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SUMMARY 
As the need to satisfy the ever increasing demand for water continues and the 
inextricable link between public health and water service prevails, the 
temptation to provide intricate and over technical solutions to essentially simple 
problems in developing countries must be tempered by the ability to maintain 
the resulting infrastructure and thus ensure sustainability. 
 
In many cases world-wide, projects have not fulfilled their long-term objectives 
because the money, in-house management, or the technology are not available 
locally to maintain and upgrade the assets after the implementer has left. 
 
Particularly in the developing world, where heavy reliance is placed on lending 
agencies, it is vital that appropriate solutions incorporate Asset Management 
which is matched with the ability to maintain and operate the asset throughout 
its useful life.  Often small design inadequacies or the use of inappropriate 
materials and/or inadequate protection of metallic surfaces cause failure. 
 
This paper draws upon overseas experiences to explore some of the techniques 
that can be implemented, including a system of better in-house management, to 
avoid pitfalls and bring about sustainable solutions. 
 

INTRODUCTION 
Investment in potable and wastewater systems, in developing countries, can be 
fraught with difficulties.  These may include hidden agendas, poor management, 
inadequate basic infrastructure and lack of funding.  However, advance knowledge of 
conditions and employment of experienced staff, with appropriate planning, can 
increase the likelihood that investment will result in sustainable solutions to problems; 
i.e. assets that will still be in use in years to come rather than the 'white elephants' that 
can result from inappropriate technology and materials. 
 
Underlying all system operations and development is the setting of appropriate 
service levels followed by the three main foundations for planning which should bring 
about sustainable infrastructure: 

• Process design and Materials  
• Management of Investment 
• Maintenance and Operation  

 
In order that any organisation may operate and develop successfully it is also essential 
that it has adequate records of its assets including their performance and condition.  
These points are expanded in the sections which follow. 



LEVELS OF SERVICE (LoS) and STANDARDS 

Standards 
Standards are often 'lifted' from elsewhere and are frequently inappropriate resulting 
in solutions that cannot be afforded by the customer.  Especially in Commonwealth 
countries, the Royal Commission standard is adopted arbitrarily for effluent 
discharges.  On inland waters with adequate dilution this is generally OK but for 
stabilisation ponds with a sea outfall it would appear a little too stringent - especially 
if it means that the required upgrading cannot be afforded - and hence nothing is done 
(case study 1). 
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The standard for the discharge from a small rural community would normally be 
considerably more relaxed - generally similar to that for a septic tank and may be 
descriptive rather than numerical. 

Levels of Service 
The LoS for wastewater treatment generally has only two requirements: 

• The qualitative standard based on numerical values for (e.g.) oxygen 
(BOD), solids (SS) and ammonia 

• A measurement of how frequently the standard is (not) achieved 
 
The latter aspect may be set in a similar manner to that for potable water standards 
within an Asset Management Planning (AMP) framework. Each criteria is given five 
levels graded from 1 to 5 as in the example below: 
 

Description Grade Detail 
Excellent 1 Exceeds standard with space for growth 
Good 2 Meets 98 percentile 
Adequate 3 Meets 95 percentile 
Poor 4 Worse than 95% but no discernible pollution 
Awful 5 Worse than 50% or discernible pollution 

 
Table 1 - Sample performance grades for effluent compliance 



 
The basic format of the grades 1-5 and the short definition must not be amended as 
these have become a de facto format for AMP.  The detailed definitions are amended 
to suit local circumstances (appropriate levels of service). Standards may also be set 
for sewerage and, where the client is also responsible for storm drainage, standards 
should be set for the frequency of storm flooding.  Samples for these and other water 
functions can be found in ref. 3. 

PROCESS and DESIGN 

Process 
The choice of process should be dictated by the nature of the problem, the client's 
situation and long term viability.  Fees and other peripheral monetary issues should 
not dictate solutions. What works well in one environment will not always work in 
another.  Whilst the activated sludge process works well in hot climates, trickling 
filters may struggle to produce effluent to the required standard (case study 2) (ref. 6).  
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Case Study 2 - Appropriate process

After: - prelim - balancing - settlement - ASP - settlement

Controlled pumping/fresh sewage

Balancing

By-pass

 



 

Whilst both grit channels and detritors are effective at settling grit - it is apparent that 
detritors carry on working for many years after the grit removal system, attached to a 
channel, has broken down. 
 
Horizontal centrifugal pumps do not work well with sewage - neither do other designs 
of pump that require priming - as they are notoriously difficult to maintain. (case 
study 3) Screw pumps are very effective at pumping sewage but can be very hard to 
commission and maintain.  One must also ask whether it desirable for a crucial item 
of plant to be unique in that country and 5,000 km from the nearest spares depot (case 
study 4) 
 

Case Study 3 - Sewage pumping
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Sewage pumps should always be located at a level that gives them a positive suction 
head i.e. they should be vertical spindle, submersible or 'dry' submersible.  
Submersible sewage pumps are effective in all environments and most countries now 
have adequate maintenance infrastructure. 
 
Inadequate policies for collection and treatment can result in a plethora of privately 
owned package plants with pumped inputs.  Many of these will become abandoned 
and derelict due to lack of maintenance and hence produce little beneficial effect.  
Such plants tend to use extended aeration which is a relatively expensive process to 
run and requires specialist skills to maintain the blowers. Whilst these skills may be 
available locally, the budgets to run the plants are generally not - hence their failure 
and decay.  Many such situations can be easily resolved with simple septic tanks 
and/or reed beds which take little effort to run (ref  7).  Low cost plants also tend to 
fail gradually rather than catastrophically as in the case of highly engineered 
solutions. 

Design 
The 'Achilles heel' of the water reclamation function is situated at the point where the 
outfall sewer (which is designed by a pipeline engineer) meets the inlet at the Sewage 
Treatment Plant (STP), which is designed by the process engineer. 
 



Usually the 'problem' is overcome (or in many cases created) by the stipulation of a 
level at which the sewer will end and the inlet will begin.  This frequently results in a 
major system problem as the outfall sewer is frequently laid at a similar gradient to 
that of a grit channel and, if not allowed a free outfall, it will (and often does!) 
perform the same function (case study 4). Consequently the downstream grit removal 
system will have only fine silt to remove - but the outfall sewer will fill with grit and 
be very expensive to clear. 
 
A one metre drop from the outfall sewer into the inlet works will not only allow the 
sewer to flow freely but also ensure that it can be cleaned into the well when 
necessary (case study 4).  
 

Case Study 4 - Outfall sewer / Inlet works
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Another common problem is the choice (clean water pumps are not suitable for 
pumping sewage) and sizing of pumps. Engineers size pumps to match criteria based 
on multiples of a flow at some future design horizon and often use only two pumps in 
the name of economy.  This simplistic approach to design frequently results in failure 
during commissioning or in the early years as the pumps are too big to match the 
initial flow pattern. 
 
Three or more pumps will always give better flexibility in the design and an 
'undersized' duty pump will give a steady flow to the treatment process compared with 
the shock loads resulting from oversized pumps. 

MATERIALS 
Choice of materials tends to depend on textbooks, experience and what is available 
locally.  The latter point is most important but can result in ineffective solutions if the 
materials are used inappropriately.  Whilst the examples below relate to pipelines the 
lessons may also be applied to plant.  

Steel 
Steel is a good material when used in the right circumstances (e.g. in the oil industry) 
but generally has a very short life when used for water pipelines or in corrosive 
conditions - i.e. hot, wet climates. (case studies 5 and 6) 



 

Case Study 5 - steel pipelines
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Case study 6 - steel pipelines
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Concrete 
The problems associated with using concrete type materials for sewers in hot climates 
are well known but designers continue to use unprotected concrete pipes in areas 
where they will decay rapidly (case study 7).  In one case, where a Quango agency 
was responsible, unprotected concrete pipes up to 2m diameter had been laid.  In a 
climate where about 100 days per year would be over 30 deg C this is hardly likely to 
produce a robust system.  On the adjacent consultant designed project, the pipes were 
internally lined for protection. 
 



Problems with septicity

• High ambient temperatures
• Pumped discharges
• Low flows in early days
• Long retention periods
• Cementatious material (and mild steel)

Case Study 7 - Septicity and Concrete pipes

 
 

Case Study 7 - Septicity and Concrete pipes
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Plastic 
Many of these problems can now be overcome by the use of plastic pipes which are 
widely available in the smaller sizes.  For sewers, 200mm tends to be the adopted 
minimum size in many countries.  If laid properly - 100% gravel surround - plastic 
pipes should have a good asset life but the laying conditions are frequently not 
adhered to and pipes are often damaged in transit and laying.  Especially in the case of 
pressure pipes, this results in premature failures. 



 

MANAGING INVESTMENT 

The Masterplan Philosophy vs a Rolling Programme 
The timescale for most Masterplans is spread over ten years and looks like this: 
 

1. System deficiencies noted by client and help from funding agency requested 
2. Initial report by bank staff/consultants 
3. Project identified and defined 
4. (Client redefined/created/invented) 
5. Consultants appointed to compile masterplan 
6. Masterplan report identifies problems and solutions 
7. Projects identified and implementers appointed 
8. Construction 
9. Operational training, commissioning and handing over 
10. Operation by client 

 
This process is repeated at ten yearly intervals, frequently with a different consultant 
and funding agency.  The active time for the project typically takes up three or four 
years of the ten and for the rest of the time there is little investment resulting in a 
deterioration.  Compare this with the continuous service that is expected in developed 
countries despite significant disruption from investment projects.  
 
The biggest problems with the Masterplan system are: 

• Control of the development by the consultants who are not usually part of 
the long term management of the systems 

• Construction by large international contractors who may only be in the 
region for the duration of the construction works 

 
These two aspects mitigate against the development of design and construction skills 
locally and mean that, with the departure of the implementers, the client is often 
inadequately placed to solve ensuing problems.  The lack of experienced local 
contractors also creates a void into which many assets fall - only to be replaced in the 
next Masterplan. 

In-house Programme Management 
The in-house management system advocated differs from the Masterplan approach, in 
that systems are put into place to manage a rolling programme under the continuous 
control of the client. Advice and other services are bought in from consultants as 
required.  A small investment control team is trained to manage (but not necessarily to 
carry out) all aspects of investment.  These consist of four main tasks (ref 2) which 
are often collectively referred to as 'Asset Management': 

• Strategic planning - developing strategies for functions and/or areas 
• Asset Management Planning or 'AMP' for existing assets 
• Investment programme control - to look after the rolling programme 
• Project appraisal - to ensure the right projects are built 

Strategic Planning 
Under in-house management, the Strategic Planning function is a continuous one 
which is initiated and controlled by the client's own management rather than a process 



which is intermittent and under the control of external forces.  Consultants and 
contractors are bought in like any other service but at appropriate stages and in 
relation to specified problems.  This results in a more continuous flow of work and 
should result in the development of a more localised service industry.  The advantages 
against the Masterplan approach are tabled below (Table 2). 
 
Table 2 - Comparison of Masterplan and Rolling Programme approach 
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• Flexible and
responsive

 

Asset Management Planning 
The AMP function is concerned with the capital maintenance (as distinct from day-to-
day maintenance) and replacement of existing assets.  Fundamental to this is a 
database of all plant and pipelines based on the system records and using common 
references.  Consultants undertaking AMP surveys should always use the existing 
reference system (ref 4). 
 
Whilst the principles of AMP in developing countries are similar to those in use in the 
UK (ref 5), the details differ considerably as the UK regulator uses a simple pass or 
fail criteria which is not appropriate to systems where elimination of a gross problem 
is often the main objective. Microsoft Access and its competitors are ideal for the 
development of an AMP database and provide a cost effective solution run on a PC. 
 
Four data sets are normally required for complete coverage especially if the lending 
agency requires a valuation of the clients assets.  These are best compiled separately 
as the data fields are different: 

• Plant (dams and structures are included as plant) 
• Pipelines 
• Land and buildings 
• Miscellaneous (office equipment, computers, transport, etc.) 

 
Typically Plant and pipelines will account for 90% of the total asset value, 
Land/buildings for about 10% and Miscellaneous around 1%.  The procedure for 
compiling an AMP is described in detail in ref. 4. 



Programme Control 
This essential aspect of investment control is often overlooked to the detriment of 
long term management.  It is essential that all projects are carefully monitored and 
controlled so that the client is in continuous touch with dates, spending and progress 
on every project.  It is not sufficient to rely on project consultants for this task, as they 
are not permanently available, though their input is essential to ensure up-to-date 
information.  Simple spreadsheets and a small database are usually sufficient to cover 
dates, spends and associated data. 
 
Programme control should  be managed by the client staff at director level with day-
to-day control under staff chosen for their qualities in data management.  These 
crucial posts provide the permanent link between the client, staff, consultants, 
contractors and the lending agencies. 

Project Appraisal (PA) 
A number of 'toolkits', each of which has its own place in the consideration of options,  
can be used to assess a problem and find the best solution.  These include: 

• Discounted cash flow (DCF) 
• Process selection matrices 
• Cost/benefit 
• Rate of return 
• 'Quality' techniques 
• Risk management 
• Environmental Assessment 

 
Normally water reclamation projects have set objectives, based on standards, and 
appraisal consists of assessing the costs of capital and operation, of the viable 
solutions, over the asset life using DCF. 'Quality' techniques are a toolbox for problem 
solving leading up to the suggestion of potential solutions which may be revenue or 
capital based. Properly conducted project appraisal should avoid 'white elephants' and 
inappropriate solutions. 

COMMISSIONING 
The commissioning stage is normally the responsibility of the supervising consultant 
(often also the designer) and the contractor.  In order to 'meet' deadlines, corners are 
often cut and contractors are sometimes tempted to seek monetary solutions rather 
than carry out all of the required measures to ensure the plant/pipeline is complete and 
operational.  Finishes to metallic surfaces on plant are often inadequate and in the 
case of pipelines connections are not made or machinery breaks down in the 
maintenance period - never to be repaired. 
 
In one city the previous 'masterplan', undertaken by international consultants and 
contractors, had not been properly commissioned.  The plants had been constructed to 
a good design based on Metcalf and Eddy textbook lagoons but the connections to the 
sewers had never been made;  the collecting sewers had not been connected to the 
main sewer which itself had not been completed; the forcemain from the pumping 
station to the plant burst during commissioning and was never repaired.  Despite these 
disasters the project had been signed off as complete (case study 8). 
 



Case study 8 - Commissioning
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Instead of building on the existing infrastructure, the new Masterplan involved a 
virtual rebuild effectively negating 10 years planning and construction. 

OPERATION AND MAINTENANCE 

Budgeting 
Without adequate funding, operation will be sporadic, maintenance inadequate and 
spares non existent.  Misunderstanding of the meaning of asset lives is rife - a belief 
that the theoretical asset life used in depreciation is a tablet of stone and that assets 
require no further spending during that period.  Operational budgets have to be based 
on realistic estimates of running plant in its environment and must take account of 
local manpower policies which sometimes resemble job creation schemes. 
 
Underlying the issue of budget setting is that of charges and recovery which reflects 
the issue of customers and levels of service.  Without an adequate service, customers 
are simply unwilling to pay. 

Training 
The training of operators is often seen as a necessary evil at the end of a project. 
Training should be assessed during the construction phase by a specialist and the 
resulting inputs funded separately, and according to need, rather than an arbitrary sum 
being set aside at the bid stage.  Managers, operators, maintenance staff, 
administrators and all other relevant staff require training and definition of their roles. 

Operation and Maintenance 
Operators will struggle to maintain complex, imported plant which is not supported 
by local suppliers.  They will also find innovative methods of operation where this has 
not been thought through.  In water supply, scheduling is often introduced and in 
water reclamation its counterpart - infrequent pumping is often used to avoid energy 
charges and to allow overflows to occur. 
 



Case study 8 - Lagoon feeds - maintenance detail
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Whilst a strong regulatory power is required, backed up by enforcement, the same 
objectives can be achieved by good management so long as staff are given the 
necessary incentives to succeed and are made responsible for failures.  Successful 
systems concentrate on: 

• Installation of mechanical/electrical plant which can be operated and 
maintained (case study 8) 

• Adequate training in operation and maintenance 
• Provision of spares 
• Maintenance contracts 
• Provision of manuals and simple operating procedures 

Manuals and procedures 
Writing practical procedures for operators is a simple task for those with the 
appropriate process understanding and skills, however, there is rarely sufficient 
funding allowed in bids for this job to be properly completed.  The bare minimum is 
that staff should be trained in the methods of procedure writing themselves with a 
good selection of practical examples.  Simple procedures should be written on no 
more than two sides of A4 paper and should set out a clear set of steps for: 

• Start-up of the item of plant 
• Normal operation 
• Abnormal operation 
• Shut-down of the item of plant 

 
Safety and other common procedures (such as entry into confined spaces) should exist 
alongside the operating procedures and are incorporated by reference.  Whilst not 
always appropriate the substantial completion of basic procedures may, taken with 
other steps, allow the client to apply for a Quality Assurance certificate such as ISO 
9000 or 14000. 

System Records 
All water systems consist of two essential types of asset: plant and pipelines.  Some 
asset managers refer to pipelines as 'buried' assets and plant as 'surface' assets but 
these can be confusing in a country where English is the second language hence the 
terms  'Plant' and 'pipelines' are preferred. It is essential that all plant and pipelines 



should be referenced with unique identifiers so that data may be compiled into tables 
without confusion. 
 
Pipeline records should consist predominantly of maps at a scale of between 1/1000 
and 1/2500 and should show all pipelines under the control of the client in addition to 
others which might be confused with the clients (in order to differentiate them).  
Information on the plans should include the function of the line, its size and material; 
if the date of construction is known then this is also useful. (ref 1).  These maps will 
also record the location of items of plant on the system such as pumping stations. 
 
Acquisition of  base maps themselves may be problematical in some countries due to 
inadequacy or security considerations.  A consistent base map with a recognised grid 
(usually Universal Transverse Mercator - UTM, or Lambert) is essential to the long 
term effectiveness of the records.  It is also useful if the municipalities and other 
utilities are using the same base maps. Plant records will consist of licence 
requirements, plans, schematics, flow diagrams, construction records, operating 
manuals/schedules, maintenance manuals/schedules, flow records, inputs and outputs.  
Where adequate records exist at the start of a project the timescales and cost of 
delivering the solutions are cut significantly especially when setting up an AMP. 

CONCLUSION 
 

Planning for Sustainability

• Manage Investment - strategies/rolling
programme not Masterplans

• Create development and capital control
systems within the client’s organisation

• Use standards that are appropriate and which
involve improvement

• Use the right materials and appropriate design
• Only build assets that can be maintained
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