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Background

This document presents the findings from Project R-7397, ‘Operation, maintenance and
sustainability of services for the urban poor’. The document also indicates a framework
for potential community and institutional roles for effective O&M. The purpose of the
project is to improve the sustainability of urban services in poor communities by using an
appropriate management framework and supporting tools for exteranl agencies, urban
government and non-government organisations (NGOs).

The WHO monograph Tools for assessing the O&M status of water supply and sanitation
in developing countries comprises nine tools which can be used to measure and evaluate
the effectiveness of operations and maintenance (O&M) of water supply and sanitation
services. These are as follows

Tool 1:  Effectiveness of the O&M management system

Tool 2:  Guidelines for an audit of O&M

Tool 3:  A framework for assessing the status of O&M

Tool 4:  Guidelines on O&M performance evaluation

Tool 5:  Guidelines on O&M performance reporting

Tool 6:  Guidelines for the selection of performance indicators

Tool 7:  Performance indicators for water supply and sanitation

Tool 8:  Potential information sources

Tool 9:  Participatory information-gathering.

Tool 7 suggests performance indicators which are specific to water supply and
sanitation; all other tools are generic and apply equally to any other of the urban
services. We have therefore provided Tool 7A as a supplement to Tool 7  which
provides some indicators in relation to these other urban services. However, on
looking at Tools 7 and 7A, you will see that it is relatively straightforward to develop
‘equivalent’ performance indicators yourself for your own use

An additional Tool 10 has been prepared to offer advice on indicators for technical,
financial and institutional sustainability.
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Supplementary tables

The following Tables U7.1A  to U7.8 A should be used in placed of the Tables published in
the WHO monograph.
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Notes on Table U7.1A: Users opinions and satisfaction sndicators

The opinions of the users of services and their level of satisfaction provide essential
information about the operation of that service. These indicators are central to the whole
concept of evaluating the performance of a service, whether it be managed centrally or by
the local community; nevertheless, there has been a surprising reluctance to find out and
act on users perceptions. It is important to include the views of the urban poor as well as
those in middle and high income areas of cities. There are a number of important
indicators in several of the following tables which make use of the user satisfaction
survey.

1. User satisfaction surveys are fundamental (see tool 9 on Participatory
Information Gathering). In addition to qualitative classification, for example into
‘very satisfied, satisfied …….. poor etc, it is possible to explore in detail
particular aspects of the service which the users find to be lacking.. In addition,
valuable information can be gathered from middle and high income consumers.

2. It is important to maximise the information obtained from user satisfaction
surveys through a problem analysis which identifies key areas for action. Tool 9
suggests some lines of enquiry to establish key O&M problems as perceived by
the users. See Cotton and Saywell (1998) for details of user perceptions in
urban sanitation.

3. This is an important issue for both for centrally managed and community
managed systems.

Institutional responsibilities are often very complex, which contributes to
making the complaints procedures long and frustrating. It is therefore very
informative to elicit views about where responsibility lies in the eyes of the
users. For example, a common response in many cases is that ‘the
government’ is responsible, with no clear picture of the different institutions
of ‘government’.

In systems which have tried to establish user involvement in O&M, it is
important to establish whether such approaches are understood and are
operational in the eyes of the users, or whether they remain theoretical ideas
which have not been effectively implemented.

Use participatory approaches to explore whether caretakers have been
identified and how effective they are in the view of the users. This gives a
primary indication of whether or not the system is working according to its
original concept. Other performance indicators e.g Functioning Supply points
and Reliability can be used to point to the effectiveness of the personnel
involved.

To
ol

 7
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4. One of the key user-related issues for O&M is to engender a sense of care and
ownership, regardless of whether management is by the household, the
community or a central institution. It is common to look for evidence of misuse,
for example broken standposts. However, it is important to complement
assessments of physical facilities by exploring why this is the case (see Tool 9
on participatory information gathering). There may be evidence of latrines not
being used, such as excreta in open drains or on the ground, or being used for
other purposes such as storage sheds. This raises fundamental issues about
the use and appropriateness of sanitation systems whose implications are
much wider than O&M. This is where participatory methods which explore the
underlying reasons are particularly useful and powerful.

5. This indicates how responsive the institutions are from the point of view of
the user. Note that it is common for representations to be made by intermedi
aries such as NGOs and local action groups, and also through the local elected
political representatives.

6. A system of receiving and acting upon complaints is an essential part of
consumer services; utilities, line agencies and municipalities all require a
system for receiving and logging complaints. These systems may exist without
being well-publicised, and are hence little known to the consumers. For
example, whether to complain in writing, or by telephone, or by paying a
personal visit to an office. If so, where is the office and what are its opening
times? Complaints may be received by locally elected representatives, who
keep a formal complaints register. Local community-based management also
requires mechanisms for reporting problems; these are much more likely to be
verbal and informal. Having received and logged a complaint, the key point is
that remedial action is taken. This can be checked by having a simple book-
keeping system which allows the action to be recorded against the complaint.
The register needs to be subject to external audit on a regular basis.

Tool 7
A
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Notes on Table U7.2A: Community and household  management indicators

Issues relating to household and community managed systems for urban infrastructure are
in general explored using participatory information gathering; whilst important quantita-
tive data can be used to calculate performance indicators, it is important to remember that
there is likely to be qualitative data which gives a great deal of insight into what is
happening and why. This is very important in developing action plans with user groups
and households.

1. This indicates the willingness and capacity of the community to undertake work
and, conversely, the extent to which formal institutions are absent.

2. The distinction here relates to the capacity of the community to manage a
service rather than just do the work itself. The key point about indicators 1 and
2 is not just that people are actually doing or managing matters related to O&M,
but that the awareness of the need to care for facilities exists amongst the
users.

3. The financial expenditure indicates the extent and commitment of the users.
Note that if this indicator increases regularly, it may also point to major
operating deficiencies in the system which need to be rectified.

4. This is interpreted in a similar way to indicator 3, only with contributions made
through provision of labour rather than cash. A mixture of these approaches
may be adopted; for example, skilled artisans may be contracted in, with
unskilled labour being provided by the user groups.

5. It is essential to explore with users and user groups what problems they have
resolved; this uncovers deeper explanations of why facilities are functioning
satisfactorily and leads to a greater understanding of awareness of O&M issues,
the care of facilities, and local capacity for action.

Tool 7
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Notes on Table U7.3 A: Financial indicators

There are many different financial indicators available, and it has been necessary to
restrict the listing to those which are likely to be measurable in the context of government
bodies whose accounting systems are not geared up to management accounting. In
general, up to date financial information is not available in a form for ready use for most
Municipalities, and accessing the necessary information can be difficult. Lack of finance
and poor cost recovery are major problems. It is important to realise that in addition to
financial costs, there are wider economic implications for the poor, relating, for example,
to the amount of time required to access basic services.

1. Revenue collection efficiency is one of the most important indicators; many
organisations simply do not collect the user charges from those to whom they
send bills. Improving this indicator is one of the highest priorities for increasing
revenue

2. There are usually many unregistered connections or customers for urban
services; the revenue net can be increased by checking up on properties which
are identified under the land registration system but which are not registered
with the utility.  In some municipalities the customer information is outdated and
even the bills are not send to many customers.

3. Users who are poorly served by trunk supply may obtain drinking water from
formal and informal SSEs (vendors, who include households with their own c
connection); the rates may be much higher than the prevailing tariff charged by
the utility. However, where other services are procured through SSEs, the point
to note is that in many cases the response time may be a lot quicker that from
the utility.

4. A major problem in defining an operating cost indicator is that the recorded
O&M expenditure does not necessarily reflect the expenditure necessary to
operate and maintain the system; the result is a spiralling deterioration of the
assets. The problem with the centralised approach is that a budgetary
allocation may be made for each household or each community based on the
expected income from user charges and subsidies; in other words, whilst ‘the
books balance’, the actual demand for O&M is not met. Asset registers and
infrastructure condition surveys are required to determine O&M requirements;
until this is done, it may not be appropriate to plan for this indicator to reduce
in value.

5. In centralised urban schemes, there are two common ways of collecting
revenue. Firstly, through a direct tariff, and secondly through an indirect form of
municipal taxation, for example where property tax payments may contain an
element of charge for urban services. A community managed system may or
may not pay the caretakers, but a maintenance fund will normally be required in
order to purchase spare parts, and the contributions in cash or in kind can be
explored with the users.

6. It is difficult to extracting information on levels of subsidy in order to calculate
meaningful financial indicators for O&M performance.

Tool 7
A



12
To

ol
 7

A

Ta
bl

e 
U

7
.4

A
: 

Le
ve

ls
 o

f 
se

rv
ic

e 
in

di
ca

to
rs

T
he

se
 in

di
ca

to
rs

 s
up

pl
em

en
t t

ho
se

 f
or

 w
at

er
 s

up
pl

y 
an

d 
sa

ni
ta

tio
n 

pr
ov

id
ed

 in
 T

ab
le

 7
.4

 o
f 

th
e 

W
H

O
 m

on
og

ra
ph

In
d
ic

a
to

r 
 

C
o
m

p
o
n
e
n
ts

 o
r 

D
a
ta

 
F
o
rm

u
la

 
A
p
p
li
c
a
ti

o
n
  

1
. 

A
c
c
e
s
s
 t

o
 f
u
n
c
ti
o
n
in

g
 ,

 

s
u
p
p
ly

 p
o
in

ts
/ 
la

tr
in

e
s
/ 

s
e
p
ti
c
 t

a
n
k
s
, 
w

a
s
te

 

c
o
lle

c
ti
o
n
 p

o
in

ts
 

• 
N

u
m

b
e
r 

fu
n
c
ti
o
n
in

g
  

• 
T
o
ta

l 
n
u
m

b
e
r 

in
 a

 d
e
fi
n
e
d
 l
o
c
a
lit

y 

N
u
m

b
e
r 

fu
n
c
ti
o
n
in

g
 d

iv
id

e
d
 b

y 
to

ta
l 

n
u
m

b
e
r 

in
 t

h
e
 l
o
c
a
lit

y 
 

A
ll 

2
. 

C
le

a
n
lin

e
s
s
 a

n
d
 v

is
u
a
l 

a
p
p
e
a
ra

n
c
e
 o

f 
p
u
b
lic

/ 

s
h
a
re

d
 f
a
c
ili

ti
e
s
 f
o
r 

s
o
lid

 

w
a
s
te

 s
to

ra
g
e
  

• 
U

s
e
r 

s
a
ti
s
fa

c
ti
o
n
 s

u
rv

e
y 

fo
r 

c
o
m

m
u
n
a
l 

s
e
rv

ic
e
s
 

%
 i
n
te

rv
ie

w
e
e
s
 s

a
ti
s
fi
e
d
 w

it
h
 

o
p
e
ra

ti
o
n
 c

la
s
s
if
ie

d
 b

y 
d
e
g
re

e
 o

f 

s
a
ti
s
fa

c
ti
o
n
 

C
e
n
tr

a
lis

e
d
 

C
o
m

m
u
n
it
y 

m
a
n
a
g
e
d
 

3
. 

L
o
c
a
ti
o
n
 a

n
d
 f
re

q
u
e
n
c
y 

o
f 
fl
o
o
d
in

g
 i
n
 l
o
w

 l
yi

n
g
 

a
re

a
s
 

• 
F
re

q
u
e
n
c
y 

(n
u
m

b
e
r 

o
f 
ti
m

e
s
 o

n
 o

n
e
 y

e
a
r)

 

o
f 
fl
o
o
d
in

g
 t

o
 a

 d
e
p
th

 o
f 
>

1
5
0
m

m
 

s
ta

n
d
in

g
 w

a
te

r 
fo

r 
a
 p

e
ri
o
d
 o

f 
1
2
 h

o
u
rs

 o
r 

m
o
re

 

F
re

q
u
e
n
c
y 

(n
u
m

b
e
r 

o
f 
ti
m

e
s
 o

n
 o

n
e
 

ye
a
r)

 o
f 
fl
o
o
d
in

g
 t

o
 a

 d
e
p
th

 o
f 

>
1
5
0
m

m
 s

ta
n
d
in

g
 w

a
te

r 
fo

r 
a
 

p
e
ri
o
d
 o

f 
1
2
 h

o
u
rs

 o
r 

m
o
re

 

C
e
n
tr

a
lis

e
d
 

C
o
m

m
u
n
it
y 

m
a
n
a
g
e
d
 

4
. 

L
o
c
a
ti
o
n
 a

n
d
 f
re

q
u
e
n
c
y 

o
f 
s
e
w

e
r 

b
lo

c
k
a
g
e
s
 

• 
A
ve

ra
g
e
 n

u
m

b
e
r 

o
f 
s
e
w

e
r 

b
lo

c
k
a
g
e
s
 w

h
ic

h
 

h
a
ve

 t
o
 b

e
 c

le
a
re

d
 i
n
 a

 g
iv

e
n
 p

e
ri
o
d
  

 

N
u
m

b
e
r 

o
f 
b
lo

c
k
a
g
e
s
 d

iv
id

e
d
 b

y 
th

e
 

d
u
ra

ti
o
n
 o

f 
th

a
t 

p
e
ri
o
d
 

C
e
n
tr

a
lis

e
d
 

5
. 

M
is

s
in

g
 o

r 
d
a
m

a
g
e
d
 

m
a
n
h
o
le

 c
o
ve

rs
 

• 
N

u
m

b
e
r 

o
f 
m

is
s
in

g
 o

r 
d
a
m

a
g
e
d
 m

a
n
h
o
le

 

c
o
ve

rs
 i
n
 a

 l
o
c
a
lit

y 

• 
T
o
ta

l 
n
u
m

b
e
r 

o
f 
m

a
n
h
o
le

 c
o
ve

rs
 

N
u
m

b
e
r 

o
f 
m

is
s
in

g
 o

r 
d
a
m

a
g
e
d
 

m
a
n
h
o
le

 c
o
ve

rs
 i
n
 a

 l
o
c
a
lit

y 
d
iv

id
e
d
 

b
y 

th
e
 t

o
ta

l 
n
u
m

b
e
r 

o
f 
m

a
n
h
o
le

 

c
o
ve

rs
 

C
e
n
tr

a
lis

e
d
 

6
. 

P
o
w

e
r 

s
u
p
p
ly

 c
o
n
ti
n
u
it
y 

• 
A
ve

ra
g
e
 n

u
m

b
e
r 

o
f 
h
o
u
rs

 p
e
r 

d
a
y 

o
f 

s
u
p
p
ly

 t
o
 a

 l
o
c
a
lit

y 
o
ve

r 
a
 g

iv
e
n
 p

e
ri
o
d
 

(e
.g

. 
n
u
m

b
e
r 

o
f 
d
a
ys

) 

A
ve

ra
g
e
 n

u
m

b
e
rs

 o
f 
h
o
u
rs

 o
f 
s
u
p
p
ly

 

p
e
r 

d
a
y 

d
iv

id
e
d
 b

y 
2
4
 

C
e
n
tr

a
lis

e
d
 

7
. 

P
o
w

e
r 

s
u
p
p
ly

 r
e
lia

b
ili

ty
  

• 
F
u
n
c
ti
o
n
in

g
 t

im
e
: 

th
e
 n

u
m

b
e
r 

o
f 
d
a
ys

 i
n
 a

 

m
o
n
th

 o
r 

ye
a
r 

w
h
e
n
 t

h
e
 p

o
w

e
r 

s
u
p
p
ly

 i
s
 

fu
n
c
ti
o
n
in

g
  

F
u
n
c
ti
o
n
in

g
 t

im
e
 d

u
ri
n
g
 a

 p
a
rt

ic
u
la

r 

p
e
ri
o
d
 d

iv
id

e
d
 b

y 
th

e
 d

u
ra

ti
o
n
 o

f 

th
a
t 

p
e
ri
o
d
 

C
e
n
tr

a
lis

e
d
 

8
. 

P
o
w

e
r 

vo
lt
a
g
e
 r

a
ti
n
g
 

• 
V
o
lt
a
g
e
 a

t 
th

e
 e

n
d
 o

f 
th

e
 s

u
p
p
ly

 l
in

e
 

• 
D

e
s
ig

n
 v

o
lt
a
g
e
 

V
o
lt
a
g
e
 a

t 
th

e
 e

n
d
 o

f 
th

e
 s

u
p
p
ly

 l
in

e
 

d
iv

id
e
d
 b

y 
th

e
 d

e
s
ig

n
 v

o
lt
a
g
e
 

C
e
n
tr

a
lis

e
d
 



13

Notes on Table U7.4A: Levels of service indicators

Levels of service are of great importance to users; they will relate the perceived benefits of
the level of service they receive to the cost they have to pay. An overall picture needs to be
built up both from objective assessments of performance and from  the opinions of users.
Note that this table gives some further examples; you will see that it is relatively
straightforward to develop your own performance indicators yourself for your own use
using these ideas.

1. Access to an adequate service is a key objective of service provision.
Participatory information gathering can identify communal services such as
standposts, handpumps and communal latrines which are not working. House
hold interviews can explore the functioning of individual septic tanks and
latrines and service connections. As well as being direct indicators of the O&M
status, these also points to the actual benefits which the service provides
because they relate to the proportion of the population utilising the systems.

2. One of the major problems with communal facilities is that they tend not to be
clean. This is particularly important for sanitation and solid waste collection
points. Cleaning is the probably the single most important aspect of operation.

3. Note that the depth and time quoted here are entirely arbitrary; however,
participatory information gathering will reveal that depth and standing time of
flood water which is regarded a tolerable in the local context.

4. Sewer blockages can be identified either by sewage flooding out of manholes
and/or by problems householders have in flushing their toilets due to the fact
that the pipes are full as a result of  the blockage.

5. Missing manhole covers present serious operational problems because large
quantities of solid materials can enter and block the sewerage system.

6. A characteristic of many urban services is that they are discontinuous, for
example, with water or power only being delivered to the consumers for a few
hours each day. Information needs to be gathered from users and from bulk
supply records which may be available centrally. The problem which arises is
how to compute the average number of hours per day supplied; ideally it should
be an annual average using data from each day of the year in the different
supply zones to account for seasonal variations in supply and consumption.
Efforts should be made to obtain a value for at least each month of the year. A
high value of the indicator implies good continuity of supply.

7. Reliability reflects the most serious problem for users, namely the lack of
availability of services due to breakdown. For networked supply systems there
are many different components within the system which may cause failure.
Different components will have different reliability; the indicator can be  applied
to individual components of more complex systems. This enables ‘weak points’
to be highlighted (see Table 7.7 indicators 1 and 2). The reliability indicator may
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also point to problems with the system of reporting, diagnosing and repairing
faults.

8. If the voltage of the power supply is too low, it may be insufficient to operate
many electrical appliances. Some, such as computing equipment, can be
seriously damaged by an unpredictable supply where the voltage fluctuates.
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Notes on Table U7.5A: Materials indicators

The purchase, delivery and storage of materials is an integral part of the O&M manage-
ment system, whether it be community managed or centralised, and it should be sub-ject to
performance checks.

1. The number of outstanding repairs reflects overall problems with obtaining
spare parts. Further analysis using delivery time indicators (see note 5) may
help identify possible causes of the problems in centralised systems; user
opinions and satisfaction surveys are important tools in identifying problems for
household and community managed systems.

2. When establishing community managed systems, or programmes which focus
on household level facilities such as on-plot sanitation, it is important to identify
suppliers of the most commonly used materials and parts (see note 3).

3. The accessibility indicator reflects the time taken for spares to arrive on site in
the right place. Problems in supplying centrally managed systems may need to
be explored with the suppliers as well as the institution concerned; for example,
suppliers may experience problems in getting paid.

4. If very few spare parts are used, this suggests that O&M are not being carried
out to the extent which is required. For example, Arlosoroff et al (1987) report
that for handpump systems the average period between actions necessary to
repair breakdowns or correct poor performance is six months. If, for example, a
handpump scheme had requisitioned no spare parts in five years, it might
reasonably be assumed that it is not fully functional.

5. The delivery time for spare parts is slightly more sophisticated than the number
of outstanding orders in that it measures the effectiveness of the materials
supply chain to the stores, including the ordering procedure.
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Notes on Table U7.6A: Personnel indicators

It is relatively straightforward to develop quantitative indicators in relation to personnel
and training; the problem is that they do not necessarily reflect either relevance or quality.
As part of programme development, the issue of human resource development should be
analysed in detail.

1. If there are centralised mobile maintenance teams, an obvious prerequisite is
that they are mobile. The percentage of vehicles on the road gives an indication
of the potential effective-ness of mobile maintenance teams. This indicator can
also reflect fundamental problems such as lack of fuel.  MTBF and MTBR (see
Table 7.7, indicators 1&2) are also useful in measuring the performance of
vehicle repair and maintenance.

2. Training is an essential component of programmes which are developing
community based approaches.

3. The effectiveness of staff within a centralised system depends upon the level of
skill and training.

4. Whilst ‘shortage of staff’ is often quoted anecdotally as a reason for poor O&M
performance, it may be that the deployment of existing staff is inefficient.
Ashford and Miller (1979) comment on pump operators in Botswana: “They
would be underemployed, in that for long periods each day they would be doing
nothing except watching an engine run.”

5. If there are different skill groups employed by centralised systems, for example
mechanics and electricians, it may be useful to compute indicators for the
whole staff as well as for each of the skill groups. As an illustration, the
workload may turn out to be acceptable when averaged over the whole staff;
however, this may be the averaged result of, say, an understaffed crew of
mechanics and an over staffed crew of electricians.
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Notes on Table U7.7A: Parts and equipment indicators

Implementing rapid and effective repairs to system components and equipment is an
integral part of the O&M management system, whether it be community managed or
centralised.

1. The mean time to repair (MTTR) gives an indication of how long it takes to carry
out a maintenance job and reflects the reliability of the system. Low MTTR
points to systems which are easy to maintain and to efficiently organised
maintenance work. The MTTR measures the ‘maintainability’ of a system. It
also reflects the efficiency of the work control system (see Table 7.8)

2. Another common measure of the reliability of a mechanical system is the mean
time between failure (MTBF). This is the length of time for which the system can
be expected to operate before some maintenance input is required to rectify
problems which have caused the system to breakdown. The higher this MTBF,
the less frequently breakdowns occur and the better the performance.  A low
MTBF may point to bad maintenance or to poor equipment condition due to
excessive wear. Both MTBF and MTBR can be most usefully applied to particular
items of equipment such as vehicles and handpumps.

3. Note that MTTR and MTBF are not the same as the reliability indicator (see
Table 7.4 Indicator 3). Reliability relates to the actual time the system
functions, whereas MTTR and MTBF do not necessarily take account of the lead
time between reporting a fault and arriving to fix it. The difference between
MTTR and MTBF can be illustrated by this example.

The water supply to Settlement  ‘A’  has a surface water source with a stream intake
structure which silts up during the rainy season.
The MTBF is 6 months and the MTTR is 1 week.
The water supply to Settlement ‘B’ is using handpumps.
The MTBF is 20 months and the MTTR is 1.5 months.
In terms of MTBF, settlement ‘B’ is judged to have a better supply than village ‘A’.
However, in terms of reliability as defined above
Reliability for settlement ‘A’ = 26/27x 100 = 96%
Reliability for settlement ‘B’ = 20/21.5 x 100= 93%
Therefore according to the reliability indicator, settlement ‘A’ has a more reliable
water supply.

4. The leakage repair rate is relatively easy to measure compared with unac
counted for water, and is an important indicator in the early stages of efforts to
improve water distribution systems.
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Notes on Table U7.8 A: Work control indicators

Effective control of work is essential to avoid unnecessary delays in responding to
breakdowns.

As well as highlighting current difficulties, the backlog provides advance warning of
problems with future workload; continual high levels of backlog indicate systemic prob-
lems for which the system needs to be reviewed and improved. This indicator could be
refined by considering different categories of work. Poor performance in general may also
point to factors which are more far reaching. The number of visits to site which are
required to effect a repair is likely to be a function of the skill and competence of the
workers.

For the workload indicator it is best to classify the work; for example: handpumps;
standposts; latrines; pipelines; fittings; other equipment; vehicles; buildings.
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