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S AMMANFATTNING (S UMMARY IN S WEDISH )
Vattenrelaterade problem i större befolkningscentra i Botswana fortsätter oavbrutet
att växa. Problemen kan hänföras till snabbt växande vattenbehov, minskade
vattentillgångar, söderfallande infrastruktur och vattenförluster. Flera rapporter visar
att p.g.a. det växande problemet att förse alla med dricksvatten har vattenansvariga
satsat mest på öka tillgångarna och mindre på att spara och skydda vattenresurserna.
Den senaste ombyggnaden av Dikgathlongreservoaren är ett sådant exempel.
Emellertid förloras en stor del av vattnet under distributionen inom många områden.
De högsta förlusterna har rapporterats från Ramotswa.
Den här studien gjordes för att undersöka faktor och orsaker till vattenförluster i
Ramotswa med syftet att förbättra distributionssystemets effektivitet och spara på
vatten. Data från undersökningen erhölls ur tidigare rapporter, fältinventeringar och
genom intervjuer. Läckage från huvudvattenledning, serviceledningar, reservoarer och
ventiler, ej registrerad konsumtion och stölder befanns vara de viktigaste orsakerna till
förlusterna. Vattenverkets åtgärder för läckagekontroll var ineffektiva p.g.a. en alltför
passiva ansats till att försöka finna och minska på läckagen. I studien föreslås att alla
de olika användningarna och förlusterna som utgör distributionssystemets
vattenvolym skall identifieras och kvantifieras separat och kontrollåtgärder utvecklas
och tillämpas för var och en av vattenförlusterna.
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A BSTRACT
Water-related problems in major populated areas of Botswana continue to grow
unabated. At the heart of these problems are escalating demands, dwindling water
supplies, deteriorating infrastructures and water losses. Several reports indicate that
water managers in this area have been engrossed more on increasing supplies and less
on demand management and conservation. The latest construction of the Dikgatlhong
Dam is an example of the measures taken to supplement the existing water sources.
However, much of the supplied water continues to be lost from the distribution
systems of some of the villages. The highest losses have been reported in the
Ramotswa village. This study surveyed the causes of the water losses and factors
affecting their developments and frequencies. The study’s view was that reducing
those losses would improve the system efficiency and save more water for supplies.
The data for the study was acquired from reports of earlier studies, field visits and oral
interviews administered on the water managers and consumers. Leakages from the
Boatle-Ramotswa supply pipeline, service pipes, reservoirs and valves, unmetered firefighting consumptions and water theft were identified to be the main sources of the
losses. The utility’s loss control activities were inefficient due to the lack of measures
for identifying and reducing each individual loss. The study proposed that all the
different uses and losses into which the system input volume goes should be identified
and measured and measures for controlling each of them be designed and instituted.
Keywords: Ramotswa, Unaccounted-for-water, Apparent-loss, Real-loss,
Authorized-consumption, Active-leakage-control

I NTRODUCTION
The distribution systems in major villages of Botswana were established
at the beginning of the country’s independence. SMEC (2003) indicated
that the systems have been expanding as the populations continued to
grow. The Majelantle (2009) and Arntzen (2006) others also showed that
cracks and other defects have been slowly developing on some of the
infrastructures. The problem has been reported to be more predominant
in the villages surrounding Gaborone city e.g. Tlokweng, Mogoditshane,
Gabane, Ramotswa etc. In their attributions, Arntzen (2006) and
Hambira et al (2007) related the problem of the inefficiency of the
distribution systems to the poor infrastructure assessment and
maintenance. They also highlighted that the water authorities have been
mostly preoccupied with increasing supplies to meet the escalating
demands with less attention on water loss control. Arntzen (2006) also
raised a similar concern in the “Policy Brief on Botswana’s Water
Management” report. He attributed the frequency and unabated growth
of water problems to the inadequate water demand management and
passive conservation measures.
Water supplies, consumptions and losses in the major villages of
Botswana have been growing unabated since 1991 (CSO-B, 2009). The
Kanye, Ramotswa, Serowe and Molepolole villages have been losing high
amounts of water over the past years since the early nineties. The highest
losses were at 62% in Serowe by 2005, 57% in Ramotswa by 2004, 45%
in Molepolole by 2002 and 43% in Kanye by 2007. The records also
show that Ramotswa had a rapid increase in the trend of the losses from
35.5% in 1999 to 57.4% in 2004 (Appendix A). However, little has been
reported on the activities performed to control the losses and what has
been done to reform the strategies used to control or reduce them. The
current study is of the view that the losses in the Ramotswa village were
abnormally high and there was need to reduce them. A similar view is
1

A survey of water losses – The case of the Ramotswa village in Botswana

expressed by Weimer (2001) and AWWA (2003) who assert that losses
that exceed 15% are high and their level calls for special action to reduce
them.
Water loss control, according to Lambert and McKenzie (2002), is an
alternative method of water conservation and therefore advisable for
water managers to practise it. In view of the foregoing, the study
proposed that time is ripe for the water managers to focus more on
water conservation through loss control in this village. This research was
carried out with an aim to survey the causes and factors affecting the
growth and frequencies of the losses. Data for the study was collected
from reports of previous studies, observations during field visits and oral
interviews of water managers and the consumers. Findings and their
analysis as well as the discussions have been provided. The report ends
with conclusions on the major findings and suggestions for possible
improvements in the strategies used for controlling the losses.

The research problem

It has been reported in the CSO-B (2009) that Ramotswa’s water losses
have been consistently higher than 40% during the past six years.
According to the American Water Works Association Weimer (2001)
and (AWWA, 2003), these losses were quite high and required specific
attention to reduce them. Ramotswa was amongst the areas which
experienced water shortages during the past drought period (Arntzen,
2006). Its close proximity to the capital city as well as its growing
civilization makes it attractive to people who work in the city and need
affordable accommodation. There have been rampant migrations into
the village in the past few decades fuelled by these factors. The CSO-B
(2009) report showed that the population increased steadily and was
predicted to increase from 20680 in 2001 to about 23760 in 2011. Other
projections in the report include water productions, demands and
consumptions which have also been shown to be steadily increasing.
Ramotswa still relies on one source of potable water for its consumption
needs i.e. the Gaborone Water Treatment Plant. Arntzen (2006) and
Hambira et al (2008) reported that the use of groundwater in the village
was terminated due to pollution problems. A nitrate contamination of up
to 442 mg/L of nitrates was detected in some of the boreholes in the
area in 2003 (Staudt, 2003). Therefore, due to costs of groundwater
remediation and the lack of perennial water sources as well as the lack of
sites for construction of dams, the Department of Water Affairs (DWA)
considered it economically sustainable to import water from the
Gaborone Water Treatment Plant.
Pula Consultants (2001) has alluded to the fact that by 2001, the
demands were so unsustainable that there was need to expand the supply
system. As a result, the DWA engaged consultants to provide and install
a booster pump station in the village. The Ramotswa-based water
authorities revealed that in addition to water infrastructure expansion,
DWA recently engaged on provision of wastewater services to the village
in efforts to end the use of pit latrines. This has now added to the high
water demands as well as extra duties to manage the water services.
However, reports by the water utilities do not reveal much on what was
done to reduce water losses from the system before and after the
installation of these infrastructures. This study is of the view that the
installation of pipelines for sanitation services will add to the complexity
of the distribution network and will certainly contribute to factors
affecting the losses in the village. Therefore, the survey of the losses in
this village was considered to be an important undertaking for providing
2
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an insight of the situation. The study further suggests that finding out
about causes and factors affecting the losses could provide the basis for
adopting effective strategies for reducing them.

Motivation
Water has been listed as one of the priority areas for science and
technology research development in the newly established "Botswana
National Research, Science and Technology" institute. The Reference
group coordinating the research activities in the Botswana Innovation
Hub encourages local water professionals and other researchers to
contribute to researches aimed at finding solutions "…to strike a balance
between water demand and supply and in so doing, ensure access to safe
and adequate water supply and the sustainable management of existing
water resources in Botswana" (CSIR, 2005). Male and Moore (1985) has
highlighted that identifying and eliminating the causes of losses in a
distribution system improves its efficiency and that the water loss that is
saved is equivalent to increasing the supply by the same amount of
water. Moreover, they pointed out that it improves economic efficiency
of the utility operations and customer satisfaction and facilitates the
portrayal of the notion that potable water has a value as it is costly to
pump, treat and distribute to the community. In addition to these
notions, the IWA- WLTF has formulated and proposed new
terminologies, a standard water balance and strategies for best water loss
management practices. These have been tried and tested and significant
benefits have been experienced in many countries e.g. the United States
of America, South Africa, Georgia, Italy, Australia etc. (Lambert and
Fantozzi, 2005). The current study was motivated by these views and
proposals.

Research Objectives

The aim of this research was to investigate the causes of water losses in
Ramotswa and find ways by which they could be reduced. To achieve
this, surveys were carried out with objectives
 to study the different types of consumptions
 to examine the existing infrastructure and the manner in which water
is distributed
 to examine the existing data on volumes of water in the different
areas of the system
 to determine the different types of water losses and the factors
affecting them
 to assess the methods used to determine water losses from the system
 to evaluate the strategies used to reduce and manage the losses
 to determine the extent to which other stakeholders are involved in
the loss reduction

B ACKGROUND
This section provides concepts and principles of water distribution and
losses. The different possible paths that water can take until it is lost
from the system are highlighted. New terminologies proposed by IWAWLTF are also introduced to provide the basis on which the
methodologies, analysis and discussions of the study as well as the
conclusions are made. The study area is also described under the section.

3
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Water Supply and Distribution Systems

Water transport in water supply systems is classified by Chambers et al
(2004) into two stages i.e. the feeder or arterial mains and the
distribution mains. The feeder mains transports large quantities of water
through large diameter pipes from the primary source (e.g. lake, river,
dam etc.), to the treatment plant. The distribution system purveys water
from the treatment facility or reservoirs to the consumption area. This
pipeline can be further divided into two parts which are the primary
feeder and the secondary feeder. The primary feeder carries water from
the treatment plant into the consumption area in medium-diameter pipes
whilst the secondary small diameter pipes tapping water from the
primary feeder into service points like houses make the secondary feeder.

Designs of Supply Systems
According to Genetti (1999) and Chambers et al (2004), a distribution
system can be designed in two ways namely the gravity supply and
pumped supply. These systems can also be combined depending on
factors in the area. In the gravity system, the source of supply such as a
supply plant reservoir is at an elevation above the distribution area. This
system is simple to operate with low or no energy costs, low
maintenance costs and no sudden pressure surges. In the pumped
system, the supply source is lower than the area being supplied and thus
pressure is needed to take the water up to the area. Trifonovic (2002),
highlight that this system is not simple to operate and maintain, costly in
energy requirements, and needs constant monitoring to ensure
continuous supply. For a distribution area with a high elevation, the
water may first be pumped to an elevated reservoir/tank and then
distributed from the reservoir to the consumers by gravity. Chambers et
al (2004), Miya Arison group (2007) and Sarbu (2009) state that design
parameters for distribution systems include water use rate, capacity of
the system, layout of the system, location of reservoirs, pressure
requirements and fire demand.

Layouts of Distribution Systems and Factors affecting them
The layout of a distribution network is normally determined by the type
of climate, land use, existing infrastructure, present and future water
demands, socio-economic and environmental factors, topography and
geology of the area etc. Two main common types of distribution systems
i.e. the branched system (Fig. 1) and grid iron system (Fig. 2) have been
described by Genetti (1999), Trifonovic (2002) and Chambers et al
(2004). The branched system is described as one in which distribution
pipes are designed and laid along streets such that there are pipe ends
with no connections (i.e. dead ends) from which the network can be
extended as it grows along streets. On the other hand, the grid iron (or
looped) system has a regular layout caused by the rectangular
establishment of an area. It provides for consumers to be supplied from
more than one direction in the event that one of the mains is out of
operation. Comparisons between the two systems are given in Table 1.
Requirements for pipe layouts include the following (Genetti, 1999;
Chambers et al, 2004).
 They should follow the general contour of the area.
 The minimum cover should be 90 cm under roadways and 75 cm
under paths.
 Each pipeline should be equipped with pressure gauge and flow
meters.

4
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Figure 1: Branched or Tree system (Trifonovic, 2002)

Figure 2: Grid Iron system (Trifonovic, 2002)
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Table 1: Advantages and disadvantages of the branched system
and grid iron system
System layout


Branched/Tree


Grid Iron

Advantages

Disadvantages

Easier to establish, relatively
cheap

Has many dead ends

Has few valves

Not reliable for
downstream users

Easier to determine its flow
properties

Contamination can
spread to all parts

Has no dead ends

Sizes of pipes are
uneasy to determine

Provides options for supply
paths

 Lines supplying only domestic demands may be as small as 100 mm
but not exceed 400 m in length if dead-ended or 600 m if connected
to the system at both ends.

Distribution reservoirs
Distribution reservoirs are used to store the treated water mainly to
absorb the hourly variations in demand, to maintain constant pressure in
the distribution mains and for supply during emergencies such as fires
and repairs. Reservoirs can be designed in different ways which include
ground level reservoirs, elevated reservoirs and underground tanks. The
general requirements for distribution reservoirs include the following
(Chambers et al, 2004)
 They should be located as close as possible to demand centres.
 The water level in the reservoirs should be at a sufficient elevation to
allow gravity flow at an adequate pressure.
 The storage capacity should be a summation of balancing storage,
breakdown storage and fire storage.

Service connection pipes
A service connection is a point at which a pipe delivering water to a user
is connected to the distribution main. The different types of service
connections are defined by Trifonovic (2002) and Chambers et al (2004)
as follows.
a) Public stand pipe connection
This is a connection to a stand pipe put up in a place accessible to a
community of people who cannot afford costs of house or yard
connections (Fig. 3).

Figure 3: Public standpipe (Trifonovic, 2002)
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It normally consists of one or two taps supported on walls made of
concrete, brickwork or masonry. Chambers et al (2004) proposes that a
public standpipe should be designed such that it has an optimal height of
0.8 m from its platform to cater for elders and children and different
containers used to draw water from it. The UNDP requires that the pipe
should not be beyond 200 m of walking distance and should discharge
about 10 to 20 l/p/d.
b) Yard and connection
A connection from the distribution mains to a stand pipe in a yard forms
a yard connection (Fig. 4) whilst that from the distribution main to a
house with in-house pipes and fixtures forms a house connection
(Fig. 5). A flow meter is connected between the stand pipe and the teepiece from the mains to measure consumptions through it. Pipes that are
used for this connection are commonly made of polyvinyl chloride or
polyethylene plastic, cast iron or galvanized steel.

Water Loss Management

Water loss was originally regarded as “Unaccounted for Water” (UFW)
which referred to the difference in the amount of water supplied and the
amount of water consumed. However, Brothers (2003) and Pilcher
(2003) state that nowadays the IWA-WLTF promotes the adoption of
concepts of volumetric accountability for both water consumption and
losses. Questions and actions in the first steps in developing strategies
for water loss management (Table 2) have been suggested by Farley
(2003). Farley and Trow (2003) assert that a clearly defined water
auditing method is the first essential step in assessing NRW. This
method uses a water balance which takes all input and output volumes of
the system into account. Lambert (2003) also suggests that all the
possible routes (consumptions and losses) into which the input water
separates should be identified and used to draw the water balance similar
to the standard water balance proposed by the IWA-WLTF (Table 3).
The different components of the balance are defined as follows.
System input volume is the annual volume into a transmission and/or
distribution system including that which is exported to other systems.
Authorized consumption is the annual volume of water consumed by
authorized customers including water that is exported.
Unauthorized consumption is water that is obtained and consumed illegally.
Water loss (WL) is the difference between the system input volume (QI)
and the authorized consumption (QAC) calculated as WL  QI  QAC .
Billed authorized consumption is water whose use is authorized and charged.
Unbilled authorized consumption is water whose use is authorized but not
charged.
Apparent losses are non-physical losses composed of all types of
inaccuracies such as meter under-registration or over-registration, data

Figure 4: Yard standpipe connection (Trifonovic, 2002)
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Figure 5: House connection (Trifonovic, 2002)
input and data analysis errors, and unauthorized consumption.
Real losses are physical losses in the form of leaks, bursts and overflows
from pressurized systems and storage facilities.
Revenue Water is authorized consumption that is billed to generate
income.
Non-Revenue Water (NRW) is water which is unbilled and does not
generate income

Physical or Real Water Losses
According to Fanner (2003), the largest portion of water loss occurs
through physical leaks and bursts in pressurized systems and storage
facilities. Weak (corroded or cracked) parts of transmission pipes,
distribution pipes and service pipes, joints in pipes, valves, parts of pipes
stomped by traffic, service reservoirs, fire hydrants etc. are the common
places where leaks often develop. Causes of leaks include mechanical
damages, incorrect backfill, poorly maintained valves, inadequate
protection against corrosion, age, poor construction etc.
There are three types of physical losses. Brothers (2003), Farley (2003)
and Lambert (2003) stated the following types of real losses i.e.
a) visible/reported leaks and breaks i.e. leaks with high flow rates, short-run
time, usually visible to passers-by or can be observed from meter data
abnormalities
b) invisible leaks i.e. leaks with typically moderate flow rates, long runtime, usually not visible and need to be located by ALC
c) background leaks i.e. generally small hidden leaks occurring on joints
and fittings and thus not easy to detect
Signs of invisible leaks include
 unusual water pools on the ground or wet spots on landscaped areas
 sudden unexplained rise in water use or rise in water use rate
 drop in flow volumes and water pressure or air coming out of pipes

Table 2: Typical questions on water loss management approach
(Farley, 2003)
Question
How much water is being lost?
Where is the water being lost from?

Why is the water being lost?
What strategies can be introduced to
reduce the losses and improve
performance?
How can the strategies be maintained and
achievements made be sustained?

8

Response/action
Measure components
Undertake leakage surveys
Carry out a network audit and quantify
losses
Review network operating practices
Come up with strategies and action
plan to manage losses
Put in place operation and
maintenance procedures and train
personnel
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Table 3: IWA-WLTF standard water balance (Lambert, 2003)
Billed
authorised
consumption
Authorised
consumption
Unbilled
authorised
consumption

System
Input
Volume

Apparent
losses
Water
Losses
Real
losses

Billed metered
consumption
Billed unmetered
consumption
Unbilled metered
consumption
Unbilled unmetered
consumption
Unauthorised
consumption
Customer metering
inaccuracies
Leaks on
transmission and/or
distribution mains
Leaks and overflows
from storage tanks
Leaks on service
pipes up to point of
customer metering

Revenue
Water

Non-Revenue
Water
(NRW)

 rusty water, dirt pot holes, sink holes, uneven floor grade and
cracking of paved areas
 one area unusually becoming softer, mouldy, mossy, greener than
others and surrounded by drier conditions
Factors which affect leaks include type of pipe material, length of mains,
infrastructure condition, number and length of service pipes, joining
methods and quality of initial pipe installation and water conditions such
as pH, temperature and velocity, operating pressure, soil type etc.
Techniques used to detect leaks are classified into leak localizing and leak
location (NZWWA, 2002; Rizzo and Thornton, 2002). Leak localizing
techniques are used to identify a part of the network suspected to have a
leak and “narrow it down” to a small section. Minimum night flow data
is then assessed for each of the pipelines in the subzone to identify the
pipes to be step tested. In step-testing, valves on a pipe are closed
temporarily one after the other i.e. step by step whilst simultaneously
measuring the flow rates through them (Rizzo and Thornton, 2002). A
reduction in flow after closing a particular valve gives a sign of a leak.
Another method to localize leaks is acoustic noise logging. Acoustic
noise loggers pick and record a leak noise travelling along the wall of the
pipe or through the ground (Primayer, 2004). They measure the intensity
of the noise made by the water and the amplitude (loudness) pattern of
this sound is used to determine areas in which leaks exist.
Leak location involves use of instruments to mark the precise positions
of invisible leaks in the ground (Lambert et al, 1999). Instruments used
for this include the listening stick, electronic leak correlator, ground
microphone and other advanced leak locating techniques.
a) Electronic leak correlator
This is made up of sensors and accelerometers, headphones, display unit
and sometimes hydrophones (Fig. 6). According to Primayer (2004), the
sensors are connected to fittings e.g. valves on either side of a part of a
pipeline with a leak and to a data logger used to display a graph to
determine the leak position. The sound from the leak travels away on
both sides and is picked by the sensors at times determined by the
distance between each sensor and the leak point. The time delay is
computed by a signal processing technique called correlation.
9
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Figure 6: Leak location with a correlator (Primayer, 2004)
b) The Listening stick
Brothers (2003) explains that this instrument is used like a stethoscope
i.e. one end is placed on a fitting e.g. a valve and the other end is placed
against the ear. The sound of water passing through the pipe is
transmitted through the stick to the ear. The intensity of the sound is
used to trace the exact location of a leak.
c) Ground microphone
These can be held directly on the ground surface above the pipeline or
connected to fittings to listen to the intensity of the sound of water
passing through the pipe.
The IWA-WLTF recommends mesures for real loss management which
comprised of pipeline and asset management, pressure management,
speed and quality of repairs and active leakage control (Fig. 7). Farley
(2003) asserts that to manage these losses effectively, all the current types
of real losses are first identified, measured and used to determine the
“current annual real losses” (CARL) represented by the large box.
Pipelines and all other assets are then assessed and managed by ensuring
that there is proper material selection, installation, maintenance, renewal
and replacement. During operations, whenever leaks, bursts and
overflows occur, prompt action (speedy attention) should be taken to
repair the structures. Pressures should also be adequately controlled to

Figure 7: Applying real loss control measures (Lambert, 2003)
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reduce the frequency and flow rates of new leaks and bursts. Farley
(2003) proclaims that if all these measures are implemented appropriately
then, the CARL could be reduced to the lowest technically achievable
annual losses i.e. the unavoidable annual real loss (UARL) represented by
the small white box. These UARL cannot be accurately measured since
they comprise of undetectable and small invisible leaks. However, a
formula for calculating them has been established and is given as

UARL  18Lm  0.8Nc  25Lp  P

L / day

where Lm = mains length, Nc = number of service connections,
Lp = length of unmetered supply pipe, P = average operating pressure.
The potentially recoverable annual real losses (PRARL) are part of the
CARL that can be removed by implementing all the necessary measures.
The PRARL is calculated using the following formula, i.e.

PRARL  CARL  UARL
Apparent Water Losses
Apparent losses are nonphysical losses contributing to the imbalances
between the water supplied and the sum of water consumed i.e.
Apparent Losses = Water supplied – (Water consumed + Real Loss)
Farley (2003) asserts that these losses contribute less to volumetric losses
than real losses. They are normally caused by meter under-registration,
water theft and errors in meter reading, data transfer and water
accounting. According to Rizzo and Thornton (2002), these losses are
affected by
 improper installation and plumbing, orientation of meters, sizing,
class and type of use, meter wear, spinning/jetting of meters
 condition of the data transfer instruments and ineptitude in detecting
data transfer errors
 methods and instruments used in data analysis and the users’ skills
 poor security of water pipes, reservoirs, pipe joints
According to IWA-WLTF, measures for apparent loss control should
include meter accuracy assessment, system checks for data transfer and
analysis errors and illegal consumption. The application of these
measures is illustrated in Figure 8. Lambert (2003) and Brothers (2003)
state that meters perform efficiently if properly installed according to the
manufacturers’ specifications and are of proper sizes and class. The
occurrence of human error is often likely in taking and recording meter
readings, data transfers and/or analysis. According to Farley (2003), the
effectiveness of the water loss control strategies could best be realized if
such improvements as use of automatic meter readers, specialized
computer programs, skilled personnel and routine analysis are adopted
and implemented appropriately. Standardization of operations,
systematic reporting and auditing, public education, legal action, prepaid
measures are also recommended.

The Study Area
The description of the Ramotswa village is made below. The location
and population, topography, geology and hydrology, climate and social,
economic and industrial developments are covered in this section.

Location and Population
Ramotswa is a village in Botswana located about 35 km to the south of
the Gaborone city. It is the centre of the South-East District of
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Figure 8: Apparent loss control measures (Lambert, 2003)
Botswana (Appendix B and C). There are two other smaller villages in
the vicinity of the village i.e. Taung and Boatle. Due to their close
proximity to Gaborone city, these villages have been expanding faster
than other villages in Botswana in the past few years (South East District
Council, 2003). Their above average population growths are due to
immigration of people from the city. The scarcity and high cost of
residential houses influenced these emigrations. The Ramotswa
population was estimated to increase from 18 683 in 1991 to about 23
760 in 2011 (Table 4).

Topography, Geology and Hydrology
The plains in and around Ramotswa are generally undulating with
outcrops such the Rankepa, Sepitswane, Tsokwane, Ditsotwane, Bojanje,
Mmapeloeng and other hills. According to the South-East District
Council (2003), there are areas in this region with an altitude as low as
1012 m and as high as 1189 m above sea level. Staudt (2003) indicated
that the area is mostly of volcanic origin with four classes of geological
super groups namely the Waterberg, Transvaal, Gaborone granite and
Venterdorp. A hard rock aquifer at shallow depth underlies the
Ramotswa area. The SEDC has also alluded to the fact that this makes
excavation very difficult and expensive. There are no perennial rivers in
Ramotswa and therefore, most of the water that falls to the ground as
rain seeps into the ground and is stored in the water-bearing rocks
underlying the area. However, there are three ephemeral rivers in the
area which are also part of the Gaborone dam catchment and the
Limpopo river system (South East District Council, 2003). These include
the Ngotwane River, the Taung River which is a tributary of the
Ngotwane and the Boatle River which is a tributary of the Taung River.
The Ngotwane River is located to the east of the village and forms the
international boundary between Botswana and the Republic of South
Africa.

Table 4: Population census for Ramotswa (CSO-B, 2009)
Population Census
Population size
Annual growth rate (%)

1991
18 683
1.02
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2001
20 680
1.71

2011
23 760
1.97
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Climate
The Centre for Applied Research (CAR, 2005) described the Ramotswa
climate as typical of the arid regions in which the summer temperatures
occur between November and March with the minimum winter
temperatures occurring between June and August. The mean annual
maximum temperature is 28.4 oC and the mean annual minimum
temperature is 12.9 oC. The mean annual rainfall is 483 mm (South East
District Development Council, 2003). According to the Department of
Water Affairs (2003), the open pan evaporation averages 5.5 mm a day.

Social, Commercial and Industrial activities
The South East District Council (2003) stated that Ramotswa has
administrative, educational, medical, social and utility services making it
an attractive centre for migrants from other areas. Several government
institutions in Ramotswa such as schools, clinics, police services etc.
form part of the major consumers. About one fifth of the area is farmed
but the density of livestock is low. The village’s main industry is wheat
flour production and the manufacture of meat products. There are some
commercial centres including banks, shops, saloons and others.
According to the South East District Council (2003), there were 3 941
residential plots in Ramotswa in 2001. The CSO-B (2009) projected the
number of the plots to increase to 10 239 by the year 2015. It has also
been indicated however that there is a shortage of plots for both private
residential and commercial developments.

Water Demand, Supply and Distribution
Due to the continuous rise in the population, the domestic and nondomestic consumptions in the area have been increasing steadily. The
domestic consumptions are comprised of residential uses from public
standpipes and yard/house connections but the non-domestic
consumptions include institutional consumers, commercial users, and
light to heavy industries. The 2011 demands were predicted to be almost
two times higher than those in 1990 (Table 5).

Water Losses
The annual reports prepared by DWA and other reports by several
studies such as Arntzen (2006) and Hambira (2007) show that Ramotswa
has been experiencing a problem of high water loss for more than two
decades. About 30% to 60% of treated water continued to be lost from
the distribution system since 1990 up to date (SOER, 2002; Department
of Water Affairs, 2006; Hambira, 2008). However, detailed information
on how the water was being lost and specific locations from where it was
lost is lacking.

M ETHODS
This study focussed more on aspects of water loss management and less
on the technical aspects of it. Since there were very few measurements
involved, the data is mainly qualitative. Generally, three primary sources

Table 3: Water demands for Ramotswa (x103 m3), (Department
of Water Affairs, 2003)
Demands
Domestic
Institutions
Commercial
Total

1990
200
93
31
431

1995
478
136
49
885
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2000
702
200
63
1287

2005
990
244
73
1742

2010
1345
297
85
2302

2020
2241
439
103
3711
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of data were used i.e. oral interviews, documents (e.g. published reports,
journals, conference papers) and field surveys. Much of the data was not
easily accessible through the internet and thus stakeholders involved in
the water sector were identified and interviewed to assist in this regard.

Data collection from reports and other publications
Documents with data on the village’s water resources, geography,
environmental statistics, hydrogeology and others were mainly obtained
from the DWA, WUC, SEDC, CSO-B, the University of Botswana
library and the Department of Surveys and Mapping. The survey
commenced with the assessment of the management structures and
programs for water loss control using the IWA-WLTF guidelines. In
addition to this, the historical water accounts, water demand surveys and
estimations, old and new water supply infrastructures etc. were also
acquired from the water utilities’ databases and assessed. However, data
on the type of infrastructure in the village was very limited in scope. A
greater part of this type of data was obtained from reports written by
companies which have had consultancy work with DWA to install or
upgrade some water infrastructures. The main limitation of this data
collection method was the scantiness of records on infrastructure
assessments and water loss management activities. According to the
water Distribution Superintendent, this is due to the lack of proper data
storage mechanisms and information management systems.

Oral Interviews of the water utilities personnel

The study adopted the view by Bell (2005) that data collection through
oral interviews takes a shorter time than unaided questionnaire response
by individuals. Therefore, oral interviews were used to acquire most of
the data from the water utilities personnel. Before the survey period, they
were made aware of the title of the research, its scope, objectives and
expectations in order to prepare for the oral interviews. During the oral
interviews, the questionnaires were filled in as the water managers were
asked questions. The major limitation in this data collection method was
the delays by water utilities managers in responding to requests to meet
them for oral interviews. There was also a strike by public workers
during the study period which lasted for eight weeks and thus delayed
some of the interviews. Despite the challenges, this method offered
opportunities to clarify concepts which were unclear such as the new
water loss terms. It also made data analysis faster and easier at the end.

Infrastructure Surveys
This is the source of primary data for this study. The distribution
managers provided transport and guides to the different infrastructures
at the beginning of the surveys. During the surveys, different
infrastructures were sampled and assessed to check for any signs of aging
and leaks and photographed. Attempts to identify and count leaking
pipes in sampled wards were made. Information on the locations of
some of the leaking infrastructures was obtained from the local people.
Estimates of the leak rates of sampled leakages were performed in order
to get ideas on the overall amount of water loss during the day from that
pipeline. A one litter (1 l) bottle and a 5 l container were used to collect
the leaking water and a stopwatch was used to measure the time it took
to fill them up. The experiments were repeated several times in order to
get averages of the leak rates from those pipes. It was possible to carry
out those experiments as the pipes were accessible and lied above the
ground surface and thus allowing for collection of water. All the
measurements were carried out at 9 a.m. according to suggestions given
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by Farley (2005) who assert that consumption rates at this time are
normally low and leak rates are higher than their average amount.

Identifying leaks and measuring leak flow rates on the supply mains
A 5 km length of the Boatle – Sepitswane pipeline was sampled and
explored. To locate any possibly existing leaks, the survey applied
guidelines on the use of signs made the leaks in the areas in which the
pipeline is located. The leak rate of the identified leak was measured by
filling a 5l open container and recording the time taken to do so. The
challenge in doing this experiment was making sure that all the leaking
water collected in the container. However, this was repeated several
times to improve the estimate.

Identifying leaks and measuring leak flow rates on service pipelines
Attempts to count the number of visible leaking service pipes in some
wards were made. The Sepitswane, Kgosing, Nare, Thibedi and
Ramooketsi were sampled for this activity. Information on the location
of some of the pipelines as well as suspected leak points was obtained
from the local people. The leaks were identified by using guidelines on
using signs they make on the ground in which the structures are located.
The leak rate from the sampled service pipe was measured by filling up a
1l bottle and simultaneously timing how long it took to do so. Results
from these measurements are given and discussed in later sections of this
report. The major limitation of this crude method was that not all of the
leaking water could be collected as some of it spread out of the pipe slit.
The experiment was therefore repeated to improve the estimates.

Oral interviews of sampled customers
Domestic consumers were consulted in the survey to get information on
their participation and involvement in water loss control as well as their
opinions in how it could be improved. Guidelines given by Bell (2005),
Diamantopoulos and Schlegelmilch (2000) and Leedy and Ormrod
(2005), on sampling the customers were applied in deciding the study
population, sampling method, sampling frame and sample sizes. Many of
the consumers were orally interviewed whilst a few were given the
questionnaires (Appendix D) to complete by themselves. The
questionnaire was initially tested by giving it to a few customers to
respond to it before the surveys. The study’s target was set at 85% of
responses and this was ensured by engaging four research assistants, use
of the oral interview method and making follow-ups on the distributed
questionnaires. Two weeks was allowed for responses to the
questionnaires and four days were added for non-responses.

The sampling frame
Households were chosen and used as the population for the study.
Heads of households especially those responsible for payment of water
bills were considered relevant for sampling since they are involved in
water conservation. Thus, the households in the different registered
wards were used as criteria for drawing sample frames. Names of people
registered in documents such as directories were not used because of
missing information on the locations and telephone contacts and the low
level of knowledge on the water loss issue in the village.

The sampling method
The stratified cluster sampling method was used in this survey. Since the
households are organized in wards (i.e. clusters), they were used as small
population sectors from which to sample. The local people estimated
that there were over twenty wards in the village. The study identified

15

A survey of water losses – The case of the Ramotswa village in Botswana

seventeen wards in total from which households were sampled. Different
strata such as yard-connections and non-yard connections, low income
versus high income consumers, old service connections versus new yards
etc. were possible to use to classify the households. By using guidelines
by Bell (2005) on criteria for sampling, the population of households was
divided into only two strata i.e. yard connections and non-yard
connections. ‘Yard connections’ was the strata of households with a yard
or house connection whilst ‘non-yard connections’ was the strata of
households with no service connections but relying on public standpipes
or neighbours’ connections.

The sample size
Reports with data on the sizes of each ward were unavailable. To make it
possible to draw sample sizes of households, the local authorities e.g.
Malete land board personnel provided estimates on the sizes of all the
sampled wards in relation to the main “Kgosing” ward. The difficulty in
ascertaining these estimates was caused by the emergence and growths of
new wards on the outskirts of the village. In addition to this, the CSO-B
(2009) report on household population statistics was also utilized in
making sample estimates. The report showed that there were 3941
households in Ramotswa in 2007 which were forecasted to increase to
10239 by 2015. The number of households at the time of the study was
estimated to be about 8000. The choice of the sample sizes was based on
the variability of the population, precision of over 80%, 95% confidence
limit and the cross classification as proposed by Diamantopoulos and
Schlegelmilch (2000). By basing on these data, the total number of
households to sample from all wards was set at 1250. The numbers of
sampled households from the different wards are given in Appendix E.
Many households were sampled from the Sepitswane, Lesetlhane,
Thibedi, Tawana, Kgosing, Shoong, Rapoonyane and Raporoga wards
since they are old, big and centrally-located. The distribution network
grows outwards from them and they all have more private connections
than the others.

Implementing the plan
Maps obtained from the Department of Surveys and Mapping and the
SEDC were used to identify streets to follow when distributing
questionnaires and sampling households for oral interviews. The surveys
started from the main ward and went into the neighbouring ones. There
were no distinct boundaries between the wards and as such, the local
people were consulted to provide information on the demarcations. The
five interviewers visited at least 20 households per day for the 15 days of
the plan period and all the interviews started at 9 a.m. and ended at 4
p.m. The data from public interviews were entered into excel sheets for
statistical analysis. The excel tool was used to work out simple
calculations such as totals and fractions of totals (percentages) and
averages of the different quantities. Appendix E and F contains the
statistics on responses to different aspects of the questionnaire as well
the analysis of the findings.
The major limitation of this survey method was the length of time taken
for each interview to be completed and the refusal by some people to
respond to oral interviews. In addition, some of the respondents could
not give much data due to lack of knowledge on their service
connections. However, this method provided opportunities for
clarification on issues which could have been unclear to the interviewees.
Moreover, it provided the chance to pick and note other things
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important for the study which had not been included in the
questionnaire.

F INDINGS
Observations on the water demand, supply and infrastructure
management, distribution system layout, the water balance and water loss
management were made.

Water demand and supply management
There has been a transfer of management of water services from the
DWA to WUC in Ramotswa. According to the water managers, it
occurred as a result of the implementation of the BNWMP
recommendations for a water reform requiring supply services to be
transferred from all water authorities to WUC by 2009. The hand-over
took place in February 2010 during the execution of phase two of the
reform. WUC also recently started to supply sewage reticulation services.
However, it is obliged to apply the old DWA water tariffs for billing of
the water consumptions in this area. These old tariffs were last adjusted
and have been in use since 2004 up to date (Table 6).
According to SMEC (1991), the charge rates were staggered to ensure
that the basic requirement of 10 m3 per month per household is
provided at affordable rates. It has also been indicated that the tariffs
were applied such that 33% of the total operating costs in smaller
villages, full costs of supply in major villages and full costs of capital and
recurrent costs in water sales in cities and towns were recovered.
However, it has noted that the policy has not been able to realize its full
potential due to slow, unsatisfactory and uncoordinated collection of
revenue from customers.

The water supply and distribution system
The system is comprised of the old and new infrastructure.

The old water supply and distribution system
This comprised of the Gaborone WTP, the 250 mm asbestos cement
Gaborone - Boatle pipeline, the Taung reservoirs with capacities 250 m3
and 450 m3, two supply mains between the Taung and Ramotswa
reservoirs. Potable water was imported in bulk from WUC’s Gaborone
WTP through the 250 mm pipeline. Pula Consultants (2001) reported
that the pipeline is buried at a depth of about 70 cm underground. It was
observed that the region in which it is located is hilly, rocky and has a lot
of ploughing fields in and around it. Nonetheless, it lies along and is
close to the Gaborone – Ramotswa main road thus providing many

Table 4: Old and new tariffs in Ramotswa (Source: Botswana
Daily news, 2004)
Group
Domestic
Commercial
Industrial

Band

1
2
3
4
Minimum charge = 8.80
Government
1
Council
2
Institutions
3
4
Minimum charge = 17.50

Consumption/month,m3
0–5
6 – 20
21 – 40
41 and above

Old tariff,
BWP/m3
1.60
4.05
8.30
10.30

New tariff,
BWP/m3
1.90
4.75
9.80
12.15

0–5
6 – 20
21 – 40
41 and above

3.30
8.40
17.40
21.40

5.70
14.45
29.80
36.80
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points for ease of access. The Bojanja reservoirs in Taung provided
temporary storage for the supply system. A 350 mm diameter asbestos
cement pipeline and a 450 mm ductile iron pipeline purveyed water from
those reservoirs to the Ramotswa reservoirs. The Ramotswa reservoirs,
made of pressed metal, had a total capacity of 1000 m3 and were fed by
gravity mains from the Bojanja reservoirs. Water was gravitated from
them by a 250 mm diameter steel pipeline into the village.

The new water distribution system
The new system is comprised of
 the Gaborone WTP being the source of potable water, the 38 km
long pipeline made of the 21 km Gaborone – Boatle pipeline, the
6 km pipeline to the Rankepa reservoir and the 11 km
Rankepa-Sepitswane pipeline
 a booster pump station, with booster pumps, motor control panel,
electrical distribution board and lifting equipment for pumps, located
at the Ramotswa-Lobatse road junction
 the Rankepa reservoir (Fig. 9) at an elevation of 1144 m and located
about 6 km from the booster pump station
 a class 16, 450 mm diameter rising main from the booster pump
station to the Rankepa reservoir and back to reservoirs in Ramotswa
to the Sepitswane reservoirs (Fig. 10)

Maps of the distribution system
There were no maps to use to locate the positions of some of the
infrastructures in the area. However, location of pipelines especially
distribution mains were marked by blue concrete blocks with the sign
“WUC” engraved on them. The local community used these signs for
estimating the locations of the pipelines whenever they had construction
works in their areas. The type of pipe network in the area is the grid iron
system.

Water losses
The survey was mainly focussed on identifying the types and sources of
the losses, factors affecting them, how they were detected and measured.
The findings under this section have been divided into three parts
namely the water balance of the DWA, real losses and apparent losses.

Figure 9: The Rankepa reservoir (Field visit photo, April, 2011)
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Figure 10: Sepitswane reservoirs (Field visit photo, April, 2011)
The water balance of the DWA
The water balance of DWA had only three variables i.e. Supply Volume
(SV), Consumption Volume (CV) and Unaccounted-for-Water (UFW).
The Production Volume was water from any source such as the
treatment plant or reservoirs whilst the Consumption Volume was the
volume going into the consumption area intended for legitimate uses.
UFW was the difference between the Supply Volume and Consumption
Volume i.e. PV  CV  UFW
Even though Ramotswa has expanded, it is still metered as a single zone
and not yet demarcated into smaller zones i.e. district metered areas
(DMA). Only the outflow volumes from the Rankepa supply reservoirs
and the inflow volumes into the village were measured and used for
calculating the UFW. The data was recorded in data sheet and used to
calculate UFW as shown in Appendix G. The supply volumes were
recorded under Output and the distributed volumes under Metered
Consumption (S/P+P/C). The UFW, recorded as a percentage, was
calculated by subtracting the Metered Consumptions from the Output.

Physical (Real) water losses
a) Leaking Boatle - Ramotswa supply main
The burst on the Boatle – Ramotswa supply pipeline was observed on a
5 km sampled section crossing the Ngotwane River (Fig. 11).
b) Leaking unburied service connection pipes
Some service pipes were laid unburied across streets (Fig. 12) and several

Figure 11: A burst on the Boatle – Ramotswa pipeline
(Field visit photo, April, 2011)
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Figure 12: An unburied pipe crossing a street
others were made of plastic and metal. A significant number of the
leaking pipes were identified in four of the sampled wards. Two of the
pipes were in the Sepitswane and Nare wards and one in the Kgosing
and Mooketsi wards.

One of the leaking pipes located in the Nare ward (Fig. 13) was
sampled for leak rate measurement. Rough measures of the flow rate
of the sampled service pipe as well as that on the Boatle - Ramotswa
supply main and were recorded in Table 7.
c) Leaking reservoir and valves
The Ramotswa reservoirs leaked through some of the fixtures and joints
(Fig. 14). Water dripped from the valves controlling water into and out
of the Rankepa reservoirs (Fig. 15). None of those has ever been
repaired or replaced.
d) Leaking yard stand pipes
A few dripping standpipes were observed in some wards and an example
of those is given in Figure 16.

Apparent Losses
The identified major sources of apparent losses were unmetered
consumptions, water theft and metering errors.
a) Unmetered authorized uses
Fire fighting and toilet flushing in public health centres were reported to
be the only components of unmetered consumption. The study also

Figure 13: Leaking service pipe (Field visit photo, April, 2011)
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Table 7: Records of times taken to collect 5l from the supply
main leak
Experiment
Main supply leak: Time taken to
fill 5 l container (sec)
Service pipe leak: Time taken to
fill 1 l container (sec)

1
50.21

2
51.42

3
50.05

4
49.50

5
51.59

2.16

2.22

2.05

2.11

2.59

noted that there are more than twenty fire hydrants in the village which
are used for fetching unmetered water for fire fighting and supply to
parts of the village or other villages in the district during major repairs.
b) Water theft
The Ramotswa reservoirs were unfenced and easily accessible to the
public. Old hosepipes lied in the vicinity of the tanks with some
connected to fixtures on the tank thus giving clues that water was drawn
or stolen from the reservoirs (Figure 17).
c) Metering errors, data transfer and analysis errors
Data from the historical and latest reports of the water utilities indicated
that the management strategies were silent on policies in meter
installations records, maintenance of the meters, measures designed to
guard against data transfer and analysis errors. However, the study learnt
of cases of errors in metering data which were identified during the
billing procedures and the analysis of consumption data. Some of the
sampled customers also indicated that they have had problems of
erroneous metering and billing of their consumptions.

D ATA ANALYSIS AND DIS CUSSIONS
The analysis of the findings were made in line with guidelines given by
IWA- WLTF (2000), OFWAT (2001), NZWWA (2002), AWWA (2003),
Bell (2005) and Leedy and Ormrod (2005). The discussions of these
results have been organized into three themes i.e. water resources,
demands and supplies management, infrastructure management and
water loss management.

Water resources, demand and supplies management

An analysis of how the water sources, demand and supplies for the study
area were being managed have been divided into three sections i.e.

Figure 14: Base leaks of the Ramotswa tanks
(Field visit photo, April, 2011)
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Figure 15: Leaks through valves at the Rankepa reservoirs
(Field visit photos, April, 2011)
management transformations, water conservation through use of tariffs,
infrastructure management and water loss management.

Management transformations
The World Bank (2009) stated three main reasons for the water and
sanitation reform. The unsustainability of finances was mentioned as one
of the reasons for the change of management of the water supply
services. It has also been reported that the sector had to be reorganized
with an emphasis on improved and more efficient management, clearly
targeted subsidies and a modern regime for setting and regulating tariffs.
Even though not clearly stated, those financial losses were mainly caused
by the high water losses. The financial resources were being put into the
production and distribution of the potable water which on the other
hand continued to be lost over the years. In addition, the reported poor
billing and revenue collection also contributed to the financial losses. All
these are clear indications that water loss control measures were not
sufficiently calculated, timeously revised and strategically implemented.
The DEA (2006) has challenged the government’s approach of
continuing to increase supplies which it considers to be the only solution
of curbing the escalating demands. Despite the costs of the new
construction project, strategies to manage the infrastructure and the
water losses from the different infrastructures have not been specifically

Figure 16: Leaking standpipe (Field visit photo, April, 2011)
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Connected
Hosepipe

Figure 17: Signs of water theft at the Ramotswa tanks
(Field visit photos, April, 2011)
spelt out. This is an indication that there wasn’t much focus on water
loss control. The study cited a very important point made by Acreman
(1999) on a common mistake made by water managers in their approach
towards water demand management. Acreman (1999) underscored the
point that water managers often concentrate more on deciding first on
how much water is needed during planning and then try to find a source
later instead of the opposite. The study is also of the view that mere
change of ownership is not necessarily a way to solve the problems in
the water supplies management. Water loss clearly contributed to the
financial losses but proactive detection of the sources of the water losses
was never practised. In addition, not much has been done to restructure
the loss control measures. If some attempts could have been made to
improve the situation, then this would provide the basis on which to
argue that there was need for change of management.
Another argument against the idea of the transferring of management in
efforts to improve performance was brought up by Harris and Renzetti
(2002) and Butler and Fayyaz (2006). They share a common view that
the primary means of securing more efficient utility operation is through
restructuring or enhancing competition. The study also believes that the
funding of DWA by government was also one factor which encouraged
the poor implementation of conservation measures to recover costs. In
addition, the subsidization of the costs of domestic consumption
through tariffs charged on the government departments also cushioned
the effect of both the water losses and the financial expenses. Harris and
Renzetti (2002) also concluded that if prices were charged sufficiently
they could have enabled DWA to maintain, replace and upgrade its water
systems and accommodate future capacity expansions.

Water conservation through use of tariffs
WUC is a self-governing parastatal and thus responsible for financing its
own operations. Its tariffs were calculated and designed to allow it to
generate profit from the water bills. Therefore, it needed to continue to
apply its own tariffs to generate income through billing after the takeover. However, when it took over, it was obliged to inherit and apply the
old and low DWA tariffs. In addition, it had to inherit the existing water
loss problems from the DWA regime which had not been proactively
controlled in the past. The study viewed these as the major obstacles in
bringing about the envisaged improvements in the management of the
water supply services in Ramotswa. The only evident change was the
rigorous meter taking and revenue collection.
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The new billing exercise and disconnection of supplies for failure to pay
the bills seemed to be and unwelcome development by many of the local
people. The analysis showed that about 97% (Appendix F) of the
households did not have knowledge about the tariff structure applied on
their consumptions and the metering dates. In addition, the analysis
showed that more than 50% seemed to believe that WUC’s charges are
higher than those of the DWA. They indicated that they paid a monthly
bill of not more than P8.80 in the past. They claimed that since WUC
took over, the new bills increased to three times those they paid in the
past. A key point noted by the study is that WUC was using the same old
DWA tariffs in billing the consumptions. Therefore, this was seen as an
indication that metering and billing have not been thoroughly and
adequately implemented in the past. Like Harris and Renzetti (2002)
asserted, the fact that the water is an economic good was not really
reflected through effective water pricing in Ramotswa. On the basis of
these reasons, it could be said that the poor billing, metering and revenue
collections were factors which influenced the level of the water loss.

Customer involvement in water loss control
There haven’t been any studies carried out to find out about the general
uses of water, attitudes of the people towards the water conservation
measures and their participation in water loss control. More than 90% of
households had yard connections (Appendix F) and this explains why
there has been a high rate of water consumption. Swatuk and Rahm
(2002) also highlighted that the ease of access such as through yard
connection, translates to higher resource use. The study attributed this
high water use to the increasing civilization and improved standards of
living influenced by the close proximity to the capital city.
Even though 63% of the people indicated that they were aware of the
water loss problem in the village, 81% of them presumed that water loss
reduction was the responsibility of the WUC. This is a clear lack of
knowledge on the accountability in water loss control. It also suggests
that there was insufficient communication with the consumers.
According to Harris and Renzetti (2002), the problem of communicating
information to the public is often hampered by the absence of reliable
systematic data. This was indeed true for this study area as there were
virtually no records on many of the aspects of water use and loss
statistics as well as updates on the state of water losses. White and Fane
(2007) and Kayaga and Smout (2011) also supported the study’s view
that education campaigns and use of economic instruments such as
pricing can better promote behavioural change in water conservation.
Therefore, it can be concluded that the consumers were inadequately
involved in the water loss management.

Infrastructure management

The aspects of the infrastructure management that the study had planned
to assess included the use of maps of the distribution system and the
safety of the different infrastructures.

Maps of the distribution
Formal water supply and distribution infrastructures and services came
long after the village had been established. The pipelines were
consequently laid in available spaces to avoid relocations of households
which lead to the establishment of the grid iron distribution system.
Even though the system did not have a definite pattern, there were no
maps to show the locations of the different infrastructures in the system.
The view of this study is that management of this type of distribution
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requires use of maps because of the uneven patterns of the layout of the
structures. Trifonovic (2002) also states that without use of maps it can
be laborious and costly to locate some parts of the distribution system.
The management of the system without maps has also been criticised in
several reports such as Department of Environmental Protection of
Commonwealth of Pennsylvania (2000) and Washington State
Department of Health (2009). They argue that due to the lack of maps,
operators of water supply systems are often unable to establish effective
contingency plans to deal with anticipated emergencies associated with
the operation of water supply and distribution systems and/or material
failures. Therefore, the position of the study is that failure to use maps
would ultimately lead to the lack of knowledge on the other aspects
related to the distribution system such as the physical and chemical
conditions of the ground in which infrastructures are located.
The ages of most infrastructures such as the Gaborone – Ramotswa
pipeline were estimated to be more than 25 years. The analysis
(Appendix F) also showed that about 38% of the pipes in the 1129
households were more than 20 years old with 5% of them having leaked
in the past. This is an indication that many of the service lines may now
be old and thus requiring assessment. The World Bank (2009) raised a
point that DWA has not been recording the depreciation of its assets.
Even though there were no infrastructure assessments, active leakage
control and pressure management were also not performed. Farley
(2003) and Georgia Environment Protection Division (2007) highlight
pressure as one of the factors which influence the depreciation of
structures as well as the frequency and the flow rates of leaks. The
study’s position is that it is possible that some of the old parts of the
system which have never been assessed could be having defects and thus
requiring assessments and leak detection.

Security of infrastructure
The Gaborone – Lobatse feeder main as well as the Boatle – Rankepa
supply pipeline were safely buried and protected from damage by people
and animals. In addition, their 70 cm depth is in agreement with the
WUC’s requirement of 60 cm depth for burying pipes in a hard ground.
This has also been confirmed by Pula Consultants (2001). However,
parts of the Boatle - Ramotswa distribution pipelines and the pipelines
feeding the Ramotswa reservoirs were unburied. The study concurred
with the water authority that the ground in which these are located is
hard, underlain with stones and rocks and is at low altitudes. Even
though that is the case, Farley (2003) highlights that unburied pipes are
prone to damages caused by heavy objects such as vehicles and people.
Therefore, this lack of protection may create chances for them to be
damaged or for water to be stolen through some of them such as what
happened at the Ramotswa reservoirs.

Water loss management

The aspects of water losses that were of much focus included the water
balance used by the Department of Water Affairs, real losses and
apparent losses.

The water balance used by the DWA
The DWA had several terms which were similar to some proposed by
the IWA such as authorized consumption, unauthorized consumption,
billed metered consumption, unbilled consumption and water loss
(Table 8).
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Table 8: Comparisons between the DWA and IWA-WLTF
water balances (WB)
Components

DWA term

IWA- WLTF term

Input volume

Production volume

Authorized
consumption

Same as supply volume, Used
in WB
Same as consumption volume
Used in WB

Unauthorized
consumption

Same as illegal connection,
not used in WB

Illegal connection

Billed metered
consumption

Same as service connection
volumes, not used in WB

Service connection +
exported water, used in WB

Billed unmetered
consumption

Non-existent, not used in WB

Unmetered bulk supplies

Unbilled metered
consumption

Non-existent, not used in WB

Used in WB

Unbilled
unmetered
consumption
Water loss

Same as fire-Fighting use, not
used in WB

Used in WB

Same as UFW used in WB
(production – consumption)
Not defined but used as part of
UFW in WB
Not defined but used as part of
UFW in WB

System input – authorized
consumption

Apparent loss
Physical loss

Supplied volume consumed

Water loss due to
inaccuracies and errors
Leakages, bursts and
overflows

DWA was not using many of these terms given above in the calculation
of the balance. Water losses in the case of the IWA are determined
through measurements of the separate components of the losses i.e. real
losses and apparent losses. As for the DWA, the water losses were not
measured but calculated from the supply volume and the consumption
volume data. This is taken as an oversight on the part of the DWA’s
approach in determining the extent of the losses. It also explains why the
losses could not be effectively reduced and why there were no specific
measures for different types of losses. Farley (2003) alluded to the fact
that not all losses are the result of poor infrastructure and leaking pipes.
A more objective and representative approach would be one that
identifies and quantifies all the consumptions and losses in the different
water flow paths in the system.
The IWA- WLTF (2000), Lambert and Fantozzi (2005) and Farley
(2003) also emphasize the same in their guidelines for best practice water
loss management. They proclaim that a more representative water
balance is one in which all the different types of losses are separately
measured and included in its calculation. Therefore, it could be argued
that there was need for the water balance to be revised to include all the
components of consumptions and the losses.

Real losses management
a) Leakages from the Supply and Distribution mains
The analysis showed that about 5 l of water per minute was lost through
the leak point identified on the Boatle – Ramotswa supply pipeline. By
considering that the highest rate of consumption was taken by the
domestic consumers during the day and that the leak rate was not
constant, the study used the lowest possible night-day factor of 18 hours
of leakage per day to estimate the daily loss. From this assumption it was
estimated that the leak was estimated to be 300 l per hour or 5400 l per
day of water. This was indeed a high rate of loss which required
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intervention. Since this water came from the high elevated Rankepa
reservoir, the uncontrolled high water pressure from the reservoir was
considered to be the cause of the leak. Moreover, since the pipeline was
reported to be more than twenty years old, it was concluded that its age
as well as the rocky, hilly and undulating terrain conditions of the area in
which it was located were amongst the factors affecting its occurrence.
The study did not rule out the possibilities of the existence of invisible
leaks from this pipeline especially in view of the fact that it is long and its
physical conditions have not been assessed. A very important point
relating to this was made by NZWWA (2002), AWWA (2003) and Clarke
(2008). Their argument which supports the view of the study is that
without measures of active leakage control and pressure management, it
is highly impossible that water loss from old pipes can be controlled. The
same viewpoints have been articulated in reports such as Weimer (2001),
Farley (2003) and Pilcher et al (2008) and others. Therefore, the leaks
from the Boatle - Ramotswa contributed to the overall water loss in
Ramotswa.
b) Leaking unburied service pipelines and standpipes
Two of the four leaking service pipes identified in the five sampled
wards were made of plastic and exposed to the ground surface. The leak
flow rate from one of the pipes was measured to be about one litter (1l)
of water lost in every 2 minutes or 0.5 l per minute. This translated to an
equivalent of 30 l per hour or 540 l per day of water lost from that pipe
for a night-flow factor of 18 hours per day. This leak together with other
unidentified leaks was considered to be another source of the water loss
from the system. The high water pressure from the Sepitswane reservoirs
and the stomping forces were considered to be the causes of these leaks.
The data analysis also showed that 38% of the service pipes and service
meters were more than 20 years old. In addition, 37% of the pipes were
more than 20 m long with 5% of the pipes reported to have had leaks.
Therefore, the development of the leaks and their flow rates were
influenced by old age, plastic material of which the pipes were made,
hardness of the terrain in which they existed and length of the pipes. The
study blamed all these developments on the failure to protect the pipes
and the passive approach in determining and reducing the leaks. This
argument is supported by Gennetti (1999) and Bhardwaj (2004) in their
arguments that as much as possible, pipes should be kept underground
and adequately bedded to protect them from damages that can be caused
by heavy objects such as vehicles or by hot and cold temperatures. As
indicated before, these leaks were long reported by the local people but
had still not been repaired even after three months. Thus, this goes to
show that water loss was not given the attention and urgency it deserved
for it to be controlled.
Leaks from yard standpipes were also part of the sources of water losses.
However, they were not explored since they occurred inside private
yards and were also part of the metered customer consumptions.
Nonetheless, this point is worthwhile emphasizing since it concerns loss
of a valuable resource. Dripping standpipes which were left to run for
ages indicated how less caring, accountable and participative some of the
people were in real loss control. The study considered it necessary to also
account for leaks from standpipes in order to promote water
conservation through loss reduction.
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c) Leaking reservoir and valves
The Ramotswa reservoirs leaked through several fixtures and joints. The
water pressure exerted on the walls of the tanks, expansion and old age
played major roles amongst the causes of the cracks and loosening of
joints. A significant number of the leaks occurred through the base of
the reservoir due to the water pressure exerted on it. The reason why it
took long to repair the base leaks was most probably related to the low
elevation of the reservoirs. The only possible way to repair the leaks
would be when the tanks have been emptied and the repairs are done on
inside part of the tank base.
The leaks from the valves at the booster pump station and the Rankepa
reservoir were quite slow and barely noticeable for most of the time.
Since the valves are covered in manholes, their leaks did not make
audible sounds and thus caused little concern for the managers. Even
though these did not seem to be of concern, the leaking water from
them accumulated in the manholes and was always visible whenever they
were opened. Brothers (2003) and Lambert (2003) criticise this kind of
insightful approach towards water resources management. They highlight
that water managers often make mistakes of leaving silent and slow
background leaks like these to run for long periods of time unattended
which in the long run lead to high losses of the valuable water and
consequently adds to the financial losses. Therefore, the valve leakages
were considered to be part of the sources of the water losses.
d) Real Loss Control Measures
As mentioned earlier, strategies for controlling water loss contained only
measures designed for reducing the UFW. In addition, the quantity of
this UFW was only arrived at after calculating it as the difference
between the supply volume and the consumption volume. However,
since leakages were taken as the only causes of water loss by the water
managers, it could be said that these measures were indirectly meant to
control the leakages. These measures were too general, did not have
definitions of the different components of the losses and had no specific
measures for controlling each one of them. The main strategy of the
water loss control was to rely on customers’ reports for identifying
leaking structures. This essentially means that the identification of the
sources of real losses, repair and in some cases the replacement of the
leaking infrastructures was mainly passive in its extent. There were no
plans to proactively determine invisible and background leaks without
having to wait for them to make signs in the vicinity of the
infrastructures. This explains why there were high frequencies and flow
rates of leaks in the area. It also shows the reason why the efforts made
to control the UFW were didn’t bear fruit. The study criticised this
approach because it lacked the salient measures to tackle the actual
causes of the losses.
Farley (2003) argued against the use of the term UFW as a measure of
loss. They asserted that it is unreliable and misleading since it is
unaffected by varying levels of consumption and reveals nothing about
water volumes and costs. The AWWA (2003) also stated that it is
inadequate to use this term to reliably represent multiple types of NRW
with a single simplistic percentage. It emphasized that for a water utility
to effectively control water losses the different components of the losses
should be identified, measured and dealt with separately. Hence, the
study concluded that the strategies used to control real losses were
ineffective because of the lack of clarity and specificity. A real loss
control program with measures of pressure management, active leakage
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control, pipeline and asset management, and speed and quality of repairs
proposed by the IWA-WLTF is therefore recommended for real loss
control in the area by the study.

Apparent water loss
a) Metering registration
Indications were that some of the newly installed meters were tested
upon installations. However, records of these activities were not
available showing that either the data was not documented at all or it was
documented but not filed. There were more than 40% of domestic
customers’ meters which were already more than 20 years old. Therefore,
there was need to sample some of them for performance testing
especially that pressures in the area have not been monitored at all. In
addition, there were no strategies for proactive testing of meters to
identify those which could be under-registering. The analysis of the
consumption data was the only way used in identifying meters which
were under-registering. This approach lacked strength and purpose. The
high level of the losses indicated that there was more than just one cause
of apparent. Moreover, it could be argued that the anomalies in the
consumption data could be due to other causes and not only the meter
under-registration. A point supporting this argument has been raised by
Rizzo and Thornton (2002) in which it is asserted that continued
interruption of water supplies often causes problems of spinning or
jetting of meters which affect their registration of flows in the long run.
As a result, the study is of the view that meter registration was not
considered in managing the causes of the loss in the system.
b) Meter Reading and data handling
As Rizzo and Thornton (2002) highlighted, the process of meter reading
in which a person physically reads and notes the reading on the meters
and then manually enters it into data sheets was one possible source of
metering errors. The analysis showed that about 5% of the households
have experienced that problem of erroneous meter readings of their
consumptions and billing. There was also a possibility of estimation of
the meter readings. 65% of the customers indicated that their bills
fluctuated and that they rarely saw the people responsible for meter
reading. This is another point supporting the suggestion that there was a
certain degree of error in metering and billing data. Hence, the study
considered it worthwhile to assume that there were errors in meter
taking, meter data recording, transfer and analysis.
c) Unmetered authorized consumption and Water theft
Surveys to determine the possibilities of water theft as well as to inspect
the facilities were rare if not existent at all. Even though it was reported
that water theft was not a problem, signs of its pilferage were visible
around the Ramotswa reservoirs. The existence of hosepipes connected
to those unfenced reservoirs provided the premises to suggest that there
was a certain degree of water theft. In addition to that, some of the
interview participants shared the information that some of the customers
often used their own pipes to bypass their meters after they were
disconnected for continually failing to pay bills.
Apart from water theft, water that was drawn through the fire hydrants
was not measured. Moreover, many of them were in unprotected places
and thus provided chances for illegal pumping of water through them.
The AWWA (2003) also highlighted this possibility that people could
tamper with hydrants to get free water for their own personal use if
unprotected. Therefore, unmetered consumptions for fire-fighting and
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supplies during major water shortages were considered to be other
sources of apparent losses.
d) Apparent Loss Control Measures
Apparent losses were not separated from physical losses in designing the
strategies to control the general water losses. Moreover, the method used
to calculate the losses assumed that all the losses were volumetric in
nature. Therefore this explains why apparent loss did not exist in the
water loss control policies. The study’s point of view is that not all losses
are the result of poor infrastructure and leaking pipes but, there are other
possible causes such as errors in metering and data handling. Farley
(2003) recommends the use of programs for meter under-registration,
meter reading errors, meter data transfer errors and data analysis errors
as measures for apparent loss control.

C ONCLUSIONS AND SUGGESTIONS
The conclusions on the different findings as well as the suggestions for
improvement are provided under this section.

Conclusions

 The village has expanded in size due to the high rates of land uses.
Even though there are over 8000 households with up to 95% private
connections, it is still metered as a single consumption zone. More
than 38% of the infrastructures are older than 20 years but they have
never been assessed since commissioning. There was more focus in
increasing supplies but less in managing water demands and
conservation. Uncoordinated strategies in pursuing defaulters in
payments and implementing the revenue collection measures lead to
poor cost recovery.
 The water losses occurred by both physical and non-physical means.
The physical losses occurred as bursts from the Rankepa – Ramotswa
supply pipeline and leaks from several service pipes, the Ramotswa
reservoirs and valves. These were caused by high water pressures,
aging, ground surface forces, expansion etc. The growths and
frequencies of the leaks were influenced by the exposure of the pipes
to the surface, uncontrolled pressure transients, high temperatures
etc. The non-physical losses were contributed by unmetered
consumptions, errors in physical meter taking, data recording,
transfer and/or analysis contributed to apparent losses. These losses
were caused by the aging of the meters, erroneous meter taking and
recording and estimations of some of the consumptions.
 The water balance was calculated from the production volume,
consumption volume and Unaccounted-For-Water (UFW) only. The
UFW, calculated as a percentage of the production volume, was used
as the only term to represent and report the losses in the system. The
different consumptions and losses into which the input volume
separated were not identified, measured or accounted for in the
balance.
 The water loss strategies were only designed for controlling the UFW
and therefore did not have specific measures designed to control or
reduce individual components of the losses. Leaks were not
proactively surveyed but detected after showing some signs in the
vicinity of the infrastructures. There was also a high degree of
reliance on the local people for locating the leaking infrastructures.
The non-physical losses were detected passively from anomalous
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readings identified during the analysis of billing and consumption
data.
 Consumers were inadequately involved in the general water loss and
thereby lacked knowledge in water loss control.

Suggestions
 The production and continuous update of maps of the different
infrastructures are suggested for speedy location of the infrastructure
and the continual assessment of the infrastructures and the
conditions of the areas of their locations.
 A more inclusive water balance taking into account all the water
supplied, different components of consumptions and losses in terms
of volumes in the system different is recommended. The IWA-WLTF
standard water balance is also suggested for use to develop a more
specific water balance for the study area.
 It is recommended that measures for reducing real losses and
apparent losses be instituted and implemented separately. Active
leakage, prompt leakage repairs and pressure management and use of
specialized instruments to localize and locate leaks are suggested for
real loss management. Thorough meter testing, automatic meter
readers and use of computer programs for data transfer are also
suggested for apparent loss control. In addition, continued training of
personnel is suggested for improvements in knowledge and skills in
water loss dynamics.
 The use of local forums and the public media is suggested for use to
educate and sensitize the public on the availability of water supplies
and the extent of losses. Use of incentives such as discounted bills for
reduced consumptions is suggested for motivating customers in water
loss control.
 Lastly, benchmarking in other regions which have made
improvements in water loss control after adopting and implementing
the IWA-WLTF guidelines is highly recommended.
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D. Public questionnaire – (March - May 2011)
Topic: Analysis of causes of water losses since 2007, Ramotswa village, South-East district, Botswana
This questionnaire is meant for the purpose of getting data on water loss management from members of the
public in the Ramotswa village. The data is needed for a research project aimed at finding out about causes of
water loss in the village and the extent to which the public is involved in the water loss management. Answers to
some questions asked are selected from choices given and the respondent is asked to underline or circle the
answer chosen. For some other questions, extra space has been provided for answers and any further
information. The data gathered through this questionnaire will only be used to guide the analysis of water losses.
Therefore, respondents are not required to give their personal identities.
Part 1: Water Service Provision and Customer Water Consumption
1. a) Interviewee No.:……

b) Gender: Male / Female

2. a) Owner of premises: Yes / No

c) Ward/Street:…………………………….……

b) If No does the owner of the premises stay elsewhere? Yes / No

Comments:……………………………………………………………..……………………………………
3. Length of stay in the a) village…...…… b) yard……...… c) Number of people staying in the yard..............
4. Type of service connection (water source): Private / Public stand pipe / Other:……………………………...
a) If private service connection, who pays for the water service (bill)? Owner / yard resident / Other
Comments:…….………………………………………………………..……………………………………
b) If stand pipe, the water use is free of charge / billed for a flat charge / drawn by use of coupons / Other
6. Apart from basic uses, what else is the water used for? Irrigation / Car washing / Other
Comments:…….………………………………………………………..……………………………………
Part 2: Infrastructure and water loss management
1. How old is the water pipe?

Less than 5yrs / 5 – 10 / more than 10yrs / No idea

2. Give/Estimate length of water pipe: Less than 10m / 10-20m / more than 20m / No idea
3. a) How old is the water meter? Less than 5yrs / 5 – 10m / more than 10yrs / No idea
b) Knowledge about how long it can be used before it must be changed? Yes / No………...………………
c) Have you ever got any tips about meter care from water service providers? Yes / No
Comments:…….………………………………………………………..……………………………………
4. a) i. Has there ever been any water leakage from your water service pipe/meter/taps? Yes / No
ii. If Yes, how many times have leakages occurred so far? 1x / 2x / 3x / 4x / 5x / more than 5x
b) How long did it go on before it was reported? Less than 1month/1-3months/more than 3months/other
c) How long did the water service provider take before coming to repair it?..................................................
d) Time taken to repair the leak? Less than 1month/1-3months/more than 3months/other……………….
e) If there has never been leakage in the yard, has there ever been inspection to check for condition of
materials? Yes / No………………………………………………………………………………………..
5. Who should check that the meter registers well or not? Owner / service provider / other………………….
6. What time of the month is the meter reading made? 1 – 5th, 5 – 10th, 11 – 15th, 16 – 20th, 21-30th/ other
Comments:…….………………………………………………………..……………………………………
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7. Do you take your own meter readings? Yes / No
Comments:…….………………………………………………………..……………………………………
8. What time of the month do you take meter readings? 1 – 5th, 5 – 10th, 11 – 15th, 16 – 20th, 21-30th/ other
9. Do you ever cross-check to see if correct meter readings have been taken? Yes / No
10. Have there ever been errors made in meter readings by those who take them (servicemen)? Yes / No
11. If there has been meter reading errors, how many times?.....................................................................................
12. If Yes, action taken?......................................................................................................................... .....................
13. Knowledge about water tariffs for your area? Yes / No How much? ………………………………………….
14. How much is the average monthly bill? ………………………………………………………………………..
15. How do you regard the water tariff? Very small / small / good / high / very high
16. Knowledge about water saving tips? Yes / No. …………………………………………………….…………..
Comments:…….………………………………………………………..………………………………………...
17. Are you aware of the concern about water loss in your village by water authority? Yes / No………………….
18. Which of the contact details of the water utilities do you know of/have? (Put a cross in the box to show).
Toll free number (0800 555 555)

sms number (71324860)

email address (contactcentre@wuc.bw)
19. Whenever there are leakages/bursts from public systems, how do members of the public often react to it?
They often show concern about the water leak and report it immediately.
They often show concern but take long to report it.
They often care less about it and take is as the water utility’s responsibility to take care of pipes.
20. a) Any suggestions in how the public should contribute in water loss reduction
Comments:….………………………………………………………..………………………………………
…………………………………………………………………………..………………………………………
b) Any suggestions in how water service providers should contribute operations in water loss reduction
…………………………………………………………………………..………………………………………
Thank You for your kindness.

E. Totals of responses from different wards
Planned sample sizes of households from different wards
Ward

Se

Le

Th

Ta

Kg

Sh

R1

R2

M

R3

Sd

Ma

R4

Na

Ku

Mo

Di

100
100
100
100
100
100
Number of sampled households in all wards (responses)

100

100

50

50

50

50

50

50

50

50

50

Sampled

89

94

96

94

94

86

89

85

46

40

44

43

45

50

43

45

46

Females

65

63

70

56

59

63

55

61

29

25

26

27

25

27

31

24

31

Males

24

31

26

38

35

23

34

24

17

15

18

16

20

23

12

21

15

Subtotal

89

94

96

94

94

86

89

85

46

40

44

43

45

50

43

45

46

Sample

Totals

17 wards and 1129 households
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F. Statistical records and analysis
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G. An extract of the DWA Water balance sheet
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