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EXECUTWE SUMMARY

Maintenance is often poorly performed in manywater supply and sanitation (WS&S)
systems in developing countries. Tasks are not done correctly, at the right
time, or completely ignored altogether. Most agencies operate under a crisis
management approach, hurrying from one repair to the next, never really getting
ahead of the problems. The result is frequent outages, high repair and
rehabilitation costs, and a poor level of water service. In the end, intended
benefits are diminished and scarce investment resources wasted.

There are many reasons for poor maintenance performance. Common problems inciude
limited financial resources, poor or inappropriate technical designs, lack of
key parts, supplies or tools, insufficient and/or undertrained staff, poor
institutional organizations, low salaries and incentives for good work, and poor
management of the maintenance function. This manual focuses on the last topic,
maintenance management, which encompasses most of the above subjects, at least
to some extent. In addition, other WASHmanuals address some of these topics in
more detail.

A maintenance management system (MMS) consists of a series of techniques for
planning, organizing, directing, controlling, monitoring, evaluating, and
reporting on maintenance activities to ensure maximum program effectiveness at
minimum cost. It is not a set of new technical procedures for performing
maintenance tasks in a better way. Rather, it is a means of getting organized
so that the correct activities are scheduled and performed at the right time and
in an efficient and cost effective manner. The manual is not a guide on
technical procedures of, for example, pump repair, but on the management tools
to ensure that the pump can be and is repaired. It should also be noted that the
manual does not cover operations management concerns, such as pump operating
procedures, treatment processes, leakage control, water quality monitoring and
testing, and the like.

The manual is designed for top management, maintenance managers, and other
maintenance workers in medium-sized to large WS&S organizations. It is intended
to provide guidelines on an ideal MMS that they can work toward establishing in
their own locations and contexts. The discussion does not try to present rigid
procedures. It focuses instead on basic principles and practices, sample
procedures and forms, and discussion of alternative approaches where
appropriate. The manual recognizes that each case is different and tries to help
the reader grasp the essential elements and adapt the details to his or her own
situation. Examples, forms, and illustrations from a variety of countries are
included.
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The manual covers the following elements of a complete MMS:

• Planning and Organizing

— Setting goals
— Task identification and description
— Resource requirements
— Annual plan and schedule
— Staff organization and training

• Vork Order Systems

• Equipment Records

• Materials Inventory Controls

• Monitoring, Evaluating, and Reporting

A detailed list of references is included, as well as appendices that provide
additional exaniples, blank fons, sample planning, budgeting and recordkeeping
techniques, a list of training resources, and brief discussions of computerized
maintenance management and contracting of maintenance services.



1
INTRODUCTION TO MAINTENANCE MANAGEMENT SYSTEMS

1.1 Maintenance Management

Maintenance management is a series of techniques for planning, organizing,
directing, controlling, monitoring, evaluating, and reporting on maintenance
activities to ensure maximum program effectiveness at minimum cost. It is not
a set of new technical procedures for performing maintenance tasks in a better
way, but a means of getting organized so that the correct activities are
scheduled and performéd at the right time in an efficient and cost effective
manner. It is a way of making maximum use of personnel and materials to provide
the best possible level of service at the lowest possible cost.

A key aspect of good maintenance management is preventive maintenance (PM). It
is worthwhile at this point to define this term and contrast it with corrective
maintenance (CM). A recent World Health Organization report gives a concise
definition:

Preventive maintenance is considered to be systematized and periodic
maintenance procedure appiled to the components of a system in order
to minimize breakdowns, ensure their efficient working, and prolong
their respective lives. Such maintenance is not to be confused with
corrective action taken to repair or replace system components after
a breakdown has occurred, as the latter is not the subject of a
planned procedure but rather a response to an opera tional
requirement .~

Cood maintenance management is not limited to preventive maintenance——it also
can greatly help improve performance on corrective maintenance. Work orders,
equipment records, materials inventories, and other techniques (which will all
be described in detail below) can greatly improve the repair effort.

1.2 Benefits of MaintenanceManagementSystems

It has been shown conclusively that it is far less expensive, and far more
effective, in the long run to spend time and money on a regular basis for
maintenance activities upfront, rather than to wait until equipment deteriorates
and breaks down, causing service outages and large repair costs. In other words,

‘Preventive Maintenance of Rural Water Supplies, WHO/CWS/ETS/84. 11 (Ceneva:
World Health Organization, 1984).

1



Unfortunately, this idealized statement is often heard but frequently ignored.
There can be many reasons for poor preventive maintenance, such as the lack of
financial resources (tariff revenues are low either because the tariffs
themselves are low or because the billing and collection functions are weak),
lack of qualified staff (utilities often have many workers but few who are well
trained), and lack of good management. Staff tend to perform crisis management,
running from one repair to the next, with improvised solutions. One breakdown
follows another, and the situation gets worse and worse. The level of service
declines until ratepayers refuse to pay and revenues fall even further.

Improved maintenance management cannot be seen as a complete solution to the
above problems, but it is a necessary component of any service improvement
program. To reach full impact, the application of a maintenance management
system (MMS) will have to be accompanied by program efforts in strategic
planning, financial planning, technical training, and commercial activities.

The benefits of MMS can be sunimarized as follows:

• increased reliability of equipment

• minimized service interruptions and downtime

• increased plant performance through better overall equipment

condition and reliability
• minimized large repairs

• better utilization of staff through planning and scheduling

• increased productivity of staff

• improved worker safety

• reduced maintenance costs

• controlled maintenance costs

• accurate records on work performed and costs incurred

• accurate records on equipment performance

• data for more effective financial and capital improvement planning

• more,reliable supply of parts, supplies, equipment, and tools.

Introducing preventive maintenance is often not an easy process. Where budgets
and staff levels are fixed, the staff may be too overloaded to take on these
additional tasks. The introduction of PM leads to a reduction in repair work,
but only after a period of time. Agencies may find it hard to “get over the
hump.” Yet in the long term, the injection of more personnel and material
resources so that PM can be started and continued is the only way to achieve
improved water supply service.
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1.3 Key Elements of Maintenance Management Systems

MMS inciudes a number of interconnected components. The key elements of an
idealized FINS, illustrated in Figure 1, are sunimarized below. Chapters in this
manual cover each of these topics in greater detail.

Planning and Organizing. During the initial startup, and annually thereafter,
the maintenance staff will have to spend time and effort to plan their
activities and organize themselves for maximum effectiveness. This process
involves setting goals, identifying and describing tasks, outlining resource
requirements (staff, materials, equipment, and other inputs), preparing annual
plans and budgets, defining schedules, and organizing and training staff. From
this base, the work can proceed logically and directly. The year’s activities
can be monitored in this context, and plans for the future can be made based on
the progress achieved.

Preventive maintenance planning is crucial to the overall planning process.
Based on an inventory of all equipment to be maintained, a dear definition must
be made of all tasks to be performed. Task specifications must then be developed
that detail the procedures to be performed, their frequency, and all required
inputs (labor, materials, equipment). Then, the total resource requirements can
be estimated, and a schedule of all tasks at all sites can be compiled. These
results fons the core of an annual plan and budget on the basis of which the
work can proceed in an organized, planned fashion.

Work Order Systems. A key component of a MMS is the ability to direct
maintenance personnel to do planned work at the right times. Using a system of
written work orders allows a water system operator or maintenance manager to
direct the staff according to plan. The work orders direct the staff, but they
are not detailed technical instructions. The PM task descriptions and repair
manuals provide the instructions. Once issued, work orders must be tracked to
ensure that work is completed in a timely fashion. Work orders also serve as a
place to record data on time spent, materials used, and costs incurred. Many
organizations contract out repairs or other maintenance work to private firms.
This option should be examined carefully. All such contract work should be
linked to the work order system.

Equipment Records. Detailed information on the equipment being maintained and
the work performed on it must be stored in detailed equipment records. Equipment
must be inventoried and assigned identification nunibers. Equipment history files
should be developed for the storage of equipment specifications, manuals, a log
of the work performed, and the actual completed work orders. The exact form of
these files will depend on the type of equipment being maintained and its
geographic distribution.

Materials Inventory Controls. Maintenance personnel must have easy and rapid
access to the required spare parts, supplies, tools, equipment, and other inputs
necessary to perform theirwork. Preventive or corrective maintenance work
should not have to wait for some part to come in. While it would be easy to pur-
chase and store every conceivable part and supply, that would be prohibitively

3



Figure 1
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expensive. The staff must decide on the most important issues, such as how to
balance the cost of delays and how to deal with the cost of supplies. Cood
inventory control is necessary and is based on using paper forms for tracking
the receipt and issuing of materials, using ledgers for monitoring stock, and
using a streamlined ordering process.

Monitoring, Evaluating,andReporting. As work progresses, resuits and costs must
be monitored, evaluated, and reported. The monitoring enables managers to gauge
progress, identify weak spots, and plan corrective action. Reporting enables the
managers to convey these findings to other maintenance personnel, engineering
staff, top management, and outside interested partjes. This process feeds
directly into the planning and organizing process described above.

1.4 Successful Maintenance Management

The attributes and requirements of a successful MMS can be defined as foliows.

Slmplicity. The system must be easy to understand by those who use it. The
purpose of all forms and procedures must be understood by all, otherwise they
will not be used. Lengthy paperwork should be minimized.

Completeness. The system must provide periodic, reliable information concerning
the status of all maintenance work that is under way or pending, including both
PM and CM. All maintenance work must be planned, directed, controlled, and
reported on by the sanie system.

Flexlbility. Although paperwork should be uniform and carefully followed, the
managers must be open to changes that will improve the systern. Opportunities for
improvements are almost always available. Improvements should be adopted
incrementally, however. In the beginning, a very basic system should be put in
place, and the system expanded or improved as time goes on and the staff
develops.

ClearResponsibilities. All staff must know what their responsibilities are, and
each job must be allocated to a specific person. When a task arises, it should
be dear to all which staff member has responsibility for the job.

Compliance. All staff must comply with forms and procedures and perform the
tasks demanded of them within the MMS. People tend to ignore paperwork and often
forget to write things down. Paperwork may seem less important than “getting the
job done,” but detailed records enable the whole system to work well.

Decentralization. The responsibility for day-to-day running of the system should
be decentralized. Some operations and maintenance (O&M) functions, such as
accounting or procurement, may best be centralized, but the actual control and
monitoring of the work should be decentralized as much as possible.

Full Support of Top Management. Upper management and external oversight agencies
must give full support to the allocation of human and financial resources to the

5



maintenance management system. Top management must give the maintenance manager
the authority and control over the resources required to implement the system.
This is particularly true in the early stages of implementation; otherwise, the
system will not be able to achieve its goals.

Strong Leadership. It is essential that the maintenance manager, who will have
responsibility to start up and run the MMS, be a strong leader. He or she must
ensure that all clerks, craftspersons, and others involved fulfill their
responsibilities under the system. The manager must motivate staff to do good
work. He or she must strive to keep work on schedule and ensure that necessary
follow-up work is done.

Sufficlent Transport. Whether in a rural or urban context, the maintenance staff
requires sufficient and reliable transport for people, materials, parts, and
tools. 1f transport is often unavailable or unreliable, work will be greatly
hampered and delayed. Activities will take longer than expected, and staff will
not be able to keep up with schedules. Vehicles often break down, causing
transport problems. This manual does not focus on vehicle maintenance or
management, but vehicles should be treated like other equipment to be
maintained~-—a schedule of tasks should be developed, maintenance work ordered,
parts and supplies stocked, records kept, and performance monitored and
evaluated.

Rapid Information How. Communications regarding problem notification, work
orders, difficulties in completing work, and maintenance reports must be rapid
so that personnel have the latest information and can respond rapidly.

Link to Operations. Operations personnel and maintenance personnel must work
together in a mutually supportive way. Operators can assist in PM and CM
activities, inform maintenance personnel of problems, and advise on parts
stocking, PM schedules, and other aspects. Maintenance, of course, keeps things
running so that operators can do their work.

1.5 Layout of This Manual

This manual is organized into chapters, which correspond to elements in the
ideal NNS shown in Figure 1. Several chapters cover a number of elements in that
circular diagram, and several focus in detail on just one. To help the reader
keep the whole picture in mi, Figure 1 is repeated at the start of each
chapter, in reduced size, with the topic of the chapter highlighted. The reader
can immediately see which topic is to be discussed and how it fits into the
entire maintenance system.

In each chapter, the basic elements are introduced and explained, sample forms
are given, and a discussion follows on how to develop and utilize the forms and
procedures. Readers may adapt the sample forms to their own situation. For
convenience, the fons also appear in Appendix A.

6



1.6 Intent of This Manual

This manual is primarily written for government agencies that have the lead
responsibility for maintaining water and sanitation systems. It is generally
intended for mediuxn-sized to large organizations, to help them manage a staff
to ensure better maintenance.

This manual can be useful to agencies of various organizational
structures——simple or complex, centralized or decentralized, single autonomous
entity or large, national agency with offices at many levels. Perhaps the
simplest water utility structure would be a municipal water authority with its
own intake, treatment plant, distribution system, and maintenance office and
staff. Such an organization could apply these MMS components directly and
easily. At the other end of the spectrum of applicable agency structures would
be a national water supply agency that runs many small town or village water
systems through a series of local, regional, and national offices. Multilevel
agencies are more complex, but the procedures and fons presented here should
apply, with some adaptations.

This is not a guide for villagers on how to maintain their owri handpump, a guide
on training village caretakers, or a guide for agency managers on how to elicit
community participation in O&M. Those must be the subjects of other manuals.

The manual is written for new or existing water and sanitation agencies. In most
cases an improved FINS will be worked into an existing organization. Rarely is
a new agency begun “from scratch.” Sometimes two agencies are merged, or a large
one divided. This restructuring may provide a good time to incorporate improved
maintenance management.

These guidelines should be useful for top management, maintenance managers, and
other maintenance personnel in water and sanitation utilities. Top management
can learn about the basic components and benefits of good maintenance
management, which should convince them of the need to support it. Maintenance
managers can learn the techniques they will have to adapt and apply. The manual
may also be useful in training lower level maintenance personnel in these
methods. Specific chapters can be useful for specific personnel, such as the
chapter on inventory controls for the storekeeper and the section on work orders
for drew foremen.

This manual explains all aspects of a maintenance management system. Yet the
information cannot be taken directly and implemented. Managers will have to
study these guidelines and adapt the procedures and forms to their own
situations. It is intended to be a useful guide, not a packaged system to adopt
blindly.

It is also important to note that these procedures are somewhat complex and
cannot be implemented overnight. At the start, it will make sense to adopt a
simplified version of each FINS component. Applying the techniques to a single
pilot plant or system is a sensible approach. Over time, each MMS component can
be refined and improved. As experience is gained and procedures refined or
adapted, a more widespread implementation can be made. It will take a large

7



agency serving many small water systems or an entire region several years to
develop a full-scale system with all the features described in this manual.

1.7 Limitations of This Manual

This manual (and the system it describes) makes some assumptions about the
organizations that will use the information. The manual assumes that the
agencies have reasonably efficient purchasing and accounting, personnel, and
commercial offices. It also asswnes that channels of communication and means of
transportation are relatively open and free. Without good performance in these
areas, the MMS will be hampered, and poor maintenance will result. In order to
correct such problems, agencies will have to focus on making improvements in the
functions mentioned above. This manual is designed to cover just the FINS; the
other topics are covered elsewhere.

This manual does not consider such everyday management concerns as personnel
relations, time reporting, payroll, accounting, purchasing, wage scales, and the
like. Although many of these management functions affect maintenance, they are
generic to a variety of utility operations. Also they can be better covered in
other texts.

The forms and exaniples in this manual are oriented toward plant equipment and
distribution systems in water utilities. However, the same principles or
approach can be applied to other system components and to the wastewater field.
Some changes in the tools provided here will be needed, however. The manual, as
noted above, does not cover vehicle maintenance and other aspects of
transportation, which can be a major problem in many countries. Vehicle
maintenance can be incorporated into a plant/distribution MMS or be managed
under a separate FINS. The principles of maintenance management presented here
can be directly applied to vehicles.

This manual is not a teehnical reference on O&Mtasks, such as what maintenance
tasks should be performed, how, or when, for any particular type of hardware.
These guidelines will not tell you which oil to put in a Lister diesel engine
in the Sahara Desert, or how often to change it, or whether a water distribution
network should be flushed every six months or every six years. It assumes the
reader can collect the necessary information on the maintenance requirements of
the systems, components, and equipment involved. Manufacturers’ manuals, water
system O&M manuals (if any were prepared), engineering handbooks, and manuals
on engineering practice can help provide such technical information. The records
developed by following these guidelines will, however, help in defining
technical aspects of discrete O&M tasks.

These guidelines do not consider operations management. Such aspects as water
quality maintenance, chemical dosing, routine operating procedures, pump
operating rules, leak detection, distribution pressure regulation, and drought
management are outside the scope of these guidelines.

This manual is designed to illustrate a paper-based maintenance management
system, not a computerized one. The principles and practices in this paper

8



system are the same as in many computer systems. Computers do offer many
advantages, such as the capability to handle large volumes of work rapidly and
accurately. But they can also pose problems. They are expensive, require special
skills, tools, and parts beyond the capability of many organizations, especially
those in rural areas. For large water systems and agencies, the extra power will
be worth the cost, but not so for small ones. For interested readers, notes on
computerization are provided in Appendix B, along with a list of some MMS
software packages.

9





2
PLANNING AND ORGANIEZING MAINTENANCE MANAGEMENT

SYSTEMS

2.1 Purpose/Overview _____________________________________

To achieve maximum effectiveness,
maintenance staff must plan all
maintenance work. The main elements of
planning and organizing include

• Setting goals _____________ ___________

• Identifying and
describing tasks ____________ ________

• Estimating resource
requirements

• Developing an annual
plan and schedule

• Defining organizational
responsibilities

• Training and developing staff

These steps must be carried out in the
development phase of a maintenance
management system and annually
thereafter. This exercise is hard work
initially, but future annual cycles
will be simplified by the existence of ______________________________________
previous plans and records on previous
work pertaining to equipment and cost performance. This chapter will first review
these basic elements and then describe the actual process of starting up such
an FINS.

2.2 Setting Goals

Establishing goals for the maintenance program is an essential first step in the
planning process. The purpose of setting goals is to know beforehand what you
are setting out to do, so that afterwards you can see how well you did. Thus,
setting goals is closely linked to evaluating performance (see Chapter 6 and
Appendix C). Without goals the manager and staff will have no sense of direction
and no idea of what they have accomplished or where they are going. Work will
proceed in a haphazard fashion. Coals also serve an important function in
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motivating staff and showing top management that improvements can be targeted
and achieved.

The long-term goals of a maintenance department were described in Chapter 1.
Those goals will provide the best possible level of maintenance service at the
lowest possible cost. While those goals will be the driving force behind all work
performed, short-term annual goals are needed as performance targets. Such goals
can be oriented toward staff performance, equipment performance, or cost (see
evaluation approaches in Chapter 6). For example, an annual goal might be to
reduce unplanned water system outages to one per year per water system, or
completing 90 percent of the work orders on schedule, or reducing material costs
per kilometer of distribution to a certain level. Once one goal is achieved. a
new one can be set and efforts continued. Key areas should be identified, such
as timeliness of completion or ratio of PM to CM tasks, and goals should be
established for each area.

Another type of goal would be the achievement of certain features of the
maintenance management system itself. For example a first-year goal in
establishing a new large-scale FINS might be the completion of an FINS plan,
designation of a leader, and completion of an equipment inventory.

Goals must be realistic so that they are not too hard or too easy to reach. They
must give managers a target to strive for and staff a sense of accomplishment
when reached. Different water systems or regional offices may have similar or
perhaps quite different goals. For example, they both might be trying to reduce
overtime pay, but one regional system may seek to reduce overtime pay to 10
percent of the total and the other to 30 percent. Every organization and every
region will be different. The only rule is to set realistic goals, try to achieve
them, measure progress toward them, and set new goals.

2.3 Maintenance Task Identification and Description

2.3.1 System/EquipmentInventory

The very first step in planning what work is to be done is to decide which water
systems are to be maintained and to compile an inventory of all equipment
contained in those systems. The purpose of such an inventory is to learn which
equipment is where. Conducting a detailed inventory can be a very lengthy
exercise if no records are available, but it is a fundamental part of good
maintenance management.

Some decisions may have to be made about locations or areas of responsibility
before a maintenance manager can begin this inventory process. That is, the basic
decision as to which office or department is to maintain which water system or
water plant must have been made before the inventory can begin.

Procedures for carrying out equipment inventories are described in Chapter 4.
Suffice it to say here that an inventory must be conducted, and it must yield
a full list (with specifications) of all equipment at all systems or plants.
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2.3.2 TaskIdentification

Once a detailed list of equipment is developed, the maintenance tasks that must
be performed on each one must be identified. This identification process is
necessary to estimate resource requirements and develop a schedule. To define
each maintenance task properly, the following information must be specified:

• Task name

• Brief task description

• Frequency (daily, weekly, monthly, annually, etc.)

• Responsible party (operator, regional crew, outside shop,
etc.).

The identification of tasks will be based on data from a number of different
sources. Ideally, there would be an O&Mmanual for each water scheme outlining
all tasks on all pieces of equipment, but such guides are often not prepared.
So the task identification must be done “from scratch.” The best place to start
is the manufacturer’s recommendations. A supplier or manufacturer of an engine,
pump, motor, or other such piece of equipment should be able to specify the
above data (and more) on each task to be done. Past experience with a
particular model will also be useful. However, such experience should not be the
sole basis for task identification, as old procedures may, in fact, be
inadequate. Discussions with operators and users of the equipment may also be
useful, but the same cautions should apply. Engineering handbooks and manuals
will also be useful references. A final source of information would be outside
conaultants with maintenance planning experience with the relevant equipment.
A sample task identification list for small diesel engines is shown in Figure 2.

In identifying tasks, it will be important to decide who, or what type of
person, will do them. This will depend on the type of task, skills required, and
the frequency. A task that must be done every day and requires no special skills
or tools should be done by the system operator or caretaker. A more major task,
such as a pump leather change or a motor bearing repacking that is conducted
only annually, should be the job of the maintenance staff and included in the
FINS planning. This allocation of responsibility is necessary to ensure that all
tasks are done by someone. This assignment process will be the first step in
defining staffing requirements.

The use of outside contractors is always an important option in allocating
tasks. Contractors ean be used to do specific PM tasks or repairs, such as
engine overhauls, which are sufficiently complex and may be too expensive and
demanding to develop the in-house capability to do the work. Contractors can
also be used when there is a seasonal peak in workload or when unexpected
repairs arise. However, in many areas skilled contractors are not available. In
addition, the use of contractors requires good oversight skills on the part of
the utility. A more detailed discussion of the use of private contractors is
given in Appendix D.
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Figure 2

Task Identification Sheet for Diesel Engines

The following suzsaarizes the recoended service intervals for Lister engines.
The engine ~ode1 is given In parentheses (e.g.. ST. LT, 8/1). Uhere no woi..I
is specified. the procedure applies to all.

Daily Check supply of diesel fuel and oil level
Check air filter (in dusty conditions)

125 hrs Check air filter (in moderately dusty conditio~s,
renew if necessary)

Check for oil and fuel leaks
Check and tighten nuts and boits as necessary
Clean engine and mounting

250 hrs Change engine oil
Clean the restrictor banjo union in the

lubricating oil feed line
Renew oh filter if fitted (ST)
Clean injector nozzle if exhaust is dirty
Renew fuel filter if necessary
Check belt tension

500 hrs Decarbonize 1f necessary (LT)
Renew fuel filter element (ST)
Adjust va].ve clearances (LT)
Change oil in oi]. bath air filters (8/1 50

equipped)

1000 hrs Decarbonize (8/1) and if necessary (ST)
Change filter elements (8/1)
Adjust valve clearances (LT)

500 hrs Decarbonize (LT)
Exainine and clean fan blades (LT)
Check governor linkage and adjustment (LT)
Drain and clean fuel tank (LT)
Renew fuel filter (LT)
Clean and test the injector nozzie (LT)
Check fuel pu~p ti~ing (LT)
Check oil puinp and its valves (LT)
Renew the air filter element (LT)

2000~hrs Decarbonize (ST)
Clean inlet and exhaust system (ST)
Exanine and clean fan blades (ST)
Check governor linkage and adjustment (ST)
Drain and clean fuel tank (ST)
Renew fuel filter (ST)
Clean and test the injector nozzle (ST)
Check fuel pump and its valves (ST)
Renew the air filter element (ST)
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2.3.3 TaskDescriptionSheets

Once a major task has been identified, a task description sheet should be
developed. These sheets, also called maintenance procedure sheets, will serve
as guidelines in planning and executing work. They will help ensure uniform work
performance and will be useful in training new staff.

Task description sheets should be written for major PM tasks for each type of
equipment. Simple routine tasks that are performed every day probably will not
need a task description sheet. No doubt there will be systems with multiple
units of the same model pump or motor, in which case the same task description
will be used for each unit. A typical description sheet includes the following
information:

• Task name

• Task number or code (optional)

• Equipment

• Frequency of performance

• Step-by-step procedures

• Safety precautions

• Materials required (parts, supplies, other)

• Tools or special equipment required

• Skill level required or type of personnel required

• Additional references (manuals or other useful documents)

• Average or estimated time to complete task

• Average or estimated labor hours to complete task.

A blank task description sheet is shown in Figure 3. Appendix E provides sample
sheets for chlorinators, motors, and other water supply equipment.

Copies of these sheets should be stored in the equipment history file for each
piece of equipment. (See Chapter 4.) Also, a master file of task description
sheets should be stored in the office, and the sheets should be accessible to
a manager completing a work order and craftsmen planning and performing work.
When a work order is issued, the sheets can be attached to the work order for
quick reference by the craftsman. 1f work is done by a contractor, the sheets
can also be a useful guide.
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Figure 3

Task Description Sheet

L~EDES~RIPTIONSNEET TASK _________

TASK NAHZ:

EQUIPMENT N?.~E:

MODELOR SPECIFICATION: ____________________________________________

ADDITIONAL _____________________________________________

PROcE~JRES:

SAFETY PRECAUTIONS:

REQtJIREMENTS: PAi%TS, TOOL5, EQUIPNENT, SKILL LEVEL

AVERACE COMPLETION TIME: ______________________
AVERAGE L?~BORØOURS:
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Development of task description sheets for each major task, for each piece of
equipment, and for each water system in a region will be a major undertaking.
Without these guidelines, however, the quality of work will be poorer, and labor
hours and time spent on the job will be higher. A practical plan for future
water systems would be to require construction contractors to include task
description sheets in O&Mmanuals developed for the system.

Ideally, these sheets should include estimated completion times and labor hours,
thereby creating a target performance standard. The work order system, equipment
records, and the monitoring process can also use these standards to track work
performance.

Staff should strive to complete work rapidly and correctly. Completion times and
costs should be compared with the current standard, and the standard revised as
necessary. In any given year, if experience shows that a particular task can
be completed in less time or requires more time, new standards and task
descriptions can be developed.

For situations in which there are a large number of tasks, it will be worth
developing a numbering system. A simple sequential number system would be
adequate. A more elaborate two-part code could also be developed with the first
part denoting the equipment and the second the specific task. For exainple for
diesel engines, the tasks could be designated DIES-l, DIES-2, and so on, and
assigned to each task in order of frequency. Such identification codes (ID) will
be useful in various parts of the planning process, as described below.

2.4 Estimating Resource Requirements

Once tasks have been identified and described, estimates can be prepared for all
resources required to carry out these activities. This estimation process will
help ensure that these resources are made available. Such an estimate will
include the following:

• Number and types of staff

• Materials, including parts and supplies

• Tools and equipment

• Transport

• Contract services

• Other inputs.

When a full tabulation of these needs has been made, the costs of each can be
added up to form a direct cost budget.

Such an estimate can be prepared from the equipment inventory and the task
descriptions discussed above. There is no trick to this process; it is simply
a matter of painstakingly adding up all the requirements from each task
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description for all equipment in the inventory. Consultations with operators,
mechanics, eleetricians, and other craftsmen will help in preparing an accurate
estimate. It will make sense to do this with one water system or plant area at
a time.

As an example, in order to estimate labor requirements and costs, it will be
necessary to estimate total man-days required to execute a particular task at
a number of different water systems (under a regional maintenance office) with
the following formula:

Task man-days — Number of x Task x Estimated man-days
per year systems frequency for that task

Such calculations should be made for each of the PM tasks and then added to get
total man-days per year. Separate computations of man-days in different skill
areas, such as mechanic, electrician, etc. can be made. A preliminary estimate
of the staffing requirements can be found by dividing the total man-days in each
skill area by the workdays per year (typically 260). A detailed example of this
type of procedure is given in Appendix F. A series of worksheets from a
maintenance planning handbook from Sri Lanka are shown in the appendix,
including forms on task identification, labor requirements, material
requirements, and maintenance budget.

While such calculations are quite straightforward for preventive maintenance
activities, the resources required for repairs will be a little harder to
estimate. The planner will have to make some estimates of repairs to be made at
each system. These CM tasks can then be treated like PM tasks, with labor,
materials, and other costs estimated for each.

The resuits of the material requirements estimations will be useful for planning
the materials to be stocked. The number of different parts needed will be
useful in planning which parts to stock, the minimum quantities, and reorder
quantities (see Chapter 5).

This type of computation will give an estimate of direct maintenance costs but
not a full operating budget. It will not include, for instance, the costs of
chemicals and electric power necessary to run the system. This process won’t
include the operator salaries, and unless it is expressly added in, the salary
of the maintenance manager (and clerks). The reader is referred to another WASH
publication, Estiwating Operations and Maintenance Costs for Water Supply
Systems in Developing Countries, for more guidance en preparing a full O&M
budget.2

2 WASHTechnical Report 48, January 1989.
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2.5 Annual Plan and Schedule

Once a budget has been developed, it must be approved by top management.
Revisions may have to be made, which may affect the tasks to be undertaken. Once
approval is obtained, a finalized annual plan and schedule are made.

The annual plan should mostly summarize the information listed below:

• Goals for the year

• Staffing requirements

• Training requirements

• Material requirements

• Equipment/tools requirements

• Contracting requirements

• Transport requirements

• Other requirements

• Direct maintenance cost budget

• A precise PM schedule.

The precise PM schedule should detail which work should happen where and when,
such as a checklist of daily, monthly, semiannual, and annual tasks. From this
list, work orders will be written to direct staff.

Scheduling can be a complex task. It is a matter of ensuring that all the work
is done with the correct frequency and with as smooth a workload as possible.
One way to start is to define an annual schedule for one water scheme or plant
area at a time. Using a calendar, all tasks on all pieces of equipment should
be written down for each month. Then the same should be done for other systems,
filling in the same monthly sheets. Tasks that are somewhat irregular (such as
every two months or six months) should be staggered so as to make the workload
as smooth as possible. Adjustments will have to be made as the schedule gets
filled up, but eventually a balanced schedule can be made. As mentioned above,
contractors will be a useful safety valve to meet varying workloads.

An example of a PM schedule for a group of rural water supply schemes is given
in Appendix G. A series of pages from a WHOdocument show the development of the
schedule, including

• An equipment inventory at each site

• An equipment ID numbering system, for each site

• A series of task description sheets for different types of
equipment
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• A calendar or schedule of events for a full year.

An excerpt from the final result of all this work and the precise maintenance
schedule are shown in Figure 4.

Appendix C also contains some scheduling worksheets from Sri Lanka that take a
step-by-step approach. First, a rough annual plan is defined that outlines what
is to happen each quarter. Then, a quarterly work schedule outlines task
assignments for six half-month periods, and finally, a semimonthly schedule
defines a precise schedule.

2.6 Staff Organization and Development

As the personnel requirements are defined, and as the annual maintenance plan
is being made, the human resources to implement these tasks must be planned.
Staff organization and development will involve good institutional organization,
the correct number and type of staff, and ongoing training programs for all.

2.6.1 Organization

As a MMS system is being developed, the organizational structure of the agency
will have to be examined. A new structure may have to be developed to promote
dear lines of responsibility, authority, and communication and efficient work
performance. The type of organizational structure will depend on the nature and
service territory of the agency; the size, number, and technical sophistication
of the water systems involved; and other factors.

There are many of types of organizational franieworks, with wide differences, but
a few general guidelines will be useful:

• There should be a close link between operations and
maintenance. In smaller agencies they may be merged, in larger
ones separate functions.

• Maintenance (or O&M) should have a direct link to top
management.

• Maintenance (or O&M) must have its own manager and its own

authority, budget, and resources. Maintenance (or O&M) should
not be a minor~4J~t under constructionor engineering
divisions.

t The MMS planning effort should involve the development or refinement of an
organizational model, expressed graphically in the form of an organizational
chart and written job descriptions for each slot. The chart should show clearly
the lines of supervisory
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responsibility. Sample organizational charts for two types of agencies, a large
autonomous municipal water authority and a local/regional/national water supply
agency, are shown in Figures 5 and 6.

Job descriptions are an important complement to the organizational chart. With
job descriptions, staff and management are completely dear about what is
expected of each staff member (see sample in Figure 7). Job descriptions usually
include the following information:

• Title

• Grade

• Supervisor and subordinates

• Duties and responsibilities

• Qualifications and training required

• Salary range.

2.6.2 Training

Training is an essential part of maintenance management, both during the
establishment of an MMS and regularly thereafter. Efforts will be needed to
train staff at all levels, from the maintenance manager to the crew foremen to
craftsmen. Training on both technical and managerial matters will be important.

An initial assessment of the need for training will have to be made and followed
up in future years. Establishing job descriptions with training requirements
will help identify the training needs. However, additional training needs can
be identified in the performance evaluation process, For example, if a
particular task consistently takes longer than expected, that is a sign that
craftsmen or others may need more training. 1f a particular type of machine
frequently breaks down, that could be addressed with additional training for
operators or maintenance personnel.

Although many utilities do not have their own training office, such a unit will
help promote effective training. Staff who specialize in training and who
conduct regular programs tailored to agency needs will provide the most
effective approach. This may appear costly, but a weli-trained staff of
efficient workers reduces 0&M costs.

A variety of training mechanisms aan be used, depending on the content. For the
technical aspects of maintenance procedures, both classroom and hands-on
sessions will be the most effective approach. The courses will, of course, have
to be customized to the particular equipment being used. Specialists associated
with the specific manufacturers of equipment may provide needed technical
expertise for training programs. Such technical orientations can be used for
existing and new staff. Periodic refresher courses to polish craftsmen’s
technique may also be warranted.
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Figure 5

Municipal Water Supply Agency Organizational Chart

O&M DEPARTMENT— MUNICIPAL WATERAUTHORITY
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Figure 6

Multi-Level Water Supply Agency Organizational Chart

ENGINEERING CONSTRUCTION t { TRfrJNING1 OPERAPONS &
IIAINTENANCE
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Figure 7

Maintenance Manager Job Description

TITLE PlARTE~.AP.CEE1.GINEEI(

GRADE

REPORTS TO Regional Manager

IPTIWIATE SUBORDINAItS Electrlcal hechanical Forenten

DUTIE5 AND RESP0l~5IBILlTlES

1. Provldes general supervision of the foramen and techniclans In
his section witt, respect to schedullng of PtI and Cl and
deploysent of personnel and transport.

2. Ensures that the work order syna for Ptt and 01 is operatint
correctl y.

3. Ad~ises electrjcsans and echanics on proper eauapntent repsir
procedures.

1. Coordinates electrical echa~’icaI work ‘ith approprlatr
dai.trict engineers.

5. Ensures that significant dela)s in coapletion of Pl tasks are

not peraitted due to lack of ateri.ls. aanpo—er or transport

6. Evaluates the performance of enployees working In his section

7. I.orlc,. wit.h construction aanagers to cnsure tl,st his seccio,, is
prepared to adequatel~ pro’lde aaintenance for e~uipnent in
ne’. and rehabilitated schaaes.

8. Advises the regional aanager of any aajor eQuipment problrns
in his region.

9. Coordanates equiptuent repairs done by shops outsjde the
reglonal workshop. e.g.. private workshops or the Ce,,tral
Workshop.

10. Prepares the annual budget for EIM alntenance for subnltt.l
to the reglonal aanager (IDI).

II. Subnits a ednthly reprot for the fl1 detalling s,gn,ficant
squl~nt probleas and Ptt and DI tasks coapleted.

OCJALIFICATIOAS AND TRAINING:

Fr,..r It.art

1. Three er ~re years as a practicing archanical or electrical
enginear wlth one year In a supervisory role. preferably at a
“atar utlllty.

2. Graduation fron a recognazed universit) ‘.,ttt.. s 8 S in

electricaI or .cchan,cal encinecri,sg

3 Preferably training in the detelopne,it of aanagesae,.t sk,ll~

Ahilitin

1. Possession of good .ritten and verbul skills

2. Supervise effectlvely the werk of others
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Management training aan be conducted at specialized local institutes, if they
exist. This manual aan serve as a reference for such courses. 1f local
management training capability is lacking or weak, local instruction aan be
based on courses developed elsewhere. Appendix H lists training resources on
maintenance management, including self-study courses on maintenance management
and sources of books and training materials on the subject. Another approach
that is gaining some acceptanceis “twinning” or “sister utility” programs with
agencies in other countries. Under these programs, personnel from one agency or
region aan spend time (perhaps two to three months) at another agency that has
already implemented a MMS and aan learn by working with an operating management
system. 1f MMS is implemented in one part of the country, as a pilot effort, it
aan be the local site for this “twinning” approach as MMS is brought to other
regions.

2.7 Developing a Maintenance Management System

The steps involved in developing an improved 14115 are shown in Figure 8. These
activities are no different from the steps in the planning and organizing
process desaribed above. However, in developing a new system, they will be
implemented in a particular order and will be much more demanding. In an annual
planning proaess, it will be a matter of updating and refining the existing
techniques, schedules, and procedures. A new water system or two may be added
into the workplan. However, when a complete 14115 is being developed for the first
time, aurrent practices must be reviewed, and all steps carried out in depth.

Implementing an improved MMS in an agency with a weak maintenance system will
be a time-aonsuming, laborious effort. There will be a lot of up-front work to
conduat inventories, identify and describe tasks, and develop budgets and
schedules for the first time. It will take a dediaated leader, a good plan, and
the support of management. It will be important to ensure that management
understands the lengthy lead times required before the benefits of MMS make
themselves apparent. -

The very first step will be for managers to learn about improved maintenance
management. This manual will be a useful guide, in that it covers the full scope
of an improved MMS. The training resources in Appendix Ii will also be useful.
Next, as described in Section 2.2, goals should be established. Then, the
current procedures must be reviewed and evaluated. Existing approaches should
be aompared with the ideal presented here. Strengths and weaknesses of the
existing system must be pinpointed, and efforts must be focused on selected key
areas. There are a variety of ways that an evaluation of an existing system aan
be performed. Some will be more useful in the annual evaluation/planning cycle
(see Chapter 6), others more useful in a first-time evaluation. First of all,
the evaluator aan read through this manual and examine the techniques described
and the prinaiples behind them. As the reader goes through the text, he or she
aan mentally aompare current practice with that described here. A running self-
evaluation aan be performed in this way and the desired improvements noted and
then acted upon.
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Figure 8

Development of a Maintenance Management Systeni

27



Another approach that will be especially useful in developing a new or improved
ZINS system will be to use one of several maintenanae management evaluation
checklists that have been developed. Such a list is given in Appendix C. For
eaah of the key components of maintenance, the aheaklist asks a number of
“yes/no” questions, with the phrasing such that a “yes” answer is desirable in
each case. Whenever there is a “no” response, an area needing attention has been
identified.

There is a third approach, which may be difficult to use in the development
phase of a ZINS, but which should be aommonly used in the annual planning cycle.
That approach is the use of performance measures, which is described in detail
in Chapter 6. In many cases, the baseline data from whiah to aalculate
performanaemeasureswill not be available in the development phase.

The result of the review of current praatiae will be the identifiaation of key
areas where efforts should focus. 1f materials inventory procedures appear to
be reasonable, or shortages of parts and materials are rare (or not of great
consequenae), then other ZINS features should be foaused on first. 1f records are
aompletely lacking, that area should receive the most emphasis. However, it
would be a mistake to think that some parts of the MMS aan be completely skipped
over. All are required parts of a whole system. Efforts should emphasize those
aspeats that need the most help.

The next step is to designate a leader to manage a staff to carry out the time-
consuming chores of inventories, maintenanae task identifiaation and
desaription, eta. Over time, the work order systems, equipment records,
monitoring and reporting proaedures (that will be used every day thereafter) aan
be set up. Throughout the later stages of the development proaess, training
efforts will be a major part of the aativities. New staff, inaluding the leader,
may have to be hired so that ongoing O&M does not suffer.

It is important that an agency, and the partiaular staff involved, not get
overwhelmed by this development proaess. There are several ways this aan be
avoided. First, a new MMS should be impiemented on a pilot saaie and then
expanded later. For example, in Sri Lanka, where a number of rural schemes are
supported by a regional maintenance offiae, a new ZINS was implemented in just
one of a dozen regions in the aountry. In this way, a basia system, such as
desaribed in this manual, aan be tested, adapted, and refined to suit local
conditions. Later, once the system is working well in one place, it aan be
expanded to include other areas. Staff working in the pilot region aan beaome
leaders or advisors in other areas, and the operating pilot system aan be a
training ground for other staff.

In Ivory Coast, the national water utility (SODECI) took an interesting
approach. There, the town water systems are administratively organized into
regions. Eaah town saheme aarries out most O&M funations autonomously, but
regional aenters provide maintenance support, stores, vehicle garages,
engineering support, and aommeraial aativities. Operators at different town
schemes regularly meet at the regional headquarters to disauss their work. When
SODECI planned to implement an improved preventive maintenance system, it hired
a baai engineering firm with PM planning experience in industry to develop a
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full MItS plan and provide training at one system in eaah region. After a break-
in period, other systems were brought in under the same approach by SODECI
staff, and training was given to the additional system operators. This limited
use of outside aontraators albowed SODECI to implement the plan with the benefit
of experienae and without the burden of adding extra staff.

Another way of keeping this devebopment proaess manageable is to devebop simple
procedures first and sophistiaated ones later. A scheme, plant, or region might
start off with simpbified, very basia systems for work orders, records,
materiabs inventory, and monitoring and reporting. In the seaond or third year,
more sophistiaated toois, such as performance standards, budget traaking, and
historiaal analyses could be programmed in, as staff experience permits. This
approach must be aontrasted with trying to devebop a single, highby
sophistiaated MMS component at the expense of others, suah as deveboping a fancy
work order systemwithout keeping equipment reaords. A balanced approach, with
some aompetence in all aspeats of MMS, is far superior to an imbalanaed one.
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3
WORKORDERSYSTEMS

3.1 Purpose/Oversriew

The main purposefor work order systems
is to direat maintenanae craftsmen to
aonduat a partiaular set of tasks at
a partiaular time. In other words, the
work order telis people what to do and
when. In general, a work order will be
written by the maintenance manager,
sent to the araftsman, compieted, and
then returned to the maintenance
manager. In the aase of repairs, the
operator will often notice the probiem
first. He or she aan submit a work
request to the maintenanaemanager,who
aan then prepare a work order. This
same type of work order system aan be ___________

used to direct workers at each water
sahemeor plant and to direat work by
regionai pers onnel.

The work order should not give full ________

details of all the subtasksassoaiated
with a given aativity or state exaatly
how to carry out a job. Prepared task
desariptions, equipment maintenance
manuals, or experienae shoubd teli
workers how to perform a task. For example, a work order might direct a mechanic
to do an oil ahange on a partiaular engine on a particular date, but it need not
explain all the techniaal steps to complete the job.

Work orders also serie other important functions related to monitoring,
scheduling, recordkeeping, aaaounting, and reporting. 1f a arew is experienaing
delays in completing a job, the outstanding work order will be the signal to the
manager to investigate. Completed work orders, as they are returned to the
office, let the maintenance manager know that a given task is complete and
whether any folbow-on work is needed. A copy of the aompbeted work order is sent
to aacounting for allocation of expenses to the correct aost code. Completed work
orders, as they aaaumulate, form a useful body of data for analyzing equipment
performance and cost history. A reaord of data on a particular maintenanae task
aan albow new time and aost standards to be deveboped. Keeping a bog of the work
orders is useful in reporting.
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For work order systems to be a helpfub tool, all invoived must do their part- -

the maintenancemanagermust ensure that a work order is prepared for all work,
the alerks must follow the paperwork aarefully and promptly, and the araftsmen
must complete the work order, desaribing the work accompiished. People have a
tendenay to skip the paperwork for small jobs or for emergenaies. Craftsmen may
not see the value in recording work performed, may aomplain about the paperwork,
or may not fibl out work orders completely. Without suah adherence, however,
the work order system will be of much less value. --

This ahapter presents the basic work order cycle and then gives details on the
content of the forms. The list bebow identifies the main work order elements:

Fons

• Work request form
• Work order form

Logs

• Work order log
• Work request bog

Files

• Pending work order file
• Equipment history file (desaribed in Chapter 4)

This work order system is designed for a large water utility or a regional
office maintaining many systems or pieces of equipment over a wide area. It
albows debegation of many tasks to a rather barge staff. Simpler types of work
order systems are possible, especially for smaller, less complex water systems
or different institutional struatures. Variations on the work order system
desaribed bebow are discussed in Seation 3.3.

3.2 Work OrderCycle

The work order ayale consists of a number of steps, from the identification of
the need for work to the filing of a aompleted work order. These steps are
outbined bebow and desaribed graphiaalby in Figure 9 (corrective maintenanae)
and Figure bO (preventive maintenance).

Origin. The origin of a work order will depend on the type of work. In the case
of corrective maintenance, the proaess will aatuaily start with a work request,
written by someone observing a problem (such as an operator or other maintenance
staff member). The work request shouid be sent or debivered to the respons ible
maintenance manager as soon as possible. Telephones, if they are available, aan
help speed problem notification, but if a aali is made a written work request
form should folbow. The work request form is designed to provide all the
necessary information for a work order to be written.
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Figure 9

Corrective Mairitenance Vork Order Cycle

CORRECTIVE MAINTENANCE WORK ORDER CYCLE

WATERSYSTEM MAINTENANCE OFFICE

OPERATOR CRAFTSMAN MANAGER CLERF<
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OPERATOR

Figure 10

Prevent ive Maintenance Work Order Cycle

PREVENTiVE MAINTENANCE WORK ORDER CYCLE

WATER SYSTEM MAINTENANCE OFFICE

CRAFTSMAN MANAGER CLERK
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For preventive maintenance, the origin of the work order will be an annual plan,
as disaussed in Chapter 2. A given water system or piece of equipment shouid
have a PM plan, inaluding a schedule outlining what work is to be performed and
when and a set of task descriptions outlining the steps, tools, equipment, and
supplies required to complete each task.

In a water treatment plant or sahemethat has its own PM plan and its own ZINS,
near the end of the month, the alerk could aonsubt the schedule for the coming
month and start preparing work orders. He or she could partialby f iii them out,
attach PM task desariptions, and send them to the maintenance manager to
complete and issue to araftsmen.

Work OrderWriting. Onae the need for maintenancework has been estabbished the
cberk/manager will write the work order. The work order should be prepared in
dupliaate using aarbon paper or a copy machine. Once written, the manager or
alerk must enter it into the formal work order bog, file one copy in the pending
work order file, and send the other copy to the craftsman.

The managermust decide the priority of the work. This aanbe done by assigning
a number from a system such as the folbowing:

1 Emergency—-Immediate (full overtime authorized)
2 Important (partial overtime authorized)
3 Routine (no overtime authorized)
4 During slack periods only (no overtime authorized)

The priority assigned will depend on the nature of the work and its urgency
relative to the other ongoing tasks. The managerwill also have to determine who
will do the work. This assignment will dependon the nature of the work, skills
required, and the assignnient of other duties. The work order bog, whiah
indicates previous and aurrent activity, will be useful in this assignment
proaedure. Onae the work order is written, the office should deliver, post, or
otherwise send the work order, abong with task desariptions, to the craftsman.

Work Performance. Onae the work order is issued, the araftsman shouid first
aonsult the equipment history file, distribution maps, or other records on the
hardware to be maintained. Next, he or she will have to coliect the necessary
tools, equipment, parts, materials, and supplies from stores or other sources.
The craftsman will also have to complete a requisition form to obtain items from
stores, as desaribed in Chapter 5. A copy of the requisition form should be
attached to the work order, outlining the items and associated aosts.

Once the work is finished, the arew foreman or araftsman should complete the
remaining parts of the work order by desaribing work done, labor and materials
used, the need for any folbow-up work, and other items (see details in Section
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3.4). Any unused supplies or parts should be returned to the stores and a
materials credit form attaahed (see Chapter 5).

Processing. Onae all work and data recording are done, the araftsman should
return the work order to the maintenanae manager’s office. A alerk should
immediately review the form and total up all aosts. The alerk should then update
the work order log. The completion date, cost, and filing bocation (file number)
should be noted in the work order bog. Next, the alerk should remove the work
order copy from the pending work order file. One copy of the form, abong with
all requisitions, aredits, eta., should be filed in an equipment history file
for that water saheme or piece of equipment. One copy of the work order with
costs noted should be sent to accounting.

3,3 InstitutionalApplication of Work OrderSystems

Work order systems aan be applied at a variety of levels, within a local,
muniaipal, regional, or national organization. The simplest examplewould be the
municipal water department that has its own employees, maintenanae offiae,
stores, workshop, and water treatment plant and distribution system. A work
order system just like the one desaribed above would be ideal.

For rural water systems, multilevel institutional frameworks are often used. One
commonscenario involves using a number of handpumpsin small rurai communities,
eaah with a aaretaker, and a regional offiae for support and major maintenance.
Tinder this structure, a work order system for each site, as described above,
would be unnecessary. The “work order system” might just be a schedule of PM
aativities to be aompleted by a aaretaker. As each task is done, it could be
aheaked of f. At the end of every quarter, the sheet aould be sent into a
regional office for monitoring. The regional offiae would then verify receipt
of these fons and aheak their aompleteness. One could also imagine a book of
prepared “task orders,” whiah when completed, could be sent into the offiae,
albowing for more careful traaking. The aaretaker aould also maintain a very
simple log of repairs. A dupliaate log could be kept at regional headquarters.
The regional offiae would definitely use a work order system to control work
done by regional personnel. Work request fons, sent in by the caretaker for
problems that he aannothandle, will be a very important part of the maintenance
sys tem.

Another common saenario involves a nuniber of larger water sahemes in larger
towns in a region, eaah with its own staff, and a regional office with its
staff. The staff at eaah town saheme would do some maintenance, and the regional
support office would do ~ajor maintenance. The same type of work order ayale aan
be used at eaah bevel. A work order system would be set up for all work ordered
and aonduated by saheme personnel, perhaps run by an operator. Another work
order system would be run by the regional maintenance manager to direct regional
personnel. 1f a problem arose that required regional intervention, a work
request would be written, and the resulting CM work would be performed and
controlled by regional personnel using their work order system. PM work done by
baai or regional personnei would be controiled by the respective work order
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system. For good reaordkeeping, saheme and regional maintenanae personnel must
aommuniaate about work performed. Monthby reports from the saheme operator to
the regionab office shoubd detail work performed and outstanding work requests.
Although it is burdensome for the town scheme to send copies of all work orders
to the regional offiae, it is done in some countries. It is imperative that the
regional offiae send a copy of completed work orders for work on a given scheme
for inalusion in the local records.

There will often be aases in whiah a motor, punip, engine, or other aomponent
will have to be sent away for repair, either to a central workshop or a private
repair faaility. Some type of “work order” should aacompany the device to
instruat personnel receiving it as to what is needed. It is not uncommon for
a deviae to come back with incorrect actions having been taken; precise
definition of the desired work is needed. Such a form is sometimes aalled a
repair requisition, sometimes a “trip ticket.” This type of form could be
deveioped from the standard in-house work order form (presented in Figure 11).
When the work is done, the deviae shouid be returned, along with information
outbining the work done and costs inaurred. It is essential that all such
exterior work be traaked by the same tracking system used for regular work
orders. The use of aontraators has beenmentioned in Chapter 2 and is disaussed
in some detail in Appendix D. 1f equipment is being sent to a private shop, the
contraatuab relationship will have to be consistent with paper delegation of
work. Ijtibities may require that contractors provide estimates before starting
work.

3.4 Work OrderForms

3.4.1 Work RequestForm

A work request fon is a notifiaation fon for staff observing a probiem to
communicate the need for work to the responsible maintenance offiae. The form
could be used by a plant worker to inform plant maintenance of a problem within
that plant. Or it aouid be used by a rurai water sahemecaretaker to inform
regional maintenancepersonnel of a problem requiring their attention. The form,
shown in Figure 11, should have spaces for the folbowing information:

• Date, time

• Requestor

• Priority

• Water schemename and boaation

• Equipment needing attention, including name, ID number, and

exact boaation
• Malfunation observed

• Date, time, and person observing

• Action already taken
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Figure ii

Work Request Form

WORKREQUEST FORM J (FRONT SIDE) PRIORITY

REQUESTOR DATE AND TIME

WATER SCKEME NAME AND LOCATION

SPECIFIC EQUIPMENT NEEDING ATTENTION - NAME:

EXACT LOCATION ID#

MALFtINCTION OBSERVED

DATE, TIME, PERSON OBSERVING

EXPECTED CAUSE OF PROBLEM

ACTION ALREADY TAKEN

ANTICIPATED WORK TO BE DONE

SPECIAL INSTRUCTIONS

WORX REQUEST FORN (BACK SIDE) PRIORITY

38



• Expected cause of problem

• Artticipated nature of work to be done

• Special instructions.

3.4.2 Work Order Forms

The work order is the actual instrument on which a manager directs craftsmen to
do work. A sample work order form is shown in Figure 12. The form should inciude
spaces for the following information:

For the clerk/managerto completewhenwriting the order

• Type of work order: PM or CM

• Priority

• Date

• Work order nuniber

• Person writing work order

• Person(s) or crew to conduct work

• Account number or charge code

• Water system name and location

• Equipment needing attention, inciuding name, ID nuniber, and
location

• Nature of work to be done, with any special instructions

• Date and time to be completed

~hen writing a CM work order

• Attach work request

• Additional cornmentsby maintenancemanager

When writing a PM work order

• Attach PM task description sheet

For the craftsperson(s) to complete when the work is finished

• Sunimary of work performed

• Problems encountered, means of resolution

• Parts and materials used: nunber of requisition (attach)

• Labor use: hours (or days) per employee
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Figure 12

Maintenance Vork Order Form

WORE ORDER TYPE: P14 CM WORK ORDER NO.

OR]GINATOR PRIORITY

CONDUCT WORK • ACCOUNT $

NAME AND LOCATION

WEEDING ATTENTION - NAME

ID#

WORX TO 3E DONE:

COMPLETION DATE AND TIME

RESOLUTION

DATE AND TIME PERSON

NEEDED

OBSERVATIONS

USE MATERIAIS USE
VEHICLE/

EQUIP. USE
—

ITEM MILES COS~

OTHER
COSTS

RATE COST REQUIS. f COST

—

TOTAL
CoS~

TOTAL TOTAL
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• Vehicle/equipment use: vehicle type and miieage

• Work aompletion: date, time, signature of craftsman or foreman

• Foliow up needed, if any

• Other observations

When completing a CM work order

• Cause of malfunction

• New PM requirements, if any

• Additional instruations given to operator, if any

When completing a PM work order

• Any observations on equipment condition

• Anticipated upcoming CM, if any.

For the maintenance management çlerk to complete:

• Subtotal costs for labor, materiabs, vehiaies/equipment

• Total cost.

Work order fons should be written in dupliaate and numbered sequentially.
Various nunibering approaches are possible. The simpiest would be to have pre-
printed numbers in sequence, with the same number on each dupbicate copy.
Another approach would be to have the maintenance manager enter the number when
the fon is written. The first two numbers could correspond to the issuing
office, the next two numbers to the year, the next two numbers to the month, and
the bast four would be sequentiai numbers.

There are many possibbe variations to the work order fon presented here. In
some utibities, different work order fons are used for preventive and
aorrective maintenance tasks. In others, identiaal fons are used, as in Figure
12. One interesting approach would be to have different cobor fons for PM and
CM. Alternativeby, different cobors could be used could be used for distribution
system components and plant equipment, or different cobors for ebectricians,
pbumbers, or masons.

In cases in which a regionab office is perfoning maintenance on a number of
different systems, the forms aoubd be coded or cobored to distinguish the work
bocation. The exact style of the fons is not that important, but it is
essential that the same system of issuing and tracking work orders be used for
all maintenance work.

In general, work orders are written by a manager for people under him or her.
One would not want a system in which an operator in a rural scheme writes work
orders for regional mechanias——chaos would result. 1f a rural scheme needs help,
it should write a work request to the regional maintenance office. The manager
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should then write the work order for one of the staff to traveb to the scheme
to do the work and report back. Under such a system, the scheme will monitor the
response to work requests, and the maintenance manager will control the work he
has ordered.

Some maintenance management manuals suggest that the work request and correative
maintenancework order be combined into a single form. This simplification might
seem desirable, and within a self-contained, single plant operation, it might
work. But if a number of facilities and maintenance offices are operating at
different bevels, the process of tracking work will be difficuit. In general,
the use of separate work requests and work orders, with separate monitoring,
will be best.

3.4.3 Work OrderFiles and Logs

Pending work order file. The cierk in the maintenance office should maintain a

pending work order file and store the fons in sequential order. Dividers or
markers aorresponding to the beginning of each week or month are useful. When
a work order is completed, it should be lifted from the pending file. The work
order, with all supporting documentation (requisitions, credits, etc.), shoubd
then be filed in an equipmenthistory file or distribution record for that water
saheme or that piece of equipment. The manager or cberk aan scan through the
file to see what jobs are under way.

Work Order Log. A fonal work order log should also be maintained by the clerk
in the maintenance manager’s office. The log shoubd retain data from eaah work
order, incbuding the folbowing:

• Work order number

• Date written

• Person or crew responsible

• Brief work description (a few words)

• Loaation (saheme or plant bocation)

• Priority

• Compbetion date

• Total aost

• Location of aompleted work order (file name or number).

This log could be a simple notebook for keeping data on all work orders for
future referenae. A sampbe work order bog is shown in Figure 13.

Maintenance managers may want to devebop additional tools to help track work
orders. For instance, the manager or clerk could note down each week on a chalk
board a few key facts on each outstanding job for quick reference. Thus, the
manager or alerk could check current activities at a glance. 1f more information
is desired, he or she could consult the work order bog or pending work order
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file. Another approach would be to use index cards on a bulletin board. The
bulletin board could be divided into different parts for different locations,
schemes, or functions. Cobor-coded cards for different skill areas would also
be useful.

Work RequestLog. The caretaker or operator at eaah sahemeor plant should also
maintain a bog of work request forms he or she has submitted to a regionab or
district maintenance offiae. A simple notebook, with column entries as in Figure
13, would work well.

3.5 Developmentof Work OrderSystems

Many water utilities have some fon of work order system already in place, but
the systems are often defiaient. Managers, craftsmen, and clerks often de not
run the systems as they were designed to be run. Craftsmen who are trained in
physical skills may have poor literacy. Many will not see the value in spending
time noting down technical details or consulting manufacturers’ manuals. Thus,
many work orders are filled out inaompbetely or inaccurately or equipment
records are incomplete. Also, in many instances, work orders are not bogged
correatly or are fibed in the wrong place. Some managers bypass the work order
system, giving verbal orders, to avoid paperwork when their jobs get busy.
Managers are often overboaded with work and may be tempted to aut aorners in
this way.

The devebopmentof an improved work order systemwill involve an evaluation of
the aurrent system and adaptation of a work order system like the one described
above. This must be an evolutionary proaess, starting with the basics, and being
refined as time goes on. However, there are three essential, minimum components
of a system:

• A work order must be written and completed accurately for eaah
j ob.

• All work orders must be bogged and filed correatly.

• Good communication among all staff is essentiab to sucaess.

As a work order system is used and staff beaome more experienced at scheduling
and perfoning work, additional enhancements aan be added. One recommended
enhancement to the system desaribed above would be to add a pbace in the werk
order form for standard or estimated values for labor hours, material costs, and
other aosts. As work is completed, the standard and actuab values can be
compared. This would albow for careful monitoring of work performance and costs.
An investigation as to why a particular job took bonger or cost more than
expected aan identify weaknesses and improve efficiency.

A study of records en the manhours, materials used, and aosts could albow a set
of targets er perfonance standards to be deveboped for mest aommon tasks. A
table of such standards could be deveboped and kept handy for writing werk
orders (and for budgeting). Devebopmentof these standardswill not be a triviab
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Figure 13

Work Order Log

t

WORK ORDER LOG MAINTEN?,NCE OFFICE

WORK DATE PERSON WORK WORK OMPLETION TOTAL FILE
RDER • ~RITTEN LESPONS. LOCATION DESCRIPTION PRIORITY DATE COST ~OCATION
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task, however. It would be werthwhile to investigate records for the plant,
scheme, er region in question, but also at other plants, sahemes, er regions.
Performance in other places may be better, which would peint to a more ambitieus
target. In additien, careful studies of the actual steps invebved in a given
maintenance task may be needed to pinpoint the amount of time the job should
take, as oppesed to the amount of time it has been taking. Such study efforts
may enly be werthwhile en majer tasks that require a lot of labor and expense.
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4
EQUIPMENT RECORDS

4.1 Purpose/Overview

The purpose of equipment records is to
store specification data and historical
maintenance information on all
equipment. Such records will be
extremely useful in performing

maintenance work, planning future work, _________

planning an inventory of spare parts
andmaterials, and designing new water
systems.

Each piece of equipment, such as punips,
and motors, should be assigned an ID
nuinber, and a nanieplate should be
attached to the equipment itself.
Equipment descriptive data and
maintenanCe records should be stored
in file folders, generally sorted by

location. Some equipment is moved from
one location to another over the course
of the years, so separate files for
such pieces of equipment will make ___________

sense. For distribution network
equipment, such as mains, service
lines, and valves, specification data
should be stored in the form of maps
and revisions noted when changes are
made. Files should be kept on all sections of the system, including maps and
records on all maintenance work performed. These “tools” are summarized below:

Equipment ID systems Based on equipment function, technical
characteristics, location

Equipment history files Detailed data files for specific pieCes of
electromechanical equipment

Distribution Records Maps, files, and other records for piping,
valves, meters, and other items in water
distribution networks

All DEAL
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1EOOUKCE
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42 Equipment ID Numbers

Equipment ID nuinbers are a cencise method of referring to or identifying
hardware. The ID numbers should be estabbished during an inventory of existing
equipment er during commissiening of a new system. They should be noted on the
equipment data sheet for that piece of hardware and used en werk orders er other
references te that item.

There are different type of numbering schemesfor different types of equipment
and situations. The simplest approach would be a simple number assigned
sequentially during the inventory process, but this would not be very useful.
Almost all nuinbering (er lettering) schemes denote information about the
function er purpose of the equipment. Some systems add a part for technical data
suah as the horsepower of a motor er pump capacity. Many ID schemesalso denote
the bocation of the equipment. Seine equipment, such as small diesel engines for
well pumping, are moved around from site te site, so a bocation reference in the
ID scheme would not be used. No one system is best, and a custom-designed
approach aan be developed in each situation, as shown in the examples bebow.

Figure 14 shows a simple sahemeused in Sri Lanka that combines notations en
location and function (see also Appendix 1). A three-letter code is used for
each rural water saheme, and a two- er three-part function code folbows.

Appendix J shows a more elaborate ID schemeused at a wastewater treatment plant
in the United States. The first three digits of the five-number code correspond
te the function perfornied, and the second two digits sequentially list equipment
in that function category. A full equipment aonfiguratien list, serted by the
three-digit functien code, lists ID number, equipment name, equipment type, and
becatien. The equipment type is based en a list of equipment type codes, also
shown in Appendix J.

Example of Epuipment ID System

Suppose an agency has been buying a series of diesel engiries for use
at a nuniber of village water schemes. It has attempted to standardize
a line of engines using Lister (0-25 HP) for the smaller sizes and
Fiat for the larger sizes ( >25 HP). Agency staff have devised an ID
scheme illustrated by this example:

ENG-L-ST1-4.5-1500-87

where:
ENG — Engine (as opposed to pump or other device)
L — Lister
ST1 — Lister Model Name
4.5 — Nameplate horsepewer
1500 — RPM setting used
87 — Year of purchase (1987)
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Figure 14

Sri Lanka Equipment Codes

CQUIPItIT CD~St .1) ILCNTiTICAT1c~ NILCERS - I.XFRACI

Item

1. lot. Lift Punç

2. Motor ‘Iriving above pu~

3. High Lift Puuç

‘4. snor Driving above pu~

5. Filter Backwashhrp

6. Motor Driving abote p~rp

7. Motor Starter

8. Alus Dosing P~

9. Motor for Alum Dosing hap

10. Alum Mix Tank Stirrtr Motor

fl. Ferric Chioride Dosing Puep. P-FC

12. Motor for Ferric Cb].oride
Daaing Punç

13. Ferric Chioride Mix Tank
Stirrer Motor

ik. List Dosing

15. Motor for Line Doaing Puap

16. Line Mix Tank Stirrer
Motor

17. Filter Air Scodr Biowere

18. Biower Motors

19. Air Coepreasors

Cod’.

int. lift ptrp No 1 at Gallc - GAL-P—Ll

M-LL GAL-H-LL—i

PHL High lift pt~ Nc.i st Anuradhapura
ANR-P-HL-i

14-NL ANR-M-HL-i

P-BW Backwaahhap 110.1 at Matara MAT-P—BW—’

M-BW )4AT-H-BV-1

M(ST) Motor Starter for Backwash Pwa~No.2
at Ga].).. - GAL-M(ST)-BW-2

P-AL Alum lozing piap No.i at Matara
NAT—P-AL—i

14-AL Motor for the about pump - M&T-M-AL-)

M—AL-C STR) Aluc tank stirrer motor for tank
connected to alum puiç Mo.2 at Matara.
MAT-M-AL( STR)-2

Ferric O~ioridedosing pt.~ tlo.2 at
Gafle — GAL—P—FC—2.

M-FC Motor for above puap - GAL-Il-FC-2

Ferric Qi]oride stirrer motor for tank
M-FC(STR) connecred to Ferric Chioride Puaç No.1

GAL-M—FCCSTR)—i

P-L Line Dosing hap No.1 at Matara
MAT-P-L-i

M-L Motor for the about pump - MAT-H—L-1

Li tank atirrer antor for tank
*L(STR) connected to Line Pump No.! ar Mararo

MAT—M-LCSTR)-!

BL Biower 110.1 at Ga) It - Ga-EL-]

M-8L Motor ror above Blower - C?L-~-’3L ~

C Air Cor.pr’essorNo.! for Surge Ten)’
at Galle Plant - GAL-C-i. -

E: .inole
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Such ID numbers are less important en distributien hardware. There would be
littie peint in numbering pipes in the ground. However, sections er branches of
distributien netwerks could be assigned ID numbers. Also, large valves and
certainly water meters sheuld be part of an ID number scheme, as cevered later.
See Appendix K for examples of distributien system maps.

43 EquipmentHistory Files

Equipment histery files are intended te stere information en the electro-
mechanical hardware itself, en the maintenance requirements and procedures, and
en the actual maintenance perferined. These files become an important resource
in planning, scheduling, and perferming both preventive and aerrective
maintenanae werk. Such files sheuld be develeped as a water system is being
cemmissiened er at the end of an inventery of existing equipment.

The discussien belew is mestby cenaerned with te plant equipment, such as motors,
water pumps, desing pumps, and ether electremechanical equipment. For water
distributien equipment, another type of record will be needed, including system
maps, which is discussed in Sectien 4.4.

4.3.1 File Contents

The basia aentents ef equipment histery files are listed bebew:

• Equipment data sheet (see figures 15 and 16 and text belew)

• Manuals: assembly, eperatien, parts list (er lecation of
manuals)

• Operatienal precedures

• Cepies of operator’s leg sheets, if any

• List of spare parts stecked, and lecatien

• PM tasks and schedule

• PM task instructiens

• CM task instructiens, if any

• Log of PM and CM werk done (see maintenance leg bebew)

• Cempleted PM werk orders

• Cempleted CM werk orders.

Detailed descriptiens en seme of these records items are given bebew.

Some sample equipment data sheets, operators logs, and ether record sheets from
rural water project maintenance erganizatiens in Betswana are shewn in
Appendix L.
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Figure 15

Sample Equipment Data Sheet - Pumps

EQUIPNEN’F DATA SHEET PUI4PS DATE COMPLETED

IDENTIT’L

NAME:

ID #:

MODELNAME

MODELNO.

SERIAL NO.

LOCATION

REGION

SYSTEM

PL~N’r

INSTALLATION DATE

PREVIOUS LOCATION

SPECIFICATIONS

PUMP TYPE

STAGES

IMPELLER DIAMETER

RATED RPN

RATED C.APACITY

STATIC HEAD

EST. TOTAL HEAD

INLET DIAMETER

OUTLET DIAMETER

DRIVER:
NAME

ID NO.

AQUISITION

DATE PURCHASED

P.0. !WMBER

FOB COST

MANUFACTURER

LOCAL SLTPPLIER

LOCAL SERVICE

PM REQ(JIREMENTS:

TASK FREQ

PARTS STOCKED LOCATION

NAME PART NO.
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F~gure 16

Saniple Equipmerit Data Sheet - Motors
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DATA SHEET J ELECTRIC MOTORS DATE COMPLETED

NO.

LOCATION

REGION

SYSTEM

PLANT

INSTALLATION DATE

PREVIOUS LOCATION

AQUISITION

DATE PURCHASED

P.O. NUNBER

FOB COST

MANTJFACTURER

LOCAL SUPPLIER

SOURCE

UNIT:
NAME
NO.

LOCAL SERVICE

P14 REQUIRENENTS:

STOCKED LOC.ATION TASK FREQ

PART NO.



4.3.2 EquipmentDataSheets

At the front of the file there should be a summary equipment data sheet listing

key information. Different types of data sheets will be useful for different
types of equipment, as shewn in Figures 15 and 16. Cenerally, an equipment data
sheet for plant equipment such as puxnps, meters, and agitaters, should include
the fellewing items:

• Lecatien: regien, system, plant, date of installation at
current becatien, previeus lecations

• Equipment identity: name, ID number, manufacturer, model name,
model number, serial number

• Technical specificatiens: varies depending en type of
equipment

• Acquisitien data: date purchased, purchase order number, FOB
cest, freight, installatien

• Manufacturer name and address

• Local supplier name and address

• Local service agent, if any, with name and address

• Asseciated equipment ID numbers: for example, ID number of
meter asseciated with a given pump

• Other information as space allews: maintenance tasks and
timing, spare parts stecked.

43.3 MaintenanceLog

A simple leg sheuld be kept of all maintenanceperfermed. It sheuld consist of
a simple sheet with seven celumns for entering information, including:

• Werk order number

• Date issued

• Brief summary of werk perfermed (PM and CM)

• Persen er crew perferming werk

• Manheurs

• Date cempleted

• Cost.

4.4 Recordsfor Distribution Network Hardware

The abeve discussien is eriented teward plant equipment, such as meters and
pUTOpS. Instead of equipment histery files, a similar set of distributien records
sheuld be devebeped for storing cenfiguratien data and records en werk
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perfermed. These files should centain maps of distributien hardware, a simple
leg of maintenancewerk perfermed, and cempleted werk orders.

Distributien system configuratien data sheuld be stered in the ferm ef maps.
Detailed maps will be extremely useful in executing line repairs, fixing er
detecting leaks, and in deing ether distributien system maintenance. Large
distributien netwerks can be breken dewn inte sectiens, te make the files a
manageabbe size and the maps legible. A detailed discussien of map requirements
and cenfiguratien is beyend the scepe of this manual, but generally, area maps
using a scale of 5000:1 and more detailed maps using a scale of 1000:1 will be
u.seful. Such maps sheuld nete lecatien and size of mains, service lines, valves,
and meters. As changes are made, dear netatiens sheuld be added te the file.
Periedically, as changes accumulate, new drawings sheuld be made. Appendix J
shows sample maps for distributien systems for urban water systems in the United
States and a sample map for small rural Systems in Botswana.

The distributien records, like equipment histery files, sheuld centain a leg of
preventive and cerrective maintenance werk done, drawings of changes made, and
the actual completed werk orders for that area er sectien.

It is also werth keeping careful recerds en water meters. Meters will
occasienally have te be repaired and checked for accuracy. A simple meter leg
can be maintained en every meter, as shown in Figure 17. All meters can be
issued a simple numerical ID number er a code including size and a sequential
number. When installed, the address and acceunt number sheuld be neted. 1f a
repair is needed the meter will be remeved, repaired, and retested. 1f eperating
within desired bimits it can be reinstalled elsewhere. In additien, meters
sheuld be retated Out and retested every 5 te 10 years. The legs will help track
these eperatiens. The cards sheuld be kept in their own file, ranked by ID
number.

4.5 Fiing Systems

Equipment histery files er distributien records can be erganized several

different ways. In the case of a regienal effice maintaining many small
handpumps, erganizing records inte “site files” with a separate folder er file
box for each lecatien makes obvieus sense.

For slightly more complex rural water systems, such as systems with weils,
diesel engine/pumps and several kilometers of distributien, site files will also
make sense. But these files may have te be subdivided te keep file size
practicab. Such divisien would prebably be en the basis ef functien. For a
simple water system with a well, submersible pump, an elevated sterage tank, a
distributien netwerk with 5 km of piping, 100 heuse cennections and 5
standposts, the records could be set up with ene file for the well, puinp, and
tank, and anether for the entire distributien netwerk.
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Figure 17

Meter Installation Repair and Testing Forms

METER CARD (BACK SIDE)

MFG. SIZE

TEST

ID NO.

AND REPAIR RECORD

DATE

AMT. WATER
PASSED BEFORE

TEST
TEST

AMOUNT
TEST

READING
,‘

ERROR REPAIRS MADE RENARXS

METER CARD

MFG. SIZE ID NO.

MAKE COST MATERIAL

INSTALLATION RECORD

INSTALLED

DATE READING
ADDRESS ACCOUNTNO.

REI4OVED
REASONS FOR

REMOVALDATE READING
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1f site files are developed, equipment data sheets can be developed to summarize
information on equipment at each site. Appendix L shows several systemequipment
data sheets from Botswana that were developed for small rural water systems.
These sheets store basic information on all equipment at each site, in a
standardized format.

On the other hand, if the organization is just maintaining equipment in one
location (a single municipal water treatment plant, for example), then filing
by equipment type (motor, pump, valve, etc.) or process function will make
sense. Filing by ID nuniber is also a possibility, but this may make records
harder to find as people usually do not think in terms of ID numbers, but they
do think in terms of locations, equipment types, or functions.

Equipment files are closely linked to the work order process because all
completed work orders will be stored in these folders. Thus these records should
be housed with the responsible maintenance manager or clerk. As maintenance work
orders are completed, they should be filed in the equipment history file for
that piece of equipment, distribution section, or water scheme, and the
completion of the work should be noted in the file log.

1f maintenance at a moderate-sized rural water scheme is performed primarily by
local personnel and occasionally by regional personnel, equipment recordkeeping
should be well coordinated. In general, It will be best to house the physical
files at the local level. This is especially true if local staff are doing most
of the work on the system. Local storage will allow easiest access to reference
data needed during maintenance work. Regional personnel would probably like to
make use of the data stored in these files, as well, to conduct studies of
breakdown frequency and other analyses described below.

4.6 Establishing Equipment Records

The basic steps in establishing records will be to develop a list of all
equipment to be maintained, note down all specification data, assign ID numbers,
and then develop the equipment history files.

The very first step is to develop a complete list of all hardware, with relevant
technical details. Obviously this could be a very burdensome task. However, as
a new water system is being designed and constructed, engineering drawings of
pumping stations, pipelines, and distribution networks should be available. The
final as-built drawings will help immensely in establishing this inventory.
However, there will be many cases in which no up-to-date, reliable drawings
exist, so a lengthy inventory process must be undertaken. Simple inventory forms
will have to be developed and completed, site by site, location by location.

As each piece of equipment is inventoried, the equipment data sheet can be
completed and equipment ID numbers can be assigned. It would be impractical to

try to do a detailed codification on existing distribution equipment that is
inaccessible, but a listing of the lengths and diameters of the main piping
would be useful. An exemplary set of inventory sheets from Sri Lanka is shown

in Appendix 1.
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Once the raw data have been cellected, useful equipment lists can be prepared.
For example, a list ef all equipment at a given rural scheme can be prepared and
filed. Similarly, a list of all submersible pumps, er all alum desing pumps, at
a number of water schemes in a given regien can be cemplied. These lists will
be quite useful in planning werk and also in analyzing equipment performance.
Appendix 1 also shows a set of inventery summary sheets that outline equipment
in three sectiens of a single water scheme——head werks and sterage,
gravity/pumping main, and distributien system.

1f no distribution netwerk drawings exist, they sheuld prebably be develeped.
This process can be done in stages. A preliminary schematic can be drawn by the
technicians cenducting the distributien inventery. Additional cenfiguratien
details can be cellected as maintenance werk is cenducted and piping
replacements are made. Later, ence the burden of werk lightens a bit, new
drawings can be prepared and filed for future use.

During the equipment inventery precess, notes can alse be made as te the
eperatienal status of the varieus system cempenents. That is, if a particular
pump is badly in need of service er a water line ebvieusly is leaking, these
preblems can be noted and cerrective actien requested using a werk request, as
eutlined in Chapter 3.

4.7 UsingEquipmentRecords

The equipment histery files and distributien records will be an important
archive of reference material for all aspects of maintenance. Seme examples
fellew.

Planning Repair Work.. When a clerk er manager is preparing werk orders, details
en the equipment invelved will be very useful. A crew foreman, beginning a
repair he has never executed, will find data en the equipment, manuals, and a
record of recent werk en the machinery te be highly instructive. A quick check
of specificatien data will help ensure that the right spare parts are breught
te the job site. Of ceurse, information en distributien netwerk details will be
indispensable in water line repairs.

Developing Job Standards. Records en maintenance perfermed will be very useful
for establishing job standards for particular tasks. Histerical records en the
time, laber, and materials for cenen preventive and cerrective maintenance
tasks can be used te create these performance standards. Histerical infermatien
should net be the enly guide, however, as past performance may be censistently
peer. Still, the records will be useful in develeping these measures.

Planning Stalling. The incidence of particular tasks and the volume of different
types of werk can be useful in determining the number and type of staff needed.
For instance an examination of rural water system repairs would be helpful in
deciding how many mechanics and how many electricians sheuld be retained.
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Planning Materials Inventory. Equipment histery files and distributien records
will be very useful in planning what parts and supplies should be stecked in a
sterereem. These records can indicate which parts are used frequently and which
are net and allew calculatien of menthly usage of cemmenly used supplies (see
Chapter 5).

Analyzing Equipment Maintenance Costs. Werk orders will show total values for
laber, material, and ether cests for a job. These data can be assembled inte
histerical cest summaries, which will be useful for budgeting and planning
future equipment selectien. Annual dost tetals for each individual equipment
item er group of equipment could be prepared. Trends can be pletted graphically.
A particular piece ef equipment that is getting more and more expensive te
maintain can also be censidered for replacement. The evelutien of cests with
equipment age can be examined. A particular line of pumps er meters can be
evaluated against others.

AnalyzingEquipmentPerformance. The use of werk orders and the sterage of data
in equipment histery files aliews useful analyses to be made of the perfermance
of a particular piece of equipment er a group er type of equipment. These
analyses can pinpoint equipment that is eperating peerly and allew corrective
action te be taken befere major problems develep. Also, these data can be used
in future water system designs and in censidering equipment replacement.

IJsually such analyses would be cenducted by national- er regienal-level
persennel, based en data stered at the regional er local level and en reperts
from these administrative levels.

These analyses can be cenducted in two basic ways:

• Performance of a particular piece of equipment as cempared
with the “norm” for that particular type of equipment; for
example, the performance of a submersible Crundfes SP 4-42
metor/pump set at Rural Water Scheme fl23 cempared with ether
SP 4 pumps in other schemes.

• Performance of a single type of equipment cempared with ether
types; for example, the performance of Crundfes pumps as
contrasted with ether brands, er the performance of
submersible pumps cempared with vertical axis turbine pumps.

The “breakdown rate” is a conen type of analysis that can be made. The
breakdewn rate is simply the annual incidence ef a service outage of a
particular piece of equipment. Such an event will usually result in a werk
request and a cerrective maintenance werk order. It will be important te leek
at the frequency of breakdewns by type of preblem er by cause. For example it
would be useful te know the percentage of breakdewns en submersible pumps that
are due te motor preblems, centreller preblems, bew water level, well
centaminatien, er ether causes. Also, interesting trends can be revealed, such
as the breakdewn rate as a functien of equipment age, utilization rate, regien,
number of PM werk activities cenducted, distance from a regienal maintenance

58



center, etc. Breakdewn studies en distribution equipment will alse be useful.
Analysis of the breaks per kilometer of line for each size and type if pipe
material will previde useful statistics.

Another cemmonly used statistic is the “mean time between failure (MTBF),” which
is simply the inverse of the breakdewn rate. That is, it is the average peried
of time between failures. It is usually cemputed for a model er group of
equipment rather than en a single piece of hardware.

“Availability” is anether useful measure for plant equipment er even entire
systems. The availability of a piece of equipment is the percentage of the time

the unit is available for operatien. It can be calculated as:

(total time) - (equipment dewntime due te PM er CM)
Availability —

(Total time)

Nete that this figure does net indicate how frequently the equipment was
actually used, but what time period it could have been used. Availability is
linked te the breakdewn rate, but it is net the same. That is, a high breakdewn

rate will lead te lew availability because censiderable time will be spent with
the equipment dewn for maintenance. Hewever, even with a high breakdewn rate,
the availability can be relatively high if the duratien of the breakdewn is lew.
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5
MATERJALS INVENTORY CONTROL

5.1 Purpose/Ovenriew —

The purpese of materials inventery
control is to ensure that necessary
items are readily available when
needed. Witheut goed centrels, the
sterekeeper will net know how many of
a given item are in steck er when er
what te order, and items will be out
of stock when they are needed. Lack of
contrels makes a storeroem more
vulnerable te loss er theft. A
maintenance department cannet allew
lengthy dewntimes en equipinent due te
out-ef-steck parts. Important
maintenance sheuld not wait en certain
supplies te arrive. It would be easy
to steck a big quantity of every

cenceivably useful part er supply, but _________

this would be very expensive. A steck
of cemmonly used and critical
materials, with centrols, is the best
approach.

This chapter reviews control procedures
and asseciated ferms, including —

requisitien and credit forms, ledger
cards, travel order cards, and inventory reports. Cuidelines en establishing and
using these procedures are also given.

5.2 InventoryControl ProceduresandForms

5.2.1 MaterialsLedger

The materials ledger is the heart ef the materials inventery control system.
There is usually a two-part ferm for each material item, with spaces for the

fellewing infermatien:

AN IDEAL
]IAIWTENANCE tIANAGEIIENT

SYSTE11

PLAflING OKGANIZIWG
liBoulcE

ILQUIJ.flfl7

t ~Ufl3ZV ANIVAL ILAJ
IrrIcATxo! t w~~~tz

t Dr~RIrrXoS

O~DEtTIJO OlGilhlAflOlGOkLS in,owflJG 7011 OIDTIt 1Y1LIIA~1IOIflVRIfl

1QUIP11rP
1 INVEflORY 1 nco~e

cerraei.

GOBIROLL IïG DIRECTDTG
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Basic infermation en the particular item:

• Folie number

• Name of the part er supply

• Part number and manufacturer, if the item is a spare part

• Specification and size, if the item is a general supply

• Specific equipment er system using this part, if relevant

• Em number er sterage lecatien

• Reerder peint

• Reerder quantity.

Ledger: A line for each transactien with celumns for the fellewing:

• Date

• Material requisitien er material credit number

• Quantity

• Unit cest

• Quantity en hand (balance).

The fellewing fons, leg, and files are also part of the inventery control
system:

Forms

For each transactien

• Materials requisition
• Materials credit

For each material item

• Ledger card

• Traveling order card

Logs

• Order leg

Files

Histerical

• Materials requisitien file
• Materials credit file
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Permanent

• Ledger card/traveling order card

A sample ledger ferm for parts is shown in Figure 18. Appendix A includes this
ferm and a similar ene for supplies.

The physical ferm of the ledger cards and their storage will vary with the size
of the stores. Paper cards can be stered in a box, file drawer er vertical file
cabinet. Ledgers can also be written in a notebook with different pages for
different parts. The type of physical arrangement will depend en the number of
different parts stecked and the volume of parts used. A small stere with
relatively few parts could get by witt a simple netebeek er card box, but a
large stere will need a more sophisticated system. Very large stores will need
a computer-based system.

In some erganmzations, sterekeepers prefer te keep the ledger cards en the shelf
er in the bin with the particular item. This has the advantage of quick and easy
ledger entry when the part is taken out of steck. Also, the sterekeeper can
quickly check the ledger quantity-en-hand against the actual number in steck.
1-lewever, this approach has the disadvantage that ledger cards are dispersed
areund the stores. Overall, a central lecatien fer all the ledger cards makes
the mest sense.

There are eccasiens when a ledger system can be burdenseme. Small, inexpensive
dompenents that are used very frequently may net be werth tracking in such
detail. The cest ef these parts can be seen as a general expense and spread over
all maintenance werk.

The ledger sheuld be maintained by the sterekeeper enly, te ensure accuracy. The
storekeeper will make ledger entries when materials are issued, based en
requisitions submitted. When materials are received, similar data entries must
be made. Note that the fons aliows for contmnual updatmng of the unit cest te
ensure acceunting accuracy. When a quarterly er annual steck verificatien is
made, corrections can be neted en the ledger. When a ledger card is full, the
descriptmve information at the top of the ferm and the quantity-en-hand are
transferred to a new card.

5.2.2 Materials Requisitions/Credits

Matermals requisitiens and credits are used to centrel the mevement of materials
in and out of steres. Requisitiens are used when materials are issued, and
credits when matermals arrive. Ferms used for the two purpeses are quite
similar. Information te be cempleted en these ferms inciude:

• Requisition/credit number (sequentially numbered)

• Date

• Name of part er supply, er brief description
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Figure 18

Parts Ledger

INVENTORY LEDGER - PARTS

PART NAME FOLIO t

NUMBER REORDER POINT

MACHINE REORDER QUANTITY

NUMBER
CARRYOVER STOCK

RECEIVED ISSUED

BAL~MCEDATE CREDIT
NO. QTY

UMIT
COST

REQUIS.
NO. QTY

UWIT
COST
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• Part number er specification

• Quantity received er te be issued

• Issuing individual

• Receiving individual

• Approval, for the case of requmsitiens

• Werk order number, for the case of requisitiens

• Purchase order number, for the case of credits

• Acceunt number er charge code

• Unit cest

• Total cest.

A sample requisition fons is shewn in Figure 19, and a sample credit ferm in
Figure 20. Cenerally, these fons sheuld be completed in duplicate, ene fer the
persen receiving er depositmng materials, and ene for a histerical steres file.

These fons can also be used for ether eccasions when matermals ge in er out of
steres. For example, the materials credit fons can be used to control items
geing inte stores, such as the arrival of parts from suppliers er ether steres
and unused materials being returned at the cempletmen of the job. The
requisitiens can also be used te control the transfer of materials frem ene
stere to another, for example, from a central wareheuse te a regienal er
satellite stores. Such special issues sheuld be neted en the fons.

Cenerally, a requisition is cempleted by a craftsnian cellecting material te
complete a maintenance werk order. He er she cemplates all the necessary
information, except the unit and total cest, which are cempleted by the
storekeeper, as the material is issued. The craftsman receiving the items sheuld
also nete the materials received and cost en the werk order. A credit is
nermally filled out by the sterekeeper when materials arrive. Once a material
requismtion er credit is written, the sterekeeper must immediately enter the
information in the ledger for that material and update the quantity-on-hand. 1f
the reerder peint (the quantity at which more supplies are to be erdered, as
described in Section 5.3.1) is reached, the sterekeeper must order more
material.

5.2.3 TravelingOrderCards/OrderLog

The sterekeeper must reerder materials at the cerrect times when the quantity-
en-hand reaches the reerder point and keep a leg of all order. This precess can
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Figure 19

Material Requisition Fons

Date Wor)~ Order No.

Acceunt No.Location

PART NO. QTY DESdRIPTION
UYIT
COST TOT?~L

MATERIAL REQUISITION 1 No.

Figure 20

Material Credit Fons

Is.ued by R.c.iv.d by £pprov.d

J MATERIAL CREDIT No.

Date Purchase

Account

Order

No.Location

PART NO. DESCR1PTION
UNIT
COST TOTALQTY

I.sued by Raceived by - Approved
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be streamlined and simplified with the use of .traveling order cards. These cards
are simple forms, filed with the ledger card for the particular item, which
contain the following items:

Basic Information (permanently written on card)

• Name or location of the stores
• Name of the part or supply
• Part number and manufacturer if the item is a spare part
• Specification and size if the item is a general supply
• Reorder point
• Reorder quantity
• Suppliers——a list of several local suppliers.

Order history ledger

• Date of Purchase Order (Completed by purchasing)
• Selected Supplier name (Completed by purchasing)
• Unit cost (Completed by purchasing)
• Quantity ordered (Completedby purchasing)
• Expected Date of delivery (Completed by purchasing)
• Quantity Received (Completed by storekeeper)
• Date delivered. (Completed by storekeeper)

A sample traveling order card is shown in Figure 21.

When it is time to reorder, the storekeeper puils the card and sends it to the
purchasing office, which contacts suppliers and orders the material. The date
of the purchase order, supplier, quantity, unit cost and expected date of
delivery are filled in by the purchasing office, and the form is sent back to
the storekeeper. The storekeeper refiles the traveling order card, checking the
unit cost, supplier, and delivery date. When the material actually arrives, a
material credit form is completed, the ledger is updated, and the date and
quantity received are entered on the traveling order card.

Once the reorder point is reached, use of that part or supply will have to be
restricted. One approach would be to limit use of the part or supply to only
those work orders with a high or critical priority. Thus if other crucial needs
for the part arise, there will at least be some in stock. Obviously, the delay
in actually receiving the ordered items will be important in managing the use
of parts in short supply. Parts that take a long time to restock will have to
be subject to more careful control. With experience and consistent demand and
ordering times, the reorder point and reorder quantity can be fine tuned to the
point that the stock is drawn down to almost zero as the next shipment arrives.
Unfortunately, consistency of demand and supply are not always common, so the
restrictions will have to be enforced.

The storekeeper must also maintain a simple Order Log of which traveling order
cards have been sent to purchasing. The log would list the material name, date
sent for ordering, and expected delivery date. Thus, the storekeeper can remind
purchasing or suppliers if ordering or delivery is delayed.
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TRAVELING PRDER CABD STORE NAME _________________

Name ____________________________ F0110 t _____________________

Part No. or Spec ______________ Reorder Point ______________

Size ____________________________ Reorder Qty _________________

1 __________________ 4 ___________________
2 __________________ 5 ____________________

3 __________________ 6 ___________________

ORDERLEDGER

Figure 21

Traveling Order Card Form
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The traveling order card system may have to be modified if the stores and
purchasing office are located geographically far apart. For example, if a
district maintenance store orders all supplies from a purchasing office in the
national headquarters of a water authority, problems can result if order cards
are lost or take a long time in transit. In such a case, a simple supply
ordering form should be used with duplicate copies——one copy for the stores to
retain and one copy to send in when placing the order.

5.2.4 InventoryVerification

On a regular basis, the materials inventory will have to be verified. The
storekeeper will have to close the stores to all nonessential activity and check
the ledger versus actual stock for each item. An entry into each ledger should
be made, noting the actual stock. Ledger/stock discrepancies should be
investigated and corrected. A team of supplemental labor can be assigned to
complete the job in large stores. The frequency of inventory reports will be
determined by the size of the stores, but the inventories should be made at
least once a year.

As staff experience grows and store operations become streamlined, additional
activities can take place at the time of the annual inventory check. Inventory
reports can be prepared, inciuding a list of quantity consumed and the quantity
on hand for each material item. The reports should be kept on file, but a copy
should also be submitted to the maintenance manager for review. The maintenance
manager and the storekeeper can then review the activity for each item stocked.
Items that are being used very infrequently can be reassessed for stocking. Also
reorder points and quantities can be reassessed.

5.3 EstablishingInventory Controls

The procedures and forms described above should be rather straightforward to
develop and implement. The forms can be modified to add extra features or
eliminate some aspects to suit local conditions. The hard part with establishing
and controlling a stock of materials will be deciding what parts to stock, the
reorder points, and the reorder quantities. There are no simple rules for
deciding these issues, and the best solution will probably be different in each
case. Some basic guiding principles on these issues are reviewed below.

During the initial planning of a MMS, the existing stores must be assessed in

relation to the equipment to be maintained. Onôe the equipment inventory is

completed, and the preventive maintenance plan under way, parts and supply
requirements will become known. The existing stock must be reviewed in light of
this information. Some items probably will no longer be stocked and new ones
will be added to the inventory. A team involving the maintenance manager,

operators, maintenance crew leaders, and the storekeeper should examine the
different types of equipment in use, make some estimates on the materials to
stock, quantities, etc. This process should be performed regularly to fine tune
it with experience.
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5.3.1 Materials to Stock

The decision en what to steek is a balance between the eest of purchasing and
storing the parts versus the cest of the downtime. Any parts whese absence will

lead to long er otherwise significant dewntimeswill be werth stecking. Engines,
meters, pumps er other equipment that perferm critical functions er have no
back-up system, will needa complementof parts. Manufacturers’ guidelines will
help in determining the parts to steek, but local experience will be an even
better guide. Local availability of the part is anether important factor.
Imperted equipment with no local representative will require special
consideratien. Frequency of use is important, toe. Stocking cemmenly used parts
will speedwerk and reduce cests. Also, if a local supplier stecks parts, the
water utility sheuld enly steek parts it uses eften.

Reorder Point

The reerder peint can be feund from the usage rate, the time from the Start ef
the order precess te actual delivery, and the desired minimum steck:

Reerder peint — (usage rate x order period ) + desired minimum steck

5.3.2 Reorder Quantity

The best reerder quantity will be influenced by the usagerate, quantity required
for disceunted prices, the eest of making orders, the eest of storing parts and
supplies, and ether factors. The team can calculate the “economie order quantity”

(EOQ) for key parts, as described belew. Economie order quantities are a
theeretically eptimal order quantity (in units er dellars) that cerreetly

Example of Reorder Point

Suppese4 oil filters for a particular type of engine are used in an
average menth, the average lead time for delivery is 2 months, and a
minimum steek of 1 menth’s supply is desired. Then:

Reerder peint — (4 x 2) + 4 — 12
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balanees the eest of earrying inventery against the eest of placing orders. The
EOQ for a partieular part er supply ean be feund as feliews:

EOQ— ((2 xQ x P)/(C xl))

where:
EOQ — economie order quantity, in units
Q — quantity of units eensumed annually
P — adrninistrative eest of issuing a purehase order
C — unit eest of the item
1 — eest of earrying inventery in t, as a deeimal

(ineludes eest of eapital, space, laber)

5.4 Using Inventory Controls

Onee the inventory control System is established, it sheuld flew quite smeethly,
if several key practiees are fellewed:

• Everyone must adhere te the system.

Craftsmen, sterekeepers, elerks, maintenanee managers, and
purehasing agents must all believe in the system and follew
it. Otherwise it will break dewn rapidly and be of little use.
A key management prineiple is to make it dear te the
sterekeeper that it is his or her respensibility te eneeurage
ethers to abide by the system.

Honesty is essential.

The storekeeper plays a critieal rele; a reliable and
trustworthy individual must be placed in this pesition. The
petential for materials te “disappear” ean be very high if an
irrespensible individual is placed in this pesitien. His er
her aceeuntability is important. The maintenanee manager will
have te deeide what type of oversight is required.

Example of Economie Order Quantities

Suppose 50 fuel filters are used in a year, eesting $10 eaeh. 1f the
eest of preparing a purehase order is $30 and the inventory eest rate
is 25%, the EOQ will be:

EOQ — ( (2 x 50 x 30) / ( 10 x 0.25 )

— 35 units, er an order every 8 menths er se.

Note that if the inventory eest rate falls te 10%, the EOQ is 55.
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• Keep the system up te date.

The sterekeeper and maintenance manager sheuld eenduct regular
reviews of the inventery. At the eceasion of the annual

inventery report, the two individuals, perhaps in eensultation
with operators and maintenanee erew feremen, sheuld review
whieh parts are steeked and quantities censumed for the mest
important parts and supplies. A graph of aetual use and
resteeking ean be made te illustrate the ebb and flew of the
steek level of the part. The reorder peints and reerder
quantities can be adjusted if neeessary.

Diagnose preblems to find improvements.

Specifie inventery control preblenis sheuld be discussed and
ehanges eensidered and implemented. Speeific shertfall eventa,
while treublesome, sheuld be used as an eccasien te reexamine
the inventery centrols en a given part er supply.
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6
MONTTORING, EVALUATING, AND REPORTING

6.1 Purpose/Overview

The purpese of monitering and
evaluating is te eempare what has been
done te what was planned, determine if
there are defieieneies, and take
correetive action if needed. The
purpese of reperting is te inferm
management, engineering, government
eversight agencies, funding agencies,
and ether interested parties as te the
pregress of maintenanee activities and
any needed ehanges in operating
procedures er reseuree requirements.
Ferms and procedures used for _________

menitoring and evaluating make up the
cere material for reperts.

6.2 Monitoring and Evaluatlon

6.2.1 MonitoringWorkProgressandCosts

A simple menthly werk order summary
sheet will be useful for menitoring and
reperting. This form, shewn in Figure
22, ineludes the fellewing items:

• Maintenanee effice

• Menth

• Number of work erders outstanding from previeus menth

• Number of werk erders eriginated this menth

• Number of werk orders eriginated this menth, but stili
outs tanding

• Reasen for ineomplete werk fer each eutstanding werk erder.

AN IDEAL
IIAINTENANCE tIANAGENENT

SYSTEli

PL ANN 1RG

TASt
IDEWflTICATION

t D!SCRIPTIOX

RXSOURCI
SEODIREDEITS

t BUDGET

ORGANIZING

ABSUAL PLAS
t DCREDULE

]REPORTING 1

STAPT
OSGAJIZATIOJ
t TRAIJIJS

5!TTIIG
GOALS

MONIWRING
& EVALBATION

RECORDSIJVRDTODY
COITROL

VOUS ORDER

S T STERS

CONTROLL ING DIRECTING
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Figure 22

Sample Monthly Werk Order Sumniary

NONTHLY WORK ORDER SUMMARY

MAINTENANCEOFFICE MONTE______________
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The ferm sheuld present the abeve data for beth preventive and cerrective
maintenanee. The ferm ean be eempleted by a elerk from the werk order leg and
given te the manager for review. This ferm will remind the manager of pregress
made and can be used te transfer this same information te ether persennel in
ether effices. Depending en the volume of werk and the erganizational structure,
reports may be made for eaeh pertion of a water system, eaeh system, er an
entire regien.

A simple menthly cost summary sheet will be useful fer menitering and reperting
en coSts ineurred in a given menth, based en werk orders eempleted in that
menth. A sample is shewn in Figure 23.

The sum of the werk order eests will net be the total aceeunting eest of the
maintenanee funetien, in that the salaries of the manager, elerk, and ether
administrative persennel will net be ineluded, nor will the eest of idle laber
heurs be ineluded. A eest eenter type of acceunting procedure, based in the
aceeunting department not the maintenanee department, will be needed te arrive
at such a eest. Stili, the sum of werk order eost.s (labor, parts and supplies,
and other direct eosts) will provide te a werthwhile indication of direct
maintenance eests.

Beth of these sunimary formats ean also be used en quarterly and annual bases.
In additien, as eapabilities and experienee inerease, more parameters can be
menitered and evaluated. Additional data ean also be develeped and presented in
a werk sumniary te previde more in-depth details. For example, traeking manheurs
spent exeeuting werk orders and manheurs idle will give an indicatien of staff
utilizatien. The follewing data ean be tabulated from werk orders and presented:

• Total laber manhours

• Total manhours en werk erders/total laber mariheurs

• Total evertime manheurs/tetal manheurs en werk orders

• Manheurs en PM and CM werk orders and resulting percentage

• Manheurs er werk orders devoted to werk en pumping plant,
treatment plant, er distributien system

• Percentage of werk orders eempleted en time

• Number of system breakdewns per menth

• Average respense time en repairs.

These and other performance measures are diseussed in detail in Sectien 6.3.
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Figure 23

Sainple Itenthly Cost Sumniary

MONTHLY COST SUNMARY

MAINTENANCE OFFICE ____________________ MONTE________________

~M CM 1’OTAL

Nu~sber of Work Orders Cospleted:

Total Labor Cost:

Total. Material Cost:

Total Other Cost:

TOTAL COST:

Average Cost Per Work Order:

OTHER COl*~ENTS:
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GraphicTechniquesfor Monitoring and Evaluation6.2.2

Graphic techniques can be used to examine trends in these indicators and
evaluate results. For instance, a line graph showing work orders executed and
work orders outstanding in each month over a year will give a good picture of
the volume of work and whether the management system and labor force are able
to keep up with this volume of work. See two contrasting exemplary cases as
shown in Figure 24. Such a graph could be made for both preventive and
corrective maintenance.

Another useful graphic would be a plot of Preventive and corrective maintenance
work orders, manhours, or costs over time, for a given region or a water system,
as shown in Figure 25. It is not uncommon that before a full~scale preventive
program is implemented, corrective maintenance will take up about three times
the labor input as preventive. It is expected that the adoption of preventive
will, after some delay, lead to a decline in corrective maintenance activity.
1-lopefully breakdowns will become less frequent as preventive efforts begin to
bear fruit. The long- term goal will be to reverse the above trend, so that
labor is spending 3 times as much effort on PM as CM.

6.3 Perfonnance Measures

A powerful approach to performance evaluation is the use of performance
measures. These ratios are simple, “easy to grasp” indicators that allow current
performance to be compared with a target or goal. A good example is the ratio
of labor hours on corrective work to labor hours on preventive work. The value
of this ratio, before a good MMS is implemented, might show about three times
as much effort on corrective work as contrasted with preventive work. However,
the target under good management should be the reverse——for more preventive than
corrective work.

1f the planning and scheduling capabilities and work order system are developed
to the point that figures for planned (or standard) and actual manhours and
costs are recorded, then detailed monitoring and reporting on work performance
can be made. Tabulations of planned and actual values far work quantity,
manhours and costs can be determined and variances shown. Also, labor or cash
expenditure against budget can be determined. Figure 26 shows such a detailed
report from Sri Lanka.

The type of monitoring discussed above can be applied to analyzing performance
on a particular task, that is regularly performed, such as many PM functions.
Also, analyses on individual systems or types of aquipment can also be
conducted. Analyses of technical performance (such as the breakdown race) and
development of cost histories can be performed. Both of these are discussed in
Chapter 4.
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Figure 25
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Figure 26

Monthly Performance Sununary

MONTHLY PERFORMANCE SUtIMARÏ

0.0! &1ISI
o.Ot valviu

0.0E Va.Iy.. 2~4.
~~_3.~

~7J. 2

o.ot .stszu a

I~
‘7,

n’-
1

ÂU1IIORIT 1

Forrri No 18/W
PERIOD FAOJl ..L/~_.!..1o_l0

I~ W0P~( ACIIVI1Y

‘

WORIC

IJHIT

10. of 3Mi

00. of t~ti

WORK OUAI1TIIY (01 HAH DAYS (051 ~ WIll 0. Men doyn
~ ~ o C0SJ~~

5~ ‘~1
Honlh C)at, 10 0 TE Sid A~t,t(

.~ £Z2~ui So!eP .L_
~ ~ .~

j~’ ~ V.Proçrom
Dal, ~

~ I~1....~ 2Q~
~ ~

~~ji
~
2~.
j•~

Duit

.~L. .~.2
y~

(OU

/w

z3/W

DESCRIPIID1I

CIS1O ifltIlCS ~XtS1~0&iiY

~ jutak. .4Jao.ntarea

21/~
/11

O~•o(~ *i~t.o jlgnd pa
te... p’~ap b.arin~.

:.flo.etp~p

le.of ~ :6 ~° L2L.
..j...

IL
..~..

!2.
~.

i~!~
-

ft!ff
~ ~,

2~!
a

Z~..
~

~3~fw
~

2~/W

C1.w, p~p .uottozi araioa
~uc~~o0 lOd

,.dçr__4n.,
J(.cor4 rss.u~J~j .~a

Xa.ot ~~pi
lo.ot Pl~PJ

..~o.or

.z~.a
j~_

j~

.L~.2...
•~_

~_

L~
~jj~

tZt~.TW(JE (0 P~

~_ ~TO F~

— —

!~&IL~~~�_ -

.~ ——

~/(1

~!/!.
Gras... •etoz~b.ari~gl Ifo.of .stir 1h 1

41/11

E~.roiiaval ii.

421h

3StV~0S ~r
puup1.n~

VS4VSI OL
..ln

43/11

Optu on puapw4

Cbsclc isalci of p. •4n

62/11

63/11

— — - — -

“

64/11

~1-~ J~-7~~ 40 47

Gr.dc isik. or dt,t*~butio k~

7.111

-~i.u.~.ash.r
~% .r.

-In—
01.l~ar ae.int.naflOs

—

~‘~9 °:h~ti~ ~ o.of va.lviu ~- Ii, rH IS -rr, RF t~0N~ T~D

I4FInFTWLV Af?

5~I~cH
S-

A~ TIl

A f~o

LDUAT Q vElt

FN)

-- -

L,PL,

PY 911 PULb 1

TH~

o~:~

~~iv

TN~ ~T

r..” ‘~—DIlt/~(~4/

80



The extent to which these different monitoring and- evaluation options are used
will depend on the local conditions. A given agency should start Out with a

simple monitoring program, perhaps just monitoring basic work order progress and
basic costs, as shown in the monthly work order summary and the monthly cost
summary. As staff skills improve and data accumulate, more elaborate monitoring
can be phased in. The essential point is not to get overburdened with paperwork,
so as to sacrifice work efficiency.

A number of ratios and other calculated parameters to indicate work and cost
performance were described above. A full list of these and additional performance
measures are summarized in Figure 27, for easy reference. These measures can be
useful in monitoring and evaluating performance and in reporting. They can be
used by local, regional or central personnel to perform quick evaluations and
easy comparisons between different water systems, different regions, etc.
Maintenance managers can use them to grade performance, identify weak spots, and
focus improvement efforts. These results can be communicated to top management
and form the basis for maintenance planning efforts.

The use of performance measures is an evolutionary process. Candidate measures
must be proposed, such as those summarized in Figure 27. In a pilot effort, raw
input data should be collected and values calculated for these preliminary
measures. Then, the usefulness of the proposed measures should be evaluated and
any new measures identified. Finally a wider, more formalized data collection
and performance measurement program should be adopted.

6.4 Reporting

The purpose of reporting on maintenance is twofold:

• To informmanagement, engineering, oversightagencies, funding
agencies, and other interested parties on the progress of
maintenance

• To explain needed changes in goals, procedures, lines of
authority, responsibility and control, and available material
and human resources.

More specifically, reports should include information on activities conducted,
resuits obtained, performance attained, costs incurred, problems encountered,
solutions found, assistance needed. Progress toward overall maintenance program
goals should also be briefly reviewed.
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Figure 27

PERFORMANCEMEASURES FOR

WATER SYSTEM MAINTENANCE MANAGEMENT

LABOR FORCE

Populationserved/Maintenance employee
Water connections/Mamtenance employee
Cubic meters per day dehvered/Mamtenanceemployee
Kilometersof distribution piping/Maintenanceemployee
Maintenanceworkers/Supervisor

WORKLOAD

Total number of work orders per monthperwater systeln
Numberof work orders/Waterconnection(or per capita)
Numberof work orders/Cubocmetersper day
Number of work orders/Kilometersof distribution pipm~g
Numberof dayswithoutwater service/Totaldays(lor dillerent systems)
Work requestsby operations/Totalwork requests
Work requests by maintenance/Total work requests

TYPE OF WORK

CM work orders/Totalwork orders
PM work orders/Total work orders
Emergencywork orders/Total work orders
CM manhours/Totalmanhours
PM manhours/Totalmanhours
Emergencymanhours/Totalmanbours
Intake and pumping plant maintenancework orders/Total work orders
Treatment plant maintenancework orders/Total work orders
DistributionMaintenancework orders/Total work orders

WORKPERFORMANCE

Uncompleted work orders/total work orders (at end of month)
Work orders completedon schedule/Totalwork orders
Number of work orders delayedby out-of-stock parts/Total work orders
Number of work orders delayed by transport pröblems/Total work orders
Nuinber of work orders delayed by work backlog/Totalwork orders
Number of work orders delayed by other problems/Totalwork orders
Work orders completed + /- 15% of estmiated cost/Total work orders
Total manhourson work orders/Totalmanhours
Overtimemanhours/Totalmanhours
Standardmanhours/Totalmanhours
Actual labor hours/Plannedhours (for clifferentpeople/crews)
Actual labor hours/Plannedhours (for typical tasks)
Average CM responsetime (work request receipt to CM work start-up)

COSTDISTRTBU77ON

PM cost/Total maintenancecosts
CM cost/Total mamtenance costs
Materialcost~JTotal
Labor costs/Total
Other costs/Total

COSTLEVEL

Average work order cost
Direct maintenancecost/Water connection
Direct maintenance cost/Cubic meter of water
Matenal costs/Kilometers of distribution piping
Laborcost/Manhour
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The resuits of monitoring and evaluation efforts should be conveyed in the form
of brief reports. One should avoid a lot of burdensome paperwork, but it is
important to inform others SO they can render assistance, and remain involved
and supportive of resources expended on maintenance. In addition such reports
will be quite useful to those doing engineering design and financial planning
of new water systems.

A variety of different reports should be issued by different levels of the
maintenance system at different times of the year. Generally, the lower the
administrative level, the more frequent and less elaborate the reports. It is
difficult, and probably unwise, in a general set of guidelines like this, to give
any precise prescription. Reporting formats must be tailored to local conditions.
Nonetheless, some exemplary guidelines are given below. Let us take the exarnple
of a number of fairly autonomous, moderate-sized town water schemes, each with
its own small maintenance office. Let us assume that above this level, regional
and national water authority offices exist. It would be common for the operators
of the town water schemes to submit monthly work order suinmaries and monthly cost
reports to the regional oversight/support office. Simple summaries, such as those
in Figures 23 and 24, would do. The regional office, in turn, would submit
quarterly (or annual) reports to the central maintenance office. These less
frequent reports would summarize the monthly reports from all systems under it,
but also provide some performance and cost analysis, using performance measures
mentioned above. Special problems, trends, needs or requirements would also be
conveyed. The central maintenance office would probably also provide a quarterly
(or annual) report to upper management, engineering, and outside parties.

It will be highly useful for the reporting format to be uniform, and flexible
That is all town schemes should report in the same way, and all regional reports
should provide the sanie data. Such uniformity allows cross comparisons, which
will be useful to regional and central office, but also will allow town schemes
to “grade” themselves against their peers. While uniformity is good, rigidity
is not. It should be stressed that the reporting process should by no means be
static. New performance measures should be added as the maintenance system grows
in strength and sophistication.
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APPENDIX A

Sample Forms
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TASK DESCRIPTION SHEET TASK NUMBER _________

TASK NAME: ___________

EQUIPMENTNAME: ______

MODELOR SPECIFICATION:

FREQUENCY: ____________

ADDITIONAL REFERENCES:

PROCEDURES:

SAFETY PRECAUTIONS:

REQUIREMENTS: PARTS, TOOLS, EQUIPMENT, SKILL LEVEL

AVERAGECOMPLETION TIME: ______________________

AVERAGELABOR HOURS:
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WORK REQUEST FORN (FRONT SIDE) PRIORITY

REQUESTOR DATE AND TIME

WATERSCHEMENAME AND LOCATION

SPECIFIC EQUIPNENT NEEDING ATTENTION - NAME:

EXACT LOCATION ID#

MALFUNCTION OBSERVED

DATE, TIME, PERSONOBSERVING

EXPECTED CAUSE OF PROBLEM

ACTION ALREADY TAKEN

ANTICIPATED WORKTO BE DONE

SPECIAL INSTRUCTIONS

WORKREQUEST FORN j (BACK SIDE) PRIORITY

ADDITIONAL INSTRUCTIONS, COMMENTS, AND SKETCHES
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r~ MAINTENANCEWORKORDER 1 1 TYPE: PM CM WORKORDER NO.

DATE ORIGINATOR - - PRIORITY

PERSON TO CONDUCTWORK ACCOTJNT ~

WATER SCHENE NAME AND LOCATION

EQUIPMENT NEEDING ATTENTION - NAME

EXACT LOCATION ID#

NATURE OF WORKTO BE DONE:

TARGET COMPLETION DATE AND TIME

WORKPERFORMED:

PROBLENS / RESOLUTION

COMPLETION: DATE AND TIME PERSON

FOLLOW-UP NEEDED

OTHER OBSERVATIONS

LABOR USE MATERIALS USE
VEHICLE/

EQUIP. USE OTHER
COSTS

PERSON HRS RATE COST REQUIS. # COST ITEM MILES COS’l

TOTAL
COST

TOTAL TOTAL TOTAL

9~3



WORKORDER LOG MAINTENANCEOFFICE

WORK
)RDER #

DATE
~RITTEN

PERSON
RESPONS.

WORK
LOCATION

WORK
DESCRIPTION PRIORITY

~OMPLETION
DATE

TOTAL
COST

FILE
(JOCATION



1 EQUIPMENT DATA SHEET PUMPS DATE COMPLETED

IDENTITY

NAME:

ID £:

MODELNAME

MODELNO.

SERIAL NO.

LOCATION

REGION

SYSTEM

PLANT

INSTALLATION DATE

PREVIOUS LOCATION

SPECIFICATIONS AQUISITION -

DATE PURCHASED

P.O. NUMBER

FOB COST

MANTJFACTURER

PUMP TYPE

STAGES

IMPELLER DIAMETER

RATED RPM

RATED CAPACITY

STATIC HEAD

EST. TOTAL HEAD

INLET DIAMETER

OUTLET DIAMETER

DRIVER:
NAME

ID NO.

LOCAL SUPPLIER

LOCAL SERVICE

PM REQUIREMENTS:

TASK FREQ

PARTS STOCKED LOCATION

NAME PART NO.
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SHEET ELECTRIC MOTORS DATE COMPLETED

LOCATION

REGION

SYSTEM

PLANT

INSTALLATION DATE

PREVIOUS LOCATION

AQUISITION

DATE PURCHASED

P.O. NUMBER

FOB COST

MANUFACTURER

LOCAL SUPPLIER

LOCAL SERVICE

PM REQUIREMENTS:

LOCATION TASK FREQ

PART NO.
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METER INSTALLATION REPAIR AND TESTING FORMS

METER CARD

MFG. SIZE ID NO.

MAKE COST MATERIAL

INSTALLATION RECORD

INSTALLED
ADDRESS ACCOUNTNO.

RENOVED
REASONS FOR

REMOVALDATE READING DATE READING

METER CARD (BACK SIDE)

MFG. SIZE ID NO.

TEST AND REPAIR RECORD

DATE

AMT. WATER
PASSED BEFORE

TEST
TEST

ANOUNT
TEST

READING
%

ERROR REPAIRS MADE REMARKS
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INVENTORY LEDGER - PARTS
STORE NAME

PART NAME

PART NUNBER -

HOST MACHINE

BIN NUMBER

RECEIVED

FOLIO # ________

REORDERPOINT —

REORDERQUANTITY

CARRYOVER STOCK

ISSUED
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INVENTORY LEDGER - SUPPLIES STORE NAME

NAME FOLIO #

SIZE REORDER POINT

SPECIFICATION REORDER QUANTITY

STORAGELOCATION
CARRYOVERSTOCK

DATE

RECEIVED ISSUED

BALANCECREDIT
NO. QTY

UNIT
COST

REQUIS.
NO. QTY

UNIT
COST
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MATERIAL REQUISITION 1 No.

Date Work Order No.

Location Account No.

PART NO. QTY DESCRIPTION
UNIT
COST TOTAL

Issued by Received by Approved

MATERIAL CREDIT No.

Date Purchase

Account

Order

No.Location

QTY DESCR1PTIONPART NO.
tJNIT
COST TOTAL

Issued by Received by Approved
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TTRAVELING ORDER CARD STORE NAME

Name F0110 #

Part No. or Spec Reorder Point

Size Reorder Qty

1 SUPPLIERS 1
1 4

2 5

3 6

ORDERLEDGER

P.O.
Date Supplier

Unit
Cost

Qty
Ordered

Expect. Date
of Delivery

Qty
Recd

Date
Delivered
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MONTHLY WORK ORDER SUMMARY

MAINTENANCE OFFICE ________________________ MONTH _______________

No. of Work Orders outstanding from last month

No. of Work Orders originating this month

No. of Work Orders originating this month but
not completed

PM cM TOTAL

~T~ORKORDERJ

WORK ORDER
NUMBER DATE REASON FOR DELAY EXPECTED COMPLETION
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Gomputerized Maintenance Management Systems
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APPENDIX B

Gomputerized Maintenance Management Systems

GENERALCONSIDERATIONS

In the United States and other countries, both paper and computer ized MMSsystems
are in use. The maintenance management system described in this manual is a
simple, paper—based system designed for use in developing countries. Typically,
small independent water or wastewater utilities find paper systems to be the
best, but larger institutions use computerized ones. The programs given in the
list below range in price from U.S.$2000-U.S.$5000. For smaller organizations,
the extra power and extra expense of a computer and software are simply not
needed.

In general, the computerized MItS systems offer the same features that the paper
systems have. Mainly, they can handle a larger volume of activity faster and
easier. The computerized systems are based on the same fundamental principles
that underlie the paper system explained in this manual. In fact, a computer-
based system could be developed from the content shown here. Also, if an
organization cannot keep a paper maintenance system working, just having a
computer based system may not help. 1f the fundamental principles of maintenance
management are not followed, they will not be followed any better with a
computer.

The dependence on computer systems in developing countries can be problematic.
Computers are expensive, they require specialized skills, and are often hard to
keep running in many developing country contexts. Computers could be appropriate
to large complex water/wastewater systems and organization.s in cities where
computer sales and service are available. 1f computers are used for other parts
of utility operations, such as accounting, payroll, billing, or engineering, then
chences are good that a computerized maintenance management system could be
succes sful.
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COMPUTERIZEDMAINTENANCEMANAGEMENTPROCRAMS

A variety of computerized maintenance management software packages are available
from commercial suppliers. A partial list of packages for the IBM-PC family of
microcomputers is given below:

1. Micro Maint

Package features include:

- work order entry, schedaling, and printing
- materials inventory
- equipment his tory
- reports
- cost history

Available from:

Diagonal Data Corporation
2000 E. Edgewood Drive
Lakeland, FL 33803
(813) 666-2330

2. Nicro-SIMS

Package features include:

- work request
- work orders
- equipment his tory management
- preventive maintenance scheduling

Available from:

Energy Incorporated
Facility Management Systems
P.0. Box 738
Idaho Falls, ID 83402
(208) 529-1000

3. FamTrac

Package features inciude:

- work orders
- inventory control
- equipment ID and history records
- preventive maintenance scheduling
- reporting
- cost analysis
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Available from:

Syska and Hermessy
Facilities Management Group
11 West 42 Street
New York, NY 10036
(212) 921-2300 or (212) 556-3495

4. flant )(aintenance Management System (Plant)

Package features include:

- work orders
- equipment inventory and history
- activity definition
- inventory control
- reporting

Available from:

Hansen Software, Inc.
1745 Markston Road
Sacraniento, GA 95825
(916) 921-0883 or (800) 821-9316

5. Water Distribution Management System (WDNS)

Package features inciude:

- work orders
- equipment inventory and history
- activity definition
- inventory control
- reporting
- area scheduled maintenance
- water line leaks
- water test resuits

- vendor and mariufacturer file

Available from:

Hansen Software, Inc.
1745 Markston Road
Sacraniento, GA 95825
(916) 921-0883 or (800) 821-9316
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6. Naintenance Management Systepi

Package features include:

- work orders
- inventory control
- manufacturer’s information
- preventive maintenance
- equipment run hours
- work history

Available from:

Jentech Gontrols Inc.
Rt. 1, Box 93
Gresham, WI 54128
(715) 787-3795

7. Operator 10 — Inventor-v/Maintenance

Package features inciude:

- work order generation/printing
- equipment inventory
- material inventory
- equipment history
- cost reporting
- elapsed time meter log
- maintenance forecasts
- manufacturer and vendor list

Available from:

MAGOLA, Incorporated
196 South Main Street
P.O. Box 485
Marion, OH 43302-0485
(614) 382-5999
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MAINTENANCE SYSTEM EVALUATION QUESTIONNAIRE

Name Date:

This questionnaire will aid maintenance managers with evaluating an

exjsting or a proposed maintenance management system. Its purpose is to help

identify problem areas so they can be corrected or improved.

People using this questionnaire may find that their maintenance program

has many of the necessary features. However, there will probably be sorne

deficiency in many of the items. This is true because the features of many

maintenance systems are either incomplete or are not performing their intended

funct lom

The questions are categorized according to the management functions of

planning, organizing, staffing, directing and controlling. Use your best

judgment to answer each question. There are no right or wrong answers to the

questions. 1f you are not sure about the response to any question just write

the response you think is most appropriate in light of how you feel about-the

system.

NEED TC

YES NO EIND OU1

PLANNING:

1. The maintenance program has dear cut

goals and objectives?

2. Recouïnendations for preventive maintenance

are presently accomplished for niajor equipment.

3. The maintenance program is planned to maximize

scheduled maintenance.

4. The maintenance program is planned to minimize

unscheduled repairs or maintenance.

5. Each piece of equipment is identified with a

number or other well understood identification.
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6. Manufacturer’s technical data for each piece

of equiprnent is accessible to maintenance

personnel.

7. Specific preventive maintenance requirements

for.each piece of equipment are documented ~and

accessible.

8. Historical records are maintained for each major

piece of equipment.

9. Annual preventive maintenance needs are

anticipated.

10. Annual corrective maintenance needs are

anticipated.

11. The annual budget provides sufficient

resources to meet maintenance needs.

12. A computer is used to help manage the

maintenance program.

13. Provisions have been made to contract for

maintenance where your organization does not

have the manpower, skiuls or equipment

needed to perform the work.

14. The feasibility of contracting maintenance

has been explored as an alternative to

in house maintenance.

ORGANIZING:
15. The existing maintenance organization permits

manpower to be allocated effectively to the

major maintenance tasks.

16. Preventive maintenance is scheduled for all

major items of equipment.

17. Provisions are made in maintenance planning

and scheduling to accomplish potential corrective

maintenance tasks.

NEED TO

YES NO FIND OU1
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STAFFING:

18. Existing job descriptions for your majntenance

personnel reflect the current needs of your

maintenance program.

19. Training is provided to improve the knowled’ge and

skills required by your maintenance employees.

20. Performance appraisals are conducted with ernployees

with respect to their maintenance responsibilities.

21. Job standards and expectations are clearly

defined for each maintenance employee.

NEED T(

YES NO FIND 0U.

DIRECTING:

22. Maintenance supervisors maintain good working

rel ationships with maintenance employees.

23. Maintenance supervisors maintain good working

relationships with others in the organization.

24. Maintenance employees are regularly motivated

to high levels of performance.

25. There is regular, open exchange of information,

know how and ideas between employees at all levels.

26. Effective interpersonal relationships exist in

the organization.

CONTROLLING:

27. Work requests are prepared for all maintenance

work. —

28. Actual labor and materials used are compared

to estimates for all maintenance work.
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29. Budgets are compared to accounting reports

to identify and take action on variances.

30. Materials and spare parts are controlled and

accourited for.

31. Controls focus on the vital few key areas ra’ther

than on the trivial niany.

32. Significant deviations from the maintenance plan

are detected in time to make appropriate

adjustments to the program.

INSPECTION:

33. Equipment inspection detects potential problems

in time to schedule repairs before a major

breakdown occurs.

34. Materials and spare parts used most frequently

are readily available from stock on hand.

35. The most critical spare parts are readily

av a i 1 ab 1 e.

NEED T(

YES NO FINO OU1
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GQNTEAGTING MAINTENANGE AGTIVITIES

WHY GONTRAGT-OIJT?

The contracting of maintenance actLvities to external private firms can offer -

a number of advantages, and potentially some disadvantages. These are listed on
the next page, and discussed below. - -

Overall the use of private contractors gives an agency great of flexibility in
carrying Out its work, and can produce cost savings. In general, private fins
compete for business and thus tend to be more efficient, and less costly that
public agencies. Private fins often work on a fixed price basis, simplifying
budgeting for agencies who contract to them. Governments can tap into
specialized expertise or tools and equipment which it cannot afford to develop
or own by itself. Gontractors can be called on as needed, for specific jobs,
without adding a greater burden to the civil service payroll. Using contractors
should allow agencies to reduce the stock of parts, tools and equipment it must
purchase, store and maintain, lowering costs. Similarly, using contractors can
reduce the labor supervisory needs of an organization.

The main disadvantage of using outside private fins is that unit labor cost
and material may be higher. 1f contracts are not well designed overall costs
can be higher. Proper contract management will be needed to ensure good
performance and proper accountability increasing management needs in the agency.

Generally, contracting-out makes sense under the following conditions:

A key factor will be the existence of experienced qualifiad contractors. In
many places, such as outside of the capital cities, reliable contractors with
the necessary personnel, sktlls, tools and equipment, and experience may not
exist. Government agencies often build equipment maintenance facilities
specifically because such private servicas da not exist. On the other hand in
more developed areas where such contractors abound, it would be irresponsible
not to consider the costs, and advantages and disadvantag~s of contracting out.

reliable experience contractors are available;
• service is only needed occasionally, or in widely variable amounts;
•specialized expertise is required or desireable;
• commercial competition forces contractors to be more efficient and

less costly;
civil services are overburdened and slow to respond.
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ADVANTAGES AND DISADVANI2AGES OF CONTRACTINO OUT:

kdvantages:

(1) Can bs cost-affactive if there is true competition, prudent procurement procsdur.a and
qualifiad sup.rviaion.

(2) Puts praasuxe on the direct labor organizat.ion to iriprova ite •fficiency.

(3) Givas th. local authority ~re flsxibility to cope with ssaeonel variations and other
changea in the scala of O&M program and reapond baeed on need. rather than baaed on
manpowar and squipnent at hand.

(4) May r.duc. the authority’a management hurden, personnel adminiatration and training.

(5) Can limit the authority’a nssds for now capital invsstment in maintenancs squipnent.

(6) Can d.v.lop us•ful benchmarka in terma of coat and performance of 024 taaka.

(7) May provide special akilla and innovative metboda of work end management.

(8) Can help devslop the local contracting industry, particularly small scals entrspreneura.

)isadvantages:

(1) Is not cost—effsctivs if local contracting industry is not truly competitive.

(2) Demanda qualified preparation of tender documents and cbs. and qualifisd supsrviaion.

(3) May stimulate freud and corruption in the procurement procsss and during superviaion.

(4) May diaplac. civil aervanta and conaequently meet reaiatancs from uniona.

(5) May raault in dsbaya if procurement procedurea are cumheraome which is often the case in
local authoritisa in deveboping countrias.

(6) Increass vuln.rability to noncompletion of worka dus to contractora’ financial prohlems,
atrikss among contractore’ peraonnel etc.

(7) May lower quality of aervics to the public hscauss contractors may tsnd to he baas
asnaitiva to the authority’a objectivea and public demanda than civil asrvanta.

(8) Accsptancs of low hids may laad to infarior guality of work.

(9) Doea not provide hands—om experience in the &iract lebor force ao that in—houae hackup

capebilities may dsteriorate.

Source:Lorentzen J. Overview of Issues ancL Strategic Options in
Operatjons a.ndMajntenançe. Analysis and Synthesis Report, Draf t,
UNCHS / HABITAT Support Progiam for Urban Management. November
1988
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EXMPLES OF CONTRACTING-OUTMAINTENANCE
Some examples of possible uses of private contractors for maintenance services

in the water and sanitation sector in developing countries inciude:

General mairitenance services.

Contractors could be retained to provide specific services, on a case by case
basis, in support of maintenance activities’being conducted by the utility
itself. Use of contractors makes sense when the utility uses these services
in greatly varying amounts. Quick access to suppiemental labor for repairs
can be highly useful for a maintenance department. A good example would be
the contract hiring of manual labor for excavation during pipeline repairs.
Such labor can be called in as needed, keeping overall costs down. Some
maintenance activities are done only occasionally, such as painting elevated
steel water storage tanks, so these lend themselves to contract work as well.

Repairs or preventive ma.Lntenanceon selected equipment.

A utility may not find it worthwhile to purchase expensive tools and equipment
to maintain a relatively small number of specialized pieces of equipment.
Similarly it may not be cost effective to train personnel in these complex
procedures which they will only perform occasionally. 1f available,
contractors could be employed to do these jobs. For example private well
drillers could be used for corrective maintenance in the case of major
well/pump problems that require heavy lifting equipment. Private firms could
be used for major overhauls on diesel engines or electric motors. Such firms
may do this work for a variety of public and private clients and thus have the
volume of business to develop the specialized skills, and purchase the
required tools and equipment.

Other Special Services.

Certain other specialized services, outside of the domain of normal
water/sanitation utility expertise, may best be procured from outside
contractors. For example, groundskeeping and janitorial services are commonly
done by private firms or individuals on a contract basis. Billing, although
not a maintenance activity, is another service which is sometimes performed
by private contractors.

Water Vending.

In most B~eveloping countries water vendors exist, either in the form of small
push cart salesmen, or larger tanker truck operations. While the prices of
vended water may be high, vendors of ten help distribute water to areas where
distribution networks have not yet reached. Many utilities may dislike the
presence of vendors, but on the other hand, in countries where capital
resources are limited they can provide a valuable service. Utilities often
have nothing to do with vendors, but in other areas they sell directly to
vendors, and account for their activities in their planning.
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Full O&MServices.

In a couple of developing countries, government agenciem have contracted out
the entire operations and maintenance of water/sewer utilities. In Ivory
Coast, SODECI, a private firm, runs all the and piped distribution water
systems, under contract to the relevant Ministry. With careful contract
negotiation, and direct oversight, the Government obtains a very reliable and
high quality service.

CONTRACT CONSIDERATIONS

The details of contract developmentand management,are beyond the scope of this
manual. There are a number of good texts on the issue. Yet a brief introduction
to a few of the key points is given below.

There are many different type of contracts, but commonly contracts fail into
one of the following categories:

Fixed Price. -

Contractor provides a specific service for a precise predetermined cost. 1f
plenty of competition exists low costs can result, but if not, contractors may
take plenty of profit. Such contracts are usually written and executed on a
case by case basis.

Cost plus Fee.

This type of contract is used when the work cannot be specifically defined,
emergency repairs occur, or other factors may interfere with the work. A
maintenance contract on a particular piece of hardware, combining preventive
and corrective maintenance is usually written this way. This type of contract
gives maximum flexibility, saving time. A fee, sometimes as a fixed amount,
or as a fixed percentage of the cost of the work is added as profit. The
issuing agency is necessarily far more involved in this type of contract.

Unit Price.

Some contracts for specific measurable services, such as excavation, concrete
work, etc, are written with compensation based on the registered amount of

— work done.

The cost items covered in a contract may also vary depending on the type of work
to be conducted and the type of contract. Some will inciude just labor, some
labor and materials. Some contracts could be issued just for repairs, some for
corrective and preventive maintenance, and some just for preventive work.

- Every contract is different, but there are certain key items included in most
any contract, such as:

120



The clauses associated with compensation and statement of work will, of course,
be of primary importance. A basis of compensation which ensures both an
acceptable cost to the utility, and an interesting margin of profit for the
contractor is perhaps difficult, but essential, to achieve. Without an
acceptable cost, the utility will be uninterested, without a reasonableprofit
the contractor will see no reason to be involved. The statement of work must
be sufficiently detailed to correctly instruct the contractor, and to allow means
of quickly and simply verifying performance. Some flexibility in the wording
of the statement of work will he useful in cost plus type contracts.

• Statement of work
• Personnel involved
• Period of performance

• Recordkeeping required
• Compensation
• Performance monitoring procedures
• Payment schedule
• Performance Incentives
• Termination clauses
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:1~IE~A~CEPROCEDIJRE SHEET

Preliminary - De-energize unit, lock and tag “out of service”.

To clean inlet heater:

1. Drain all gas from the chamber, be sure it is empty.

2. Remove heater.

3. Clean heater.

4. Replace heater.

5. Remove lock and safety tag and return unit to service.

EQUIPMENT NAME

Chlorinator fl and

MAINTENANCEDESCRIPTION

Clean gas inlet heater

SAFETY PRE~AUTIONS

Observe standard safety precautions
De-energize unit, lock and tag “out of service”.

TOOLS, PARTS, MATERIALS, TEST EQUIPMENT

Lock
Safety tag
Screwdriver - -

Adjustable wrench
Ra gs
Scraper
Brush

PROCEDURE
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~1:~TE~A~CEPROCEDURE SHEET - Page 1 of 2 ~PS NO.

— 41310SA1
EQUIPMENT NAME . Aver3ge Time

Chlorinator #l and #3 -

0fl Chiorine -Plant I~ Secondary JLevel Ground Level - 1Locati Bulidirig
100 - minut -

J4AINTENANCE DESCRIPTION -

Clean and inspectchlorinator

SAFETY PRECAUTIONS — -

Observe standard safety precauti ons
De—energize unit, lock and tag “out of service”

1

TOOLS, PARTS, MATERIALS, TEST EQUIPMENT
Lock Hoisting chain
Safety tag Air hose and nozzle
Soft rags Harriner
Set of combination 1/4” drill bit

wrenches Screwdri ver
Empty container Bottle filled with wood
Muriatic acid (dilute hydrochioric acid)

alcohol (methanol)

PROCEDURE
Preliminary

To clean and inspect chlorinator:
1. Close the gas supply valve.
2. Continue to operate the chlorinator until the gas pressure gauge and flow

meter readings drop to zero.
3. Close gas supply shut-off valve at the chiorinator.
4. Remove test plug from vacuum regulator stack allowing air to be pulled in.

Operate the chiorinator on air for a few minutes to purge gas from chlorinator
components.

5. Close water supply valve. -

6. Close valves in chemical solution line.
7. De—energize the power to electrical heater.
8. Deactivate the control system(s).
9. Connect the test plug back on vacuum regulator stack.

10. De.-energize unit, lock and tag “out of service”.

NOTE 1: Use wood alcohol (methanol) to remove any accumulated organic residues from -
gas dispenser parts.

2: Muriatic acid (dilute hydroch~oric acid) can be used to remove accumulated
mineral deposits from parts. Be careful that the acid does not come into
contact with the skin or clothing.

To clean vacuum regulating valve and gas filter:
1. Remove the gas filter block.

2. Clean the valve plug.
3. Clean the seat and inspect seat surfaces thoroughly for any scratches or

roughness - replace if defective.
4. Unscrew and remove the end plug~
5. Clean gas filter.
6. Inspect “0” rings and replace 1f required. On reassembly, be sure to replace

all gaskets at gas filter block and gas line connections.
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Page 2 of 2
MPS No. 4131OSA1

and inspect flow rater valve:
D~isconnect and remove piping from top of fiowrater valve.
Rernove orifice tube and orifice plug - do not drop plug.
Clean orifice plug and adapter. Inspect plug for roughness
Inspect “0” ring - replace if necessary.
Reassemble - lubricate “0” rings sparingly and make sure “0” rings
are properly seated and orifice plug and tube are bottomed.

To clean vacuum stabilizing
1. Disconnect vacuum

from lower valve
2. Remove boits and
3. Remove diaphram,

assembly. -
4. Inspect diaphragm fot cracks or weakness, etc. Replace 1f necessary.
5. Mark position of valve seat assembly in body.
6. Unscrew valve set assembly.
7. Clean valve seat and plug, inspect for roughness or damage. Replace

if required.
8. Renew “0” rings if necessary.
9. Reassembie unit - screw the valve seat assembly to its original position

which was marked. (NOTE: Clearance between plug and seat must be
114 inch, a 1/4 inch drill bit should be used to set this up.)

vacuum relief yalve:
Disconnect the tubing from the vacuum relief valve.
Remove valve from chlorinator.
Unscrew coupling nut and separate the valve body halves, and rernove
the spring.

4. Clean valve seat and plug. Inspect contacting surfaces for scratches,
nicks, breaks or roughness. Inspect the diaphragm for cracks, rips
or weakness, replace parts as required.

5. Unscrew plug on upper valve body and remove dampening bali.
6. Clean the bali and inspect it for chips or cracks.
7. Reassemble vacuum relief valve.

To clean drain relief valve:
1. Remove piping from bottom of drain relief valve, and unscrew coupling

nut at tee and remove valve.
2. Remove boits from valve body, and separate the body halves.
3. Clean valve seat and plug. Inspect diaphragm for cracks, tears,

deterioration or weakness. Replace any defective parts.
4. Reassembie drain relief valve.

To inspect all hose lines:
1. Inspect all hoses for cracks, breaks or weak spots that may develop

with aging. Faulty lines should be replaced.
2. Reassembie all hoses.
3. Reinove lock and energize unit.
4. Restart chlorinator in accordance with current instructions. Remove

safety tag.
5. Cal ibrate flowrater valve (zero adjustment) before resuming normal

operations.

To clean
1.
2.
3.
4.
5.

or damage.

valve:
line from upper valve body. Disconnect piping

body.
separate valve body halves.
spring, sieeve and valve plug from the body as one

To clean

2.
3.
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MPS No.3222osQl

To measure voltage and current:
1. After ensuring the unit may be operated, energize the unit by

turning breaker at the motor control console to “on”.
2. At the terminals at the very bottom of the motor control consoie,

measure the voltage and current for each of the three legs (for
3-phase motors). Record these readings on the PM work record.

NOTE 3: TAKE CORRECTIVEACTION SHOULD ANY DISCREPANCIES BE OBSERVED.

3. De-energize unit at the local electrical controller.
4. Replace access panel on the motor control console.
5. Remove safety tag and return unit to service.
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:-~!:;T~A~CEPROCEDURE SHEET

Preiiminary - De-energize unit, ~ock and tag “out of service”.

To clean and inspect flow meter:

Page 1 of 1 MPS No.
4l310SS1

1. Close the gas supply valve shut—of valve at chlorlnator.
2. Continue to operate chlorinator until gas pressure gauge and flow meter

readings drop to zero, indicating that gas supply line has been evacuated.
3. Remövemetering tube assembly — do not use excessive force on the tube

itself.
4. Disassembie and clean all parts with tube brush and exylenes.
5. Inspect all parts for wear or damage -— replace 1f necessary. Replace

any “0” rings showing signs of brittleness, cuts or abrasion.
6. Reassembie, lubricate “0” rings sparingly.
7. Insert metering tube assembly into chiorinator. Make sure adaptor “0”

rings are properly seated.
8. Open gas supply shut-off valve at chlorinator.
9. Remove lock and safety tag and energize and return to service.

EQUrPMENT NAME
Chlorinator ti and#3

Average Time

.
60 rninut

Plant Area Level - fLocation
Secondary - Ground Level IChlorinc Building-

MAINTENANCE DESCRIPTION - -~ -

Clean and Inspect Flow Meters- — - - --

SAFETY PRECAUTIONS

Observe standard safety precautions —

De-energize unit, lock and tag “out of service”.

TOOLS, PARTS, MATERIALS, TEST EQUIPMENT

Lock Silicone valve grease -

Safety tag Soft rags
Set of 0 rings Brush, tube
Bottle filléd with Xylenes - - - - -

Empty container
Rubber gloves -

PROCEDURE
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Prei iminary -- Lock and tag “out of service”.

1. Remove bottie from oiler body

2. Remove drain plug and drain oil into container. Also, remove

top plug (has hose connected to oiler)

3. Flush bearing with SAE 5 Mineral 011

4. Instail drain plug

5. Add fresh lubricant until oil level is halfway up in sight glass

6. Instali top plug

7. Add fresh lubricant to bottie if required and place on oiler body

8. Remove any spilled oil and check for leaks

9. Return to s~rvice. -

~AINTENANCEPROCEDURE SHEET Page 1 of 1

- - -

MPS No.

- 32220SS1

~EQU1PMENTNAME Motor, Air Blower 1 - 6 Average Time

~:?1ant Area Secondary - 1Level Lower Level - JLocation Pipe Gallery 18__-

—~MAINTENANCEDE.SCRIPTION Change Oil -

~SAFETYPRECAUTIONS —

Observe Standard Safety Precautions -

:TOOLS, PARTS, MATERIALS, TEST EQUIPMENT
Lock - -

~ Safety tag
- Rags - -

- Empty Container - -

Fresh Lubricant — Texaco Regal B or 46
8” — 10” Adjustable Wrench
SAE S Mineral Oil

~ROCEDURE
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~i~TE!~A~CE PROCEDURE SHEET Page 1 of 1 MPS No.

32220SQ1 -~

QUIPMENT NAME
Motor, Blowers 1-6

Average Time

- -?lant Area - - Tievel Location Operations
Secondary —- Ground Level Pipe Gallery

- :-AIJflENANCE DESCRIPT1O!~i - - -- - - - - -

Clean motor, inspect and meg motor. -

SAFETY PRECAUTIONS - - -

Observe standard safety precautions
De—energize unit, lock and tag “out of service”

TOOLS, PARTS, MATERIALS, TEST EQUIPMENT -

Rags Screwdriver
Safety tags Thermometer
500 valt megger Non—flarrn-~able solvent (lix cleaning solvent or equivalent)
Volt meter
Amneter -

Ohrwneter

PROCEDURE

Preliminary - De-energize unit, lock and tag “out of service” Allow motor to cool to
ambient temperature.

To clean motor:
1. Clean exterior of motor of all foreign rriatter. For open or drip-proof motors,

make note of extremely dirty conditiori and take corrective action if necessary.

To test
1.
2.

insulation resistance:
Turn circuit breaker at motor control cortsole to “off”.
Turn local electrical control (at motor) to “on8. Measure the ambient
temperature at the motor in degrees fahrenheit.

3. Remove access panel at the very bottom of the motor control console, exposing
terminals.

4. Meg the motor circuits at these terminals, after application of a 500-volt
direct current for one rninute.

NOTE 1: USE AN OHMMETERON THOSE CIRCUITS WHICH t.~ULD BE DAMAGED BY A 500-VOLT MEGGER.

S Correct the insulation res~stancemeasurement to a standard 75°Fand record
the corrected reading on the PM work record. -

NOTE 2: 1F THE CORRECTED READING SHOWS A SIGNIFICANT DROP FROM PREVIOUS READINGS, OR
1F THE CORRECTED READING IS LESS THAN 40 MEGOHMS (CLASS A) OR 8 MEGOHMS (CLASS S),
CORRECTIVE ACTION SHOULD BE TAKEN.
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AINTENANCE PROCEDURE SHEET Page 1 of 1 MPS No.
3221ØSA1

QUIPMENT NAME
~LOWERS1-6 - - - -

Average Time -

15 m~nut~‘lant Area Level -- Location Operations
Secondary —Lower Level PipeGallery

IAINTENANCE DESCRIPTION —- - -

- INSPECT FOUNDATIONBOLT TIGHTNESS -

;AFETY PRECAUTION~ — - -

OBSERVE STANDARD SAFETY PRECAUTIONS

~OOLS,PARTS, MATERIALS, TEST EQUIPMENT -

WRENCHES 1-1/2, 1-1/8 OPENINGS

DROCEDURE

1. INSPECT FOR SOUNDNESS OF ANCHOR BOLTS IN CONCRETE

2. CHECK FOR UNIFORM TIGHTNESS OF BLOWER - MOTOR
FRAME TO CONCRETE PAD

3. CHECK FOR UNIFORM TIGHTNESS OF BLOWER TO FRAME

4. CHECK FOR ANY CRACKED WELDS ANCHORING MOTOR TO
FRAME.
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APPENDIX F

Estirnating Resource Requirements
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WORK QUANTITY PLANN~NO CRITERJA FOR ANNUAL MAJNTENANCE PROORAMME

Clean intake
ad.j~centarea

Clean purrp
suction
atrainers

Clean pwnp drain
lines and gland
feeder linee

Record readings
of’ suotio~iand.
delivery g~ge~

Form No 61W

l/di

uw’

ACTIVITY WORN

MEASUREMEH

INVENTORY

ITEM
ANNUA~ PLANNING CRtTERIA

PLANNING

FACTOR
OESCRIPTION

Clean intake No. O~ No.
360

t~es a yeaz’ 360
e~erna1ly int~ces intakes

SHEET_~_OF____&_

No. of
intakes

No. of
intakes

Check
glapd
P’~P8

12 timee

and tightei No. of
paakinga oi pum~gs

a year

No. of
pumpe

Grease puinps
bearings

4 tirnea

No. of
pumps

12

No. of
puATIps

a Year

4 times

No. of
pumpa

No. of
purnps

a Year

180 time~

No. of
pu~pa

4

t.-’

~~F1

}~o. of’
pumpa

ve 2r

4 times

No. of
pumps

180

No. of
pwnps

a year

360 tiznes

4

a year 360



1-’

0’

Form No. 6/W

WORK QUAr~fflTY PLANNINO CRITERIA FOR ANNUAL MAINTENANCE PROÜRAMME

Clean adjaeent
area and exerciO
~ ~., = ‘-,f I,ront—

SHEET_?~ .~0F _4~— - - —

ACTIVITY WORK -

HEASUREPfN

INVENTORY

ITEM
ANNUAL PLANNING CRITERIA

PLANNING

FACTOR
CODE i OESCRI~1ION

6,1w Check alignxnent
of puinps and hoic
fio~mboits

No. of
pumpa

No. of
pumpa

2 tixnea a year 2

— —

7/W Strip down puinp
and olean inside

No. of
pusnps

No. of
pumpa

Bi. annually 0.5

8,/W Test pressure
gauges0fl puinps

No. of
pumps

No. of
punnps

~.nnually 1

29/W Grease motor
bearings

No. of
motors

No. of
motors

4 times a year 4

30/w Clean and chec’k
inside of moto~a

No. of
motors

No. of
motc~’s

2 times a year 2

31/W Exercise valves No. of
valves

No. of
valves

4 timee a year
1

4

41/t.l• ~1o. of
plante

No. of
plants

180 t irnes a year i80

1



WORK QUANTITY PLANNING CRITERIA FOR ANNUAL MAINTENANCE PROGRAMME

Form No. 6/W

Check leaks of
djstrj’butjon

36 times

SHEET_3____.OF_~4_--

ACTIVITY WORK

MEASUREMEN

INVENTORY

ITEM
ANNUAL PLANNING CRITERIA

PLANNING
FACTOR

DESCRIPTION

42/t’ Clean and
].ubricate;
equipments of
treatment_plant

No. of
plants

No. of
plants

4 times a year 4

51/~ Servicie air -

valves Of’ p.
raam

No. of
va].ves

No. of
va].ves

2 timea a year 2 —

5~’T Open wash outs
of p • main

No. of
va].ves

No. of
va].ves

4 times a year 4

Check lealcs of
p. raam

km of
main

52 times a year

Se~vioeair
val.ves of
distribution

No. of
valves

No. of
va].ves

2 times a ~ear 2 —

—~

62/t

63/I

Open wash outs
of distrjbutjon

No. of
valves

No. of
1.ralves

3 times a

im

yeax’ 3

a -Year 36



WORK. QUANTITY PROORAMME

Form No 6/W

PLANNING CRITERIA FOR ANNUAL MAINTENANCE

1 SHEET_~~_OF -



Record readingø of
siictio~ and delivery

A~!UÂLMMNTEN/~NCE PROGRAMME WORKSHEET
PROGRAMMf: VEAR. —

Form No. 71W

SHEET_2__OF__ —— ——

INVENTORY
ITEM

k~ven~cçy Ionn~n9 Annua~

~ PROOUCTtVITY trewDays
Amot~t Foclor Ourinfity

MAN O~S

Total
Equip.

~_

Ma~t.
W~t~

inta3e No. of’
int akes

2 360 2 per crew day 36p 72.~) 7.Z~

intalce No. of
area 2 12

~, d~ /~?2 —

tighten...i No. of
packings of puiipm

Ij.. 360 i1~Q &5 per c~’ew day
.

?6 /~2

.

- /~~?J

bearirig No. of
pt~np5

4~i. 4 /~Ç 4 p~’ ~w day
~‘- —

suc~ion . .~ No. of
.~. . .mr,s

1 180 7.20 12 per crew day

.

éO i~o — j’.20

suction No. of
gland

haas

4L. 4 /6 6 per ~ew day 3 6

25/W No. of
pwi~pa 360 /4.L~O 40 per c~ewday 72 72



t.-’

0

ANNUAL MAINTENANCE PROGRAMMEWORKSHEET Form No. 71W

— _4_L . ,r,—nt—_._..



1 ANNUAL MAINTENANCE PROGRAMME WORKSHEET
PROGRAMIIE YEAR.._____..

Form No. 7/W

SHEEL}__OF_.___L.~.

ACTIVITÏ

CODE OESCRIPTION

distr3bution611W Service air valves of

INVENTORY

ITEM

valvesNo. of

Mrtucil
vork PRODUCTIVITY Crew

Oays
Amont Factor Duantity

4 valves per ore
day2 ~~<‘

MAN DAYS

Total IE~i~.
O~r~

~

~

Maint.

Worker

6ilW Open washoutsand.
flush distribution
aystes

No. of
valves

3 3 per crew day 5’ j~ /0

63/W ~e& icaks of
distribution

ka of’ raam 21~. 35 ~‘7/. ~1 per Cray day 171j. 171+ 17~j.

64/ki Chedc ~d tent water
~etera

No. of
seters /0

0.2 5 per orew day 1 2 2..

71/W Other eiaiatenanoe . 2~ç~

—

To~4~ Çt

A~\Q~ rifw,
,Y’ Ce~i+~M
~ ~3/w
Her~ i-rqg.~

o~
, 2.s7t..)
t’c/

1101/-

7lC’
1t = 3.07’

T~ai~AL~ s’/~ — P7~

t-’

t-’
C ~ ~ Ijtb~ç

Ti7f/L nti.’Cf

— —— — —t — —

762..
2i ~- = 3’3~



PLANNING CRITERIA FOR MATERIALS aUANTITIES
Form No. 8/W

WORK ACTFVITY ESTIMATED QUANTITY

- PER CREW DAY

‘OESCRIPTION

Crease pump bearings 1kg grease

1kg cotton waste

Greasemotor bearings 1kg greaze

1kg cotton wast4

Clean and lubricate all equipment 1kg grease

~ litx’e oh

acg cotton waste

Servicing of air valves gravity/pumpira,g

raam

1kg cotton waste

Servicing of air va].ves distribution system 1kg cotton waste



MATERIAL REQUIREMENT FOR ANNUAL WORK PROGRAMME Form No. 91W

WORK ACTIVITY



t-’

Forrn No. 10/W

SHEET_____OF____~_---

PROGRAMME ‘fEAR

MAINÎENANÇE PERFORMANCE BUDGET

WORK ACTIVITY ANNUAL WORK PROGRAMME UNIT COST- RUPPEES ANNUAL. COST - RUPEES

CODE OESCRIPTION
CREW
OM’S

WORK
QUÂNTITY

WORK
UNIT

PER CREW
DAY

PER WORI(
UNIT LABOUR EOIJ(PMENT HATERIAS TOTAL_

ii/w

121W

21,/W

CLanintakeexternallY 3(,Q 7~-o IÖo~ 5O’c~c 3~0co-cr 36oc1~K

Clean intake adjacent brea

Check and tighten pump ~land~paokings

j~

L76 /4i.40

hooj~n4akes

i~O.O3~
~

~,~oo.oo

/2S~Ô

4~oo’oc

~‘•.33

7~oo’o~

/~)ôO~C~

7I~0~

/2OCO~’~

22,’W Greasepump bea*’ings
1j~ /~

ho t~

1b~4D~J~ /~‘2’!5O 4S~3 4.000Ô ~3o’OÔ 7Jc~’a

.3/%4 Clean p~npsuotion strainer

Clean pwn~suction mes and glaM
feederlines

Reoord readingsof pressure gaiiges

Oreasemotor beax’ings

~‘oisevalvea

1/11 Clean and flu.sh treatment plaut

~o 7~,zû ~W. 0/
~ /DÔ’OÔ 2’33 oo’C~

3 t’O• of

fr~~~~j’s/oo’aO /6’ ~6 3oo’cz
•

300’oC

3~ /4.1~ ho- 0J~ /~.02 ..25Ô 36oô~oô 36cr~c~

1/. lé’ )~,ofo~~?/ 2’5O 33o~o~7~*2~Ti

2. ho of
~ /oÔ’cZ ,~-‘/7 2oô’oo ç~oo’oz’

. - oj-~ /5’ÔDO 7S•oÖ

2/W Cle~n and lubricate all equipmentsof
treatment plant

. Of

P~’h
/~ 06 6/ . 5~0

Service air valves of pumpim~/gravity
maim

Ç
~ø. ÖJ
v~Ives

/5~So 3~’‘/3 7522’c2 I2.~SO 76.2’SC

5il~ Open washouts ~nd flush puinpin~/gravity 8raam
53/W Ch~akleaks of pumping/gravity main

Servioc £i~.va3..vesof distribution

ho oj
I~c4tI.~c?c~ foo-c-~c 33’ .33

8 fr t-! .~ ~ ) ~,. ~

/~2

~Co ‘(V

‘~5S~,’e2



4-! ~o~’‘Ci2~

/7o32?’~

MAINTENANCE PERFORMANCE BUDGET
Form No. 10/W

SHEET_!_.._...OF___.~___-.

PROGRAMKE YEAR

WORK ACTIVITY ANNUAL WORK PROGRAMME UNIT COST- RUPPEES ANNUAL. COST - RUPEES

DESCRIPTIDN
CREW
DAYS

WORK
QUANTITY

WORI~
UNIT

PER CREW
DAY

PER WORI(
UNIT LABOUR EO.UIPMENT MATERIAS TOTAL

Open whashoutsand flu.sh distribution
S /5 ~x/i.,es

33.~ 5oo’o~

Check leaks of d.istribution /74i. k~j 5~’cÔ /o~oC, ‘~37~’o.oz’ 8~

Chec~water meters j ho.~J
I,,e~erS

‘

fco.oo 33’3~ /t’~oo /oÔ’~’v

Allow for items niarked. with asteriaks 2o.,ooo~’ fgooO~Z 3~i’PÔ~l

i4Fig.4

Allow for other maintenanoe /6I~’5~ I6~o~~~7~j

Total direct cost /~JfL~$5t I?-~’~~

~_

Maintenanoe ~gi.n~ering ~o,ooo.~~z

~gineering management ‘
.

.-
~‘.‘-~.‘—, •

Total budget requirement /5~4Lc~~Ç.F ~2O3~”~ L~9J’I3~

t-’-n-
u,



t-’

0’

MAINTENANCE PERFORMANCE BUDGET
Form No. 10/W

SHEET _!____OF___.~.......-

PROGRAMME YEAR
1

WORK ACTIVIrY ANNUAL WORK PROGRAMME
~

UNIT COST- RUPPEES ANNUAL COST - RUPEES
—

CODE DESCRIPTIO1N
CREW
DAYS

WORK
QUANTITY

WORI(
UNIT

PER CREW
DAY

PER WORI(
UNIT LABOUR EQ.UIPMENT HATERIAS TOTAL

62/W Open whashoutsand. flush distribution
S /5

~“ °J~
LJ14h.,e,s

~,Ô•oÔ 33.3~ 5oo’c~ 5oo’o~

g~o~63/W Check leaks of distribution •

—

/74L ~7/~,2 ~-p~ 5~oo /o’oo ¶37oo.~(

641w Chec~water meters / ho-0J
~ foO’OO 33’2~ /t~’oo /oo’~

Allow for items marked with asterisks 2_o
1ooc~ /~,~o~PZi-y’oI~’.’

i~f~ig.4

/7~s’8Allow for other maintenanoe /6/&s~ /6o~.~

Total direct coat I~1/Ô~S~ J2~7~3~3~

Maintenance ~gimering

E~gineer~ngmanagement ‘~2c~’ 2c~ ‘~
.‘ .,~

Total budget requirement i~ç, ~o~o~’
,~-~i-i~1a~~~3;

.-,-



FORM I1.fw
EXAMPLE

Prog~animeYear (1~8~

DIRECT COSTS

Direct

__________ Man Days at 50 00 ~er day 1 ~2-4~~050.00

Direct
Days Rate/Day AnnuaJ. Cost

___ x ___ —

x ____ ________

___ x ___ _______

___ x —

___ x =

________ ___ x ___ _______

_______ ___ x —

_______ ___ x ___ —

____________ ____ x _____ ____________

________ ___ x =

Sub-Total,Equipment Cost

Direct

ç

Un it Arnoun t

____ x

_____ x

______ x

______ x

______ x

______ x

tjnit Cost

8Ö•c~ =

________ =

=

t

Annual Cost

—

32~5C

1 / 6oo~00

________ _____ ______ x

Sub—total,,Materials Cent

Estinrateci Total Direr-.t
Cost

I~L~.72’S(’

136 322~’

147



MAINTENANCEENGINEERING.

FORM 11/W
(Contd.)

Ciener~ Fo~-.ictn tZs J~oo/i~,or~i~1i

Sub-Total, Labour Cost

Eguiprfleflt: —

t P~c~z..up

+i’uck ~-~‘r- r+~a�

Sub-total, Eqüipment Cost

~Ôcz~

~i

~2.o~L~0p.

;Lc.,,t,oo-db

Associated Costa:

Sub-total, Associated Cost

Estiznated Maintenaricè
Engineering

Percent of Direct Cost

0 _____

20’ ôz’

ENGINEERING MANAGEMENT

Lab our:

p4 Ç’tec&&k o~ce

5~4.Ç~Ç’~a-~j 0fl W~0iV~.

Sub—total, Labour Cost ~2Ö’ ~

148



tut~.1.i 1.1.1W
(Contd.)

0 ~ic~e~ o-~~ ~ C-~i\)c?.

_~.i~O~T’ O1~Oher~t .\Z

~ Ce..

Sub-total, Equipment Coat

Associated Costa:

2o~’otø

E~e~ -~or~CoS~S

~ ,~!~-~tio~.e ekc..)

Sub-total, Associated Coat

Estimated Engineering
Management

Percent of Direct +
Maintenance Engineering

ESTIMATED TOTAL COSTS

~LO2O~CTD

~ow ‘dl’

-f7

17(- ‘)‘/2.~

149





APPENDIX (3

Example PM Schedules
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Ann.x 5

P~EVENTJVEMATwr~NAtcE CHEC)~I.IST FO~WATER SLrPPI.Y ST~TD5!UTLDL!~CS,5T~1JCTV!~SAJID !gulr,w,rr

GkC,J D~CRI?flON L~AIi,~.~.CE
Pntiot

R
1.3i’C..3I3ItITT —

L.Y:.L C.t~1
?A3~TO B ~ UA’17~IAL3, 3PÂ5 PAR~5,L1WtICATS

ETO, RE~Ufl1~D

1 A

3

Impotaidiz~gRao.rvoir

~ountain strean

3 ewnth.

1 year

3 eonthe

1 Year

L

D,L

L

D,L

o,a

•,~i,o

o,a

•,n,o

Clean intak. md .d~ao.nt area, cut
tail grame

Inepoot aanitary conctition.e, inapoct
structure and repair ..a nececeary

Clean intak. and adjacent area, out tal].
graea naar .ccaa3 road.

Inopect sanitary condition, in~pect

~.iildin~ astariala

Building aaterial.

¶~
~
“

~
‘~

~
r~.0

.truotur. and repair ie neceaoary.

‘—

C
D

Lak.
Riv.r

~

3 aont1~e L o,a Clean intaic. and adjacent ..rea, out tali
graacnaar aCcase road, cl.an inteke
channel,clean collectiort chwnber and
dininfect nith chlorin.

HT~solution

1 year D,L
-

.,m,o Inapect aanitary condition, inspeot
etructure and roortir ie necee~ary. ~ilding nateriala

£ Coaree Sereene 1 day L o Renove floating utatorial attach.d to

5
g

?

0

Fin. Sereen.

Penntoc~c/Yalve.

.craen

6 sonthe

1 veer

1 day

6 nonthe

1 Year

6 aonth.a

L

D,L

L

L

D,L

L

o

e,m,o

o

o

•,n,o

o

Inapect liftin� gear and oil er greao.
ie reguired
Inspect for eigso of corro.ion and punt
if neco~nary.Inopoct liftin~ gear for
sine of waar and re,a1r 1f neceosary.
Rowova floating materie]. attachad to
.creana
Inapect lifting gear end oil or greaa. as
reguiroil
Inopect for signe of corronion and paint
if nocoecary. Inepect liftin.~ geur for
si~çflaof neer and ropair if neceesary.

Open and close, appi)’ graan. to spiruile.
and guida aurface. above water la-vel

Oil an~greaee

Anti oorrosion paint

Oil and Ereftes

Anti corroaion paint

Grea..

1 year D,L s,o In.npect for cigna of waar and rep.ir if
neco!~aary. -

L~velzL — Local, ~ District, R ~togion
Crena . .r.gin.er/t.chn!cal officer, rnir.ter.nxico tena, o~plant operator, a — .diitlonal labour (or contract laboin) as recuir.d

t-’



TAS TO B~2~FO.S~ED ~ZI.L5, 3PARE PLRT3, LU31~ICA~SI~C,
______________________________________________n~-tIR.En.

Clean adjaoont area, cut ta].l crua naar
acceso road.

Clean caoir.~ and acreons r~ith appropri— Ch~ica1a,epecial too].e and sqta~j~eat
ate toolo r.nd ciw~icalo. Leacure a’JeU.
outp~.tbeîorc and after cleaninC,
recordin,~ total fl0” a~dopecific
capacit7. Ciicck pipeo and ~uide baar—
in~a _________________________________________

Re~ovepu.apir.~wijt for conplete ovcrhaul Sparc parto as r.q. irad. Sparc pia;in.~
at Re~ionclr~or:2hopo.~Iepl~.oe i~ith spar. unit of eimilar t~pe.
urit _____________________________________

Examine pipoe and repair 1f nsceanax7 -

t-’

PRZVEa(TIV~ MAINIUAI4CE C1(ECP LIST TO! WATER SUPPLY S!STEMS BUILDI*~S, STRUCTURESAItD Et~J1PM!NT

-e
00
•
0

0
t-

Level: L— Local, ~ ~ietrict, }~.fle;ion
Crcu: en.;in.ar/tecJin.tcalofficcar, r— maintananoe teau, 0 — plant operator, ol— ootor/a~i~ch~earelootrician, a~ad~itional labour(or cantract laocur)
— as requirud, . epocia] tosa for eervioinddeop well~/’borcholee.



PflYflITlVE MAl NTRNAIICE CTIECK LIST TO! WATER SUYPLY STSTE?~IUILDI1IGS, StRUCTUUS AC VWIPWMT

Clean and .weep floor, wip. and eleanwalis and
pipin~cleanand iweep exterior eite, tand lawn
aid ga.den. -

Check and repair an~leaks in roof. Paint ir.aide
outaide walla and piping.

.tecord r~adln;oof auetioai and delivory gtug.s.
JIioe~,aeki~.,3gl~z.dsto leuk ali,htly duri..~
operation. Check tight~eeeof r.ute a.id bolt., oheck
lubricatlor. of oe~rL-.Gs

icplace .reace/oil in bearingawitnout disanaeiably
.I.ec~:ali,~rn..t of cou,Cing, roplace packing in
~aLido,

:tonove puip for coaplete overhaul in Regional
norkohops. Nopalce detective part. as nec..aary

II S Ptcp Heuse 1 day L

--.~..O..P - .DZS~.NIP~IO}. ,IAL:&EI.nCZ~ ~tE3?CNjjJILIfl~ ,, .TAaK TO JE ~ fltF2IALS, SPAR! PAR?S
:u~flcA.Tz, ETC R3;iJIICD

0

2 yesr. J,L e,=,o,a

t,

~~4

t,

Clea.-ting .ateria.ls

C Puap. 1 day

3 Fusl tuin 1 day L 0 ~aeck
fuel

Pia]. level and
eoz.eumedduring

r.fill if
provioua day.

necessary.
Clean

Record
outaid..

6 aonths L 0 Jrain
dear

and nas.-a fuel
fuel tadc vent

tar.k, waait
pipe.

and clean filter,

L

and autiding aateriala, Patat

0

ei, r, o6 .. o:~ti.a D, L

* ~ yet.ra R,D,L e,ae,p,a
(deçea~din~
en circu—
natanece)

lET t

LEVEL t L — Local, D, — Jiatrict, R, — Re,ion

CCJ $ e — Diflner/tee$tnical Officer, 5 — mair.tenanee teasa

0 — plant operator, p — pwp nccLanic

reaee/oil
paokin.g icaterial

opare parta as rc~nflrcd.

iii
til



t-.,
til

PP.EYEKrTVE MAIMTFNAMCE CttTC~LIST FOR WATFR SII11’tT STSTF$S $111 LOl $CS • STRUCTU!F.S AND -

•0

•4fr~

GROUP
—

II 0

t,

z
~

~
~
~
~
;v

:1

~

D~CP1PT~ION !t&INPaIANCS
Px.RIOD

E~PC~
L~Vi.L CIIb~4

TASI TO Bd PEP1O~iED I1.t.rials, .p.r. perts,Lubrio.nt.,
.tc. rsauir.d

-

Diesel F2~in.n 1 day L 0 Check oil level and top up Ir nec.aa.ry
Lubricet. all lubric.tion pointi, Record cii
presaure, terperatiire., speed and batt.r-y chargs.
Recordworking hours and total ainc. list cii
change/last overhaul. Clean outaids part.,cbeok
aute_and_bolt,_for_ti~htnesc.

lubricating cii

1 week L 0 Wwsh and clean air filter

1 soath D,L •,o Dissantis inj.ctoi~ and teet apraj, replac. def.ctiv.
nozziec if necessary.Check and adjuit V belt teneion
/couliing .ljgnaeot ee .ppllcsble,

Injector nozzleeaa fleceacary

5 sontha D,L. •,p,o. Clean and inspect injector. and valve clearances,
check and clean oil filter.. Fit new fuel eleseats.
Check atartiag cyst.., Ch~nge .ngins cii or ie
accordaoce witt •anufacturea .anual.

1
Fuel filter elesant., engine
lubricating cii.

1 jaar D,I. .,p,o. Check and rugrind vales and adjust valve clearance.
Clean depoait. (i-oi cylinder hemd and pistool.
Diseeaesble and check dutch ayate.,if ippiicabl..

.

2 jaars R,D,L. .,p,o. Re.ov. engin. for cosplete overitaul in Regional
workehopa. Replace with spar. seconditioned eagle..

Speru part. as requir.d

IE! t

~ L — Local, D- District, R — Region

Crewi . . •ngtr.eerlt.chnical otttc.r, • aaintenaece ciii, o — plinc operator. p — pup/enaine ..echinie



PREVENTIVY. MAINTENAI~! CRECE LIST TO! WAT!! SV?PLT SYSTDtS IUuI.DI~CS, STWUCTTRESAND Et~J1P?~!T

GRC~P C~I~IC~. ~i:~ri~j:c~
~~1WlCJ LLVEL

JIJIi.,Ii~f
e.~a

LAT~(IALS, 3PARE PAfl~3
W3HICAiiTZ, LXV. ~t~QUIk~D

!~

II 1 Ilectric .dotors

t

1 day L 0 Cheek sotor bearings

6 ~onth. D, L

—

R,D,L

a,o,.l Cn.ck alignsent of coupli~, chang. lubricating
oiijgreaae ~.i tho~tdLizintling Lubricatin~ oil/greaa.

5 yours a,el,o Resove motor for co~ploteoverimul at re;iona.l
sorkehops. R.3laca sotor of sinilar type, It
av,~ilable.

~fl/roll.r bearir.gs, 1f nece

•351~

? Suitch~ear

‘

1 day L 0 Rocord voltnge, current and 1W hr meter.

3 uontno D, L m,el C .eck st~rtcr nrd clean cot.tac~3. Check eetting
‘~‘ of oyerlo~td rel-a.
-t
~

(1

~ —

D1 jear ~,el CLearVreplc~ce co~tuct~ asnecoesary. Cnlibrat.
rneaaurizi~in~truaenta

Starter contante, 1f neøeaie.r

—

t,
~

d ~tea3urinT Inctr— 3
aanta ycara R,:) a,a. Diaar.ntle and vond to spoc!alised contractor for

calib~atian and/or rapair

II Water mee ter as
tsr. 3 ye~._re R, D, m Diauc.ntle and u~r.d to !?o~iori.il workshops for

citecl:ir.g and calibration

1 ~.aiais 1 year L 0 ctieck for leuka and repair 1f n.c.,oary

3 yaarc D,L a,o Pcint CX,000d pipea aitn anti—corroeive paint Anticorroaiv. paint

J
—

Valves 1 your L 0 ~teck valve gla~:d and repack if neceesary
Clo~efull~ and open

Packing aateriala

i 1. • Local, D — Diatrlct, R — fle~1onal

$ S — ec.gin.er/technicalCfficer, s — ...iInt.r.nnce toes,

0 — plLt;t operator, .1 — notor, ewitchgear eloetrician.

I~Y:

t-.,
~~11

—4

0
*
0

• —

Pl
~6

0



t-J
til

P*EYENTIVE MAINTEwANCE CREC! LIST FOR WATERSU?’PLT STrEP1S BUILOIP4CS, ST!UCTURES AND EQ$JIPPIEIFÎ

0
S
0

S—Pl
S-

0
t-

GROUP DE5CRIPTIC~ ft&I3T~A1~CZ
P~1OD

R~SF0~lSIBILITY
t~V~ C1(EW

1581 TO 5E PiRFOti.~ tIÂTERIALS, ~p~jg PLWTS, LUBRICAITS,
~C,2~JJIR~ED -

11 S

3
~

° D
~

T
°

0
S

G

—

Cbeuicule atore 1 vlek 1. 0 Clean and sw.sp floer, clean outalde,
r.pl.ni.h stocks.

Chwaic.l.

1 year D,L .,s,o Inepuct etructiare, ch.ck all lifting ~ar

Lios preparation
tanks

3ypochlori~te
(BTJI)Pr.p.tanks
Boda Âah Prepa—
ration Tanks

1 day L 0
- -

Preparecorrect itr.ngth solution.,clsan
outajd. of tanks and valt..

1 jear
.

D,L a,0 Inspect atrueturs end protective paint
/lining end repair es nec.seary.Examine
valv.s, pipe conn.ctioas and r.pair as
neceasel7

Paint, lining satrr-is.l.

Alum Dosing
Rypoctiorite
(W191)Doaing
8oda Lat flosing

6 sontha D,L i,o Dia.antl. gr-avity Leed doser, dien and
reaaeeable

Pai~t~ar B,D,L e,.,el øverbaul, disaantie dosing puape and r.place
detective part.. ïxa~inselectric motor. end
,wjtch!.ar, Pilot .11 eetal u~feçee

Sparc part. nec..sazy,

~I

!

x
‘~

Ploecalstora

Bedisantation
Tanks

1 year D,L e,s,o Inspect .tructiare, eisen w*lle in.ide and
outsid., di.inlect jasid. villa, paint
aet*l aurfaces, paint outsid. will.

STR rolution, palet

III J

~
~1
(-,
~
t-.
.1~

Slow Band Pilte~1 y.sr D,L e,s,o,a Inapect .anitary condition, inspant striteturs.
Clean adjaceat area, cloae valyse ful].y and
open, tighten valt. glanda and add packing
iate~iil.i(

Packing •aterial

5 yeara W,D,L e,s,o,a Stop filter,r.k. 0ff top filt.rieg eand layer
end r.plac. witt new filter eind of correct
grade, disinfect and run filtered water to
w.ite_for~day_us1np~_enou~~h_RTH_eclut ton

£ETt -

L— Local, D—District, R—R.gicm
e. englnsi/t.etnical officer, a • ainteaanoeteam, 0 — operator, el—aotor/ewitchg.ar el.ctriclan, a — additictial labour (er contract laboar)
as r.quir.d.



PRavesiiTE MAINTENANCECN!CT~LIST TO! WATaP SUFPLY STSTVg 5U1LDIt~S,STRIICTURE5 AND E~UIPP~NT

0
S

,..

bO

r

ORO~P DI&~3IPTIÇ* NAIST~A3Ck
PE.RIOD in

RZSP~I8I3ILItT
CREW

TABI TO EE P5RPO~lZD PU
1T~IAL8 SPARS PARIS, Lu~11cAIITs

src.
~IX 1

1.

lepid gravity
Filters
Preseur.Futen

5 .onths L o Inspant sanitary condition, disintsat in.id.
Of etructure above level of send bed

Rypochiorite (STR) solution

5 y.ars R,D,L e,.,o,s Overhsul$ Remote filter-Ing media, inspant
lat.rals and strainers and repsir se
necesiary. Disinfect inaide wille. Wast,
ecreen, diiinf.ct filtering media and
replac. in filter adding new filtening
media_as_neceaaary

Byp.ochlorite(ETS)solutioc, filter
laterala end strainers as neceasary,
filteniag media.

Ei
~
14

~

1

0

Filter valt.. * OmlttV
Loss of E•.d
Gauges

Air Ilov.rs/
Coapreesonu

6 sonthi L 0 ~asims filter valt.. and controli for

correct functioning,repack glands as
necessary,

Glandpacking aat.rial

2 y.ars
-

1 day

R,D

L

•,m

0

Calibnet. loss of hoed gauges and flow
recorders by ipecialieed contractor,paint
all_valve~

Check Motor and compressor bearings

Psint

1 ysar

5 y.ara

D,L

R,D,L

•,.I,o

es .

Chenge lubriceting oil/gr.aae vitbout
dia.antling, check aligna.nt of coupling,
exasine and clean aotor and iwitotgear
contact..
0verhaul~Compl.te dia.antling, cl.aning

Lobniceting oil/greas.

-

Spar. parte es r.quirsd

IETs
Levels L — Local, D — District S— Regiom

• —.cgin.s,6.chnicalofficer, — saint.nance team1 0 • Plint

t-S
ul

operator , .1 — aotor/awitcl~gesr .l.ctnician.



PP!VZMTIYR MAIMTENANC! CWECE LIST FOR WATERSUFPLT 3TST~ISIUILDINcS, STRLJCTVRES AND E~U1,p~NT

00
S—

t’,,

0
S.

GROUP Du~CRIPTIC1i lN?~2~A1iCe~
PERICD

RESPCR(
Lr.ViJ.

ISILITT
CRLW

?i..~I TO B~.P~F~~ED I1ATE~AL5 SPLRZ PLSTS, LUBR1CIJIT8,
ErC. RZQU~R~D

IT £ Puap

3 Fuel

—

~ C Puaps
~
R~
~
5.
-~

Hou.. 1 day L 0 Clean and iweep noor, wip. ind dien walls
and piping, clean end sweep extenior eits,
tend lava and garden -

Cl.aningmeterials

2 y.are D,L •,s,o,a Check and r.pair eny leek. in roof, paint
mud, end outsid. wille and piping.

Building aaterisl., palet.

tanks 1 day L 0 Check fu.l level and r.fill if necessary.Record
fuel consusedduring day. Clean outside.

6 months L 0 Dr-sla and wash fuel tank, wast and clean
filter, dear fusi tank vent pipe

1 day L 0 Record r.ading. of suction and delivery gaugee.
Check packing glsnds to leak elightly during
operation. Ch.ck tightnese of anti end bolt..
Check lubrication of beerings

‘
~
~

54

6 monthe

5 ye.ra

D,L

R,D,L

m,p.o.

e,.,p,o

Replece grease/oli in beer-ing. without dissanti
Check align.ent of coupling. Repisc. packing in
Ilsads

Co.plet. everhauls R.iove paap for overhaul in
Regional workshops. Clean and replace all
defective parte.

ng
Orease/oli
Pscki~gaaterial

Sp.r. part. as r.quir.d

IETs

L.v.l: L— Local, D— Dietrict, S. Region
e• engineer/t.chnical officer, .. saintenince team, 0—plint operator, p.pump eechanic.



PRE~YWTIWANCICRWAIeUILDCS. SIRUCTU~F m ~qui r’irts-r

GROUP Dï~CRIPTI~ ~iAI~T~2~AMCE
P55100

R~PC~6
Ln.VEL

IBILITY
CRL~M

1551 ‘10 RE P?0R11E~ 14t’ERIALS, SPLR.E PARIS, UJ3R1CA~5TS
E~C• R~~tJi~~D

— —

IT D Pupil k~gines

~

1 day

1 week

L

L

0

0

Check all level and top up if necessiry
L~bricate dl lubricatloni pointe. Record
oil preecur., te.perature., speed and
battery charge. Record working tours and
total since liet oh c.hange/laet overheul.
Clean outeld. parte, check Outs and bolt.
for_tjRhtneas._
~ssh and clean air filter

Lubriceting all

—

1 aonth D,L S,O Die.autle tajecton~acid test .pray. Replae.
defectiva nozzles Ir ûecassary, Check and
sdjust V belt t.n.ioe/C0UPIirlGalignaent ss

In~jector noatlee is necesesry

‘
q
,~
:1
g~

applicsble

3 montha D,L e,p,o Clean and inapect injectore and valve Clesre—
ccce. Check and clean oil filters. Pit new fuel
rilter demente. Check etarting systee.
Change eagle. 011 or in accordsnce witt
.anufactur.. manual.

Fuel filter elesente, eagle.
lubricating oil.

t-.

1 year

2 year.

D,L

R,D,L

s,p,o

s,p,o

Check and regrind valvee and adjust Tulve
clearancei. Clean deposita fro. cylinder heads
and pietonu. Dtsaantle dutch system,if
spplicable.

R..ove enge, for co.plete overhaul ie Regional Spar. parts as r.quired
workshop.. Rsplac. witt spin. reconditionedeng-in.

IETs -

Level, L. Locsl, D.Diatrict, S — Region

e — .ngineer/technical officer, m — e.intanc. team,

t-S
0~

o — plant operator, p - pump/engine.echanic

S
00



‘-S
0~

PPEYZNTIYE MAINTEIIANCE CIECP LIST FOR WATfl SUPFLT STSTEMS_IULLDINC!, STIUCIVRES AND RQ5I1P~oNI

Letel~ L — local, D. l,intrict, 5. ~:e.~ional

flci,ove aotor for co~,,~lqte ovorhaul al ~o ~lona1
uortrnhopn, replaco wiEi untor of nizllar type,
if uvailable.

Cheek for leciks an~repair,if nee.acary

Puint expone4p1~psnith anticorrocivo paint

Ch.ck velt. çlnnd ant ropnck, if necenoary.

IL~TEuIAL3,JPÂR~PAk?3,~’3~cIc1.~i,
_STC. I*.CUI~__ ____________

IT

GROUP DE5C1~TPTI0N WAfliTdi~i.itCE
?~Io1 Ia~V:~~L CK~

Risctrio tZotors 1 day L

T~K~V~JE C~~j

0 Chec~c stotor boarjn~s

.5 yeaz-1 R,D,L m,al,o

~0
S

• —

10

0

6 sontha D,L m,o Chock ali~p~-ncntof
oil,,/Groaeeniti,out

coupling,change lubricating
dintinntllnd

babrioatinsg oj]4r,s,.

BaiVroller bearinigi 1f neceu~ary.

F 3~itch,e~r ‘. 1 day L 0 Record voltct’~n, current and l~hr eeter

3 nontliu D m,el CiicO- ot.~rt~rar.l cleancc.Lt~ctO,~hoc~
eet;in~j01 ovorloal rola~:c.

1 your 0 e,el Clear/roplacecosi~actaen nccconry.~librate
uean~nifl,~jn3tru,jc~.~c

Starter contact,, 1f nocnv~ar~.

0 ieae~.ringZnatrrai~.—
nt.

3 jears 5,0 e,m
-

Jio~antlou~uco.~sito ~pa~i~lizod cor.tructor
for rapair azid calibration

0 .ater ..a.ter ..etore 3 yours R,D m Di~antlec.n~l~eiu1 to ~o ~ional workohops for
repair a...1 calibr&tion

-

Lainst

J

ty.cr L 0

‘.o.r. !LL

Val,’.. 1 yesr L 0
Lntlnnrroeiv. Daint

Packingaaterial

crewz • — .n3lneer/toelu~ics1officer, anintonaneeteca, C plant operator, cl — notor/unitoMour oleetrician.



— ~

OZUP
—

D.~Cl1yTIC% MIRT2IIA3CE
PiRIOD

RFi~WtLS!
LEY~

1I~I
Ck..w

T~ÂZTO 31 P55PO~ NAT~S1LL8,~‘LZE PLRTS,
LU3RICÂRTB £TÇ IEQUIRED

T t

0

S.r,iee Reser-
voir.
Tslv.s and

1 menth L 0 Check float vie,’., chank leaks in piping ~d
repair it necesaary -

D Level gawgss

~

-

1 peer D,L m,o,a Inupect •tructur.. Driizs reservoir, v.sh and
clean inside and outsid.. Di.inf.ct Hoor
end walis vith bypochlorit.(BTlf) eclution.
Check all valves, open and cia., and r.p.ir,
if neceasary. Ch.ck level gaw~.e.Paint
o~t.idp_of_steel_reservoir,.

MypachIorite (aIR) solutios.GleM’
packing. Punt.

S U.vated R..*r--
veir-a

1 •onth L 0 Check float valve, check leuke in piping and
repair, iT necesuax7

C Talves and
D

II
~
~

~

1

-

-

Lovelgauges

-

Wstsr Rieten
Pieter.

1 pear

-

D,L n,o,a

—_

Inspect utructure. Drain reservoir, waab and
clean meid, and outside. Disinfeet floor
and wall. with hypochiorite (MIII) .olution.
Ch.ck all valv.s, open and close and repair,
Ir nec.sssry. Check level gauga. Patat
out~ideand supporting structur. of at.el
reservoir-s,

Hypochlorite (aIR) solution.
Gland packing. Paint

-

, 3 years 5,0 m Diemantie and send to Weg-baai workshops for
repair and culibr.tion

I~.i, L.Locil, D—District, S — Pegional
.— engine.r/t.chnical officer, m- atintenence team o— plant

t-S
0’

operator, a — additiocal labour (contract labcnir), se oeossssl7.

-5
S
0
• —

0

0
‘-1
0

reavei$ttfl IIAIRTLIW!Ct C5~CELIST FOR WATER SDflLT S1STE1~ JILDI$CS, £ra,aiuie5 5*) £qut,i~iir



0’

PUYE1ITIfl MAIRTERAMCE CM!CK LIST F05 WATER SUTPLT STST~8UILDIMCS, STRILLtéZS AND !QULP?~MT

tETs

-5

S

0

1 week L 0 ~aab anÉ clean air filter

1 ionth D,L s,o Disaantle injectoni and test spray, W.piac.
d.tictlve nozzl.s 1f nedessery.

lajsetor nozales

3 aonths

1 year

D,L

D,L

a,p,el,o

.,p,e

Clean and in,pect injectors,cbeck yalve
cl.arancea.Check and clean au filters.
Fit n.w f-i.l filter .l...nti. Check stirting
syatam. Chacg-e eng-leeall er in sonar-dance
witt sanufactur~rsssnual. Check .wltchgesr
and eetting of over-laad z.layi

Check aiigne.nt of coupli~g.Check and r.grind
v.lves and adjuet valve cl.aranc.s.Clean
d.posita fr-os cylinder heide and pistone

Pad filter elesent
Eng-lee all

~

T’

D~SCRIPTI~

t

S

C

Px5100
R~P~s~I r.TPY

1 dayMcccl eng-me

Gen.rator

Svitchg-esr

Lg~W

0

?AS~ TO B~. P5ROIGh~

Check 011 level and top up, It n.c.esery
Lubricate all lubrlcantion points. Record
au pres.ux., t.sp.ratur.i, speed and
battery charge.R.cord working beurs and
total ejnc, last oil change/last av.rbav.l~
Clean outsids parte.Check nota and bolti
for tightoaee. Cbsck alternator b.arings.
Ch.ck fuel level in fuel tank and refili

al

0

‘4

0

IISA?SRIALS, SPARE PARIS, LUBSICARIS,
f~PC Rr~JIR~D
L~bricmtieg- all
P~.1all

2 y.ar.
Lepending- on
~onaing ho~irI

S, D ,L e,i,p,el,o 0-verhaalt Complete disaa.ntling, cleening end
r.placesent of detective parIs

Spar. parts as n.c.ssary

&!!~]~‘L-Loeal, D—Di.trict I.Regios
£.~‘ e—.ng-iee.r/tcchaics~officer, s—seint.nanoe te, p. engin./pamp sechanic, ei— .leetriolan, s—plant opetetor.



FIXVEIITITS MAI~tERAI!CE C~ LIST PCI WATER SUI’?LT STSTD~IUILDIMCS, STIwruzPJ Alm r~YIPI~RT

flCP

Til

D~E?ZIOJ l~JJUTE~.A~C3
P~tOD LS~lL.~

“JJ21.I’Z~
Ut ~J

fl~P~/Ci~ED ~AT~IÂL~3, 3?LkE P
5~.flT5, W~IChJTZ

~i~c ~r-oB~u~w

Pind .iUa 3 onths L 0 Clee.a adjacent area, Out 1.11 grase

1 peer

~ paars

R,D,L

!~,j,L

e,rt,a,o,a

e,a,o,a

Clean caning and ecreonu with ap,~rcpriate toala -
and chonicale.t~ea.ourewell output before and
after cleaning, rocording total flow and
.pccltic capacity.Chang. uil in g.arbox.Ezsmine
eupor3tructure for signe of corrosion and paint

Coutpioto overhault Oienantle ptsop and gearboxend

Lu~ioat1nj bil.
Anti ~*rrosion paint

Spar. parIs, ei neceesary.
z-econd i tion at kogional workel~opa

Levels L • Local, ~ — Dijtrict, 0 — he~ion.

Crt~ e — .n~jin.er/teo..r.icnlof:icnr, n —ncintnnnca teo.~, o — plant operator, a — additional labow (er contract labour) an required,
S — sç,ciai te~&., for oerwiojn. doep well,.

-5
S

0

t-S

0’
iJl



0’
0’

( ODE

WORKLOAO OISTR~BUT1ON BY QUARTERS

OESCRIPT~0PI CREW

Form No.12/W

SIZE

Clean int~ce exteri~ally

Clean intake adjanent area

CREW DAYS

SHEEL.?_ - ~F_ - L -

PROflRAMKE YEAR_1~~_6

Pl API DAYS

2~

L~-

is? 1 2fld

QUARIER Q(JARTER

:3~’o
L4~cd~

720

-1 ‘?2

3rd

QUA RT ER

l’~0
L+%:~

~fli

QUARTER

I�’O
L~

J ~‘0

4~,
180

L~

WORK ACT~vITY ANNUAL PROGRAMLIE PLAMPIED MA~I c»xs

1/w
12/W
‘1/W Che& and ti&hten gland paaking- -

!2./W Orrne pump bearing-a C~

3/W Clean purap euction ttrainer ~ p

~Jw Clean pt~peuotion hoes 3

251W Record readin~e of presnurega~Ig-ea 3 ~
29/W G~eaaa motOr bearmn~e

31/W ~xarci.e v4vaa

41fW Clean end flu-ah treatroentplant 3

4?/W ~e~Ind~br~9a aLl ~

51/W Sarvio, air valy~ s of punping sein 3

52/W Open wanhouts of punping na.tn

53/W C~e& leaks of p~rping nam /7 /
$-p/W Servie, air vaivea of d.irt*~bution 3

621W Open we~ioutsof dietribution —

631w Check leak of djstrjbut±on / /74i
64/w

71/W Oth~er naintenanoe~

-— qc~e1~nJays -

~-uired nunbr~r of enployees

.~ ‘~

i ~c 30 30 30
~, /

7 ~ /~ /~

Lj~ / J~ 1 ~L
.

/5 3 4 3 5
/~

/7/

4i.

4 3
4

‘t

~_

43
1)-

~~j’0 3 2~

(74i ~/,z

2S~ ~1~- 61/- 64L

4~2 4?~ t?~’ 4~?~
7 7 7 7 7

ch.& neters ç~- 1 2 f, 1

o ? ‘.- ~ d~ysper peer
~(~,LjfleUOU5 ao~XV~tie~. ~5A ~‘C7rm7

aM 56 workiné -oy~ por s~usrterc~~e:~
1for-



Forrn No. 13/W PROGRAMME YEAR_~_
SHEET__J_0F...

QUARTERLY WORK SCHEDULE

CODE OESCRIPTION
r~r~

L

SIZE

QUARTERLY SEMI-MONTHI? MAN DAYS
PROGRAMME

MONTH MONTH HONTH
CRE\~ MAN -

DAYS OAYS l~~lI2 2’~ 1/2 1~1/2 2nd 1/2 ~ 1/2 2~1I2

111W Clean lntake erternally 2 ~Ô /~ 3o 3o 30 30 30 30

12/W Clean ~take ~ijacent area 4 i~ ~‘

21/W Check and tighten gland packing L~ g ~‘

Crease purnp bearings / 2 2.

23/W Clean pump ~iicticn~ strainor ~- 3o
s- 5 ±5~ 5 5 5

241W Clean pump suction lines ‘~ / ‘~.

25/W R4cord readingsof’ pressuregauges 2 1 ~ 3 3 3 3 3 3

?~L~LGreasemotor bearings 2 2 2.

E~eroise valves 2 Ö’-S 1 /
41/W Clean and flush treatment plant 3 — —

—

42/W Clean and lubricate equipment of plant

Service air valves of puaipizig main

washoutsQf puinping main

Check lea~csof pumping main

b1/W Service aix’ valves of distribution

2 — —

3 1 3
2 2 4- 2 2~

1 ~3 4-3 7 7 7 ‘~ 6; 8

3

6ilW Open washoutsof distribution 3 . 3

63/w ~evk 1eak~-of distributi~n / / 4L~3 ~‘ ~‘ —‘
64/W Chec~cmeters ~. / / -

ïi/w Other maintenanoe 1;1i~. j~ /0 i~, // /o /2.

L

0’
-4

Tot al ‘f9 2— 5~)



ACTWITY

~

MONTH;

TOTAL

DATS

-1—- —~--- 3 4 5 6 -4—- —8-- 9— 10 11 12 13 14 ~.

-1-~— 1.8.. 4-~I- 30. U- .2-;
~4

~.� 2~ 2. 2. 2 2 2 2 2. a 2 2 L 2 2. 3(~ffl

12/L~)

~ ! !
4’

~
1~~

! 1
~rJ4

~
~2Jt~’ 2.

53/1k) — 1 1 1 1 / 1 1 ,

! i~!_ L /

—

—

—

— S’o:flu

ojJ
1t-~~ 2 2.. 2. 2 2. 1 ii

-4 - - - - - ,

TOTALDAYSI
! L L L ~tL

168

Tti~se -~v~S ~

~‘-1 L~ oui ~t-~i~~eiu’.

\~ ~ArrsQ~Io~ b.-j ~wo ci’~.

SEMI -MONTHLY ASSIGNMENT AND REPORT
WORKSHEET) . Form No.14/W



l~1~

CODE NO S3/t$
DESCRIPTION : -~r-ck ~ t~

Ma nL
Crew
E qu ip.~

o pers -

ACC OMPL IS MMEN T

OUARTER: F(p-$î
SEMJ-MONTHLY WORK ASSIGNMENT AND REPORT

MONTH~ FIRST ~rf~Nu~Ry)

Form No. 15/W

SHEET_J__~OF -

- 2’ 3 5 6 10 11 12 13 1~1 -

1 LOCATION - DATE

~ MaintCrew

ee~A\lL~ ~ Equip.
~ opers.

ACCOMPLISKMENT

TO TAL R E HARK

T~bc
3~ ~7,-~ecI

~AL1L~

M~.

.14~42- i~a_ia 2.&. 2L 2-2..

2 2 2.. 2 2 2.. 2

2-3_ 2L -2-S. 24. 2-2- 2~ 3~.3L

2. 2- 2- 22~22.

OESCRIPTIONC~eCkn4)4c~ 1
~. ~ ~ Eqrnp.

~ ~ z opers.
~

U ~ ACCOMPLISHMENT- e~a~——~-

CODE NO 2.’)_/ LA)
~ESCRIP~ONûn’-ec.-se

— LOCATION

t-,)
>.-
ci

t:
ci

•~,

-~‘ Craw
~ Equ~p.

opers.

LOCAT~ON

îOtAl MAN DAYS

1!

ACCOMPL IS MMENT

1 / 1 1 / ‘7

>‘
ci

-ci
t~
.~

M&nt1
Crew1 .-~

1

3I~I~1
~

,

1

i

#t~3 ~3 3
1

lEquip.I
~

1
1

1
:~.. ~ ±±£~LL

WH



-.1
0

SEMI-MONTHLY WORK ASSIGNMENT AND REPORI
0UARTER~EIRÇT MONTH p-~v

Form No. 161W

SHEET.J_OF_~___ -

:
\4ORK ACT IVITY 1 LOCATION

t.

DATE
- -~~--- 4-7-- ~

— — — — — — —

TOTAL REMARK1-9— 20— 2-1-- 2-2-- 2-3-. l1~-.-2-5- 2-6.. 2.2— .2-0. 2-~—. ~O—3-1—-~

CODE NO. ii/W
DESCRIPTION: ~

e~\u~

- - .

LOCATION

~, Moint. Crew
-

~ Equip.
~ opers.

2 2 2. ~l 2. 2. 2. 2. 2. ‘2 2. Z Z 2. 2. 3~

ACCOMPLISHMENT 30

OESCRIP1ION:C1e~k~tAp~&~I
t •~ ?- S~—rcc,~’

‘:~R..~o’~dr~d-~k~.l
~OCATION- ~ ~~Çti~rt ~4L

1Q.S

J
‘ Equip.

~~ opers.

Y7 Y ~!-~ �~ !EE. 1 :s
-

ACCOMPLISHMENT 1.S

CODE NO;
OESCRIPTIOt(: ~

~aL’.Y~r~4S
t-~

LOCATION

Mciint.
Cr

ACCOMPLISHMENT - . 2.
CODE NO: ~-~/w

- DESCRIPTION : ~ ~

~Ç ~

LOCATION, t

~, Mcmi
~‘ Crew

~ ~~::~‘:‘.

1 1 1 1 1 ‘~!. 1 -

ACCOMPLISHMENT .
3~k~

- ~Mumnt.~ Craw

-— .IOTALMAN.OAYS - ~ ~Equ~p.
~ opors

-I - =
~—1= = ~. -~ ~a1l



APPENDIX H

Training Resources on Maintenance Management
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TEAINING RESOURCES ON NAINTENANCE MANAGEMENT

SELF STUDY COURSESON MAINTENANCEMANAGEMENT

1. American ManagementAssociation

Course Titles:

1. How to Manage Maintenaijde
2. Fundamentals of Inventory Managementand Control

Available From:

American Management Association
P.0. Box 319 -
Saranac Lake, Wf 12983
(518) 891-5510

2. CalitQrnia State IJniversity

Course Titles:

1. Small Water System Operation and Maintenance
2. Water Distribution System Operation and Maintenance
3. Water Treatment Plant Operation
4. Operation of Wastewater Treatment Plants
5. Operation and Maintenance of Wastewater Collection Systems

Available From:

Office of Water Programs
CSU, Sacramento
6000 3 Street
Sacramento, CA 95819-2694
(916) 278-6142 or 6366

3. Michigan State Tjniversity

Course Titles:

1. Supervisory Managementin the Water/Wastêwater Field.
2. Maintenance Management In the Water/Wastewater Field.

Available From:

Self-Study Course Coordinator
7 Old-s Hall
Michigan State University
East Lansing, MI 48824-1047
(517) 353-8711
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SOtJBCES OF TRAINING MATERIALS / ZOONS ON MAINTENANCE MANAGEMENT

1. Americari Water Wor1~sAsspcjation

American Water Works Association
6666 W. Quincy Avenue
Denver, Colorado 80235
(303) 794-7711

2. National Envirorimental Training Association

NETA
8687 Via de Ventura
Suite 214
Scotsdale, AZ 85258
(602) 951-1440

3. U.S. Environutental Protection Agencv - Instructional Respurce Center

Instructional Resource Center
1200 Chambers Road
Third Floor
Columbus, OH 43212
(614) 292-6717

4. Water and Sanitation for Health Project

1611 N. Kent Street
Arlington, VA 22209
(703) 243-8200

5. Water Pollution Control Federatjon

601 Wythe Street
Alexandria, VA 22314-1994
(703) 684-2400
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APPENDIX 1

Equipment/Distribution Inventory Worksheets——Sri Lanka
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NAME OF ROAD ~FEN~H

m

PIP E SP ECIALS (NOS ) DO
~

—

MESTIC COMMERCI

-

AL NOU

—

STRIA

—

s~
mm

L No
of

S P

No
of

S

bourijsType Dia
mm

DIA
u~m

DV WSV DAV 54V FH No
r_
ISize
~

~-

of
ffl~e~s

No Size
~

of
~rs

No
~s

i4oc~se. 2.4. 1000 c: -r loo loo S 2 ~8 5Ö 2
2

76
5Ö

1 L1.

~-O~O~----~bC Rc~. 3ioo t~-l. I5o ISO 1
1/S- 50 75• 6

~t ~-i~.’r~Çs R~

~ Rek.

~ R~.

. a~~’o

~.3éC

36i~-o

~-i.

C-I.

c-I.

is-~

1S0

too

iS~0

~

loo

1

~

1 i

50

31

2~

50

S0

So

~7

3

?.

S0

so

So

‘2e.

2.

2.
Ve-~-~jP..c~.

L~ ~

.

~~c’
~

~I0

c-i.

c.i.

C-I.

15o

~o

I~0

is-o

i~c

150

i

i

1

i.~

i~

IS

sô

so

~O

,

3

5~

~0

1

1

1
~cl~e. ÇZ~. 4.S70 ~r joo joo 1 - 50 50 2

~12JOC.-~- ~oo ~oo 3

ILF9’70 c.1. IS—o

..1

NAME OF THE SCHEME SERVICE CONNECTIONS

Form No 38
INVENÏORY SUMMARY SHEET: DISTRIBUÏION SYSTEM QAJ~ j—~—

TOTAL

-.4
-.4

55032~

102

75
ÇL1



~t)

INVENTORY WORK SHEET: DISTRIBUTION SYSTEM
NAtiE OF THE SCHEME
NAME OF ROAD r~o~se. Qal -

1-~
-.4

Form No. 3A/W

DATE: !

QISTANCE

From To -

IENGIH

~

PIPE
SERVICE CONHECTIONS

SPECIALS S NOS OOIIES’ÎlC COMMERCIAL INDUSTRIAL

Na. No
DIA SV DV WSV DAy SAV FH No. Size No Size O~ Ho Size of

~ — — — — — — — ~.D. ~ ~ — ~ ~ — — tr~jiei:
- .27S /loo

of

SP

No of

sign

boards
—

Type O~.
~ 1•-~

() 3oo 3o0 c.i. loo 2..

300 ~OO 3oo c-1. loo loo 1 30 50 1

~oo “oo 3oo c-i. joo

‘~QO (~o~ loo c.’. loo loo 1 33 S0 2. 50 j

.

1

1:
.

,‘~

TQTAI1 loco C. T, joo 1 p~ t 2. 50 ¶~7s-!
150

4’-



INVENTORY WORK SHEET: OISTRIBUTION SYSTEM Form No. 3A 1W

DISTAHCE

From To

LENGTH

~

PIPE SPECIALS S NOS 1
SERVICE CONNECTIONS No.

of

SP

No of

sign

boards
OOMESTIC COMMERCIAL INOIJSTRIAL

Type OKI.
~

DIA
-~-~

SV
—

DV
—

WSV
—

DAV
—

SAV
—

FH
—

No
—

Size
—

ii~
Of1Y* ers

—

No Size O~
I7~~

No. S~ze
Ho
of

meter

0 300 3o0 ~-i. 15-0 . 10 ~O — ~, 7.5~ - — -

3oo ~ao ~oo c.~. I5O i~~Ô , 22 50 — ? 5ô
- — / —

~öo ‘~0Ö 3oo c.r. i~o ~‘5 50 7 50 — ~t

~OO

l~-oo
lQ.oo
150e

3oo

~oo
~-T.

C.I,
tSo

150 ISO

2

5

50

Sc

7

52..

So

S~0

—

-

—

-

lSoo
l&oo
2
~

27oo
~ooo

~oo

2loo
240ô

170e
3occ
3Io~

300
aoo

3co
3~o
loo

c.i.
~

~-r
c.I

150
~

,s-o

lSO

‘
1e

53
II

So
5-0

50

50

Ii
l2~
7
~

5-0
50
s-~

.

1

1 -__

1 IlS- 50

NAME OF THE ~CHEME:
NAt-IE OF ROAD - DATE: t — (

-.4

TOTAL ~l0O c ~-. 150 i’~-ci
75-



‘7-S-

200

IN VENTORY

NAME OF 1HE SCHEME

SUMMARY SHEET GRAVITY / PUMPIN~ N1AIN

Di~tO~ —~UALJ

EL~4~k—aL~W~~

LENÛTH PIPE SPECIALS (NOS) SION

LOCATION
1

m 1

—

Jype
—

Dia. (mm.)

—

DIA SV

—

DV
-

—

BV.

—

WSV

—

OAV

—

SAV
-----__

BOAROS

(NOS.)

REMARKS

-

Form No.2B/W

DATE !—l—~6

73oö

9/ S0

C. r,

[1-c.

I7S~

200

3

3

3



DIS TAMCE

Fro m

PIPELENDTH

Cm)

NAME
LOCATION

OF THE
INVENTORY WORKSHEET : GRAVITY/ PUMPINO MAIN

Form

DATE

No.2A/W

f—/—86
SCHEME:

: *-~k )çQ —~O~-~~1

To

SPECIALS ( NOS1

Dia. DIA SV DV
k~ bi

0

200o

L~i000

~000

~oo0

BV WSV

2000

j~O00Q

6ooo

~ ooo

SID U

BOAROS04V SAV

2~000

20o0

20~o

2ooo

Type

~-, c -

A.C.

A -

REMARKS

~-oo

2~oo

200

2

Qo~

2

1

2.

/

/

/
20o

TOTAL (7/5~0 :-c-c- ~ 3 8



1-’

NAME OF THE SCHEME : - -

LOÇATIOH

INVENTORY WORKS HEET: GPAV(TYI PUMPING MA(N

~ +o cL;L1~w*0i—’n

0

~LO00

4ooo

~~0r~o

DISTANCE - LENGTH

(mi

PIPE SPECIALS S NOS) SIGN

BOARDS

REMARKS

.
Type Dia.

lM~4
DIA
~

SV DV BV WSV DAV SÂVFrom To
-

~-0oo

1~1 bo 0

~ 000

7.~oo

Form No2A/W

DATE. 1 —I—’~~~~

2.0°0

2.000

2.000

j3oo

- i.

c.r.

C-2 -

‘75-

S 75

‘75

1

/

/

/

/

/

t—

TOTAL 7300 c-T. 175• 3 3



INVENTORY NO 1: HEAD WORKS AND STORAÜÈ ~oriiiho uW

STORA~

_______________________ Locotion 1oca~ion-

Type - Typei:

-s i-.---c n

Capadty : Capacity:

Iie - Detn~isof (cor of
eqtsipmerst: con~tructuon:

Iocution

Type-
Locallon;

C~cscity:
Type Locatiori:

- Yeerof
Capcicily. Type - corisfructiori

Other detai~ Copacty-

Details of Location
equipment -

Type

Copocily:

YelX ~f
- coristructiofl:

NAP-ICOF THE SCHEHE —

IN TAKE

LOCATION AND TYPE:Iocatuon -

Type

Coçx~city:

Other deta~s

PUMP HOUSES ~b01 ~ L,Çt ~ ~ TREATHENT PLANT

PUHPS NO 1 NO 2 NO- 3 NO. 4

DATE 1—(—~~

Make

Model
Total heod Im)
Copacity
III m

3/hr

(11) kw
Y~or af Lnst~Ii.

loo

110

loo

MOTOR 1 ENGINE

Make

Model

Capadty 1kw)

Yeor of lnstail

NO 2 NO 3NO 1

Brrcks

30

NO. 6

.30

1~/68

OTHER EOUIPI-IENTS - t, pJoc~ (-‘cdve~



-

TREATMENT PLANT STORA~FACILITIES

Location: Location. CLUA~-~4o-

Type : Type: Toi.~’e-Y~

Capxily: Caçad~y: 1000H3

Oet~Isof Year Of
equipmei~t: canstructiori: I

Location ~ O~j0~

Type:3r’Joi. ~

Ccipcicity: ‘i~o IL1

(cor of
construc~ion: t ‘7~7

Location.

Type -

Capocrry:

Yeor of
conslruct 10fl

NAME OF 11-t SCHEPIE

INVENTORY NO.1 : HEAD WOR~<S AND STORAG~

IN TAKE PUHP HOUSES

Localion: ~a #~~k
Type: T)~1ect-

Copocity: 2200

Ot~deta~s

LOCAT~N A TYPE: Dc~d.~r~O~Ja ~ LÇ~Ç~-.p11o~

Form No-UW

CATE

PUHPS NO. 1 NO. 2 NO 3 HO. 4

Make

Mode4

Total he~dCm)

Capacily
tij
111) kw

‘(cor of tnstaL

‘10‘10

I’162.

MOTOR! ENGINELocation:

Type. ~b~pct

Capocity: asoo%~j!

Other detai’

NO. 1

Make

Model

Capacity 1kw)

Yecr of lnst~lI

NO- 2 NO3

e~-roolts

22
i q~

NO 4

22
i?62.

OTHER EQUIPHENTS:

Location:

Type:

Capacify:

Details of
equ~m~t:

r-L~’~. u~)v~



APPENDIX 3

Equipnient ID Numbering System
Used in U.S. Wastewater Treatnient Plants
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Table ~. FUNCTIONAL NUMBER SYSTEM

~‘n.,r -atv, Çtaflon
S. r•.nin~

III liar Scr..na
112 Coni.y~r.

i20 Gr,ndin.t

121 C~.”dvrs
l3~3 W~.1e.al,t Via—

131 Ptarrtping
32 Vav.. and Gat..

t)) W.t Will Live’ Control
134 Fiow M.a.ur.rn.nt
135 Pump Su1 Wêt.r
136 Compr....d Air

140 Au~Iiary S. rvic..
141 Sump l-~urnpanl
44 V’Li~&tiOn

143 Hout.
144 El.ctrlcal Suppl~

~O0 Pr~mary Tsarn.nt
210 Prima~-y S.ttlung

211 Tank. and Gatis
212 SkOl. Coll.ctors
2’’ Scum Laund.rs

220 ~lud~. Handling
221 Puinpirug
222 Purnp S.al Watir

221 Tl-— M.a.usr.m.t
224 ~iudg. Digritting

230 Scum Handlang
2)1 Pt.in~~ing

232 Purnp S.ai Wai.r
233 5~urn ~.iI Level Control

240 Au~,1iary Servic..

241 Sump Pumptn~
242 Ventilatuun

243 Hout.
244 Etrctrucal S~ipp1y

300 Secondary Treacm.nt
310 A.rtioii

Iii Tank, and Gat..

312 Adj.aita.bLi Wrur.
313 Tank Air DifIui.rt

314 Incr.mentai Feed hannci Air Diftu..r.
316 Tank ..nd Feed Cha net aat.r Spray.
316 Muxid Liquor Flow M.a.u.r.m.nt
317 Dutfu..r Sock Wiahing

320 Air D.Itv.ry
321 îtltiru
322 biower.

323 3 low M.a.ur.nt.nt
324 Pr...-xr. ~.Ii.f
325 Cha.an.l Sparg.r Air Dsluv.ry

— 326 Contpr....d Air
330 S.condIr~ Clarifuir.

331 Mux.d Liqwor Channit A~r Spargir.
332 MIM4 Liqu.r Chan.n.i Wat.r Spray.

333 Ctarufu.r M.chaMsm and Gat..

340 Ch.m,cal Tr.atm.nt

3-41 Ftoccutaiul Miaing

342 3 1.cculaiit Piamping
330 R.tgrx Sluidgi

331 Pumpiog
332 PumpS.al Wat.r

353 Rit*jti SII&4~. Wit Will Lavil
354 D.w.*.rung

IS’ Vlow )lea.ursmant
360 Laciul Sludgi

341 Pump5n~
342 Pt.imp liii Walir
34) Flow )u4.aiur.m.nt
344 Oliution

370 Scum
371 Scum Will L.v.l Control
372 Scum Pumping

)S0 A,izul~ary Servuc..
311 S..mp Ptarnping
3$Z V.Mda*uo.
3$) H.~.ta
354 £l.ctricat Stapply

400 Chlorun~tion and £Itlu.at Ylow

410 Ci~1or1nation
411 Cklortn. Handitna and W.lgklng
412 £vaporatlon
413 Clulorlnator.
414 Cklorune D.t.ction and V.nting
415 lnJ.ctor. and DiIf~..rp
416 Contact Chambers

420 ~..,duai Chiorin. An&.lyli•
42% Aaalyiir.
42Z lntiusnt Sarnplt.g
42) £rfiu.nt Sarnp1un~

430 £fflu.nt Water

431 W.ir, and Gat..
432 Lev.1 M.a.uri’m.n~
433 Rst’ar~ Watir Pumpia~ HIgh Luit

434 Riturn Wat.i- Pumping. Low Lift

43% Pismp S.al Watir
440 Au~Iiary Sorvlc..

441 Sump Puivupung
442 V.niilaiion
443
444 £1.ctrtcal Supply

100 4.

t to
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Table 1 (continued). FUNCTIONAL NUMBER SYSTEM

¶00 Siudg: and Scun’ I’rocesi,ng
510 Auxiliary S.

1 1 Surnp Pumping

512 VentiIat.on

S• 3 Mont.
‘II tlettiital Suçply

520 SIudge Thick.nin~
“2* rhck.nsrs

522 Pumping
523 Via’. Mtasur.m.nt

521 Chlorination
525 Cornpreosd Air

530 ~1udg. Storage and Handling

511 Siudge Storag. Tank
¶32 5cr.— resdsrs
533 Pumpi

~34 Conveyors

5JÇ Flow Mcasursnent
536 Fiusling Water
517 Hydraulic Powe:
C~! Sun’p Purp:rg

540 Scum Ha~id1ng

541 Wsir Control
542 Purnping

550 Limt Treatrntnt

551 Dry Linie Storag. Tank
552 Leve lndica’ton

553 Vibration
554 Duit Coliectic.n

555 Dry Lirn, Fsed&ng
556 lirre Ii’’ un1
557 Linie Slurry Pumpiri

SbO Farric Ch.lor de Trratrner.t
r02 Storags Tank,
)62 Corrprsssed Air Supplv
56) Day Tanks
5ti4 Pumping

570 Polyrne: Tfeatment

5~I Mizing
5fl Pumping

580 Sludgu Curiditionir..r

581 Cond,tioning Tanks
590 Vacuum Fi,Lratiun

591 Vacuum Purrping
592 Fi.te ring

593 Filter Agitation
594 Filtrais Punping

600 Inciner alion

610 Incinerator,
Gil Mechanism.

420 Gas Supply
621 Gil Supply

631 5hutoff
432 FiltTatlon
633 Purnping
634 Flow Rat.

640 Air Supply and Foul Gas’s
641 Ceoling Air
642 Combiastia. Air

643 Four C t. Dsltvsry
130 Scrubbing

451 Scrubbsrs
432 Flush Watsr
633 £shasst Fans

640 Ash Handlaag
661 £1.va*ors
662 Conwsyors
663 Storags
664 Condttisaing
643 Fssding

670 ~ut1tary 3.rvtc.8

671 Stsrnp Pumping
672 Vsnttlatioa

673 Hans
674 tI.ctrical Supply

700 Uttlttis. and Service.

7[Q Rscordsrs and Matsrs
71* Flo’s
712 Prsssurs
713 Lavsl
714 Coac.ntrsttoa
723 E1.ctrical and Positio.

720 Laboratory Factlâti.s
72* Lab Equipment

730 Plant Ssrvics Eqiatpun.nt
73j Plaat Watsr
732 Hsattng
733 Hot Watsr
734 Llghtlng

740 ~ststds Utllity 5upply

~41 £1sctsictt~
742 Gas
743 Cnaty Watsr

73o Wat.teaaacs 6 R.paar FacUts.s
731 Machta. Shop
732 Mschanacal Shop

753 L1.ctrlcal Shop
760 Sstldings and Gtounds
770 Safaty Equipinini

771 Fir. tzttngulshers
772 Hydrants

773 £margsncy Lighaing
774 First Aad £jtupm.nt
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Tabli’ ~. SAMPLESFROM EQUIPMENT CONFIGURATION LIST

ID Cqopnt.nt Nam, y L.c.ii..

320 IL.UDGL THICKLNING

321 T~lck.n,r.

32111
321*2
32121
32122
321 Ii
32131
3114%

32142
32*31
32132
3216*
32)62

SludI• rhck.n.r No. t
Sludge Thsck.iu.r No. .7
G.ar Motor Pi.. 1
Geit Motor No. 2
Chautu Drive No. t
Chaun Drtv. No. 2
Gaat Riduc.r. No. t
Gaar ~.duc•,. No. 2
Ventulat.,. No. t Thtck.n,r
V.nttlat.r. No. 2 TP ck.nnr
Control. No: 1
Co.~tro1. No. 2

11
11
31
31
4%
41
4*
4*
72
72
3)
33

.7 N
.7 S
.7 3d
.1 $
.1 3d
.7 $
.7 3d
.7 S
.7 3d
3 S
.1 3d
.7 $

322 Pumpung

52211
52212
522* 3

32214
3222 t
52222
32223
52224
32231
32232
52233
322)4
3224*
52242
5224)
32244
3225*
32252
52253
52234
32261
52262
5226)
32264

D~plr~ Ptuag,r Pomp ~o. 1
Dupl.x Plunger Pomp No. 2
Doplex P1on~.r Pomp No t

Dupi.. Plung.r Pomp No. 4
Motor. PompNo. t
Motor. Pomp No. Z
Motor. PompNo. 3
Motor. Pomp No 4

Variabi. Spe.dR.duac.r. No. 1
Variab). Speed~educer. No. 2
Var.abl. Speed Peducer. No. 1

Vari.abl. ~ I~cdoc.r. No. 4

Goar Drive. No. t
Coat Drive. ~4,. .7
G..r Drive. 34o. 3
Coat Drive. Nu. 4
P,duction Coat Nu. t
ReductionGear No. 2
Reduct,on G.ar No. t
Peduction G.ar No. 4
Control. Mi. t

Conttol. No. .7
Control. No. 3 -
Control. No. 4

£2
22
22
22
3%
II
31
31

41
4%
41

4%
41

41
41
41
4!
4%
41
41

31
33
3)

33

.7 L. NW
3 L NT
.1 L. 5W
3 L ~
.7 1. MW
.7 t. NE
3 t. 5W
3 t. SE
.1 t. MW
1 t. NL
.7 t. 5W
.1 1.. ~

.7 L MW
3 t. NT
3 t. 5W
3 L ~
3 t. MW

.7 1. NL
3 t. 1W
.7 t. ~
7 t. 31W
1 t. NL
.1 t. 1W

.1 t. IE

321 Flow M.a.urenient

32311
52321
52331

Thuckened Slodge Magn.tuc 3 lowm.t,r
how Tran.mutt,r
inilurni Sludgi Channel Lv,I M.cordqr

bi
al
43

3 t.
.7 L
.1 0 W

L.ocation areaS (refer to page. 5 and 6):

J • sludge thickening
L • plant shop and service building
0 outgide
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Table A-l. EQUIPMENT TYPE CLASSIFICATION

10 Taak, and Tank Eqoipment
II Tariki. Channel,. ~inu
*2 S1id~ (..ate.. Sluce Cate.

13 Sludge .nd Scum Collector t

14 Witt.

ZO Pompa. Compre..or.. Stowet.

21 C.ntrttogat Pomp.
22 Piston Pomp.

Z3 Gist. Van, Scr.w. Diap*iragm Pomp.
24 AirCompre..or.

25 Air ~1owcr.
26 St&mp Pumpa

Z~ 5obner.i~le Pomp ‘Drive A ,i.mbli..
21 V.c.um Pomp.

30 Electi cii Eqoipment
31 Motor.. Motor and Drive A.,embhe.
32 Soppiy Panel, and Soxe.

~3 Control.
‘4 Tran.forners. 14V Power Supp*ie.
53 D.la~. ~etay.. Timers

40 Mech.ar.icat Equipment

41 Drive, and Bearing.

42 Hout’ and Crine.

43 Conveyor.

44 Special Equipment

30 Hydrauluc and Pneumatuc Component.
3* Strainer.. Fulter~. Screen.
52 H~at Fu.changeri. Evaporators
53 Dtffu.er.. Irijectori. Nozzlea

54 Vatve,. Damper.
35 Pre..ure ~,ducer.. Iteltef D’evicei
54 Sulencer,, Scrtubber.

57 Muxet,. Agitator.. Vibrator,51 Chlorinator.. 1
35 Hydrauluc Power Componeni.

60 Mea.urement and Control

4* Flowtal. Traritducer.
62 Prea.ure Tran,ducer.

63 I...v.1 Tran.ducers and Control.
64 Analya.rs
65 Scale.
64 M.t.r.. ALirn,,. ~ecorder.

67 Float. Pre..uure. and Limut Switchq.

70 Plant Service Equipatini
71 Pure Extin,ui.hers
72 Heatur.. Vqntilator.
73 L.aboratory E~uupmen*
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Table A-1. EQUIPMENT TYPE CLASSIFICATION

tO Tank, and T1ri~ tqui~ment

11 Tank.. Chann~i,. ~n.

*2 Slide (.ate.. Sluuc� Cate.

13 SIudpe and Sctuuyi Collrcior,
14 Weir.

ZO Pomp.. Cornpre. lor.. 8Lowe ra
21 Centrulagal Pomp.

22 Pi,ton Pomp.
73 Geit. Vane. Scre—. Diapiuragm Pomp.

24 Air Compre..or.
23 AIr tllowet.

26 Somp Pomp.
77 Submertt~1e Pomp’Dr.ve A ..ernblue.

.‘I Vac..um Piumpa

30 Etectu cat Eqoipment
St Motor.. Motor and Drive A..emblie.
32 Supply Panel, and ~ox.a

33 Control,
‘4 Tran.(ormer.. 34V Power Suppli~~

33 Do1aj, Petay.. Timers

40 Mechar.ucat Equiprnent
41 Drive, and Bearung.
42 Hou,t~ and Crane.
45 Conveyor,
44 Special Equipnient

30 l4ydraulic and Pneom~tuc Comp.cunent.

St Strainer.. Filter.. Screcn.

St I4oat Exchanger,. tvaporator,

S) Diffu.er.. tnjrctoti. Noz&le~
54 Valve.. Damperi
35 Pre ..ute Reducet~. Ke1iet Oevicel

54 Silencer.. Scrubbera

57 Mixe r.. .‘.gitator,. Vihrator~
SS Chtorinator..
‘.5 Hydrauutic Po’..er Componerti.

60 M.a,urmtrit and Control
61 Flowrat. Trinidtucer,

62 Pre,.ure Trartiducer.
6) Level Trartuducec. and Control,

64 Analyter.
65 Scale.
66 Meter.. Alarm.. Recorder,
67 Float. Pre,,ure. and Limuc Swutctte.

70 Plint Service Eqoipinent

7% Fire Ext..ugo,shers
72 Heatir,. V,ri~tlator.
73 L.aboratory Equupment
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APPENDIX K

Distribution System Maps
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CONPREHENSIVE HAPS

PURPOSE:

An overall view of the water system

TYPES:

1. Di.tributio~
2. Tranami.sion
3. Presiure
1• Index
5. Coinbination (one or more of

MATE RIAL:

Original — Heavy tracing cloth
Printi — Black line preferred

USE ACCURATEBASE — EXAMPLE:

the above)

County plata, U.S. geological survey quadrangle maps

SCALE:

Preferred scale — 500 ft. per in.
Maximum acale — 1,000 ft. per in.

ITEMS To ~E SHOWN ON MAP:

196

Street na~es
Sizes of IuSifl8

Fire hydranta
Valves
Welli & sources
Tanks & storage

Orientation arrow
Scale
Date last corrected
Index key for gectional map~
Reproduc ibie

1



PORTION OF COMPREHENSIVE MAP
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(

SECTIONAL 1~APS

PURPOSE:

A more detailed picture of the Distribution Syscein. Area covered will

range from 1/8 to 1/2 section.
MATERIAL: Original — heavy tracing cloth; Prints — black line preferred

SIZE OF PLATS:

ITEMS TO EE SHOWN ON PLATS:

Plat designation or number
Adjacent plat numbers
Street names
Mama and sizes
Material of main
Fire hydranta, numbers and

classifications
Valves and numbers (omit valve

sheet designation)
Valve sheet designation shown

in margin
Intersection numbers (if valve

intersection plats are used)

Block numbers
Lot numbers
House numbers
Water account numbers
Sizes of taps
Sizes and materials of service lines
Date last corrected
Orientation or north arrow
Scale
Additiorial Lnformation if

Distance from property
and services
Distance from mama to

20 x 25 in. or 26.4 x 26.4 in.~ plus margins 2
50 ft. per in. in congested areas
100 ft. per in. in residential areas
200 ft. per in. in rural areas

ACCURATEBASE — EXANPLE: County A8sessor’s maps

to 3 in. wide

space aliows:
line to mama

property Stons

198
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PORTION OF SECTIONAL PLAT
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VALVE, HYDRANTAND INTERSECTION RECORDS

PURPOSE:

Provide detail information of an installation

TYPES:

1. Cards:
Card for each
Location, size, brand and model
Installation date
Number of turus
Maintenance and inspection record

2. Map.:
Detail drawirtg of each
Scale: 2’ to 20’ 1”
Engineer and profile “as builta” can be utilized
Photographs

3. Combination:
Cards and map.
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‘MLVE INTERSECTION PLAT
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PIPE SYMBOLS — MODERN ELECTRIC WATER COMPANY

VAR~TIONS

RED(JCING FL.ANGE

REDUCER —~--

FL•~C
-t---
(ADAPTER)

—EDG---

TEES

VALVES

GATE

COCK

FIRE HYDRANTS

4”

14

-)(--

-><- -Er~-

FITTING

BUSHING

END CAP

CROSS
RED(JCING

&C.
FLANGED SCREWED (BELL a SPIGOT)

MECHANICAL
JOINT

±

3

STRAIGHT

ELLS
450

4-

21:1-1’
±

900

JOINTS (COUPUNGS) -1---

FL•MJ
—~--

UNION

t~ESSER
-D-

III

6-90-7.75

(TRAN~TlON)

REDUCING

-~(--

STRAIGHT ~1+1

~t

I~I

-~-

6”

202
6~’WITH PUMPER
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APPENDIX L

System Equipinent Fons——Botswana
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UFPAR1MItNT OF WAFER AFFA1RS

To lie filled iii criplicaie

Are] Senice S,a,jors 10-1 8

I1OREHOLE EQI’ll’M ENTSPECIFICATTON(to Ir aciachedto eachapplicaiion form)

-
.k Boreflok 0% ners Name 8H/OfficiaI No

orS)ildicaie(lairuian - - - - - - — -

Loeaiion Diitrict

Official flat

3 ENCIN E Vear of ,-nanufacture

Model/Make Serial No

llP-kw RPM

Shah dia Pulley dia

C POWER 1IEAD Rising Main dia

Model ‘Make Numbes of Pipe.

CylindersjzePtilley dia
Strokes/min

Pump Rod size..

1) MON() 1 lFAl) Raising Main dia

fyjse - ::;. fJumherofPipe

Pulley dia Pump Elemenia size

Monci shali slee

1- l’LJNIP

Make

Si,e

F BFLF

f)
1w of ReIs Size

G RESER~’OIR

f.s,ik ca~iaziiy m’ Type

II WAlFRMEfl~It -

Type

l-iited Working

No Nu

Ilt nt lii 1 iii as ii iii, au 1 .,s ~ i-.-.ililr C oi itt t i ,,ît,rmatio,i is of i lie tii iiicisi i niportanre. Âdd supplemt iiiary i i,f,irina i inn .,lxsii i bonhole
lsisiiny ii au). -
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Engine Eist ory sheet

E~gine type;

BI~sl’ktI0~L’~i’~t DEPA.c L’M~P.

Nuniber: R.P.1I.

z.e.~e Place Bh. no. ILours run ~dature 01’ werk Parts no. olTice u~

year:



— ~1 — ~ — —

DISTRICT COUNCIL

LaG OF PUMPING PLANTS

WATER MAINTENANCE UNIT

~Mo(

So~si~.i. No

Typ. &~pni

Enç.s.No

a

1~~

Pl
0

~.4

P~c.

1S

Om,
— —

.-~-. —t- -t-. -~- ~ =
4

.~ ~

D.l~ wS~

~I

.. -

3

4 ..

S

S ,

—— —— — -~ —

lu

II

12
13 —-

14

II
Is

— — — — ~~~~~•1~ — —17

~s
11

20
21

22

23
24

GAAND TOTAL
. —

‘

—

COa~sUUPTIONO~OSUELêos. o~sa OIL OPSIATIOM AlIO viao WATERLEVEL ~s.,atU w S.n OpitMat by 01 in chate

Siianc. Ijoin pt~ ~ O.S..r~.4 s~ s.. c~.

Aits.s,4 ~oil Wis .si~i -

T.,. Y~4&oisssi—N~gi~seaoi~—

T w~d~liiS Wis ~•m•l —

Sa4wic,

t- —j~~---.4 hisi — .i. & s~we)

Canm~~j~iii iS ... lisuis ipsiaN.~ S.uo f OaSS (DaN

0
-4








