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ABBREVIATIONS

AP Annual Plan

Aspect A primary activity in the Non-Revenue Reduction Planning
Template

Baraza local community meeting

CIs Customer ldentification Survey

CM/FM Commercial Manager/Finance Manager

Co- Commercial Loss Reduction Activity

Co-1 15t Commercial Loss Reduction Activity

Co-2 2"d Commercial Loss Reduction Activity

Co-3 3" Commercial Loss Reduction Activity

Co-4 4™ Commercial Loss Reduction Activity

DMA District Metered Area

Dz Distribution Zone

EU European Union

GIS Geographical Information System

GOM Player Gretech Online Movie Player

HDPE High-density polyethylene

HRM Human Resources Manager

ICT Information and Communication Technology

I&AC Inspection and Acceptance Committee

JICA Japan International Cooperation Agency

KEBS Kenya Bureau of Standards

KEWI Kenya Water Institute

KShs Kenya Shilling

LMB Leakage Monitoring Block

M3 Cubic meter

Ma- Mapping/GIS Activity

Ma-1 15t Mapping/GIS Activity

Ma-2 2" Mapping/GIS Activity

Ma-3 34 Mapping/GIS Activity

Ma-4 4th Mapping/GIS Activity

MajiVoice an innovative accountability mechanism software in the
Kenyan water and sanitation sector

MD Managing Director

Mo- Monitoring Activity

Mo-1 15t Monitoring Activity

Mo-2 2"d Monitoring Activity

Mo-3 3"d Monitoring Activity

MP Medium-term Plan

NRW Non-Revenue Water

NRW Unit May also be NRW Department or Section

oJT on-the-job training

O&M Operation and Maintenance

PEWAK Performance Enhancement of Water and Sanitation Utilities in
Kenya through Benchmarking & Collective Learning i a
programme funded by the Netherlands Enterprise Agency

PDCA - Plan-Do-Check-Adjust

Ph- - Physical Loss Reduction Activity

Ph-1 - 15t Physical Loss Reduction Activity

Ph-2 - 2" Physical Loss Reduction Activity
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World Bank
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Chapter 1
Basic Concept of Non-Revenue Water Management

1.1 Definition of Non-Revenue Water

Non-Revenue Water (NRW) is defined as the amount of water which is not billed and
does not earn revenue. This is the difference between the system input volume and
billed authorized consumption volume in m3,

NRW = System Input Volume i Billed Authorized Consumption Volume

Where:
System input volume = the amount of water produced for distribution,
Billed authorized consumption = amount of water billed to consumers.

NRW ratio is the percentage of the amount of water not billed against the total amount
of water produced for distribution.

) System Input Volume i Billed Authorized Consumption Volume
NRW ratio (%) = x 100

System Input Volume

1.2 Components of Non- Revenue Water
The volume of treated water that does not earn revenue is NRW.
Components of NRW are described below:
0 Real Losses: these are Physical Losses of water through leakages and bursts in
distribution pipes and service pipes; and overflows/leakages from water reservoirs;
0 Apparent Losses: t-hlegei aale lcasdedd imoniCor
of water due to illegal connections (or water theft), meter errors, meter reading
inaccuracies and unmetered connections.

Unbilled authorized consumption: This is water taken by registered customers for public
and institutional uses and is not paid for. This includes water for firefighting, backwash
and public fountains. Figure 1.1 shows the component of NRW.

Figure 1.1: Components of NRW




1.3 Benefits of Non-Revenue Water Reduction

NRW Management consists of knowing what is happening to water supplied and taking
corrective measures to reduce the loss of water or revenue.
NRW management offers the following benefits:

w

0 Increased connectivity and revenue: By reducing causes of NRW such as water
theft, meter inaccuracies and leakages, water that was previously unbilled will be
earning revenue.

Improved level of service (water pressure and hours of service) hence reduced
customer complaints

Sustains water supply and increases protection of potable water supply.

Reduces unauthorized usage.

Reduces potential claim due to water damage.

Defers capital expenditure with respect to new water sources, treatment plants and
distribution facilities.

Reduces cost of energy associated with water treatment and pumping; and thus,
contributes to reducing global warming.

The precious water resources are preserved

Improves public awareness of water value.

| mproves the companyds 1| mage

O« O¢ O¢ O¢ O« O

O¢ O¢ O«

1.4 Current Status of Non-Revenue Water in Kenya
Water supply systems in Kenya differ depending on social, financial and geographical
conditions, but the following issues are common:

1. Dilapidated facilities

2.  Weak and substandard distribution pipe materials (e.g., asbestos cement, and
cast-iron, low-class uPVC) are still in use in some water supplies leading to
leakages.

3. Inadequate water distribution due to lack of water resources and/or limited water
facilities.

4. Ingeneral, water pressure is low with the exception of Water Services Providers
(WSPs) around the foot of Mt. Kenya. However, there are significant pressure
variations depending on the WSPG6s servic

5 Inadequate staff with capacity to implement NRW Management programs.

6. Lack of adequate equipment to address NRW issues.

7. Lack of flow Meters in appropriate locations.

8 Low quality meters.

9. Lack of uniformity in pipe standard.

10. Poor workmanship and construction methods.

11. Inadequate (and often outdated) mapping of pipe network in most WSPs.

12. Customer meters are sometimes not read accurately.

13. lllegal connections and failure to pay for water consumed are common.

14. Lack of policies and enough budget for NRW reduction and control.

15. Lack of management6 goodwill and support to fight NRW.

16. Absence of institutionalized NRW Unit and ad hoc staff appointments when
required.

17. Often ignored as an essential service on the road reserve and is readily
damaged by other actor like road contractors.



1.5 Non-Revenue Water Reduction Measures

In developed countries, a large part of NRW is due to real losses (physical losses).
However, in developing countries including Kenya, a high percentage of water is lost
through apparent losses (commercial losses) such as water theft, meter error, meter
reading error and unbilled authorized consumption. Therefore, NRW reduction
measures should take into consideration all these additional factors besides leakage.

Details of reduction measures are explained in Chapters 3 and 4.

1.6 Stages and Overall Procedure for Non-Revenue Water Reduction

(This section is further explained in Chapter 3)
1.6.1 Stages of NRW Reduction

Effective NRW reduction measures vary depending on the current technical and non-
technical capacities of each WSP. NRW reduction measures implemented in developed
countries may not necessarily be suitable for WSPs in Kenya. Hence, each WSP must
assess and understand well its current NRW status so as to plan and successfully
implement appropriate NRW reduction measures.

Table 1.1 broadly recommends NRW reduction measures necessary to reduce NRW
from one stage to the next. The table is intended to generally orient and motivate WSP
staff to discuss their conditions and prepare detailed NRW reduction plans even before
carrying out a full assessment of the NRW status.



Table 1.1: The Five Stages of NRW and Recommended Reduction Measures

Approx. Recommended NRW Reduction Measures
Stage | Range of | (Note: GIS development and NRW monitoring are not listed here, but they
NRW % are required as support for NRW reduction measures)
Determine the accuracy of production meters by testing and
Reo calibrating, and replacing if faulty or inaccurate (Mo-1).
Eliminate major commercial losses by servicing and testing (and
. replacing faulty) customer meters and, identifying illegal uses (starting
NRW ratio . .
1 | 40% (o with large and then medium customers) (Co-.l, Mg-l). .
: Install meters for unmetered customers and identify unbilled customers
unknqwn or through Customer Identification Survey (CIS) and issue them with bills.
unreliable) (Co-2, Ma-1, Ma-2).
Reduce the time taken to repair bursts, surface leaks and overflows
(Ph-1).
Intensify Stage-1 measures by e.g., establishing routines, etc.
Isolate distribution zones and district metered areas (DMAS) with
Yellow accurate bulk meters and do NRW monitoring (Mo-2).
Reduce underground leaks by step testing, acoustic survey and
pressure reduction in priority areas (this leak reduction can be carried
; 3|\(1)I;/0V\/< out as a pilot project) (Ph-2).
ratio Map bursts and leaks and monitor their recurrences (Ma-3, Ma-4).
< 40% Introduce better pipe materials and fittings for new pipelines and
service connections (e.g., HDPE or uPVC-D/E).
Minimize commercial losses (including at small customers and data
handling errors) by improving meter reading and billing systems, and
their uses (Co-3, Co-4).
24% < Intensify Stage-2 measures listed above.
NRW Reduce underground leaks in other areas (Ph-3, Mo-3). Green
3 ratio Start replacing pipes which are prone to bursts and leaks (Ph-3).
L 30%
20% < Intensify Stage-3 measures listed above.
4 NRW Accelerate and complete pipe replacement (Ph-3). Blue
ratio
L 24%
NRW ratio Intefnsnfy Stage-é_l_rpeasures I_|sted above_:. _
5 L 20% Maintain the facilities and skills to sustain the achieved
i low NRW ratio (Ph-3). Purple

Note-1: This table is based on experiences in Kenya.
Note-2: The approx. percentage range of NRW for each stage corresponds to that of commercial
viability criteria for each level included in WASREB Guideline on Clustering of WSPs (August 2018).

10



1.6.2 Organizational Set-up, Assessment of Current Status and Plan-Do-Check-
Adjust Cycle

Plan-Do-Check-Adjust (PDCA) Cycle is an iterative design and management method
used in business for the control and continuous improvement of processes and products.
The meaning of PDCA cycle is explained below:
T Pl aBburing this phase, thereQuieceéedves ded
desiredaresagttadbl i shed
T DoThe obj ectRlvanscaorfroitende | mpi eméeéht.s phase
1

Checlkuritmglsase, the data and rDophlatse @ateh
eval uated. Data Iis compared to the expec
and differences. The testing process i S &
changes from the dmirginmlaanhtegs tplhfastetad eld D C A
cycle is conducted multiple tiymepsl,dthlaayngt r
dat achar@his helipcshh o g&®oeg hvahs e b egitwes ul t s

t han ot harhssai dndhah g enrsprcoavne db. e

T Adj ulshi's where a process i s iDopra@Ghhed.k Rec
phases hel p identi fy i ssues wi t h t he pr
probl emsonfnommi ties, opportunities for I
ot her i srseuseusl tt hiant out come s -tthleoapt iameeb catv i der
causes of such issues are investigated, I
procé&bheg.srkalisseval uated. At the end of the
process has bendserstasdamnmdgs or goal s. Pl a
canowroceed with-lanket MWor kDbopsheatstree srheoxutl d

create recurrence off tihe diokesnt itfhieend tihses u
effective.

Figure 1.2 shows the overall procedure for NRW reduction and its proposed PDCA cycle
based on recent WSPsO0 experiencesyearlgPDCANy a.
cycle is important to sustain improvement of NRW-related conditions and progressively
achieve lower and lower NRW levels.

11



[1] Establish the NRW function in the WSP (e.g., NRW Unit) with adequate and dedicated
staff, having clear job descriptions, standard operating procedures & strong support from
other related sections/units (e.g., meter reading, billing, distribution and GIS) (This is a
requirement from WASREB for license issuance to WSPSs)

At the Beginning, [1] & [2] are ﬂ 7

interchangeable

[2(a)] Assess the current status of the various NRW-r e | at ed aspects |
Activity Review Templ gernmeSelf-essessmeiitAPanningdnd a rf
Review Templ at eo. Pr e f with afledugncy amatysis mfestiaatey
consumptions for all customers over the last at least 6 but not more than 12 months

period)
Ve

[2(b)] Formulate medium-term & annualNRWr educti on pl ans u
Mid-term Self-fas sessment , Pl anning and Revi e
prioritization of activities, implementation schedules, cost estimates and responsible \E:eacrlg
parties. o P: Planx . y
[2(c)] Provide budgets for NRW reduction activities based on the annual plan (and
external funds for the medium-term (5 year) plan if required)
[3] Implement the planned NRW reduction activities with strong internal coordination
o D: Dox

Stage 1

(See Figure 2.1 for how to strategically

implement coordinated activities) HStaiL
K Monthly & Quarterly Cycle » X /
[4] Review & Report the Progress of Activity Implementation on [6] Share
Monthly, Quarterly & Yearly Basiso C: Checkx and ¥ | Knowledge

Occasionally &
[5] Progressively Improve on the Implementation, A: Adjustx Experiences
with Other
. . WSPs
Note: [1] and [2] are interchangeable for convenience

Figure 1.2: Overall Procedure for NRW Reduction & PDCA Cycle
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[1] Organizational Set-up
As seen in Figure 1.2, the overall procedure for NRW reduction starts with {[1]
Establishing NRW function with Thisdungianat e an
should be permanently established and institutionalized in the organization chart of
each WSP. Any temporarily appointed NRW team/unit which is not institutionalized
in the organization chart is liable to fail miserably (see Sec. 3.1 for further
explanation).
To ensure an NRW Unit reduces NRW significantly, it must have the following
characteristics:

adequate and competent staff dedicated to NRW reduction,

strong support from the management, and

strong coordination with other relevant sections in both technical and
commercial departments

O¢ O¢ O«

The level of the NRW function is discretional (can be departmental level for the very
large WSP; to sectional or unit level for other lower sized WSPs).

[2(a)] o P: Planx Y Assess the Existing Conditions
Before commencing NRW reduction, it is necessary to self-assess the current
conditions and capacity. These conditions and capacity are divided into four
categories as follows:
[A] Organizational Structure, Sensitization, PDCA Cycles and Procurement,
[B] GIS, NRW Monitoring, Zoning and Water Balance Analysis,
[C] Reduction of Commercial (Apparent) Water Losses, and
[D] Reduction of Physical (Real) Water Losses.

A template containing 33 NRW-related aspects to assist in self-assessment of a

WSPO6s current conditions and caffppendixt: 1 s pr
Sht(2)].

The template is also used to periodically Plan (set future targets) [Sht(4)] and review

the status and capacity of a WSP [Sht(1) and Sht(5)] as the NRW reduction

activities continue to be implemented (Figure 1.2 Item [2(a)-(c)]).

When data is typed into the template, the results of the self-assessment (or review)
are automatically displayed as a single bar chart [Sht(3)] showing the current
achievement levels of the 33 aspects (see Section 3.5 for further explanation).

Most WSPs often estimate water consumption, including for large consumers, due
to stalled meters, unreadable meter counters, locked gates, etc. They also often fail
to send bills to existing active customers and, newly connected and reconnected
customers. These failures cause a large volume of NRW.

These guidelines include a computer programme (MS Excel) (Appendix-2) for
analysing meter readings and billing trends over a number of months to determine
the status of commercial water losses in WSPs. Through this analysis at the initial
stage and later as the NRW reduction activities continue to be implemented, the
current conditions and periodical reviews can be assessed for planning.

[2(b)] o P: Planx Y Formulate medium-term and annual Non-Revenue Water
reduction plans

Non Revenue Management Standards - Guidelines ( Final June 2022)



Once self-assessment is complete, it is necessary to formulate plans on how the NRW

reduction will be implemented. The planning part -tenfiSeif-he @A AnN
assessment, Pl anni ng [AppahdiRleSht(4y w uséfd topskist t e 0
WSPs in formulating the plans including prioritization of activities from the 33 NRW-

related aspects, implementation scheduling, cost estimation and allocation of

responsible persons. Activity prioritization then vyields the annual, quarterly and
medium-term plans and budgets.

[2(c)] o P:Planx Y Provide budgets for Non-Revenue Water reduction activities

After prioritization of activiiesand cost esti mati on, itdéds ti me
budgeting and obtaining the necessary approvals from the WSP& senior management

and the board. This process should also include approval for external funding such as
grants/loans for medium term plans.

[38] o D: Dox Y Implement the planned Non-Revenue Water reduction activities
with strong internal coordination

Once the funding is available, NRW reduction activities should be implemented with
effective coordination between the various sections/units while keeping records at the
same time. These records will later be analysed, C: Checkx to review the
achievements and to come up with corrective measureso, A: Adjustx going forward
for more efficient and effective outcomes.

In summary, for Item [2(b)] in Figure 1.2, a template (Appendix-1) containing medium-
term plans, annual plans [Appendix-1 Sht(4)] and capacity assessment procedure
[Sht(2)] is included in these guidelines for ease of planning based on the assessment
results (see Sec. 3.6 for further explanation). Item [2(c)] is explained in Sec. 3.7. Item
[3] is explained in Chapter 2 with a flow chart example (Figure 2.1) of how to
strategically implement coordinated activities.

Reviewing and reporting (Item [4]) should be on monthly basis to facilitate internal
discussions; quarterly for progress monitoring; and yearly for updating the medium-
term and annual plans.

Quarterly review can be done by filling the additional columns in the planning template
[Appendix-1 Sht(5)] while the yearly review can be done by filling the Annual Activity
Review Template [Sht(1)] (see Sec. 3.8 for further explanation).

Every annual review should include updating (Item [5]) of each year of the medium-
term NRW reduction plan based on the results of the yearly activity review, re-
assessment of improved conditions including skills, availability of funds, etc.

For Item [6] (Figure 1.2), occasional internal and external sharing of knowledge and
experiences (e.g., at Wat er Services Providers As
benchmarking workshops) and participation in trainings are vital for development of
country-wide capacity (see Sec. 3.2 for further explanation).
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Chapter 2
Strategic Implementation of Coordinated Activities

2.1 Understanding the Necessary Skills and Interactions

Planning and implementation of NRW reduction activities require a wide range of skills
such as:

GIS maps development,
design work to modify the existing distribution facilities,
0 pressure management, etc.

O¢ O«

These skills usually belong to different sections/units (e.g., GIS mapping development
T GIS/mapping Unit; Design i Design Section; etc).

One of the most difficult aspects of NRW reduction is how to coordinate the various
actors in a strategic way such that the effectiveness and efficiency of their activities is
maximized for successful NRW reduction.

It is crucial that the head of NRW Unit and his/her manager/supervisor gradually
develop enough capacity to properly coordinate the activities. Further, other
staff/sections need to understand the interactions and skills necessary to interlink them
in order to ease the coordination. These interactions should be discussed in monthly
meetings for improvement.

Figure 2.1(a) explains how to coordinate the activities for commercial and physical
loss reduction in a strategic way.

(Note: The activities are from Table 1.1 and are coloured correspondingly; e.g.,
Stage 1 activities are coloured red in both Table 1.1 and Figure 2.1(a), and so on.)
Since majority of WSPs in Kenya are still in Stage 1 (i.e., NRW | 40% or unreliable),
Figure 2.1 begins by elaborating priority activities for Stage 1 (red).

The figure is developed based on recent experiences in WSPs in Kenya.
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Refer to [3] of Figure 1.2: Implement the planned activities with strong internal coordination

Flow Example of the Strategic
Implementation of Coordinated Activities

Stage 1 (i.e., NRWI| 40%)

Stage 2

Mapping / GIS
Development (Ma-)

Ma-1. Collect info.
on existing and
missing c
customers & their 1
meters with GPSs.
& phones and

Commercial (Co-)

Loss Reduction

LEGEND

Flow of Priority Activities 1 _
l in Each Work Category

_1 Interaction
1 between Activities

Physical (Ph-)
Loss Reduction

Ph-1. Reduce

NRW Monitoring

________________

i Mo-1. Establish |

obvious physical
losses (bursts,
surface leaks &
overflows)

a. accurate overall;

. monitoring

i NRW ratio for !
i monthly ;

map them i A ! 4_“““1:“““:
________ S Co-2. Red :5 /!h educe ' Mo-2. Establish}
| Ma.2 Eatahlich 0-2. Reduce 4./ undeyground ' Mo-2. Establis .
i L\)A:S'g'mE:tzb(l(')snr;me: other significant Q lelak iqn priority 1:accurate zonal S
! satellit n : / Zs/and/or DMAs]. | NRW ratios (by 2
L : | /Ipogsibly framed fli.; isolating DZs &§ | o
l rte € co.rt1hofurs, cis' - itot project] || | Priority DMAs o
: gf-") - : Ml with limited ! and sorting N
: coIIng?(ard dgta of ! 2/ || efuipment for | customers) and 5
' cust Imeters ' ' || 1ak detection 4 monitor z
! customers/me erS: //i m e.g., portable ' abnormal flows .
[T 1_ _______ 1w UFM & li ing ' with bulk é
————————————— R icks) & pressur meters
' Ma-3. Map major | # reduc)' b T I .
' facilities such as [+ V& BPT) ’ g g\or
| WTPs, tanks, buk! | San T S
| meters, major o Eoorte of M__é_é_t"b_l'"r{‘ o
 Pipelines & gate s o). | Pilot [VO-o. ESIADIS =)
! valves on GIS " ~ e [ Pha3 Areas |More D(Ij\;lgs (if >
et T " n. . nie -9. drequire
moep e oo Reduce (¢ | Improvelexpand fq.! estimate water | =
\ Ma-4. Map minor i/ rerfiaining ; Ierzl;glit:mon & =, balance to | - &
! facilities, bursts, commercial losses | ! M : confl_rm reduced =
 leaks, lllegal uses,” | (e.q. T X l:C '0?. an . physical & ™
+ etc. (including | customers paying_|: S arblrep acing [ commercial o
! da”y GIS UpdatE) E-S—— T C arge) " W : losses (%
et Yellow ==========t======C;‘=r=e=eg============_

Stages 410 5 | Complete pipe replacement & sustain its low NRW % ||3| 2 Purol
(e.g., NRWL 24%) ue urple

Figure 2.1 Example of Strategic Implementation of Coordinated Activities
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Table 2.1: Legend to Figure 2.1

Symbol Meaning

Ma Mapping/GIS development activities: - Ma-1 is 1% activity to
be undertaken, Ma-2 is 2", etc

Co Commercial Loss Reduction activities: - Co-1 is 1% activity
to be undertaken, Co-2 is 2", etc

Ph Physical Loss Reduction activities: - Ph-1 is 1% activity to be
undertaken, Co-2 is 2", etc

Mo NRW Monitoring activities: - Mo-1 is 1% activity to be

undertaken, Mo-2 is 2", etc

Black Arrow !

The activities in the textbox behind the arrow are of higher
priority than those in the textbox ahead of the arrow

Red and light-red box

Activities to be undertaken when WSP is in Stage 1

Yellow and light-yellow textbox

Activities to be undertaken when WSP is in Stage 2

Green and light-green textbox

Activities to be undertaken when WSP is in Stage 3

Blue-toped and purple-
bottomed rectangle textbox

Activities to be undertaken when WSP is in Stages 4 and 5

Bright coloured textbox

Activities in the box are of higher priority than light coloured
box

Light coloured textbox

Activities in the box are of lower priority than bright coloured
box

Coloured double dash

Borderline between Stages (e.g., Stage 1 and Stage 2)

borderline  .................
Grey coloured Symbol indicates the 4 activities (i.e., Ph-2, Ph-3, Mo-3 and
textbox w partly Mo-2) to be undertaken in pilot areas before

Y4 i

g expanding them to other areas.

v
Interaction arrow 0 Implementing the activity behind the arrow will assist while
(blue) implementing the activity ahead of the arrow; OR,
_» 0 The activity behind the arrow can be implemented together with

the activity ahead of the arrow

Table 2.2: How to Read Figure 2.1

Arrow

Explanation

Blue arrow: a.

Implementing Mo-1 will assist to implement Co-1,; or,
Mo-1 can be implemented together with Co-1

Blue arrow: b.

Implementing Mo-1 will assist to implement Ph-1; or,
Mo-1 can be implemented together with Ph-1

Blue arrow: c.

Implementing Ma-1 will assist to implement Co-1,; or,
Ma-1 can be implemented together with Co-1

Blue arrow: d.

Implementing Ma-2 will assist to implement Co-2; or,
Ma-2 can be implemented together with Co-2

Blue arrow: e.

Implementing Ma-3 will assist to implement Ph-1; or,
Ma-3 can be implemented together with Ph-1

Blue arrow: f.

O¢ O¢|O¢ O[O« O[O« O¢|O¢ O¢|O¢ O«

Implementing Co-1 will assist to implement Ph-1; or,
Co-2 can be implemented together with Ph-1
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Arrow Explanation

Blue arrow: g. Implementing Co-2 will assist to implement Ph-1; or,

Co-2 can be implemented together with Ph-1

Blue arrow: h. Implementing Mo-2 will assist to implement Ph-2; or,

Mo-2 can be implemented together with Ph-2

Blue arrow: i. Implementing Ma-2 will assist to implement Mo-2; or,
Ma-2 can be implemented together with Mo-2
Blue arrow: j. Implementing Ma-3 will assist to implement Mo-2; or,

Ma-3 can be implemented together with Mo-2

Blue arrow: k. Implementing Ma-4 will assist to implement Ph-2; or,

Ma-4 can be implemented together with Ph-2

Blue arrow: . Implementing Ph-1 will assist to implement Ma-4; or,

Ph-1 can be implemented together with Ma-4

Blue arrow: m. Implementing Co-3 will assist to implement Ph-1; or,

Co-3 can be implemented together with Ph-1

Blue arrow: n. Implementing Co-3 will assist to implement Ma-4; or,

Co-3 can be implemented together with Ma-4

Blue arrow: o. Implementing Co-3 will assist to implement Mo-2; or,

Co-3 can be implemented together with Mo-2

Blue arrow: p. Implementing Co-4 will assist to implement Ph-1; or,

Co-4 can be implemented together with Ph-1

Blue arrow: . Implementing Mo-3 will assist to implement Ph-3; or,

Mo-3 can be implemented together with Ph-3

Blue arrow: r. Implementing Ma-4 will assist to implement Mo-3; or,

Ma-4 can be implemented together with Mo-3

Blue arrow: s. Implementing Ma-4 will assist to implement Ph-3; or,

Ma-4 can be implemented together with Ph-3

Blue arrow: t. Implementing Mo-3 will assist to implement Co-4; or,

Mo-3 can be implemented together with Co-4

OC O¢|O¢ O¢|O¢ O¢|O¢ O¢|O¢ O¢|O¢ O¢|O¢ O¢|O¢ O¢[O¢ O¢[O¢ O[O« O[O« O[O« O¢| O« O«

2.2 Coordination of Stage 1 Activities

Stage 1 activities involve production and large customer meters, CIS and visible leaks.
As illustrated by the coloured textboxes (Figure 2.1(a) and (b)), the most important
activity among the activities highlighted in red (Stage 1) are Co-1(Reduce most serious
commercial losses, starting with the large and unbilled customers. It is relatively easy
and cost effective to focus on those customers consuming large volumes of water (e.g.,
> 100m3/month) because they are few and their locations are well-known. Eliminate
their under-registering meters and under-estimated consumption (caused by stalled or
unreadable meters, gate locks, etc.) through meter accuracy testing, meter
replacement, meter relocation and resizing; and investigation of illegal connections
and leaks around their meters.

Through conducting the targeted activities of consumers with large meters described
above, a huge volume of NRW can be reduced and the revenue increased drastically
since the higher water tariff (Ksh/m3) is applied to the same large consumers. The
revenue increase from addressing large customers should support and encourage
other NRW reduction activities to follow.

Therefore, the management should adequately support procurement of prioritized
large customer meters to replace faulty ones. This activity on large customers, as well
as other activities for commercial loss reduction, should be carried out over the entire
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service area of the WSP to maximize its impact (see Sec. 5.2, 5.6 and Chapter 6 for
further explanation).

In order to monitor NRW reduction from the activity on larger customers and other
basic activities (e.g., Ph-1), accurate calculation of monthly overall NRW ratio should
be established and institutionalized as soon as possible (as illustrated by interaction
arrows 2a. and 2b.), based on reliably accurate production meters and total billed
consumption (see Sec. 5.2 for further explanation).

Some customers may have been connected by WSP staff but, for some reason, not
captured in the billing system. These are unauthorized unbilled consumers and
sources of most serious commercial losses (Co-1). Customers previously
disconnected due to non-payment, vacated premises, etc but reconnected later (by
staff or self illegally) without being billed for the consumed water also cause significant
NRW. These hidden unbilled customers should be identified immediately by
conducting CIS and mapping (Ma-1); and billed to reduce NRW. It is recommended
that mapping (Ma-1) of the water supply should be done using, e.g., handheld GPSs
and smartphone-based data-collection software with cloud mapping functions. Kobo
Toolbox is free (or open source) and a good example of such a software and can be
easily be downloaded and used with the help of mapping/GIS staff (arrow Wc.) (see
Sec. 4.3 and 6.7 for further explanation).

The next priority in Stage 1 is Co-2 and Ph-1.

This should target the large number of medium customers such as multi-dweller
buildings (e.g., >20m3month) and their potential illegal connections in the entire
service area (e.g., irrigated agricultural areas that have limited irrigation systems of
their own, informal/slum areas, houses with large gardens, car wash services). The
WSP should introduce own GIS mapping database with a customer meter layer. Use
of free (open source) GIS software (e.g., QGIS) as indicated in Ma-2 and (td.) is
recommended and is quite helpful.

Arrow (te.) recommends digitization of the major facilities in the entire service area on
GIS maps (Ma-3) and sharing the maps, accessible from smartphones, with field staff
through PDF format, mobile GIS or web-publishing. This would significantly help to
reduce time spent to locate and repair obvious physical losses (bursts, surface leaks
and overflows i Ph-1). This digitization can be done mainly on-screen in a relatively
short period using online or offline high-resolution satellite images as the GIS base
map (see Sec. 4.2 for further explanation). As illustrated by Arrow (&.) and (Y g.),
surface leaks found while reducing most serious and other significant commercial
losses at large and medium customers (Co-1 and Co-2) should be repaired together
with obvious physical losses {Phy-1.}. This should include the noises detected with
listening sticks from customer meters/meter stands hinting at potential underground
leaks.
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2.3 Coordination of Stage 2 Activities

Stage 2 activities involve zoning, invisible leaks, pipe materials and commercial loss
minimization.

Even for WSPs considered to be in Stage 2 or Stage 3, Stage 1 activities should be
completed while proceeding to Stage 2 and 3 activities.

Among commercial and physical loss reduction activities of Stage 2 (yellow textboxes),
WSPs may start with Ph-2. As illustrated by arrow (th.), reduction of underground
leaks should start from the priority areas (priority DZ(s) and/or priority DMA(S)). The
priority areas should be identified through planning and gradual implementation of
zoning over the entire service area for better NRW monitoring, (Mo-2). This can be
achieved by understanding the existing structures, network pipe materials, terrains,
areas having water shortage, etc; (see Sec. 5.3 and 5.4 for further explanation).

Referring to arrow (w.) and (W.), development of GIS layers for customer meters and
major facilities (Ma-2 and Ma-3) is essential for planning the separation of DZs (and
DMAs in large DZs i Mo-2). These advanced physical loss reduction activities within
a few priority DZs and/or priority DMAs may be recognized as pilot activities. They
may then be framed as a pilot project after combining with the necessary basic
activities in the same areas. This is a good tool for further motivation, engagement and
training of staff (see Chapter 12).

Arrow (wk.) introduces mapping of tertiary distribution pipes, past bursts and leaks,
pressure measurements, etc (Ma-4) which is useful for Ph-2 through leak detection
and pressure reduction. Arrow (H.) recommends mapping (Ma-4) of bursts and leaks
detected through Ph-1. In addition to underground leak detection and pressure
reduction, better pipe materials and fittings can be introduced for new pipelines and
service connections in this stage in order to reduce bursts and leaks.

Alternatively, in Stage 2, the WSP may start with Co-3 if a software for meter reading,
billing, customer care, etc. is available. Full utilization of monthly abnormalities reports
(on bursts, surface leaks, unreadable dials, stalled meters, tampered meters, gate
locks, significant consumption reduction, illegal connection hints, underground leaks
from service connections, etc.) from the system is recommended in order to effectively
and efficiently address recurrence of serious commercial losses at large and medium
customers (Co-1 and Co-2), and the un-investigated commercial losses at the many
small customers (Co-4).Customers billed on fixed minimum charge (e.g.” 6m3month
i residential and = 10m3month i other customers) may not have a high impact on
NRW reduction, hence Co-4 is given lower priority than Co-3 in this example.

Arrows (wm.), (bn.) and (wo.) imply the need for system improvement to better handle
notification of bursts and leaks from the public to assist Ph-1 and Ma-4 while accurate
zonal/DMA total billed consumption is essential for Mo-2. Arrow (Wwp.) recommends that
surface leaks and underground leak noise hints found during Co-4 be communicated
to staff repairing Phy-1.
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2.4 Coordination for Stage 3 Activities

This involves expansion of leak detection and beginning of large-scale pipe
replacement.

The priority activities in Stage 3 are shown in green text-boxes (Figure 2.1).
Enhancement of leak detection and pressure reduction (possibly with more
equipment) are part of Ph-3. Ph-3 also includes area-by-area expansion of
underground leak detection and pressure reduction over other areas outside the pilot
area.

Arrow (tg.) and (wr.) means implementing Mo-3 for better NRW monitoring may be
required to expand the target areas of leak detection and pressure reduction while Ma-
4 may assist in selection of priority areas to create additional DMAs (Mo-3). The start
of replacement of problematic pipes (having frequent and recurrent bursts, leaks and
illegal connections) in the priority areas previously targeted for underground leak
detection is also part of Ph-3.

Arrow (£s.), means implementing Ma-4 on GIS can assist in selection of pipelines or
service connections to be replaced with better pipes.

Underground leak detection is labour-intensive and pipe replacement is expensive.
However, commercial losses are relatively easy to reduce. Therefore, as indicated
with arrow (W.), estimation of overall water balance as part of Mo-3 is recommended.
The purpose is to check whether commercial loss components have been adequately
reduced in the entire service area before starting leak detection in DMAs pipe
replacement (Ph-3) (see Sec. 5.6 for further explanation).

As shown in Table 1.1 and Figure 2.1, Stage 4 involves further improvement of

physical loss reduction including acceleration and completion of pipe replacement,
while Stage 5 is for maintaining the achieved low NRW ratio.
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Chapter 3

Organization Structure and Plan-Do-Check-Adjust Cycle

3.1 Establishment of NRW Unit and Coordination with other Units

1) NRW Unit should be established and permanently embedded in the organization
chart.

2) NRW Unit should be fully operational with adequate dedicated staff (e.g.,
technical officers, leak surveyors, etc).

3) NRW Unit should have adequate support from:

i) the top managers (e.g., MD, TM, CM/FM and HRM)

i) other relevant commercial and technical staff (e.g., billing, meter reading,
meters servicing, GIS mapping, distribution, connections installation,
procurement, customer care, etc).

4) NRW Unit should have suitable:

1) job descriptions,

i) standard operating procedures (SOPs), and

5) The other staff should:

i) Be sensitized on their jobs dontribution to NRW reduction,

i) Have SOPs in order to ensure effective workflows for NRW reduction
including interaction among them and with NRW Unit.

6) Incentives for NRW reduction (e.g., allowance for night-time activities,
performance-based incentives for individuals and/or groups in charge of
different areas, etc.) should be established to motivate NRW Unit and other staff.

7) An inter-departmental committee on NRW management should be established
comprising representatives (preferably the heads) of all
departments/sections/units that have a stake in NRW management. The
committee should hold monthly meetings to review the previous mont h 6 s
reduction activities and give guidance on the way forward. The MD strive to chair
this committee to understand the challenges and give support where needed.

8) Each WSP should come up with a NRW policy to guide in management.

3.2 Organization Structure for NRW Reduction

The organizational structure of a WSP should be optimized for NRW reduction based
on the most prevalent types of NRW (e.g., metering errors), etc. The Managing
Director and board of directors should clearly understand that organizational
optimization is a basic requirement for successful NRW reduction. The two basic
organizational options shown in Figure 3.1 can be considered for different conditions.
The supervisor of NRW-related tasks should be at least Level 3.

NRW can be reduced by all the staff understanding that NRW activities have to be
shared among all the staff.

Since NRW reduction activities need various quick coordination between departments
and sections, the NRW Supervisor needs to have direct access to and support from
both the Technical and Commercial Manager and even the Managing Director if
necessary (e.g., for funding).
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Option 1: NRW Department Option 2: NRW Section
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Notes 1: Reduction of inaccurate meters, 2: Reduction of illegal water use,
3: Reduction of physical water losses

Figure 3.1: Organizational Options for Coordinating NRW Reduction Activities

Option 1 may be suitable where:

a. A WSk verand atrlgee NRW Department consi
b. The Techni cal Manager is already overl
c. The Managing Director wishes to get i
and

d More commer ci al wvsotlavfefd sihno uNRIW bree diunc t i
technical staff.

Option 2 is suitable for other WSPs but

a) The Technicahowmlasager effective coor di
Distribution Section and the NRW Sectd.i
and | eaks rpplpadegmermti,pezoreing of distrib

Option 1 is ideally the most recommended while Option 2 is more balanced.
Regardless of the option, the NRW head should have direct access to the Managing
Director, Commercial Manager as the Technical Manager.

In each case, the NRW head, should put a strong initiative in coordinating with the
departments, sections and units, as well as head office and zonal offices, to reduce
NRW effectively. It is crucial for the MD to give full support to the NRW head to enable
him effectively execute the NRW reduction. The NRW Unit may have zonal NRW
teams administratively under Zone Heads.

3.3 Main Tasks of NRW Unit

The staff of NRW Unit may be divided into three teams:

Team 1 for management, analysis and coordination,

Team 2 mainly for reducing commercial water losses on site, and
Team 3 mainly for reducing physical water losses on site.

23



Below are the main tasks of each team in order of priority:

Team 1
Members: NRW Supervisor
NRW Unit Head and Analysist

1) Establishing a robust yearly and quarterly PDCA cycles (annual activity
review, self-capacity assessment, annual planning and update of medium-
term plan, implementation, monitoring, adjustment, reporting, etc.) for NRW
reduction in coordination with Team 2 and 3 and relevant
departments/sections.

2) Discuss with Team 2 and 3 and relevant departments/sections (monthly)
and report the progress and effects of NRW reduction activities based on
the results of Universal NRW Monitoring (i.e., analysing NRW ratio
fluctuations, total billed consumption, average tariff, etc.).

3) Analyse monthly meter reading and billing data of all the customers
(including the ratio of estimated billed consumption) by consumption
categories based on water tariff (e.g., Category 1: 300 m3/month and above,
Category 2: 100 T 299 m¥mont h, €. ) i n i ai
Department and prioritize the NRW reduction activities.

4) Liaise with Commercial Department, Team 2 and GIS staff to:

a) conduct customer identification survey (CIS) including mapping of all
customer meters, and

b) focus on large customers (e.g., > 100m3/month) to reduce metering errors
and illegal water use (Managing Director, Commercial Manager and
Technical Manager should be involved).

5) Liaise with Distribution Section, Team 3 and GIS_staff to conduct:

a) daily abnormal flow monitoring of mains,

b) bursts and leaks data collection and mapping, and

c) planning and implementation of priority pipe replacement to reduce pipe
bursts and leaks (Technical Manager should be involved).

6) Develop:

a) relevant policies,
b) internal standards and materials specifications (pipes, fittings, meters,
etc.), and
c) better workmanship to prevent leakage, meter errors and tampering in
liaison with relevant technical and procurement sections (Technical
Manager should be involved).
7) Work with Distribution Section and GIS staff to:

a) establish hydraulic distribution zones and DMAs with bulk meters for
zonal/DMA based NRW reduction activities, and

b) optimize water pressure using pressure regulating valves and/or break-
pressure tanks (Technical Manager should be involved).

8) Liaise with Team 2 and 3 and Zonal Heads on their zonal based NRW
reduction activities (zonal NRW teams may be necessary).

9) Once distribution zones and DMASs are established to some extent, discuss
monthly (and report) the progress and effects of zonal NRW reduction
activities with Team 2 and 3; and Zonal Heads based on monthly zonal
NRW monitoring results in order to target the most problematic areas the
following month, and create competition among zones.
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10) If water supply is continuously, work with Team 2 and 3 and conduct
minimum night flow measurement and step test to identify areas with large
leaks and night water theft.

Team 2 (Staff dealing mainly with customer meters and illegal water use on site to
reduce commercial water losses)

1) Contribute to the annual and quarterly review; and planning of NRW
reduction activities.

2) Contribute to the monthly discussions on improving NRW reduction
activities

3) Work with Commercial Department and GIS staff to:
a) conduct CIS, and

b) focus on large customers (plus possible large illegal water users) to
reduce meter errors and water theft

4) Test and ensure bulk meters are accurate; and read them monthly (maybe
with Team 36s help) synchronous with cu:
and zonal NRW monitoring.

5) Deal with medium customers (e.g., 20 to 100m3month) and potential
medium illegal water users (e.g., farmers) with help of Zonal Heads to
reduce metering errors and water theft (small customers can be dealt with
later selectively with help of meter readers and Team 3 by checking service
connections with listening sticks).

Team 3 (Staff mainly dealing with bursts and leaks on site to reduce physical water
losses)

1) Contribute to the annual and quarterly review; and planning of NRW
reduction activities.

2) Contribute to the monthly discussions on improving NRW reduction activities.

3) Work with Distribution Section and GIS staff to conduct:
a. daily abnormal flow monitoring (e.g., reading bulk meters preferably by 9
am to determine 24 hours flows and pric
b. bursts and leaks data collection and mapping, and
c. planning and implementing priority pipe replacement to reduce pipe bursts
and leaks.

4) Check leaks on service connections and near-by distribution pipes with
listening sticks (e.g., 20% of service connections per year starting from
prioritized areas) possibly in liaison with meter readers and distribution staff;
and replacing spaghetti connections.

5) If water supply is continuously, work under Team 1 (maybe with help of Team
2) to:

a. conduct minimum night flow measurement and step test in prioritized
zones, and

b. carry out follow-up leak detection survey with listening sticks and other
equipment in areas having high night flowrates (Team 2 may need to
conduct follow-up illegal water use survey).

6) If water supply is intermittently,
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a. track down leaks with potable ultrasonic flow meter from upstream to
downstream in areas expected to have large leaks and,
b. narrow down leak location with other equipment.

3.4 Capacity Development through Training and Benchmarking

1) Adequate relevant staff (e.g., NRW Unit staff, zone managers, plumbers, meter
readers etc) should be sent to KEWI's training course on NRW management.

2) Adequate relevant plumbers and other field staff should be sent to KEWI's other
training courses relevant to NRW reduction (e.g., plumbing, metering,
connection installation, O&M of distribution system, etc).

3) Adequate relevant ICT and GIS staff and other technical officers should be sent
for GlS-related training courses at KEWI, Kenya Institute of Mapping and
Surveying and/or Kericho WSP.

4) Adequate r el evant staff shoul d be sent for
workshops/forums for collective learning.

5) Adequate staff should have opportunities of trainings held by donor
organizations (e.g., JICA, VEI, SNV, WB, EU, etc.) and other Kenyan institutions
(e.g., WASREB, other prominent WSPs, etc.).

6) Adequate in-house and tailor-made training (including on-the-job training (OJT))
for various NRW activities should be conducted at the WSP.

7) Adequate training on culture change should be impacted on all staff to improve
the attitude of the staff.

8) WSPs should institutionalize writing and sharing of training reports by training
participants with other staff members; benchmarking tours, etc.

3.5 Sensitization of Staff and Board of Directors on NRW
Management

1) Ethics and the spirit of cooperation of all WSP staff should be effectively
enhanced through sensitization activities for NRW reduction (e.g. through
speeches from managers, warning against being involved in water theft, collusion
with customers and water wastage, requests for thorough internal information-
sharing and whistle blowing on any hints of surface (visible) leakage and water
theft, and request for cooperation in relevant data collection for calculation of
performance indicators, etc).
2) Recent operational financial losses (KSh/yr or /month) due to NRW should be:
a) calculated (by multiplying the total of authorized unbilled and commercial
losses with the average tariff (i.e. (total revenue ggant revenue)/ (annual billed
consumption, KSh/m?) and the total of physical losses with the unit production
cost (i.e., total O&M cost / annual production, KSh/m?) based on their roughly-
estimated or assumed balance (e.g., authorized unbilled + commercial
losses: 60% and physical losses: 40%)) and converted to financial loss per
staff.

b) explained to a wide range of staff and board members of WSP

3) Other parameters such as revenue loss per staff, capital investment from saved
revenue loss, etc can also be calculated to sensitize staff and board on the need
to reduce NRW.

4) Potential reduction in further capital investment (KSh) for water resource
development (e.g., additional intakes, water treatment plants, pipeline facilities
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etc) through NRW reduction should also be roughly estimated (KSh) based on
the volume of expected or assumed physical losses reduction (e.g., 4 0 %
20%).

5) The overall scale of justifiable investment for NRW reduction should be discussed
among the managers and board members (e.g., based on the rough financial
estimations described above).

3.6 Enhancement of Customer Compliance and Support

1) Printed or electronic water bills, SMS, etc. carrying messages requesting
customers for cooperation, such as notification of visible leaks and illegal water
uses, to reduce NRW and excessive water uses should be extensively used.

2) Toll free telephone number, low-cost SMS number, etc. should be established to
encourage the public to notify problems to the WSP.

3) Customer care section should be enhanced with a software system (e.qg.,
WASREB's MajiVoice and a customized internal customer management system)
for receiving and managing complaints and problem notifications (e.g., bursts,
leaks and water theft).

4) Awareness campaigns for NRW reduction and saving water (e.g., overflow from
customers' ground/underground/rooftop reservoirs/tanks and excessive
consumption) in the following forms should be adequately conducted:

a) Public forums/open clinics (e.g., baraza, water action group, etc) for
community sensitization (especially in areas with many illegal water users)

b) Activity-based sensitization such as inviting school to learn about the water
facilities

c) Media campaigns (e.g., TV, radio and social media)

d) Participating in events and trade shows (e.g., World Water Day, trade fairs
and exhibitions, etc)

3.7 Self-Assessment of Existing Conditions

3.7.1 NRW Self-Assessment Matrix

At the start of NRW activities, WSPs are required through their NRW functions or
otherwise to conduct a self-assessment on diverse NRW issues/variables herein
called aspects. The WSPs are required to carry out the Self-Assessment as teams
as per the template in Appendix-1 Sht(2).

Currently identified NRW challenges fall into four main categories with affiliated sub-
categories. Within these categories, 33No aspects of NRW are identified and outlined
for action in a bid to facilitate a better understanding of the challenges and hence
identification of potential NRW management aspects for positive results.

For self-assessment, each NRW aspect is assigned points on a scale of 5 (5 levels)
depending on perception of status. WSPs must therefore objectively assess their own
levels to establish their NRW baseline conditions.

Level 1 is the most advanced status and corresponds to a state where nearly all good
practices of NRW measures have been taken and the WSP is at cutting edge of NRW
management and can only sustain the status at the lowest NRW expectation. Level
5 is the lowest and most basic status which corresponds to a situation where
operations in relation to that aspect are either non-existent or still very low and
therefore requires much improvement.
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After assessing the NRW status level using the standard Self-Assessment template,
WSPs can then strategically plan for NRW reduction specifically along those distinct
NRW aspects. They should follow the steps outlined in the Template for Annual
Review, Assessment, Planning and Monitoring [Appendix-1 Sht(4)] where there are
provisions to identify required resources and investments as appropriate in order to
improve NRW management in the short, and medium terms.

The four main categories of NRW reduction and management are as follows:

a) Organizational Structure

In the past, addressing NRW challenge were dampened by inadequate commitment
from the management. It is therefore proposed that WSPs shall institutionalize the
NRW function in their organizational structures. This shall be followed by staffing this
function with the required competent staff, resources and other necessary capacities
and facilitation. Just like other functions, NRW unit shall be assigned responsibilities
with expected targets.

b) GIS, NRW Monitoring, Zoning and Water Balance Analysis

Mapping of water supply facilities including customer meters and sharing GIS data
and maps (using free software) are critical essentials to addressing NRW. In addition,
daily NRW monitoring by zones and DMAs plus monthly water balance analysis
assist in detecting abnormal flows, bursts, leakages and illegal water use; and
addressing them early enough, hence mitigating the potential losses.

c) Reduction of Commercial (Apparent) Water Losses

Water service provision is supposed to be run on business principles where potential
losses should be at the bare minimum if any. Each WSP management shall therefore
pay special attention to large customers through analysis of their meter reading and
billing data including conditions of these customer meters. In addition, the WSP shall
aim to reduce unbilled, unmetered and illegal water uses by frequently undertaking
CIS as well as targeting suspicious customers.

d) Reduction of Physical (Real) Water Losses

This entails reduction of physical losses through proactive patrolling for leaks, quick
quality repairs, daily detection of illegal water use including illegal connections, use
of better-quality pipe materials, underground leak detection and pressure
management among many others.

Beyond the assessment of all the NRW aspects, sub-categories and main categories
with each being allocated points as appropriate, there shall be the weighted scores
which then give rise to the level of assessment as per the template (Appendix-1).

3.7.2 NRW Reduction Planning

After successfully conducting NRW self-assessment, the next step is the planning
phase. The achievement level of the self-assessment is taken as the baseline. The
maximum achievable point in every NRW aspect is noted. Priority for improvement in
every NRW aspect, with 1 being the highest and 5 the lowest, is determined.
Subsequently, the target achievement for the short term (1 year) and the medium term
(5 years) are determined which then become the basis for execution of the required
activities and their corresponding monitoring and evaluation over time (monthly,
quarterly or annually).
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Appendix-1 Sht(2) shows the Capacity Self-Assessment Template on current
conditions for NRW Reduction.

3.7.3 Analysis of the Self-Assessment Matrix

Based on the Self-Assessment Matrix developed by the WSP, the management must
analyse the priority activities to be implemented by the NRW function directly or
through coordination with other pertinent functions of the WSP.

Table 3.1 shows the Al ssues
Matrix and describes the priority of each issue in column 2. Column 3 describes the
activities that need to be implemented by the management in order to accomplish the

and -A3sessi@gni ons o

priority issue in column 2.

Table 3.1: Issues and Questions Raised in Self-Assessment Matrix and their

Priorities

Issues and
guestions

Priority of each issue

Activities by Management

1. Organizational Stru

cture, Sensitization, PDCA Cycle and Procurement

1.(a) Staffing with
Essential Support
and Training

-Establishment of a permanent NRW unit
with requisite skills and competencies
plus explicit job descriptions and SOPs
and its Strong Coordination with other
units.

-Capacity Development
Trainings and Benchmarking

through

Management support through
facilitation with resources as
appropriate

1.(b)Sensitization
and Awareness
raising for wider
support

- Sensitization of staff and Board on
Ethical, Cooperative, Financial and
Water resource aspects of NRW

- Enhancement of existing and potential
customers compliance and support

Reaching out to both staff and
current and potential customers
and other people of affiliated
interest to be part and parcel of
NRW reduction initiatives either
directly or indirectly

1.(c) PDCA Cycle

-Yearly PDCA Cycle: Participatory
Review and Planning, and Budget and
Funds for NRW Reduction Activities

- Monthly and Quarterly PDCA Cycles:
Performance Indicators, Monthly Report,
Data-based Discussions and Progress
Monitoring

-Management support through
self- involvement in the planning
and review activities, Monthly

Reports, Data-based
Discussions and  Progress
Monitoring

-Facilitation with resources as
appropriate

1.(d) Suitable,
Sufficient and Timely
Procurement

- Internal
Fittings, Customer
Quality Control

- Procurement of Sufficient Materials,
Equipment, Means of Transportation,
etc.

Standardization of Pipes,
Meters, etc. and

- Management support through
facilitation with resources as
appropriate
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Issues and
guestions

Focal Point

Activities by Management

2. GIS, NRW Monitoring,

Zoning and Water Balance and Analysis

2.(a) Mapping/GIS
Development, and
Utilization of Free
Mapping Soft-wares

- GIS Establishment and Mapping of
Water Supply Facilities

- Mapping of Customer Meters, Various
Problems at Customer Points, and
Bursts and Leaks

- Backup, Update and Enhanced
Sharing of GIS Data/Maps using Free
Software

- To ensure there are updated
pipe network drawings of the
infrastructure

2.(b) Monthly NRW
Monitoring and Zoning

-Monthly Monitoring of Total Billing,
Universal NRW Ratio, etc. for entire
Service Areas (SA)

- Zoning of the Existing Distribution
Networks into DZs and DMAs
-Monthly Calculation of NRW Volume
and Ratio for Each DZ and DMA

- Ensuring there are accurate
production and  customer
meters as a mandatory priority
for reconciliation to make
sense

- Management support through
facilitation with resources as
appropriate

2.(c) Abnormal Flow
Monitoring and Water
Balance

- Abnormal Flow Monitoring for Quick
Detection of Bursts, Leaks and lllegal
Water Uses

- Universal Water Balance Table 1/2
(Confirmation of the
Reduced/Remaining Commercial
Losses)

- Universal Water Balance Table 2/2
(Separation of Physical Losses) and
Additional Zonal Analysis

- Management support through
facilitation with resources as
appropriate

- Penalties must be imposed
as stipulated by the law, and
water theft must be punished
in liaison with the enforcement
arm of the county government.
- All lllegal connections must
be legalized or removed.

3. Reduction of Commercial (Apparent) Water losses (i.e., Data Handling and Meter Accuracy
Errors and lllegal Uses) etc.

3.(a) Starting from Large
Customers (e.g., by
NRW Section)

- Analysis of Meter Reading and Billing
Data to Understand the Conditions of
Existing Customer Meters, etc

- Straight-forward Reduction of
Various Commercial Losses starting
from Large Customers

- Additional Focused Management of
Large and Medium Customers

- Management support
through facilitation with
resources as appropriate

3.(b) Activities for New
and Problematic
Customers (e.g., by the
section installing Service
connections and
Customer meters)

- Reduction of Unbilled, Unmetered
and lllegal Water Uses based on CIS
and Targeting of Suspicious
Customers

- Preventive Measures at the
Installation of Service Connections
and Customer Meters

- Management support through
facilitation with resources as
appropriate

- Information Management
System such as the GIS
should be introduced

- Training must be conducted
for GIS.

30




Issues and
guestions

Focal Point

Activities by Management

3.(c) System-Related
and Procedural Internal
Improvements (e.g., by
the section in charge of
Meter Reading and
Billing)

- System-related and
Procedural/Internal Improvements for
Meter Reading and Billing

- Procedural/Internal Improvements
against lllegal Water Uses

- Management support through
facilitation with resources as
appropriate

- Information Management
System such as the GIS
should be introduced.

- Training must be conducted
for GIS.

- Penalties must be
implemented as stipulated by
law, and water theft must be
punished in liaison with
enforcement arm of the county
government.

- All lllegal connections must
be legalized or removed.

4. Reduction of Physical

(Real) Water Losses i.e. (Bursts, leaks

and Overflows)

4.(a) Physical Loss
Reduction Measures
applicable without
isolating DZs and /or
DMAs

- Reduction of Visible Physical Losses
by Active Patrolling and Quick Quality
Repairs

- Daily Usage of Low-Cost Listening
sticks and Hand Pumps for Detecting
Leaks (and lllegal Water Uses)

- Sufficient Valves, Introduction of
Better Pipe Materials and Small-scale
Replacement of Most Problematic
Pipes

- Management providing: -

- Institutionalized and
operational NRW function

- Appropriate equipment

- Training for use of these
equipment

- Budget provision for
implementation of prioritized
NRW reduction-based
activities

- Management support the
implementation of efficient and
effective leakage control
measures

- Adoption of geographical
information system (GIS) for
management of leak repair
records to facilitate decision-
making

4.(b) Underground Leak
Detection in a priority
DZ(s) and /or DMAC(s)
and its expansion over
other areas

- Strategic Approaches for
Underground Leak Detection varying
from Place to Place

- Improvements for Underground Leak
Detection

- Management providing: -

- Institutionalized and
operational NRW function

- Appropriate equipment

- Training for use of these
equipment

- Budget provision for
implementation of prioritized
NRW reduction-based
activities

- Management support the
implementation of efficient and
effective leakage control
measures

- Adoption of GIS for
management of leak repair
records to facilitate decision-
making

31




Issues and
questions

Focal Point

Activities by Management

4.(c) If REQUIRED
Pressure Measurement
and Pressure
Reduction
/Management without
large investments (e.g.,
PRV and BPT)

- Zone Prioritization for
Pressure Reduction and
Identification of
Problematic Pipelines with
Pressure Measurements

- Pressure
Reduction/Management
with Relatively Small
Investments (e.g., PRV,
BPT, etc.)

- Management providing: -

- Institutionalized and operational NRW
function

- Appropriate equipment

- Training for use of these equipment

- Budget provision for implementation of
prioritized NRW reduction-based activities

- Management support the implementation of
efficient and effective leakage control
measures

- Adoption of GIS for management of leak
repair records to facilitate decision-making

- Creation of Water pressure map(s) by use of
water pressure gauge.

- Installation of Pressure Reducing Valves as
appropriate

4.(d) If REQUIRED
Leak Reduction with
large Investments (e.g.,
Pressure reduction with
Reservoirs and
Replacement of Many

pipes).

- Pressure
Reduction/Management
with Relatively Large
Investments (e.g., Zoning
with Reservoirs, Pump
Replacement, etc.)

- Large-scale Replacement
of Deteriorated Pipelines
and/or Service
Connections

- Budget provision for implementation of
prioritized NRW reduction-based activities

- Management support the implementation of
efficient and effective leakage control
measures

- Adoption of GIS for management of leak
repair records to facilitate decision-making

- Creation of Water pressure map(s) by use of
water pressure gauge.

- Installation of Reservoirs and Pipe
replacement with the correct pipe material as
appropriate

3.8 Preparation of Medium-term and Annual NRW Reduction Plans

3.8.1 Developing and Implementing a NRW Reduction Plan

Water is a fundamental resource for human and economic development. Many water
utilities in Kenya are not able to account for large portions of water they deliver. In
some cases, the NRW is above 50%. This is a major cause of concern in terms of
inefficient use of the scarce water resources. It
revenue to support its financial sustainability and thereby offer efficient services. A
utility which has a high NRW means it has lower revenue hence it does not have
funding to fix the problem that causes NRW and NRW increases.

In order to address the situation of high NRW and achieve the required efficiency, a
utility needs to operate in an environment in which NRW declines, revenue increases,
the utility has funding to invest in system improvement, and network expansion
resulting to further decline in NRW.

Developing and implementing a successful NRW reduction plan entails the following
steps:

Step 1. Seek support for a Non-Revenue Water Reduction Programme

NRW programmes require resources and time which are scarce. Therefore, the first
step should be to outline a NRW programme. The programme should show the
anticipated benefits in order to gain
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Step 2: Establish a Non-Revenue Water management team

The team performs the analysis and develops a strategy, recommends intervention

and oversees i mplementation. The team must i
departments; i.e., Administration, Technical (Production, Distribution) and incorporate

customer service, communication, etc. this is crucial in order to promote ownership

and build consensus by the utilityds senior

Step 3: Calculate the Non-Revenue Water Ratio

The NRW ratio will show the magnitude of the losses and the areas where NRW is
present. This enables decision-making in use of the limited utility resources in areas
of high return in revenue and cost cutting.

Step 4: Set Non-Revenue Water reduction targets

The utility should set realistic targets for NRW reduction taking into consideration the
utilitybés goal s, policies and resources and
Water Policy and the regulator. The National Water Services Strategy (NWSS: 2019-

2030) for NRW is 25% by 2030 while the benchmark by WASREB is 20%.

Sep 5: Identify Non-Revenue Water reduction projects

Undertaking a pilot project to demonstrate the effectiveness of NRW reduction is a
useful way to start because it will generate lessons and it will show the value of NRW
reduction strategy. A pilot project covers a small area that is still large enough to test
the NRW reduction strategy.

The type of pilot project can vary from improved metering to better customer
accounting to full-scale repair and rehabilitation of the network and customer service
connections.

Step 6: Prioritize Non-Revenue Water projects

Most utilities face scarce resources in staffing, equipment or funding. The potential
projects will have different levels of payback, impacts on service, timing, etc.
Prioritizing is the way to select the projects that will have the greatest overall benefit
and to decide on the timing of when projects are accomplished.

Some projects may reduce NRW significantly but will have a high cost. Others may
have a lower cost and lower reduction but can be accomplished more readily because
resources are available. Gains from doing these projects may generate additional
revenues which can then be used to accomplish the more expensive projects.

Step 7: Planning and approvals

In order to obtain resources. The team needs a budget that is approved by the utility
leadership. Therefore, when developing an NRW plan, remember that reducing NRW
is not a short-term process. Some activities may span years rather than months.
Timeframe between four and seven years are reasonable. Anything shorter is
ambitious and anything longer will not be cost effective.

In preparing the budget, the team must identify costs that may include:

i) Staffing for both direct NRW works (e.g., leakage technicians) and direct
support (e.g., procurement staff).

i) Equipment installed permanently (e.g., DMA meters) and those used on a day-
to-day basis e.g., leak detection equipment)

iii) Vehicle and equipment to maximize the productivity of staff.
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Step 8: Implementation, monitoring and evaluation

As the project takes place, it is a good idea to monitor both the costs and benefits and
compare them to budgets and NRW targets. This will demonstrate the benefits of NRW
reduction and build support for the strategy. It will also allow the team to take action to
improve performance as needed.

Step 9: Sustain the gains of a Non-Revenue Water reduction project

NRW management is a continuous process. Even after the initial gains are made,
NRW must continue to be managed. This requires vigilance and attention to make
sure that leaks are eliminated when they occur, that all customers are legally
connected and billed and, all water uses are tracked.

3.8.2 Contents and Layout of Non-Revenue Water Reduction Plan

There are many activities that constitute NRW reduction measures. The purpose of an
NRW Reduction Plan is to determine the most suitable measures for adoption and use
the available budget effectively.

An NRW Reduction Plan must include the following components:

a) Introduction

This covers the WSP6s background, rat.i

developing the plan, methodology of developing the plan, and organization of the plan.

As geographical and social conditions are unique to each WSP, any existing
problems related to these conditions must be identified. Hence, the overall
management, financial status and funds available are all important factors in the
planning for NRW reduction.

b) Current status of Non-Revenue Water

It is important to first understand the current situation that is causing high NRW.
Therefore, the analysis of the current status should be based on a self-assessment
carried out by the WSP using the SELF ASSESSMENT MATRIX.

As a first step it is important to understand what happens to water when it enters the
network. Therefore, NRW must be calculated by using volume of distributed water
(system input volume) and billed authorized consumption volume.

In cases where the volume of distributed water and/or volume of consumption cannot
be correctly established, then priority should be placed on the installation of flow/water
meters.

c) Objective (target Non-Revenue Water ratio and target area)

A company-wide target for NRW reduction, taking into accountth e ut i | i ty
or policies that will either complement or conflict with NRW reduction should first be
established. This target should be guided by the National Water Services Strategy and
the sector benchmark as issued by the regulator. Often, many utilities choose the
NRW target arbitrarily, without any real consideration of cost implications or whether
it is achievable.

Identifying the economic level of NRW is essential to setting the initial NRW targets
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and requires a comparison of the cost of water being lost versus the cost of
undertaking NRW reduction activities.

For utilities with more than 40% NRW ratio, commercial loss reduction and visible
leakage reduction measures must be given priority. For those utilities with NRW ratio
of between 40% and 30%, invisible leak detection and repair are necessary. Between
30% and 24% ratio, it is necessary to replace aging pipes. Significant amount of funds
will be required to replace all aging pipes and therefore, it is necessary to prioritize
areas and also activities.

Generally, leakage occurrence record must be plotted onto a map, which will show
areas with high occurrences of leakages. Areas with high water pressures and also
large pressure variations should be given priority. Furthermore, if there are any
asbestos cement pipes, replacement of those must be prioritized.

d) Non-Revenue Water Reduction Implementation Plan

It presents the implementation matrix, which covers for each of the strategies,
proposed actions, bill of quantities, and cost estimates, implementation schedules,
expected outputs and output indicators.

e) Monitoring and Evaluation

It is essential for the success of the NRW management programme. It enables
managers to track progress against plans, budgets and expected results in the form
of performance indicators. It also enables managers take action when performance is
lagging behind expectations or exceeding budgets. To achieve the desired results
from the plan, MONITORING through regular observation and recording of activities
taking place is important.

3.8.3 Prioritizing Implementation Plan of Non-Revenue Water Reduction

Once the wutilitydéds NRW target i1 s set,
volume of water saved by comparing the NRW baseline with the target level. The
volume components, as detailed in the implementation plan for NRW reduction Table
3.2 are then prioritized according to how the required total reduction can be most cost-
effectively achieved. That is, some components may comprise a significant volume,
but would not be targeted because of the high cost to achieve reduction in that
component. On the other hand, focusing on another component may cost less while
reducing the same volume. Therefore, the scope of implementation will depend on the
financial capability of each utility and be guided by the action plan in Table 3.3 (also
refer to Appendix-1 Sht(5).

In general, if a physical loss is detected and repaired then the savings will be in terms
of a reduction in variable operational costs. When a commercial loss is detected and
resolved, then the savings will be an immediate revenue increase, and this is based
on the water sales tariff.

The water sales tariff is higher than the variable production cost for all profitable water
utilities. Therefore, a smaller volume of commercial loss may have a higher financial
value, so if increasing financial resources is the objective, then commercial losses
should be prioritized.

Similarly, where a water utility has a shortage of treated water, and some customers
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receive less than a 24-hour supply or the supply coverage is less than 100%, then
reduction in physical losses would effectively create additional water supply. Hence if
increasing water supply is the objective, then prioritizing physical losses reduction
could enable customers to receive water 24 hours a day, or new customers to be

connected to the supply system.

Table 3.2: Non-Revenue Water Reduction Implementation Plan

Issues Activities DESCF.Ip"[I.OH o Concept and Quantified Aim
Activities
Establishment This should be the first step in NRW reduction
Water . -
of the water plan in order to establish all the necessary
Balance
balance components
To determine actual levels of authorized
System Master and bulk | consumption and water losses in a water supply
Input meter scheme, it is imperative that master meters are
Metering installation installed at the exit of water treatment works and
bulk meters at the entrance of each zone
Installation of customer meters at every
Consumpti household to aid in the determination of
Customer meter . -
on installation consumption and billing process and also to
Metering assist in the determination of the NRW volume in
the system is therefore paramount
Pressure gauge | To determine current water pressure at select
Pressure installation points in the distribution system
Monitoring | Water pressure | Water pressure map must be developed using
map data from water pressure gauge measurements
Pipe network maps and drawings are absolutely
necessary for WSPs to implement efficient and
Fundamen effective  NRW reduction measures. In the
tal Pineline ma absence of drawings, the WSP should start to
Measures: P P build up the drawings of distribution mains and
Water Maps/GIS major distribution facilities. Coming up with
Balance/ pipeline map which contains types of pipes, size,
Flow/ age, length, valves, etc.

Pressure - Comprehensive map of the pipelines by computer
o Digitize the . ; . ) )
Monitoring manpina data aided design ensures ease in retrieval, updating,

/ Mapping, ppIng amendment, storage, etc.
Procurem Check for any
ent & leakage.
Zoning Recording the
Leak . . :
Repair leakage It is necessary to pro_\/lde repair records, such as
promptly. pipe diameter, material, location, etc
Records .
Checking and
recording meter
tampering
Procurement of equipment related to NRW
reduction. To carry out the leakage control work
Provision of basic equipment at least the following equipment are necessary:
necessary for NRW reduction Hearing bar, electronic leak detector, Pipe
locator (for metallic and non-metallic pipes).
Necessary number of basic equipment depends
on the size of the WSP
Establishment of small DMAs requires a lot of
L S resources. It is therefore recommended to begin
Separating into distribution L . L
by establishing a pilot DMA to conduct training of
zones and DMAs gradually . \
. X . X 4 NRW reduction measures for relevant WSP's
while getting trained in a pilot . . . .
staff while gradually separating the entire service
DMA : L o ;
areas into large distribution zones and then into
DMAs.
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Description of

Issues Activities i Concept and Quantified Aim
Activities P
Inspection of all - Inspection of stuck meters, non-active
Customer customer meters and/or aged customer meters
meterin Ensure 100%
9 metered - Improving the customer meter ration
connections
%Zf;?mer Replacement of - Investigating all customer meter tampering
replacement stopped/inaccurat suspects
bar')sed onage | € and/or aged - Repairing and/or replacement of customer
9 customer meters meters
and accuracy
Ensuring
Customer purchase of - Replacement of existing meters not
meters that meet . . 2
meter class required meeting required specifications
standards
Customer - Update and maintain the database with
Customer database and specific times of update.
database billin - Purchase of software to make work easier
9 to manage database
Reading all - Develop a schedule on the meter readers
Reduce meters monthly rotation
Commercia Billing all - Preparation and Printing of meter reading
| Losses ifing a books.
Customer customers on

meter reading

monthly basis

- Capturing of all the meter readings.
- Bill adjustments.
- Processing the bills

Less errors in
meter reading.
Less corruption
cases

- Correct reading of meters.

- Rotating meter readers in the company.
- Sub-contract meter reading.

- Ensuring proper routing

- Identifying illegal accounts

Illegal and : . o
- Disconnecting/legalizing illegal accounts
dormant i
X - Management to take stern, stiff and legal
connection . . .
) . action on corrupt staff manipulating meter
inspection )
lllegal readings, meters, etc.
connection, Forming
meter inspection team,
tampering, taking I.egal action | _ Management to be swift, steady, fearless
bypasses on the illegal : . . .
and persistent in dealing with corrupt cases
cases, random . ; > .
like meter interference, illegal connections.
monthly
inspection by top
management

37




Issues Activities Description of Concept and Quantified Aim
Activities
Reduce Active Leakage detection Conduct continuous non-visual leakage
Physical leakage detection activities
losses control Leakage repair In principle, detected leakages must be
works repaired immediately
Replacement of When leakage occurs in the service pipes,
service pipes the fundamentals are to replace rather than
repair.
Replacement of Plans for distribution pipes replacement are
distribution pipes affected by the availability of financial
resources. However, replacement is
preferred option.
Reduce repair | Record time taken Reduced response time of pipe repair to 6hrs
time in to repair leakages. irrespective of size.
distribution Analyse the data to
pipes determine time
taken
Water The most common | Water pressure of around 1 MPa must be
pressure and cost effective maintained as much as possible throughout
management | is the use of the distribution system.
pressure reducing
valve - PRV
Capacity Training on Taking the relevant | To improve technical skills and capacity
Building NRW staff for training on
management NRW
management. Field
visitation. On-Job-
Training (OJT)
Public Aware-ness NRW public Create stakeholder awareness for proper
Aware- of stake- campaigns water use and disseminate benefit of NRW
ness holders on management.
NRW
management

The action plan would be summarized as shown in Table 3.3.
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Table 3.3: Non-Revenue Water Reduction Action Plan

Desired Status / Short Term

Issues/Questions Target Measure

1 Water Balance, Flow and Pressure Monitoring,
Mapping

1.1 | Water Balance

1.2 | System Input Metering

1.3 | Pressure Monitoring

1.4 | Mapping/GIS

2 Leak Repair Records

2.1 | Leak Repair Records

3 Performance Indicators

3.1 | Performance Indicators

4 Active Leakage Control

4.1 | Active Leakage Control

4.2 | District Metered Areas (DMAS)

4.3 | Leak Repair - Distribution Pipes (Repair Time)

4.4 | Leak Repair - House Connections (Repair Time)

5 Customer Metering

5.1 | Customer Metering

5.2 | Customer Meter Replacement and Age

5.3 | Customer Meter Class

5.4 | Customer Database

5.5 | Customer Meter Reading

5.6 | lllegal Connections, Meter Tampering, Bypasses

6 Other Interventions

6.1 | Capacity Building on NRW Management

6.2 | Stakeholder awareness on NRW Management

3.9 Budgeting, External Funds and Public Private Partnership

3.9.1 General

a) Sound strategies and/or main activities to reduce NRW should be well stated in
the WSP's latest 5-year strategic plan.
b) The following documents should be developed in a fully participatory way among
relevant staff:
i) yearly self-assessment of current conditions (i.e., Self-Assessment Template
and its visualized results) i Appendix-1 Sht(2).
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i) yearly update of medium-term NRW reduction plan (MP) with activity
prioritization (i.e., MP - Appendix-1 Sht(4) Template <2-1>)
iii) annual NRW reduction plan (AP) with cost estimation (i.e., AP - Appendix-
1 Sht(4) Template <2-2>)
iv) yearly review sheet (i.e., Appendix-1 Sht(1) and/or report of NRW reduction
activities
c) Submission of the four documents listed above (e.g., to managers, board of WSP
and/or WASREB)
d) The budget required for implementing the annual NRW reduction plan should be
approved (e.g., by the managers and/or the board of WSP)
e) Possibility of receiving external funds required for capital investment included in
the medium-term plan (e.g., for replacing degraded pipes) should be discussed
well.

3.9.2 Caution

Private sector participation can take many forms, and the best approach in the short
term is probably a low-key gradualism whilst preparing the ground for larger scale
private sector participation.
a) If a loan/grant is involved, ensure relevant constitutional requirements are
followed in formulation of the loan/grant agreement
b) Develop adequate legal, institutional and regulatory setting to promote Public
Private Partnership (PPP)
c) Ensure financial proposal is adopted and approved by the legislative arm of the
government and has gained enough social and political support
d) Create internal and external accountability, prioritizing investments within
financial availability
e) Overcome institutional rigidities, particularly regarding manpower and
investment planning and implementation

3.9.3 Performance Based Contracts

a) Under Performance Based Contracts (PBC), a private firm is contracted to
implement an NRW-reduction programme, and contract payments are linked to
achievements.

b) Contract models and the level of performance-based payments can vary widely
from one utility to another.

c) It is important that contract period should be Realistic and in proportion to the
project network area. Not too short and not long period.

Note: The principal advantages of NRW PBCs over conventional projects that are
directly implemented by a utility is that the utility can benefit more rapidly from NRW
reduction and faces a lower risk of the project not achieving its targets.

3.9.4 Drivers for implementing Non-Revenue Water Performance Based
Contracts

a) Major constraints on water resource availability, currently or expected in future

b) Utility is not recommended to increase staff to reduce NRW and then scale back
staff to maintain low NRW

c) Limited or low utility expertise in NRW planning and reduction

d) High water production costs, such as through the use of desalination or high
energy cost.
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3.9.5 Characteristics of Performance Based Contracts
It is output-based: design, build, operate contract with strong performance element.

a) Both the client and contractor must understand the contract before signing.
b) Payment - Small fixed fee - 'Priced Activity Schedule’

c) DMA establishment - lump sum price per DMA established

d) Performance indicator fee per m3/day leakage reduction

e) BoQ (supply and installation) for unforeseen works

f)  Works to connect new customers

g) Leak Repair

h) Network Pipes Replacement and Extension

i) Pressure Control Implementation and Optimisation

j) Improving water customer services (customer satisfaction)

3.10 Periodic Discussions, Progress Monitoring and Review
Reports

1) Prioritization of data collection (daily, monthly, quarterly and annually) for
calculating performance indicators (should be carefully done. The indicators
can also be used for WASPA's benchmarking activities and WASREB's Impact
Report.

2) Systematic and simplified data collection and analysis methods should be
formulated and operationalized.

3) The NRW Unit should:

) prepare quantitative monthly progress
i) submit the report to the supervisor/manager

4) The NRW Unit and other relevant staff including managers should have monthly
NRW reduction coordination meetings and discuss concreate improvement of
the Pl 06s

5) Progress in implementing the planned NRW activities should be monitored

3.11 Internal Standardization and Procurement

1) The types of problematic existing pipes, fittings, valves, etc (causing bursts
and leaks frequently) and bulk and customer meters (with defects and being
tampered with) should be discussed adequately (and analysed based on
collected data) to identify the need for changing their procurement.

2) Suitable types of pipes, fittings, valves, etc of different sizes and suitable
pressure rating (e.g., HDPE pipes to reduce leaks from joints) should be
selected for procurement with adequate internal standardization (based on
performance, availability and price)

3) Suitable specifications of bulk and customer meters such as ISO Class and/or
OIML R, type (e.g., copolymer piston), availability of spare parts, etc should
be decided for each size

4) The procurement of pipes, fittings, valves, bulk and customer meters, etc
should be done in accordance with suitable types and specifications (including
those provided by WSB, County, etc)

5) The WSP should appoint ad hoc but competent staff for different inspection
and acceptance committees based on the various procurement categories
(e.g., pipes and fittings, motors and pumps, meters, etc). The committees
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should be strengthened well to reject faulty and unmatched materials and
services

6) Some portion (e.g., 5%) of each batch of new customer meters should be sent
to a credited meter testing institution (i.e., KEBS and Nyeri WSP) and sub-
standard ones rejected (WSP with own meter test bench may test all or some
of the new meters)

7) Trace survey should be conducted to evaluate durability and actual lifespan
of newly procured meters (results showing a significantly limited durability may
be used to reject the products from the same manufacture)

8) Enough pipes, fittings, valves and other common appurtenances should be
procured and stored for quick repair of bursts and leaks.

9) Enough bulk and customer meters of different sizes (including spare parts if
available) should be procured and stored for quick replacement and repair of
faulty and degraded meters

10) Enough number of NRW survey equipment (e.g., listening sticks, calibrated
buckets, portable ultrasonic flow meter, electric leak detector, noise correlator,
pipe locator, pressure gauges with maximum pressure pointer/ pressure
loggers, hand pumps, etc) should be acquired

11) Enough office appliances and specialized hardware required for establishing
or improving GIS database, e.g. A3- inkjet printer with scanner (or plotter),
spare inks, desktop PC or laptop, handheld GPSs, large PC monitor, etc
should be procured and well maintained (Note: Free GIS software
programmes and free base maps such as QGIS and online satellite images
are available for PCs)

12) Enough official-use smartphones/tablets should be procured for improving
NRW activities at site (Free mobile GIS and interactive data collection
software programs, etc can be installed in the procured smart-phones/tablets)

13) Reliable internet connections with reasonable speed in WSP offices (i.e.,
WIFI) and in official-use smartphones/tablets (i.e., data connection) should be
provided to the staff involved in NRW-related activities

14) Enough transportation means should be secured for NRW reduction activities
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Chapter 4

Mapping and Use of Free Software
4.1 Necessity for Geographical Information System

4.1.1 What is Geographical Information System?

Geographic information system (GIS) is a computer system for capturing, storing,
checking, and displaying data related to positions on Earth's surface. GIS can show
many different kinds of data on one map, such as streets, buildings, vegetation etc. It
is therefore ideal for viewing and managing water facilities (e.g., pipelines, storage
tanks, etc.) compared to paper maps that have been in use in the past.
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Figure 4.1(a): Advanced GIS map showmg water supply network

- Plentify from
- Sorvics Mo

930
’8899 3158,

2 PPolz work PrtERs’
PPoI/ wail PntCRe’

@ HD2ART

& NrTnrK

¥ I'HLL

# UHEI0W

38&) 20031E8.
ANAY_E1bE

Kt
RENE
0903908158

« ‘llqad;k
EIC VaveAni Lulill
M

s
SoE
LeEE

&

=

s Va\e vmns 1for2Z

LAmEE—wo oo uug
EE IS 2

i
4

BEE®E
!"I

IDetailed attrlbute data o
selected customer mete
(i.e.,meter ID, installatio
date, zone, etc)

BEEE®

Figure 4.1(b): Satellite imagery used as base map of GIS

GIS can be used for storing and updating the geographical locations of water supply
facilities such as customer meters, area boundaries, etc. and their attributes (including
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records of problems - bursts, leaks, water thefts etc.). Figure 4.1(a) is an example of
advanced GIS database of water supply (customer meters, service and distribution
pipes) showing supplementary layers (plots and buildings). Figure 4.1(b) is the satellite
image showing part of the area covered by Figure 4.1(a).

4.1.2 Free GIS Software

In order to effectively reduce NRW, it is essential to utilize data from multiple

information systems such as:
0 Customer management systems for data on meter readings, billing, revenue
collection, complaints handling, etc.

0 Statistical data calculation sheet/processing system relating to NRW
management (e.g., spreadsheets to calculate NRW ratio in each area)

0 GIS and other mapping systems for collecting, identifying and analysing
information on water supply facilities and their problems including locations of
bursts, leaks, water thefts, etc.

Most of these systems are already installed as stand-alone systems by WSPs in
Kenya. However, some of the large and/or advanced WSPs try integrating the systems
using local software developers.

For mapping, highly-functional software programs (e.g., Kobo Toolbox/Collect, QGIS,
QField) are now widely available online free of cost. WSPs just need to acquire the
basic skills on handling these information systems. They can then use the systems in
combination for more effective NRW reduction by exporting and importing data from
one system to another.

4.1.3 Advantages of GIS over Other Mapping Software

Use of GIS by WSPs has been low in Kenya due to the high cost of software. However,
there is no more excuse for not using GIS for NRW reduction since highly-functional
GIS software and online base maps are available for everybody at no cost.

Other mapping software are Computer-Aided Design (CAD) and Google Earth.

1)GIS has significant advantages in operation and maintenance of water supply
facilities (e.g., searching facilities having certain conditions, analysing problems,
etc.) over CAD systems such as AutoCAD, online-mapping software such as
Google Earth, etc., GIS can also be integrated with smartphone based free software
applications and the billing software thereby further easing management of the
water facilities.

2)CAD system is quite useful for detailed design but has also been widely used for
mapping by WSPs (and WSPs should safely keep all the as-built CAD and paper-
based drawings of existing water supply facilities for occasional reference). These
CAD files can be used to develop GIS layers to some extent but it is very difficult to
convert CAD data (e.g., dxf files) to GIS data (e.g., shapefiles) because their data
structures are quite different. Therefore, if a WSP wishes to have a useful
geographical database of water supply facilities in future, it should start the
preparations by using a GIS software from the beginning without temporarily
resorting to the familiar CAD system.

3)Google Earth is another free software program which is often used at WSPs to
create geographical data sets of their existing water supply facilities. Google Earth
allows mapping of water supply facilities and also updating high-resolution satellite
images. However, when converting the digitized data on Google Earth (i.e., kml or
kmz files) into GIS data (e.g., shapefiles) later to develop a fully-fledged GIS
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database, there may be difficulties in transferring the attribute data of each mapped
facility due to the differences in their data structure. Therefore, a GIS software such
as QGIS should be used from the beginning without detouring to Google Earth.

4.2 Establishment of GIS

4.2.1 Characteristics of GIS Establishment and Utilization

Since GIS field is a very wide and relatively complicated technology, competent IT
specialists are needed to apply the technology in the actual work. WSPs are therefore
advised to deploy IT specialists to set up GIS database and coordinate its full utilization
among the WSP staff. Where necessary, the specialists can undergo further training
in KEWI or other institutions.

The tasks for establishing and using GIS fall under three categories:

a) Initial establishment of GIS and mapping of water supply facilities (see 4.3)

b) Mapping of customer meters, problems at customer points, and bursts and leaks
(see 4.2.2 and 4.4)

c) Updating and wider use of GIS data/maps (see 4.5)

4.2.2 Activities Prior to Establishment of GIS Skills

Development of a GIS layer for customer meters is time consuming but very important
for effective NRW reduction. If there are no staff with basic GIS skills, the WSP may
need to recruit or wait until its designated staff to acquire the skills or send them for a
training course such as QGIS in KEWI.

While waiting for the GIS skills acquisition, the WSP may commence collection of data
which will later be required to build the GIS layer of customer meters. This data
collection can be done using smartphones installed with an easy data collection
software with map view functions (e.g., Kobo Toolbox/Collect i refer to YouTube on
how to create kobocllect forms) to record the locations and conditions of all the existing
customer meters at site. It is advisable to include handheld GPSs to confirm the
accuracy of the smartphones during the data collection. The collected customer meter
data can then be exported (refer to YouTube on how to export data) from Kobo Toolbox
into a text-based data table (i.e., CSV legacy file) which can be imported later into GIS
database.

4.2.3GIS Layers Necessary for NRW Reduction

Table 4.1 gives the typical GIS layers to be considered f or i ncl usi on i n
database for NRW reduction activities.

The recommended combination of geographic coordinate systems to use for easy GIS

operation is the World Geodetic System 1984, WGS84 (i.e., longitude and latitude)

and Universal Transverse Mercator, UTM (Zone 36N, 36S, 37N, 37S depending on

location in Kenya) for metric/x,y coordinates.

After creating the base map (e.g.,sat el |l ite i mage) and gener al
GIS database with these coordinate systems, the digitization of the major facilities

such as distribution tanks, pipelines, etc. can be done initially by plumbers confirming

on the screen and then through field surveys using GPSs.
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Table 4.1: Typical GIS Layers for O&M, Planning and NRW Reduction Activities

Category Example of GIS Layers

[First Priority]

0 Base Map Recenthigh-resolution satellite imagery with a geographical coordin
system called WGS84 (which is used for GPS and Google Earth) is recomn
[Note: This could be an online satellite image layer of free GIS softveage
OpenLayers Pluginan experimenal plugin of QGIS), satellite imagery downloag
by using lowcost software €.g., geotiff images created by using Google Sate
Maps Downloader) or satellite imagery purchased/shared by the country]. Other
online street maps, which is much lightdran satellite imagery, can be useeld.,
1. Base OpenLayers Plugin or QuickMapServices of QGIS)

Map and [Second Priority]

General GElevation ContoursFor example, standard GIS files.(shapefiles) of the contour

Layers with 25m interval are available at http://www.opendem.info/opendem_ client.ht
[Note: the contours probably need clipping with a boundary such as col
boundary to reduce the heaviness of the GIS layer].

(from 0 Other General Layersuch as Administration Boundarigg.g.,county, subcounty,
external etc.), Roads, Water Bodies including Rivers, Landmarks,: 8these general laye
sources) can usually be found on the Interneg.(., https://www.wri.org/resources/data
sets/kenyagis-data) or extractd from Open Street Map (OSM).

[Third Priority]

0 Cadastral Maps with Land PlatsPaper cadastral maps, which carry an
geographical coordinate systemi.e(, Arc 1960 but not WGS84), are usua
purchasable by sections at a national government institution [Note: This mean
scanning the paper maps, combining the images, georeferencing and digitizati
required at the initiabtageand occasional updaseto use them as a GIS layer]

0 Current and Future Land Use MapBhis may be required for the planning of

water supply systems over a large area.
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Category

Example of GIS Layers

2. Layers
for Water
Supply
Facilities
and Area
Boundaries

(through
conversion
of existing

data, on-

screen
confirmation

and site

surveys)

[First Priority]

0 Main Structures/SitegPolygon or Point] (possibly multiple layers separated by ty]
The required data fields are probably type (office site, intake site, well field,
treatment plan, distribution reservoir/tank, elevated tank, pump station, etc.), na
identification number, construction year, statu®.., not in use), condition (e.g
leaking), remarks, label and other typpecific information such as capaci
dimensions, low and high water levels, target area, number of pumps, etc.

0 Main Pipeg|[Line]: Type (raw watetransmission, clear water transmission, prims
distribution, secondary distribution, tertiary distribution, etc.), line hame, diame
material, pressure rating, installation year, status, condition, remarks, label,
[Note: When drawing pipe linean GIS, it is better to reflect which side of road e
pipe is laid, how pipes are connected at intersections and within main sites sy
WTP to make the GIS more useful for various activities including leak line surv

0 Customer Meters[Point]: Connedbn/customer account number, meter seri
number, type, product name, material, diameter, pressure rating, installation \
existence of meter box, orientation (horizontal or vertical), condition, etc.
digitization of customer meters can be done thgh CISby using data collectio
software such as Kobo Toolbox/Collect. [Note: Connection/customer numb
meter serial number can be used as a common data field to join other cust
AYTF2NXIEGA2Y &d4dzOK a St OK Odza (i 20%sSaldeh
number, type, connection status, etc. extracted from the customer database usg¢
meter reading and billing]

0 Service AreagPolygon]: Type (individual supply area, bulk supply area, etc.), n

etc.

[Second Priority]
0 Bulk Meters[Point]: Type (raw water transmission/intake meter, back wash me
clear water transmission meter, DZ meter, DMA meter, etc.), product name, n
ID, diameter, material, pressure rating, installation year, status, condition, rem
label, etc.

0 DZs ad DMAs[Point] (possibly separated by type): Type (DZ, DMA, pressure
etc.), name of bulk meters for inflow and outflow, number of customers, etc.

0 Other Equipment and AppurtenancgBoint] (possibly separated by type): Type (\
pump, intake pump, sinsmission pump, distribution pump, booster pump, press
reducing valve, breagressure tank, isolation valve, air valves, washouts, hydrg
pressure gauge, strainer, etc.), product name, ID, installation year, status, con
and othertype-specific information such as size/diameter, capacity, pressure h
settings, etc.

[Third Priority]

0 Service Connections drakeoff Points[Line or Point]: diameter, material, pressu
rating, installation year, length, condition, type t@ke-off point (e.g.,tee, saddle,
etc.), etc.

0 Meter Reading Sectionand RoutegPolygon or Line]: Section and/or route ID, et
0 Other Pipe Fitting$Poirt]: Type, diameter, installed year, etc. [Note: The digitizal
of minor fittings is probably not necessary in developing countries like Kenya]

3. Layers
showing
NRW-
related
Problems

0 Perceptional Maps of Problematic AregBolygon]: For example, problematic are
(e.g.,old pipe networks, high pressure areas, and wdhaft prone areas) can b
encircled on a satellite Jimage base map through part|C|patory discussions bag
LI NOHAOALN yiGaQ LISNDSkMatapy ' yRk2NI f AY
0 Records of Bursts/Leaks, Water Theft, efeoint] (possibly separated by type): Ty
(burst, leak, underground illegal connection, abareund illegal connection, mete
tampering, etc.), location (distribution pipe, distribution pipe fitting, iséce pipe,
service pipe fitting, etc.), magnitude of water loss, repair method, remarks, etc.
0 Problematic Customer MeterfPoint: After analysing the meter reading and billi
data in spreadsheets or conducting CIS, identified problematic customer nuzie
be presented on GIS.
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4.3 Initial GIS Establishment and Facilities Mapping

4.3.1 GIS Procedure 1

This subsection covers the points to be checked regarding the initial establishment of
GIS in a WSP and the digitization of major water supply facilities (such as water
treatment plant, distribution tanks, transmission pipes and distribution pipes) into GIS
layers. The beginning of GIS establishment typically includes the set-up of a base map
(e.g., georeferenced satellite image) and the development of general layers (e.g.,
contours, administration boundaries, rivers, etc.) (see Table 4.1), The following broad
procedure is recommended:

1) Ensure that the need for developing and fully-utilizing a GIS database is well
discussed between different departments/sections/units (including branch offices
covering different areas) and prioritized.

2) Ensure enough number of GIS staff to support NRW reduction activities are
employed.

3) Ensure free GIS-related software programs are used for mapping of existing water
supply facilities with:

i) PCs (e.g., QGIS with various plugins such as OpenLayers)
i) Android smartphones/tablets (e.g., QField, Kobo Collect, etc.) and,
iii) Cloud space/web site (e.g., Kobo Toolbox).
Note: Initiative by GIS staff may be required to shift from expensive commercial
GIS software programs with familiar interface (e.g., ArcGIS) to free software
programs so that more staff can use GIS without spending additional funds such
as annual software license fees.

4) Ensure the following base maps and other general layers are added to the GIS
map/project file being developed to establish the GIS database (Note: offline base
maps/layers usable without internet connections are more reliable) as follows:

i) online base maps such as satellite image, street and terrain maps (e.g., from
OpenLayers plugin of QGIS) if the internet connection is reliable and fast.

ii) offline high-resolution satellite image (e.g., offline satellite imagery) downloaded
and automatically-georeferenced with low-cost commercial software such as
Google Map Downloader.

i) offline street map (e.g., open street map - OSM) layers downloaded with OSM
Downloader plugin of QGIS.

iv) offline elevation contours (e.g., downloaded from
http://www.opendem.info/opendem_ client.html).

5) Ensure reliable GIS layers of major water supply facilities (e.g. intakes, WTPs,
pumping stations, distribution reservoirs/tanks, transmission pipelines, major
(primary and secondary) distribution pipelines with sluice valves, BPTs, PRVs, bulk
meters, etc.) are developed well (e.g. through on-screen digitization with those staff
who know the locations of these facilities, on-site digitization with mobile GIS such
as QField, mapping with data collection software such as Kobo Toolbox/Collect,
digitization from existing drawings, import/conversion of existing CAD data, etc.)
(see 4.3.2).

6) Ensure reliable GIS layers of existing zone/area boundaries (e.g., boundaries of
water supply service areas, schemes, customer meter reading zones, DZs, DMAS,
etc.) are developed well (see Figure 4.2).

7) Ensure reliable GIS layers of minor water supply facilities other than customer
meters (e.g., minor (tertiary) distribution pipelines with gate valves, service
connections, air valves, hydrants, washouts, etc.) are developed well.

8) Ensure GIS layers of public sanitation facilities (e.g., wastewater treatment plants,
public toilets, sewers, manholes, etc.) are developed well.
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Figure 4.2: DZs and DMAs planned on GIS at Meru WSP

4.3.2 Use of Handheld GPS and Mobile GIS Software for Digitization
Digitization of water supply facilities into GIS layers can be done through a
combination of following methods:

1) Scanning, geo-referencing and on-screen digitization of paper maps.

2) Data conversion from CAD files, KML/Z files, etc. into GIS files (Note: Manual re-
entry of attribute data would probably be required [see 4.1.3(2)].

3) Direct on-screen digitization with technical staff who know the location of facilities
such as plumbers (Note: at least 27-inch external screen or a projector is better for
effectively communication between GIS operators and field staff in front of the
screen).

4) Use of low-cost handheld GPSs (e.g., Garmin eTrex 10) and paper data collection
forms/tables on site. (Note: the horizontal accuracy of a handheld GPS under clear
sky is usually N2Y3m but its vertical

5) On-site use of free mobile GIS software installed on smartphones (e.g., QField
which can open QGIS files) [Note: satellite images used as base map in QGIS may
need to be compressed into suitable formats (e.g., geotiff-RGB to geotiffi PCT or
Mbtiles) to operate smoothly with smartphones].

6) Use of free cloud-based data collection software installed on smartphones and PCs
on site and in the office (e.g., Kobo Collect/Kobo Toolbox), preferably in
combination with handheld GPSs to confirm the accuracy of locations (see further
explanation in Sec. 4.4.2).
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4.4 Mapping of Customer Meters, Problems at Customer Points and
Bursts/Leaks

4.4.1GIS Procedure 2

While on site locating existing customer meters for GIS mapping, a large number of
problems related to and around customer meters (e.g., stalled meters, water thefts,
leaks, etc.) can be found. This is especially so if CIS is implemented effectively to
locate existing and missing customer meters and identifying various problems.
Therefore, this section covers not only how to digitize customer meters but also how
to identify and map the problems including those related to and around customer
meters [see 4.4.2 for example of CIS and Table 4.1(3) for types of GIS layers and
NRW-related problems]. It also covers the CIS issues that should be checked and,
mapping of NRW-related problems for analysis and geographical representation.

1) In the beginning, ensure that the areas and pipelines with many problems related
to NRW are mapped based on the knowledge of relevant staff through participatory
mapping. Examples are areas with many stalled meters, illegal connections and
high pressure; pipelines with many and frequent bursts and leaks.

2) Ensure that CIS is conducted to locate all the customers (registered and
unregistered water and, kiosks) and collect data on their meters including existing
problems. Examples of problems are unreadable and stalled meters, illegal
connections, leakage from service connection, etc.

Note 1: CIS can be done using an electronic on a form of data collection software
(e.g., Kobo Collect) installed in smartphones and cloud software for mapping and
analysing the collected data (e.g., Kobo Toolbox).

Note 2: Handheld GPSs can be used (by entering waypoint number) in combination
with smartphone-based data collection software to enhance the accuracy of the
captured coordinates.

3) Ensure GIS layers of customer meters and kiosks are developed well. Example of
GIS layer include collected attribute data of customers and their meters such as
connection number, meter serial number, meter size, type, class, status, reading at
during CIS, etc. Development is by importing the location and attribute data of
customer and kiosk meters collected during CIS. They should then be represented
with symbols for the different types of identified problems such as unregistered,
tampered, stalled, unreadable meters; meters inside locked gates, leaking service
connection, etc.

4) Ensure the results from meter reading and billing data analysis (e.g., for 12 months)
are linked to the customer i a ¢ ¢ aumberolayer and presented with categorized
symbols. The results include customer categorization by consumption level,
frequency and continuity of estimating consumption due to stalled meters, locked
gates, meter reading/billing status of customers registered as disconnected, etc.

5) Ensure the various problems at customer points listed in the monthly
abnormalities/complaints reports (e.g., for 12 months) from the billing/customer
care system are linked to the customer account number layer and represented with
categorized symbols. Examples of the problems are unreadable or stalled meters,
locked gates, etc.

6) (i) Ensure bursts, leaks, illegal water uses, etc. are recorded with GPS coordinates
by all staff (O&M, leaks detection, illegal connections, etc.) using data collection
software on smartphones (e.g., Kobo Toolbox/Collect) or handheld GPSs with
paper forms, and
(i) Ensure the collected data is mapped on GIS including enough attribute data
(e.q., pipe material, size, probable leak cause, leakage scale, etc.).
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4.4.2 Use of Data Collection Software for CIS

a) CIS can be done with handheld GPSs and printed survey forms. However, data

collection software such as Kobo Toolbox/Collect can be used to collect the same
data faster and more accurately.
Figure 4.3 is an example of Kobo Toolbox/Collect installed in smartphones of field
staff and used for CIS at Nyahururu WSP. From the figure, the data is sent to the
server (cloud space/website created with Kobo Toolbox) where it is consolidated
and analysed (mapped, tabulated, sorted and graphed) to determine the best NRW
reduction actions (e.g., leaks repair) and for export to other databases including
GIS.

b) Additional Notes on Use of Handheld GPS and GIS for CIS:

Normally, the accuracy of a smartphone GPS depends on the quality of installed
GPS sensor, weather (i.e., access to GPS satellites) and settings (e.g., internet
connection on or off). This accuracy can significantly deteriorate in rural areas.
Therefore, at the beginning of CIS, it is recommended to compare the smartphones
GPS accuracy and that of handheld GPSs (Figure 4.3). This can be done by
entering the waypoint/location number from the handheld GPS onto the printed form
of Kobo Collect so that the two sets of GPS coordinates can be compared later.
The data after consolidation on the (Kobo Toolbox) website can then be exported
into a CSV (legacy) file and further imported into the GIS to create a GIS layer of
customer meters. This is achieved by adding the CSV file as a delimited text layer
into the QGIS and saving the delimited text layer as a shapefile for converting the
data into an editable GIS layer.
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Figure 4.3: Use of Kobo Toolbox/Collect for CIS to Locate Existing & Missing Customer
Meters and Collect Relevant Data Including Problems at Nyahururu WSP

¢) Additional Notes on Using Kobo Toolbox/Collect for CIS
i) To download a sample CIS form developed at Nyahururu WSP:
1) open https://kf.kobotoolbox.org/accounts/login/?next=/#/
2) enter t he nmrsvepmajmectii nkenyabo for bot h t
password and login

3)y sel ect ACustomer I dentification_Survey_ Vve

4) sel ect the tag AFORMO and click the icon
sample form and download its XLS file.

i)Then, <c¢creat e yaocountoMiERI6us space/website and import the

downloaded sample XLS form into Kobo Toolbox and Kobo Collect as follows:
1) Open the same login page shown above,
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