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Figure 9.20: Digital leak noise 
detector

Figure 9.21: Concept diagram of 
cross- correlation type leak detector

(e) Other Leakage Detection Methods 

i) Water quality examination method
Testing water quality at various points can determine whether there is contamination 
of water and therefore leakages. Generally, this test is conducted on water that fl ows 
through construction sites, basement of buildings or simply water fl owing out onto the 
road. The quality of tested water must match that of tap water. The parameters to be 
examined are residual chlorine, PH, electric conductivity, water temperature, odour, 
etc. Additional test for trihalomethane may also be conducted.  

8.3.2 Buried Pipe Detection Technologies

In the absence of accurate drawings showing the exact location of buried pipes, it is 
important to be able to identify the exact location of distribution and service pipes to 
conduct leakage surveys. Some examples of methods of detecting buried pipes are 
outlined below: -

a)  Hammering Method
This method has been used for many years. A hammer is used in a uniform rhythm and 
strength on the road surface around the area where pipes are estimated to be buried. 
By using a listening stick or an electronic leak detector, the strength and changes of 
the sound is followed to identify the exact location of buried pipes.

b)  Metallic Pipe Locator
Metallic pipe locator is used to locate metallic pipes. In this method, the pipe locator is 
placed on the ground above the buried pipes and a magnetic fi eld is generated from 
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a loop antenna with transmission coils. The magnetic current is conducted through 
the pipes and a secondary magnetic fi eld is generated around the pipe, which can be 
detected by a separate antenna.

 

Figure 9.22: Metallic Pipe Locator
(c) Metal Locator
This locator is used to locate buried metal lids or other devices installed on pipes 
such as sluice valves, fi re hydrant chests and customer meter boxes, etc. These may 
be buried due to construction pavements. The operation principle is the same as the 
Metallic Pipe Locator, but the metal locator has a capacity to detect metal up to 50cm 
in depth.
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Figure 9.23: Metal Detectors 
 
 

9.4 Recurrence of Leakage 
Recurrence of leakages refers to new leakages that occur near previously repaired 
leakages of the same pipe. When water distribution pipes are worn out, no matter 
how many leakages are repaired, there will be a great tendency for new leakages to 
occur. In order to further lower the leakage ratio, detection of leakages and repair 
work must outpace leakage occurrence. In cases where leakages still occur in the 
same pipe, or if the pipe is well past its lifespan, the water pipe must be replaced 
with newer and stronger pipe. 
Figure 9.22 shows the concept of recurrence of leakage. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9.24: Concept of Leakage Recurrence 

 

9.5 Large-scale Replacement of Deteriorated Pipelines 
WSPs planning large-scale replacement of deteriorated pipes should following 

 Leakage Volume 
(m3/ day) 

Leak prevented

 Leakage recurred Remaining 
leakage Recurrence

Cycle year 

(Year)

Figure 9.23: Metal Detectors
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9.4 Recurrence of Leakage

Recurrence of leakages refers to new leakages that occur near previously repaired 
leakages of the same pipe. When water distribution pipes are worn out, no matter how 
many leakages are repaired, there will be a great tendency for new leakages to occur. 
In order to further lower the leakage ratio, detection of leakages and repair work must 
outpace leakage occurrence. In cases where leakages still occur in the same pipe, 
or if the pipe is well past its lifespan, the water pipe must be replaced with newer and 
stronger pipe.

Figure 9.22 shows the concept of recurrence of leakage.
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Figure 9.24: Concept of Leakage Recurrence

9.5 Large-scale Replacement of Deteriorated Pipelines

WSPs planning large-scale replacement of deteriorated pipes should following 
procedure:

1) The types and sizes of problematic pipelines requiring replacement (e.g., 
asbestos cement, old GI, cast iron and steel pipes having corrosion holes and/
or rust incrustation signifi cantly blocking fl ow; pipes of low-pressure rating (e.g., 
PN 7.5) in high pressure areas, etc) or rehabilitation (e.g., relining) should be 
analysed (preferably with GIS) based on available data (e.g., installation year of 
each pipeline and records of past bursts and leaks).

2) The necessity and priority of large-scale replacement/rehabilitation of transmission, 
distribution and/or service pipes (and rehabilitation of leaking tanks, etc) should 
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then be discussed well among relevant staff including managers based on the 
results from the above analysis before starting the planning process.

3) The large-scale replacement/rehabilitation should be planned (including rough cost 
estimation) from long-term fi nancial and technical prospects (such as expected 
reduction in NRW, increase in revenue, and future water demand increase).

4) The planned replacement/rehabilitation should then be incorporated into the latest 
strategic plan (partly for seeking external funds) and/or into the tariff adjustment 
application of WASREB with required budgetary provision.

5) The design, bill of quantities and detailed cost estimates should then be prepared 
for tendering.

6) The replacement/rehabilitation should then be implemented as funds permit.
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Chapter 10

Pressure Reduction/Management Including Zoning Using Reservoirs

10.1 Pressure Management to Reduce Physical Losses

10.1.1 Relationship between Excessive Pressure and Water Losses

Low water pressure in a distribution system interferes with adequate water supply 
to customers and also prevents leaks from being visible on the ground surface. On 
the other hand, the frequency of pipe bursts and leakage volume are usually high 
when pressure is high. Therefore, the water pressure in the distribution system 
should be kept within a suitable range (e.g., 15 to 40m of water head) as much as 
practical. Reduction of excessive pressure in transmission lines, distribution networks 
and service connections in relatively low-lying areas is quite important to reduce the 
number and volume of pipe bursts and leaks. 

Figure 10.1 shows the effect of pressure reduction on the number of pipe bursts. 
If a WSP has many pipes whose pressure rating is not high enough (e.g., PN10) 
compared to the pressure in those pipes or; has pipes installed without proper fi ttings, 
even a limited reduction of pressure (e.g., by 10%) may reduce pipe bursts drastically 
(e.g., by 25%) like the red trend line in the fi gure. Leakage volume from leak points can 
also be reduced by lowering the water pressure as shown in Figure 10.2. 

Reduction of water pressure (e.g., by 20%) would reduce leakage drastically (e.g., 
by 40%) especially if the pipes are mostly plastic as shown in this fi gure. The value 
of the exponent N in this fi gure depends on the nature of the pipes and shape of the 
leakage opening. For rigid pipes (e.g., thick-walled metal pipes), N is equal to 0.5; but 
if the pipe is fl exible and the leak opening size changes with the change in pressure 
the value of N increases and reaches up to 2.5.
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Pressure  

  

Figure  10.1: Possible Relationship between 
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10.1.2 Solving Low-Pressure Problems to Enable Reduction of Excessive Pressure 

Managing pressure in low pressure spots is also benefi cial for pressure reduction. A 
WSP may be unable to reduce pressure at all in a high-pressure area just because 
there is a single under-sized pipe causing a large pressure loss therefore creating a 
localized low-pressure spot and serious trouble to a few customers. In such a case, 
a WSP may not dare reduce the overall high pressure of a low-laying area if some of 
the customers living there suffer from serious low pressure. Figure 10.3 is an example 
of a large friction pressure loss caused by a small-diameter (e.g., 50mm) distribution 
pipeline. 

Just like a single small pipe causing a large pressure loss, the existence of a single but 
large hidden leak causing a large pressure loss may also become a serious obstacle 
in reducing the excessive pressure over a high-pressure area. As shown in Figure 
10.4, when the fl ow rate in a pipe increases due to demand increase or leakage, the 
friction pressure loss increases. 

Therefore, before trying to reduce excessive pressure in order to reduce bursts and 
leaks in a high-pressure area, small spots of low pressure within the area including 
those on hills and on small diameter pipes should be resolved fi rst so that the pressure 
reduction can be applied to the area without resulting into serious complaints from the 
customers already suffering from low water pressure. 

The above is an example of why pressure reduction is complicated and often becomes 
customer complaints management especially if the system is under intermittent 
(rationing) water supply conditions.

 
  

Figure 10.3: Effect of Small Diameter on 
Pressure Loss calculated with Hazen-

Williams Formula 
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10.2 Pressure Measurement to Identify Problematic Areas

10.2.1 Pressure Measurement and Mapping 

Water pressure within distribution systems vary relative to the terrain (e.g., elevation 
difference from upstream tank), pressure losses in upstream pipes, and water supply 
and demand conditions at a given time (e.g., dry season, night time, etc.). Low-laying 
areas often get high pressure while high elevation areas and ends of long distribution 
lines often get low pressure. If a WSP uses pressure regulating facilities and equipment 
such as pumps and pressure reducing valves (PRVs) the pressure within a distribution 
system also depends on their specifi cations and settings. 

In order to identify all the high-pressure areas where pressure can be reduced without 
causing unacceptably low pressure to some customers, a large number of pressure 
measurements would be required in many areas. 

Figure 10.5 is results of pressure measurement mapped on GIS. The daytime pressure 
should be taken not only at the low-lying locations where high pressure usually occurs 
but also at the ends of distribution pipes, on hills and upstream and downstream 
of pressure regulating facilities such as PRVs. This enables to fully understand the 
existing conditions during high-water-demand hours and the possibility of pressure 
reduction at different locations.
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Figure 10.5: Mapped Daytime Pressure Measurements over a Hilly Terrain Area Figure 10.5: Mapped Daytime Pressure Measurements over a Hilly Terrain Area
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To cover a large area and/or many pressure measurement points, it is more practical 
to use pressure gauges than pressure loggers. If pressure gauges with red maximum 
pressure pointer (Figure 10.6) are available, they can be used to record the hourly 
maximum pressure that normally occurs overnight to understand the necessity and 
expected effects of pressure reduction during night-time. From around mid-night to 
4.00 am when people use little water, the slowed water fl ow in distribution pipes cause 
less friction pressure loss. This results in higher residual pressure in pipes and more 
pipe bursts and leakage per hour. 

After identifying high-pressure areas where pressure reduction may be possible, 
pressure loggers can be used to understand pressure fl uctuations at locations of 
relatively low pressure within high-pressure areas. This is in order to make sure 
the planned pressure reduction will not cause unacceptably low pressure at these 
locations even during peak hours of water demand. As shown in Figure 10.7, pressure 
loggers used to log fl owrate fl uctuations while logging pressure changes. This helps to 
understand the reasons for the measured pressure changes over time.
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Figure 10.6: Pressure Gauge with a Red Pointer to Record Maximum 

Pressure over Night and its Installation on the Standpipe of a Domestic 
Customer Meter 

 

 

 
Figure 10.7: Pressure Logger and its Installation inside a Bulk Meter Chamber for the 

Logging the Fluctuations of Pressure (with the blue spiral tube) and Flow (with the gray 
colour electric cable) 

 
The mapped pressure measurements should be analysed in relation to the terrain, 
existing distribution network (e.g., pipe length and diameter, performance of existing 
pressure regulation facilities, etc.) and hourly water demand changes. This is to 
identify high-pressure areas where pressure reduction is possible and also 
understand the reasons behind the high pressure; and to determine the most 
effective and sustainable interventions to deal with the high pressure.  
When a WSP tries to reduce pressure in a relatively small area, the pressure within 
the area may be measured at many locations with a relatively high density to 
visualize the measured results as pressure contour maps like those in Figure 10.8 
(e.g., before and after the installation of a PRV for pressure reduction). 
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Figure 10.6: Pressure Gauge with a Red Pointer to Record Maximum Pressure over 
Night and its Installation on the Standpipe of a Domestic Customer Meter
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Figure 10.7: Pressure Logger and its Installation inside a Bulk Meter Chamber for the 
Logging the Fluctuations of Pressure (with the blue spiral tube) and Flow (with the 

gray colour electric cable)

The mapped pressure measurements should be analysed in relation to the terrain, 
existing distribution network (e.g., pipe length and diameter, performance of existing 
pressure regulation facilities, etc.) and hourly water demand changes. This is to identify 
high-pressure areas where pressure reduction is possible and also understand the 
reasons behind the high pressure; and to determine the most effective and sustainable 
interventions to deal with the high pressure. 

When a WSP tries to reduce pressure in a relatively small area, the pressure within 
the area may be measured at many locations with a relatively high density to visualize 
the measured results as pressure contour maps like those in Figure 10.8 (e.g., before 
and after the installation of a PRV for pressure reduction).

 
  

Before Control After Control 
PRV 

 

Figure 10.8: Example of Pressure Mapping to Visualize Results of Installing PRV 
for Pressure Reduction at Embu WSP 

 
 

Installation 
of a PRV at 
the Inlet of 
the Area 

 

Figure 10.8: Example of Pressure Mapping to Visualize Results of Installing PRV for 
Pressure Reduction at Embu WSP
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10.2.2 Identifi cation of Problematic Areas Through Pressure Measurement

Note: The procedure below is only for WSPs that have or may have excessively high 
pressure causing more bursts and leaks in the distribution systems.

1)  Ensure that fl ow of water from intakes to distribution pipelines is well understood 
on printed maps and/or GIS map and they are showing boundaries of existing 
distributing zones (DZs) and smaller pressure zones (possibly DMAs); and 
intake, production, transmission and distribution facilities (including pipelines, 
distribution reservoirs/tanks, pump stations; pressure reduction facilities such as 
break-pressure tanks (BPTs) and pressure reducing valves (PRVs)).

2)  Ensure that elevation difference within each DZ and/or pressure zone is well 
understood (e.g., by overlaying elevation contours, zone boundaries and facilities 
on GIS; and tabulating elevation of storage facilities, lowest and highest customers, 
elevation difference between the lowest and highest customers, range of static 
pressure, etc. in each zone).

3)  Ensure that the status (e.g., in use, bypassed), type, capacity and condition 
(e.g., leaking, overfl ow) of existing pressure reducing facilities (e.g., distribution 
reservoirs/tanks, BPTs, PRVs) are identifi ed through visual observation, 
maintenance, etc.

4)  Ensure that priority zones for pressure reduction are selected (based on static 
water pressure range calculated from elevation differences, occurrences of 
bursts and leaks, types and age of existing distribution pipelines and service 
pipes, conditions of existing pressure reducing facilities, MNF measurements (if 
possible). in each zone).

5)  Ensure that adequate pressure measurement points (e.g. at fi ttings around 
customer meters to where pressure gauges can be easily installed) are planned 
for the selected prioritized zone(s) on map (preferably with GIS), especially in the 
areas where high and low residual pressure are expected (e.g. around ground 
distribution reservoirs, ends of branch distribution pipes going up or down hills, 
ends of long small-diameter pipelines including long service pipes, etc.) and 
upstream and downstream of existing PRVs/BPTs, for measuring maximum 
pressure (which usually happens after midnight when water demand become 
lowest) and running pressure (during day time when the gauges are installed 
or removed). (Note: minimum pressure during highest-water-demand hours may 
also be measured to avoid pressure reduction resulting in unacceptably low 
pressure on existing low-pressure lines).

6)  Ensure that a map showing the planned pressure measurement points for prioritized 
zones are shared with surveyors who measure pressure. (If measurement is 
planned using GIS, this can be done using free online GIS (e.g., QGIS Cloud) or 
free mobile GIS on smartphone (e.g., QField, MAPinr and Google Earth)).
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7)  Ensure the maximum and running pressure (at the planned pressure measurement 
points) are measured with pressure gauges having red maximum pressure 
pointer and/or pressure loggers. (Note: free data collection software such as 
Kobo Toolbox/Collect can be used for the pressure measurement).

8)  Ensure pressure data measured in priority zones are mapped (e.g. over zone 
boundaries, distribution facilities and elevation contours) and analysed spatially 
(preferably on GIS) to confi rm the necessity for pressure reduction in the prioritized 
zones and identify especially problematic high-pressure areas and/or pipelines 
which can be improved with relatively small investments (e.g. replacing a limited 
span of pipeline with high pressure rating pipes, installation of PRV and/or BPT) 
as opposed to large investments (e.g. zoning with reservoirs, replacement of 
pumps).

10.3 Pressure Reduction Measures

10.3.1 Selection of Suitable Pressure Reduction Measures

There are different ways of reducing excessive pressure in distribution networks. Table 
10.1 shows a range of measures for pressure reduction seen in Kenya. 

Table 10.1: Measures for Pressure Reduction in Water Supply Systems

Category  
     Large-

scale
Impact &      
Sustainable

       Medium-scale Impact 
       with low Sustainability

Small-scale 
Impact with 
Demerits

Facility / 
Equipment

Ground 
distribution 
reservoir

Common 
Pressure 
Reducing Valve 
(PRV) capable 
of keeping 
outlet pressure 
constant

Break-
Pressure Tank 
(BPT) with 
a local fl oat 
valve ingenuity
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pressure (during day time when the gauges are installed or removed). (Note: 
minimum pressure during highest-water-demand hours may also be measured to 
avoid pressure reduction resulting in unacceptably low pressure on existing low-
pressure lines). 

6) Ensure that a map showing the planned pressure measurement points for 
prioritized zones are shared with surveyors who measure pressure. (If measurement 
is planned using GIS, this can be done using free online GIS (e.g., QGIS Cloud) or 
free mobile GIS on smartphone (e.g., QField, MAPinr and Google Earth)). 

7) Ensure the maximum and running pressure (at the planned pressure 
measurement points) are measured with pressure gauges having red maximum 
pressure pointer and/or pressure loggers. (Note: free data collection software such 
as Kobo Toolbox/Collect can be used for the pressure measurement). 

8) Ensure pressure data measured in priority zones are mapped (e.g. over zone 
boundaries, distribution facilities and elevation contours) and analysed spatially 
(preferably on GIS) to confirm the necessity for pressure reduction in the prioritized 
zones and identify especially problematic high-pressure areas and/or pipelines which 
can be improved with relatively small investments (e.g. replacing a limited span of 
pipeline with high pressure rating pipes, installation of PRV and/or BPT) as opposed 
to large investments (e.g. zoning with reservoirs, replacement of pumps). 

 

10.3 Pressure Reduction Measures 
 

10.3.1 Selection of Suitable Pressure Reduction Measures 

There are different ways of reducing excessive pressure in distribution networks. 
Table 10.1 shows a range of measures for pressure reduction seen in Kenya.  
 

Table 10.1: Measures for Pressure Reduction in Water Supply Systems 

 
Category 

      Large-scale 
     Impact &      
Sustainable 

Medium-scale Impact  
with low Sustainability 

Small-scale 
Impact with 

Demerits 

Facility / 
Equipmen

t 

 
Ground 

distribution 
reservoir 

Common Pressure 
Reducing Valve 

(PRV) capable of 
keeping outlet 

pressure constant  
 
 
 
 
 
 
 
 

 

Break-Pressure Tank 
(BPT) with a local float 

valve ingenuity 

Low-cost PRV 
usually used for 
tertiary Pipes, 
Boiler, etc. (its 
outlet pressure 
cannot be kept 
constant) 

  

 

connected

Huge Float

Butterfly Valve 
Local Innovation 

Rise

Close 

Low-cost PRV 
usually used 
for tertiary 
Pipes, Boiler, 
etc. (its outlet 
pressure 
cannot be kept 
constant)
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Category  
     Large-

scale
Impact &      
Sustainable

       Medium-scale Impact 
       with low Sustainability

Small-scale 
Impact with 
Demerits

Advantage 
(Pro) and 
Disadvantage 
(Con)

Pro: (1) can 
cover a large 
area (2) easy 
to maintain
Con: needs a 
large capital 
investment

Pro: its 
downstream 
pressure can be 
adjusted.
Con: (1) can 
be expensive 
or low quality 
depending on 
manufacturer.
(2) high-
maintenance.

Pro: relatively 
inexpensive 
and low-
maintenance
Con: (1) its 
downstream 
pressure 
cannot be 
adjusted.
(2) cannot 
supply water 
to surrounding 
households 
at same 
elevation.
(3) may cause 
overfl ow.

Pro: low cost
Con: (1) 
cannot reduce 
pressure very 
much at night 
(e.g., only 
10m/1bar).
(2) cannot 
be modelled 
in hydraulic 
analysis.

If a WSP has a heavily interconnected distribution network with large elevation 
differences, the network should be clearly separated into zones with ground reservoir(s), 
elevated tank(s) or distribution pump(s) dedicated for each zone. As shown in Table 
10.1, using ground reservoirs would be the most effective and sustainable way to 
reduce excessive pressure over large areas although it requires a large capital 
investment. 

If a WSP has some high-pressure areas within separated zones, pressure reducing 
valves (PRVs) and/or break-pressure tanks (BPTs) can be used to reduce the high-
pressure areas inside the zones. 

If there are groups of customers who continuously draw water from high pressure 
branch distribution pipelines, low-cost PRVs incapable of keeping the downstream 
pressure at a constant level (see Table 10.1) may be installed on those distribution 
pipes or on their common service pipes for small-scale pressure reduction. However, 
the low-cost PRVs installed on branch distribution pipes may cause disruptively large 
pressure loss during high water demand hours and would probably reduce only 1 to 2 
bar (10 to 20m) during late-night hours when pressure in distribution pipes is usually 
at its peak due to the limited water use at night.
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10.3.2 Construction of Reservoirs/Elevated Tanks 

Well planned water distribution from ground reservoirs is the best solution for large-
scale pressure reduction. Pumping should only be used to distribute water to areas 
where gravity fl ow cannot reach, to transmit water into ground distribution reservoirs 
from which water is distributed by gravity or pumped; and to lift water to elevated 
tanks for gravity distribution. The main advantages of gravity fl ow distribution systems 
are that the pressure in distribution pipes remain relatively stable, water distribution 
is continuous even during power failures and; complicated operation of multiple 
distribution pumps (to follow hourly water demand changes) can be avoided. 

Figure 10.9 and Table 10.2 is an example of how to zone distribution systems in a way 
that each DZ will supply to a limited elevation difference for pressure reduction using 
a ground reservoir for gravity distribution. When planning a gravity fl ow distribution 
from a ground reservoir or elevated tank, the boundary of DZ should be carefully 
considered with reference to elevation contours in order to keep water pressure within 
acceptable range. Selection of adequate pressure rating (e.g., PN16) for distribution 
and service pipes is also important to withstand the expected pressure and reduce 
pipe bursts and leaks, especially in areas where it’s diffi cult to avoid high pressure. 
This is the example in Jordan as shown below.
 

  Source: WAJ & 
JICA (2011) 

Guidelines on 
Distribution 

Network 
Management 

for NRW 
Reduction 

 

Figure 10.9: Zoning of Distribution Systems conducted in Zarqa Governorate, Jordan 
Figure 10.9: Zoning of Distribution Systems conducted in Zarqa Governorate, Jordan

Table 10.2: Elevation Variation of Each Created DZ in Zarqa Governorate, Jordan

S.N. Zone Reservoir Elevation　variation 
in service area (m)

Static 
pressure Min 
~ Max (m)

Elevation (LWL–
HWL) (m)

Capacity 
(m3)

1 Ruseifa High 807 – 812 1800 710 ~ 775 32 ~ 102
2 Ruseifa Low 750 – 756 6300 650 ~ 715 35 ~ 106
3 Awajan High 694 - 700 6300+ 4500 600 ~ 660 34 ~ 100
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S.N. Zone Reservoir Elevation　variation 
in service area (m)

Static 
pressure Min 
~ Max (m)

Elevation (LWL–
HWL) (m)

Capacity 
(m3)

4 Awajan Low 638 - 643 1800 550 ~ 600 38 ~ 97
5 Zarqa High 710 - 714 2500 615 ~ 708 2 ~ 99
6 Zarqa Low 645 - 654 14000+ 4000 530 ~ 625 20 ~ 124
7 Hashemeyeh 625 - 629 1500 530 ~ 610 15 ~ 99
8 Sukhna 585 - 589 1000 480 ~ 560 25 ~ 109
9 Hettein 786 - 790 3000 + 500 770 ~ 650 16 ~ 140

Source: WAJ & JICA (2011) Guidelines on Distribution Network Management for NRW Reduction

10.3.3 Pressure Reducing Valves and Break-Pressure Tanks
Pressure Reducing Valves (PRVs) and Break-Pressure Tanks (BPTs) can be used to 
reduce excessive pressure in relatively small areas compared to ground reservoirs. 
Figure 10.10 is an example of the effect of installing PRVs at the inlets of low-lying 
areas where the water pressure is highest in a DZ. Areas having PRVs or BPTs can be 
considered as DMAs if they have operating bulk meters at their inlets.

Figure 10.10: Establishing Pressure-controlled DMAs for Pressure Reduction within 
a Distribution Zone with a Large Elevation Difference

Low cost PRVs are more suitable than BPTs in built-up areas for the following reasons. 

1) The outlet pressure of a PRV can be adjusted after installation and as the area 
develops over time and increase in the number of high-rise buildings.

2) The pressure at the outlet is not zero unlike for BPTs. Therefore, a PRV can 
be used to supply water to its nearby customers who are at a ground elevation 
similar to that of the PRV.

3) The site selection is easier for a PRV because the chamber of a PRV can be 
constructed on the roadside where the pipe is usually laid; unlike for BPT which 
requires larger spaces.
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Use of PRVs is therefore recommended in urban areas. Unlike low-cost PRVs shown in 
Table 10.1, common PRVs for water distribution can keep the outlet pressure constant 
regardless of fl ow rate and upstream water pressure. 

Advanced models of PRVs can automatically lower the downstream water pressure 
setting during late-night hours when water pressure is usually high due to low water 
demand. However, the maintenance cost of low-cost PRVs high especially where 
supplied water is silty and/or intermittent. 

The PRV diameter need to always match the pipe diameter. Smaller diameter PRVs 
than the pipe should be provided with calming sections (10D and 5D lengths of the 
same diameter upstream and downstream respectively) to avoid cavitation which may 
occur causing damage to the PRV, hence the need for care in size selection. 

Especially, when the range of pressure reduction is large, cavitation causes serious 
vibrations and noise, thereby wearing-off the valve seat. 

Installation of isolation valves, strainer, air valve and bypass pipe inside the PRV 
chamber should also be considered to make the troublesome maintenance work of 
PRVs easier and sustainable. 

On the other hand, BPTs that are simple structures with relatively fewer possibilities of 
breakdown can be recommended mainly for rural areas. 

As shown in Table 10.1, local innovation using butterfl y valve can be used to make 
more effective and sustainable fl oat valves. 

BPTs are sometimes vandalized to create overfl ow for irrigation purposes. The BPT 
should therefore have a tamper-proof locking mechanism to enable easy detection of 
overfl ow (e.g., by discharging overfl ow water onto the road surface instead of into a 
grass covered side ditch) to reduce water wastage.

10.3.4 Proper Use of Pumps for Direct Water Distribution and Water Hammer 
Prevention

Direct water distribution to customers by pumping instead of by gravity fl ow from storage 
tanks is currently not common in Kenya. However, with continuous improvement of 
distribution systems, such options will no doubt become available.

In a direct pumped distribution system, the fl ow rate of the distributed water varies 
greatly with time due to hourly water demand fl uctuations. The maximum hourly fl ow 
rate of a distribution system can be ten times higher than the minimum hourly fl ow rate. 
This difference in fl ow rate may cause a larger pressure difference in pump-distributed 
areas than in gravity-distributed areas basically due to the pump characteristics 
(i.e., Pump-Head Curve). When the water demand reduces at late night, the friction 
pressure loss in pipes reduces and residual pressure rises. In addition to this, the 
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discharge pressure of a distribution pump may also rise when its discharge fl ow rate 
reduces at night (as illustrated in Figure 10.11). 

In order to prevent build-up of excessive pressure at late-night, it is necessary to 
carefully adjust the pump discharge pressure at a distribution pump station. One 
method of controlling the discharge pressure of pump is to adjust the number and 
combination of large and small capacity pumps that are operating at a given time in 
accordance with the hourly water demand fl uctuations. 

 
  

Figure 10.11: Typical Pump Characteristics showing Increase in Discharge Pressure 
due to Decreased Flow Rate 

 

Rise of Discharge Pressure at 
Night 

Decrease of Pump Discharge at Night 

at Night 

Figure 10.11: Typical Pump Characteristics showing Increase in Discharge Pressure 
due to Decreased Flow Rate

As illustrated in Figure 10.12, in a hilly area where water can only reach by pumping, 
limiting the extent of pump-distributed areas as much as practically possible is quite 
important to reduce the bursts and leaks caused by pressurized water as well as to 
reduce the number and size of the required pumps and power consumption.

 
  

Improvemen
t 

Figure 10.12: Suitable Use of Distribution Pumps & Booster Pumps for Limited Areas Only 

  

  

 

 

 

 
 

 
 

 

 

 

 
 

 

 

On Top of Hills 

Limited Pump Distribution Areas 

Highly Pressurized 
Water Goes 

Everywhere causing 
Many Bursts & Leaks 

Figure 10.12: Suitable Use of Distribution Pumps & Booster Pumps for Limited Areas Only
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Water hammer is a surge of pressure caused by a sudden stop of water fl ow in pipes. 
The sudden changes in water velocity due to pump-stop, for example, generates 
pressure waves which are rapidly transmitted through the pipeline system to the 
other end(s) where they bounce back. These pressure waves drastically increase and 
decrease pressure in the pipe network and damage facilities including causing pipe 
bursts. Water hammer increases when the pipeline is long and straight and has high 
fl ow velocity and fewer branches. 

Figure 10.13 shows a typical distribution pumping station layout and installation points 
for common protection devices against water hammer. These devices (in order of 
increasing price and O&M cost) are check valve, fl ywheel on pump, air inlet valve, and 
air chamber (or one-way surge tank, surge tower, etc.).

 
 

Figure 10.13: Common Water Hammer Protection Devices at a Distribution Pump Station 
Figure 10.13: Common Water Hammer Protection Devices at a Distribution Pump 

Station

10.3.5 Diff erent Levels of Hydraulic Analysis for Pressure Reduction 

Hydraulic calculation is important to manage pressure throughout the water supply 
systems. Lengthy distribution pipes or service pipes of adequate diameter for the 
respective water demand often results in low pressure in certain areas. These low-
pressure spots make pressure reduction over larger areas quite diffi cult. This is because 
serious water shortages would likely occur at the low-pressure spots if pressure is 
reduced without fi rst resolving the low-pressure spots. The water shortage would 
also cause many customer complaints and eventual abandonment of the pressure 
reduction initiative. WSP staff should therefore routinely conduct hydraulic calculations 
to ensure suitability of new pipe sizes before installation to prevent any troublesome 
low-pressure spots. 

Figure 10.14 shows the different hydraulic calculations for water pipes. 



Non-Revenue Water Management in Kenya

174   Guideline Volume 1

16
9 

                               

Le
ve

l 2
: 

S
p

re
ad

 S
h

ee
t 

o
n

 P
C

  
(o

r 
S

m
ar

tp
h

o
n

e)
- 

fo
r 

on
e 

or
 

m
ul

tip
le

 p
ip

el
in

es
 w

ith
ou

t 
lo

op
s)

 

Le
ve

l 
4

: 
EP

A
N

ET
2

, 
et

c.
  

(S
ca

le
d 

M
od

el
) 

Le
ve

l 1
: 

W
at

er
 

P
ro

je
ct

 C
al

cu
la

to
r 

on
 S

m
ar

tp
h

on
e 

 
(f

or
 o

ne
 p

ip
el

in
e)

 

Fi
gu

re
 1

0.
14

: S
el

ec
tio

n 
of

 th
e 

Pr
op

er
 L

ev
el

 o
f H

yd
ra

ul
ic

 A
na

ly
si

s 
an

d 
Ap

pr
op

ria
te

 F
re

e 
So

ftw
ar

e 

Le
ve

l 
3

: 
EP

A
N

ET
2

, 
et

c.
 

(S
ch

em
at

ic
 M

od
el

) 

65
 

25
 

15
 

0 Pr
es

su
re

 

 
C

al
cu

la
te

d 
Pr

es
su

re
 L

os
s 

(m
) 

 

Fi
gu

re
 1

0.
14

: S
el

ec
tio

n 
of

 th
e 

P
ro

pe
r L

ev
el

 o
f H

yd
ra

ul
ic

 A
na

ly
si

s 
an

d 
A

pp
ro

pr
ia

te
 F

re
e 

S
of

tw
ar

e



Non-Revenue Water Management in Kenya

Guideline Volume 1     175   

● If the target of hydraulic calculation is a single pipeline, a free software program 
called Water Project Calculator can be used (see Level 1 of Figure 10.14) to 
check the expected friction pressure loss in the pipe. 

● If the target is multiple pipelines (different in sizes and/or material) connected in 
series, a spread sheet program like MS Excel on a PC may be used to calculate 
the total pressure loss in the pipelines (see Level 2). 

● If the target is a distribution network having loops of pipelines, a free hydraulic 
analysis software program called EPANET 2 can be used. A transmission system 
or a rural distribution system can easily be modelled as a schematic model using 
EPANET 2 (see Level 3), 

● However, a distribution network in populated areas probably requires a scaled 
model, which can be created on a scaled background map (e.g., satellite imagery 
with elevation contour lines) imported onto EPANET 2 (see Level 4). 

Figure 10.15 explains how to calculate the friction pressure loss of a single pipeline 
using Hazen-Williams Formula on MS Excel.

 
  

Figure 10.15: Calculation of Friction Head Loss in a Pipeline using 
Hazen-Williams Formula in MS Excel 

 

Figure 10.15: Calculation of Friction Head Loss in a Pipeline using Hazen-Williams 
Formula in MS Excel
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10.3.6 Pressure Reduction/Management with Relatively Small Investments (e.g., 
PRV, BPT, etc.)

(Note: The procedure below is only for WSPs considering implementation of pressure 
management with relatively small investments)

1) Ensure that pressure reduction/management measures with relatively small 
investments listed in Table 10.3 below, such as sub-zoning with PRV and/
or BPT, removal of bottleneck pipes, etc. (excluding large investments such 
as construction of distribution reservoirs and/or pump stations for large-scale 
zoning of distributing networks) are considered, planned and implemented for 
the identifi ed problematic areas and pipelines having high pressure and/or many 
bursts (within zones prioritized for pressure measurement and reduction).

Table 10.3: Pressure reduction/management measures with relatively small 
investments

a) Replacement of pipelines experiencing high pressure with high-pressure rating 
(e.g., PN16) pipes effective for leak reduction (e.g., long rolled HDPE pipes)
Better 
Pressure 
Control

b-1) Pressure reduction by installing PRVs (which are adjustable 
and capable of distributing water to the customers around them due 
to the residual downstream pressure but of high maintenance) and/
or constructing BPTs (which are neither adjustable nor capable of 
distributing water to the surrounding customers due to zero residual 
downstream pressure but of relatively easy maintenance)
b-2) Installation of a booster pump for a limited high area instead of 
using a high-head distribution pump for a large area encompassing 
the high area
b-3) Prevention of water hammer in long pumped pipelines (e.g., 
installation of non-return and butterfl y valves on the discharge pipe of 
pump, fl ywheel to the pump shaft, air inlet valve, air chamber, on-way 
surge tank on the pipeline, etc.)

c) Inclusion of high-pressure pipelines into a neighbouring zone having relatively 
low pressure by shifting the zone boundary with minor network modifi cations

2)  To reduce pressure without causing serious complaints of excessively low 
pressure in certain areas, ensure the following supporting measures are well 
considered (and implemented if necessary):

(i)  Removal of bottleneck or long pipes causing high pressure losses (especially 
pipelines going up hills) by replacing with larger pipes or augmenting capacity 
with additional pipes.
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(ii)  Removal of air trapped at high locations of pipelines (i.e., air lock) using 
additional air valves, etc.

(iii)  Detection and repair of hidden large leaks causing localized large pressure 
drops.

3)  Ensure that facilities improvement for pressure reduction are planned based on 
the following hydraulic considerations (in addition to pressure measurements and 
analysis of terrain around target pipelines using elevation contours):

(i)  hydraulic calculation for pipeline with free software on smartphone (e.g., 
Water Project Calculator).

(ii)  hydraulic analysis for multiple pipelines without loops using spread sheet 
(e.g., MS Excel).

(iii)  schematic or scaled hydraulic modelling of pipe network with free software 
(e.g., EPANET 2).

4)  Ensure that pressure measurements, identifi cation of problematic areas, planning 
and implementation of pressure reduction measures are also carried out in other 
zones (that were not initially prioritized).

10.3.7 Pressure Reduction/Management with Relatively Large Investments 

(e.g., Zoning with Reservoirs, Pump Replacement, etc.)

Note: This procedure is only for WSPs considering implementation of pressure 
management using relatively large investments

1) Ensure that the necessity of taking the following pressure reduction/management 
measures that require relatively large investments (that probably cannot be 
budgeted from the operational revenue of the WSP) are considered.

(i) Large-scale zoning of distribution pipes with additional reservoirs, elevated 
tanks and pump stations to limit elevation difference of each DZ.

(ii) Separation of distribution pipes from transmission pipelines to control 
pressure in distribution pipes or keep suffi cient pressure in transmission 
pipelines even when a large amount of water is extracted directly from the 
transmission lines for distribution.

(iii)  Replacement of existing pumps having excessive pressure head with pumps 
with suitable head.

2) Ensure that application of pressure reduction/management measures (using 
relatively large investments) deemed necessary through the above consideration 
are planned (including future water demand projection and rough cost estimates). 
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(Note: these relatively large investments should not be planned only for pressure 
reduction but also for improving zonal NRW monitoring, equalizing water distribution 
and resilience against risks such as power cuts, service areas expansion, etc).

3) Ensure that the planned improvements with relatively large investments are 
incorporated into the latest WSP’s strategic plan (partly for seeking external funds) 
and/or into the tariff adjustment application of WASREB with required budgetary 
provision.

4) Ensure that the design, bill of quantities, detailed engineer’s cost estimates and 
tender documents for the planned improvements are prepared for bidding.

5) Ensure that the planned improvements are implemented soonest or as funds 
permit.
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Chapter 11

Cost-Benefi t Analysis

11.1 Outline of Cost-Benefi t Analysis

Cost-Benefi t Analysis is the comparison of the change (increment or decrement) of the 
benefi t from the current status.

It is probably fair to say that most utilities would benefi t from an NRW management 
programme. However, the big question is usually the extent of the potential benefi ts. 
Therefore, it is important for water utilities to consider conducting Cost-Benefi t Analysis 
when they are trying to determine the scope of the NRW reduction measures that 
should be implemented. Cost-Benefi t Analysis will show the effects of the invested 
cost by comparing the benefi t obtained with the cost invested.

Normally cost and benefi t are correlative. Therefore, when more cost is invested, more 
benefi t can be expected. In the application of NRW reduction measures however, 
when a certain level of low NRW ratio is achieved, the correlative benefi t cannot be 
expected, no matter how much more cost is invested. This is usually observed around 
the NRW ratio of 15% although it depends on the conditions of the water utility.

In Kenya where the average NRW ratio is at 41% or above, the priority should be placed 
on bringing down the NRW ratio to the sector benchmark of 20%. Once a low NRW 
ratio of below 20% is achieved, then a detailed Cost-Benefi t Analysis can be performed 
to assess whether injecting cost to NRW reduction measures is advantageous or not.

11.2 Cost of NRW Reduction Measures

For this purpose, the actual cost spent during the implementation of Pilot Project NRW 
reduction measures should be used. The following items and the costs associated 
with the items should be used as reference when extending the NRW activities to 
adjacent areas.
● Organizational maintenance cost: personnel cost, offi ce maintenance cost
● Purchase of equipment and material and maintenance cost for equipment
● Cost of establishing DMAs/LMBs
● Cost for installing measuring devices
● Cost of servicing and testing/replacing all customer meters
● Cost of leakage / water theft control
● Cost of pipe replacement
Attention must be paid to the extent to which costs for renewal of facilities such as pipes 
and/or water meters are included, especially if regular or periodic facility replacement 
plan is not in place. 
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It is absolutely imperative to have a proper sustainable O&M guideline for any water 
utility to function well. Sustainable O&M measures should be obviously included in the 
ordinary facility replacement plans.

Adequate budget for the implementation of NRW reduction plan should be provided 
in accordance with the strategic objectives and prioritization of activities of the WSP.

Planning for facility replacement according to the ages of the facilities is the more 
suitable planning method, rather than including it as part of NRW reduction measures.

Facility replacement should therefore be considered as the duty of waterworks 
utilities, and not be included as part of NRW reduction activity. Cost-benefi t analysis 
for NRW reduction measures should only include cost of those pipes requiring urgent 
replacement as a result of frequent numerous leaks.

Existence of pipes with frequent numerous leaks may be a refl ection of the status of 
the utility. 

11.3 Benefi ts of NRW Reduction Measures

The calculation of “benefi t” for NRW reduction measures takes into consideration 
the volume of NRW reduction before and after the implementation of the reduction 
measures. Once the fi gures are obtained, either:

a) Profi t from increase in volume of revenue water: - in utilities where water demand 
is much higher than distributed water, the volume of water saved as a result of 
implementation of the NRW reduction measures can be considered as increase 
in volume of revenue water. In other words, the water that is “saved” as a result of 
NRW reduction measures can now be tariffed water and considered as “benefi t”.

b) Raw water/treated water/profi t from reduced cost of water distributed: - in 
utilities where volume of water distributed meets the water demand, the cost of 
producing the volume of water “saved” can be considered to be profi t. Reduction 
in operational cost such as chemical cost and/or electricity costs associated with 
reduced production of water can be considered as “profi t”.

11.4 NRW Management Considering Cost-Benefi t Performance

When estimating the economic value or cost/benefi t of NRW projects, consider the 
following:
i) The additional revenue that will be generated owing to higher volume of water
ii) The reduction in operating costs that may occur
iii) Improvement in service delivery
iv) The cost of implementing the projects
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It is strongly recommended that cost-benefi t analysis should be conducted based 
on the results obtained from the Pilot Project. The results should then be extended 
to other adjacent areas. The purpose of conducting a cost-benefi t analysis to obtain 
maximum effects and benefi ts. Through the cost-benefi t analysis, the profi t-loss break-
even point is determined (Figure 11.1).

 
 

Figure 11.1: Graph of Cost-Benefit Analysis 

 

Figure 11.1: Graph of Cost-Benefi t Analysis

The Graph depicts the cost-benefi t analysis with the assumption that funds invested 
into NRW reduction measures are most effectively used when the funds are injected 
at the profi t-loss break-even point.

In regard to the cost-benefi t calculation, the fi gures may greatly change depending on 
the level of consideration that is placed on the cost and the benefi t.

The most diffi cult point regarding calculation of cost-benefi t is determining the extent 
to which the cost of leakage repairs and pipes replacement can be considered as 
NRW reduction costs. Decisions of this nature may highly depend on the policies and/
or strategies of the water utility, because leakage repairs and pipes replacement are 
considered as part of the fundamental and mandatory operations of water utilities. For 
this reason, therefore, it is normal that only those costs associated with replacement of 
pipes that have numerous/frequent leakage occurrence are considered as part of the 
NRW reduction costs but costs associated with planned pipe replacement should not 
be considered as part of NRW reduction costs.
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“Cost” for the cost-benefi t analysis of the pilot project should refl ect the amount of 
funds spent. In regard to the “benefi t”, the amount of benefi t that was achieved by the 
implementation of NRW reduction measures must be calculated. Cost must then be 
compared to the benefi t and the disparity must be checked. In most cases, the fi nal 
decision on what NRW reduction measures to be implemented will be conducted based 
on the results obtained by cost-benefi t analysis. In addition to the results obtained, 
there will be policy and/or strategy including political factors to be considered.

Such considerations are necessary because implementing the ideal NRW reduction 
measures require tremendous amount of funds and labour. It will be diffi cult for the 
majority of the water utilities in the developing countries to implement the full-scale 
activities. Often, items such as full-scale construction of DMAs are omitted from the 
activities to be implemented.

11.5 Example of Cost-Benefi t Analysis

The following is an example of cost-benefi t calculation of Embu WSP from the results 
of an implemented pilot project.

The real costs of implementing the project and real results (benefi t) achieved are used 
in the example. The results should be used as a basis for preparing NRW reduction 
plans for adjacent areas within the supply area.

The performance data of the Embu WSP Pilot Project was:
● NRW ratio :  48%
● Total length of distribution pipe : Approx. 700 km to 1000 km
● Total number of connections : 5000 to 6000 connections
● Population served:    15,000 to 20,000 people
● The structure of Embu WSP 
 NRW Reduction Measures Team 
 was composed of: Supervising 
 Engineer : 1 person
● Technicians :  4 people
● Skilled staff : 10 people
● Administration staff : 2 people
Table 11.1 to 11.3 provide an example of Cost-Benefi t Analysis from a pilot project in 
Embu WSP.
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Table 11.1: Cost Items (costs from NRW reduction measures)

Cost Item Formula
1 Labour cost Average salary x number of persons
2 Purchasing cost of 

materials and equipment
Unit price of leak detector, MNF measuring car, 
etc. x respective quantity

3 Construction cost of DMA 
and LMBs

Purchasing expenses of fl ow meters, pressure 
gauges and valves + construction expenses

4 Installation cost of trunk 
measuring equipment

Purchasing expenses of fl ow meters and pressure 
gauges

5 Replacement cost of 
malfunctioning customer 
meters

Purchasing expenses of customer meters

6 Offi ce maintenance cost Annual offi ce maintenance expenses
7 Repair cost of leaks and 

illegal connections
Unit repair expenses of leaks and illegal 
connections x respective quantity

8 Pipe replacement cost Unit replacement expenses of mains and service 
pipes x respective quantity

Note: Usually, most costs of No. 2, 3, 4, 5, 7 and 8 are considered as mandatory costs.

Table 11.2: Benefi t Items (benefi t from effects of NRW reduction measures)

Benefi t Item Formula
1 Profi t from increase in 

revenue water
Unit sales price x Annual volume of increased 
water x no. of years accrued

2 Profi t from reduced operating 
cost

Unit production cost x Annual volume of 
reduced leakage x no. of years accrued

3 Profi t from postponement 
of development cost of new 
water resources

Unit cost of developing new water resources x 
Annual volume of reduced leakage

4 Profi t from postponement 
of construction cost of new 
waterworks facilities

Unit facilities construction cost x Annual 
volume of reduced leakage
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Table 11.3: Calculation (Cost-Benefi t Analysis)

Cost (for 3 (three) years)
Cost of staff related with NRW reduction 14,490,000
Cost of pipe replacement (including construction cost) 1,750,000 
Cost of meter replacement 949,000 
Sub-total of Costs 17,189,000
Benefi t
Reduced volume 434,472 
Unit price of water tariff 65 
Sub-total of Benefi ts = KShs (434,472x65) 28,240,680
Profi t over 3 yrs (= 28,240,680 - 17,189,000) 1,105,680



Non-Revenue Water Management in Kenya

Guideline Volume 1     185   

Chapter 12

Example of Workfl ow in a Pilot Project

⇔ WASPA’s NRW Roadmap

12.1 Basic and Pilot Activities

The proposed roadmap includes 4 main components 

1) Raise company-wide awareness and support (aimed at capturing the attention 
of the management on the magnitude of the Water lost both as % and volumes 
and appoint a task team with duties and responsibilities to carry-out the defi ned 
duties).

2) Obtain a clear picture of the NRW problem for the entire company (This activity 
is meant to showcase insights of underlying issues and the proposed response 
strategies).

3) Divide the NRW problem into manageable pieces and conduct pilot NRW 
reduction measures. The step-by-step implementation of activities should be 
tracked, starting with selection and isolation of prioritized area. Implementation of 
activities and daily monitoring on the focus area should be sequenced to ensure 
reduction and sustainability are clarifi ed well.

4) Prioritize response measures in a Performance Improvement Plan. (The pilot 
serves to make a business case for scaling up the demonstrated approach to the 
entire supply area. A Performance Improvement Plan (PIP) that is well aligned to 
the corporate goals should highlight priorities on the basis of their contribution to 
the achievement of corporate objectives and anticipated results) refer to WASPA 
Roadmap to NRW Reduction athttps://rb.gy/rdwmlo

12.2 Preparation (Basic) Activities

12.2.1 Selection of Priority Areas (DZ or DMA)

Selecting a pilot DMA
The general characteristics of a supply system are important aspects to be considered 
for the selection of a pilot DMA. The understanding of the water source, means of 
supply/distribution (gravity/pumping) as well as the system characteristic (continuous/
intermittent) should inform the selection.
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Important criteria for selecting a pilot area include:

• “High NRW’ area (suspected commercial and/or physical losses)

• Manageable number of connections (about 500 connections)

• Relative ease of isolating the DMA with as few district meters as possible (i.e., 
clear out-skirts of distribution network and if possible, with minimum number of 
bulk meters)

• 24/7 water availability (since lack of water/low pressure levels undermine reliability 
of meter readings and the subsequent water balance calculations and night fl ow 
measurements)

12.2.2 Isolation of the Pilot Area

Zoning of the supply area
Since acting in the entire supply area at the same time is impossible, the area should 
be divided into manageable pieces. The most important criteria for zoning are:

● topography and water pressure

● pipeline network layout (i.e., natural DMA catchments and NOT administrative 
boundaries)

● number of customers (500 to 1,500 connections per DMA)

● water availability

Isolate the pilot DMA (while developing the block map) 
At the start of the pilot project, the NRW team requires to:

a) Install meters and valves in tamper-proof chambers on all incoming lines (into 
DMA) and outgoing lines (from DMA) and,

b) Verify which consumers are (and are not) supplied by the incoming lines (by 
closing valves and verifying whether or not they still receive water) and deliberately 
including (or excluding) them in the DMA water balance calculations.

12.2.3 Customer Identifi cation and Visual Meter Inspection

Door-to-door consumer and meter survey 
This survey serves to:

a) confi rm/link consumer data in the fi eld with billing data and update consumer 
details (name, telephone number, email) and meter details (brand, type, size, 
material, date installed, serial number, GPS coordinates7), and 
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b) identify and address potential meter by-passes and illegal connections.

12.2.4 Monthly Bulk Meter Reading & Initial NRW % 

Zero reading of all district and consumer meters followed by a second reading two weeks later 
to establish the NRW baseline value
a) To optimize the accuracy of the water balance calculation, it is recommended that 

all valves on incoming and outgoing lines be closed before reading all district and 
consumer meters (on day 1 and day 16), before resuming the supply

b) Subject to the reduced NRW levels in a given month, two-weekly or monthly 
readings will suffi ce depending on the scope of the NRW reduction measures 
taken or planned – the impact of which can be evaluated on the basis of the next 
two-weekly or monthly water balance calculation.

c) Daily monitoring of DMA consumption levels (e.g., done in Meru & Nyeri) serves 
as an early (leakage) warning tool, while monthly monitoring of consumer specifi c 
consumption levels serves to identify outliers requiring in-fi eld inspection of 
potential meter inaccuracies or illegal consumption.

12.2.5 Customer Identifi cation and Visual Meter Inspection

Door-to-door consumer and meter survey
This survey serves to:

a) confi rm/link consumer data in the fi eld with billing data and update consumer 
details (name, telephone number, email) and meter details (brand, type, size, 
material, date installed, serial number, GPS coordinates7), and

b) identify and address potential meter by-passes and illegal connections.

The result: new billing system entries and/or cleaned-up double or ‘ghost’ entries.

12.2.6 Mapping of Customer Meters & Distribution Facilities

Initiate the mapping and collection of attribute data for all assets

Required for:

a) the system as a whole to demarcate DMAs), and

b) the pilot area i.e., showing incoming/outgoing DMA meters, valves, service 
connections/meters, etc.
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Basic steps in reducing and sustaining NRW levels in the pilot DMA
This involves implementing activities pertaining in all 4 categories of commercial and 
physical losses (Figure 12.1). 

The sequence of the proposed steps naturally speaking focusses on addressing ‘quick 
wins’ fi rst i.e., meter inaccuracies, meter reading data collection and entry reliability, 
unauthorized consumption (commercial losses) and visible leakages (physical losses).

Key activities in the (pilot) DMA(s) include: -

a.  Zero reading of all district and consumer meters followed by a second reading two 
weeks later to establish the NRW baseline value.

b.  Repair all visible leakages and pressure level measurement/management

c.  Door-to-door consumer and meter survey

d.  Testing and calibration of production and district meters

e.  Testing and servicing/replacement of all faulty and under-registering consumer 
meters

f.  Reduce the number of gate-locked cases

g.  Inspect all ‘disconnected’ consumers and ‘dormant’ connections

h.  Minimum Night Flow (MNF) measurements (entire DMA) and step testing (DMA 
branches) to quantify and localize invisible leakages

i.  Improve the speed and quality of repairs

j.  Improve the quality of materials

k.  Daily monitoring of DMA consumption levels monthly monitoring of customer 
specifi c consumption levels.

Implement the ‘full-scale’ NRW reduction/management activities in a pilot DMA
The main purpose of this activity is to demonstrate how the piloted NRW reduction/
management approach can be scaled up to other District Metering Areas.

The four internationally (IWA) recognized categories (and related response strategies) 
for both commercial and physical losses are presented below: -
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Figure 12.1: Components of apparent (commercial) losses

Figure 12.2: Components of real (physical) losses
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12.3 Relatively Low-cost and/or Easy (Basic) Activities 

12.3.1 Repair of Surface Leakage

a) Visible leakages repair and pressure measurement/management
As part of the longer-term objective to develop a comprehensive asset management 
strategy, this activity involves the development (or refi nement of existing) line patrolling 
and/or leak identifi cation and reporting procedures. The assessment and management 
of pressure should be included as part of this activity.

b) Improve the speed and quality of repairs
While most WSPs have established leak reporting procedures, very few actually 
analyse the leakage trends (number in time, number per zone, number per pipe size, 
number per cause), locations (so as to identify recurrent leaks that point to dilapidated 
infrastructure, poor quality material and/or poor-quality repairs) and accurately record 
the time of leak discovery and repair (the basis for evaluating the speed of repairs)

c) Improve the quality of materials
Most WSPs have taken deliberate steps to improve the quality of materials, e.g., by 
using:

• Class D or even Class E PVC for transmission mains - an improvement from the 
lower PVC Classes used by the Municipal Councils in earlier years and,

• PPR (6m pipes e.g., Nakuru WSP) or HDPE (100+ meter rolls e.g., Nyeri WSP) 
materials for service connections.

Nonetheless, (recurrent) leaks are often caused by a combination of the following 
factors:

• Quality of repair: classic examples include poor quality PVC connections glued 
under wet conditions in the absence of upstream control valves and/or the absence 
of appropriate fi ttings between pipes of different materials and sizes,

• Quality of materials: Class C (or lower) PVC pipes that are vulnerable to high 
pressure

• Other factors: exposed lines due to shallow depth of installation/erosion/poor 
backfi lling and, direct & ‘spaghetti’ connections to transmission mains.
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12.3.2 Improvement of Customer Meter Registration and Reading

Meter Reading
Improvement of customer meter registration and reading needs to consider the 
following:

• Optimization of meter reading routes and workload (e.g., meters/day) for 
teams and individuals by, e.g., using Google Earth.

• Use of ‘rotational’ meter reading method or ‘motivational’ (caretaker) meter reading 
method

• Combination of meter reading, consumer contact information validation, scanning 
for (potential) illegal connections etc. in one data collection sheet.

• Sample-based verifi cation of meter reading accuracy by independent staff; e.g., 
the NRW coordinator.

• Retroactive billing of gate-locked consumers based on meter testing variance with 
the reading.

Note: validation of samples of reported consumer meter readings, meter reading 
entries in the billing system, ‘gate-locks’ (12.3.5 (a), disconnected consumers and 
dormant connections (12.3.5 (b) by the NRW Coordinator or other (independent) 
technical staff can serve to keep meter readers on their toes and minimize (potential) 
consumer-staff collusion.

Transfer of Meter Reading data
• Use of data loggers to minimize transfer (wrong accounts) and consumption 

(volume) errors.

• Verifi cation of a sample of meter reading data entries in the billing system by 
independent staff e.g., the NRW coordinator.

12.3.3 100% Metering & Replacement of Obvious Faulty Meters

100% metering of all consumers is essential in determining the actual NRW level and 
calculate the percentage commercial loss.

Testing and servicing/replacement of all faulty and under-registering consumer 
meters. The analysis of the causes of faulty and under/over-registering meters (dirt, 
sub-standard specifi cations, sub-standard quality, age) and locations of leakages are 
important for a comprehensive asset management strategy.

Note 1: meter testing can be combined with the door-to-door consumer/meter survey.
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Note 2: by monitoring the consumption patterns of individual customers (zero and/
or low consumption connections) (e.g., based on DMA averages), specifi c customer 
meters can be identifi ed for inspection.

12.3.4 Meter Accuracy Test and Replacement of Inaccurate Meters

Meter accuracy
• ‘Quality assurance’ through rigorous technical specifi cations (e.g., accuracy of low 

fl ow measurement) in the procurement process and validation of compliance upon 
delivery.

• Use of strainers to minimize damage to mechanical meters as result of poor water 
quality (e.g., little stones damaging impellers).

• Testing of small diameter meters with portable meter testing kits, test-meter in 
series or meter testing benches e.g., every 3 years and/or triggered by client 
specifi c consumption monitoring after installation/servicing/replacement.

• Testing of large diameter (production and district) meters with Ultrasonic ‘clamp-
on’ Flow Meters e.g., every 3 months.

• Sealing of tested meters to prevent future tampering.

• Backdated billing of over/under-registering meters based on the testing variance.

12.3.5 Identifi cation and Prevention of Illegal Uses

a) Reduce the number of gate-locked cases
This activity requires the team to pro-actively engage ‘gate-locked’ consumers through 
phone/SMS/email and (subsequently) disconnect non-compliant consumers. In doing 
so, the number of bills based on estimates and (potential) water theft can be reduced. 
This serves to improve water balance accuracy and revenue collection.

b) Inspect all ‘disconnected’ consumers and ‘dormant’ connections
This activity aims to minimize (potential) water theft by verifying that disconnected 
customers are not consuming water illegally and dormant connections are not receiving 
water (again).

c) Provide rewards for information that lead to discovery of illegal connections.
Many companies reward consumers and/or staff for providing information leading to 
identifi cation of illegal connections e.g., Kshs 10,000 (Nyeri). Examples of disincentives 
to consumers include Kshs 15,000 fi nes for illegal connections/by-passes and back-
dating of bills by 24 months (Nakuru).
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12.4 Relatively High-cost and/or Diffi  cult (Pilot) Activities 

12.4.1 Use of specialized equipment

Some utilities have the Specialized NRW equipment.

WASPA acquired some equipment under PEWAK program. The equipments are 
availed to WSPs on hire. WASPA also provides training on their use for effectiveness.

KEWI, being a member of the JICA program, formulated a training course on use 
of NRW equipment for interested WSPs using the equipment procured under the 
program. WSPs with practical experience in daily use of the equipment should ensure 
that the acquired skills are utilized for RW reduction/management activities.

12.4.2 Detection and Repair of Underground Leakage

(a) Minimum Night Flow (MNF) measurements (entire DMA) and step testing 
(DMA branches) to quantify and localize invisible leakages

MNF measurements serve to quantify the invisible leakages by measuring the fl ow 
into a DMA branch when consumers are asleep (i.e., between 12.00am and 4am) and 
consumption has dropped to a bare minimum, The prevalence of premises storage 
tanks and their fi lling time (if at all at night) should be taken into account.

The lost volume due to invisible leakages can be detected by conducting MNF 
measurements on DMA branches, thus enabling trained staff to locate the leak with 
specialized equipment (listening sticks, ground microphones, leak noise correlators, 
etc.).

Note: the location of distribution lines, valves and other assets must be known (mapped) 
for planning and implementation of MNF and step-test measurements.

12.4.3 Water Pressure Control

Pressure management

● Measuring and monitoring high pressure in suspected areas.

● Use of PRVs/BPTs to lower pressure and minimize water losses (Nyeri, Meru, 
Embu).
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12.4.4 Replacement of Distribution & Service Pipes � Aspects (26) & (27)

a) Improve the speed and quality of repairs

While activity 12.3.1(a) focuses on the repair of earlier unnoticed/unreported visible 
leaks and activity 12.4.2(a) focuses on the identifi cation and repair of invisible leaks 
within the (pilot) DMA. This activity aims to assess, evaluate and improve the speed 
and quality of repairs for the supply area as a whole.

While most WSPs have established leak reporting procedures, very few actually 
analyse the leakage trends (number in time, number per zone, number per size, 
number per cause and locations to identify recurrent leaks that point to dilapidated 
infrastructure, poor quality material and/or poor-quality repairs) and accurately record 
the time of identifi cation and repair (the basis for evaluating the repairs speed).

b) Improve the quality of materials
Most WSPs have taken deliberate steps to improve the quality of materials, for example 
by using:

• Class D or even Class E PVC for transmission mains - an improvement from the 
lower PVC Classes used by the Municipal Councils in earlier years, and PPR 
(6meter pipes e.g., Nakuru) or HDPE materials (100-meter rolls e.g., Nyeri) for 
service connections.

12.4.5 Introduction of Smart Customer Meters

Smart meters or Automatic Meter Reading (AMR) gadgets continuously transmits the 
readings to a receiver such as a computer. The data can then be used for billing, 
customer consumption pattern analysis, etc.

Some WSP’s have adopted the technology, which has its Pros & Cons.

WSPs are advised to try on pilot basis before going full scale which would be a 
substantial investment.

12.5 Evaluation for Expansion of Activities

12.5.1 Confi rmation of Reduced NRW (%) & MNF

By conducting MNF measurements on the incoming line(s) after identifying/repairing 
all visible leakages (assuming there is no authorized unbilled consumption), the 
remaining commercial losses can be estimated by subtracting the MNF volume from 
the total NRW volume.
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12.5.2 Analysis of Eff ective Measures

To monitor and evaluate the extent to which activities have contributed to the 
achievement of the corporate objective of NRW reduction, (among others), regular 
reporting on prioritized Performance Indicators (PI’s) is a must:

a) Current status: progress vis-à-vis the PI baseline value and target.

b) Time frame: Progress vis-à-vis set timelines.

c) Strategy and actions: Evaluation of the effectiveness of the adopted strategy and 
actions to achieve the set PI target(s).

d) Budgets: Budget utilization and refi nement.

e) Other needs: Supplementary requirements pertaining to staff (e.g., NRW team 
capacity, training), equipment (e.g., leak detection) etc.

f) Risks: Foreseen and emerging risks of pursuing individual/parallel NRW reduction 
measures.

g) Partner WSP(s): to contact/visit for benchmarking and learning.

12.5.3 Expansion of Activities to Reduce Overall NRW Ratio

a) Documentation of the action-learning process and results is crucial.

• Increase the understanding of the main causes and contributions of commercial 
and physical losses to the total ‘volume of water and money lost’,

• Refi ne the response strategy based on emerging evidence as to what works and 
what does not, and

• Future up-scaling efforts.

b) Develop a business case for scaling-up the demonstrated approach to other 
supply zones

The business case must be preceded by an up-scaling strategy that spells out the 
sequence of activities to:

• Quantify and localize (the highest) NRW losses through zoning of the entire supply 
area (as was done for the pilot DMA),

• Replicate the piloted approach to: (a) DMAs with the highest NRW losses - NRW 
baseline volumes established through water balance calculations, or (b) DMAs 
identifi ed on the basis of other criteria (if the entire network has NOT yet been 
divided into DMAs)
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• Gradually develop and implement a comprehensive asset management strategy 
that considers all aspects of asset selection (e.g., choice of material), installation 
(e.g., depth of distribution lines, quality of connections), maintenance, renewal and 
replacement.

Informed by the results from the pilot and ‘up-scaling’ DMAs, the business case 
serves to project the additional costs and anticipated revenues of the NRW reduction/
management activities for endorsement by the Management Team and Board of 
Directors.

c) Organizational measures

Organizational measures that positively contribute to the achievement of any overall 
objective, including NRW, are presented below:

• Agreeing on roles and responsibilities

It is important to clearly defi ne the roles and responsibilities of all stakeholders in 
the process. This creates a common understanding of each person’s envisaged 
contribution and underpins the collaborative effort towards achievement of a common 
goal.

• Organizing planning and review meetings

While weekly team meetings help to keep staff focused, emerging issues should be 
discussed on a day-to-day basis as they arise. An open-door policy by top and mid- 
level managers further allows lower cadre staff to voice their (possibly divergent) 
opinions and provide suggestions based on experience on the ground.

• User to be part of Inspection and Acceptance Committee

The integrity of the Inspection and Acceptance Committee (I&AC) must be held high. 
Deterrent measures for corrupt (I&AC) members, including surcharge and loss of job. 
Maintain transparency in all procurements.

• ‘Caretaker approach’

Experience in supporting water utilities to reduce NRW levels world-wide has led 
M/S Vitens Evides International (VEI), a Dutch company, to develop and promote a 
‘caretaker approach’ in which a dedicated area manager, referred to as a ‘caretaker’, 
is given the responsibility to lead a joint (commercial/technical team) effort to reduce 
and sustain NRW achievements within a designated DMA. This arrangement ensures 
that NRW reduction/management activities are embedded in the organizational setup.

Competitions between zonal and/or DMA teams should be encouraged.
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Documentation of the action-learning process and results is crucial to:

a.  Increase the understanding of the main causes and contributions of commercial 
and physical losses to the total ‘volume of water and money lost’,

b.  Refi ne the response strategy based on emerging evidence as to what works and 
what does not, and

c.  Future up-scaling efforts while focusing on quick wins, medium and longer-term 
objectives requiring action now must also be considered. A comprehensive 
asset management and development strategy, for example, requires unknown 
distribution lines and valves to be identifi ed and mapped, attributes (e.g., size, 
material, depth, date of installation) to be registered etc.
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Chapter 13

The Project for Strengthening Capacity in NRW Reduction in Kenya (JICA, 
2016-2021)

A Summary of Experience from Output 4 of the Project
13.1 Introduction

Non-Revenue Water reduction is one of the fi elds in which many water utilities have been 
struggling to improve in low-income countries. It is also the fi eld in which international 
aid agencies are struggling to fi nd effective support because the methods of NRW 
reduction used in high-income countries are often incompatible with or inadequate for 
the conditions in developing countries. 

Unlike water utilities in advanced countries, water utilities in developing countries are 
likely to face:
● scarce budgets for NRW reduction, 
● intermittent water supply conditions, 
● disorderly distribution networks, 
● recurrent and chronic water theft, etc.
These situations often make adoption of the technical skills from advanced countries 
ineffective or unsustainable. Moreover, the number of water utilities which an aid 
agency can directly support in each target country is limited. In addition, the water 
utilities targeted for assistance by the aid agencies on NRW reduction have more 
serious immediate concerns, which is - “performance over the entire service area”; 
and not only small areas like a pilot DMA that is often created during the projects. 

Even though the ultimate goal of these projects is to create a nation-wide impact for 
effective NRW reduction, the available resources for NRW reduction are of course 
inadequate on both sides (i.e., the aid agency’s’ project period and human resource 
are limited; while the water utilities in low-income countries often lack adequate budget 
and other resources). 

The main question is: “How is it possible, with the limited resources, to achieve a 
nation-wide NRW reduction under the diffi cult conditions in developing countries?”

This chapter intends to provide some potential answers to this question based on 
recent experiences of the project in Kenya. The alternative strategy presented here is 
to target the entire distribution service areas of each water utilities from the beginning 
instead of investing heavily in one or a few pilot areas fi rst. 

JICA started implementing the “Project for Strengthening Capacity in Non-Revenue 
Water Management” (the Project) in Kenya from October 2016. The project aimed to 
support Kenya to reduce the national NRW ratio from 42% in 2015 to 30% by 2030. 
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This was through provision of technical assistance to nine large and medium size 
water utilities in Eldoret, Kisumu, Nakuru, Nyahururu, Mavoko, Ruiru-Juja, Embu, Meru 
and Kilifi -Mariakani. Targeting nine water utilities as pilot utilities was quite ambitious 
for JICA’s NRW reduction technical cooperation projects, which usually target one to 
three utilities. 

The alternative strategy adopted in this project on handling the nine utilities may 
provide some possible answers to the question above. 

In addition, this Project had the aim of establishing a NRW reduction support mechanism 
at the national level, thereby which would strengthen the roles and capacity of the 
relevant national agencies. The supporting mechanism included the long-term NRW 
public sensitization in the form of water education, which is related to the alternative 
strategy and is discussed at the end of this introduction.

First, we shall explain the conventional strategy often adopted by international aid 
agencies in NRW reduction in developing countries. We shall then discuss the 
alternative strategy adopted with the nine water utilities. 

Aid agencies often promote NRW reduction activities isolating small areas as pilot 
projects as an initial step to fi gure out which NRW reduction activities are effective, 
while at the same time providing various OJTs for underground leak detection, meter 
accuracy tests, etc, before expanding the effective activities over other areas of a 
utility. However, the activities tried in the pilot area are very often never expand to other 
areas because of several reasons:
● Largely, the activities conducted in the pilot area are often too expensive and/

or too complicated to be expand to other areas without additional budget by the 
utility or support from the aid agencies. 

● Effi cient expansion of activities from the limited pilot area to larger areas usually 
require other or additional skills which are often not taught in pilot activities.

● Diffi culties in detecting underground leakage and, especially, in evaluating leaks 
under intermittent water supply conditions are also major reasons for the failure 
to expand. These diffi culties are never taken into consideration. 

● Diffi culties in isolating DMAs especially when the distribution network is 
complicated and/or not properly documented. 

● Diffi culties in sustaining the accuracy of the bulk meters and in factoring the 
seasonal fl uctuation of NRW ratio (noted mainly under intermittent water supply 
conditions, which makes evaluation of activities in pilot areas very diffi cult).

Since it was realised that the chances of effectively expanding and evaluating the 
various activities often tried out in pilot areas is low, the Project limited the activities 
in the pilot areas to underground leak detection only (only if the water supply was 
continuous) on trial basis and; pressure reduction (only if high pressure was a priority) 
as a way of effi ciently utilizing the available resources.
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To implement the two activities as well as evaluate their effects, hydraulic isolation of 
the target areas is necessary. By taking this approach of implementing limited activities 
in the pilot areas, the Project was able to allocate resources, mainly the consultants’ 
time, to the alternative strategy of targeting the entire service area from the beginning. 

Various methods were developed under this strategy to reduce both commercial and 
physical water losses; and tried out in the nine water utilities. Some of the methods 
failed while others worked very well. As a result, fi ve out of the nine utilities had 
signifi cantly reduced their overall monthly NRW ratio by between 10 and 15% over a 
period of 12 to 24 months before the time of the Project interim report in 2019.

One of the most effective methods of this strategy was the analysis of the monthly meter 
readings and billing data for all the customers over a period of 12 or more months in 
each pilot water utility. The results revealed that a huge portion of their customers were 
billed based on estimated water consumption even though almost all the customers 
had meters installed. The fi ndings were presented to the managers as well as the staff 
of the technical and commercial departments of each utility. As a result, everybody in 
the utilities realized that many meters, even of large water consumers, had stalled or 
stopped for a long time, thus creating a huge and continuing revenue loss.

After extensive discussions on the malpractices in meter readings and billing that were 
exposed through the analysis, the pilot WSPs were strongly urged to use their limited 
resources to prioritize on large customers regardless of their location. 

The other successful method used in the Project was the introduction of innovative 
templates for capacity assessment, annual and medium-term planning, performance 
monitoring and review. 

Several methods were also developed using smartphones, mobile and cloud GIS and 
also data collection and video software to effi ciently expand the various activities over 
the entire distribution service area.

In addition to assisting the nine WSPs, the Project also aimed at establishing a NRW 
reduction support mechanism for water utilities at the national level. The NRW Unit 
of the MWS&I was encouraging water utilities to engage in systematic and long-term 
sensitization activities to the public on NRW.

One of the activities was water education for schools within WSPs’ service areas. 
This is where pupils are invited to learn about water treatment and the cost of water 
production. Embu WSP has been inviting grade 6 or 7 pupils to their water treatment 
plant for some time. The objectives of inviting students are: to enhance their knowledge 
on water production and the role of the water company and to sensitize their parents 
and relatives on the importance of water conservation and NRW reduction through 
the pupils. After the visit, the pupils were encouraged to discuss about what they 
learned during the visits with their family and practise water conservation at home. 
The gradual education of customers through their children can enhance the nation-
wide reduction of NRW in Kenya where water theft, meter theft, visible leaks, etc. are 
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still common though the effect may not show quickly. Many people still believe that 
provision of safe water does not cost money and therefore water should be free. Thus, 
investing in children (living in WSPs’ service areas) by offering water education can be 
a complimentary method to the alternative approach for immediate expansion of the 
various activities to the entire service area. 

Other effective approaches for NRW reduction that were developed under the project 
are discussed in details in the following sections.

13.2 Strategies to Solve Problems 

Problems related to NRW reduction were identifi ed at each Pilot WSP through baseline 
survey and specifi c strategies used to deal with the problems while conducting NRW 
reduction activities. The following strategies, which are only part of a large number of 
NRW reduction activities, were confi rmed as effective through the project activities 
conducted so far.

13.2.1 Expansion of Activities targeting the Entire Service Area

In order to realize a quick large-scale reduction of NRW, NRW reduction activities 
that are relatively easy to expand (e.g., identifi cation of unbilled customers, ensuring 
and sustaining meter accuracy for large customers, patrolling for visible leaks, 
standardization of service connections, etc.) were prioritized for expansion over the 
entire service area. As a result, 5 Pilot WSPs (Kisumu, Nakuru, Nyahururu, Ruiru-Juja, 
and Eldoret) managed to reduce their NRW signifi cantly. Meanwhile, the effectiveness 
of leak detection and pressure reduction in the distribution network, which are more 
effectively if implemented in hydraulically isolated areas, were confi rmed at DZs (or 
DMAs) selected as pilot areas before expanding to other areas.

13.2.2 Support for Voluntary Restructuring and Strengthening of the Organization

Each Pilot WSP was encouraged to strengthen their organization (e.g., by engaging 
the commercial department in NRW reduction activities and/or increasing the NRW 
Unit staffi ng) through the activities (e.g., frequency analysis [by customer category] 
of estimated billed consumption [due to faculty meters, etc] and planning of activities 
based on capacity self-assessment) by involving the entire WSP or its multiple 
departments. As a result, organizational strengthening was implemented by 4 WSPs 
(Embu, Kisumu, Nakuru and Eldoret) while similar efforts were going on at another 2 
WSPs (Ruiru-Juja and Kilifi -Mariakani).
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13.2.3 Ensuring Credibility of Universal NRW Ratio

Abnormal fl uctuations of NRW ratio caused by faculty bulk meters can be checked by 
analysing the changes in monthly NRW ratio and other main performance indicators 
over the previous few years. Problems with production bulk meters or those used 
to calculate the total supply volume should be resolved as early as possible. The 
accuracy of the most important bulk meters in Embu WSP was improved while similar 
improvement was going on in Meru and Kilifi -Mariakani WSPs. 

On the other hand, one strategy failed to work as initially expected.

Initially, an interactive electronic form was created to guide the Pilot WSPs through 
some activities related to problems around customer meters (e.g., faulty meters, 
water theft, leaks on service connections). However, although the form was being 
continuously improved to accommodate as fl exibly as possible the differences in 
WSPs’ organizational setup, work fl ows and prioritizations, it reached a point where 
these improvements could not accommodate all the requirements. Therefore, instead 
of using the same form for all WSPs, each Pilot WSP started developing its own 
electronic form for each activity to suit its needs. 

Moreover, NRW reduction activities such as those that take place around customer 
meters were, at the beginning, grouped based on their location to enable handling of 
multiple activities together. However, these activities were later regrouped based on 
their technical fi elds. Other problems and strategies are explained in the subsequent 
sub-sub-sections based on the categories used to regroup NRW reduction activities.

13.2.4 Capacity Assessment for NRW Reduction Plan Preparation

Pilot WSPs had managed to prepare their medium-term and annual NRW reduction 
plans for the previous 3 years. However, the assessment of the current conditions, 
which is necessary before planning, was initially not adequate. Therefore, for the 
third year, a list of about 250 points, which can display the assessment results 
automatically on a graph, was developed as a template for capacity self-assessment 
(with a checkbox function and MS Excel formulas). The template was developing with 
checkboxes because it seemed that not many WSPs in Kenya can adequately assess 
their capacity on the basis of the existing guidelines and report its fi ndings without 
assistance.

13.2.5 GIS Development and Zoning

The development of GIS database for three Pilot WSPs was started from scratch while 
the project supported improvement of the existing GIS database for the remaining six 
Pilot WSPs. Two out of the three WSPs continued using their newly developed GIS 
databases on a continuous basis for NRW reduction activities. 
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Planning for Zoning of distribution systems (the entire service area) into separate DZs 
(and DMAs when required) was carried out for seven of the Pilot WSPs. At each 
of these WSPs, it was planned that separation of the distribution zones would be 
implemented gradually. 

Meanwhile, the Pilot WSPs were facing diffi culties in expanding their leak detection 
activities over the entire service area, which is often a mixture of areas of continuous 
and intermittent supply. Since the methods suitable for leak detection depend on the 
water supply condition, the current or near-future water supply condition of each DZ 
and DMA were mapped on GIS at three Pilot WSPs. Thereafter, the areas where 
different leak detection methods are applicable were discussed with the help of the 
GIS map to gradually expand leak detection activities. 

The sustainability and expandability of the leak detection methods taught by the JICA 
Experts during OJTs were expected to improve through this type of support. 

13.2.6 Monitoring of NRW Reduction Progress

Monthly meetings between the various departments on NRW reduction have become 
more common in Pilot WSPs following the start of this project. However, the effects of 
their NRW reduction activities can be quite diffi cult to distinguish especially when the 
data used in the meetings is limited and shows changes in NRW ratio over just a few 
months. This is because NRW ratio often fl uctuates a lot on seasonal basis. Therefore, 
in order to distinguish between the effects of NRW reduction activities from seasonal 
fl uctuations, it is recommended that WSPs should analyse the following 3 types of 
monthly data over at least the last 3 years:
● Supplied volume, 
● Billed consumption, 
● Revenue from billed water (Kshs) 
4 indicators should be calculated from this monthly data and displayed on a single 
graph with the graph being updated every month. These are:
● NRW ratio, Volume of NRW = Supplied Water - Billed Consumption
● NRW ratio (%) = volume of NRW x 100 / Supplied Water volume
● Average Tariff of water billed = Billing for Water / Total Billed Consumption
● Potential Revenue Loss due to NRW = Average tariff x [Supplied Water - Billed 

Consumption])

13.2.7 Measures against Commercial Water Losses

The monthly meter readings and billing data of all the customers for at least 1 year 
were analysed at each Pilot WSP to determine the frequency of using estimated 
consumption for billing. The results were that Ruiru-Juja WSP had the highest 
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frequency of using estimated consumption for billing. After the WSP increased the 
number of meter readers and replaced many faulty customer meters, a large increase 
in t revenue from billed water was realised.

To a large extent, Kisumu and Nakuru WSP also successfully reduced their NRW ratio 
by strengthening their strategy against large customers. Eldoret WSP, which had many 
large customers, also targeted large customers in an effort to improve customer meters 
accuracy and deter illegal connections with substantial support from the managers. 

Meanwhile, requests for support in evaluating the recent improvement in meter 
readings and billing through repeat analysis were made by some WSPs. However, 
analysis on data spanning 12 months or more is quite tedious and time consuming for 
WSPs. Therefore, a simplifi ed analysis method that uses only two-month data (one 
data before and another after the improvement) developed and applied for 3 WSPs.

13.2.8 Measures against Physical Water Losses

Minimum night fl ow (MNF) measurements and step tests were applied in one or more 
pilot areas selected at each Pilot WSP to determine the level of the existing leakage 
and the areas having large amounts of leakage. Leak detection was conducted in 
these areas based on the results of the two measures. However, it is diffi cult to conduct 
accurate MNF measurements and understand the level of leakage under intermittent 
supply conditions. 

Meanwhile, leakage once reduced in the pilot areas often increases again over time. 
Therefore, data on hourly fl uctuation of water fl ow under intermittent supply and the 
trend of recurring leaks after leak detection were collected and analysed at a few Pilot 
WSPs to assess how to improve leak detection activities.

13.3 Results of Implementing the Strategies

[Planning and Implementing Realistic NRW Reduction Activities for Each WSP]

13.3.1 Preparation of NRW Reduction Plans and Self-Capacity Assessment

Assessment of a WSP’s current capacity is necessary for preparation of a NRW 
reduction plan. In order to improve the assessment, a list of about 250 points on a 
template was developed. The template was simplifi ed by providing checkboxes to 
be used for the capacity self-assessment. The template groups all the activities and 
attributes of NRW reduction into 4 large categories, 14 sub-categories and 33 sub-
sub-categories. By clicking the checkboxes, the achievement level in NRW reduction 
at a WSP can be calculated and displayed on a graph.
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Moreover, each WSP can set its NRW target levels for the next 1 to 5 years and 
the improvement priorities on each sub-sub category of the assessment. The target 
levels and the achievement levels are displayed on the same graph to ease the next 
planning process. Trials on using the template are now complete. Use of the template 
to formulate NRW reduction plans and to share the plans within each WSP has become 
more effi cient.

This template enabled all the Pilot WSPs to update their medium-term plans and to 
prepare the annual plans for NRW reduction for the year 2019 based on the results of 
a comprehensive capacity self-assessment. 

Figure 13.1 shows the results of Nyahururu WSP’s self-assessment of its current 
situation.

Figure 13.1: Results, Targets & Improvement Priority of the Self-Capacity 
Assessment at Nyahururu WSP

13.3.2 GIS Development and Zoning of Distribution Systems

The mix of continuous and intermittent water supply areas at each Pilot WSP makes 
it diffi cult for them to visualize how to expand leak detection activities over the entire 
service area. It is therefore important for WSPs to discuss and determine the current 
and near-future water supply conditions in the current and planned DZs and DMAs on 
GIS. 
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Figure 13.2 shows Ruiru-Juja WSP’s expansion plan of leak detection activities for 
areas with a mix of continuous and intermittent supply. The plan was developed based 
on their DZs and DMAs plan of the entire service area. Areas of continuous supply where 
step tests can be used for leak detection are shown in red while areas of intermittent 
supply, which are a high priority for leak detection are shown in blue. Previously, the 
WSP had diffi culties in selecting the pilot areas suitable for leak detection methods 
taught in OJTs. This hampered the effi ciency of their capacity development and leak 
detection activities. Higher perspective use of GIS based on their zoning plan improved 
selection of the pilot areas, thereby making the OJT more meaningful and expansion 
of leak detection activities more sustainable.

Figure 13.2: Zoning of the Entire Service Area at Ruiru-Juja WSP and Selection of 
Priority Areas and Leak Detection Methods

13.3.3 Monitoring of Progress in NRW Reduction

Figure 13.3 shows a 3-year data graph with 3 types of raw monthly data and 4 indicators 
calculated from the raw data for Nyahururu WSP. The data and indicators are plotted 
on one graph so as to understand the seasonal fl uctuations of NRW ratio and the 
effect of the NRW reduction activities.

The 3 types of raw monthly data are:

• Total Supplied water [Orange 〇]

• Total Billed consumption [Purple 〇]

• Revenue from billed water (Kshs) 
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While the 4 types of indicators calculated from the raw data are:

• Volume of NRW [Red 〇] (= Supplied Water - Billed Consumption)

• NRW ratio [Red 〇] (= volume of NRW x 100 / Supplied Water volume)

• Average Tariff of water billed [Blue〇]  (= Billing for Water [Green □] / Total Billed 
Consumption)

• Potential Revenue Loss due to NRW [Pink □] (= Average tariff x [Supplied Water - 
Billed Consumption])

In this graph, the NRW ratio decreased by about 10% over the last two years with 
seasonal fl uctuation every few months. The seasonal fl uctuations are due to the 
shallow wells used by the small customers as alternative water sources. When the 
wells dry up in the dry seasons, this results to a corresponding increase in both the 
total Supplied Water and total Billed Consumption. Consequently, while the volume of 
NRW did not change much, the NRW Ratio decreased for a few months in each dry 
season.

The decrease in average tariff in each dry season can be attributed to the increase in 
piped-water consumption among the small customers whose average water charge 
per 1m3 is relatively low due to their lower tariff block. 

At WSPs in Kenya, shortage of water sources and intermittent water supply conditions 
often substantially affect the total amount of supplied water while the fl uctuations 
in water demand again substantially affect the total billed consumption. These 
values therefore fl uctuate repeatedly due to seasonal changes in temperature and 
precipitation. 

This trend whereby the NRW ratio rises and falls every few months was found to be 
common in Kenya.

From Figure 13.3 the following information can be obtained:

• The variations in the monthly amount of Supplied Water [Orange 〇] is a useful 
indicator to presume the progress of physical water loss reduction. 

• The total Billed Consumption [Purple 〇] and the total amount of Billing for Water 
[Green □] are effective indicators for understanding the progress in reducing 
commercial losses caused by low meter accuracy and water theft. 

• Moreover, the Average Tariff [Blue ◇], which usually increases when billing of 
large customers is improved, can be an indicator of how well large customers are 
targeted in commercial loss reduction. 

• The volume and ratio of NRW for the entire service area [Red 〇 and Red 〇], and 
the potential revenue loss due to NRW [Pink □] are useful indicators for quantitative 
evaluation of the overall effect of NRW reduction activities. 
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This method of using a line graph is much easier and often more effective than fi lling a 
complicated water balance table for the entire service area once a year.

Kisumu WSP carried out the rigorous monitoring of large customers’ consumption 
using ultrasonic fl ow meters to reduce meter errors and water theft; and replacing faulty 
meters after conducting meter accuracy tests targeting large and medium customers. 

Figure 13.4 shows the variations and relationship between several additional monthly 
indicators and the amount or results of certain NRW reduction activities. These are 
used to identify factors substantially affecting NRW reduction. The following were the 
fi ndings:

• Replacement of faulty customer meters to reduce estimated billed consumption 
[Green line △] was quite effective in reducing NRW ratio [Red line △],

• Increasing the budget for pipeline maintenance such as selective replacement of 
aged pipes [Yellow line □] may reduce the number of leaks and bursts found and 
repaired per month [Pink line □].

13.3.4 Reduction of Commercial Water Loss

Table 13.1 shows a comparison of data before and after the improvement of meter 
reading and billing (e.g., reduction of meter accuracy errors) at Nakuru WSP. This is 
an alternative to analysing meter reading and billing data for one year.

This analysis shows that active reduction of estimated billed consumption for large 
customers results in a large increase in the total billed consumption and total billing.

13.4 Lessons and Innovations of Project Implementation

The following lessons were learnt from the project activities.

13.4.1 Importance of Selecting Target Areas

Expansion of NRW reduction activities from the pilot areas to other areas is often not 
successful. 

In order to realize a quick large-scale reduction in NRW, it is more effective to fi rst 
prioritize the improvement of meter readings and billing (e.g., meter accuracy starting 
with large and medium customers) and expanding over the entire service area. By 
using this approach, 5 of the Pilot WSPs reduced their NRW signifi cantly. 

Meanwhile, it is more effective to try leak detection and pressure reduction in pilot 
areas to confi rm their effectiveness before expanding to other areas.
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13.4.2 Encouraging Organization-wide NRW Reduction Activities

In order to get the full involvement of the commercial staff in NRW reduction efforts 
and get commercial loss reduction into full swing, the meter readings and billing data 
of all customers for the last 1 to 2 years should be analysed, the problems identifi ed 
(e.g., many faulty meters, and frequent and continuous under-estimation of billed 
consumption even for large customers) and shared with all staff including managers.

This analysis made an impact on all Pilot WSPs and encouraged them to hold 
more joint meetings between the technical and commercial staff for NRW reduction. 
Moreover, through the activities that involved many staff (e.g., those related to customer 
meters, capacity assessment, and planning), the Pilot WSPs became encouraged 
to implement self-motivated organizational strengthening. As a result, 4 of the Pilot 
WSP strengthened their organizational setups for NRW reduction, while Ruiru-Juja 
and Kilifi -Mariakani WSPs commenced the same.

13.4.3 Sustainable and Extensive Utilization of ICT

Applications of ICT including smartphones for data collection and mapping were tried 
out to fi nd more effi cient ways to carry out NRW reduction activities. In the early stage 
of this project, a free software program called Open Data Kit (ODK) was used to 
create a versatile interactive electronic form for guiding different WSPs in collecting 
relevant data related to NRW reduction activities around customer meters. However, 
the electronic form had limitations mainly because different WSPs have different 
organizational structures and priority activities. 

A shift was therefore made to another free software called Kobo Toolbox/Collect which 
is easier to use. By using this software, WSPs can now setup their own cloud space for 
data sharing, create an original electronic form for each activity and automatically map 
the collected data. This will make it possible to expand the use of ICT applications to 
more staff and to cover the entire service area in a more sustainable way.

13.4.4 Flexible Training for Each WSP 

There were challenges in providing uniform and intensive trainings because of delays 
in procuring the necessary NRW equipment. Flexible OJTs based on the available 
equipment at each WSP and those procured by WSBs were therefore conducted by 
training on the operation of the equipment.

Meanwhile, due to delay in procuring potable ultrasonic fl ow meters, which are 
developed specifi cally for the water supply fi eld and essential for NRW reduction, 
certain low-cost industrial ultrasonic fl ow meters were tried as potential alternatives. 
However, they were found to be diffi cult in setting up and ensuring accuracy. 
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Another alternative, video recording functions of smartphone was used for logging the 
ever-varying fl ow rate as a trial. Figure 13.5 shows the process of a taking video of a 
mechanical bulk meter counter with a smartphone and later extracting the fl ow rates 
from the video fi le at a certain time interval. This method can make minimum night fl ow 
measurements and step tests easier without using a potable ultrasonic fl ow meter and 
may help many WSPs in their leak detection. 

Various trials were carried out in liaison with the Pilot WSPs in this project. Continuous 
trials to challenging problems without placing a large fi nancial burden on WSPs and 
sharing the information and experiences with other parties are important especially 
now that the capabilities of smartphones and free software available in the market 
continue to increase.

Figure 13.5: Measurement of Hourly Water Flow with Smartphone and Free Software
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APPENDIX 1

Appendix-1 - Revised Templates for Annual Review, Assessment, 
Planning & Monitoring (WASREB website)
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APPENDIX 2

Appendix-2 - Customer Meter Analysis of 2017 Data - Embu WSP 
(WASREB website)
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