unaccounted for water such in

the four areas included pressure, pipe age, metnanagement and each area was
influenced differently.

The UFW for the month of February 2009 was alsemeined since the data on meter
readings (water supply) and corresponding consumygitilled for this month for all the
specific study areas were available. Table 5-5gg&veummary of the UFW calculated.

Table 5-5: Unaccounted for water for February 2009

Area Supply | Consumption UFW

(m® | (%) | m*conn/yr | m*kmilyr
Airwing 8,650 7,642 1,008| 11.7 120 10,080
Malonje 9,021 3,463 5,558 61.6 373 27,790
Mtiya 440 407 33| 75 9 283
Sadzi 26,53( 11,589 14,941| 56.3 186 14,817

Tables 5-4 and 5-5 show that in Airwing, the UFW 1i.7% (120 rifconn/yr) in

February was lower than the average UFW of 13.3%4 (f/conn/yr). The average
UFW for Malonje was slightly higher than its UFW HKebruary. Mtiya also had an
average unaccounted for water which was closertdounaccounted for water for
February. There was a clear difference on the unated for water for Sadzi for the
month of February (186 fttonn/yr) and the average UFW (153/conn/yr) obtained. In

all the four specific areas, the average unaccoufie water was used for further
partitioning.

5.2.2 Partitioning of unaccounted for water

» Assessment of Flow logging results

Detailed results of the flow logging are providedAppendix IV. The results were also
plotted and Figs 5-2 to 5-4 present the patterriowf for Airwing, Malonje and Sadzi.

0 Airwing Tank Outflow

Fig. 5-2 shows the results of outflow pattern farwdng Tank from 26 March to 31
March 2009.
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Fig. 5-2: Airwing Tank outflow pattern

From Fig. 5-2 it can be seen that the minimum nfgw, which according to Thornton
(2005) usually occurs between 12 am and 04 am,8wva/hr throughout the logging
period. The highest peak flow for the zone was 3fimand this occurred around 8 am.
The average flow of Airwing Tank was 12°%mr. Hence the peak factor for the
distribution zone was 2.

o0 Malonje Tank
Fig. 5-3 shows the outflow pattern for Malonje Tdokthe period 31 March 2009 to 6

April 2009
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Fig. 5-3: Malonje Tank outflow pattern
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The flow logging results in Fig. 5-3 indicate tlpape bursts were a major problem in the
zone. There was a burst on tH8 &f April 2009 which lasted for 2-3 hrs and theeath
one on the B8 of April 2009 which lasted for some 15 hrs, justhin a space of 3 days.
These major bursts occurred on a 90 mm PVC pipghawn in the bursts records in
Appendix VIII. From the average flows which occutrduring the burst period, it was
established that 380°*wof water was lost in the first burst which lasfed two hours.
This volume was three times the average daily aopsion of Malonje. From the second
burst which lasted for 15 hours, 3008afiwater was lost.

The outflow pattern from Fig. 5-3 also indicateattht some times during the logging
period the tank was empty. Whenever there were Ipige bursts like those which
occurred during the time of outflow logging, thenkaoutlet valve was closed to allow
repairs.

Malonje Tank had a problem of overflowing and dgridata collection this was
occurring at least once in a week. The automatiev ficontrol devices were not
functioning. Control of overflow was done manudbly monitoring the water level and
closing the inlet valve when the tank was abouwgdbfull. It usually took time to reopen
the valve and this made the tank empty at times.

The MNF for this zone were varying, with the lowast 4 nihr and the highest as 24
m/hr which could have been affected by a major teaturst.

0 Sadzi Tank
Fig. 5-3 shows the outflow pattern for Sadzi Taokthe period 6 April 2009 to 9 April
2009
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Fig. 5-4: Sadzi Tank outflow pattern
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Sadzi Tank was empty during some time of the @iest of data logging. In Fig. 5-4, the
zero flow registered from 15:30 hrs to 21:30 hrttom @ April 2009 confirms this. The
tank experienced overflow and this occurred twaesrduring the data collection period.
Control of overflow was done manually by monitoritlie water levels in the two
compartments of the tank and closing the inleteswhen the tank was about to get full.
Just like in Malonje, it usually took time to reopthe valves and this made the tank
empty. There was a sharp rise in flow at 21:450nr¢he 8 April 2009. This may be due
to the rise in consumption since the tank wasajtiempty. The 24-hr pattern fron{'7
April to 9" April was uniform. The MNF ranged from 12r to 16 ni/hr.

Data logging to obtain flows was an important seuoé Minimum Night Flow data

which were used to obtain real losses. The outfy@tterns for a longer period of time
say one month can also help the distribution nekvemgineer or in-charge to establish
consumption patterns for the particular zone antt@eome up with variations in real
losses (and unaccounted for water) with respectotsumption patterns. Table 5-6
summarises the MNF for the three study areas. Miiganot produce feasible results on

the MNF possibly because the flow rates were too to be sensed and captured by a
data logger.

Table 5-6: MNF for the period 27 March to 9 Apil 2009

Area Date MNF " | ENF RL
(m*hr) | (m¥hr) | (m*day)
Airwing 27/03/09 8 1.2 30
Airwing 28/03/09 8 1.2 30
Airwing 29/03/09 8 1.2 30
Airwing 30/03/09 8 1.2 30
Airwing 31/03/09 8 1.2 30
Malonje 01/04/09 4 1.7 40.8
Malonje 02/04/09 4 1.7 40.8
Malonje 03/04/09 24 217 520.8
Malonje 04/04/09 8 5.7 136.8
Malonje | 05/04/09 ~ - -
Malonje 06/04/09 1 - -
Sadzi 07/04/09 12 2.6 62.4
Sadzi 08/04/09 16 6.6 158.4
Sadzi 09/04/09 12 2.6 62.4

* Real Loss Assessment using MNF Analysis

From the flow logging results, the minimum flow acdng between 12 am and 04:00
was taken as the MNF (Table 5-6) as indicated jefF42001) and Thornton (2005).

Mckenzie (1999) indicates that the measured MNEommposed of background losses,
normal night use and excess night flow (ENF) arel ®ANFLOW model, which was

used, breaks down the MNF into these componentsilBé outputs of the SANFLOW

model are presented in Appendix VI. Table 5-6 @lszsents the ENF obtained from the
SANFLOW model. The SANFLOW model calculates the EA¢Rollows:

" The minimum flow occurring between 12:00 am an)04m (Farley, 2001)
8 The tank was closed to facilitate repairs, heheeet was no record for MNF.
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Expected night use = background losses + normat nigge..................... Equation 5-1
ENF = Measured MNF-Expected night US€........ccmeviviiiiiiiiiiinnnnn. Equation 5-2

ENF on the night when there was no pipe burst vgasl to evaluate real losses (RL)
using equation 5-3 below.

RL (m¥month) =ENF (rfYhr) x (hour/day factor) x 30 days/month............ Etjon 5-3
(Adopted from Fanner, 2004).

The maximum ENF value was used hence the hour/datorf of 24 was applied
recommended by Lambert (2002). Real losses forthhee areas except Mtiya were
calculated using the equation 5-3 above. Tablegb«Fs the real losses for the three study
areas.

Table 5-7: Real losses obtained from MNF analysis

ENF Real losses
Area (m%hr) | (m¥month) [ m¥conn/yr | m¥km/yr
Airwing 1.2 900 107 9,000
Malonje 5.7 4104 275 20,520
Sadzi 6.6 4752 59 4,713

Hence the apparent losses (AL) for the three ameas calculated as:
AL (m¥month) =Average UFW- RL..........cooiiieiiii oo e Equation 5-4

(Adopted from Rizzo, 2007)

The real losses for Mtiya were not calculated diyeftom the excess night flows as the
flow logging results were not used. Therefore sititere were few connections an

estimate of apparent losses for this area was damassumption was made that errors
causing apparent losses were contributing a 5% dassonsumption. This was mainly

based on the meter errors which will be discusatat.I Therefore for Mtiya which had an

average monthly consumption of 409, tihe actual consumption was:

Actual consumption = (Consumption/Accuracy)
= 409/0.95
= 430.5 n¥/month

Hence
Apparent losses = 430.5-409

= 21.5 ni/month

And

Real losses = UFW- Apparent loss
=28-21.5
=6.5 n¥/month
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» Partitioning of Unaccounted for Water for specgtady areas

The average UFW and real losses for the zonesdiesady been presented in Tables 5-4
and 5-7 respectively. The apparent losses wereingstafrom the difference of the
average UFW and real losses in each of the threaeszas per equation 5-4, and real
losses for Mtiya were obtained as the differenceUsfW and apparent losses as
recommended by Mckenzeat al. (2002b). Table 5-8 gives the partitioning of UFk\oi
real and apparent losses for the study areas.

Table 5-8: Partitioning of UFW

Apparent
Real losses losses
Zone UFW (m?) | m¥month | % | m¥%conn/yr | m¥km/yr | m¥month | %
Airwing | 1,234 900 73 107 9,000 334 27
Malonje | 5,504 4,104 75 275 20,520 1,400 25
Sadzi 12,230 4,752 3959 4,713 7,478 61
Mtiya 28 6.5 23 1.9 55.7 21.5 7
Total 18,996 9,762.5 5191 6,850 9,233.5 49

Table 5-8 shows that the real losses in the spesitidy areas were 51% and apparent
losses were 49% of the total losses in the foudystareas. This indicates that the
apparent losses in the distribution system cansbhigh as real losses contrary to the
default value of 20% assumed in most water utditreSouth Africa (Seage al., 2004).
Apparent losses are valued at retail billing ratereas the real losses are valued at the
variable cost of water production and distributamindicated by Charalambous (2005)
and Tabesh and Asadiani Yekta (2005), hence the EBRWOuld consider that the
reduction of apparent losses is as important aseithection of real losses. It is through
partitioning that the water utility could be able know the levels of both real and
apparent losses and effectively plan the UFW costrategies.

o Airwing Zone
Airwing zone had 73% of unaccounted for water ogngras real losses. There were few
connections in the zone (52) and management oftleesnections might not be a
problem hence apparent losses were much lowerttieneal losses. Losses occurring
beyond the Airwing institution bulk meter were patrt of the utility’s losses and this can
also be one of the reasons why there was low duanatcounted for water for Airwing.
Control of real losses in this zone should be arjyi area as they were much higher than
apparent losses.

o Malonje Zone
This zone had real losses of up to 75% of the unaded for water. The high level of
real losses was mainly due to the frequent pipestbuss suggested by Thornton and
Lambert (2007), occurring in the area as evidermethe results of outflow logging in
Fig. 5-3 and records on the faults. There was & hegel of real losses than apparent
losses hence UFW control strategies should focuse ma real losses than apparent
losses.
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o0 Mtiya
There was low level of real losses of 23% in Mtzgme. The distribution system was not
very old as it was commissioned in the year 200icedhe real losses were low. The
number of connections (customers) was small (42cddhe level of apparent losses
were due to meter under-registering and meter mgaelirors as suggested by Sanchez
(2007).

0 Sadzi
Sadzi zone had apparent losses as high as 61%.e There a lot of
customers/connections in the zone (965) and marageoh such customers in terms of
meter readings, data entry, illegal connections breag problem (Marques and Monteiro,
2001; Kingdomet al., 2006). Apparent losses in Sadzi were a major praband
according to Kingdonet al. (2001), UFW control strategies should give prioti this
component of unaccounted for water. From the faek®srds, it also showed that illegal
connections were more suspected in Mpunga, SadzCduivalo areas. These areas are
fed by Sadzi Tank.

* Infrastructure leakage index (ILI) of the studyase

The ILI provides an indication of how serious teakage occurring in a particular area is
compared to the theoretical minimum level of leak#tat can be achieved (Seagjal.,
2004). Table 5-9 gives the ILI for the study aredsich was determined from the
equation:

ILI S CARL/JUARL....oei i e e Equation 5-5

Where:

CARL = Current annual real losses obtained froeNtINF analysis

UARL = (18%Ly + 0.80XN +25 X L)) X P .oovvviiiiiiiiiiiiiceen, Equation 5-6

UARL = Unavoidable annual real losses (I/d)

Lm = Length of mains (km)

[\ = Number of service connections (main to meter)

Lp = Length of unmetered underground pipe from s&dge to customer
meters (km)

P = Average operating pressure at average zoné (pajn

(source: Mckenzie et al., 2002a)

Table 5-9: ILI for study areas

Area CARL UARL
(m¥month) | (m¥month) | ILI
Airwing | 900 155 6
Malonje | 4,104 279 15
Sadzi 4,752 1485 3.2
Mtiya 6.5 87 0.07
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According to Mckenziet al. (2002a), for most African water supply systemsould be
unusual to achieve an ILI value of below 2.0 anthes in the order of 5.0 to 10.0 are
relatively common and represent systems in a redsercondition. The ILI values for
the 30 South African water suppliers ranged fro@8Qo 15.96 (Seaget al., 2004).
Therefore, although the study areas are not futbwatilities, it can be concluded that
ILI for Airwing and Sadzi were within the acceptalbiiange and the ILI for Mtiya was
even much lower than the minimum suggested by Madkesh al. (2002a). This suggests
that real losses in Mtiya were not a problem. Tlhefdr Malonje of 15 implied that the
condition of the distribution system was deterimgtand real losses were therefore a
very serious problem.

» Partitioning of unaccounted for water for Zomba#yCi

Based on the factors influencing UFW, estimatee@lewof UFW and results from meter
testing in the specific study areas, componentdrad for the entire Zomba City water
supply system were estimated.

The estimations were based on two assumptions.fif$teassumption was based on
apparent losses due to meter errors. The metaradr6o5% was used which incorporated
other errors such as data acquisition, and estmagirors based on similar study
conducted by DWSD (2004). Table 5-10 gives a breakdof the UFW in Zomba City
based on meter errors.

Table 5-10: Zomba City UFW partitioning based on méer errors

Total UFW Real Losses Apparent Losses
(m*month) | M¥month | % | m¥conn/yr | m¥km/yr | m¥month | %
102132 78562 77 157 6,040 23570 23

Based on meter errors, the UFW for Zomba was etdoinas composed of 77% real and
23% apparent losses.

The second estimation composed of grouping ther alis&ibution tanks/areas based on
their similar characteristics in terms of size, ag#h the specific study areas. Table 5-11
below gives a summary of breakdown of UFW basedhensecond assumption. The
specific study areas covered only 20% of the sergonnections and/or 11% of the
distribution mains, thus the assumptions made noaye true for the whole system but
can give a picture of the UFW partitioning in théole system. Further assessment of
real and apparent losses will assist to come ulp antaccurate partitioning of UFW for
the whole Zomba City water supply system.

The total distribution losses were estimated t®bg18 nmonth and for the average
UFW of 102,132 rfimonth, the transmission losses were calculatekD#14 ni/month,
that is, average UFW minus distribution loss. Tferee estimated total real losses were
72,716 nimonth.
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Table 5-11: Distribution losses for Zomba basedmoresults from study areas

Tank | Tank Name Tank Size | Distribution loss | Real loss
(m°) (m*month) (m3¥month)

T10 | Hydrostat 341 28 7

T11 Footman 25 28 7

T12 Officers Mess| 227 28 7

T13 Kalimbuka 2,718 12,230 8560

T14 Sadzi 1,500 12,230 4752

T15 Mtiya 250 28 7

T16 Mountain 25 28 7

T20 Malemia 455 1,234 900

T21 Commissionen 591 1,234 900

T22 CCAP 705 5,504 4104

T23 Maybole 705 5,504 4104

T24 | University 1,000 5,504 4104

T26 Namiwawa 1,000 12,230 8560

T27 Air Wing 250 1,234 900

T28 Ndangopuma 1,500 12,230 8560

T29 Chirunga 1,000 5,504 4104

T30 | Naisi Spur 26 28 7

T31 Old naisi 250 5,504 4104

T32 Mulunguzi 455 5,504 4104

T33 Malonje 250 5,504 4104

Total losses 91,318 61902

Table 5-12 gives a breakdown of the UFW in Zomhy Gased on estimated distribution
losses.

Table 5-12: Zomba City UFW partitioning based on dstribution losses

Total UFW Real Losses Apparent Losses
(m¥month) | m¥month [ % [ m¥conn/yr | m¥km/yr | m¥month | %
102,132 72,716 71145 5,595 29,416 29

Real loss from Table 5-10 is higher than that preskin Table 5-12. UFW partitioning
in Table 5-10 is based on one element of meter,emfoich cannot be a good proxy of
the total apparent losses. Table 5-12 gives acesanate of UFW components as it has
been derived based on a number of factors on thendrsuch as size of zones, and
condition of the system. Therefore UFW componerftsr real losses and 29%
apparent losses are considered reasonable.

Based on the results established by Sesig. (2004), the estimated apparent loss for
Zomba City compares well with the apparent lossesafwater supply system in South
Africa having most of its meters over 10 years ohay water quality of the area being
fairly good (8 %), charging non flat rate tariffttvihigh occurrence of illegal connections
(8 %), and its data transfer/acquisition being g8d%o).
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The average real loss of Zomba City at 4@énnection/day is higher than the average
annual real loss of 34Bconnection/day for the 30 South African water symystems
which was established by Seagiaal. (2004). Seaget al. (2004) also reported that the
average real losses for the international dataveath included 27 diverse water supply
systems in 19 countries was 2W6onnection/day which is much lower than that of
Zomba City. It can be concluded therefore thatrée losses in Zomba City were above
the average real losses reported in literature.

* Revenue Loss from Unaccounted for Water

The entire Zomba City water supply system had @tage UFW of 102,132 {tmonth.
The average water tariff of U%$.64/n%; which is currently charged by Southern Region
Water Board was used to estimate the revenue losgalapparent losses as literature
states that apparent losses are incurred at ratail(Charalambous, 2005; Tabesh and
Asadiani Yekta, 2005). Water production costs atgdifrom SRWB included costs of
chemicals and power used, and treatment plant stefs only. Charalambous (2005)
indicates that real losses should be valued avé#n@ble cost of water production and
distribution which implies that the production ospresented by SRWB were
underestimated. Therefore the total production cbstvater was assumed to be US$
0.25/n? which was the average urban water production @osording to WHO (2000).
Table 5-13 presents the revenue loss due to UF\@dotba City.

Table 5-13: Revenue loss due to UFW in Zomba City

Area Real losses| Equivalent | Apparent losses| Equivalent | Total
(m¥month) | revenue (m*month) revenue revenue
loss (US$) loss (US$) | loss (US$)
Zomba City 72,716 18,180 29,416 18,820 37,000
Specific study areas9,763 2,440 9,233 5,910 8,350

From the 2007-2008 SRWB annual operations repd®\(B, 2008c) the monthly
operation costs (which included cost of chemicatster treatment works staff costs and
cost of power) for Zomba City were at an averagel8$ 7,000/month. The current loss
of revenue from UFW for the entire Zomba City isywhigh at an equivalent of 5-month
operations costs. The reduction of UFW in Zombg @iill increase revenue to SRWB.
The revenue if recovered can be used for the dpasand maintenance activities of the
water supply system thereby improving the efficientthe water supply system. Lower
UFW also decreases production costs and espedalbjta investments since less
production capacity is required (Nwasco, 2005).

5.3 System characteristics influencing UFW

5.3.1 Pressure and Real Losses

Since the distribution system had no network modeé& logging points included
boundaries of the pipe network, high spots, andwnareas of low and high pressures as
suggested by Farley (2001). Elevations of the pressnonitoring points in the study

°® US$ 1= MK 139.99 on ZbMarch 2009 (source: National Bank of Malawi)
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distribution areas were taken using a GPS. Appeiidipresents a summary of the
logging points attributes.

From the pressure patterns, the maximum night presswere taken for each logging
point and Table 5-14 provides these pressures ssuti@ted elevations.

Table 5-14: Maximum Night Pressures for logged pois in the study areas

Area Elevation | Night Area Elevation | Night
(masl) Pressure (m) (masl) Pressure
m
Airwing (Mkangala) | 836 7 Sadzi (Sayenda) 958 ( )32
Airwing 810 30 Sadzi (Kapalamulg) 8 92 56
(Muhommad)
Airwing (Mdoka 800 36 Sadzi (Mboga) 884 0.4
Airwing (Khalidi) 799 40 Sadzi (Mulima) 883 66
Malonje (Pemba) 959 58.5 Mtiya (Madula) 1025 8.3
Malonje (Pute) 930 81.6 Mtiya (Kupempha) 1005 16
Malonje (Jobe) 910 99 Mtiya (Mkulumba) 990 32.6
Malonje (Dzimbiri) | 880 114 Mtiya (Juma) 980 34.7

The maximum night pressures at the center of eank were roughly taken as average
zone night pressures (AZNP) as suggested by FE&G81) and were used in the analysis
of Minimum Night Flows (MNF) using the SANFLOW mddeThe detailed pressure
logging results are presented in Appendix V. Prespatterns for the four study areas
were determined and presented in Figs 5-6 to 3#heér to real loss assessment, various
types and sizes of pipes in the entire Zomba Cigyridution system for the mains
commissioned in 2001 were obtained and are present@ppendix VII. Results from
the bucket tests are also provided in Appendix REcords of pipe bursts for 2008 and
2009 were also obtained and assessed for a comenmd @f 4 months from January to
April; summary of assessment is presented in Apipevidi.

Fig. 5-5 shows the relationship between real loasespressure for the study areas.
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Fig. 5-5: Real losses and Pressure
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There was a general relationship between presswtaeal losses, except for Airwing
area. This indicates that real losses were direaffigcted by pressure in Malonje and
Sadzi, but the high real loss level in Airwing watéected by other factors apart from
pressure. Further discussion on pressure andags®d is done in the following sections.

» Airwing Zone
Fig. 5-6 shows the pressure and flow patterns fowiAg area plotted on the same graph.
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Fig. 5-6: Airwing outflow and pressure patterns

From Fig. 5-6, the pressures were high at low ¢lena and farthest point. For example
Airwing Tank was at 840 masl; points in the digitibn area with elevations of 836 masl
and 799 masl had pressures around 7 m and 40 ectesgly. Fig. 5-6 also indicates that
at minimum night flows, pressures were high. Sipoessure logging covered all the
critical points in the zone, the pattern in Figé Ban be taken as the general pressure
pattern for Airwing. Hence in Airwing pressurestlae tap generally ranged from 7 m to
40 m. Pressures in the zone were below 50 m; tieshbld to induce major pipe bursts
as suggested by Farley (2001). From the faultsrdscahere were also few pipe bursts
recorded in the area which confirmed the low lex#Ipressure. Despite low pressures
and few pipe bursts, real losses were high in AigniThe high level of real losses
suggests that there were other leaks caused bgfabge mains. This can also suggest a
high night water usage in the Airwing institution.
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Malonje Zone

Malonje pressure and flow patterns plotted on #mesgraph are presented in Fig.5-7.
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Fig. 5-7: Malonje outflow and pressure patterns

Fig. 5-7 shows that pressures were high at lowagiens and farthest point. For instance,
Malonje Tank was at an elevation of 962 masl; @59 masl and 880 masl in the
distribution area had maximum pressures around B8a&hd 114 m respectively. Since
pressure logging covered all the critical pointsha zone, the pattern in Fig. 5-7 can be
taken as the general pressure pattern for Maldtgace in Malonje pressures at the tap
generally ranged from 40 m to 114 m.

Pressures in Fig. 5-7 were all above 50 m at gifthere was a 90 mm PVC pipe burst
as shown on the flow pattern of the same Fig. 941e burst records presented in
Appendix VIII also confirmed that there was a 90 rAMC pipe burst on this day. The
bursts were influenced by the high pressures mzbne. On 75% of the logged time in
Malonje, the pressures were above 50 m. Pressoréisei area were high enough to
induce pipe bursts. The frequent pipe bursts tbesghdicates the effect of pressures in
the area. It can be concluded therefore that thie leivel of real losses of 275 ftonn/yr
was as a result of pipe bursts due to the highspres and distribution mains age.

* Mtiya Zone
Fig. 5-8 is a plot of pressures in Mtiya distriloutisystem.
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Fig. 5-8: Mtiya pressure pattern

The maximum night pressure obtained in this zong 8¢a7 m which occurred between
12 am and 04:00 am of 1 April 2009. The night pressures were as low asi8& some
locations. Since pressure logging covered all titeeal points in the zone, the pattern in
Fig. 5-8 can be taken as the general pressurampétieMtiya. Hence in Mtiya pressures
at the tap generally ranged from 8 m to 34 m. Altjiothere was no flow pattern for this
area, the pressures were very low to induce pipstdun the system which was also
qguite new hence the real losses in this area weng lew. Records of pipe bursts also
indicated that Mtiya zone had no problems with fpests.

* Sadzi Zone
Fig. 5-9 shows the Sadzi pressure and flow patteloited on the same graph.

At minimum night flows the pressures were hightas shown in Fig. 5-9 except for one
point from18 hrs of 8 April 2009 to 6 hrs of ' April 2009, where the pressure was
almost zero throughout the period. It is possibiat the customer's meter valve was
closed. This was one of the measures customersritbZ City took to control theft and
vandalism of their service connection materialshsas meters, taps, stop corks etc
(SRWB, 2008a). Since pressure logging coveredhalldritical points in the zone, the
pattern in Fig. 5-9 can be taken as the generakpre pattern for Sadzi. Hence in Sadzi
pressures at the tap generally ranged from 32 4 tm. Real losses in Sadzi were at 59
m/conn/yr. The real losses were moderately highmRitee burst records, Sadzi area had
a high frequency of bursts as shown in AppendiX.\Blursts which were contributing to
the 39% real losses were due to the relative highspires exerted on the old distribution
system.
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Fig. 5-9: Sadzi outflow and pressure patterns

From the pressure patterns and the level of resdel® in the study areas, it can be
concluded that real losses in Airwing and Mtiya eveot influenced by the pressures in
the system while in Malonje and Sadzi real lossesvaffected by the high pressures in
the system.

Pressure is not an independent factor which affesds losses, its effects can be very
clear when the distribution system is also very. dlde following section discusses the
effect of distribution network age on real losses.

5.3.2 Ageof distribution mains and Real losses

From the assessment of the distribution drawingsjepts and operations reports and
from interviews of key staff, it was establishe@ttd2% of the distribution mains was
laid within the past 10 years and that 58% of tipe metwork was laid over 60 years ago.
These include cast iron, asbestos cement and gsdhmrought iron (Gl). All these
materials suffer from degradation over time du@perational measures, environmental
conditions and general wear and tear and resuihdreased leakage in the network
(Balkaran and Wyke, 2002). Table 5-15 is a summé&distribution mains, their age and
water losses occurring in the study areas. Old snaiere laid prior to 2001 and new
mains were laid in the year 2001.
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Table 5-15: Mains age and unaccounted for water

Area Total | Old New | Old UFW Real losses
Mains | Mains | Mains | Mains | (%) m°conn/yr | m¥km/yr
(km) | (km) | (km) | (%) (%)
Airwing | 1.2 1.2 0 100 13 |73 | 107 9,000
Malonje | 2.4 2.3 0.12 95 62 |75 | 275 20,520
Sadzi 12.1 9.3 2.8 77 51 |39 |59 4,713
Mtiya 1.4 0 1.4 0 6 23| 1.9 55.7

All the pipe mains for Airwing were categorized alsl and most of the network in
Malonje and Sadzi were classified as old networlvek. There was no pipe network in
Mtiya prior to 2001 hence the system was categdraze'new’.

* Airwing

All the distribution mains in Airwing were old pipeThis zone had 73 % of the UFW as
real losses (107 fttonn/yr). This was a substantial figure indicatitgt age of the
distribution mains had a significant contributianreal losses. All losses occurring after
the Airwing institutional meter did not contribute revenue loss to the water utility but
would be of concern to the utility in cases of lewailability of water resource. Pipe
bursts were not frequent in the area hence thdassés in the area were likely affected
by leaks from the old mains and an increased nighge in Airwing institution.

* Malonje

Malonje area had 95% of its distribution mains &kmpes and approximately 75% of
the UFW in the area (275%uonn/yr) were real losses. This signifies firsitthge of the
mains had a significant contribution to real losased second that age was a major factor
on the overall unaccounted for water in this zdviains age couple with high pressures
in Malonje were influencing on pipe bursts and leereal losses in the area.

 Mtiya

Mtiya distribution mains was laid and commissionedhe year 2001. The system can
therefore be categorized as ‘new’. The overall U5 low at 6% and the real losses
were also low compared to the other study areasaFoew’ system like this one the
major challenge is on the apparent losses whiclbeass a result of meter inaccuracies,
or data acquisition etc.

* Sadzi

Although 77% of the mains were old network, reasks were only 39% of the total
UFW (59 ni/conn/yr) in this area. There were moderately lpgEssures exerted on the
old pipes and fittings.

Areas which had high pressures and most of thelgisibn network being very old had
high levels of real losses. One such area was Nwalgxirwing had old distribution
network but the pressures were relatively low andiiiya pressures were low and the
network was relatively new hence low level of rlesises. It can therefore be concluded
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that when the system had high pressure and oldsnthe effect on real losses became
very high. New system can withstand high pressonésup to some level.

5.3.3 Meter inaccuracies and Apparent Losses

The field customer meters were tested at varions flates and errors studied. Most of
the meters (about 90%) in the Zomba City and hémeestudy areas were Kent type with
some newer Aquadis and Actaris types. Most of tleters had brass drives, only few
had plastic drives hence assessing the effectioésilon meter accuracy was not carried
out as it was deemed unnecessary.

New meters were not tested and calibrated priandtallation as recommended by IWA
(2008). Furthermore, old meters that were remowwadrépairs were not tested after
repair. Tables 5-16 and 5-17 summarise the metes tietails for the four study areas.

Table 5-16: Distribution of meters tested in studyareas

Area Total No. Tested | %Tested Tested No. of total %
meters of total meters meters above | meters
above 5 5yrs above 5
yrs (by deduction) | yrs
Airwing 52 9 17 6 35 67
Malonje 179 15 8 10 119 66
Sadzi 965 22 2 11 4483 50
Mtiya 42 6 14 2 14 33
Total 1238 52 4 29 651 53

From Table 5-16, it can be seen that 53% of thal toeters in the study areas were
above 5 years of age. Meters which were tested oferarious ages. Age was calculated
as a period from when the meter was installed ggested by Sanchez (2007), and Table
5-17 provides the age range of these meters.

Table 5-17: Results of Meter Inaccuracy Tests

Area Age (yrs) Meters with | % Estimated Loss | Loss as
0-5] 6-10] 11-20 Unaccepted| unaccepted| Losses as % of
(m¥month) | % of | UFW
AL
Airwing | 3 5 1 5 55.6 23 8 1.9
Malonje | 5 7 3 8 53.3 127 9 2.3
Sadzi 11| 7 4 10 45.5 418 6 3.4
Mtiya 4 2 0 1 16.7 1 5 4

All meters tested during the data collection penoder-registered, reference of this can
be made to Appendix X which gives results of ttetedd meters in each study area. From
the meter inaccuracy results an average underteeigig of 5% for unacceptable meters
and 2% for acceptable meters were established dopited for Airwing, Malonje and

Sadzi areas and an average under-registering db2%nacceptable meters was adopted

Jessy Alida Chipwaila 52 2009



MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

for Mtiya. The volumetric water loss (apparent Joas a result of meter inaccuracy was
determined and is also presented in the same Taflé Estimated volume lost in a
month was worked out as:

Loss = (Residential metered consumption/Accuraeg)dential metered
consumption

For Malonje for example this was calculated as:

Loss = ((3388x0.533/0.95)-(3388x0.533))+(3388x0/@EB-3388%0.467)
= 127m/month

From the sample meters, 55.6 % of meters testédniming had an unacceptable error,
Malonje had 53.3% and Sadzi had 45.5% of meterls ait unacceptable error. Mtiya
had the least number of meters that had unacceptaldr (16.7%). The unacceptable
error is when the meter error curve is outside'tinenel’ as shown by some meters in
Fig. 5-10.

Upper Limit
4 -
5%
2%

0 L | N N — u b — T T T I

150" 7 300 450 &00 750 900 1050 1200 1350 1500
__..l-l—'_'—_

Error (%0)
P

Lower Lirmnit

-12

Flow rate (L'hr)

— — Meter 3 ——DNMeter 2 Meter 4 — - - Meter 5 — - —Nieter 1

Fig. 5-10: Meter curves for selected meters

Selected meter error curves plotted in Fig. 5-16vakindicate that the error curve may
be acceptable when it is within the upper and lolweits or unacceptable when it is
outside the lower and upper limit as recommendetibA (2008). Meter error curves 1
and 2 were within the acceptable limits. Meter emarve 5 was outside the acceptable
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lower and upper limits hence it was regarded asceepable. Meter error curve 3 was
within the acceptable limits at low flow rates ordpd meter curve 4 was within the
acceptable limits at high flow rates. The meterdse® be selected in order to fit the
customer’s consumption pattern as recommended By (RU08). Meter 3 may be given

to the customer who uses water at low flow rateh sas those with one tap only and
meter 4 may be give to the customer who uses vaatagh flow rates such as those with
showers and multiple taps. Hence it is importantstody consumption patterns of
customers to enable proper selection of meterseMigiaccuracy testing and hence
proper meter sizing could actually be an importaal in apparent loss reduction as
suggested by Rizzo (2007).

According to Johnson (1996)s much as 2% of unaccounted for water in a zonéea
due to under-registration of low flows on domestieters. Losses due to meter errors in
Sadzi and Mtiya were higher than 2% of the totaMUFRdistribution losses) in the
respective areas.

Meter errors contributed to less than 10% of apgdosses in all the study areas. It can
be concluded that apparent losses in these areasalge caused by other factors such as
data acquisition errors, illegal consumption ofneations of stuck meters consumption.
For instance, based on the meter readers’ assessif3éh of the meters in Zomba City
were stuck in December 2008; Airwing had 67%, M@dmad 19%, Sadzi had 11% and
Mtiya had 7% stuck meters. Errors on estimatiorcaisumption for such meters may
contribute to apparent losses as indicated by Rizal. (2004). Errors on data
acquisition were also a component of apparent $oss2omba City water supply system.
Based on the customer service records, over 90&astbmer queries on high bills were
related to errors in meter readings and data eBurgh queries were usually resolved by
passing credit adjustment on the customer which avdsss of revenue to the utility.
Appendix IX presents some queries resulting toltlse of revenue in Zomba City water
supply system.

The age of the meters was plotted against the amacceptability and the results show
that there was a direct relationship between th&seas shown in Fig. 5-11. The linear
trend line was used.

The linear relationship between age of meters aadaeptability is very important. For a
known number of meters above 5 years, number oénsi&tith unacceptable errors can
be obtained as:

M, = 1.078M15.636. ... Equation 5-7
Where M, = number of meters with unacceptable errors
Ms = percentage of meters above 5 years.

This relationship (equation 5-7) can be used te@sssumber of meters which under-
register to an unacceptable level when the recofdsneter age are available. For
example when 70% of the meters are above 5 yr$60/t, of all the meters will have an
unacceptable error.

Jessy Alida Chipwaila 54 2009



MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

&0

50

40

M, =1.0784(M,) - 15.636
R:=0.9228

30 A

Unacceptable meters

20 4

]O T T T
30 40 S0 &0 70

Meters above Syrs (%o)
Fig. 5-11: Age of meters and error unacceptability

5.3.4. Tank overflows

Tank overflows were a major problem in the Zombty @iater supply system. Malonje
Tank (250 m) was overflowing at least once in a week and Sadnik (1500n) had a
24 hr overflow before valves were closed in onéhefdays during data collection. These
tanks no longer have automatic flow control valessthey were stolen or vandalised
Quantification of volume lost through overflows wast done but observations confirm
that a huge amount of water was lost due to targdflmws. Lack of functioning level
control valves in the reservoirs resulted in reakks and failure to supply (when the inlet
valves were left closed).

* Summary of system characteristics affecting UFW

+ Real losses were affected by leaks and bursts aueains age and high pressures.
Real losses in Airwing area were mainly affectedagg of the mains as pressures
were low to induce pipe bursts. In Malonje bothsgtee and mains age contributed
significantly to the high level of real losses. REsses in Sadzi were affected by
distribution mains age and moderately high pressupeessure and mains age had
low impact on real losses and hence unaccounteadtar for Mtiya area.

+« Meter errors contributed less than 10% of appdaossies in each of the areas studied
Airwing was the only zone which reported a higheleaf stuck meters. It is believed
that most of its apparent losses were coming frbendstimation of consumption
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from these stuck meters. Meter errors and stuclemmetontributed moderately to
apparent losses in Malonje and Sadzi zones andiyaMone, these errors were low.
Apparent losses in Sadzi were very high at 61%s thactors such as illegal
connections and errors on meter readings shoutighe This therefore needs further

investigation.

The chart on the next page (Fig. 5-12) gives a samnof factors that affected
unaccounted for water in the four study zones. 88b18 below gives the key as used in

the chart in Fig. 5-12.

Table 5-18: Key for summary of factors affecting URV

Key Interpretation

H The impact of the system characteristic
was high

L The impact of the system characteristic
was low

M The impact of the system characteristic
was moderate

AL Apparent losses

RL Real losses
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+ Unknown Real Losses

In Airwing all the distribution mains were old amnelal losses were high (73%), but the
area did not have a lot of pipe bursts. It can drecluded therefore that leaks in the old
pipe joints were high causing the high level of feases. Most of the distribution mains
in Malonje were old pipes and there were high pressin the system which caused
frequent pipe bursts. It can hence be deducedtiigatevel of real losses which was
unknown was very low. Real losses in Mtiya were:ldgtribution mains were new, and
pressure and pipe bursts were low in the zone.gh percentage of Sadzi distribution
mains were old (77%). The area also had moderdtedi pressures. These two
characteristics caused frequent pipe bursts. It @arconcluded that the level of real
losses which was unknown was very low.

To combat the real losses in Airwing, Malonje ardl8, the main focus would be on the
age of mains as the three areas had a high pegeeotald distribution mains. Pressures
in Sadzi and Airwing were not very high such thaaims replacement alone can
contribute significantly to the real loss reductigks stated earlier on that significant
effect of pressure becomes very clear when theldision network is very old. Malonje
requires the attention on both mains and pressures.

¢ Unknown Apparent Losses

The major causes of apparent losses in Airwing zeere stuck meters and meter errors
hence the level of unknown apparent losses was N&ter errors and stuck meters in
Malonje did not contribute significantly on the apgnt losses in the zone. This indicates
that the level of unknown apparent losses in thisaawas very high. With 179
connections it is important to further investigdte other causes of apparent losses such
as meter reading errors and illegal connectiortsarzone.

In Sadzi, meter errors and stuck meters were during low to apparent losses. This

indicates that the level of unknown apparent losses high. This zone had 965

connections. Errors in data acquisition and illegatnections may be very common in

this zone. Further assessment on the same wasmpoytant as this zone had a high

level of UFW as apparent losses (61%). Mtiya hadigh level of apparent losses,

although overall the UFW was only at 6%. Meter exrand stuck meters had low effect
on apparent losses, implying that the level of wwkm apparent losses was high. Being a
small zone, further investigation would be required the other possible causes of
apparent losses especially meter readings or dgtasition errors.

5.4 Relationships between system characteristicadunaccounted for water

Based on the findings on effect of system chareties on real and apparent losses,
some mathematical relationships were developedddiqi the losses as a result of the
system characteristics. The following section dises these relationships.

* Apparent losses and age of meters

One of the factors which influence meter errorhésage of meters. Apparent losses as a
result of meter age based on the results from dhe $tudy areas were assessed and a
relationship was developed which can describe ffexteof number of meters which
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were more than five years on the apparent lossddeB-19 shows the parameters used
to develop this relationship.

Table 5-19: Parameters for meter age and apparenbsses

Apparent loses due
No of meters to meter errors
above 5 yrs (m3¥month)
35 23.0
119 95.0
483 285.5
14 1.0
651 404.6

Fig. 5-13 plots the relationship between metervalioyears and apparent loss due to
meter errors.
350.0

AL, = 0.5801M,s + 5.2662
R%*=0.0886

300.0

250.0

200.0

AL ( 1113.-"'111011t11}

150.0
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Fig. 5-13: Relationship between apparent losses amngeter age

Fig. 5-13 indicates that apparent losses due temeetors were directly proportional to
number of old meters. In this case the maximumfaga well performing meter was
taken as five (5) years. The relationship obtaived

ALp = 0.5891IM5+ 5.2662 .o.vviieiie e Equation 5-8

Where:

Lm = Apparent loss due to meter under-registeringi(@ent volume) in a
montbh;

Mns = Number of meters whose age was above 5 years.

Jessy Alida Chipwaila 59 2009



MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

Table 5-20 presents a comparison between the afligipparent losses due to meter
errors obtained from the results for the study sieead the apparent loss calculated from
the relationship developed (equation 5-8).

Table 5-20: Error assessment for apparent loss due meter age

No of meters| Original Calculated Error Error
above 5 yrs | apparent Apparent loss (%)
loss
35 23.0] 25.9 2.9 13
119 95.0| 75.4 -19.6 -20.6
483 285.5| 289.8 4.3 1.5
14 1.0/ 135 12.5 1250
651 404.6| 388.8 -15.8 -3.9

In Table 5-20 above, an error of 1250% is an aytiad if the equation accommodates
an error of £20% (which is the maximum in the talken the values of calculated
apparent losses will be within the values of odjigpparent losses.

Therefore Loss = (0.5891M,5+5.2662) £ 20% can be adopted.

Meter change-out program

Apart from use of the above equation, a residentigler change-out program should be
put in place for those meters within the City ofnwa. This would include testing a

sample of the removed meters, being sure to naelagation, size, and meter type to
document inaccuracies. This will provide a bettstineate of UFW attributed to the

meters. Additionally, this program could be useddavelop a schedule for replacing
meters that are no longer accurate. The assessmethie meter accuracy showed that
most of the meters even between 6 and 10 yearsuhadceptable errors. A meter
change-out program of 10 years is therefore sugdedthis will enable a gradual but

systematic meter change program than to replace démthousands of stopped meters
within a few months.

» Apparent losses and number of connections

There exist a direct relationship between appdosses and number of connection in a
water supply system. The form of the equation wiffer from one area to the other

depending of the characteristics of the meters leowl they were installed in an area.

Table 5-21 shows the plotting parameters usedvseldp this relationship.

Table 5-21: Parameters for number of connection andpparent losses

No connections| Apparent loses
52 276.4
179 1,371.2
965 7514
42 26
1238 9,187.6
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Fig. 5-14 gives the relationship between apparessds and the number of meters
obtained from the four study areas.
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Fig. 5-14: Relationship between apparent losses amdimber of connections

Fig. 5-14 indicates that apparent losses were ttirpooportional to number of
connections. The relationship obtained was:

AL =7.6803M-128.26. .. ittt e e Equation 5-9
Where:

AL. =Apparent loss (equivalent volume) in a month;

Mc = Number of connections

Table 5-22 presents a comparison between the afigipparent loss obtained from the
results for the study areas and the apparent latsulated from the relationship
developed above (equation 5-9).

Table 5-22: Error assessment for apparent loss bad@n number of connections

No of Original Calculated Error (%) | Error
connections| apparent loss | Apparent loss (%)
(m*/month) (m3/month)

52 276.4| 271.1 -5.3 -1.9

179 1,371.2| 1246.5 -124.69 -9.1

965 7514 | 7283.2 -230.8 -3.7

42 26| 194.3 168.3 647

1238 9,187.6| 9380 192.35 2.1
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In the Table 5-22 above an error of 647% is anenthnd if the equation accommodates
an error of +10% (which is close to the maximumthe table) then the values of
calculated apparent losses will be within the valokoriginal apparent losses.

Therefore Loss = (7.6803xM128.26) + 10% can be adopted.

This relationship can easily be applied to différeanes in Zomba City water supply
system since their characteristics are similahtsé of the study areas. Apart from this
relationship, apparent loss due per connectiorAfiaring, Malonje, and Sadzi were 5.3,
7.7 and 7.8 riiconn/month respectively; with an average of 7/conn/month. In
addition, the average loss due to meter error vséinated to be 0.4 #ftonn/month.
This is equivalent to loss of 10 I/day which carftrea household that uses 200 I/day and
having a meter error of 5%. Most of the areas itTmHda City have the same
characteristics as the three areas above.

» Pressures and bucket filling times
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Fig. 5-15: Service quality in terms of pressure andlling times

The bucket tests were carried out in the threesav®awing, Sadzi and Mtiya to assess if
the pressures were adequate to achieve good sequalgy to customers. Results of
bucket tests are presented in Appendix VII. AltHodiling times are not directly related
to real losses and hence unaccounted for waterethdts can be used to answer some
guestions related to pressure and real losses. Frgnb-15, 77% of the taps tested in
Sadzi had their discharge time of equal or less @ sec/2d, Mtiya had 71% and
Airwing had 13%. Level of service quality in terra pressure was good in Sadzi and
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Mtiya and low in Airwing. Pressures were low in Wing and this can suggest that real
losses in Airwing were not very much influencedpsgssure but rather age of the mains.
Pressures in Sadzi were high hence the filling sitnethe area were less, mostly at less
than 1 minute, hence good service quality to custsmReal losses in Sadzi were
affected by both age of mains and pressure.
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CHAPTER SIX
6.0 CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions
From this study the following conclusions were made

* The average unaccounted for water for Zomba Cittewsupply system from
1999 to 2008 was 27.5%. This was above the recomeseb FW for Southern
African urban water utilities of 20%.

» Distribution losses in the specific study areageahfrom 6% (in Mtiya) to 62%
(in Malonje) with real losses ranging from 23% t6%. The overall UFW
constituted 71% of real losses (40gbnnection/day) and 29% of apparent losses.
The average real loss for Zomba City was highen tihe averages established
for the 30 South African water supply systems aordtfie international data set
composed of 27 water utilities.

» Various zones had different levels of distributio@al and apparent losses and
therefore different actions can be taken for eamhezto combat UFW. It can
therefore be concluded that UFW partitioning isi@portant tool on deciding
areas of priority during planning and implementatiof UFW reduction
strategies. The utility may also be able to schedudtivities of UFW control
effectively.

* In all the specific study areas, 51% of the UFWeneom real losses while 49%
came from apparent losses. This can show that eppéosses are as equally
important as real losses and as they occur atad rate they constitute a high
loss of revenue. Therefore UFW control strategiésukl focus on both
components.

* Various system characteristics had shown that iimpact differently on levels
of UFW in the four zones. Real losses were affebtethe age of the distribution
mains in Airwing zone. Real losses in Malonje weifienced by pipe burst due
to high pressures coupled with distribution maigs.dn Sadzi, meter errors had
low impact on apparent losses and real losses wWeesto mains age and
pressure. Effects of pressure and mains age inaMtiad low impact on real
losses in the area. Tank overflows were frequeilatonje and Sadzi. Study of
system characteristics also gives a clue on thextsffof various factors on real
and apparent losses.

6.2 Recommendations
The following recommendations were made:

« Continued MNF assessment to come up with realpasierns and further UFW
partitioning in the remaining areas of the city eragupply system.
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* Quick location and response to bursts in all thelstareas is recommended.
Installation of pressure reducing valves (PRVs) strategic points and
investigation on feasibility of pressure managenfenteal loss reduction should
be carried out in Malonje area. Pipe replacemeatilshbe done in Airwing and
Sadzi. A pipe rehabilitation and replacement progfar the entire City should
be developed in order to replace all the old pipeger 90 km) that have
exceeded their useful service life.

» A further investigation into pipe age, pressure amgter age on UFW in other
areas should be done so that when combined withlitsesom this study will
allow selection of the most effective UFW contrtdagegy for all the areas in
Zomba City.

* Routine meter error assessment, documentation,irreypa replacement are
recommended to reduce losses due to meter errffideicy in meter readings,
timely data sharing and transfer such as trandfarrew water connection from
operation section to billing section are also res@mnded. Thus capacity building
for meter readers, billing officers and operatiean is very crucial. Investigation
on illegal customers in Sadzi should be carried touminimize the apparent
losses which are currently very high.

* Replacement (installation) of automatic flow cohtdevices for the tanks in
Malonje and Sadzi to control overflows is recommezhdAdequate security
should also be available to guard on the tanksitenmise vandalism.
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Appendix I:  Unaccounted for Water for Zomba City from 1999 to 2009
UFW
Water Apx Vol
Prod Billed mains | Cons | Vol % of | m¥km/ | m%co
Yr Mth | (m¥mth) [ (m¥mth) | (km) (m®) Prod | yr nn/yr
1999 | Jan 215,905 179,392 90 2,500 36,513 16.9 4,868 175
Feb 211,963 176,319 90 2,525| 35,644 16.8 4,753 169
Mar 212,685 173,243 | 90 2,550 39,442 18.5 5,259 186
Apr 217,368 165,671 | 90 2,575 51,697 23.8 6,893 241
May | 226,727 152,087 | 90 2,600| 74,640 32.9 9,952 344
Jun 197,691 171,330| 90 2,625| 26,361 13.3 3,51% 121
Jul 208,805 172,387| 90 2,650| 36,418 17.4 4,856 165
Aug 218,489 170,000 | 90 2,675| 48,489 22.2 6,463 218
Sep 220,131 180,000[ 90 2,700| 40,131 18.2 5,351 178
Oct 215,817 176,072 | 90 2,725 39,745 18.4 5,299 175
Nov | 222,325 150,404 | 90 2,750 71,921 32.4 9,589 314
Dec 267,160 178,386 90 2,775| 88,774 33.3 11,83F 384
Summary
1999 2,635,066| 2,045,291 90 2,775 | 589,775 22.4 | 6,553 213
2000 | Jan 220,044 174,429 90 2,805 45,616 20.7 6,082 195
Feb 220,034 168,033| 90 2,835 52,001 23.6 6,933 220
Mar | 228,848 170,521 | 90 2,865 58,327 259 7,771 244
Apr 218,711 176,072 | 90 2,895| 42,639 19.5 5,68 177
May | 217,961 150,404 | 90 2,925| 67,557 31.0 9,008 o277
Jun 267,160 178,382 90 2,955| 88,778 33.2 11,83F 361
Jul 209,184 154,669 | 90 2,985| 54,515 26.1 7,269 219
Aug 308,694 165,521 | 90 3,015] 143,173 46.4 19,090 570
Sep 318,924 193,876 90 3,045] 125,048 39.2 16,678 493
Oct 326,154 210,000 90 3,075| 116,154 35.6 15,487 453
Nov | 335,204 196,120 | 90 3,105| 139,084 41.5 18,545 538
Dec 348,122 203,543| 90 3,135| 144,579 41.5 19,277 553
Summary
2000 3,219,040 2,141,569 90 3,135| 1,077,471 | 33.5 | 11,972 | 344
2001 | Jan | 340,849 196,120 132 3,165| 144,729 42.9 13,197 549
Feb 340,464 263,389 132 3,195| 77,075 22.6 7,007 289
Mar 367,498 238,125 132 3,225 129,373 35.2 11,761 481
Apr 352,388 215,044 | 132 3,255 137,344 39 12,486 506
May | 350,000 220,782 | 132 3,285 129,218 36.9 11,747 472
Jun 350,000 240,622| 132 3,315 109,378 31.3 9,948 306
Jul 350,000 199,337 132 3,345 150,663 43.1 13,697 541
Aug 350,000 257,632 | 132 3,375 92,368 26.4 8,397 1328
Sep 377,553 242,122 132 3,405 135,431 35.9 12,312 477
Oct 377,086 240,561 | 132 3,435 136,525 36.2 12,411 477
Nov | 431,007 290,050 | 132 3,465 140,957 32.7 12,814 488
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UFW
Water Apx Vol
Prod Billed mains | Cons | Vol % of | m¥km/ | m%co
Yr Mth | (m¥mth) [ (m¥mth) | (km) (m®) Prod | yr nn/yr
Dec 444,605 225,214 132 3,495| 219,391 49.4 19,945 753
Summary
2001 4,431,450 2,828,994 132 3,495 | 1,602,452 | 36.2 | 12,140 459
2002 | Jan 396,482 238,044 132 3,535 158,436 40 14,408 538
Feb 396,482 218,840| 132 3,575 177,642 44.8 16,149 596
Mar 372,001 245,951 | 132 3,615| 126,050 33.9 11,439 418
Apr 399,955 278,970 | 132 3,655| 120,985 30.3 10,999 397
May | 362,087 218,420 | 132 3,695 143,667 39.1 13,081 467
Jun 354,778 279,842| 132 3,735| 74,936 21.1 6,812 241
Jul 426,628 279,172| 132 3,775 147,456 34.6 13,405 469
Aug 420,589 284,792 | 132 3,820| 135,797 32.3 12,345 427
Sep 415,883 281,982 132 3,865| 133,901 32.2 12,173 416
Oct | 420,001 287,619 132 3,910 132,382 3.4 12,035 406
Nov 410,634 280,035 | 132 3,955| 130,599 31.8 11,873 396
Dec 392,490 286,331 132 4,000| 106,159 27.1 9,651 318
Summary
2002 4,768,010| 3,180,000 132 4,000 | 1,588,010 | 33.3 | 12,030 | 397
2003 | Jan 392,690 325,595 132 4,045| 67,095 171 6,100 199
Feb 422,692 300,550| 132 4,090| 122,142 28.9 11,104 358
Mar 363,033 305,745 | 132 4,135| 57,288 15.8 5,208 166
Apr 376,368 305,756 | 132 4,180 70,612 18.8 6,419 203
May 376,325 282,685 132 4,225 93,640 24.9 8,513 266
Jun 387,524 321,325 132 4,270 66,199 17.1 6,018 186
Jul 386,090 301,085| 132 4,299 | 85,005 22.0| 7,728| 237
Aug | 388,793 328,552 | 132 4,270 | 60,241 155 5,476| 169
Sep | 409,717 306,895| 132 4,299 | 102,822 251 9,347| 287
Oct | 403,194 287,148 | 132 4,329 | 116,046 28.8| 10,554 322
Nov | 407,975 280,402 | 132 4,355 | 127,573 31.3| 11,594 352
Dec | 379,487 317,325| 132 4,343 | 62,162 16.4| 5651 172
Summary
2003 4,693,888| 3,663,063 132 4,343| 1,030,825 | 22.0 | 7,809 237
2004 | Jan 374,722 296,394 132 4,284 | 78,328 20.9| 7,121 219
Feb | 371,591 279,830 132 4,318 | 91,761 24.7| 8,342| 255
Mar | 385,614 272,058 | 132 4,346 | 113,556 29.5| 10,323 3145
Apr | 389,048 308,348 | 132 4,292 | 80,700 20.7( 7,336| 226
May | 407,266 266,072 | 132 4,268 | 141,194 3471 12,839 397
Jun | 407,266 298,626| 132 4,303 | 108,640 26.7| 9,876 303
Jul 400,426 269,938 132 4,319 | 130,488 32.6| 11,863 363
Aug | 415,926 294,020 | 132 4,388 | 121,906 29.3| 11,083 333
Sep | 415,925 275,703| 132 4,424 | 140,222 33.7| 12,741 380
Oct | 413,834 351,509| 132 | 4,334 | 62,325 151] 5,666 173
Nov | 401,222 331,664 | 132 4,277 | 69,558 1741 6,323 195
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UFW
Water Apx Vol
Prod Billed mains | Cons | Vol % of | m¥km/ | m%co
Yr Mth | (m¥mth) [ (m¥mth) | (km) (m®) Prod | yr nn/yr
Dec | 398,426 320,332 132 4,278 78,094 196 7,099 219
Summary
2004 4,781,266 3,564,494 132 4,278| 1,216,772 | 25.5 | 9,218 284
2005 | Jan 405,022 320000| 156 4,230 | 85,022 21.0( 6,540| 241
Feb | 393,360 298,181| 156 | 4,238 95,179 24.2 7,321 270
Mar | 380,000 222,523 | 156 4,376 | 157,477 414 12,114 432
Apr | 417,162 282,265 | 156 4,386 | 134,897 32.3| 10,371 369
May | 384,084 305,729 156 | 4,477 78,355 2041 6,027| 210
Jun | 452,744 377,344 156 | 4467 | 75,400 16.7] 5,800| 203
Jul 351,425 276,210 156 4,580 | 75,215 21.4( 5,786| 197
Aug | 324,694 254,195 | 156 4,598 | 70,499 21.7( 5/423| 184
Sep | 413,160 331,401| 156 | 4,602 | 81,759 19.8| 6,289 213
Oct | 427,901 369,492 | 156 | 4,618 | 58,409 13.7] 4,493| 152
Nov | 408,908 352,482 | 156 4,467 | 56,426 13.8| 4,340 152
Dec | 390,614 327,996 | 156 4,512 | 62,618 16.0| 4,817 167
Summary
2005 4,749,074 3,717,819 156 4,512| 1,031,256 | 21.7 | 6,611 229
2006 | Jan | 418,758 311,544 156 4,551 | 107,214 25.6| 8,247 283
Feb | 375,351 305,000| 156 4,563 | 70,351 18.7] 5,412| 185
Mar | 430,149 352,432 | 156 4,649 | 77,717 181 5978| 201
Apr | 433,789 310,000 | 156 | 4,700 | 123,789 28.5| 9,522 316
May | 467,734 271,685 156 | 4,730 196,049 41.9| 15,081 497
156 208,216 44.3] 16,01%
Jun | 470,357 262,141 4,783 2 522
Jul 467,679 273,462 | 156 4,763 | 194,217 41.5| 14,940 4389
Aug | 420,015 288,712 | 156 4,629 | 131,303 313 | 10,104 340
Sep | 422,288 304,925( 156 | 4,595 | 117,363 27.8| 9,028 3070
Oct | 441,288 326,516 | 156 4,724 | 114,772 26.0| 8,829 292
Nov | 403,798 291,377 | 156 4,691 | 112,421 27.8| 8,648 288
Dec | 381,777 288,334 156 4,708 | 93,443 24.5| 7,188| 238
Summary
2006 5,132,983| 3,586,128 156 | 4,708 | 1,546,855 | 30.1 | 9,916 | 329
2007 | Jan 395,293 289,207 156 4,745 | 106,086 26.8| 8,160 268
Feb | 357,489 259,248 156 4,776 | 98,241 27.5( 7,557 247
Mar | 376,339 320,000 | 156 4,885 | 56,339 1501 4,334 138
Apr | 390,000 345,694 | 156 5,006 | 44,306 11.4] 3,408| 106
May | 380,000 329,772 | 156 5,089 | 50,228 13.2] 3,864| 118
Jun | 380,000 328,804| 156 5,159 | 51,196 135 3,938| 119
Jul 387,375 329,556 | 156 5,215 | 57,819 149 4,448| 133
Aug | 396,221 339,394 | 156 5,336 | 96,827 143 4,371 128
Sep | 380,581 300,000| 156 5,396 | 80,581 21.2| 6,199| 179
Oct | 426,193 371,284 | 156 5,400 | 54,909 129 4,224| 122
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UFW
Water Apx Vol
Prod Billed mains | Cons | Vol % of | m¥km/ | m%co
Yr Mth | (m¥mth) [ (m¥mth) | (km) (m®) Prod | yr nn/yr
Nov | 407,982 312,116 | 156 5,414 | 95,866 23.5| 7,374 212
Dec | 421,464 253,557 156 5,579 | 167,907 39.8| 12,914 361
Summary
2007 4,698,937 3,778,632 156 5,579| 920,305 19.6 | 5,899 165
2008 | Jan 432,433 289,934 156 5,601 | 142,498 33.0| 10,96} 305
Feb | 411,563 348,772| 156 5,657 | 62,791 153| 4,830 133
Mar | 435,474 350,528 | 156 5,649 | 84,946 19.5| 6,534| 180
Apr | 435,632 254,785 | 156 5,654 | 180,847 41.5| 13,911 3384
May | 433,257 273,213 | 156 5,672 | 160,044 36.9| 12,311 3390
Jun | 402,893 298,040 156 5,866 | 104,853 26.0| 8,066 215
Jul 474,975 313,984 | 156 5,774 | 160,991 33.9| 12,384 335
Aug | 481,323 327,621 | 156 5,795 | 153,702 31.9| 11,823 318
Sep | 467,861 326,338 156 5,889 | 141,523 30.3| 10,884 288
Oct | 474,271 343,653 156 5,952 | 130,618 27.5| 10,0484 263
Nov | 460,177 305,878 | 156 5,992 | 154,299 33.5| 11,869 309
Dec | 460,066 305,255 156 5,966 | 154,811 33.7] 11,909 311
Summary
2008 5,369,925| 3,738,002 156 5,966| 1,631,923 | 30.4 | 10,461 | 274
2009 | Jan 463,221 322,494 156 5,972 | 140,727 30.4| 10,823 283
Feb | 418,495 334,779| 156 5,968 | 83,716 20.0| 6,440| 168
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Appendix II: Tank meter readings and monthly consunption

€) Consumption
Tank Area Connections | No. of | Consumption billed (n7°)
supplied *° (%) connections [ pec Jan Feb
Airwing | Matawale 8.1 52 8293 8194 7642
Malonje | Chinamwali 5 25 839 770 830
Malonje 81.8 26 413 367 592
Habitat 100 128 2021 2033 2021
Sadzi Sadzi 87.3 274 4148 3462 3075
Thundu 82 50 574 611 745
Mpunga 100 552 6679 6670 6681
Chizalo 100 89 1011 1025 1088
Mtiya Mtiya 100 42 414 405 407
(b) Bulk meter readings
Date Airwing |Malonje | Sadzi Mtiya
Vol (m?) | Vol (m°) | Vol (m®) | Vol (m°)
25/02/09 1,235,550 694,982| 4,216,400 69,730
04/03/09 1,237,760 697,095| 4,222,590 69,885
11/03/09 1,239,860 699,459| 4,229,160 69,990
16/03/09 701,256
19/03/09 4,237,130 70,090
20/03/09 1,242,66 702,711
25/03/09 1,244,200 704,003| 4,242,930 70,170
31/03/09 1,246,060 705,504| 4,247,720
01/04/09 1,246,400, 705,742
06/04/09 4,252,920 70,34(
08/04/09 1,248,770 707,870 4,253,940 70,380
10/04/09 4,255,470 70,400
20/04/09 1,252,93 711,953 4,256,750 70,550

19 Corresponding to the area names used in thediiystem
™ One major customer is the Airwing institution Iuere are individual connections within the instiin
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Appendix llI: Data logging points attributes
(@) Pressure Logging Points Attributes
Pt | Area Installation Uninstallation Elev
No. Date Time| Reading | Date Time| Reading| (masl)
(m°) (m’)
1 Airwing (Mkangala) 26/03/09 17:1p 1214.26 @F09| 17:20 1215.06 836
2 Airwing (Mdoka 27/03/09 17:30 3,773.428/03/09| 17:14 3,773.90 800
3 Airwing (Muhommad)| 28/03/09 17:21 4,578.0B0/03/09| 10:47 4,578.91L 810
4 Airwing (Khalidi) 30.03.09 11:06 797.3931/03/09| 11:15§ 797.9Y 799
5 Malonje (Pemba) 31/03/09 12:03 197,741/04/09| 11:55 198.52 959
6 Malonje (Dzimbiri) 01/04/09 12:28 1,786.5®2/04/09| 16:35 1,786.5p 880
7 Malonje(Pute) 02/04/09 17:00 628.,0083/04/09| 16:15 628.40 930
8 Malonje(Jobe) 03/04/09 16:30 1,704]204/04/09| 17:05 1,704.8B 910
9 Sadzi(Sayenda) 06/04/09 17:07 1,281.00/04/09| 16:56 1,281.0D 958
10 | Sadzi(Kapalamula) 07/04/09 17:12 827.@B/04/09| 17:3(Q 828.24 892
11 | Sadzi (Mboga) 08/04/09 17:41 450(889/04/09| 16:38 453.56 884
12 | Sadzi(Mulima) 09/04/09 16:55 405.380/04/09| 12:30 406.05 883
13 | Mtiya (Juma) 10/04/09 13:45 84.081/04/09| 16:22 84.37 980D
14 | Mtiya(Kupempha) 11/04/09 16:45 51/842/04/09| 15:57 52.0Y 1005
15 | Mtiya(Madula) 12/04/09 16:08 35.203/04/09| 16:3(Q 36.14 1025
16 | Mtiya(Mkulumba) 13/04/09 16:3P 212.034/04/09| 16:07 212.18 990
(b) Flow Logging Points
Tank Installation Uninstallation
Date Time| Reading (M Date Time| Reading (h
Airwing 26/03/09| 16:45 - 31/03/09| 11:2§ 124,6060D
Malonje 31/03/09] 11:57 705,504 06/04/09| 11:30 707,128
Sadzi 06/04/09 14:30 425,2920 10/04/09| 12:55 425,5470
Mtiya 10/04/09( 13:30 7,040D 14/04/09| 16:20 7,0460
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MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

Appendix IV-a: Airwing Tank Flow Logging Results

Date Time| Flow| Date |Time |Flow | Date |Time | Flow Date |Time |Flow

m*hr m*/hr m*/hr m*hr
26/03/0916:45 0 | 27/03/09| 3:00 8 | 27/03/09 13:15| 16 | 27/03/09 23:30 8
26/03/0917:00, 20 | 27/03/09 3:15 8 | 27/03/09 13:30| 16 | 27/03/09 23:45 8
26/03/0917:15 16 | 27/03/09 3:30 8 | 27/03/09 13:45| 16 | 28/03/09 0:00 12
26/03/0917:30] 12 | 27/03/09 3:45 | 12 | 27/03/09 14:00| 20 | 28/03/09 0:15 8
26/03/0917:45 12 | 27/03/09 4:00 8 | 27/03/09 14:15| 16 | 28/03/09 0:30 8
26/03/0918:00] 12 | 27/03/09 4:15 8 | 27/03/09 14:30| 16 | 28/03/09 0:45 12
26/03/0918:15 16 | 27/03/09 4:30 8 | 27/03/09 14:45| 12 | 28/03/09 1:00 8
26/03/0918:30] 16 | 27/03/09 4:45 | 12 | 27/03/09 15:00| 16 | 28/03/09 1:15 8
26/03/0918:45 12 | 27/03/09 5:00 | 12 | 27/03/09 15:15| 16 | 28/03/09 1:30 8
26/03/0919:00] 12 | 27/03/09 5:15 | 12 | 27/03/09 15:30| 12 | 28/03/09 1:45 12
26/03/0919:15 12 | 27/03/09 5:30 | 16 | 27/03/09 15:45| 16 | 28/03/09 2:00 8
26/03/0919:30] 12 | 27/03/09 5:45 | 16 | 27/03/09 16:00| 16 | 28/03/09 2:15 8
26/03/0919:45 12 | 27/03/09 6:00 | 20 | 27/03/09 16:15| 16 | 28/03/09 2:30 8
26/03/0920:00] 12 | 27/03/09 6:15 | 20 | 27/03/09 16:30| 12 | 28/03/09 2:45 8
26/03/0920:15 12 | 27/03/09 6:30 | 20 | 27/03/09 16:45| 16 | 28/03/09 3:00 12
26/03/0920:30 12 | 27/03/09 6:45 | 20 | 27/03/09 17:00| 12 | 28/03/09 3:15 8
26/03/0920:45 12 | 27/03/09 7:00 | 20 | 27/03/09 17:15| 12 | 28/03/09 3:30 8
26/03/0921:00] 12 | 27/03/09 7:15 | 20 | 27/03/09 17:30| 16 | 28/03/09 3:45 8
26/03/0921:15 8 | 27/03/09] 7:30 | 20 | 27/03/09 17:45| 12 | 28/03/09 4:00 12
26/03/0921:30] 8 | 27/03/09| 7:45 | 20 | 27/03/09 18:00| 12 | 28/03/09 4:15 8
26/03/0921:45 12 | 27/03/09 8:00 | 20 | 27/03/09 18:15| 16 | 28/03/09 4:30 12
26/03/0922:00f 8 | 27/03/09| 8:15 | 20 | 27/03/09 18:30| 16 | 28/03/09 4:45 8
26/03/0922:15 8 | 27/03/09| 8:30 | 16 | 27/03/09 18:45| 12 | 28/03/09 5:00 12
26/03/0922:30] 12 | 27/03/09 8:45 | 16 | 27/03/09 19:00| 12 | 28/03/09 5:15 8
26/03/0922:45 8 | 27/03/09] 9:00 | 16 | 27/03/09 19:15| 12 | 28/03/09 5:30 12
26/03/0923:000 8 | 27/03/09| 9:15 | 16 | 27/03/09 19:30| 12 | 28/03/09 5:45 16
26/03/0923:15] 8 | 27/03/09] 9:30 | 16 | 27/03/09 19:45| 12 | 28/03/09 6:00 16
26/03/0923:30] 8 | 27/03/09] 9:45 | 16 | 27/03/09 20:00| 12 | 28/03/09 6:15 16
26/03/0923:45 8 | 27/03/09| 10:00| 16 | 27/03/0920:15| 12 | 28/03/09 6:30 20
27/03/09 0:00| 8 | 27/03/09 10:15| 16 | 27/03/09 20:30 8 28/03/09 6:45 20
27/03/09 0:15| 12 | 27/03/09 10:30| 16 | 27/03/0920:45| 12 | 28/03/09 7:00 20
27/03/09 0:30| 8 | 27/03/09 10:45| 16 | 27/03/0921:00| 12 | 28/03/09 7:15 20
27/03/09 0:45| 8 | 27/03/09 11:00| 16 | 27/03/09 21:15 8 28/03/09 7:30 24
27/03/09 1:00| 8 | 27/03/09 11:15| 16 | 27/03/0921:30| 12 | 28/03/09 7:45 20
27/03/09 1:15| 8 | 27/03/09 11:30| 16 | 27/03/09 21:45 8 28/03/09 8:00 24
27/03/09 1:30| 8 | 27/03/09 11:45| 16 | 27/03/0922:00| 12 | 28/03/09 8:15 20
27/03/09 1:45| 8 | 27/03/09 12:00| 16 | 27/03/09 22:15 8 28/03/09 8:30 20
27/03/09 2:00| 8 | 27/03/09 12:15| 12 | 27/03/09 22:30 8 28/03/09 8:45 20
27/03/09 2:15| 8 | 27/03/09 12:30| 16 | 27/03/0922:45| 12 | 28/03/09 9:00 20
27/03/09 2:30| 8 | 27/03/09 12:45| 16 | 27/03/09 23:00 8 28/03/09 9:15 20
27/03/09 2:45| 8 | 27/03/09 13:00| 16 | 27/03/0923:15| 12 | 28/03/09 9:30 16
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MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

Date Time| Flow| Date |Time |Flow | Date |[Time | Flow Date |Time |Flow
m*hr m*hr m*hr m*hr
28/03/09 9:45| 16 | 28/03/09 21:00| 12 | 29/03/09 8:15 20 29/03/09 19:30| 16
28/03/0910:00] 16 | 28/03/09 21:15| 12 | 29/03/09 8:30 20 29/03/09 19:45| 12
28/03/0910:15| 16 | 28/03/09 21:30| 12 | 29/03/09 8:45 16 | 29/03/09 20:00| 12
28/03/0910:30| 20 | 28/03/09 21:45| 8 | 29/03/09 9:00 20 | 29/03/09 20:15| 12
28/03/0910:45| 16 | 28/03/09 22:00| 12 | 29/03/09 9:15 16 | 29/03/09 20:30| 12
28/03/0911:00] 16 | 28/03/09 22:15 8 | 29/03/09 9:30 16 29/03/09 20:45| 12
28/03/0911:15| 16 | 28/03/09 22:30| 12 | 29/03/09 9:45 16 | 29/03/09 21:00| 8
28/03/0911:30| 16 | 28/03/09 22:45| 8 | 29/03/0910:00| 16 | 29/03/09 21:15| 12
28/03/0911:45| 16 | 28/03/09 23:00 8 | 29/03/09 10:15 12 29/03/09 21:30| 12
28/03/0912:00] 16 | 28/03/09 23:15 8 | 29/03/09 10:30 16 29/03/09 21:45| 12
28/03/0912:15| 16 | 28/03/09 23:30| 12 | 29/03/09 10:45 16 29/03/09 22:00 8
28/03/0912:30| 12 | 28/03/09 23:45| 8 | 29/03/0911:00| 16 | 29/03/09 22:15| 12
28/03/0912:45| 16 | 29/03/09 0:00 8 | 29/03/09 11:15| 16 | 29/03/09 22:30| 8
28/03/0913:00] 16 | 29/03/09 0:15 8 | 29/03/09 11:30| 16 | 29/03/09 22:45| 8
28/03/0913:15| 16 | 29/03/09 0:30 8 | 29/03/09 11:45 12 29/03/09 23:00| 12
28/03/0913:30| 12 | 29/03/09 0:45 | 12 | 29/03/09 12:00| 16 | 29/03/09 23:15| 8
28/03/0913:45| 16 | 29/03/09 1:00 8 | 29/03/09 12:15| 16 | 29/03/09 23:30| 8
28/03/0914:00] 16 | 29/03/09 1:15 8 | 29/03/09 12:30 16 29/03/09 23:45 8
28/03/09 14:15| 20 | 29/03/09 1:30 8 | 29/03/09 12:45 16 30/03/09 0:00 8
28/03/0914:30] 16 | 29/03/09 1:45 8 | 29/03/09 13:00 16 30/03/09 0:15 12
28/03/0914:45| 16 | 29/03/09 2:00 8 | 29/03/09 13:15| 16 | 30/03/09 0:30 8
28/03/0915:00] 16 | 29/03/09 2:15 8 | 29/03/09 13:30| 16 | 30/03/09 0:45 8
28/03/0915:15| 16 | 29/03/09 2:30 8 | 29/03/09 13:45| 16 | 30/03/09 1:00 8
28/03/0915:30] 12 | 29/03/09 2:45 8 | 29/03/09 14:00 16 30/03/09 1:15 8
28/03/0915:45| 12 | 29/03/09 3:00 8 | 29/03/09 14:15| 16 | 30/03/09 1:30 8
28/03/0916:00] 12 | 29/03/09 3:15 8 | 29/03/09 14:30| 16 | 30/03/09 1:45 8
28/03/0916:15| 16 | 29/03/09 3:30 12 | 29/03/09 14:45 16 30/03/09 2:00 8
28/03/0916:30] 12 | 29/03/09 3:45 8 | 29/03/09 15:00 12 30/03/09 2:15 8
28/03/0916:45| 12 | 29/03/09 4:00 8 | 29/03/09 15:15 16 30/03/09 2:30 8
28/03/0917:00 8 | 29/03/09 4:15 8 | 29/03/09 15:30| 12 | 30/03/09 2:45 8
28/03/0917:15| 12 | 29/03/09 4:30 8 | 29/03/09 15:45| 16 | 30/03/09 3:00 8
28/03/0917:30| 12 | 29/03/09 4:45 | 12 | 29/03/09 16:00| 12 | 30/03/09 3:15 12
28/03/0917:45] 12 | 29/03/09 5:00 12 | 29/03/09 16:15 16 30/03/09 3:30 8
28/03/0918:00] 12 | 29/03/09 5:15 | 12 | 29/03/0916:30| 16 | 30/03/09 3:45 8
28/03/0918:15| 16 | 29/03/09 5:30 | 12 | 29/03/09 16:45| 12 | 30/03/09 4:00 8
28/03/0918:30] 12 | 29/03/09 5:45 12 | 29/03/09 17:00 12 30/03/09 4:15 8
28/03/0918:45| 16 | 29/03/09 6:00 16 | 29/03/09 17:15 12 30/03/09 4:30 12
28/03/0919:00] 12 | 29/03/09 6:15 16 | 29/03/09 17:30 12 30/03/09 4:45 8
28/03/0919:15| 12 | 29/03/09 6:30 | 20 | 29/03/09 17:45| 16 | 30/03/09 5:00 12
28/03/0919:30| 12 | 29/03/09 6:45 | 20 | 29/03/09 18:00| 12 | 30/03/09 5:15 12
28/03/0919:45| 16 | 29/03/09 7:00 | 20 | 29/03/09 18:15| 16 | 30/03/09 5:30 16
28/03/0920:00[ 12 | 29/03/09 7:15 24 | 29/03/09 18:30 16 30/03/09 5:45 16
28/03/0920:15| 12 | 29/03/09 7:30 | 20 | 29/03/09 18:45| 16 | 30/03/09 6:00 20
28/03/0920:30| 12 | 29/03/09 7:45 | 24 | 29/03/0919:00| 12 | 30/03/09 6:15 20
28/03/0920:45| 12 | 29/03/09 8:00 20 | 29/03/09 19:15 12 30/03/09 6:30 20
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MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

Date Time| Flow| Date |Time |Flow | Date |[Time | Flow Date |Time |Flow
m*hr m*hr m*hr m*hr
30/03/09 6:45| 20 | 30/03/09 14:00| 16 | 30/03/09 21:15 12 31/03/09 4:30 12
30/03/09 7:00| 24 | 30/03/09 14:15| 16 | 30/03/09 21:30 12 31/03/09 4:45 8
30/03/09 7:15| 20 | 30/03/09 14:30| 12 | 30/03/0921:45| 12 | 31/03/09 5:00 12
30/03/09 7:30| 20 | 30/03/09 14:45| 20 | 30/03/09 22:00 8 31/03/09 5:15 12
30/03/09 7:45| 24 | 30/03/09 15:00| 16 | 30/03/0922:15| 12 | 31/03/09 5:30 16
30/03/09 8:00| 20 | 30/03/09 15:15| 16 | 30/03/09 22:30 8 31/03/09 5:45 16
30/03/09 8:15| 20 | 30/03/09 15:30| 16 | 30/03/09 22:45 8 31/03/09 6:00 20
30/03/09 8:30| 20 | 30/03/09 15:45| 16 | 30/03/0923:00| 12 | 31/03/09 6:15 20
30/03/09 8:45| 16 | 30/03/09 16:00| 12 | 30/03/09 23:15 8 31/03/09 6:30 20
30/03/09 9:00| 20 | 30/03/09 16:15| 16 | 30/03/09 23:30 8 31/03/09 6:45 20
30/03/09 9:15| 16 | 30/03/09 16:30| 16 | 30/03/09 23:45 8 31/03/09 7:00 24
30/03/09 9:30| 16 | 30/03/09 16:45| 12 | 31/03/09 0:00 12 | 31/03/09 7:15 20
30/03/09 9:45| 16 | 30/03/09 17:00| 12 | 31/03/09 0:15 8 31/03/09 7:30 20
30/03/0910:00] 24 | 30/03/09 17:15| 16 | 31/03/09 0:30 8 31/03/09 7:45 20
30/03/0910:15( 24 | 30/03/09 17:30| 12 | 31/03/09 0:45 8 31/03/09 8:00 20
30/03/0910:30] 24 | 30/03/09 17:45| 16 | 31/03/09 1:00 12 | 31/03/09 8:15 20
30/03/0910:45| 20 | 30/03/09 18:00| 24 | 31/03/09 1:15 8 31/03/09 8:30 16
30/03/0911:00] 24 | 30/03/09 18:15| 20 | 31/03/09 1:30 8 31/03/09 8:45 20
30/03/09 11:15] 20 | 30/03/09 18:30| 20 | 31/03/09 1:45 12 31/03/09 9:00 16
30/03/0911:30] 16 | 30/03/09 18:45| 12 | 31/03/09 2:00 8 31/03/09 9:15 16
30/03/0911:45| 16 | 30/03/09 19:00| 12 | 31/03/09 2:15 8 31/03/09 9:30 16
30/03/0912:00] 16 | 30/03/09 19:15| 16 | 31/03/09 2:30 12 | 31/03/09 9:45 16
30/03/0912:15| 16 | 30/03/09 19:30| 12 | 31/03/09 2:45 8 31/03/09 10:00| 16
30/03/0912:30] 12 | 30/03/09 19:45| 12 | 31/03/09 3:00 8 31/03/09 10:15| 16
30/03/0912:45| 16 | 30/03/09 20:00| 12 | 31/03/09 3:15 12 | 31/03/09 10:30| 12
30/03/0913:00] 20 | 30/03/09 20:15| 12 | 31/03/09 3:30 8 31/03/09 10:45| 16
30/03/0913:15| 16 | 30/03/09 20:30| 12 | 31/03/09 3:45 8 31/03/09 11:00| 16
30/03/0913:30] 16 | 30/03/09 20:45| 12 | 31/03/09 4:00 12
30/03/0913:45] 20 | 30/03/09 21:00| 12 | 31/03/09 4:15 8
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MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

Appendix IV-b: Malonje Tank Flow Logging Results
Date Time| Flow| Date Time | Flow| Date Time| Flow| Date | Time| Flow
m/hr m/hr m/hr m/hr
31/03/09| 12:00 8 31/03/09 22:45 4 | 1/4/09| 9:30 | 12 1/4/09| 20:15 8
31/03/09| 12:15 24 31/03/09 23:00 8 | 1/4/09| 9:45 | 16 1/4/09| 20:3Q0 8
31/03/09| 12:30 12 31/03/09 23:15 4 | 1/4/09| 10:00 12 1/4/09| 20:45 8
31/03/09| 12:45 8 31/03/09 23:30 8 | 1/4/09| 10:15| 16 1/4/09| 21:00 8
31/03/09| 13:00 12 31/03/09 23:45 4 | 1/4/09| 10:30| 12 1/4/09| 21:19 8
31/03/09| 13:15 12 1/4/09 0:00 8 | 1/4/09| 10:45 12 1/4/09| 21:3Q0 8
31/03/09| 13:30 1/4/09 0:15 4 1/4/09| 11:00| 8 1/4/09| 21:45 4
31/03/09| 13:45 12 1/4/09 0:30 8 | 1/4/09| 11:15| 12 1/4/09| 22:00 8
31/03/09| 14:00 8 1/4/09 045 4 | 1/4/09| 11:30 8 1/4/09| 22:15 8
31/03/09| 14:15 12 1/4/09 1:00 8 | 1/4/09| 11:45 8 1/4/09| 22:30 8
31/03/09| 14:30 12 1/4/09 1:15 4 | 1/4/09| 12:00] 12 1/4/09| 22:45 4
31/03/09| 14:45 8 1/4/09 1:30 8 1/4/09| 12:15] 12 1/4/09| 23:00 8
31/03/09| 15:00 8 1/4/09 1:45 4 1/4/09| 12:30 8 1/4/09| 23:15 4
31/03/09| 15:15 12 1/4/09 2:00 8 | 1/4/09| 12:45 8 1/4/09| 23:30 8
31/03/09| 15:30 8 1/4/09 2:15 4 | 1/4/09| 13:00 12 1/4/09| 23:45 8
31/03/09| 15:45 8 1/4/09 2:30 8 1/4/09| 13:15 8 2/4/09| 0:00| 4
31/03/09| 16:00 8 1/4/09 2:45 4 | 1/4/09| 13:30 12 2/4/09| 0:15| 8
31/03/09| 16:15 8 1/4/09 3:00 8 | 1/4/09| 1345 8 2/4/09| 0:30 | 4
31/03/09| 16:30 12 1/4/09 3:15 4 | 1/4/09| 14:00 12 2/4/09| 0:45 8
31/03/09| 16:45 8 1/4/09 3:30 8 1/4/09| 14:15 8 2/4/09| 1:00| 4
31/03/09| 17:00 8 1/4/09 345 4 | 1/4/09| 14:30 8 2/4/09| 1:15| 8
31/03/09| 17:15 12 1/4/09 4:00 8 | 1/4/09| 14:45 12 2/4/09| 1:30| 4
31/03/09| 17:30 12 1/4/09 4:185 4 | 1/4/09| 15:00 8 2/4/09| 1:45 8
31/03/09| 17:45 12 1/4/09 4:30 8 | 1/4/09| 15:15 12 2/4/09| 2:00| 4
31/03/09| 18:00 12 1/4/09 4:48 8 | 1/4/09| 15:30| 8 2/4/09| 2:15| 8
31/03/09| 18:15 12 1/4/09 5:00 8 1/4/09 15:458 2/4/09| 2:30 8
31/03/09| 18:30 12 1/4/09 515 | 4 1/4/09 16:0012 2/4/109| 2:45| 4
31/03/09| 18:45 12 | 1/4/09 5:30 | 12 1/4/09 16:158 2/4/09| 3:.00| 8
31/03/09| 19:00 8 1/4/09 5:45 12 1/4/09 16:308 2/4/09| 3:15 4
31/03/09| 19:15 8 1/4/09 6:00 | 12 1/4/09 16:4512 2/4/09| 3:30| 8
31/03/09| 19:30 8 1/4/09 6:15 16 1/4/09 17:008 2/4/09| 3:45 4
31/03/09| 19:45 8 1/4/09 6:30 20 1/4/09 17:1512 2/4/09| 4:00 8
31/03/09| 20:00 8 1/4/09 6:45 | 24 1/4/09 17:3012 2/4/09| 4:15| 4
31/03/09| 20:15 8 1/4/09 7:00 | 20 1/4/09 17:4512 2/4/09| 4:30| 8
31/03/09| 20:30 8 1/4/09 | 7:15 | 20 1/4/09 18:0012 2/4/09| 4:45| 8
31/03/09| 20:45 8 1/4/09 7:30 | 24 1/4/09 18:1516 2/4/09| 5:00| 4
31/03/09| 21:00 4 1/4/09 745 | 16 1/4/09 18:3016 2/4/09| 5:15| 8
31/03/09| 21:15 8 1/4/09 8:00 16 1/4/09 18:4512 2/4/09| 5:30 12
31/03/09| 21:30 4 1/4/09 8:15 16 1/4/09 19:0012 2/4/09| 5:45 8
31/03/09| 21:45 8 1/4/09 8:30 | 16 1/4/09 19:158 2/4/09| 6:00 | 12
31/03/09| 22:00 8 1/4/09 8:45 12 1/4/09 19:308 2/4/09| 6:15 12
31/03/09| 22:15 4 1/4/09 9:00 16 1/4/09 19:458 2/4/09| 6:30 16
31/03/09| 22:30 8 1/4/09 9:15 | 16 1/4/09 20:0012 2/4/09| 6:45| 16
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MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

Date Time| Flow| Date Time| Flow| Date Time| Flow| Date | Time| Flow
m/hr m/hr m/hr m/hr
2/4/09 7:00 16 2/4/09 18:45 O 3/4/09 6:30 20 3/4/a8:15| 32
2/4/09 7:15 | 16 2/4/09 19:00 O 3/4/09 6:45 32 3/4/a8:30| 16
2/4/09 7:30 12 2/4/09 19:16 O 3/4/09 7:00 24 3/4/a8:45| 12
2/4/09 745 | 12 2/4/09 19:30 O 3/4/09 7:15 20 3/4/a%:00| 20
2/4/09 8:00 16 2/4/09 19:45 80 3/4/09 7:30 20 34/A9:15| 12
2/4/09 8:15 20 2/4/09 20:00 80 3/4/09 7:45 20 34/A9:30| 20
2/4/09 8:30 | 16 2/4/09 20:15 32 3/4/09 8:00 28 34/A9:45| 20
2/4/09 8:45 | 24 2/4/09 20:30 24 3/4/09 8:15 24 34/@0:00| 16
2/4/09 9:00 32 2/4/09 20:45 44 3/4/09 8:30 24 34/@0:15| 20
2/4/09 9:15 28 2/4/09 21:00 52 3/4/09 8:45 28 34/@0:30| 12
2/4/09 9:30 | 52 2/4/09 21:15 32 3/4/09 9:00 28 34/@0:45| 24
2/4/09 9:45 | 40 2/4/09 21:30 20 3/4/09 9:15 20 34/@1:00| 12
2/4/09 10:00, 132 2/4/09 21:45 1186 3/4/09 9:30 16 4/0®| 21:15| 16
2/4/09 10:15| 188 2/4/09 22:J0 68 3/4/p9 9:45 20 /0®4 21:30| 16
2/4/09 10:30| 244 2/4/09 2215 76 3/4/09 10[00 20 4/0®| 21:45| 36
2/4/09 10:45| 184 2/4/09 22:30 36 3/4/09 10j15 24 4/0%| 22:00, 8
2/4/09 11:00[ 432 2/4/09 2245 64 3/4/09 10{30 12 4/0®| 22:15| 12
2/4/09 11:15| 56 2/4/09 23:.00 76 3/4/09 10{45 48 /0®4 22:30| 16
2/4/09 11:30] 556 2/4/09 23:15 48 3/4/09 11i00 24 4/0%/| 22:45| 28
2/4/09 11:45| 148 2/4/09 23:30 56 3/4/09 11{15 16 4/0%| 23:00| 16
2/4/09 12:00, 92 2/4/09 23:45 56 3/4/09 11130 16 /0®4 23:15| 20
2/4/09 12:15| 416 3/4/09 0:00 32 3/4/09 11]45 16 /0®4 23:30| 8
2/4/09 12:30| 4 3/4/09 0:15] 32 3/4/09 12{00 28 34/@3:45| 20
2/4/09 12:45| 8 3/4/09 0:30 84 3/4/09 1215 28 4H4/®:00 24
2/4/09 13:00, 164 3/4/09 0:45 24 3/4/09 12]30 2d0 /094 0:15 24
2/4/09 13:15| 12 3/4/09 1.00 28 3/4/09 12145 24 094/0:30 | 12
2/4/09 13:30| 4 3/4/09 1:15| 40 3/4/09 13{00 16 H4/®:45 | 12
2/4/09 13:45| 552 3/4/09 1:30 24 3/4/09 13]15 2dQ /094 1:00 12
2/4/09 14:00, O 3/4/09 1:45] 24 3/4/09 1330 16 44/a:15 | 8
2/4/09 14:15 0 3/4/09 2:000 32 3/4/09 1345 16 44/a:30 | 16
2/4/09 14:30 O 3/4/09 2:15 48 3/4/09 1400 28 44/A.:45 20
2/4/09 14:45| O 3/4/09 2:30 64 3/4/09 1415 12 44/®@:00 20
2/4/09 15:00, O 3/4/09 2:45 28 3/4/09 1430 16 44/®:15 | 20
2/4/09 15:15| 0 3/4/09 3:.000 52 3/4/09 1445 16 44/®:30 | 16
2/4/09 15:30 O 3/4/09 3:15 40 3/4/09 1500 36 H4/®@:45 24
2/4/09 15:45 0 3/4/09 3:300 52 3/4/09 1515 40 44/B:00 | 20
2/4/09 16:00, O 3/4/09 3:45 56 3/4/09 1530 36 44/B:15 | 20
2/4/09 16:15| O 3/4/09 4:00 24 3/4/09 1545 20 44/®B:30 12
2/4/09 16:30| O 3/4/09 4:15 40 3/4/09 1600 24 H4/B:45 | 28
2/4/09 16:45| O 3/4/09 4:30 28 3/4/09 1615 24 4H4/%:00 36
2/4/09 17:00, O 3/4/09 4:45 16 3/4/09 1630 12 44/3:15 | 8
2/4/09 17:15| 0 3/4/09 5:000 24 3/4/09 1645 20 44/3:30 | 16
2/4/09 17:30 O 3/4/09 5:15 24 3/4/09 1700 16 H4/%:45 8
2/4/09 17:45] O 3/4/09 5:30 16 3/4/09 1715 16 44/®:00 8
2/4/09 18:00, O 3/4/09 5:45 20 3/4/09 17{30 20 H4/®:15 | 24
2/4/09 18:15| 0 3/4/09 6:000 20 3/4/09 17445 16 H4/®:30 | 24
2/4/09 18:30] 32 3/4/09 6:15 28 3/4/09 18100 24 094/ 5:45 16
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MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

Date Time| Flow| Date Time| Flow| Date Time| Flow| Date | Time| Flow
m/hr m/hr m/hr m/hr

4/4/09 6:00 20 4/4/09 17:46 32 5/4/09 5:30 208 (@®4/17:15| 228
4/4/09 6:15 | 20 4/4/09 18:00 16 5/4/09 5:45 172 (@®4/17:30| 320
4/4/09 6:30 32 4/4/09 18:15 28 5/4/09 6:00 0 5/4/09:45| 292
4/4/09 6:45 | 20 4/4/09 18:30 12 5/4/09 6:15 292 (®4/18:00| 216
4/4/09 7:00 20 4/4/09 18:45 24 5/4/09 6:30 96 4/A8:15| 508
4/4/09 7:15 24 4/4/09 19:00 24 5/4/09 6:45 548 (®4/18:30| 196
4/4/09 7:30 | 24 4/4/09 19:15 36 5/4/09 7:00 388 (®4/18:45| 188
4/4/09 7:45 | 36 4/4/09 19:30 56 5/4/09 7:15 364 (®4/19:00| 300
4/4/09 8:00 | 44 4/4/09 19:45 60 5/4/09 7:30 208 (®4/19:15| 212
4/4/09 8:15 24 4/4/09 20:00 216 5/4/09 7:45 228 /0®4 19:30| 256
4/4/09 8:30 | 24 4/4/09 20:15 212 5/4/09 8:00 240 /0®4 19:45| 492
4/4/09 8:45 20 4/4/09 20:30 376 5/4/09 8:15 168 /0®4 20:00| 220
4/4/09 9:00 24 4/4/09 20:45 O 5/4/09 8:30 232 4/@0:15| 176
4/4/09 9:15 | 20 4/4/09 21:.00 O 5/4/09 8:45 200 4/@0:30| 340
4/4/09 9:30 | 24 4/4/09 21:15 0 5/4/09 9:00 192 4/@0:45| 140
4/4/09 9:45 28 4/4/09 21:30 O 5/4/09 9:1b 164 4/@1:00| 192
4/4/09 10:00, 24 4/4/09 2145 O 5/4/09 9:30 144 (@®4/21:15| 408
4/4/09 10:15| 52 4/4/09 22200 0 5/4/09 9:45 176 (®4/21:30| 220
4/4/09 10:30] 16 4/4/09 2215 0 5/4/09 10j00 172 /0®4 21:45| O
4/4/09 10:45| 16 4/4/09 22:30 O 5/4/09 10§15 224 /0®4 22:00f O
4/4/09 11:00, 28 4/4/09 22:45 0 5/4/09 1030 156 /0®4 22:15| O
4/4/09 11:15] 20 4/4/09 23:00 O 5/4/09 1045 152 /0®4 22:30| O
4/4/09 11:30| 16 4/4/09 2315 0 5/4/09 11,00 128 /0®4 22:45| O
4/4/09 11:45| 24 4/4/09 23:30 O 5/4/09 1115 212 /0®4 23:00f O
4/4/09 12:00, 20 4/4/09 2345 O 5/4/09 1130 128 /0®4 23:15| O
4/4/09 12:15| 16 5/4/09 0:00 O 5/4/09 1145 260 (®4/23:30| 0
4/4/09 12:30| 16 5/4/09 0:15 O 5/4/09 12/00 284 (®4/23:45| 0
4/4/09 12:45| 16 5/4/09 0:30 0 5/4/09 12:15 180 (@®4/0:00 0
4/4/09 13:00, 20 5/4/09 045 O 5/4/09 1230 164 @®4/0:15 | O
4/4/09 13:15| 12 5/4/09 1.00 O 5/4/09 12445 160 (@®4/0:30 | O
4/4/09 13:30] 20 5/4/09 1:15 0 5/4/09 1300 236 (®4/0:45 0
4/4/09 13:45| 16 5/4/09 1:30 0 5/4/09 1315 212 (@®4/1:00 0
4/4/09 14:00, 12 5/4/09 1:45 0 5/4/09 1330 168 (0®4/1:15 0
4/4/09 14:15| 20 5/4/09 200 O 5/4/09 1345 200 @®4/1:30 | O
4/4/09 14:30] 12 5/4/09 2:15 0 5/4/09 1400 204 (®4/1:45 0
4/4/09 14:45| 24 5/4/09 230 O 5/4/09 1415 200 @®4/2:00 | O
4/4/09 15:00, 20 5/4/09 245 0 5/4/09 1430 268 @4/2:15 | 0
4/4/09 15:15| 16 5/4/09 3:00 0 5/4/09 1445 276 (@®4/2:30 0
4/4/09 15:30, 24 5/4/09 3:15 0 5/4/09 1500 416 0®4/2:45 0
4/4/09 15:45| 16 5/4/09 3:30 0 5/4/09 1515 252 (@®4/3:00 0
4/4/09 16:00, 20 5/4/09 345 0 5/4/09 1530 428 @4/3:15 | 0
4/4/09 16:15| 12 5/4/09 400 O 5/4/09 1545 292 @®4/3:30 | O
4/4/09 16:30] 16 5/4/09 4:15 0 5/4/09 1600 184 (®4/3:45 0
4/4/09 16:45| 20 5/4/09 4:30 0 5/4/09 1615 416 (@®4/4:00 0
4/4/09 17:00, 24 5/4/09 4:45 0 5/4/09 1630 348 (®4/4:15 0
4/4/09 17:15| 20 5/4/09 500 O 5/4/09 16445 304 @®4/4:30 | O
4/4/09 17:30] 16 5/4/09 5:15 0 5/4/09 1700 280 (®4/4:45 0

(o]
6]
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MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

Date Time| Flow| Date Time| Flow| Date Time| Flow| Date | Time| Flow
m/hr m/hr m/hr m/hr
6/4/09 5:00 0 6/4/09 6:45 0 6/4/09 8:30D 336 6/4/0D:15| 64
6/4/09 5115 | 0 6/4/09 7:000 O 6/4/09 8:45 280D 6/4)09D:30| 48
6/4/09 5:30 0 6/4/09 7:15 0 6/4/09 9:00 248 6/4/0D:45| 48
6/4/09 545 | 0 6/4/09 7300 O 6/4/09 9:16 264 6/4/09.:00| 28
6/4/09 6:00 0 6/4/09 7:45 0 6/4/09 9:3D 21p 6/4/09:15| 44
6/4/09 6:15 0 6/4/09 8:00 88 6/4/09 9:4p 148
6/4/09 6:30 | O 6/4/09 8:15| 196 6/4/09 10{00 152

Jessy Alida Chipwaila 86 2009



MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

Appendix IV-c: Sadzi Tank Flow Logging Results
Date Time | Flow| Date Time | Flow| Date Time | Flow | Date Time | Flow
m/hr m/hr m/hr m/hr

6/4/09| 15:00 12 7/4/09 1:30 16 7/4/09 1200 56 094/ 22:30 32
6/4/09| 15:15 0 7/4/09 1:4b 20 7/14/09 1215 48 B4/022:45 24
6/4/09| 15:30 o 7/4/09 2:00 16 7/4/09 12:30 48  H4/023:00 24
6/4/09| 15:45 0 7/4/09 2:1p 16 7/4/09 12:45 60 H4/023:15 24
6/4/09| 16:00 o 7/4/09 2:3D 36 7/4/09 13100 48  H4/023:30 32
6/4/09| 16:15 o 7/4/09 2:4b 12 7/4/09| 13:15 56| 7/4/09| 23:45 2§
6/4/09| 16:30 0 7/4/09 3:00 U6 7/4/09| 13:30 56 8/4/09 0:00 24
6/4/09| 16:45 0 7/4/09 3:1p 16 7/4/09| 13:45 64 8/4/09 0:15 20
6/4/09| 17:00 o 7/4/09 3:3D 20 7/4/09| 14:00 48| 8/4/09| 0:30 28
6/4/09| 17:15 0 7/4/09 3:4b U6 7/4/09| 14:15 56 | 8/4/09| 0:45 37
6/4/09| 17:30 0 7/4/09 4:00 12 7/4/09| 14:30 64 8/4/09 1:00 28
6/4/09| 17:45 0 7/4/09 4:16 20 7/4/09| 14:45 48 8/4/09 1:15 28
6/4/09| 18:00 o 7/4/09 43D 28 7/4/09| 15:00 56 | 8/4/09 1:30 14
6/4/09| 18:15 0 7/4/09 4:4b 20 7/4/09| 15:15 52| 8/4/09 1:45 28
6/4/09| 18:30 0 7/4/09 5:00 24 7/4/09| 15:30 68| 8/4/09] 2:00 14
6/4/09| 18:45 0 7/4/09 5:1p 28 7/4/09| 15:45 52 8/4/09 2:15 24
6/4/09| 19:00 o 7/4/09 5:3D 36 7/4/09| 16:00 44| 8/4/09| 2:30 37
6/4/09| 19:15 0 7/4/09 5:4b 44 7/4/09| 16:15 36| 8/4/09] 2:45 37
6/4/09| 19:30 0 7/4/09 6:00 68 7/4/09| 16:30 52 8/4/09 3:00 20
6/4/09| 19:45 0 7/4/09 6:1p 80 7/4/09| 16:45 44 8/4/09 3:15 20
6/4/09| 20:00 o 7/4/09 6:3D g8 7/4/09| 17:00 44| 8/4/09| 3:30 28
6/4/09| 20:15 0 7/4/09 6:4b 124 7/4/09| 17:15 68| 8/4/09| 3:45 4Q
6/4/09| 20:30 0 7/4/09 7:00 108 7/4/09| 17:30 48 8/4/09 4:00 32
6/4/09| 20:45 0 7/4/09 7:1p 108 7/4/09| 17:45 52 8/4/09 4:15 24
6/4/09| 21:00 o 7/4/09 7:3D g8 7/4/09| 18:00 68| 8/4/09] 4:30 14
6/4/09| 21:15 152 7/4/09 7:45 96 7/4/09| 18:15 68 8/4/09 4:45 36
6/4/09| 21:30 276 7/4/09 8:00 96 7/4/09| 18:30 64 8/4/09 5:00 36
6/4/09| 21:45 80 7/4/09 8:15 88 7/4/09| 18:45 56 | 8/4/09| 5:15 34
6/4/09| 22:00 60 714109 8:30 g8 7/4/09| 19:00 48 8/4/09 5:30 32
6/4/09| 22:15 36 714109 8:45 g0 7/4/09| 19:15 52 8/4/09 5:45 48
6/4/09| 22:30 96 714109 9:00 72 7/4/09| 19:30 56 8/4/09 6:00 80
6/4/09| 22:45 44 714109 9:16 72 7/4/09| 19:45 48 8/4/09 6:15 10(
6/4/09| 23:00 24  7/4/09  9:30 68 7/4/09| 20:00 48| 8/4/09| 6:30 109
6/4/09| 23:15 12 7/4/09  9:45 64 7/4/09| 20:15 52| 8/4/09| 6:45 117
6/4/09| 23:30 16 7/4/09 10:00 64 7/4/09| 20:30 48 8/4/09 7:00 116
6/4/09| 23:45 12 7/4/09 10:15 86 7/4/09| 20:45 28| 8/4/09| 7:15 94
7/4/09| 0:00 20 7/4/09 10:3D 52 7/4/09| 21:00 40| 8/4/09| 7:30 10(
7/4/09 0:15 12 7/4/09 10:4b 48 7/4/09| 21:15 36 8/4/09 7:45 10(
7/4/09 0:30 24 7/4/09 11:00 48 7/4/09 | 21:30 28 8/4/09 8:00 96
7/4/09| 0:45 16 7/4/09 11:16 60 7/4/09| 21:45 20| 8/4/09| 8:15 97
7/4/09 1:00 16 7/4/09 11:30 g8 7/4/09| 22:00 36 8/4/09 8:30 88
7/4/09 1:15 16 7/4/09 11:4b 52 7/4/09| 22:15 20 8/4/09 8:45 76
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MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

Date Time | Flow| Date Time | Flow| Date Time | Flow | Date Time | Flow
m/hr m/hr m*/hr m/hr
8/4/09| 9:00 72| 8/4/09| 20:45 24 9/4/09 830 72| 9/4/09| 20:15 44
8/4/09| 9:15 60 8/4/09| 21:00 32 9/4/09 845 88| 9/4/09| 20:3Q 56
8/4/09| 9:30 60 8/4/09| 21:15 36  9/4/09 9:00 96| 9/4/09| 20:45 24
8/4/09| 9:45 64 8/4/09| 21:30 32 9/4/09  9:15 104| 9/4/09] 21:0( -8(
8/4/09| 10:00 52 8/4/09| 21:45 28  9/4/09 930 72| 9/4/09| 21:15 -84
8/4/09| 10:15 60 8/4/09 22:00 28| 9/4/09| 9:45 76 9/4/09 21:30 -52
8/4/09| 10:30 52 8/4/09 22:15 28| 9/4/09| 10:0Q 80 9/4/09 21:45 -80
8/4/09 | 10:45 44 8/4/09 22:30 20| 9/4/09| 10:15 64 9/4/09 22:00 -116
8/4/09| 11:00 56 8/4/09 22:45 36| 9/4/09| 10:30 56 9/4/09 22:15 -44
8/4/09| 11:15 84 8/4/09 23:.00 28| 9/4/09| 10:45 64 9/4/0p 22:30 -36
8/4/09 | 11:30 56 8/4/09 2315 32| 9/4/09| 11:0Q 64 9/4/09 22:45 -44
8/4/09| 11:45 5 8/4/09 23:30 20| 9/4/09| 11:15 76 9/4/09  23:00 -48
8/4/09| 12:00 68 8/4/09 2345 16| 9/4/09| 11:30 56 9/4/09 23:15 -52
8/4/09| 12:15 56 9/4/09 0:00 20| 9/4/09| 11:45 60 9/4/09 23:30 -40
8/4/09 | 12:30 64 9/4/09 0:15 12| 9/4/09| 12:0Q 76 9/4/09 23:45 -32
8/4/09| 12:45 68 9/4/09 0:30 36| 9/4/09| 12:15 60 10/4/09 0:00 -40
8/4/09| 13:00 64  9/4/09 0:4b 16| 9/4/09| 12:30Q 48 10/4/09 0:15 -76
8/4/09| 13:15 56 9/4/09 1:00 24| 9/4/09| 12:45 56 10/4/09 0:30 -44
8/4/09| 13:30 68 9/4/09 1:16 28| 9/4/09| 13:00 60 10/4/09 0:45 -48
8/4/09| 13:45 60 9/4/09 1:30 20| 9/4/09| 13:15 64 10/4/09 1:00 -36
8/4/09| 14:00 72  9/4/09 1:456 32| 9/4/09| 13:30 72 10/4/09 1:15 -60
8/4/09| 14:15 80 9/4/09 2.00 20| 9/4/09| 13:45 52 10/4/09 1:30 -64
8/4/09| 14:30 64 9/4/09 2:16 24| 9/4/09| 14:00Q 72 10/4/00 1:45 -48
8/4/09| 14:45 68 9/4/09 2:30 20| 9/4/09| 14:15 76 10/4/09 2:00 -68
8/4/09| 15:00 52  9/4/09 2:46 24| 9/4/09| 14:30 60 10/4/09 2:15| -136
8/4/09| 15:15 52 9/4/09 3:00 28| 9/4/09| 14:45 56 10/4/00 2:30 -40
8/4/09| 15:30 44 9/4/09 3:1b 24| 9/4/09| 15:00Q 52 10/4/00 2:45 -40
8/4/09| 15:45 36 9/4/09 3:30 28| 9/4/09| 15:15 52 10/4/09 3:00 -36
8/4/09| 16:00 4Q 9/4/09 3146 24| 9/4/09| 15:3Q 64 10/4/00 3:15 -44
8/4/09| 16:15 48 9/4/09 4:00 36| 9/4/09| 15:45 52 10/4/090 3:30 44
8/4/09| 16:30 40 9/4/09 4:16 24| 9/4/09| 16:00Q 60 10/4/09 3:45 -40
8/4/09| 16:45 60 9/4/09 4:30 40| 9/4/09| 16:15 56 10/4/09 4:00 -64
8/4/09| 17:00 44  9/4/09 4:45 32| 9/4/09| 16:3Q 40 10/4/09 4:15 -64
8/4/09| 17:15 52  9/4/09 5:00 36| 9/4/09| 16:45 60 10/4/09 4:30 -64
8/4/09| 17:30 56 9/4/09 5:16 40| 9/4/09| 17:00Q 52 10/4/09 4:45 -36
8/4/09| 17:45 60 9/4/09 5:30 44| 9/4/09| 17:15 48 10/4/09 5:00 -88
8/4/09| 18:00 64  9/4/09 5:45 72| 9/4/09| 17:3Q 48 10/4/09 5:15 -88
8/4/09| 18:15 44 9/4/09 6:00 72| 9/4/09| 17:45 48 10/4/09 5:30| -104
8/4/09| 18:30 56 9/4/09 6:16 84| 9/4/09| 18:00Q 72 10/4/09 5:45 -88
8/4/09| 18:45 52  9/4/09 6:30 96| 9/4/09| 18:15 76 10/4/09 6:00| -140
8/4/09| 19:00 44 9/4/09 6:45 132| 9/4/09] 18:3Q 80 10/4/09 6:15| -136
8/4/09| 19:15 44 9/4/09  7:00 104| 9/4/09| 18:45 5¢ 10/4/09 6:30 -148
8/4/09| 19:30 40  9/4/09 7:1p 140| 9/4/09] 19:00 56 10/4/09 6:45 -2P8
8/4/09| 19:45 44 9/4/09 730 124| 9/4/09] 19:15 48 10/4/09 7:00 -164
8/4/09 | 20:00 40 9/4/09  7:45 120| 9/4/09| 19:3(Q 48 10/4/09 7:15 -160
8/4/09 | 20:15 52 9/4/09  8:00 108| 9/4/09| 19:45 48 10/4/09 7:30 -200
8/4/09| 20:30 32 9/4/09 8:1pb 100| 9/4/09| 20:00 60 10/4/09 745 -204
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MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

Date Time | Flow| Date Time | Flow| Date Time | Flow | Date Time | Flow
m/hr m/hr m/hr m3/hr

10/4/09| 8:00] -232 10/4/0 9:1 -200 10/4/09 10:30168- 10/4/09] 11:45 -133

10/4/09| 8:15] -220 10/4/0 9:3 -180 10/4/09 10:45248-| 10/4/09] 12:0( -2

10/4/09| 8:45] -208 10/4/0p 10:0 -188  10/4/09 11:15316 | 10/4/09] 12:3( -10

D 5
D 0
10/4/09| 8:30] -24Q 10/4/0p 9:45 -168 10/4/09 11;00272-| 10/4/09 12:15 -4
D 0
D 5

10/4/09| 9:00] -164 10/4/0 10:1 -184 10/4/09 11130292
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MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

Appendix IV-d: Mtiya Tank Flow Logging Results
DATE |[TIME |Flow [DATE |[TIME [Flow |DATE |[TIME [Flow [DATE |[TIME [Flow
m/hr m/hr m/hr m/hr

10/4/09 13:30 1244 11/4/09 0:30 0| 11/4/09 11:30 0| 11/4/09 22:30 0
10/4/09 13:49 888 11/4/09 0:45 0| 11/4/09 11:45 -4 11/4/09 22:45 0
10/4/09 14:00 24| 11/4/09 1:00 0| 11/4/09 12:00-1204 11/4/09 23:00Q 0
10/4/09 14:15 ol 11/4/09 1:15 0| 11/4/09 12:1§ -92| 11/4/09 23:15 0
10/4/09 14:3(Q 0| 11/4/09 1:30 0| 11/4/09 12:3Q 0 11/4/09 23:30 0
10/4/09 14:49 516 11/4/09 1:45 0| 11/4/09 12:45 -4 11/4/09 23:45 0
10/4/09 15:00 40| 11/4/09 2:00 0| 11/4/09 13:04 -188 12/4/09  0:00 0
10/4/09 15:15 4] 11/4/09 2:15 0| 11/4/09 13:1§ -16| 12/4/09 0-:15 0
10/4/09 15:3Q o] 11/4/09 2:30 0| 11/4/09 13:30 0| 12/4/09  0:30 0
10/4/09 15:45 o] 11/4/09 2:45 0| 11/4/09 13:45 -4 12/4/09  0:45 0
10/4/09 16:00 588 11/4/09 3:00 0| 11/4/09 14:00 -264 12/4/09 1:00 0
10/4/09 16:19 192 11/4/09 3:15 0| 11/4/09 14:15 0| 12/4/09  1:15 0
10/4/09 16:30 0| 11/4/09 3:30 0| 11/4/09 14:30 0| 12/4/09 1:30 0
10/4/09 16:45 o] 11/4/09 3:45 0| 11/4/09 14:45 0| 12/4/09  1:45 0
10/4/09 17:00 4| 11/4/09 4:00 0| 11/4/09 15:00 -4 12/4/09 2:00 0
10/4/09 17:15 ol 11/4/09 4:15 0| 11/4/09 15:15 -164 12/4/09  2:15 0
10/4/09 17:3Q 0| 11/4/09 4:3Q 0| 11/4/09 15:39 -624 12/4/09  2:30Q 0
10/4/09 17:45 0| 11/4/09 4:45 0| 11/4/09 15:45 0| 12/4/09  2:45 0
10/4/09 18:00 588 11/4/09 5:00 0| 11/4/09 16:00 0| 12/4/09 3:00 0
10/4/09 18:15 o] 11/4/09 5:15 0| 11/4/09 16:15 0| 12/4/09  3:15 0
10/4/09 18:30 0| 11/4/09 5:30 0| 11/4/09 16:30 0| 12/4/09 3:30 0
10/4/09 18:45 4| 11/4/09 5:45 0| 11/4/09 16:45 -4 12/4/09  3:45 0
10/4/09 19:00 0| 11/4/09 6:00 0| 11/4/09 17:00 -332 12/4/09 4:00 0
10/4/09 19:15 o] 11/4/09 6:15 0| 11/4/09 17:1§  -4| 12/4/09  4:15 0
10/4/09 19:3Q 0| 11/4/09 6:30 96| 11/4/09 17:34 -324 12/4/09  4:30 0
10/4/09 19:45 0| 11/4/09 6:45 -836 11/4/09 17:45 0| 12/4/09  4:45 0
10/4/09 20:00 216 11/4/09 7:00 0| 11/4/09 18:04 -4 12/4/09  5:00 0
10/4/09 20:18 124 11/4/09 7:15 -428 11/4/09 18:1§ -44] 12/4/09  5:15 0
10/4/09 20:30-1228 11/4/09 7:30 -12 11/4/09 18:3(Q 0| 12/4/09 5:30 0
10/4/09 20:45-2969 11/4/09 7:45 -44] 11/4/09 18:45 0| 12/4/09  5:45 0
10/4/09 21:09q -44| 11/4/09 8:00 -4( 11/4/09 19:00 0| 12/4/09 6:00 0
10/4/09 21:15 -20| 11/4/09 8:15 -124 11/4/09 19:15 0| 12/4/09  6:15 0
10/4/09 21:30 0| 11/4/09 8:30 0| 11/4/09 19:30 0| 12/4/09 6:30 0
10/4/09 21:45 0| 11/4/09 8:45 0| 11/4/09 19:45 0| 12/4/09  6:45 0
10/4/09 22:00 0| 11/4/09 9:00 -4/ 11/4/09 20:00 0| 12/4/09  7:00 0
10/4/09 22:15 0| 11/4/09 9:15 -288 11/4/09 20:15 0| 12/4/09 7:15 0
10/4/09 22:30 0| 11/4/09 9:30 0| 11/4/09 20:30 0| 12/4/09 7:30 0
10/4/09 22:45 0| 11/4/09 9:45 0| 11/4/09 20:45 0| 12/4/09  7:45 0
10/4/09 23:00 0| 11/4/09 10:00Q 0| 11/4/09 21:00 0| 12/4/09 8:00 0
10/4/09 23:15 0| 11/4/09 10:15 -4| 11/4/09 21:15 0| 12/4/09 8:15 0
10/4/09 23:30 0| 11/4/09 10:30 -128 11/4/09 21:30 -4| 12/4/09 8:30 0
10/4/09 23:45 0| 11/4/09 10:45 -184 11/4/09 21:45 0| 12/4/09  8:45 0
11/4/09  0:00 0| 11/4/09 11:04 0| 11/4/09 22:04 0| 12/4/09  9:00 0
11/4/09 0:15 0| 11/4/09 11:15 0| 11/4/09 22:15 0| 12/4/09 9:15 0
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MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

DATE |TIME |Flow |DATE TIME |Flow |DATE |TIME |Flow |DATE |TIME Flow
m/hr m/hr m/hr m/hr
12/4/09 9:30 0| 12/4/09 21:30 0|13/04/09 9:30 -536/13/04/09 21:30Q 0
12/4/09 9:45 0| 12/4/09 21:45 0] 13/04/09 9:45 0|13/04/09 21:45 0
12/4/09 10:00 0| 12/4/09 22:00 0/13/04/09 10:00Q 0/13/04/09 22 0
12/4/09 10:15 -468 12/4/09 22:15 0/13/04/09 10:15 -4|13/04/09 22:15 0
12/4/09 10:30 -388 12/4/09 22:30 0/13/04/09 10:30 -25613/04/09 22:30 0
12/4/09 10:45 0| 12/4/09 22:45 0/13/04/09 10:45 0/13/04/09 22:45 0
12/4/09 11:090 -80] 12/4/09 23:00 0/13/04/09 11:00 0/13/04/09 23:00 0
12/4/09 11:15 0| 12/4/09 23:15 0/13/04/09 11:15 0/13/04/09 23:15 0
12/4/09 11:30 -4 12/4/09 23:30 0[13/04/09 11:30 -4(13/04/09 23:30 0
12/4/09 11:45 0| 12/4/09 23:45 0|13/04/09 11:45 -24{13/04/09 23:45 0
12/4/09 12:00 0| 13/04/09 0:00 0/13/04/09 12:00 -36814/04/09 0:00 0
12/4/09 12:15 -308 13/04/09 0:15 0/13/04/09 12:15 0|14/04/09 0:15 0
12/4/09 12:30 0| 13/04/09 0:30 0/13/04/09 12:30 0|14/04/09 0:30 0
12/4/09 12:45 -4| 13/04/09 0:45 0/13/04/09 12:45 -4(14/04/09 0:45 0
12/4/09 13:00 -200 13/04/09 1:00 0/13/04/09 13:00 0|14/04/09 1:00 0
12/4/09 13:15 -20| 13/04/09 1:15 0[13/04/09 13:15 -73214/04/09 1:15 0
12/4/09 13:30 0| 13/04/09 1:30 0[13/04/09 13:30 -16/14/04/09 1:30 0
12/4/09 13:45 0| 13/04/09 1:45 0/13/04/09 13:45 -4(14/04/09 1:45 0
12/4/09 14:00 -4| 13/04/09 2:00 0/13/04/09 14:0Q0 -39214/04/09 2:00 0
12/4/09 14:15 -124f 13/04/09 2:15 0|13/04/09 14:15 -76/14/04/09 2:15 0
12/4/09 14:30 0| 13/04/09 2:30 0/13/04/09 14:30Q 0/14/04/09 2:30 0
12/4/09 14:45 0| 13/04/09 2:45 0/13/04/09 14:45 -4(14/04/09 2:45 0
12/4/09 15:00 0| 13/04/09 3:00 0/13/04/09 15:00 -236/14/04/09 3:00 0
12/4/09 15:15 -4| 13/04/09 3:15 0/13/04/09 15:15 0/14/04/09 3:15 0
12/4/09 15:30 0| 13/04/09 3:30 0/13/04/09 15:30Q 0/14/04/09 3:30 0
12/4/09 15:45 -88| 13/04/09 3:45 0/13/04/09 15:45 -4(14/04/09 3:45 0
12/4/09 16:00 0| 13/04/09 4:00 0[13/04/09 16:00 -34014/04/09 4:00 0
12/4/09 16:15 0| 13/04/09 4:15 0[13/04/09 16:15 0|14/04/09 4:15 0
12/4/09 16:30 0| 13/04/09 4:30 0/13/04/09 16:30Q 0/14/04/09 4:30 0
12/4/09 16:45 0| 13/04/09 4:45 0/13/04/09 16:45 0|14/04/09 4:45 0
12/4/09 17:00 -4| 13/04/09 5:00 0[13/04/09 17:00 -4114/04/09 5:00 0
12/4/09 17:15 -28| 13/04/09 5:15 0/13/04/09 17:15 -8(14/04/09 5:15 0
12/4/09 17:30 0| 13/04/09 5:30 0[13/04/09 17:30 -95214/04/09 5:30 -4
12/4/09 17:45 -4| 13/04/09 5:45 0|13/04/09 17:45 -13214/04/09 5:45 0
12/4/09 18:00 -56| 13/04/09 6:00 0/13/04/09 18:00 0|14/04/09 6:00 -144
12/4/09 18:15 0| 13/04/09 6:15 -4/13/04/09 18:15 -4(14/04/09 6:15 0
12/4/09 18:30 0| 13/04/09 6:30 -16813/04/09 18:30 -56814/04/09 6:30 -52)
12/4/09 18:45 -104| 13/04/09 6:45 -4{13/04/09 18:45 0|14/04/09 6:45 0
12/4/09 19:00 0| 13/04/09 7:00 -10813/04/09 19:00 0/14/04/09 7:00 -36)
12/4/09 19:15 0| 13/04/09 7:15 -4/13/04/09 19:15 0/14/04/09 7:15 0
12/4/09 19:30 0| 13/04/09 7:30 -80/13/04/09 19:30Q 0|14/04/09 7:30 -24
12/4/09 19:45 0| 13/04/09 7:45 -4/13/04/09 19:45 0/14/04/09 7:45 0
12/4/09 20:00 0| 13/04/09 8:00 -236/13/04/09 20:00 0/14/04/09 8:00 -4
12/4/09 20:15 0| 13/04/09 8:15 -4/13/04/09 20:15 0/14/04/09 8:15 -88
12/4/09 20:30 0| 13/04/09 8:30 -23213/04/09 20:30 0|14/04/09 8:30 0
12/4/09 20:45 0| 13/04/09 8:45 0/13/04/09 20:45 0|14/04/09 8:45 0
12/4/09 21:00 0| 13/04/09 9:00 -4/13/04/09 21:00 0/14/04/09 9:00 -4
12/4/09 21:15 0| 13/04/09 9:15 -4{13/04/09 21:15 0|14/04/09 9:15 -220
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MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

DATE |TIME |Flow |DATE TIME |Flow |DATE |TIME |Flow |DATE |TIME Flow
m/hr m/hr m/hr m/hr

14/04/09 9:30 0[14/04/09 11:30  -4({14/04/09 13:30 0(14/04/09 15:3Q 0
14/04/09 9:45 0|14/04/09 11:45 -64{14/04/09 13:45 -4|14/04/09 15:45 0
14/04/09 10:00 -4|14/04/09 12:00 0|14/04/09 14:00 -88/14/04/09 16:0Q -4
14/04/09 10:19 -104{14/04/09 12:16 0/14/04/09 14:15 0/14/04/09 16:15 -116
14/04/09 10:30Q 0(14/04/09 12:30 0/14/04/09 14:30 0|14/04/09 16:30 0
14/04/09 10:45 0[14/04/09 12:45  -4{14/04/09 14:45 -4

14/04/09 11:00 0[14/04/09 13:00 -12814/04/09 15:00 -116

14/04/09 11:15 0[14/04/09 13:16 0(14/04/09 15:15 0
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MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

Appendix V-a: Airwing Zone Pressure Logging Results
Date Time | PressDate Time PresgDate Time PressDate Time Pres
(m) (m) (m) (m)

27/03/09  0:00 7127/03/09 10:45 6.527/03/09 21:30 28.328/03/09 8:15 22.4
27/03/09  0:15 7/27/03/09 11:00 6.4{27/03/09 21:45 28.828/03/09 8:30 19.2
27/03/09  0:30 7127/03/09 11:19 6.6/27/03/09 22:00 29.228/03/09 8:45 18.6
27/03/09  0:45 7127/03/09 11:3q0 6.527/03/09 22:15 29.428/03/09 9:00 20.9
27/03/09 1:00 7/27/03/09 11:45 6.7|27/03/09 22:30  29/28/03/09 9:15 22.6
27/03/09 1:15 7127/03/09 12:00 6.527/03/09 22:45 29.328/03/09 9:30 23.1
27/03/04 1:30 7.1j27/03/09 12:1§ 6.6/27/03/09 23:00 29.428/03/09 9:45 22
27/03/09 1:45 7.1]27/03/09 12:3q0 6.327/03/09 23:15 29.428/03/09 10:09 23
27/03/09 2:00 7.127/03/09 12:45 6.6/27/03/09 23:30 29.228/03/09 10:1§ 23.5
27/03/09 2:15 7.127/03/09 13:00 6.527/03/09 23:45 29.628/03/09 10:30 20.6
27/03/09 2:30 7.127/03/09 13:1§ 6.528/03/09 0:00 29.828/03/09 10:45 24.7
27/03/09 2:45 7.127/03/09 13:30 6.2/28/03/09 0:15 29.928/03/09 11:09q 22.9
27/03/09 3:00 7.127/03/09 13:45 6.4{28/03/09 0:30 29.928/03/09 11:15 24.2
27/03/09 3:15 7.127/03/09 14:00 6.4{28/03/09 0:45 29.928/03/09 11:30 25.6
27/03/09 3:30 7.2/27/03/09 14:15 6.4{28/03/09 1:00 29.7/28/03/09 11:45 25.7
27/03/09 3:45 7.2/27/03/09 14:3q0 6.4{28/03/09 1:15 30[28/03/09 12:0q 20.7
27/03/09 4:00 7.227/03/09 14:45 6.4{28/03/09 1:300 30.1{28/03/09 12:15 24.1
27/03/09 4:15 7.2/27/03/09 15:090 6.4{28/03/09 1:45 30.1{28/03/09 12:30 26.2
27/03/09 4:30 7.327/03/09 15:1§ 6.4{28/03/09 2:00 30/28/03/09 12:45 25.9
27/03/09 4:45 7.327/03/09 15:30 6.4{28/03/09 2:15 29.828/03/09 13:0q 24.8
27/03/09 5:00 7.327/03/09 15:45 6.4{28/03/09 2:30 30.1j28/03/09 13:15 24.4
27/03/09 5:15 7.227/03/09 16:00 6.4{28/03/09 2:45 30.1]28/03/09 13:30 21.8
27/03/09 5:30 7.327/03/09 16:15 6.4{28/03/09 3:00 30.1]28/03/09 13:45 24.1
27/03/09 5:45 7.127/03/09 16:30 6.4{28/03/09 3:15 30.1j28/03/09 14:0q 24.7
27/03/09  6:00 7127/03/09 16:45 6.4{28/03/09 3:30  30/28/03/09 14:15 25
27/03/09 6:15 7/27/03/09 17:09 4.528/03/09 3:45 29.828/03/09 14:3q 24.7
27/03/09  6:30 7127/03/09 17:15 2|28/03/09 4:00 30/28/03/09 14:45 24.1
27/03/09 6:45 6.927/03/09 17:30 26.528/03/09 4:15  30/28/03/09 15:090 22.8
27/03/09 7:00 6.927/03/09 17:45 26.528/03/09 4:30 29.728/03/09 15:15 25.9
27/03/09 7:15 6.927/03/09 18:0q0 27.428/03/09 4:45 29.728/03/09 15:3q 27.4
27/03/09 7:30 6.927/03/09 18:15 26.428/03/09 5:00 28.828/03/09 15:45 28.4
27/03/09 7:45 6.827/03/09 18:30 25.828/03/09 5:15 28.328/03/09 16:00 26.8
27/03/09 8:00 6.527/03/09 18:45 26.728/03/09 5:30 25.928/03/09 16:15 28.1
27/03/09 8:15 6.327/03/09 19:090 26.828/03/09 5:45 26.1/28/03/09 16:30 28.6
27/03/09 8:30 6.6/27/03/09 19:15 26.728/03/09 6:00 26.1/28/03/09 16:45 28.7
27/03/09 8:45 6.6/27/03/09 19:30 28.228/03/09 6:15 25.528/03/09 17:0q 28.2
27/03/09 9:00 6.627/03/09 19:45  28|28/03/09 6:30 23.328/03/09 17:15 20
27/03/09 9:15 6.6/27/03/09 20:00 26.328/03/09 6:45 23.228/03/09 17:3q 7.7
27/03/09 9:30 6.6/27/03/09 20:19 27.828/03/09 7:00 22.928/03/09 17:45 35.1
27/03/09  9:45 7127/03/09 20:30 28.228/03/09 7:15 23.7/28/03/09 18:00 34.7
27/03/09 10:00 6.827/03/09 20:45 26.528/03/09 7:30 23.628/03/09 18:15 34.6
27/03/09 10:1§ 6.527/03/09 21:00 28/28/03/09 7:45 23.7/28/03/09 18:30 34.9
27/03/09 10:30 6.627/03/09 21:14 29/28/03/09 8:00 24.228/03/09 18:45 34.5
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MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

Date Time | PressDate Time PrestDate Time PressDate Time Pres
(m) (m) (m) (m)
28/03/09 19:00 35/29/03/09 7:00 28.7/29/03/09 19:00 34.330/03/09 7:00 31.8
28/03/09 19:15 34.729/03/09 7:15 31.329/03/09 19:15 34.430/03/09 7:15 29.3
28/03/09 19:30 33.929/03/09 7:30  30[29/03/09 19:30 34.530/03/09 7:30 31.8
28/03/09 19:45 34.929/03/09 7:45 32.229/03/09 19:45 34.330/03/09 7:45 31.9
28/03/09 20:00 34.429/03/09 8:000 31.229/03/09| 20:00 34.530/03/09 8:00 31.9
28/03/09 20:15 34.929/03/09 8:15 31.929/03/09| 20:15 34.330/03/09 8:15 32.1
28/03/09 20:30 34.929/03/09 8:300 32.829/03/09| 20:30 34.630/03/09 8:30| 31.9
28/03/09 20:45 34.829/03/09 8:45 33|29/03/09| 20:45 35/30/03/09 8:45| 32.7
28/03/09 21:00 34.1429/03/09 9:00 33.229/03/09| 21:00 35.130/03/09 9:00 32.7
28/03/09 21:15 35.1§29/03/09 9:15 32.529/03/09] 21:15 34.430/03/09 9:15 334
28/03/09 21:30 35.629/03/09 9:30 34.1)29/03/09| 21:30 34.830/03/09 9:30| 33.5
28/03/09 21:45 35.229/03/09 9:45 33.629/03/09| 21:45 35.330/03/09 9:45 33.6
28/03/09 22:00 35.829/03/09 10:00 34{29/03/09] 22:00 35.530/03/09 10:00 29.1
28/03/09 22:15 35.529/03/09 10:15 34.229/03/09] 22:15 35.530/03/09 10:15 27.4
28/03/09 22:30 35.829/03/09 10:30 33.529/03/09] 22:30 35.530/03/09 10:30 29.8
28/03/09 22:45  36|29/03/09 10:45 33.7/29/03/09] 22:45 35.7/30/03/09 10:45 29.6
28/03/09 23:00 36.129/03/09 11:00 34.229/03/09] 23:00 35.830/03/09 11:.00 3.3
28/03/09 23:15 36.129/03/09 11:15 33.629/03/09] 23:15 35.830/03/09 11:15 14.2
28/03/09 23:30 36.229/03/09 11:30 33.629/03/09] 23:30 35.830/03/09 11:30 36.4
28/03/09 23:45 36.229/03/09 11:45 33.629/03/09] 23:45 35.830/03/09 11:45 37.5
29/03/09 0:00 36.229/03/09 12:00 33.530/03/09 0:00 35.830/03/09 12:00 38
29/03/09 0:15 36.229/03/09 12:15 33.930/03/09 0:15 35.930/03/09 12:15 38.1
29/03/09 0:30 36.129/03/09 12:30 33|30/03/09 0:30 35.930/03/09 12:30 38.1
29/03/09 0:45 36.229/03/09 12:45 33.430/03/09 0:45 35.930/03/09 12:45 37.8
29/03/09 1:00 36.329/03/09 13:00 33.430/03/09 1:00 35.930/03/09 13:00 35.5
29/03/09 1:15 36.329/03/09 13:15  33|30/03/09 1:15  36(30/03/09 13:15 37.2
29/03/09 1:30 36.329/03/09 13:30 32.530/03/09 1:30 36/30/03/09 13:30 37.5
29/03/09 1:45 36.329/03/09 13:45 33.430/03/09 1:45  36/30/03/09 13:45 35.8
29/03/09 2:00 36.429/03/09 14:00 33.7/30/03/09 2:00 36|30/03/09 14:00 37.6
29/03/09 2:15 36.429/03/09 14:15 33.530/03/09 2:15  36/30/03/09 14:15 37.7
29/03/09 2:30 36.429/03/09 14:30 34.330/03/09 2:30 36|30/03/09 14:30 38.2
29/03/09 2:45 36.429/03/09 14:45 33.630/03/09 2:45  36/30/03/09 14:45 38
29/03/09 3:00 36.429/03/09 15:00 33.930/03/09 3:.00 36|30/03/09 15:00 36.3
29/03/09 3:15 36.429/03/09 15:15 34.230/03/09 3:15  36|30/03/09 15:15 37.9
29/03/09 3:30 36.429/03/09 15:30 34.230/03/09 3:30 36|30/03/09 15:30 37.8
29/03/09 3:45 36.429/03/09 15:45 33.930/03/09 3:45  36/30/03/09 15:45 38.4
29/03/09 4:00 36.429/03/09 16:00 34.1/30/03/09 4:00 36/30/03/09 16:00 38.2
29/03/09 4:15 36.229/03/09 16:15 34.130/03/09 4:15 35.930/03/09 16:15 38.7
29/03/09 4:30  36|29/03/09 16:30 34.230/03/09 4:30 35.930/03/09 16:30 38.8
29/03/09 4:45 35.429/03/09 16:45 34.230/03/09 4:45 35.530/03/09 16:45 38.9
29/03/09 5:00 35.829/03/09 17:00 34.330/03/09 5:00 35.1/30/03/09 17:00 38.7
29/03/09 5:15 35.529/03/09 17:15 33.930/03/09 5:15 34.230/03/09 17:15 38.7
29/03/09 5:30 35.129/03/09 17:30 34.730/03/09 5:30 32.630/03/09 17:30 39
29/03/09 5:45  35/29/03/09 17:45 34.430/03/09 5:45 32.330/03/09 17:45 36.3
29/03/09 6:00 33.229/03/09 18:00 33.7/30/03/09 6:00 31/30/03/09 18:00 34.9
29/03/09 6:15 32.929/03/09 18:15 33.530/03/09 6:15  31/30/03/09 18:15 34.7
29/03/09 6:30 32.129/03/09 18:30 33.630/03/09 6:30 30.1/30/03/09 18:30 38.4
29/03/09 6:45 31.829/03/09 18:45 34.1/30/03/09 6:45 31.430/03/09 18:45 38.9
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MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

Date Time | PressDate Time PrestDate Time PressDate Time Pres
(m) (m) (m) (m)

30/03/09 19:00 38.930/03/09] 23:1§ 40/31/03/09 3:30 40.231/03/09 7:45 35.9
30/03/09 19:15 38.930/03/09] 23:30 40.1/31/03/09 3:45 40.231/03/09 8:00 37.1
30/03/09 19:30 38.730/03/09] 23:45 40.1/31/03/09 4:00 40.231/03/09 8:15 36.9
30/03/09 19:45  39/31/03/09 0:00 40.131/03/09 4:15 39.931/03/09 8:30| 37.2
30/03/09 20:00 39/31/03/09 0:15 40.131/03/09 4:30 39.931/03/09 8:45 37.5
30/03/09 20:15 38.531/03/09 0:30 40|31/03/09 4:45  40/31/03/09 9:00 37.3
30/03/09 20:30 39.131/03/09 0:45 40/31/03/09 5:00 39.331/03/09 9:15 37.2
30/03/09 20:45 39.131/03/09 1:00 40.1/31/03/09 5:15 39.1]31/03/09 9:300 37.5
30/03/09 21:00 39.331/03/09 1:15 40.1)31/03/09 5:30 38.7/31/03/09 9:45 37.7
30/03/09 21:15 39.431/03/09 1:30 40.1)31/03/09 5:45 37.231/03/09 10:00 37.3
30/03/09 21:30 39.431/03/09 1:45 40.1)31/03/09 6:00 35/31/03/09 10:15 38.1
30/03/09 21:45 39.731/03/09 2:00 40.131/03/09 6:15 36.7/31/03/09 10:30 38.2
30/03/09 22:00 39.831/03/09 2:15 39.931/03/09 6:30 34.331/03/09 10:45 37.8
30/03/09 22:15 39.831/03/09 2:30 40.1/31/03/09 6:45 34.431/03/09 11:00 37.7
30/03/09 22:30  40/31/03/09 2:45 40.131/03/09 7:00 34.231/03/09 11:15 254
30/03/09 22:45  40/31/03/09 3:00 40.131/03/09 7:15 35.5

30/03/09 23:.00 40/31/03/09 3:15 40.131/03/09 7:30 36.2
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MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

Appendix V-b: Malonje Zone Pressure Logging Results
Date Time | Press Date Time Press Date Time | Press Date Time | Presg
(m) (m) (m) (m)

31/03/09| 12:00| -0.9| 31/03/09] 22:45 56.9 1/4/Q9 9:30 38.4 1/4/09 :120 107.2

31/03/09| 12:15 8.8| 31/03/09 23:00 574 1/4/Q9 9145 429 1/409 320:106.3

31/03/09| 12:30| 42.7| 31/03/09 23:15| 57.5| 1/4/09] 10:00 38.3 1/4/Q9 20:45 107.1

31/03/09| 12:45| 43.9| 31/03/09 23:30| 57.3| 1/4/09] 10:13 36.F7 1/4/09 21:00 109.9

31/03/09| 13:00| 46.3| 31/03/09 23:45| 57.9| 1/4/09| 10:3( 28 1/4/09 21:15 1115

31/03/09| 13:15| 44.2 1/4/09 0:00 57.2 1/4/09 10145 3%4 1/409 @1:311.1

31/03/09| 13:30| 45.3 1/4/09 0:1§ 57.1 1/4/09 11:00 39.3 1/4/09 21:411.3

31/03/09| 13:45| 44.7 1/4/09] 0:30| 58.3| 1/4/09] 11:1§ 41 1/4/09 22:00 112.1

|
31/03/09| 14:00| 43.1 1/4/09| 0:45 58 | 1/4/09| 11:30 37.3 1/4/09 22:15 112.2
31/03/09| 14:15 44 1/4/09| 1:00| 58.1| 1/4/09] 11:45 39.6 1/4/09 22:30 112

31/03/09| 14:30| 44.4 1/4/09] 1:15| 58.2| 1/4/09| 12:00 31| 1/4/09] 22:45 113.5

~

31/03/09| 14:45| 44.8 1/4/09] 1:30| 57.4| 1/4/09| 12:15 -1 | 1/4/09| 23:00 113.]

31/03/09| 15:00| 375 1/4/09] 1:45| 57.9| 1/4/09 12:30| 21.3| 1/4/09| 23:15| 113.9

31/03/09| 15:15| 39.5 1/4/09] 2:00| 58.5| 1/4/09| 12:45)| 104.7| 1/4/09| 23:30| 113.8

31/03/09| 15:30| 41.8 1/4/09| 2:15| 57.8| 1/4/09| 13:00| 104.3| 1/4/09| 23:45| 113.9

31/03/09| 15:45| 40.8 1/4/09] 2:30| 58.1| 1/4/09| 13:15| 100| 2/4/09] 0:00 113.9

31/03/09| 16:00| 45.7 1/4/09| 2:45| 57.9| 1/4/09| 13:30| 101.8| 2/4/09] 0:1§ 113.9

31/03/09| 16:15| 46.4 1/4/09| 3:00| 57.6| 1/4/09| 13:45| 102.3| 2/4/09] 0:30| 113.9

31/03/09| 16:30| 49.7 1/4/09| 3:15| 57.6| 1/4/09] 14:00| 104.5| 2/4/09] 0:45| 114

31/03/09| 16:45| 48.6 1/4/09 3:30 56.6 1/4/0914:15| 107.2| 2/4/09) 1:00| 114

b
31/03/09| 17:00| 50.8 1/4/09 3:45 56.83 1/4/0914:30| 103.1| 2/4/09 1:15]113.8
31/03/09| 17:15| 50.7 1/4/09 4:.00 57.7 1/4/0914:45| 102.2| 2/4/09] 1:30| 113.8

31/03/09| 17:30| 44.8 1/4/09 4:19 57.%5 1/4/0915:00| 102| 2/4/09] 1:45| 113.9

31/03/09| 17:45| 44.2 1/4/09 4:30 545 1/4/0915:15| 104.2| 2/4/09] 2:00| 113.8

31/03/09| 18:00 40 1/4/09 4:45 51.7 1/4/0915:30| 105.7| 2/4/09 2:15]|113.8

31/03/09| 18:15| 43.6 1/4/09 5:.00 47.6 1/4/0915:45| 103.9| 2/4/09] 2:30| 113.8

31/03/09| 18:30| 46.5 1/4/09 5:19 48.83 1/4/0916:00| 107.2| 2/4/09] 2:45| 113.6

31/03/09| 18:45 54 1/4/09 5:30 48.1 1/4/0916:15] 105.2| 2/4/09 3:00| 113.8

31/03/09| 19:00 52.4 1/4/09 5:45 456 1/4/096:30| 104.8| 2/4/09] 3:15| 113.5

31/03/09| 19:15 50.6 1/4/08 6:00 417 1/4/096:45| 103.7| 2/4/09] 3:3Q 113.9
31/03/09| 19:30 50.8 1/4/09 6:15 27.2 1/4/097:00| 103| 2/4/09] 3:49 113.9
31/03/09| 19145 51.2 1/4/09 6:30 26.9 1/4/047:15| 104.1| 2/4/09] 4:00 113.7
31/03/09| 20:00 47.4 1/4/09 6:45 229 1/4/097:30 98| 2/4/09] 4:15 113.1
31/03/09| 20:15 48.9 1/4/08 7:00 27.7 1/4/097:45| 90.3| 2/4/09] 4:3Q 112.8
31/03/09| 20:30 49.8 1/4/09 7:15 314 1/4/098:00| 77.8| 2/4/09] 445 112.3
31/03/09| 20:45 49.6 1/4/09 7:30 394 1/4/098:15| 74.9| 2/4/09] 5:00 110.8
31/03/09| 21:00 53.3 1/4/08 7:45 384 1/4/098:30| 79.7| 2/4/09] 5:1§ 108.9
31/03/09| 21:15 53 1/4/09 8:00 404 1/4/098:45| 93.6| 2/4/09] 5:3Q 104.6
31/03/09| 21:30 54.7 1/4/09 8:15 39.1 1/4/09 19:004.7| 2/4/09] 545 98.2
31/03/09| 21:45 54.6 1/4/08 8:30 32.3 1/4/09 19:1®3.7| 2/4/09] 6:00 91.5
31/03/09| 22:00 54.4 1/4/09 845 242 1/4/09 19:30@5.83| 2/4/09] 6:13 81.8
31/03/09| 22:15 57 1/4/09 9:00 325 1/4/09 1945 .3042/4/09| 6:30 74.7
31/03/09| 22:30 55.6 1/4/09 9:15 356 1/4/09 20:004.3| 2/4/09] 6:45 68.7
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MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

Date Time | Press Date Time | Press Date Time | Press Date Time | Press
(m) (m) (m) (m)

2/4/09 7:00| 86.9 2/4/09 18:45 781 3/4/p9 6/30 §73H4/09| 18:15 764
2/4/09 7:15| 87.§ 2/4/09 19:00 826 3/4/p9 6/45 54314/09| 18:30) 86.9
2/4/09 7:30 96 2/4/09 19:15 82(6 3/4/p9 700 55.54/0®| 18:45 89
2/4/09 7:45| 91.1 2/4/09 19:30 711 3/4/p9 7115  49314/09| 19:000 91.9
2/4/09| 8:00 75 2/4/09 1946 72(3 3/4/p9 7130 56.74/0®| 19:15| 93.3
2/4/09| 8:15| 70.2 2/4/09 20:00 734 3/4/p9 7145 6234/09| 19:300 93.7
2/4/09| 8:30| 70.5 2/4/09 20:15 73,2 3/4/p9 8/00 §7374/09| 19:45 94.7
2/4/09| 8:45| 75.4 2/4/09 20:30 744 3/4/09 8/15 6234/09| 20:000 93.4
2/4/09 9:00| 79.6 2/4/09 20:45 766 3/4/09 8/30 70F4/09| 20:15 92.1
2/4/09 9:15| 78.§ 2/4/09 21:00 765 3/4/p9 8145 7234/09| 20:300 92.3
2/4/09 9:30| 76.1 2/4/09 21:15 80.1 3/4/p9 9100 6934/09| 20:45 924
2/4/09 9:45| 87.2 2/4/09 21:30 80,3 3/4/p9 9{15  71314/09| 21:00, 94.9
2/4/09| 10:00| 84.3 2/4/09 21:45 80.2 3/4/09 9;30 5773/4/09| 21:15 95.4
2/4/09| 10:15| 84.9 2/4/09 22:90 80 3/4/p9 9145  7/634/09| 21:30 94.3
2/4/09| 10:30 96§ 2/4/09 22:15 808 3/4/09 10[00 713324/09| 21:45 95.4
2/4/09| 10:45] 91.4 2/4/09 22:30 80.9 3/4/09 10{15 .3743/4/09| 22:00 97.6
2/4/09| 11:00] 90.3 2/4/09 22:45 80.8 3/4/09 10;30 .5743/4/09| 22:1§ 97.7
2/4/09| 11:15] 96.9 2/4/09 23:90 81 3/4/09 10{45 793F4/09| 22:30] 98.4
2/4/09| 11:30] 99.9 2/4/09 23:15 8112 3/4/09 11;00 .2833/4/09| 22:45 98.%
2/4/09| 11:45| 102.1 2/4/0p 23:30 81.1 3/4/09 11;157.17 3/4/09| 23:00 97.8
2/4/09| 12:00| 101.2 2/4/09) 23:4% 81.1 3/4/Q9 11:30 75.1 3/4/09:123 97.9
2/4/09| 12:15| 98.9 3/4/09 0:00 81.4 3/4/09 11:45 76.4 3/4/09 @3:398.1
2/4/09 | 12:30| 106.8 3/4/09 0:13 81.B 3/4/0912:00| 80.3| 3/4/09] 23:45 98.4
2/4/09| 12:45| 105.4 3/4/09 0:30 81.8 3/4/0912:15| 77.8| 4/4/09] 0:00 98.8
2/4/09| 13:00| 101.3 3/4/09 0:45 81.8 3/4/0912:30| 77.1| 4/4/09] 0:1§ 98.Y
2/4/09| 13:15| 103.4 3/4/09 1:00 81.4 3/4/0912:45| 76.6| 4/4/09] 0:30 98.7
2/4/09| 13:30| 99.1 3/4/09 1:15 81.4 3/4/0913:00| 78.3| 4/4/09] 0:45 98.9
2/4/09| 13:45| 97.2 3/4/09 1:30 81.5 3/4/0913:15| 75.5| 4/4/09 1:00 98.9
2/4/09| 14:00| 88.6 3/4/09 1:45 81.5 3/4/0913:30| 77.5| 4/4/09 1:15 99
2/4/09| 14:15| 94.6 3/4/09 2:00 81.%5 3/4/0913:45| 79.3| 4/4/09 1:30 99
2/4/09| 14:30| 101.8 3/4/09 2:18 81.4 3/4/0914:00| 81.4| 4/4/09 1:45 98.1
2/4/09| 14:45| 102 3/4/09 2:30 81.% 3/4/0014:15| 83.4| 4/4/09 2:00 97.9
2/4/09| 15:00| 102.1 3/4/09 2:45 81.8 3/4/0914:30| 80.1| 4/4/09 2:13 97.8
2/4/09| 15:15| 100.1 3/4/09 3:00 81.2 3/4/0914:45 36| 4/4/09| 2:30 97.7
2/4/09| 15:30| 99.4 3/4/09 3:19 81.5 3/4/0915:00| 48.9| 4/4/09 2148 97.8
2/4/09| 15:45| 103.4 3/4/09 3:30 81.6 3/4/0915:15| 60.6| 4/4/09] 3:00 97.2
2/4/09| 16:00| 102.7 3/4/09 3:45 81.6 3/4/0915:30| 69.3| 4/4/09] 3:1§ 98.2
2/4/09| 16:15| 102.8 3/4/09 4:00 81.6 3/4/q915:45| 73.7| 4/4/09] 3:30 97.8
2/4/09| 16:30| 104.4 3/4/09 4:15 81.4 3/4/0916:00| 77.4| 4/4/09] 3:45 98.6
2/4/09| 16:45| 77.2 3/4/09 4:30 79.9 3/4/0916:15| 53.5| 4/4/09] 4:00 98.6
2/4/09| 17:00| -0.6 3/4/09 4:45 80.6 3/4/0916:30| -0.7| 4/4/09] 4:15 97.4
2/4/09| 17:15| 74.2 3/4/09 5:00 80.2 3/4/0916:45| 64.6| 4/4/09] 4:30 96.9
2/4/09| 17:30| 73.2 3/4/09 5:15 78.8 3/4/0917:00| 74.7| 4/4/09| 4:44 98.1
2/4/09| 17:45| 741 3/4/09 5:30 90.1 3/4/0917:15| 82.7| 4/4/09] 5:00 95.8
2/4/09| 18:00| 64.7 3/4/09 5:45 73.8 3/4/0917:30| 78.9| 4/4/09 513 95.6
2/4/09| 18:15| 66.9 3/4/09 6:00 67.9 3/4/0917:45| 77.3| 4/4/09 5:.30 95.8
2/4/09| 18:30| 725 3/4/09 6:159 66.2 3/4/0918:00| 70.4| 4/4/09] 5144 91.1
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MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

Date Time | Press Date Time | Press Date Time | Press Date Time | Press
(m) (m) (m) (m)

4/4/09| 6:00| 82.4 4/4/09 9:00 54.2 4/4/09 12:00 84 4/4/09 15:089.4
4/4/09 6:15| 73.§ 4/4/09 9:15 62|19 4/4/p9 12{15 8344/09| 15:15| 91.4
4/4/09 6:30| 62.1 4/4/09 9:30 63[4 4/4/p9 12{30 8944/09| 15:30] 915
4/4/09 6:45| 49.7 4/4/09 9:45 70l1 4/4/09 12{45 9644/09| 15:45] 94.5
4/4/09 7:00 52.1 4/4/09 10:00 71,9 4/4/09 13[00 9954/4/09| 16:00 94.1
4/4/09 7:15 49 4/4/09 10:1p 70|7 4/4/09 13j15 7744/09| 16:15| 90.4
4/4/09 7:30] 39.9 4/4/09 10:30 75,3 4/4/09 1330 2854/4/09| 16:30 89.2
4/4/09 7:45| 46.9 4/4/09 1045 744 4/4/09 1345 3904/4/09| 16:45 88.7
4/4/09| 8:00| 44.5 4/4/09 11:00 838 4/4/09 14{00 6874/4/09| 17:00 86.7
4/4/09| 8:15| 43.9 4/4/09 11:15 829 4/4/09 14{15 9834/4/09| 17:15 66.4
4/4/09| 8:30 50 4/4/09  11:30 84 4/4/09 14{30 88.1
4/4/09| 8:45| 52.7 4/4/09 11:45 847 4/4[09 14}45 783.
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MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

Appendix Vc: Sadzi Zone Pressure Logging Results

Date Time Press Date Time | Press Date Time Press Date Time Press
(m) (m) (m) (m)

6/4/09| 17:15 1.2  7/4/09 4:00 31(8 7/4/09 14i45 31.8/4/09 1:30| 56.1
6/4/09| 17:30] 11.1 714/09 4:15 319 7/4/09 15[00 730.8/4/09 1:45 56.1
6/4/09| 17:45] 10.7 714/09 4:30 319 7/4/09 1515 431.8/4/09 2:00 56.1
6/4/09| 18:00] 11.1 7/4/09 4:45 319 7/4/09 15(30 431.8/4/09 2:15| 56.2
6/4/09| 18:15] 11.7 714/09 5:00 3119 7/4/09 15{45 431.8/4/09 2:30 56.2
6/4/09| 18:30] 11.1 714/09 5:45 3119 7/4/09 16{00 431.8/4/09 2:45| 56.2
6/4/09| 18:45] 11.3 7/4/09 5:30 319 7/4/09 16{15 431.8/4/09 3:00 56.3
6/4/09| 19:00 10.7 7/4/09 5:45 3119 7/4/09 16{30 431.8/4/09 3:15 56.3
6/4/09| 19:15] 11.3 714/09 6:00 318 7/4/09 16{45 531.8/4/09 3:30 56.3
6/4/09| 19:30] 12.6 714/09 6:15 31 7/4/09 17;00 11.8/4/09 3:45| 56.4
6/4/09| 19:45] 21.5 7/4/09 6:30 303 7/4/09 17{15 814.8/4/09 4:00f 56.4
6/4/09| 20:00 28.4 7/4/09 6:45 3114 7/4/09 1730 1533.8/4/09 4:15| 56.4
6/4/09| 20:15] 30.9 7/4/09 7:00 301 7/4/09 17{45 4533.8/4/09 4:30] 56.4
6/4/09| 20:30 31 7/4/09 7:1b 29 7/4/09 18/00 52.8 4/% 4:45| 56.3
6/4/09 | 20:45] 29.1 714/09 7:30 251 7/4/09 18{15 652.8/4/09 5:00 56
6/4/09| 21:00 30.3 7/4/09 7:45 255 7/4/09 18{30 752.8/4/09 5:15 55.2
6/4/09| 21:15] 31.1 714/09 8:00 304 7/4/09 18{45 453.8/4/09 5:30] 55.2
6/4/09| 21:30] 31.1 714/09 8:15 288 7/4/09 19{00 8533.8/4/09 5:45 531
6/4/09| 21:45] 31.7 7/4/09 8:30 297 7/4/09 19{15 4534.8/4/09 6:00, 52.1
6/4/09| 22:00] 31.7 7/4/09 8:45 313 7/4/09 19{30 4534.8/4/09 6:15 50.3
6/4/09| 22:15] 30.4 714/09 9:00 285 7/4/09 19{45 754.8/4/09 6:30| 48.6
6/4/09| 22:30] 31.7 714/09 9:15 263 7/4/09 20{00 554.8/4/09 6:45 47.6
6/4/09| 22:45] 31.3 7/4/09 9:30 288 7/4/09 20{15 854.8/4/09 7:00 45.9
6/4/09| 23:00] 31.3 714/09 9:45 274 7/4/09 20{30 8354.8/4/09 7:15| 47.9
6/4/09| 23:15] 31.3 7/4/09 10:0 309 7/4/09 2045 .854 8/4/09 7:300 49.7
6/4/09| 23:30 30.7 7/4/09 10:15 30.4 7/4/09 21;00 .155 8/4/09 7:45 474
6/4/09| 23:45] 31.4 7/4/09 10:30 30.3 7/4/09 21}15 .255 8/4/09 8:00, 48.1
714109 0:00 314 7/4/09 10:45 312 7/4/09 2130 255.8/4/09 8:15| 48.9
714/09 0:15| 314 7/4/09 11:00 312 7/4/09 21}45 355.8/4/09 8:30 51.7
714109 0:30| 314 7/4/09 11:15 312 7/4/09 22|00 455.8/4/09 8:45 51.2
714/09 0:45| 315 7/4/09 11:30 312 7/4/09 22{15 355.8/4/09 9:00 52.1
714/09 1:.00) 31.5 7/4/09 11:45 312 7/4/09 22{30 755.8/4/09 9:15| 52.6
714109 1:15| 31.4 7/4/09 12:00 29| 7/4/09| 22:45 55.7 8/4/09 9:30 543
714109 1:30, 31.4 7/4/09 12:15| 31.2| 7/4/09] 23:00 55.f 8/4/09 9:45 b4
714109 1:45| 31.4 7/4/09 12:30| 31.2| 7/4/09] 23:14 558 8/4/d9 10:00 52.9
714109 2:00| 31.4 7/4/09 12:45| 31.3| 7/4/09] 23:30 55.8 8/4/d9 10:15 b4
714109 2:15| 3171 7/4/09 13:00| 31.3| 7/4/09] 23:45 55.8 8/4/09 10:30 54.4
714/09 2:30| 31.71 7/4/09 13:15| 31.3| 8/4/09 0:00 55.9 8/4/09 1045 54.8
714109 2:45| 3171 7/4/09 13:30| 31.3| 8/4/09 0:15 5¢ 8/4/00 11:00 54.6
714109 3:00 31.71 7/4/09 13:45| 31.3| 8/4/09 0:30 56 8/4/009 11:15 53.9
714/09 3:15| 31.9 7/4/09 14:00| 30.7| 8/4/09 0:45 5¢ 8/4/009 11:30 52.4
714/09 3:30| 31.4 7/4/09 14:15| 30.9| 8/4/09 1:0(Q 56 8/4/09 11:45 54
714109 3:45| 31.4 7/4/09 14:30| 31.3| 8/4/09 1:13 56.1 8/4/09 12:00 54.1
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MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

Date Time | Press Date Time | Press Date Time | Press Date Time | Press
(m) (m) (m) (m)
8/4/09| 12:15 54  9/4/09 0:00 04 9/4/09 11j45 72.9/4/®| 23:30| 65.7
8/4/09| 12:30] 53.9 9/4/09 0:15 0l4 9/4/09 12{00 71.8/4/09| 23:45 65.7
8/4/09| 12:45] 54.1 9/4/09 0:30 04 9/4/p9 12{15 731®/4/09 0:00] 65.7
8/4/09| 13:00 53.9 9/4/09 0:45 04 9/4/09 12{30 §91D/4/09 0:15/ 65.9
8/4/09| 13:15| 53.4 9/4/09 1:00 04 9/4/p9 12{45 69/4/D9 0:30| 65.§
8/4/09| 13:30| 53.6 9/4/09 1:15 04 9/4/p9 13|00 7019/4/09 0:45| 65.9
8/4/09| 13:45| 53.2 9/4/09 1:30 04 9/4/09 13{15 €61D/4/09 1:00, 65.9
8/4/09| 14:00) 52.2 9/4/09 1:45 04 9/4/09 13{30 §119/4/09 1:15| 65.9
8/4/09| 14:15| 52.2 9/4/09 2:00 04 9/4/p9 13145 6D/4/D9 1:30| 65.9
8/4/09| 14:30| 52.6 9/4/09 2:15 04 9/4/p9 1400 g610/4/09 1:45] 65.9
8/4/09| 14:45| 53.8 9/4/09 2:30 04 9/4/09 14{15 7019/4/09 2:00] 65.9
8/4/09| 15:00, 55.8 9/4/09 2:45 0l4 9/4/09 14{30 7310/4/09 2:15/ 65.9
8/4/09| 15:15 56 9/4/09 3:00 0l4 9/4/09 14i45 75.®/4/MD9 2:30 66|
8/4/09| 15:30 56 9/4/09 3:16 04 9/4/09 15j00 76.®/4/D9 2:45 66|
8/4/09| 15:45 56 9/4/09 3:30 0l4 9/4/09 15J15 73.9/4/D9 3:00 66|
8/4/09| 16:00, 56.4 9/4/09 3:45 04 9/4/p9 15{30 701®/4/09 3:15 64
8/4/09| 16:15| 56.4 9/4/09 4:00 03 9/4/p9 15{45  701D/4/09 3:30 64
8/4/09| 16:30] 56.3 9/4/09 4:15 0l2 9/4/09 16{00  71149/4/09 3:45| 66.1
8/4/09| 16:45| 56.4 9/4/09 4:30 0l2 9/4/p9 16{15 711®/4/09 4:00 64
8/4/09| 17:00, 56.3 9/4/09 4:45 0l2 9/4/p9 16{30 g910/4/09 4:15 64
8/4/09| 17:15 56 9/4/09 5:00 02 9/4/09 16j45 50.®/4/D9 4:30 66|
8/4/09| 17:30 56 9/4/09 5:16 0l4 9/4/09 17]00 4.7 14109 4:45| 65.9
8/4/09| 17:45| 12.5 9/4/09 5:30 147 9/4/09 17{15 36310/4/09 5:000 65.4
8/4/09| 18:00 0 9/4/09 5:45 43(7 9/4/09 17{30 63.49/4/D9 5:15| 62.3
8/4/09| 18:15 0.1 9/4/09 6:00 45[3 9/4/p9 1745 g218/4/09 5:30] 63.5
8/4/09| 18:30 0.2 9/4/09 6:15 39|18 9/4/09 18|00 §11®/4/09 5:45| 61.7
8/4/09| 18:45 0.2 9/4/09 6:30 39(2 9/4/09 18{15 g01®/4/09 6:00] 57.9
8/4/09| 19:00 0.1 9/4/09 6:45 35/1 9/4/p9 18}30 6D/4/D9 6:15 51
8/4/09| 19:15 0.2 9/4/09 7:00 32(4 9/4/09 18{45 {210/4/09 6:30, 51.4
8/4/09| 19:30 0.2 9/4/09 7:15 47/6  9/4/09 19|00 §21D/4/09 6:45| 48.1
8/4/09| 19:45 0.2 9/4/09 7:30 504 9/4/p9 19{15 §319/4/09 7:000 47.5
8/4/09| 20:00 0.1 9/4/09 7:45 54(8 9/4/09 19{30 g41D/4/09 7:15] 49.9
8/4/09| 20:15 0.1 9/4/09 8:00 57/1 9/4/09 19{45 §319/4/09 7:30] 46.§
8/4/09| 20:30 0.1 9/4/09 8:15 58 9/4/09 20j00 64.6©/4/D9 7:45| 48.3
8/4/09| 20:45 0.1 9/4/09 8:30 652 9/4/p09 20{15 d41D/4/09 8:00] 48.4
8/4/09| 21:00 0.2 9/4/09 8:45 616 9/4/09 20{30 §410/4/09 8:15| 50.7
8/4/09| 21:15 0.2 9/4/09 9:00 65 9/4/09 2045 64.8/4/D9 8:30| 54.3
8/4/09| 21:30 0.2 9/4/09 9:15 67/1 9/4/09 2100 d418/4/09 8:45| 55.3
8/4/09| 21:45 0.2 9/4/09 9:30 657 9/4/09 21{15 §419/4/09 9:00, 56.7
8/4/09| 22:00 0.2 9/4/09 9:45 74/9 9/4/09 21{30 d418/4/09 9:15| 56.7
8/4/09| 22:15 0.3 9/4/09 10:00 743 9/4/p9 21}45 36510/4/09 9:300 58.9
8/4/09| 22:30 0.5 9/4/09 10:145 75,7 9/4/09 22[00 36510/4/09 9:45( 59.2
8/4/09| 22:45 0.4 9/4/09 10:30 74.8 9/4/p9 22{15 56510/4/09| 10:00 56.4
8/4/09| 23:00 0.5 9/4/09 10:45 76/8 9/4/p9 22{30 66510/4/09| 10:15 59.4
8/4/09| 23:15 0.4 9/4/09 11:00 711 9/4/p9 22{45 56510/4/09| 10:30 61.2
8/4/09| 23:30 0.4 9/4/09 11:15 66\5 9/4/09 23(00 66510/4/09| 10:45 61
8/4/09| 23:45 0.4 9/4/09 11:30 72,9 9/4/p9 23{15 66510/4/09| 11:00 60.1
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MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

Date Time Press Date Time | Press Date Time Press Date Time Pres

(m) (m) (m) (m)

10/4/09| 11:15 60.3 10/4/09 11:45 59.2 10/4/09 12:1560| 10/4/09] 12:45 6.4

10/4/09| 11:30, 61.6 10/4/09 12:00 57.4 10/4/09 12:361.7
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MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

Appendix V-d: Mtiya Zone Pressure Logging Results
Date Time | Press Date Time | Press Date Time| Press Date Time| Press
(m) (m) (m) (m)

10/4/09| 14:00| 20.1| 11/4/09] 0:45 34.6 11/4/Q9 11:30 34.4 11/4/02:12| 17.5
10/4/09| 14:15| 34.6| 11/4/09] 1:00 34.6 11/4/Q9 11:45 34.4 11/4/02:3@| 17.3
10/4/09| 14:30| 34.5| 11/4/09] 1:15 34.6 11/4/Q9 12:00 B4  11/4/09 4R2: 17
10/4/09| 14:45| 34.5| 11/4/09] 1:30 34.6 11/4/Q9 12:15 34.4 11/4/03:.02@| 16.7
10/4/09| 15:00| 34.5| 11/4/09] 1:45 34.Y 11/4/Q9 12:30 34.1 11/4/08:12| 16.5
10/4/09| 15:15| 34.5| 11/4/09] 2:00 34.Yy 11/4/Q9 12:45 34.4 11/4/03:30| 16.3
10/4/09| 15:30| 33.5| 11/4/09] 2:15 34.Yy 11/4/Q9 13:p0 34.4 11/4/03:45| 16.1
10/4/09| 15:45| 34.3| 11/4/09] 2:30 34.Yy 11/4/Q9 13:15 34.3 12/4/09:00 16
10/4/09| 16:00| 34.6| 11/4/09] 2:45 34.Yy 11/4/Q9 13:30 33.4 12/4/09:15| 15.9
10/4/09| 16:15| 34.6| 11/4/09] 3:00 34.Yy 11/4/Q9 13:45 33.6 12/4/09:30| 15.8
10/4/09| 16:30| 34.6| 11/4/09] 3:15 34.Yy 11/4/Q9 14:00 34.4 12/4/09:45| 15.7
10/4/09| 16:45| 34.6| 11/4/09] 3:30 34.Yy 11/4/Q9 14:15 34.4 12/4/09:00| 15.6
10/4/09| 17:00| 34.6| 11/4/09] 3:45 34.Yy 11/4/Q9 14:30 34.2 12/4/09:15| 15.5
10/4/09| 17:15| 34.5| 11/4/09] 4:00 34.Y 11/4/Q9 14:45 34.4 12/4/09:30| 15.4
10/4/09| 17:30| 34.6| 11/4/09] 4:15 34.Yy 11/4/Q9 15:00 34.4 12/4/09:45| 15.3
10/4/09| 17:45| 34.6| 11/4/09] 4:30 34.Yy 11/4/Q9 15:15 34.4 12/4/0%:00| 15.2
10/4/09| 18:00| 34.6| 11/4/09] 4:45 34.Yy 11/4/Q9 15:30 34.4 12/4/0%:15| 15.1
10/4/09| 18:15| 34.6| 11/4/09] 5:00 34.Yy 11/4/Q9 1545 33.8 12/4/09:30 15
10/4/09| 18:30| 34.6| 11/4/09] 5:15 34.Yy 11/4/Q9 16:00 34.4 12/4/09:45| 14.9
10/4/09| 18:45| 34.6| 11/4/09] 5:30 34.Yy 11/4/Q9 16:15 34.2 12/4/0%:00| 14.9
10/4/09| 19:00| 34.4| 11/4/09] 5:45 34.Yy 11/4/Q9 16:30 16.5 12/4/0%:15| 14.8
10/4/09| 19:15| 34.6| 11/4/09] 6:00 34.Y 11/4/Q9 16:45 2.7 12/40%:30| 14.7
10/4/09| 19:30| 34.6| 11/4/09] 6:15 34.Yy 11/4/Q9 17:00 21.7 12/4/0%:45| 14.7
10/4/09| 19:45| 34.6| 11/4/09] 6:30 34.Yy 11/4/Q9 17:15 21.9 12/4/09-:00| 14.6
10/4/09| 20:00| 34.6| 11/4/09] 6:45 345 11/4/Q9 17:30 21.9 12/4/04:15| 14.6
10/4/09| 20:15| 34.6| 11/4/09] 7:00 34.6 11/4/Q9 17:45 21.8 12/4/09:30| 14.5
10/4/09| 20:30| 34.6| 11/4/09] 7:15 34 11/4/09 18:00 21.9 12/4/0%4:45| 14.4
10/4/09| 20:45| 34.6| 11/4/09] 7:30 34 11/4/09 18:15 219 12/4/0%:00| 14.4
10/4/09| 21:00| 34.6| 11/4/09] 7:45 34.6 11/4/Q9 18:30 21.9 12/4/0%:15| 14.3
10/4/09| 21:15| 34.6| 11/4/09] 8:00 34.6 11/4/Q9 1845 219 12/4/0%:30| 14.5
10/4/09| 21:30| 34.6| 11/4/09] 8:15 34.6 11/4/Q9 19:00 22  12/4/0%:45| 14.5
10/4/09| 21:45| 34.6| 11/4/09] 8:30 34.5 11/4/Q9 19:15 219 12/4/0%:00| 14.8
10/4/09| 22:00| 34.6| 11/4/09] 8:45 345 11/4/Q9 19:30 21.9 12/4/0%:15| 19.3
10/4/09| 22:15| 34.6| 11/4/09] 9:00 34.5 11/4/Q9 19:45 219 12/4/0%:30| 21.9
10/4/09| 22:30| 34.6| 11/4/09] 9:15 345 11/4/Q9 20:00 219 12/4/0%:45| 21.8
10/4/09| 22:45| 34.6| 11/4/09] 9:30 34.5 11/4/Q9 20:15 21.9 12/4/09-00| 21.8
10/4/09| 23:00| 34.6| 11/4/09] 9:45 34.2 11/4/Q9 20:30 21.9 12/4/09-15| 21.8
10/4/09| 23:15| 34.6| 11/4/09] 10:00 34.4 11/4/Q9 20:45 21.9 12/4/09:30| 21.4
10/4/09| 23:30| 34.6| 11/4/09] 10:1% 34.01 11/4/Q9 21:p0 21.9 12/4/09:45| 21.8
10/4/09| 23:45| 34.6| 11/4/09] 10:30 34.4 11/4/Q9 21:15 21.9 12/4/08:00| 21.5
11/4/09| 0:00[ 34.6 11/4/09 10:45 34.4 11/4/09 21:321.9| 12/4/09] 8:13 21.8
11/4/09| 0:15] 34.6 11/4/09 11:00 34.4 11/4{09 21:4%9.7| 12/4/09] 8:30 21.8
11/4/09| 0:30] 34.6 11/4/09 11:15 34.4 11/4/09 22:007.9| 12/4/09] 8:45 20.6
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MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

Date Time| Press Date Time| Press Date Time | Press Date Time| Press
(m) (m) (m) (m)

12/4/09| 9:00 21.4 12/4/0p 20:45 8.2 13/04/09 8:30 .9 |713/04/09| 20:13 32.5
12/4/09| 9:15| 21.4 12/4/0p 21:Q0 7.9 13/04/09 8:45 .2 |813/04/09| 20:30 32.6
12/4/09| 9:30 21.1 12/4/0p 21:15 8.2 13/04/09 9:00 .8 |713/04/09| 20:43 32.5
12/4/09| 9:45 21  12/4/09 21:30 8,2 13/04/09 9(15 8/04/09| 21:00 32.4
12/4/09| 10:000 20.4 12/4/09 21:45 §.2 13/04/09 9:307.1| 13/04/09| 21:15 32.6
12/4/09| 10:15 21.7 12/4/09 22:00 §.2 13/04/09 9:45 8| 13/04/09| 21:30 32.6
12/4/09| 10:300 21.1 12/4/09 22:15 8.3 13/04/09 10:007.9| 13/04/09 21:4% 32.p
12/4/09| 10:45 21.1 12/4/09 22:30 8.3 13/04/09 10:15 8| 13/04/09| 22:00 32.6
12/4/09| 11:00 21.9 12/4/09 22:45 8.3 13/04/09 10Q:307.6| 13/04/09 22:15 32.p
12/4/09| 11:15 21.7 12/4/09 23:00 8.3 13/04/09 1Q:45 8| 13/04/09| 22:30 32.6
12/4/09| 11:30 21.1 12/4/09 23:15 8.3 13/04/09 11:008.1| 13/04/09 22:4% 32.p
12/4/09| 11:45 21.5 12/4/09 23:30 8.3 13/04/09 11:158.1| 13/04/09 23:00 32.p
12/4/09| 12:000 21.4 12/4/09 23:45 8.3 13/04/09 11:30 8| 13/04/09| 23:15 32.6
12/4/09| 12:15 21.% 13/04/09 0:00 8.3 13/04/09 11:457.8| 13/04/09 23:30 32.p
12/4/09| 12:300 21.7 13/04/09 0:15 8.3 13/04/09 12:007.7 | 13/04/09 23:4% 32.6
12/4/09| 12:45 21.7 13/04/09 0:30 8.3 13/04/09 12:15 7| 14/04/09] 0:00 32.6
12/4/09| 13:000 20.5 13/04/09 0:45 §.3 13/04/09 12:30 8| 14/04/09| 0:15 32.6
12/4/09| 13:15 21.8 13/04/09 1:00 8.3 13/04/09 12:457.9| 14/04/09] 0:30 32.6
12/4/09| 13:300 21.7 13/04/09 1:15 8.3 13/04/09 13:007.9| 14/04/09] 0:45 32.6
12/4/09| 13:45 21.7 13/04/09 1:30 8.3 13/04/09 13:158.1| 14/04/09] 1:00 32.6
12/4/09| 14:000 20.9 13/04/09 1:45 8.3 13/04/09 13:307.6| 14/04/09] 1:15 32.6
12/4/09| 14:15 21.7 13/04/09 2:00 8.3 13/04/09 13:457.9| 14/04/09] 1:30 32.6
12/4/09| 14:30| 21.2| 13/04/09 2:1% 8.3 13/04/09 14:p0 6.6 14/04/09:45| 32.6
12/4/09| 14:45| 20.9| 13/04/09  2:3( 8.3 13/04/09 14:15 7.4 14/04/02:00| 32.6
12/4/09| 15:00| 21.5| 13/04/09 2:4% 8.3 13/04/09%14:30| 7.9| 14/04/09] 2:15 32.6
12/4/09| 15:15| 21.8| 13/04/09  3:0( 8.3 13/04/0914:45 8 | 14/04/09| 2:30 32.6
12/4/09| 15:30| 21.8| 13/04/09  3:14 8.3 13/04/0915:00| 8.1 | 14/04/09] 2:45 32.6
12/4/09| 15:45| 21.8| 13/04/09  3:3( 8.3 13/04/0915:15 8 | 14/04/09| 3:00 32.6
12/4/09| 16:00| 21.3| 13/04/09  3:4% 8.3 13/04/0915:30 8 | 14/04/09| 3:1§ 32.6
12/4/09| 16:15| 0.4| 13/04/09] 4:00 8.3 13/04/0915:45 8 | 14/04/09| 3:30 32.%
12/4/09| 16:30| 7.5| 13/04/09 4:15 8.3 13/04/096:00 8 | 14/04/09| 3:45 32.6
12/4/09| 16:45| 7.8| 13/04/09 4:30 8.3 13/04/09%6:15 8 | 14/04/09| 4:.00 32.6
12/4/09| 17:00| 7.9| 13/04/09 4:45 8.3 13/04/096:30 3| 14/04/09| 4:1§ 32.6
12/4/09| 17:15| 7.8| 13/04/09 5:00 8.3 13/04/09%6:45 -1 | 14/04/09| 4:30 32.6
12/4/09| 17:30| 7.9| 13/04/09] 5:15 8.3 13/04/Q97:00| 19.7| 14/04/09 4:4% 32.6
12/4/09| 17:45| 7.7| 13/04/09 5:30 8.2 13/04/Q9 17:15 32.3 14/04/08:00| 32.6
12/4/09| 18:00| 6.6| 13/04/09 5:45 7.9 13/04/Q9 17:30 29.4 14/04/08:15| 32.6
12/4/09| 18:15 8 | 13/04/09| 6:00 7.9 13/04/09 17:45 32.4 14/04/09 30%: 32.6
12/4/09| 18:30| 8.1| 13/04/09] 6:15 7.4 13/04/Q9 18:p0 32.4 14/04/08:45| 32.5
12/4/09| 18:45| 7.3| 13/04/09 6:30 8.2 13/04/Q9 18:15 32.5 14/04/08:00| 32.6
12/4/09| 19:00| 8.2| 13/04/09] 6:45 8.2 13/04/Q9 18:30 32.3 14/04/08:15| 32.6
12/4/09| 19:15 8 | 13/04/09| 7:00 6.9 13/04/09 18:45 32.5 14/04/09 306: 32.4
12/4/09| 19:30| 7.9| 13/04/09  7:15 7.5 13/04/Q9 19:p0 32.7 14/04/08:45| 32.6
12/4/09| 19:45| 8.2| 13/04/09 7:30 8.1 13/04/Q9 19:15 32.4 14/04/09:00| 32.3
12/4/09| 20:00| 8.2| 13/04/09] 7:45 8.1 13/04/Q9 19:30 32.6 14/04/09:15| 32.5
12/4/09| 20:15| 8.2| 13/04/09] 8:00 8.1 13/04/Q9 19:45 325 14/04/09:30| 32.6
12/4/09| 20:30| 8.2| 13/04/09 8:15 7.6 13/04/Q9 20:p00 32.5 14/04/09:45| 32.4
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MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

Date Time| Press Date Time| Press Date Time | Press Date Time| Press
(m) (m) (m) (m)
14/04/09| 8:000 31.7 14/04/09 10:15 32.5 14/04/09 302: 32.1| 14/04/09 14:4b 32
14/04/09| 8:15| 32.5 14/04/09 10:30 32.4 14/04/09 482: 32.3| 14/04/09 15.00 314
14/04/09| 8:30| 32.5 14/04/09 10:45 32.4 14/04/09 043: 32.2| 14/04/09 15:15 323
14/04/09| 8:45| 32.5 14/04/09 11:00 32.3 14/04/09 183: 27.4| 14/04/09 15:30 323
14/04/09| 9:00| 32.5 14/04/09 11:15 32.3 14/04/09 30a3: 31.7| 14/04/09 15:45 319
14/04/09| 9:15| 32.5 14/04/09 11:30 32.3 14/04/09 4843: 32.2| 14/04/09 16:00 32/2
14/04/09| 9:30| 32.5 14/04/09 11:45 32.3 14/04/09 004: 31.6| 14/04/09 16:15 184
14/04/09| 9:45| 31.8 14/04/09 12:00 32.2 14/04/09 184: 31.7
14/04/09| 10:00 32.4 14/04/09 12:15 32.3 14/04/09:304 32.3
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MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

Appendix VI-a: Airwing MNF Analysis using SANFLOW Model

Night Flow Analysis Graph
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Reference Date AZMP [m] Measured Min Backaround Marmal Might Expected Min, Excess Night Equivalent Service
Might Flows (e b Laogses (e /hi) Use (reéfhr) Might Flow [ /hr) Flaw [ #hr] ‘Pine Bursts ‘
827 27/03/2009 36.00 200 029 E.48 E77 123 08
A28 28/03/2009 36.00 800 029 6.48 E77 123 03
429 29/03/2009 36.00 8.00 nz9 E.48 E7F7 1.23 nsg

A0 3040342003 36.00 a.00 023 E.48 E77 123 0g

Appendix VI-b: Malonje MNF Analysis
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MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

Night Flow Analysis Graph
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M1 01/04/2009 g1.60 4.00 178 0.4s 226 174 04
M2 02/04/2009 g1.60 4.00 178 n4g 226 174 k]
M3 03/04/2009 g1.60 24.00 178 n4g 226 21.74 106
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MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

Appendix VI-c: Sadzi MNF Analysis

Might Flow Analysis Graph
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Appendix VII:

(a) Bucket tests results

Bucket tests results and pipe networkinstalled in 2001

Airwing Sadzi Mtiya
Average Average
Bucket Average | Bucket filling Bucket filling
size filling time size time size time
(litre) (mm:ss) (litre) (mm:ss) (litre) (mm:ss)
20 1:37 20 0:44 20 2:23
20 1.35 20 0:45 25 0:56
20 1.17 20 0:59 20 2:26
20 1:39 20 1:26 25 3:27
25 1.03 25 1:20 20 0:55
20 6:56 20 1.07 20 1.08
20 0:57 20 0:29 20 1:00
20 2:00 20 0:59 20 0:40
25 1.29 20 0:37 20 0:47
20 1:19 20 0:38 20 1:19
20 0:52 20 0:56 20 0:39
20 1:35 20 0:22 20 1:01
20 3:09 20 0:24 20 0:41
20 1.22 20 0:30
20 1:40 20 0:44
20 0:30
(b) Pipe network installed in 2001
Pipe Size (mm) Length (m) | % type of Total
Type
Gl 80 580 12.8
100 1,360
150 3,355
DI 200 1,715 13.7
250 1,800
300 1,745
350 430
PVC 75 990 73.5
110 5,240
150 11,940
200 8,540
250 3,750
Total 41445 100.00
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Appendix VIII: Summary of pipe burst records for 2007 and 2008
Area 2009 2008 Type | Sizes| Notes
Zone
Jan | Felb Mar | Apr | Jan| Feb| Mar | Apr (mm)

Airwing | Airwing | O 1 1 2 0 0 0 1 PVGC, 32, April
AC | 100 | 2009
100mm
AC

Miya |Mtya |1 |0 |0 |0 | 0] 0] 0| 0| PVC
63

Sadzi Sadzi 7 8 9 9 11} 12| 10 12 PV(20, 20, 25,
Gl 25, 50

50, common.
63,90

Chizalo | 7 5 5 1 5 4 3 7 PVCQ 20,
25,
50

Thundu | 6 2 5 1 3| 2 5 8 PVC25, 160 mm
Gl 50, X2 April
160 | 08.

Mpunga| 10 | 11 | 3 1 9 6 5 6 PVvQ,20- 80, 150
Gl 32, mm Gl

75, -| bursts
150

Malonje | Malonje | 4 3 1 2 0 1 2 1 PVCG 20, | 90 mm
25, burst in
63, April
90 2009

Habitat | 5 4 1 5 0 6 6 7 PV(C,20, 50 mm
AC 25, AC burst

50, Mar08

63
China |7 2 5 1 0 7 3 7 PVC 50, | 90%
mwali 63 bursts -
63mm
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Appendix IX: Some high bills between 2007 and 2009

[

error

Query | cause Description Resolution
No.
1 Wrong meter readings  780-702 instead of 750-702 | Credit adjustmen
2 Wrong meter readings 236-216 instead of 223-215 | Credit adjustmen
3 Wrong meter readings 207-102 instead of 107-102 | Credit adjustmen
4 45 nfinstead of 28 m Credit adjustmen
5 Meter leakage SRWB not attend to problem aft€redit adjustmen
complaint
6 Broken valve SRWB not attend to problem aft&redit adjustmen
complaint of
MK4872
7 Computer feeding Missed the actual meter readings  Credit adjustment

8 Computer feeding Missed the actual meter readings  Credit adjustment
error
9 Computer feeding 1279-1183 instead of 1229-1183 Credit adjustmen
error (50 nt error) of
MK3477 was
made
10 Error on posting of | 300-224 instead of 255-224 (43mCredit adjustmen
readings error) of
MK3127
11 Error on posting of | 54nT instead of 12 m3 Credit adjustment
readings of
Mk3000
12 error at the recording| 205-120 instead of 205 -190 Credit adjustment
of readings
13 Error at the collection credit of
of meter readings MK14430
14 Error at the collection 1772-1368 instead of 1372-136§ Credit adjustment
of meter readings
15 Error at the collection 302-0 instead of average 6-0 Credit adjustment
of meter readings
16 Average charge Due to inaccessibility of meter| Credit adjustmen
Average charge was ‘high’ of
MK35000
17 Wrong billing Billing a disconnected account diteadjustment
of
MK444,338
18 error at the posting of 1680-160 instead of 180-160 credit adjustment
readings of
MK153,000
Jessy Alida Chipwaila 110 2009



MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

Appendix X-a: Airwing Meter Inaccuracy Tests
Volume Flow rate
Meter Type Age Pressure (m)tested(l) (I/hr) Error%
Kent 0-5 3.5 10 30( -6.3
500 -2.6
800 -1.6
1500 -1.0
Kent 5-10 3.8 1@ 300 -4.8
500 -5.2
800 -4.0
1400 -3.4
Kent 5-10 3.4 1@ 150 -0.9
300 -0.8
500 -0.2
1000 -0.2
Aquadis 0-5 3.4 1( 300 -0J7
500 -1.9
1000 -1.5
Kent 0-5 3.6 10 30( -6.0
500 -4.8
1000 -3.0
Kent 10-15 3.7 1( 300 -16)7
500 -10.0
1000 -6.8
1500 -5.3
PSM Kent 5-10 3.7 10 300 -0|3
500 -0.2
1000 -0.2
Kent PSM 5-10 3.3 10 30D -6)5
500 -4.3
1000 -3.0
Kent 5-10 3.4 1@ 150 -0.)7
300 -0.5
500 -0.2
1000 -0.2
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Appendix X-b: Malonje Meter Inaccuracy Tests
Pressure Volume Flow rate
Meter Type Age (m) tested(l) (I/hr) Error%
Kent 5-10 34 10 30( -8.0
500 -6.3
1000 -5.2
Kent 5-10 20 10 30( -6.0
500 -4.1]
1000 -4.3
Kent 10-15 33 1d 300 1116
500 -7.8
1500 -5.9
PSM Kent 0-5 32 1( 300 -0.2
500 -0.2
1000 -0.1
Kent 0-5 33 10 30( -0.8
500 -1.8
1000 -0.5
Kent 5-10 34 10 150 -5.0
300 -4.5
500 -2.7]
1000 -2.2
Aquadis 0-5 34 1d 300 -0.9
500 -1.3
1000 -1.2
Kent 5-10 25 10 30( -6.0
500 -5.2)
1000 -4.7
Kent 10-15 22 1d 300 11/9
500 -11.8
1000 -8.8
1500 -5.6
Kent 0-5 40 10 30( -1.0
500 0.1
1000 -1.Q
Kent 5-10 33 10 300 -5.6
500 -4.1]
1000 -3.9
Kent 0-5 34 10 15( -0.9
300 -0.7]
500 -0.3
1000 -0.2
Aquadis 5-10 4Q 1¢ 300 -3)8
500 -1.7]
1000 -1.1)
Kent 5-10 35 10 30( -3.0
500 -2.7]
1000 -1.7
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Pressure Volume Flow rate
Meter Type Age (m) tested(l) (I/hr) Error%
Kent 10-15 35 1d 300 -8.3
500 -8.0
1000 -6.8
1500 -4.9
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Appendix X-c: Sadzi Meter Inaccuracy Tests
Pressure Volume Flow rate
Meter Type Age (m) tested(l) (I/hr) Error%
PSM Kent 0-5 32 1d 300 -23
500 -2.1
1000 -1.6
Kent PSM 5-10 31 1(¢ 30D -0/8
500 -1.3
1000 -0.9
Kent 0-5 34 10 15( -0.8
300 -0.8
500 -0.1
1000 -0.1
Aquadis DN15 0-5 34 10 30D -0/8
500 -1.7
1000 -1.2
Kent 0-5 36 10 300 -2.0
500 -2.2
1000 -1.7
Kent 10-15 35 1d 300 137
500 -11.7
1000 -7.3
1500 -6.2
PSM Kent 5-10 4@ 1 300D -5(7
500 -4.3
1000 -3.6)
Kent PSM 5-10 33 1( 30D -70
500 -6.2
1000 -6.1
Kent 5-10 34 10Q 150 -7.8
300 -5.8
500 -4.1
1000 -2.1
Aquadis 0-5 34 1d 300 -1.3
500 -1.1
1000 -1.2
Kent 0-5 35 10 300 -2.4
500 -2.3
1000 -1.8
Kent 10-15 31 14 300 117
500 9.4
1000 -7.8
1500 -5.9
PSM Kent 0-5 40 14 300 01
500 -0.1
1000 -0.1
Kent 0-5 33 10 30( -0.8

Jessy Alida Chipwaila 114 2009



MSc. IWRM ThesisPartitioning of unaccounted for water for Zomba City in Malawi

Pressure Volume Flow rate
Meter Type Age (m) tested(l) (I/hr) Error%
500 -1.0
1000 -0.9
Kent 5-10 34 10 15 -9.8
300 -6.8
500 -6.1
1000 -5.1]
Kent 0-5 34 10 300 -0.8
500 -0.7
1000 -2.2
Kent 0-5 35 10 300 -1.8
500 -2.2
1000 -1.7)
Kent 10-15 25 14 300 -7.9
500 -6.2
1000 -8.8
1500 -7.9
PSM Kent 0-5 40 1d 300 -1.2
500 -1.0
1000 -0.1
Kent PSM 5-10 33 1¢ 30D -8J7
500 -6.1
1000 -5.6)
Kent DN15 10-15 32 14 150 -3J/5
300 -4.5
500 -4.0
1000 -7.7
KentPSM 5-10 35 14 30D -55
500 -7.5
1000 -2.4
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Appendix X-d: Mtiya Meter Inaccuracy Tests
Pressure Volume Flow rate
Meter Type Age (m) tested(l) (I/hr) Error%
Kent 5-10 34 1Q 150 -0.B
M05134676 300 -0.8
500 -0.1]
1000 -0.1
Aquadis DN15 0-5 34 10 30D -0/8
D08LA410612 500 -1.7
1000 -1.2
Kent 0-5 20 10 300 -2.0
96A137364 500 -2.2
1000 -1.7)
meter not
Kent 5-10 13 10 below 600| moving
931006047 60( -11.83
1000 -7.8
1500 -5.9
PSM Kent 5-10 33 10 30D 0/0
930806255 50( 0.p
1000 0.0
Kent PSM 5-10 33 1( 300 -0J7
96A137202 500 -1.1
1000 -0.§
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Appendix XI: Map of Zomba
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Appendix XII

Zomba City water supply pressure zone
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Appendix XIII Research Pictures

(€)

(a): Flow logger installed on a bulk meter (b): $2ure logger installed on a customer tap with a Tee (c): Pressure logger installed
without Tee.  (d): Manual pressure gauge insertedustomer tap (e): Plumber closing tank inlet vatveontrol overflow

() Meter inaccuracy testing bench installed iriesewith customer meter under test. (9) Properlgkimg tank meter

(h) Vandalised tank meter.
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