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EXECUTIVE SUMMARY

Maintenance is often poorly performed in many water 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 include
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 WASH manuals 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.



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

. Work Order Systems

. Equipment Records

. Materials Inventory Controls

] Monitoring, Evaluating, and Reporting

A detailed list of referernces is included, as well as appendices that provide
additional examples, blank forms, sample planning, budgeting and recordkeeping
techniques, a list of training resources, and brief discussions of computerized
maintenance management and contracting of maintenance services,
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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 performed 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 applied 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 operational
requirement.’

Good 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 Maintenance Management Systems

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 Ffor
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 (Geneva:
World Health Organization, 1984).



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 tn perform crisis management,
running from one repair to tha 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 sumnarized as follows:

. increased reliability of equipment

] minimized service interruptions and downtime

. increased plant performance through better overall equipment
condition and reliability

" minimized large repairs

a better utilization of staff through planning and scheduling

. increased productivity of staff

. improved worker safety

. reduced maintenance costs

s 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.



1.3 Key Elements of Maintenance Management Systems

MMS includes a number of interconnected components. The key elements of an
idealized MMS, illustrated in Figure 1, are summarized 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 (scaff, 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 clear 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 form 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 numbers. Equipment history filss
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 maintzined and its
geographic distribution.

Materials Inventory Centrols. Maintenance personnel must have easy and rapid
access to the required spare parts, supplies, tools, equipment, and other inputs
necessary to perform their work. 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
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Figure 1

An Ideal Maintenance Management System
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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. Good
inventory contri.i is necessary and is based on using naper forms for cracking
the receipt and issuing of materials, using ledgers for monitoring stock, and
using a streamlined ordering process.

Monitoring, Evaluating, and Reporting. As work progresses, results 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 parties. 7This process feeds
directly into the planning and organizing process described above.

14 Successful Maintenance Management

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

Simplicity. 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 same system.

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

Clear Responsibilities. 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 clear 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. Peorle tend to ignore paperwork and often
forget to write things down. Paperwork inay 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 (0&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 Managemernt. 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
recponsibilities 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.

Sufficient Transpert. Whether in a rural or urban context, the maintenance staff
requires sufficient and reliable transport for people, materials, parts, and
tools. If 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 Flow. 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 MMS 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 mind, 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 forms also appear in Appendix A.



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 medium-sized to large organizations, to help them manage a staff
to ensure better maintenancs.

This manual can be useful to agencies of various organizational
structures——simple or complex, centralized or decentralized, single autonomous
entity cr large, national agency with nffices at many levels. Perhups the
simplest water utility structure would be a municipal water authority with its
own intake, treatment plant, distribution system, and maintenance 2ffice 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 cof local, regional, and national offices. Multilevel
agencies are more complex, but the procedures and forms presented here should
apply, with some aJdaptations.

This is not a guide for villagers on how to maintain their own handpump, a guide
on traininy village caretakers, or a guide for agency managers on how to elicit
community participation in O&{. 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 MMS 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 mainterance 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 crew 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 ths start, it will make sense to adopt a
simplified version of each MMS componunt. Applying the techniques to a single
pilot plant or system is a sensible approach. Over time, each MMS compcnent 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



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 ILimitations 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
commexcial offices. It also assumes 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 desigred to cover just the MMS; the
other topics are covered elsewhere.

This manual does not consider such everyday management concerns as personnel
relations, time reporting, payroll, accounting, purchasing, wege 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 coverzd in
other texts.

The ferms and examples 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
tra: sportatiori, which can be a major problem in many countries. Vehicle
maintenance can be incorporated into a plarnt/distribution MMS or be managed
under a separate MMS. The principles of maintenance management presented here
can be directly applied to vehicles.

This manual is not a technical reference on O&M tasks, such as what maintenance
tasks should be performed, how, or when, for any particular type of hardware.
These guidelines will not tell you which o0il to put in a Lister diesel engine
in the Sahara Desert, or how often to change it, or wherher 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 prepured), 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 discreve 0&M tasks.

These guidelines do not consider operations management. Such aspects as water
quality maintenauce, 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



systen 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, 1equire 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.
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PLANNING AND ORGANIZING MAINTENANCE MANAGEMENT
SYSTEMS

2.1 Purposz/Overview
AN IDEAL
To achieve maximum effectiveness, HAINTENANCE MANAGEMENT
maintenance staff must plan all SYSTEHN
maintenance work. The main elements of
planning and organizing include PLANNING ORGANIZING
— RESOURCE R
» Setting goals REQUIREMENTS
e TASK ANNUAL PLAN
» Identifying and IDENTIFICATION & SCHEDULE
describing tasks & DESCRIPTION TN
STAFF
s Estimating resource SETTING ORGANI-
requirements GOALS ZATION &
TRAIRIN
s Developing an annual REPORTING A
plan and schedule \\\\ YORK ORDER
HORITORIRG - SYSTENS
s Defining organizational & EVALUATION
responsibilities EQUIPHENT
IRVIFTORY BECORDS
e Training and developing staff corTRoL
: . CONTROLLING DIRECTING
These steps must be carried out in the CONTROLLTNG _ —
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 B

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 MMS.

22 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. Goals also serve an important furction 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 MMS might be the completion of an MMS 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.

23 Maintenance Task Identification and Description

2.3.1 System/Equipment Inventory

The very first step in planning what work is te be done is to decide which water
systems are to be maintained ard 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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23.2 Task Identification

Once a detailed list or equipment is developed, the maintenance tasks that must
be performed on each one must be identified. This identification process is
necessary to estimate rescurce 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.)

s 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 0&M manual 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 recommendationis. A supplier or manufacturer cf 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, es 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 cutside
consultants with maintenance planning experience with the relevant equipment.
A sample task ilentification 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
MMS 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 can 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 seusonal peak in worklc~d 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,

13



Figure 2

Task Identification Sheet for Diesel Engines

The folloving summarizes the recommended service intervals for Lister engines.
The engine model is given in parentheses (e.g., ST, LT, 8/1). Where no mos 1
is specified, the procedure applies to all. .

Daily

125 hrs

250 hrs

500 hrs

1000 hrs

500 hrs

2000_hrs
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Check supply of diese)l fuel and oil level
Check air filter (in dusty conditions)

Check air filter (in moderately dusty conditio:rs,
renew if necessary)

Check for oil and fuel leaks

Check and tighten nuts and bolts as necessary

Clean engine and mounting

Change engine oil

Clean the restrictor banjo union in the
lubricating o0il feed line

Renew oil filter if fitted (ST)

Clean injector nozzle if exhaust is dirty

Renew fuel filter if necessary

Check belt tension

Decarbonize if necessary (LT)

Renew fuel filter element (ST)

Adjust valve clearances (LT)

Change 0il in o0il bath air filters (8/1 so
eguipped)

Decarbonize (8/1) and if nacessary (ST)
Change filter elcments (8/1)
Adjust valve clearances (LT)

Decarbonize (LT)
Examine and clean fan blades (LT)

. Check governor linkage and adjustment (LT)

Drain and ciean fuel tank (LT)

Renew fuel filter {LT)

Clean and test the injector nozzle (LT)
Check fuel pump timing (LT)

Check oil pump and its valves (LT)
Renew the air filter element (LT)

Decarbonize (ST)

Clean inlet and exhaust system (ST)
Examine and clean fan bladeas (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)



233 Task Description Sheets

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
performanc: 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:

s Task name

2 Task number or code (optional)

. Equipment

. Frequency of performance

" Step-by-step procedures

® Safety precautions

. Materials required (parcs, 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 ccmplete 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 shezsts shouid 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. If work is done by a contractor, the sheets
can also be a useful guide,
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Figure 3

Task Description Sheet

[ TASK DESCRIPTION SHEET ] TASK NUMBER

TASK NAME:

EQUIPMENT NAME:

MODEL OR SPECIFICATION:

FREQUENCY:

ADDITIONAL REFERENCES:

PROCEDURES :

SAFETY PRECAUTIONS:

—

REQUIREMENTS: PARTS, TOOLS, ZQUIPMENT, SKILL LEVEL

AVERAGE COMPLETION TIME:

AVERAGE LABOR HOURS:




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&M manuals developed for the system.

Id=ally, 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
nerformance.

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. 1In any given year, if experience shows that a particular task can
be completed in less time or requires more time, mrew 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 nuwnber 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 example for
diesel engines, the tasks could be designated DIES-1, 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.

24 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
5 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 frow 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, electricians, 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 shoulc 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 plarning handhook from Sri Lanka are shown in the appendix,
including forms on task identification, labor requirements, material
requirements, and maintenance budget,

While such calculaticns 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 ran then be treated like PM tasks, with 1labor,
materials, and other costs estimated for each.

The results 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, Estimating Operations and Maintenance Costs for Water Supply
Systems in Developing Countries, for more guidance on preparing a full O&M
budget.?

* WASH Technical 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, semlannual, 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 WHO document 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 G 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
clear 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 frameworks, with wide differences, but
a few general guidelines will be userul:

. There should be a close 1link between operations and
maintenance. In smaller agencies they may be merged, in larger
ones separate functions.

. Maintenance (or O0&M) should have a direct link to top
management,
a Maintenance (or O&M) must have its own manager and its own

authority, budget, and resources. Maintenance (or 0&M) should
not be a ninor adjunct under construction or engineering
divisions.

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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Figure 4

Sample Maintenance Schedule
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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 clear 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 rzange.
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. If 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 well-trained staff of
efficient workers reduces O&M costs.

A variety of training mechanisms can 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 WATER AUTHORITY
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Figure 6

Multi-Level Water Supply Agency Organizational Chart
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Figure 7

Maintenance Manager Job Description

TITLE HAIRTENAACE EAGINFEK

GRADE .

REPORTS TO° Regionsl Manager

IMED I ATE SUBORDIMATES: Electrical Mechenical Foremen

DUTIES AND RESPUASIBILITIES:

1.

10.

Provides general supervision of the foromen snd technicians in
his section with respect to scheduling of P end (% and
deployment of personnel and transpory.

Ensures thel the work order systea for P and O is opersting
correctly.

Advises electiriciens and mechanics on proper equipmnt repair
procedures .

Coordinstes electrical mechenical work vith appropriate
district engineers.

Ensures that significant delays in coapletion of PM tasks ere
not permittoed due to lock of msterials. aenpover or lranusport.

Eveluates the performance of employees working in his section.

borks wvith construction wansgers to ensure that his sectiou is
preparesd Lo adeguetely provide maintenance for aequipment in
nev and rehabjlitated schemes.

Advises the regional manager of any mnjor equipment problems
in his region.

Coordinates eguipaent repairs done by shops outside the
regional workshop, e.g.. privete workshops or the Centrsi
Vorkshop.

Prepsres the annusl budget for E/M maintenance for submittel
to the regional smansger (RY).

Subnits 8 wmdnthly reprot for the RM detsiling significant
equipment problems and PM and O tasks completed.

QUALIFICATIONS AND TRAINING:
Expecience

Three or more years as a8 practicing mechanical or electrical

-angineer wlith one year in o tupervisory role, prefersbly at

weter utility.

Graduatior from e recognized university witho s B.S. n

z electrical or mochanicel enfinecriug

3. Prefersbly training in the development of management skills
1. Possession of good vritien and verbsl skills.

2.

Supervise 2ffectively the work of others.
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Management tralning can be conducted at specialized local institutes, if they
exist. This manual can serve as a reference for such courses, If local
management training capability is lacking or weak, local instruction can be
based on courses developed elsewhere. Appendix H 1lists tra’ning 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 acceptance is "twinning" or "sister utility" programs with
agencies in other countries. Under these programs, personnel from one agency or
region can spend time (perhaps two to three months) at another agency that has
already implemented a MMS and can learn by working with an operating management
system. If MMS is implemented in one part of the country, as a pilot effort, it
can 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 MMS are shewn in Figure 8. These
activities are no different from the steps In the planning and organizing
process described 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 process, it will be a matter of updating and refining the existing
techniques, schedules, and procedures. A new water system cor two may be added
into the workplan. However, when a complete MMS is being developed for the first
tiime, current practices must be reviewed, and al) steps carried out in depth.

Implementing anr improved MMS in an agesncy with a weak maintenance system will
be a time-consuming, laboricus effort. There will be a lot of up-front work to
conduct inventories, identify and describe tasks, and develop budgets and
schedules for the first time. It will take a dedicated leader, a good plan, and
the support of management. It will be impertant 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 H 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 compared 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 can
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 can read through this manual and examine the techniques described
and the principles behind them. As the reader goes through the text, he or she
can mentally compare current practice with that described here. A running self-
evaluation can be performed in this way and the desired improvements noted and
then acted upon.
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Development of a Maintenance

Figure 8

Management System
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Another approach that will be especially useful in developing a new or improved
MMS system will be to use one of several maintenance management evaluation
checklists that have been developed. Such a list is given in Appendix C. For
each of the key components of maintenance, the checklist 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 tec use in the development
phase of a MMS, but which should be commonly 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 which to calculate
performance measures will not be available in the development phase.

The result of the review of current practice will be the identification of key
areas where efforts should focus. If materials inventory procedures appear to
be reasonable, or shortages of parts and materials are rare (or not of great
consequence), then octher MMS features should be focused on first. If records are
completely lacking, that area should receive the most emphasis. However, it
would be & mistake to think that some parts of the MMS can be comn’etely skipped
over. All are required parts of a whole system. Efforts should euphasize those
aspects 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, maintenance task Identification and
description, etc. Over time, the work order systems, equipment records,
monitoring and reporting procedures (that will be used every day thereafter) can
be set up. Throughout the later stages of the development process, training
efforts will be a major part of the activities. New staff, including the leader,
may have to be hired so that ongoing 0&M does not suffer.

It is important that an agency, and the particular staff involved, not get
overwhelmed by this development process. There are several ways this can be
avoided. First, a new MMS should be implemented on a pilot scale and then
expanded later. For example, in Sri Lanka, where a number of rural schemes are
supported by a regional maintenance office, a new MMS was implemented in just
one of a dozen regions in the country. In this way, a basic system, such as
described in this manual, can be tested, adapted, and refined to suit 1local
conditions. Later, once the system is working well in one place, it can be
expanded to include other areas. Staff working in the pilot region can become
leaders or advisors in other areas, and the operating pilot system can 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. Each town scheme carries out most 0& functions autonomously, but
regional centers provide maintenance support, stores, vehicle garages,
engineering support, and commercial activities. Operators at different town
schemes regularly mezet at the regional headquarters to discuss their work. When
SODECI planned to implement an improved preventive maintenance system, it hired
a local engineering firm with PM planning experience in industry to develop a
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full MMS pian and provide training a: one system in each 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 contractors allowed SODECI to implement the plan with the benefit
of experience and without the burden of adding extra staff.

Another way of keeping this development process manageable is to develop simple
procedures first and sophisticated ones later. A scheme, plant, or region might
start off with simplified, very basic systems for work orders, records,
materials inventory, and monit.sing and reporting. In the second or third year,
more sophisticated tools, such as performance standards, budget tracking, and
historical analyses could be programmed in, as staff experience permits. This
approach must be contrasted with trying to develop a single, highly
sophisticated MMS component at the expense of others, such as developing a fancy
work order system without keeping equipment records. A balanced approach, with
some competence in all aspects of MMS, is far superior to an imbalanced one.
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3

WORK ORDER SYSTEMS

3.1  Purpose/Overview

The main purpose for work order systems AN IDEAL

is to direct maintenance craftsmen to HAINTENANCE MANAGEMENT
conduct a particular set of tasks at SYSTEN

a particular time. In other words, the

work order tells people what to do and PLANNING ORGANIZING
when. In general, 2 work order will be o RESOTRCE -
written by the maintenance manager, mAsI o e ARNEAL PLAN
sent to the craftsman, completed, and IDEFTIFICATION ¢ SCHEDULE

. R DISURIRTION
then returned to the maintenance

manager. In the case of repairs, the STATT
operator will often notice the problem ons ey
first. He or she can submit a work

request to the maintenance manager, who — Q\\\\.<r////

can then prepare a work order. This

same type of work order system can be IOHTTORING
R EYALUATION

ORK ORDER
SYSTENS

used to direct workers at each water

scheme or plant and to direct work by N B comn
regional personnel. cormeoL
The work order should not give full CORTROLLING DIRECTIFG

details of all the subtasks associated
with a given activity or state exactly
how to carry out a job. Prepared task
descriptions, equipment maintenance
manuals, or experience should tell
workers how to perform a task. For example, a work order might direct a mechanic
to do an oil change on a particular engine on a particular date, but it need not
explain all the technical steps to complete the job.

Work orders also serve other important functions related to monitoring,
scheduling, recordkeeping, accounting, and reporting. If a crew is experiencing
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 follow-on work is needed. A copy of the completed work order is sent
to accounting for allocation of expenses to the correct cost code. Completed work
orders, as they accumulate, form a useful body of data for analyzing equipment
performance and cost history. A record of data on a particular maintenance task
can allow new time and cost standards to be developed. Keeping a log of the work
orders is useful in reporting.
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For work order systems to be a helpful tool, all involved must do their part--
the maintenance manager must ensure that a work order is prepared for all work,
the clerks must follow the paperwork carefully and promptly, and the craftsmen
must complete the work order, describing the work accomplished. People have a
tendency to skip the paperwork for small jobs or for emergencies. Craftsmen may
not see the value in recording work performed, may complain about the paperwork,
or may not fill out work orders completely. Without such adherence, however,
the work order system will be of much less value.

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

Forms
" Work request form
Work order form
Logs
Work order log
Work request log
Files

Pending work order file
Equipment history file (described in Chapter &)

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
allows delegation of many tasks to a rather large staff. Simpler types of work
order systems are possible, especially for smaller, less complex water systems
or different institutional structures. Variations on the work order system
described below are discussed in Section 3.3.

3.2 Work Order Cycle

The work order cycle consists of a number of steps, from the identification of
the need for work to the filing of a completed work order. These steps are
outlined below and described graphically in Figure 9 (corrective maintenance)
and Figure 10 (preventive maintenance),

Origin. The origin of a work order will depend on the type of work. In the case
of corrective maintenance, the process will actually start with a work request,
written by someone observing a problem (such as an operator or other maintenance
staff member). The work request should be sent or delivered to the responsible
maintenance manager as soon as possible. Telephones, if they are available, can
help speed problem notification, but if a call is made a written work request
form should follow. 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 Maintenance Work Crder Cycle
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Figure 10

Preventive Maintenance Work Order Cycle
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For preventive maintenance, the origin of the work order will be an annual plan,
as discussed in Chapter 2. A given water system or piece of equipment should
have a PM plan, including a schedule outlining what work is to be performed and
when and a set of task descriptions outlining the steps, tocls, equipment, and
supplies required to complete each task.

In a water treatment plant or scheme that has its own PM plan and its own MMS,
near the end of the month, the clerk could consult the schedule for the coming
month and start preparing work orders. He or she could partially fill them out,
attach PM task descriptions, and send them to the maintenance manager to
complete and issue to craftsmen.

Work Order Writing. Once the need for maintenance work has been established the
clerk/manager will write the work order. The work order should be prepared in
duplicate using carbon paper or a copy machine. Once written, the manager or
clerk must enter it into the formal work order log, file one copy in the pending
work order file, and send the other copy to the craftsman.

The manager must decide the priority of the work. This can be done by assigning
a number from a system such as the following:

1 Emergency--Immediate (full overtime authorized)

2 Important (partial overtime authorized)
3 Routine (no overtime authorized)

4 During slack perinds only (no overtime authorized)

The priority assigned will depend on the nature of the work and its urgency
relative to the other orgoing tasks. The manager will also have to determine who
will do the work. This assignment will depend on the nature of the work, skills
required, and the assignment of other duties. The work order log, which
indicates previous and current activity, will be useful in this assignment
procedure. Once the work order is written, the office should deliver, post, or
otherwise send the work order, along with task descriptions, to the craftsman.

Work Performance. Once the work order is issued, the craftsman should firs-
consult the equipment history file, distribution maps, or other records on ti.
hardware to be maintained. Next, he or she will have to collect 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 described in Chapter 5. A copy of the requisition form should be
attached to the work order, outlining the items and associated costs.

Once the work is finished, the crew foreman or craftsman should complete the

remaining parts of the work order by describing work done, labor and materials
used, the need for any follow-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 attached (see Chapter 5).

Processing. Once all work and data recording are done, the craftsman should
return the work order to the maintenance manager's office. A clerk should
immediately review the form and total up all costs. The clerk should then update
the work order log. The completion date, cost, and filing location (file number)
should be noted in the work order log. Next, the clerk should remove the work
order copy from the pending work order file. One copy of the form, along with
all requisitions, credits, etc., should be filed in an equipment history file
for that water scheme or piece of cquipment. One copy of the work order with
costs noted should be sent to accounting.

33 Institutional Application of Work Order Systems

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

For rural water systems, multilevel institutional frameworks are often used. One
common scenario invelves using a number of handpumps in small rural communities,
each with a caretaker, and a regional office for support and major maintenance.
Under 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
activities to be completed by a caretaker. As each task is done, it could be
checked off. At the end of every quarter, the sheet could be sent into a
regional office for monitoring. The regional office would then verify receipt
of these forms and check their completeness. One could also imagine a book of
prepared "task orders," which when completed, could be sent into the office,
allowing for more careful tracking. The caretaker could also maintain a very
simple log of repairs. A duplicate log could be kept at regional headquarters,
The regional office would definitely use a work order system to control work
done by regional personnel. Work request forms, sent in by the caretaker for
problems that he cannot handle, will be a very important part of the maintenance
system.

Another common scenario involves a number of larger water schemes in larger
towns in a region, each with its own staff, and a regional office with its
staff. The staff at each cown scheme would do some maintenance, and the regional
support office would do major maintenance. The same type of work order cycle can
be used at each level. A work order system would be set up for all work ordered
and conducted by scheme personnel, perhaps run by an operator. Another work
order system would be run by the regional maintenance manager to direct regional
personnel. If 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
local or regional personnel would be controlled by the respective work order
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system. For good recordkeeping, scheme and regional maintenance personnel must
communicate about work performed. Monthly reports from the scheme operator to
the regional office should 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 office, it is done in some countries. It is imperative that the
regional office send a copy of completed work orders for work on a given scheme
for inclusion in the local records.

There will often be cases in which a motor, pump, engine, or other component
will have to be sent away for repair, either to a central workshop or a private
repair facility. Some type of "work order" should accompany the device to
instruct personnel receiving it as to what is needed. It is not uncommon for
a device to come back with incorrect actions having been taken; precise
definition of the desired work is needed. Such a form is sometimes called a
repair requisition, sometimes a "trip ticket." This type of form could be
developed from the standard in-house work order form (presented in Figure 11).
When the work is done, the device should be returned, along with information
outlining the work done and costs incurred. It is essential that all such
exterior work be tracked by the same tracking system used for regular work
orders. The use of contractors has been mentioned in Chapter 2 and is discussed
in some detail in Appendix D. If equipment is being sent to a private shop, the
contractual relationship will have to be consistent with paper delegation of
work. Utilities may require that contractors provide estimates before starting
work.

34 Work Order Forms

34.1 Work Request Form

A work request form is a notification form for staff observing a problem to
communicate the need for work to the responsible maintenance office. The form
could be used by a plant worker to inform plant maintenance of a problem within
that plant. Or it could be used by a rural water scheme caretaker to inform
regional maintenance personnel of a problem requiring tneir attention. The form,
shown in Figure 11, should have spaces for the following information:

—m

. Date, time

] Requestor

" Priocity

» Water scheme name and location

] Equipment needing attention, including name, ID number, and
exact location

. Malfunction observed

[ Date, time, and person observing

. Action already taken
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Figure 11

Work Request Form

WORK REQUEST FORM (FRONT SIDE) PRIORITY

REQUESTOR DATE AND TIME

WATER SCHEME NAME AND LOCATION

SPECIFIC EQUIPMENT NEEDING ATTENTION - NAME:

EXACT LCCATION ID#

MALFUNCTION OBSERVED

DATE, TIME, PERSON OBSERVING

EXPECTED CAUSE OF PROLLEM

ACTION ALREADY TAKEN

ANTICIPATED WORK TO BE DONE

SPECTAL INSTRUCTIONS
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342

Expected cause of problem
Anticipated nature of work to be done

Special instructions.

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 include
spaces for the following information:

For the clerk/manager to complete when writing the order

Type of work order: PM or CM
Priority

Date

Work order number

Person writing work order
Person(s) or crew to conduct work
Account number or charge code
Water system name and location

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

Nature of work to be done, with any special instructions

Date and time to be completed

When writing a CM work order

Attach work request

Additional comments by maintenance manager

When writing a PM work order

Attach PM task description sheet

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

Summary of work performed
Problems encountered, means of resolution
Parts and materials used: number of requisition (attach)

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

Maintenance Work Order Form

[4§AINT£NANCE WORK ORDER ] | TYPE: PM CM ] WORK ORDER NO.
DATE ORIGINAYOR PRIORITY
PERSON TO CONDUCT WORK . ACCOUNT 1§
WATER SCHEME NAME AND LOCATION
EQUIPMENT NEEDING ATTENTION -~ NAME
EXACT LOCATION 104
NAJURE OT WORK TO BE DONE:
TARGET COMPLETION DATE AND TIME
WORK PERFORMED:
PROBLEMS / RESOLUTION
COMPLETION: DATE AND TIME PERSON
FOLLOW-UP NEEDED
OTHER OBSERVATIONS
VEHICLE/
LABOR USE MATERIALS USE EQUIP. USE OTHER
cosTS
PERSON| HRS | RATE | COST [[REQUIS. # | €OST || ITEM | MILES | cosT|
TOTAL
= cosT
TOTAL TOTAL TOTAL -




. Vehicle/equipment use: vehicle type and mileage

. Work completion: date, time, signature of craftsman or foreman
. Follow up needed, if any
. Other observations

When completing a CM work order

" Cause of malfunction
. New PM requirements, if any
" Additional instructions given to operator, if any

When completing a PM work order

r Any observations on ecuipment condition

® Anticipated upcoring CM, if any.

For the maintenance maiiagement clerk to complete:

s Subtotal costs ifor labor, materials, vehicles/equipment

» Tocal cost.

Work order forms should be written in duplicate and numbered sequentially.
Various numbering approaches are possible. The simplest would be to have pre-
printed numbers in sequence, with the same number on each duplicate copy.
Another approach would be to have the maintenance manager enter the number when
the form 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 lact four would be segquential numbers.

There are many possible variations to the work order form presented here. In
some wutilities, different work order forms are used for preventive and
corrective maintenance tasks. In others, identical forms are used, as in Figure
12. One interesting approach would be to have different color forms for PM and
CM. Alternatively, different colors could be used could be used for distribution
system components and plant equipment, or different colors for electricians,
plumbers, or masons.

In cases in which a regional office is performing maintenanze on a number of
different systems, the forms could be coded .r colored to distinguish the work
location. The exact style of the forms is not that important, but it is
essential that the same system of issuing and tracki s 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 operatcr in a rural scheme writes work
orders for regional mechanics--chaos would result. If 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 travel to the scheme
te 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 rnanagemant manuals suggest that the work request and corrective
maintenance work 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 offjces are operating at
different levels, the process of tracking work will be difficult. In general,
the use of separate work requests and work ovders, with separate momitoring,
will be best.

343 Work Order Files and Logs

Pending work order file. The clerk in the maintenance office should maintain a
pending work order rile and store the forms in sequential order. Dividers or
markers corresponding 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.), should
then be filed in an equipment history file or distribution record for that water
scheme or that piece of equipment. The manager or clerk can scan through the
file to see what jobs are under way.

Work Order Log. A formal work order log shou.d also be maintained by the clerk
in the maintenance manager's office. The log should retain data from each work
order, including the following:

» Work order number

) Date written

] Person or crew resoonsible

. Brief work description (a few words)

. Location (scheme or plant location)

" Priority

e Completion date

s Total cost

. Location of completed work order (file name or number).

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

Maintenance managers may want to develop 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 clerk could check current activities at a glance. If more information
is desired, he or she could consult the work order log 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,
schemss, or functions. Color-coded cards for different skill areas would alsc
be useful.

Work Request Log. The caretaker or operator at each scheme or plant should also
maintain a log of work request forms he or she has submitted to a regional or
district maintenance office. A simple notebook, with column entries as in Figure
13, would work well.

35 Development of Work Order Systems

Many water utilities have some form of work order system already in place, but
the systems are often deficient. Managers, craftsmen, and clerks often do 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 incompletely or inaccurately or equipment
records are incomplete. Also, in many instances, work orders are not logged
correctly o:r are filed in the wrong place. Some managers bypass the werk order
system, giving verbal orders, to avoid paperwork when their jobs get busy.
Managers are often overloaded with work and may be tempted to cut corners in
this way.

The development of an improved work order system will involve an evaluation of
the current system and adaptation of a work order system like the one described
above. This must be an evolutionary preocess, starting with the basics, and being
refined as time goes on. However, there are three essential, minimum compone .ts
of a system:

. A work order must be written and completed accurately for each
job.

. All work orders must be logged and filed correctly.

s Good communication among all staff is essential to success.

As a work order system is used and staff become more experienced at scheduling
and performing work, additional enhancements can be added. One recommended
enhancement to the system described above would be to add a place in the work
order form for standard or estimated values for labor hours, material costs, and
other costs. As work is completed, the standard and actual values can be
compar-d. This would allow for careful monitoring of work performance and costs.
An investigation as to why a particular job took longer sr ccst more than
expected can identify weaknesses and improve e¢fficiency.

A study of records on the manhours, marerials used, and costs could allow a set
of targets or performance standards to be developed for most coamon tasks. A
table of such standards could be developed and kept handy for writing work
orders (and for budgeting). Development of these standards will not be a trivial
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Figure 13

Work Order Log
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task, however. It would be worthwhile to investigate records for the plant,
scheme, or region in question, but also at other plants, schemes, or regiomns.
Performance in other places may be better, which would point to a more ambitious
target. In addition, careful studies of the actual steps involved in a given
maintenance task may be needed to pinpoint the amount of time the job should
take, as opposed to the amount of time it has been taking. Such study efforts
may only be worthwhile on major tasks that require a lot of labor and expense.
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4

EQUIPMENT RECORDS

41  Purpose/Overview

The purpose of equipment records is to
store specification data and historical AN IDEAL
maintenance information on all HAINTENANCE HANAGENENT
equipment. Such records will be SYSTEN
extremely useful in  performing
maintenance work, planning future work, PLANKIRG ORGANIZING
planning an inventory of spare parts IZSOTRCE
and materials, and designing new water max R ——
systems. IDENTIFICATION ¢ BCEEDILE

& DESCRIPTION
Each piece of equipment, such as pumps, STATP
and motors, should be assigned &n ID Gons g
number, and a nameplate should be
attached to the equipment itself. REPORILNG
Equipment descriptive data and Q\\\ <D//// 7:;$§n
maintenance records shculd be stored NONITORING
in file folders, generally sorted by L ETALIATION
location. Some equipment is moved from F— ?E;gg?T
one location to another over the course coxRoL
of the years, so separate files for
such pieces of equipment will make CORTROLL ING DIRECTING
sense, For distribution mnetwork
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

Equipment history files

Distribution Records

Based on equipment function, technical

characteristics, location

Detailed data files for specific pieces of
electromechanical equipment

Maps, files, and other records for piping,
valves, meters, and other items in water
distribution networks
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4.2 Equipment ID Numbers

Equipment ID numbers are a concise method of referring to or identifying
hardware. The ID numbers should be established during an inventory of existing
equipment or during commissioning of a new system. They should be noted on the
equipment data sheet for that piece of hardware and used on work orders or other
references to that item.

There are different type of numbering schemes for 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 numbering (or letterinug) schemes denote information about the
function or purpose of the equipment. Some systems add a part for technical data
such as the horsepower of a motor or pump capacity. Many ID schemes also denote
the location of the equipment. Some equipment, such as small diesel engines for
well pumping, are moved around from site to site, so a location reference in the
ID scheme would not be used. No one system is best, and a custom-designed
approach can be developed in each situation, as shown in the examples below.

Figure 14 shows a simple scheme used in Sri Lanka that combines notations on
location and function (see also Appendix I). A three-letter code is used for
each rural water scheme, arnd a two- or three-part function code follows.

Example of Equipment ID System

Suppose an agency has been buying a series of diesel engines for use
at a number of viilage 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
STl = Lister Model Name
4.5 = Nameplate horsepower
1500 = RPM setting used
87 = Year of purchase (1987)

Appendix J shows a more elaborate ID scheme vsed at a wastewater treatment plant
in the United States. The first three digits of the five-number code correspond
to the function performed, and the second two digits sequentially list equipment
in that function category. A full equipment configuration list, sorted by the
three-digit function code, lists ID number, equipment name, equipment type, and
location. The equipment type is based on a list of equipment type codes, also
shown in Appendix J.
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Figure 14

Sri Lanka Equipment Codes

1.
2.

3.

11

12,

13.

LN

15

16,

17

18,

19.

EQUIPMEST CODES /.30 TLENTITICATIC! NUMBERS - I:XTRACT

Item Cortr. E: anple
.

Low Lift Pump p-tL .low lift pump No.l at Galle - GAL-P-L!

Kotor Mriving above pump N-LL GAL-N§-LL-1

High Lift Pump P-HL High 1ift pump Hc.l at Anuradhapura
ANR-P-HL-1

Motor Driving above pump H¥-HL ANR-N-HL~1

Filter Backwash Pump P-BW Backwash Pump Ho.l at HMatara MAT-P-BW-!

Hotor Driving abowe pump M-BW MAT~H-BW-1

Motor Starter M(5T) Motor Starter for Backwash Punp Ho.2
at .alls -~ GAL-M(ST)-BW-2

Alum Dosing Purp P=AL Alum Dosing puxp No.l at Matara
MAT-P-AL-1

Motor for Alua Dozing Pump M-AL Hotor for the above pump - MAT-M-AL-]

Alum Hix Tank Stirrer Notor  M-AL-(STR) Alun tank stirrer motor for tank .
connected to alun pwmp No.2 at Matara.
MAT-M-AL{STR)-2

Ferric Chloride Dosing Pump. P-FC Ferric Chloride dosing purp No.2 at
Galle - GAL-P-FC-2.

Motor for Ferric Chloride .

Dosing Pump H-IC Motor for above pump - GAL-M-FC-2

Ferric Chloride Mix Tank Ferric Chloride stirrer motor for tank

Stirrer Motor M-FC(STR) connected to Ferric Chloride Pump No.l
GAL-H-FC(STR)-1

Lime Dosing Pumr P-L Lime Dosing Pump No.l at Hatara
MAT-P-L-1

Motor for Lime Dosing Pusp M~-L Hotor for the above pump - MAT-M-L-1

Lime Mix Tank Stirrer Lime tank stirrer motor for rank

Motor M-L(STR) connected to Lime Pump No.l at Marara

. MAT-H-L(STR)-1

Filter Air Scour Blowers 8L Blower No.l at Gallc - GAL-RL-)

Blower Motors M-BL Motor tor ahove Blowar = QAL-M-M[, )

Air Compressors c Air Compressor No.l for Surge Tank

at Galls Plant - GAL-C-i :
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Such ID numbers are less important on distribution hardware. There would be
little point in numbering pipes in the ground. However, sections or branches of
distribution networks could be assigned ID numbers. Also, large valves and
certainly water meters should be part of an ID number scheme, as covered later.
Sce Appendix K for examples of distribution system maps.

4.3 Equipment History Files

Equipment history files are intended to store information on the electro-
mechanical hardware itself, on the maintenance requirements and procedures, and
on the actual maintenance performed. These files become an important resourcs
in planning, scheduling, and performing both preventive and corrective
maintenance work. Such files should be developed as a water system is being
commissioned or at the end of an inventory of existing equipment.

The discussion below is mostly concerned with to plant equipment, such as motors,
water pumps, dosing pumps, and other electromechanical equipment. For water

distribution equipment, another type of record will be needed, including system
maps, which is discussed in Section 4.4.

4.3.1 File Contents

The basic contents of equipment history files are listed below:

. Equipment data sheet (see figures 15 and 16 and text below)

" Manuals: assembly, operation, parts list (or location of
manuals)

] Operational procedures

a Copies of operator's log sheets, if any

. List of spare parts stocked, and location

. PM tasks and schedule

. PM task instructions

. CM task instructions, if any

» Log of PM and CM work done (see maintenance log below)

= Completed PM work orders

u Completed CM work orders.

Detailed descriptions on some of these records items are given below.
Some sample equipment data sheets, operators logs, and other record sheets from

rural water project maintenance organizations 1iIn Botrwana are shown in
Appendix L.
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Figure 15

Sample Equipment Data Sheet - Pumps

EQUIPMENT DATA SHEET PUMPS DATE COMPLETED __
IDENTITY LOCATION
NAME: _ REGION
D #: SYSTEM
MODEL NAME PLANT _
MODEL NO. INSTALLATION DATE
SERIAL NO. PREVIOUS LOCATION __ _J
SPECIFICATIONS AQUISITION
PUMP TYPE DATE PURZHASED
STAGES P.0. NUMBER
IMPELLER DIAMETER FOB COST
RATED RPM MANUFACTURER

RATED CAPACITY

STATIC HEAD

LOCAL SUPPLIER

EST. TOTAL HEAD

INLET DIAMETER

LOCAL SERVICE

OUTLET DIAMETER

DRIVER:
NAME

PM REQUIREMENTS:

ID NO.

TASK

FREQ

PARTS STOCKED LOCATION

NAME

PART NO.
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Figure 16

Sample Equipment Data Sheet - Motors

[ EQUIPMENT DATA SHEET

ELECTRIC MUTORS

DATE COMPLETED

IDENTITY LOCATION

NAME: REGION

ID ¢: SYSTEM

MODEL NAME PLANT

MODEL NO. INSTALLATION DATE
SERIAL NO. PREVIOUS LOCATION
SPECIFICATIONS AQUISITION

MOTOR TYPE DATE PURCHASED
HORSEPOWER P.O. NUMBER
PHASES FOB COST

VOLTS MANUFACTURER

AMPS

HZ LOCAL SUPPLIER
RPM

POWER SOURCE

DRIVEN UNIT:
NAME

LOCAL SERVICE

ID NO.

PM REQUIREMENTS:

PARTS STOCKED LOCATION

TASK

NAME PART NO.




432 Equipment Data Sheets

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 shown in Figures 15 and 16. Generally, an equipment data
sheet for plant equipment such as pumps, motors, and agitators, should include
the following items*

a Location: region, system, plant, date of installation at
current locati~:, previous locations

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

. Technical specifications: varies depending on type of
equipment

. Acquisition data: date purchased, purchase order number, FOB
cost, freight, installation

» Manufacturer name and address

. Local supplier name and address

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

. Associated equipment ID numbers: for example, ID number of

motor associated with a given pump

. Other information as space allows: maintenance tasks and
timing, spare parts stocked.

433 Maintenance Log

A simple log should be kept of all maintenance performed. It should consist of
a simple sheet with seven columns for entering information, including:

. Work order number
" Date issued
" Brief summary of work pecformed (PM and CM)
. Person or crew performing work
] Manhours
" Date completed
] Cost.
44 Records for Distribution Network Hardware

The above discussion is oriented toward plant equipment, such as motors and
pumps. Instead of equipment history files, a similar set of distribution records
should be developed for storing configuration data and records on work
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performed. These files should contain maps of distribution hardware, a simple
log of maintenance work performed, and completed work orders.

Distribution system configuration data should be stored in the form of maps.
Detailed maps will be extremely useful in executing line repairs, fixing or
detecting leaks, and in doing other distribution system maintenance. Large
distribution networks can be broken down into sections, to make the files a
manageable size and the maps legible. A detailed discussicn of map requirements
and configuration is beyond the - -2 of this manual, but generally, area maps
using a scale of 5000:1 and mo. . :tailed maps using a scale nf 1000:1 will be
useful. Such maps should note location and size of mains, service lines, valves,
and meters. As changes are made, clear notations should be added to the file.
Periodically, as changes accumulate, new drawings should be made. Appendix J
shows sample maps for distribution systems for urban water systems in the United
States and a sample map for small rural systems in Botswana.

The distribution records, like equipment history files, should contain a log of
preventive and corrective maintenance work done, drawings of changes made, and
the actual completed work orders for that area or section.

It is also worth keeping careful records on water meters. Meters will
occasionally have to be repaired and checked for accuracy. A simple meter log
can be maintained on every meter, as shown in Figure 17. All meters can be
issued a simple numerical ID number or a code including size and a sequential
number. When installed, the addres: and account number should be noted. If a
repair is needed the meter will be removed, repaired, and retested. If operating
within desired limits it can be reinstalled elsewhere. In addition, reters
should be rotated out and retested every 5 to 10 years. The logs will help track
these operations. The cards should be kept in their own file, ranked by ID
number,

4.5 Filing Systems

Equipment history files or distribution records can be organized several
different ways. In the case of a regional office maintaining many small
handpumps, organizing records into "site files" with a separate folder or file
box for each location makes obvious sense.

For slightly more complex rural water svstems, such as systems with wells,
diesel engine/pumps and several kilometers of distribution, site files will also
make sense. But these files may have to be subdivided to keep file size
practical. Such division would probaLly be on the basis of function. For a
simple water system with a well, subrersible pump, an elevated storage tank, a
distribution network with 5 km of piping, 100 house connections and 5
standposts, the records could be set up with one file for the well, pump, and
tank, and another for the entire distribution network.
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Meter Installation Repair and Testing Forms

Figure 17

METER CARD
MFG. SIZE iD NO.
MAKE cosT MATERIAL
INSTALLATION RECORD
INSTALLED REMOVED
ADDRESS ACCOUNT NO. REASONS FOR
DATE | READING DATE | READING REMOVAL
—— — — r——— =)
METER CARD (BACK SIDE)
MFG. SIZE D NO.
TEST AND REPAIR RECORD
AMT. WATER ]
PASSED BEFORE | TEST | TEST s
DATE TEST AMOUNT| READING| ERROR| REPAIRS MADE REMARKS
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If site files are developed, equipment data sheets can be developed to summarize
information on equipment at each site. Appendix L shows severzl system equipment
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 number is also a possibility, but this may make records
harder tc 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
complevion of the work should be noted in the file log.

If 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 wiil 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 thesc 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 invencory 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 carn 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 I.
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Once the raw data have been collected, useful equipment lists can be prepared.
For example, a list of all equipment at a given rural scheme can be prepared and
filed. Similarly, a list of all submersible pumps, or all alum dosing pumps, at
a number of water schemes in a given region can be complied. These lists will
be quite useful in planning work and also in analyzing equipment performance.
Appendix I also shows a set of inventory summary sheets that outline equipment
in three sections of a single water scheme--head works and storage,
gravity/pumping main, and distribution system,

If no distribution network drawings exist, they should probakly be developed.
This process can be done in stages. A preliminary schematic can be drawn by the
technicians concducting the distribution inventory. Additional configuration
details can be collected as maintenance work is conducted and piping
replacements are made. Later, once the burden of work lightens a bit, new
drawings can be prepared and filed for future use.

During the equipment inventory process, notes can also be made as to the
operational status of the various system components. That is, if a particular
pump is badly in need of service or a water line obviously is leaking, these
problems can be noted and corrcctive action requested using a work request, as
outlined in Chapter 3.

4.7 Using Equipment Records

The equipment history files and distributien records will be an important
archive of reference material for all aspects of maintenance. Some examples
follow.

Planning Repair Work., When a clerk or manager is preparing work orders, details
on the equipment involved will be very useful. A crew foreman, beginning a
repair he has never executed, will find data on the equipment, manuals, and a
record of recent work on the machinery to be highly instructive. A quick check
of specification data will help ensure that the right spare parts are brought
to the job site. Of course, information on distribution network details will be
indispensable in water line repairs.

Developing Job Standards. Records on maintenance performed will be very useful
for establishing job standards for particular tasks. Historical records on the
time, labor, and materials for common preventive and corrective maintenance
tasks can be used to crcate these performance standards. Historical information
should not be the only guide, however, as past performance may be consistently
poor. Still, the records will be useful in developing these measures.

Planning Staffing. The incidence of particular tasks and the volume of different
types of work 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 should be retained.
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Planning Materials Inventory. Equipment history files and distribution records
will be very useful in planning what parts and supplies should be stocked in a
storeroom. These records car indicate which parts are used frequently and which
are not and allow calculation of monthly usage of commonly used supplies (see
Chapter 5).

Analyzing Equipment Maintenance Costs. Work orders will show total values for
labor, material, and other costs for a job. These data can be assembled into
historical cost summaries, which will be useful for budgeting and plarning
future equipment selection. Annual cost totals for each individual equipment
item or group of equipment could be prepared. Trends can be plotted graphically.
A particular piece of equipment that is getring more and more expensive to
maintain can also be considered for replacement. The evolution of costs with
equipment age can be examined. A particular line of pumps Or motors can be
evaluated against others.

Analyzing Equipment Performance. The use of work orders and the storage of data
in equipment history files allows useful analyses to be made of the performance
of a particular piece of equipment or a group or type of equipment. These
analyses can pinpoint equipment that is operating poorly and allow corrective
action to be taken before wuajor problems develop. Also, iYese data can be used
in future water system designs and in considering equipment replacement.

Usually such analyses would be conducted by natioral- or regional-level
personnel, based on data stored at the regional or local level and on reports
from those administrative levels.

These analyses can be conducted in two basic ways:

] Performance of a particular piece of equipment as compared
with the "norm" for that particular type of equipment; for
example, the performance of a submersible Grundfos SP &4-42
motor/pump set at Rural Water Scheme #123 compared with other
SP 4 pumps in other schemes.,

. Performance of a single type of equipment compared with other
types; for example, the performance of Grundfos pumps as
contrasted with other brands, or the performance of
submersible pumps compared with vertical axis turbine pumps.

The "breakdown rate" is a common type of analysis that can be made. The
breakdown rate is simply the annual incidence of a service outage of a
particular piece of equipment. Such an event will usually result in a work
request and a corrective maintenance work order. It will be important to look
at the frequency of breakdowns by type of problem or by cause. For example it
would be useful to know the percentage of breakdowns on submersible pumps that
are due to motor problems, controller problems, low water level, well
contamination, or other causes. Also, interesting trends can be revealed, such
as the breakdown rate as a function of equipment age, utilization rate, region,
number of PM work activities conducted, distance from a regional maintenance
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center, etc. Breakdown studies on distribution equipment will also be useful.
Analysis of the breaks per kilometer of linme for each size and type if pipe
material will provide useful statistics.

Another commonly used statistic is the "mean time betwecen failwce (MTBF)," which
is simply the inverse of the breakdown rate. That is, it is the average period
of time between failures. It is usually computed for a model or group of
equipment rather than on a single piece of hardware.

"Availability" is another useful measure for plant equipment or even entire

systems. The availability of a piece of equipment is the percentage of the time
the unit is available for operation. It can be calculated as:

(total time) - (equipment downtime due to PM or CM)

Availability =
(Total time)

Note that this figure does not indicate how frequently the equipment was
actually used, but what time period it could have been used. Availability is
linked to the breakdown rate, but it is not the same. That is, a high breakdown
rate will lead to low availability because considerable time will be spent with
the equipment down for maintenance. However, even with a high breakdown rate,
the availability can be relatively high if the duration of the breakdown is low.
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MATERIALS INVENTORY CONTROL

5.1  Purpose/Overview

The purpose of materials inventory
control is to ensure that necessary

AN IDEAL

HMAINTENANCE MANAGENENT

items are readily available when SYSTEN

needed. Without pgood controls, the

storz'ekeep-er will n.ot know how many of PLANFING ORGANTZING
a given item are in stock or when or —_— — —_—
what to order, and items will be out RLQUIARIENTS

of stock when they are needed. Lack of DEr e ATION ¢ rporr proniieny
controls makes a storeroom more & DISCHIPTION

vulnerable to 1loss or theft. A

maintenance department cannot allow szTTING ORGAN TZATION
lengthy downtimes on equipment due to conis } TRAINING

out-of-stock parts. Important
maintenance should not wait on certain BRPORTLYG Q\\ vorx oRDIR
supplies to arrive. It would be easy <?//// SysTenS
to stock a big quantity of every fﬂﬂﬂﬁz. Z

conceivably useful part or supply, but EQUIPEZT

this would be very expensive. A stock INVERTORY HacoRte

- CONTROL
of commonly used and  critical
materials, with controls, is the best COFTROLLING DIRECTING

approach.

This chapter reviews control procedures
and associated forms, including
requisition and credit forms, ledger
cards, travel order cards, and inventory reports. Guidelines on establishing and
using these procedures are also given.

5.2 Inventory Control Procedures and Forms

5.21 Materials Ledger

The materials ledger is the heart of the materials inventory control system.
There is usually a two-part form for each material item, with spaces for the
following information:
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Basic informaticn on the particular item:

Folio number

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
Specific equipment or system using this part, if relevant
Bin number or storage locaticn

Reorder point

Reorder quantity.

Ledger: A line for each transaction with columns for the following:

Date

Material requisition or material credit number
Quantity

Unit cost

Quantity on hand (balance).

The following forms, log, and files are also part of the inventory

system:

Forms

For each transaction

Materials requisition
Materials credit

For each material item

]

=

iles

Historical

Ledger card
Traveling ordexr card

Order log

Materials requisition file
Materials credit file

control



Permanent

o Ledger card/traveling order card

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

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

In some organizations, storekeepers prefer to keep the ledger cards on the shelf
or in the bin with the particulair item. This has the advantage of quick and easy
ledger entry when the part is taken out of stock. Also, the storekeeper can
quickly check the ledger quantity-on-haad against the actual number in stock.
However, this approach has the disadvantage that ledger cards are dispersed
around the stores. Overall, a central location for all the ledger cards makes
the most sense.

There are occasions when a ledger system can be burdensome. Small, inexpensive
components that are used very frequently may not be worth tracking in such
detail. The cost of these parts can be seen as a general expense anc spread over
all maintenance work.

The ledger should be maintained by the storekeeper only, to ensure accuracy. The
storekeeper wili make ledger entries when materials are issued, based on
requisitions submitted. When materials are received, similar data entries must
be made. Note that the form allows for coniinual updating of the unit cost to
ensure accounting accuracy. When a quarterly or annual stock verification is
made, corrections can be noted or the ledger. When a ledger card is full, the
descriptive information at the top of the form and the quantity-on-hand are
transferred to a new card.

522 Materials Requisitions/Credits

Materials requisitions and credits are used to control the movement of materials
in and out of stores. Requisitions are used when materials are issued, and
credits when materials arrive. Forms used for the two purposes are quite
similar. Information to be completed on these forms include:

] Requisition/credit number (sequentially numbered)
- Date
. Name of part or supply, or brief description
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Figure 18

Parts Ledger

HOST MACHINE

INVENTORY LEDGER = PARTSAI STORE NAME
PART NAME FOLIO §
PART NUMBER REORDER POINT

REORDER QUANTITY

.

BIN NUMBER
CARRYOVER STOCK
RECEIVED ISSUED
DATE CREDIT UNIT REQUIS. UNIT BALANCE
NO. QTY COST NO. QTY COST




. Part number or specification

a Quantity received or to be issued

" Issuing individual

" Receiving individual

. Approval, for the case of requisitions

. Work order number, for the case of requisitions
o Purchase order number, for the case of credits
" Account number or charge code

. Unit cost

. Total cost.

A sample requisition form is shown in Figure 19, and a sample credit form in
Figure 20. Generally, these forms should be completed in duplicate, one for the
person receiving or depositing materials, and one for a historical stores file.

These forms can also be used for other occasions when materiale go in or out of
stores. For example, the materials credit form can be used to control items
going into stores, such as the arrival of parts from suppliers or other stores
and unused materials being returned at the completion of the job. The
requisitions can also be used to control the transfer of materials from one
store to another, for example, from a central warehouse to a regional or
satellite stores. Such special issues should be noted on the form.

Generally, a requisition is zompleted by a craftsman collecting material to
complete a maintenance work order. He or she completes all the necessary
information, except the unit and total cost, which are completed by the
storekeeper, as the material is issued. The craftsman receiving the items should
also note the materials received and cost on the work order. A credit is
normally filled out by the storekeeper when materials arrive. Once a material
requisition or credit is written, the storekeeper must immediately enter the
information in the ledger for that material and update the quantity-on-hand. If
the reorder point (the quantity at which more supplies are to be ordered, as
described in Section 5.3.1) is reached, the storekeeper must order more
material.

523 Traveling Order Cards/Order Log

The storekeeper must reorder materials at the correct times when the quantity-
on-hand reaches the reorder point and keep a log of all order. This process can
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Figure 19

Material Requisition Form

lﬁHATERIAL REQUISITIONA] No.
L)

Date Work Order No.
Location Account No.

. UNIT
PART NO. QTY DESCRIPTION COST TOTAL

Issued by Received by Approved __
Figure 20

Material Credit Form

MATERIAL CREDIT No.
Date Purchase Order
Location Account No.
UNIT
PART NO. QTY DESCRIPTION COST TOTAL
.-JIssued by

————————

Received by - Approved




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
Specificativn 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)
n Selected Supplier name (Completed by purchasing)
. Unit cost (Completed by purchasing)
" Quantity ordered (Completed by 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 pulls 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 leas. 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.
Unforturately, 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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Figure 21

Traveling Order Card Form

[ TRAVELING ORDER CARD

STORE NAME

Name

Part No. or Spec

Folio #

Feorder Point

Size — georder Qty

SUPPLIERS

1 4

2 5

3 6

ORDER LEDGERAJ

P.O. Unit Qty Expect. Date Qty Date
Nate Supplier Cost Ordered of Delivery Recd Delivered




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 ir che
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 ferir should be used with duplicate copies--one copy for the stores to
retain and one copy to send in vhen placing the order.

524 Inventory Verification

On a regular basis, the materials inventory will have tr 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, including 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 maincenance
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 gquantities can be reassessed.

5.3 Establishing Inventory Controls

The procedures and forms described above should be rather straightforward to
develop and implement. The forms can be mecdified 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 recrder 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. Unce 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 materjals 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 on what to stock is a balance between the cost of purchasing and
storing the parts versus the cost of the downtime. Any parts whose absence will
lead to long or otherwise significant downtimes will be worth stocking. Engines,
motors, pumps or other equipment that perform critical functions or have no
back-up system, will need a complement of parts. Manufacturers’ guidelines will
help in determining the parts to stock, but local experience will be an even
better guide. Local availability of the part is another important factor.
Imported equipment with no 1local representative will require special
consideration. Frequency cf use is important, too. Stocking commonly used parts
will speed work and reduce costs. Also, if a local supplier stocks parts, the
water utility should only stock parts it uses often.

Reorder Point

The reorder point can be found from the usage rate, the time from the start of
the order process to actual delivery, and the desired minimum stock:

Reorder point = (usage rate x order period ) + desired minimum stock

Example of Reorder Point

Suppose 4 oil filters for a particular type of engine are used in an
average month, the average lead time for delivery is 2 months, and a
minimum stock of 1 month’s supply is desired. Then:

Reorder point = (4 x 2) + 4 = 12.

5.3.2 Reorder Quantity

The best reorder quantity will be influenced by the usage rate, quantity required
for discounted prices, the cost of making orders, the cost of storing parts and
supplies, and other factors. The team can calculate the "economic order quantity"
(EOQ) for key parts, as described below. Economic order quantities are a
theoretically optimal order quantity (in units or dollars) that correctly
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balances the cost of carrying inventory against the cost of placing orders. The

EOQ for

a particular part or supply can be found as follows:
EOQ = { (2 x @ x P)/ (C x I))

where:
EOQ = economic order quantity, in units
Q = quantity of units consumed annually
P = administrative cost of issuing a purchase order
C = unit cost of the item
I = cost of carrying inventory in %, as a decimal
(includes cost of capital, space, labor)

Example of Economic Order Quantities

Suppose 50 fuel filters are used in a year, costing $10 each. If the
cost of preparing a purchase order is $30 and the inventory cost rate
is 25%, the EOQ will be:

EOQ = { (2x50%x30) /(10 x0.25) )

~ 35 units, or an order every 8 months or so.

Note that if the inventory cost rate falls to 10%, the EOQ is 55.

5.4

Using Inventory Controls

Once the inventory control system is established, it should flow quite smoothly,
if several key practices are followed:

Everyone must adhere to the system.

Craftsmen, storekeepers, clerks, maintenance nanagers, and
purchasing agents must all believe in the system and follow
it. Otherwise it will break down rapidly and be of little use.
A key management principle is to make it clear to the
storekeeper that it is his or her responsibility to encourage
others to abide by the system.

Honesty is essential,

The storekeeper plays a critical role; a reliable and
trustworthy individual must be placed in this position. The
potential for materials to "disappear" can be very high if an
irresponsible individual is placed in this position. His or
her accountability is important. The maintenance manager will
have to decide what type of oversight is required.

[
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Keep the system up to date.

The storekeeper and maintenance manager should conduct regular
reviews of the inventory. At the occasion of the annual
inventory report, the two individuals, perhaps in consultation
with operators and maintenance crew foremen, should review
which parts are stocked and quantities consumed for the most
important parts and supplies. A graph of actual use and
restocking can be made to illustrate the ebb and flow of the
stock level of the part. The reorder points and reorder
quantities can be adjusted 1f necessary.

Diagnose problems to find improvements.

Specific inventory control problems should be discussed and
changes considered and implemented. Specific shortfall events,
while troublesome, should be usad as an occasicn to reexamine
the inventory controls on a given part or supply.
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MONITORING, EVALUATING, AND REPORTING

6.1  Purpose/Overview
The purpose of monitoring and AN IDEAL
evaluating is to compare what has been HAINTENANCE NANAGEMENT
done to what was planned, determine if SYSTEM
there are deficiencies, and take
corrective actlon' if .needed: The PLANNING ORGANIZING
purpose of reporting is to inform — AESOURCE —
management, engineering, government ReQoIRERCATS
. . ~ . . . 1)
oversight agencies, funding agencies, IDENTIF LEATION ARBOAL PLAK
and other interested parties as to the & DESCRIPTION
progress of maintenance activities and srarr
any needed changes in operating SETTING I ORGARIZATION
procedures or resource requirements. \E § TRAIRING
Forms and procedures used for
monitoring and evaluating make up the VORK ORDEK
core material for reports. SrsTEnS
l HONITORING
& FVALUATION
EQUIPHERT
. . . RECORDS
6.2 Monitoring and Evaluation CormoL
CONTROLLING DIRECTING
6.2.1 Monitoring Work Progress and Costs
A simple monthly work order summary
sheet will be useful for monitoring and
reporting. This form, shown in Figure
22, includes the following items:
" Maintenance office
a Month
. Number of work orders outstanding from previous month
" Number of work orders originated this month
. Number of work orders originated this month, but still
outstanding

» Reason for incomplete work for each outstanding work order.
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Figure 22

Sample Monthly Work Order Summary

MONTHLY WORK ORDER SUMMARY

MAINTENANCE OFFICE MONTH
M cH TOTAL
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
INCOMPLETE WORK ORDERS:
WORK ORDER
NUMBER DATE REASON FOR DELAMAY EXPECTED COMPLETION
S — e —




The form should present the above data for both preventive and corrective
maintenance. The form can be completed by a clerk from the work order log and
given to the managev for review. This form will remind the manager of progress
made and can be used to transfer this same information to other personnel in
other offices. Depending on the volume of work and the organizational structure,
reports may be made for each portion of a water system, each system, or an
entire region.

A simple monthly cost summary sheet will be useful for monitoring and reporting
on costs incurred in a given month, based on work orders completed in that
month. A sample is shown in Figure 23.

The sum of the work order costs will not be the total accounting cost of the
maintenance function, in that the salaries of the manager, clerk, and other
administrative personnel will not be included, nor will the cost of idle labor
hours be included. A cost center type of accounting procedure, based in the
accounting department not the maintenance department, will be needed to arrive
at such a cost. Still, the sum of work order costs (labor, parts and supplies,
and other direct costs) will provide to a worthwhile indication of direct
maintenarice costs.

Both of these summary formats can also be used on quarterly and annual bases.
In addition, as capabilities and experience increase, more parameters can be
monitored and evaluated. Additional data can also be developed and presented in
a work summary to provide more in-depth details. For example, tracking manhours
spent executing work orders and manhours idle will give an indication of staff
utilization. The following data can be tabulated from work orders and presented:

. Total labor manhours

» Total manhours on work orders/total labor manhours

" Total overtime manhours/total manhours on work orders

. Manhours on PM and CM work orders and resulting percentage

. Manhours or work orders devoted to work on pumping plant,
treatment plant, or distribution system

. Percentage of work orders completed on time

. Number of system breakdowns per month

- Average response time on repairs,

These and other performance measures are discussed in detail in Section 6.3.
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Figure 23

Sample Monthly Cost Summary

MONTHLY COST SUMMARY

MAINTENANCE OFFICE MONTH

TOTAL

Number of Work Orders Completed:

Total Labor Cost:
Total Material Cost:

Total Other Cost:

TOTAL COST:

Average Cost Per Work Order:

OTHER COMMENTS:

L




6.2.2 Graphic Techniques for Monitoring and Evaluation

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.
Hopefully 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 Performance 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.

If the planuing 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 for 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 avove 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 equipment can also be
conducted. Analyses of technical performance (such as the breakdown rate) and
development of cost histories can be performed. Both of these are discussed in
Chapter 4,
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Work Order Monitoring
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Quarterly Manhours Maintenance/Costs

QUARTERLY MAINTENANCE MANHOURS

TOTAL MANHOURS

1
PREVENTIVE MAINTENANCE - -l-

- ORRECTIVE MAINTENANCE :
|
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QUARTERLY MAINTENANCE COSTS
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Figure 26

Monthly Performance Summary

MONTHLY PERFORMANCE SUMMARY Form No 18/w
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The extent to which these different monitoring and eveluation options are used
will depend cn 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 orcder summary and thte 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 manragers can use them to grade performance, identify weak spots, and
focus improvement cfforts. 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 or maintenance is twofold:

. To inform management, engineering, oversight agencies, funding
agencies, and other interested parties on the progress of
maintenance

. To explain needed changes in goals, procedures, lines of

authority, resporsibility and control, and available material
and human resources.

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

PERFORMANCE MEASURES FOR
WATER SYSTEM MAINTENANCE MANAGEMENT

LABOR FORCE

Population served/Maintenance eniployee

Water connections/Maintenarce employce

Cubic meters per day deliv.red/Maintenance empioyee
Kilometers of distribution piping/Maintenance employee
Maintenar ce workers/Supervisor

WORK LOAD

Total number of work orders per month per water system

Number of work orders/Water connection éor per capita)

Number of work orders/Cubic meters per day =

Number of work orders/Kilometers of distribution |pm§

Number of days without water sevvice/Total day: (for different systems)
Work requests by operations/Tg:al work requests

Work requests by inaintenance/Total work requests

| T¥P. OF WORK

M work - rders /Total work «rlers

P work oiders/Total work i iers

Emergency work orders/Total =:cck orders

Clvi :nanhours/Total manhours

PM nianhours/Total manhours

Emergency manhours/Total manhours

intake and pumping plant maintenance work orders/Total work orders
Treatment plant mainienance work orders/Total work orders
Distribution Maintenance work orders/Total work orders

WORK PERFORMANCE

Uncomplet:u work orders/total work orders (at end of month)

Work orders zompleted on scheduie/Total work orders

Number of work orders dzlayed by out-of-stock %arts/Total work orders
Number of work orders delayed by iransport problems/Total work orders
Number of work orders delayed by work backlog/Total work orders
Number of work orders delayed by other problems/Total work orders
Work orders completed + /- '15% of estimated -ost/Total work orders
Total manhours on work orders/Total manhours

Overtime marnhours/Total raanhours

Standard manhours/Total manhours )

Actual labor hours/Planned hours (for different people/crews)

Actual labor hours/Planned hours (for typical tasks)

Average CM resgonse time (work request receipt to CM work start-up)

COST DISTRIBUTION

PM cost/Total maintenance costs
CM cost/Total maintenance costs
Material costs/Total

Labor costs/Total

Other costs/Total

COST LEVEL

Average work order cost .

Direct maintenance cost/Water connection
Direct maintenance cost/Cubic meter of water
Material costs/Kilomete s of distribution piping
Labor cost/Manhour
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The results 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 remein 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 elaburate 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 tai:ored to local conditions.
Nonetheless, some exemplary guidelines are given below. Let us take the example
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 summaries 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 same 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 pood, 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.

83



REFERENCES

Allard, Harold F. Maintenance Engineering Handhook. New York: McGraw-Hill.

American Public Works Association Research Foundation, APWA Equipment Code, 1973.

American Water Works Association. Basic Management Principles for Small Water
Systems, 1982.

Bagadia, Kishan. Microcomputer-Aided Maintenance Management, New York and Basel:
Marcel Dekker, Inc., 1987.

Bastemeijer, Teun, and Jan Teun Visscher. Maintenance Systems for Rural Water
Supplies. The Hague, The Netherlands: International Reference Centre for
Community Water Supply and Sanitation, December 1986,

Bierig, Harry W., Timothy W. Roe, and Donald A. Stickel. Computerization in the
Water and Wastewater Fields. Lewis Publishers, Inc.

Commission on Rural Water. O&M Guide for the Support of Rural Water-Wastewater

Svstems.
Corder, A.S. Maintenance Management Techniques. New York: McGraw Hill.

de Saram, S.A. Maintenance Management System for Water Supply Equipment. Sri
Lanka: WHO/UNDP Project on Institutional Support to the National Water

Suprly and Drainage Board, October 1983.

Ethiopian Water Works Construction Authority. Ethiopia Preventive Maintenance
Procedures. Ethiopian Water Works Construction Authority, 1983.

Foster, William S. Handbook of Municipal Administration and Engineering. Ed. by
William S. Foster. New York: McGraw-Hill, 1978.

Freiberg, George‘R. 2nd William B.Thompson. "Developing an Effective Maintenance

Program--Part B: Implementation." WATER/Engineering ond Management, 1982:

32-33,

Gonima, Alberto, and Horst Otterstetter. QOperation and Maintenance of Water

Supply and Sewerage Systems--—A Management View. Washington, D.C.: Pan
American Health Organization, 1985,

Hansen, Robert J. "Wastewater Collection Maintenance Management System."
International Conference on the Planning, Construction, Maintenance and
Operation of Sewerage Systems, England, September 12-14, 1984,

85



Heintzelman, John E. The Complete Handbook of Maintenance Management. Englewood
Cliffs, NJ: Prentice-Hall, Inc., 1679.

Higgins, Lindley R. Maintenance Engineering Handbook. New York: McGraw-Hill,

Hodgkin, J., R. McGowan, and R. White. Small-Scale Water Pumping in Betswana,
Diesel Systems, Water and Sanitation for Health Project, Vol. II, draft,
1987,

Hofkes, E.H. "Maintenance of Rural Water Supply Installations." International
Reference Centre for Community Water Supply and Sanitation, 1983.

International City Management Association. City of Winston-Salem, Maintenance
Management System: Usexrs Manual. Clearinghouse Report #40137. Washington,
DC: ICMA, 1985,

Jensen, Ronald W. "Equipment Management, " Management of Local Public Works, 1986:;
190-317.

Jones, David C. Municipal Ascoviiting for Developing Countries. London, England
snd Washington, D.C.: The Chartereid Institute of Public Finance and

Accountancy, and The World Bank, 1984,

Jordan, James K. A Maintenance Management System for The National Water Supply
- and Drainage Board of Sri Lanka. USAID Mission, Water and Sanitation for
.Health Project, OTD No. 138, 1934,

Jordan, James K. "Establishing a Maintenance Program." American Water Works
Asscciation Annual Conference and Exposition, Washington, D.C., 1985,

Jordan, James K. "Preventive Maintenance Programs--Must a System Be Automated?"
Journal of the American Water Works Association, 1981: 617-621.

Jordan, James, and Mark Cardoza. Operations and Maintenance Efficiency Study of
The National Water Supply and Drainage Board. USAID Mission, Water and
Sanitation ftor Health Project Activity No. 246, 1986.

Jordan, James K., and Alan Wyatt. Estimating Operations and Maintenance Costs
for Water Supply Systems in Developing Countries. Water and Sanitation for
Health Project, Technical Report No. 48, 1988.

Korbitz, William. Modern Management of Water and Wastewater Utilities. Water
Management Series, New York and London, 1981.

Lorentzen, J. Qverview of Issues and Strategic Options in Operations and
Maintenance. Support Program for Urban Management, UNCHS,/Habitat draft,
Nairobi, Kenya, 1988.

Mann, Lawrence Jr. Maintenance Management (Revised Ed.). Toronto: Lexington
Books, 1983.

86



Ministry of Local Government. Urban Programme Unit Technical Assistance Manual,
Volume IV: Operations and Maintenance. Sri Lanka: Ministry of Local
Government, 1986.

Ministry of Panchayat and Local Development--Nepal. A Policy for the Maintenance
and Repair of Community Water Supply and Sanitation Systems in Nepal, Part
I: Maintenance. Pokhara Conference, Pokhara, Nepal: Ministry of Panchayat
and Local Development, 1982,

Newbrough, E.T., and Albert Raymond and Associates, Inc. Effective Maintenance

Management--Organization, Motivation, and __ Control in Industirial

Maintenance. New York: McGraw-Hill.

Roark, Philip, James S. Baker, Shirley Buzzard, and Henry A. Cauley.
Privatization Study of the Village Water Supply and Sanitation (VWSS)
Project--Lesotho. USAID Mission to the Government of Lesotho, Water and
S-—itation for Health Project Field Report No. 215, Activity No. 344,
Jashington, D.C., 1987.

Roth, Gabriel. The Private Provision of Public Services in Developing Countries.
World Bank. New York: Oxford University Press, 1987.

Sargent, Donald H., et al. A Planned Maintenance Management System for Municipal
Wastewater Treatment Plants. PB Z33 111, EPA-600/2-72-004. Washington,

D.C.: Environmental Protection Agency, 1973.

U.S. Environmental Protection Agency, Effluent Guidelines Division. Wastewater

Utility Recordkeeping, Reporting and Management Information Systems. EPA-
430-9-82-C06. Washington, D.C.: EPA, 1982.

U.S. Environmental Protection Agency, Municipal Operations Branch. Maintenance
Management Systems for Municipal Wastewater Facilities (MO-7). No. EW-001-
387. Washingtnon, D.C.: EPA, 1973,

U.S. Environmental Protectinmn Agency, Office of Municipal Pollution Control. Cost
Reduction_and Self-Help Handbook. Washington, D.C.: EPA, 1986.

U.S. Environmental Protection Agency, Office of Water Program Operations.
Maintenance Management Systems for Municipal Wastewater Facilities.
Washington, D.C.: EPA, 1973,

U.S. Environmental Protection Agency, Pollution Control Planning and Analysis
Division. Contract Operation and Maintenance--The Answer for Your Town?.
Washington, D.C.: EPA, 1987.

Water Pollution Control Federation. Plant Manager'’s Handbook, Manual of Practice.
No. SM-4. Washington, D.C.: WPCF, 1986.

Water Pollution Control Federation, Plant Maintenance Program, Manual on
Practice. No. OM-3. Washington, D.C.: WPCF, 1982.

87



World Health Organization, Preventive Maintenance of Rural Water Supplies.
WHO/CWS/ETS/84.11. 1984.

Zeyher, Lewis R. "Boosting Productivity of Maintenance Personnel and Reducing
Operations Cousts." Zeyher’'s New Guide to _Cost Reduction in Plant
Operations. Englewood Cliffs, NJ: Prentice-Hall Inc.

88


http:WHO/CWS/ETS/84.11

APPENDIX A

Sample Forms

89



TASK DESCRIPTION SHEET

TASK NUMBER

TASK NAME:

EQUIPMENT NAME:

MODEL OR SPECIFICATION:

FREQUENCY:

ADDITIONAL REFERENCES:

PROCEDURES:

SAFETY PRECAUTIONS:

REQUIREMENTS: PARTS, TOOLS, EQUIPMENT, SKILL LEVEL

AVERAGE COMPLETION TIME:

AVERAGE LABOR HOURS:




WORK REQUEST FORM (FRONT SIDE) PRIORITY

REQUESTOR DATE AND TIME

WATER SCHEME NAME AND LOCATION

SPECIFIC EQUIPMENT NEEDING ATTENTION - NAME:

EXACT LOCATION ID¢Y

MALFUNCTION OBSERVED

DATE, TIME, PERSON OBSERVING

EXPECTED CAUSE OF PROBLEM

ACTION ALREADY TAKEN

ANTICIPATED WORK TO BE DONE

SPECIAL INSTRUCTIONS

WORK REQUEST FORM (BACK SIDE) PRIORITY

ADDITIONAL INSTRUCTIONS, COMMENTS, AND SKETCHES
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MAINTENANCE WORK ORDER TYPE: PM CM WORK ORDER NO.
il |
DATE ORIGINATOR PRIORITY
PERSON TO CONDUCT WORK ACCOUNT #
WATER SCHEME NAME AND LOCATION
EQUIPMENT NEEDING ATTENTION - NAME
|
EXACT LOCATION ID#
NATURE OF WORK TO BE DONE:
{
]
TARGET COMPLETION DATE AND TIME
WORK PERFORMED: '
|
PROBLEMS / RESOLUTION
[
[
COMPLETION: DATE AND TIME PERSON
I FOLLOW-UP NEEDED '
i OTHER OBSERVATIONS
VEHICLE/
LABOR USE MATERIALS USE EQUIP. USE OTHER
COSTS
PERSON| HRS | RATE | cosT ||ReQuis. # | cosT || 1TEM | MILES |cCOsS
|| 'l
| ToTaL
" COST
"TOTAL TOTAL TOTAL |
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%6

WORK ORDER LOG

MAINTENANCE OFFICE

WORK
ODRDER #

DATE PERSON
WRITTEN [RESPONS.

WORK
LOCATION

WORK
DESCRIPTION

I OMPLETION

PRICRITY DATE

TOTAL
CcosT

FILE |
LOCATION




IMPELLER DIAMETER

RATED RPM

RATED CAPACITY

EQUIPMENT DATA SHEET PUMPS DATE COMPLETED .
IDENTITY " LOCATION
NAME ; REGION
ID £: SYSTEM
MODEL NAME | PLANT
MODEL NO. INSTALLATION DATE
SERIAL NO. PREVIOUS LOCATION
SPECIFICATIONS | aguisiTion
PUMP TYPE DATE PURCHASED
STAGES P.O. NUMBER

FOB COST

MANUFACTURER

STATIC HEAD

EST. TOTAL HEAD

LOCAL SUPPLIER

INLET DIAMETER

OUTLET DIAMETER

LOCAL SERVICE

DRIVER:
NAME

ID NoO.

PM REQUIREMENTS:

TASK

FREQ

PARTS STOCKED LOCATION

NAME

PART NO.
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EQUIPMENT DATA SHEET ELECTRIC MOTORS DATE COMPLETED

IDENTITY LOCATION
NAME : REGION
ID #: SYSTEM
MODEL NAME PLANT
MODEL NO. INSTALLATION DATE
SERIAL NO. PREVIOUS LOCATTON
SPECIFICATIONS AQUISITION
MOTOR TYPE DATE PURCHASED
HORSEPOWER P.O. NUMBER
PHASES FOB COST
VOLTS MANUFACTURER
AMPS N "
HZ LOCAL SUPPLIER
RPM
POWER SOURCE ! LOCAL SERVICE
DRIVEN UNIT:
NAME
ID NO. | PM REQUIREMENTS:
PARTS STOCKED LOCATION TASK FREQ
NAME PART NO.
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METER INSTALLATION REPAIR AND TESTING ¥FORMS

cwra

ﬂl METER CZID
NFG. SIZE ID NO.
MAKE cosT MATERTAL
INSTALLATION RECORD
INSTALLED PEMOVED
ADDRESS ACCOUNT NO. REASONS FOR
DATE | READING DATE | READING REMOVAL
Jj
METER CARD (BACK SIDF)
MFG. STIZE ID NO.
TEST AND REPAIR RECORD
AMT. WATER |
PASSED BEFORE | TEST | TEST %
DATE TEST AMOUNT| READING| ERROR| REPATRS MADE REMARKS
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IINVENTORY LEDGER ~ PARTS

STORE NAME

PART NAME

FOLIO ¢

PART NUMBER

REORDER POINT

HOST MACHINE

REORDER QUANTITY

BIN KUMBER ,
CARRYOVER STGCK |
RECEIVED " ISSUED i
DATE CREDIT UNIT “ REQUIS. UNIT BALANCE l
NO. ory | cosT NO. Ty | cosT

S

|

|
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INVENTORY LEDGER - SUPPLIES

STORE NAME

NAME

SIZE

SPECIFICATION

STORAGE LOCATION

FOLIO #

REORDER POINT

REORDER QUANTITY

CARRYOVER STOCK

-

RECEIVED

ISSUED

DATE CREDIT
[ NO.

QTY

UNIT
COST

REQUIS.

NO. QTY

UNIT
COosT

BALANCE

— e e ———
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f—MATERIAL REQUISITION No.
Date Work Order No.
Location Account No. "
UNIT I
PAKT NO. QTY DESCRIPTION : COST TOTAL |
4
Issued by Received by Approved
|
MATERIAL CREDIT Neo. "
Date Purchase Order
Location Account No.
. UNIT
PART NO. QTY DESCRIPTION CosT TOTAL
Issued by Received by Approved
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TRAVELING ORDER CARD

STCRE NAME

Name

Part No. or Spec

Folic #

Reorder Point

Size Reorder Qty

SUPPLIERS

1 4

2 5

3 6

ORDER LEDGER

R i

P.O. Unit Qty Expect. Date Qty Date
Date Supplier Cost Ordered of Delivery Recd Delivered

R R .,
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MONTHLY WORK ORDER SUMMARY

MAINTENANCE OFFICE

MONTH

PM CM TOTAL

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

INCOMPLETE WORK ORDERS:

WORK ORDER
NUMBER DATE REASON FOR DELAY

EXPECTED COMPLETION
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APPENDIX B

Computerized Maintenance Management Systems

GENERAL CONSIDERATIONS

In the United States and other countries, both paper and computerized MMS systems
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 tind 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 MMS systems offer the same features that the paper
systems have. Mainly, they can handle a larger volume cf 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. If 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 organizations in cities where
computer sales and service are available. If computers are used for other parts
of utility operations, such as accounting, payroll, billing, or engineering, then
chances are good that a computerized maintenance management system could be
successful.
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COMPUTERIZED MAINTENANCE MANAGEMENT PROGRAMS

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.

3.
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Micro Maint
Package features include:

- work order entry, scheduling, and printing
- materials inventory

- equipment history

- reports

- cost history

Available from:

Diagonal Data Corporation
2000 E. Edgewood Drive
Lakeland, FL 33803

(813) 666-2330

Micro-SIMS
Package features include:

- work request

- work orders

- equipment history management

- preventive majntenance scheduling

Available from:

Energy Incorporated
Facility Management Systems
P.O0. Box 738

Idaho Falls, ID 83402
(208) 529-1000

FamTrac
Package features include:

- work orders

- inventory control

- equipment ID and history records
- preventive maintenance scheduling
- reporting

- cost analysis



Available from:

Syska and Hennessy

Facilities Management Group

11 West 42 Street

New York, NY 10036

(212) 921-2300 or (212) 556-3495

Plant Maintenance 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

Sacramento, CA 95825

(916) 921-0883 or (800) 821-9316

Water Distribution Management System (WDMS)

Package features include:

- work orders

- equipment inventory and history
- activity definition

- inventory control

- reporting

- area scheduled maintenance

- water line leaks

- water test results

- vendor and manufacturer file

Available from:
Hansen Software, Inc.
1745 Markston Road

Sacramento, CA 95825
(916) 921-0883 or (8C0) 821-9316
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6. Maintenance Management System

Package features include:

- work orders

- 1inventory control

- manufacturer’s information
- preventive maintenance

- equipment run hours

- work history

Available from:
Jentech Controls Inc.
Rt. 1, Box 93

Gresham, WI 54128
(715) 787-3795

7. Operator 10 —- Inventory/Maintenance

Package features include:

- work order generation/printing
- equipment iuventory

- material inventory

- equipment history

- cost reporting

- elapsed time meter log

- maintenance forecasts

- manufacturer and vendor list

Available from:

MACOLA, 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
existing or a proposed maintenance management system. Its purpose is to help
identify problem areas soO they can be corrected or improved.

People using this questionnaire may find that their maintenance. program
has many ¢f the necessary features. However, there will probably be some
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
function.

The questions are categorized according to the management functions of
planning, organizing, staffing, directing and controlling. Use your best
judgment to answer each guestion. There are no right or wrong answers to the
questions. If you are not sure about the response to any gquestion just write
the response you think is most appropriate in light of how you Teel about-the
system.

NEED T
YES| NO |FIND OUT

PLANNING:
1. The maintenance program has clear cut
goals and objectives?

2. Recommendations for preventive maintenance
are presently accomplished for major equipment.

3. The maintenance program js rianned to maximize -
scheduled maintenance.

4. The maintenance program js 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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10.

11.

12.

13'

14.

Manufacturer's technical data for each piece
of equipment is accessible to maintenance
personnei.

Specific preventive maintenance requirements
for.each piece of equipment are documented and
accessible.

Historical records are maintained for each major
piece of equipment.

Annual preventive maintenance needs are
anticipated.

Annual corrective maintenance needs are
anticipated.

The annual budget provides sufficient
resources to meet maintenance needs.

A computer 1s used to help manage the
maintenance program.

Provisions have been made to contract for
maintenance where your organization does not
have the manpower, skills or equipment
needed to perform the work.

The feasibility of contracting maintenance
has been explored as an alternative to

in house maintenance. '

YES

NO

NEED TO
FIND OUT

ORGANIZING:

15.

16.

17'

The existing maintenance organization permits
manpower to be allocated effectively to the
major maintenance tasks. -

Preventive maintenance is scheduled for all

major- items of equipment.

Provisions are made in maintenance planning

and scheduling to accomplish potential corrective

maintenance tasks.




STAFFING:

18.

19.

20.

21.

Existing job descripticns for your maintenance
personnel reflect the current needs of your
maintenance program.

Training is provided to improve the know]edge and
skills required by your maintenance employees.
Performance appraisals are conducted with employees
with respect to their maintenance responsibilities.
Job standards and expectations are clearly

defined for each maintenance employee.

YES

NO

NEED TG
FIND OUT]

DIRECTING:

22. Maintenance supervisors maintain good working
relationships 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. HWork 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.

YES

NO

NEED TGO
FIND OUT]

30. Materials and spare parts are controlled and
accounted for.

31. Controls focus on the vital few key areas rather
than on the trivial many.

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
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CONTRACTING MAINTENANCE ACTIVITIES

WHY CONTRACT-OUT?

The contracting of maintenance activities 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 firms
compete for business and thus tend to be more efficient, and less costly that
public agencies. Private firms often work on a fixed price basis, simplifying
budgetin; 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. Contractors can be called on as needed, for specific jobs,
without adding a greater burden tc 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 firms is that unit labor cost
and material may be higher. If contracts are not well designed overall costs
can be higher. Proper contract management will be needed to ensure good
performance and proper accountability increasing ma ~2gement needs in the agency.

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

.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.

A key factor will be the existence of experienced qualified contractors. In
many places, such as outside of the capital cities, reliable contractors with
the necessary personnel, skills, tools and equipment, and experience may not
exist. Government agencies often build equipment waintenance facilities
specifically because such private services do not exist. On the other hand in
more developed areas where such contractors wsbound, it would be irrespcnsible
not to consider the costs, and advantages and disadvantages of contracting out.
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Source:

ADVANTAGES AND DISADVANTAGES OF CONTRACTING OUT:
lAdvantages:
L]

(1) Can be cost-effective if tliere is true competition, prudent procurement procedures and
qualified supervision.

(2) Puts pressure on the direct labor organization to improve its efficiency.

(3) Gives the local authority more flexibility to cope with seasonal varistions and other
changes in the scale of O&4 program and respond based on needs rather than based on
manpower and egquipment at hand.

(&) May reduce the authority’s management burden, personnel administration and training.

(5) Can limit the authority’s needs for new capital investment in maintenance squipment.

(6) Can develop useful benchmarks in terms of cost and performance of O&4 tasks.

{7) May provide special skills and innovative methods of work and management.

{8) Can help develop the local contracting industry, particularly small scale entrepreneurs.

Disadvantages:

(1) Is not cost-effective {f local contracting industry is not truly competitive,

(2) Demands qualified preparation of tender documents and close and qualified supervision.

(3) May stimulate fraud and corruption in the procurement process and during supervision.

(&) May displace civil servants and consequently meet resistance from unions.

(5) May result in delays if procurement procedures are cumbersome which is often the case in
local autherities in developing countries.

{6) Increase vulnesability to noncompletion of works due to contractors’ financial problems,
strikes among contractors’ personnel etc.

(7) May lower quality of service to the public because contractors may tend to be less
sensitive to the authority’s objectives and public demands than civil servants.

(8) Acceptance of low bids may lead to inferior quality of work.

(9) Loes not provide hands-on experience in the direct labor force so that in-house backup
capabilities may deteriorate.

Lorentzen J., Qverview of Issues and Strategic Options in

Operations and Maintenance. Analysis and Synthesis Report, Draft,
UNCHS / HABITAT Support Program for Urban Management. November

1988




EXAMPLES OF GCONTRACTING-OUT MAINTENANCE

Some examples of possible uses of private contractors for maintenance services
in the water and sanitation sector in developing countries include:

General maintenance 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 supplemental 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 maintenance on 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. 1If 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 rYirms 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 developing 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 often helo distribute water to areas where
distribution networks have not yec reached. Many utilities may disliite the
presence of vendors, but on the other hand, in countries where capital
resources are limited they can provide a valuable service. Utilities ocften
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&M Services.

In a couple of developing countries, government agencies have contracted out
the entire operations and maintenance of water/sewer utilities. In Ivory
Coast, SODECI, a private firm, runs all the and piped distributicn 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 development and management, are beyond the scope of this
pmanual. 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 fall into
one of the following categories:

Fixed Price.

Contractor provides a specific service for a precise predetermined cost. If
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 include 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:



» Statement of work

. Personnel involved

+ Period of performance

« Recordkeeping required

+ Compensation

+ Performance monitoring procedures
+ Payment schedule

« Performance Incentives

+ Termination clauses

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 reasonable profit
the contractor will see no reason to be involved. The statement of worl: 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 be useful in cost plus type contracts.
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HATNTENANCE PROCEDURE SHEET l Page 1 of 1 PS lo.

41310SM1

EQUIPMENT NAME . Average Time

Chlorinztor #1 and 33 .

Plant Area

minu

Secondary |Level  Ground Level lLocation _ _ 90
Chlorine Building

MAINTENANCE DESCRIPTION

Clean gas inlet heater ' -

SAFETY PRECAUTIONS

Cbserve standard safety precautions
De-energize unit, lock and tag "out of service".

TOOLS, PARTS, MATERIALS, TEST EQUIPMENT

Lock

Safety tag

Screwdriver
Adjustable wrench

Rags

Scraper

grush

PROCEDURE

Preliminary - De-energize unit, lock and tag "out of sarvice”.

To clean inlet heater:

1.
2.

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

Clean heater.

Replace heater.

Remove lock and safety tag and return unit to service.
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WINTENANCE P

ROCEDURE SHEET I page 1 of 2 [0S Ho.

41310SA1
ZQUIPMENT NAME . Average Time
Chlorinator #1 and #3
Plant Area secongary [-€¥€l Ground Level - Location . Chiorine - .
e ary 7 ‘ Bui1ding — 10 __minut

HAINTENANCE DESCRIPTION

Clean and

inspect‘ch]brinator

SAFETY PRECAUTIONS -

Observe standard safety precautions
De-energize unit, lock and tag "out of service"

700LS, PARTS,

MATERIALS, TEST EQUIPMENT

Lock Hoisting chain
Safety tag Air hose and nozzle
Soft rags Hammer
Set of combination 174" drill bit
wrenches Screwdriver
Empty container Bottle filled with wood alcohol (methanol)
Muriatic acid (dilute hydrochloric acid)
PROCEDURE

Preliminary

To clean a
1.

nd inspect chlorinator:

Close the gas supply valve.

Continue to operate the chlorinator until the gas pressure gauge and flow
meter readings drop to zero.

Close gas supply shut-off valve at the chlorinator.

Remove test plug from vacuum regulator stack allowing air to be pulled in.

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

components.

Close water supply valve.

Close valves in chemical solution line.

De-energize the power to electrical heater.
Deactivate the control system(s).

Connect the test plug back on vacuum regulator stack.
De-energize unit, lock and tag "out of service”.

se wood alcohol (methanol) to remove any accumulated organic residues from -
as dispens2r parts. :

uriatic acid (dilute hydrpchioric acid) can be used to remove accumulated

mineral deposits from parts. Be careful that the acid does not come into

2.

3.

4.

5.

6.

7.

8.

9.

10.
NOTE 1: U
9
2: M
c
To clean v

1.

2.

3.

4.

5.

6.

126

ontact with the skin or clothing.

acuum requlating valve and gas filter:

Remove the gas filter block.

Clean the valve plua.

Clean the seat and ‘nspect seat surfaces thoroughly for any scratches or
roughness - replace if defective.

Unscrew and remove the end plug.

Clean gas filter.

Inspect "0" rings and replace if 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. 41310SA1

To clean and inspect flow rater valve:

N wWwN—

Disconnect and remove piping from top of flowrater valve.

Remove orifice tube and orifice plug - do not drop plug.

Clean orifice plug and adapter. Inspect plug for roughness or damage.
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 valve:

1.

2.
3.

NOoOYOY &

O

Disconnect vacuum line from upper valve body. Disconnect piping
from Tower valve body.

Remove bolts and separate valve body halves.

Remove diaphram, spring, sleeve and valve plug from the body as one
assembly. .

Inspect diaphragm foi cracks or weakness, etc. Replace if necessary.
Mark position of valve seat assembly in body.

Unscrew valve set assembly.

Clean valve seat and plug, inspect for roughness or damage. Replace
if required.

Renew "0" rings if necessary.

Reassemble unit - screw the valve seat assembly to its original position
which was marked. (NOTE: Clearance between plug and seat must be
1/4 inch, a 1/4 inch drill bit should be used to set this up.) -

To clean vacuum relief yalve:

1.
2.
3.

a.

5.
6.
7

Disconnect the tubing from the vacuum relief vaive.

Remove valve from chlorinator.

Unscrew coupling nut and separate tha valve body halves, and remove
the spring.

Clean valve seat and plug. Inspect contacting surfaces for scratches,
nicks, breaks or rcughness. Inspect the diaphragm for cracks, rips

or weakness, replace parts as required. ’
Unscrew plug on upper valve body and remove dampening ball.

Clean the ball and inspect it for chips or cracks.

Reassemble vacuum relief valve.

To clean drain relief valve:

1.

2.
3.

4,

Remove piping from bottom of drain relief valve, and unscrew coupling
nut at tee and remove valve.

Remove bolts from valve body, and separate the body halves.

Clean valve seat and plug. Inspect diaphragm for cracks, tears,
deterioration or weakness. Replace any defective parts.

Reassemble drain relief valve.

To inspect all hose lines:

1.

2 wn

Inspect all hoses for cracks, breaks or weak spots that may develop
with aging. Faulty lines should be replaced.

Reassemble all hoses.

Remove lock and energize unit.

Restart chlorinator in accordance with current instructions. Remove
safety tag.

Calibrate flowrater valve (zero acdjustment) before resuming normal

operations.
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MPS No. 32220SQ1

To measure voltage and current:

1.
2.

NOTE 3:

W

After ensuring the unit may be operated, energize the unit by
turning breaker at the motor control conscle to "on".

At the terminals at the very bottom of the motor control console,
measure the voltage and current for each of the three legs (for
3-phase motors). Record these readings on the PM wecrk record.

TAKE CORRECTIVE ACTION SHOULD ANY DISCREPANCIES BE OBSERVED.
De-energize unit at the local electrical controller.

Replace access panel on the motor control console.
Remove safety tag and return unit to service.



!
|

wr1NTINANCE PROCEDURE SHEET Page 1 of 1

“PS llo.
41310581

EQUIPMENT NAME
Chlorinator #1 and #3

Plant Area ~ |Level Location

Average Time

60 minut

Secondary ' Ground Level Chlorine Building

MAINTENANCE DESCRIPTION

tlean and Inspect Flow Meters:

SAFETY PRECAUTIONS

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

700LS, PARTS, MATERIALS, TEST EQUIPMENT

Lock Silicone valve grease
Safety tag Soft rags
Set of 0 rings Brush, tube

Botile filled with Xylenes
Empty container
Rubber gloves

" PROCEDURE

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

To clean and inspect flow meter:

1. Close the gas cupply valve shut-of valve at chlorinator.

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. Remove metering tube assembly - do not use excessive force on the tube

itself.

4. Disassemble and clean all parts with tube brush and exylenes.
5. Inspect all parts for wear or damage -- replace if necessary.
any "0" rings showing signs of brittleness, cuts or abrasion.

Replace

6. Reassemble, lubricate "0" rings sparingly.

7.  Insert metering tube assembly into chlorinator. Make sure adaptor "0"
rings :zre properly seated.

8. Open gas supply shut-off valve at chlorinator.

9. Remove lock and safety tag and energize and return to service.
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AAINTENANCE PROCEDURE SHEET

Page 1 of 1 |[MPS No.

32220851

ZQUIPMENT NAME Motor, Air Blower 1 ~ 6

Average Time

Plant Areg Secondary Level Lower Level

~JLocation Pipe Gallery. . 18

“AINTENANCE DESCRIPTION Change 0i1

SAFETY PRECAUTIONS

Observe Standard Safety Precautions

;700%§,‘fARTS, MATERIALS, TtST EQUIPMENT
oc

Safety tag

Rags

Empty Container

Fresh Lubricant - Texaco Regal B or 46

8" -~ 10" Adjustable Wrench

SAE 5 Mineral 0il

“ROCEDURE Preliminary -- |ock and tag “"out of service".

1. Remove bottle from oiler budy

2. Remove drain plug and drain oil into container. Also, remove
top plug (has hose connected to oiler)

3. Flush bearing with SAE'S Mineral 011

4, Install drain plug

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

6. Install top plug

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

8. Remove any spilled oil and check for leaks

9. Return to service.
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snIWTENANCE PROCEDURE SHEET Page 1 of 1 {MPS lo.
' 322205Q1 z
TSUIPMENT NAME Average Time
' Motor Blowers 1-6
?lant Area . jLevel ' Location Qperations . .
Secondary _ . Ground Level Fipe Gallery _ 25 minu
“AINTENAKCE DESCRIPTION
Clear 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
Safeiy tags Thermometer
500 volt megger Non-flammable solvent (1ix cleaning solvent or equivalent)
Volt meter
Ammeter
Ohmmeter
| ?ROCEDURE

Preliminary - De-energize unit, lock and tag nout of service" Allow motor to ccol to
ambient. temperature.

To clean motor:

1.

Clean exterior of motor of all foreign matter. For open or drip-proof motors,

.

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

To test insulation resistance:

1.
2.

3.
4.

NOTE 1:

NOTE 2:

Turn circuit breaker at motor control console to "off".

Turn local electrical control (at motor) to "on". Measure the ambient
temperature at the motor in degrees fahrenheit.

Remove access panel at the very bottem of the motor control console, exposing
terminals. :

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

USE AN OHMMETER ON THOSE CIRCUITS WHICH WOULD BE DAMAGED BY A 500-VOLT MEGGER.

Correct the insulation resistance measurement to a ;tandard 75°F ard record
the corrected reading on the PM work record.

IF THE CORRECTED READING SHOWS A SIGNIFICANT DROP FROM PREVIOUS READINGS, OR
IF THE CORRECTED READING IS LESS THAN 40 MEGOHMS (CLASS A) OR 8 MEGOHMS (CLASS ),
CORRECTIVE ACTION SHOULD BE TAKEN.
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AINTENANCE PROCEDURE SHEET Page 1 of 1 (MPS MNo.
322195A1 .
QUIPMENT NAME Average Time
BLOWERS 1-6
'"lant Area Level ' Location  Operations
Secondary - Lower Levgl Pipe»Ga]]ery 15 minutt

IAINTENANCE DESCRIPTION

INSPECT FOUNDATION BOLT TIGHTNESS

SAFETY PRECAUTIONS

OBSERVE STANDARD SAFETY PRECAUTIONS

T00LS, PARTS, MATERIALS, TEST EQUIPMENT

WRENCHES 1-1/2,

1-1/8 OPENINGS

i’ROCEDURE

1

1. INSPECT FOR SOUNDNESS OF ANCHOR BOLTS IN CONCRETE

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

3. CHECX FOR UNIFORM TIGHTNESS OF BLOWER TQ FRAME

4. CHECK FOR ANY CRACKED WELDS ANCHORING MOTOR TO

FRAME.
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Estimating Resource Requirements
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Form Mo. 6/W

WORK QUANTITY PLANNING CRITERIA FOR ANNUAL MAINTENANCE PROCGRAMME

' sweev_ 1 __oro__ A .
ACTIVITY WORK INVENTORY PLANNING
ANNUAL PLANNINT CRITERIA FACTOR

b .l DESCRIPTION MEASUREMENT  ITEM :

':|1/w Clean intake No., of No. of 360 times a Year 360
externally intgkes | intakes

g;/H}| Clean intake No, of No. cf 12 times a Yyear 12
adjgcent ares intgkes | intakes

»1/W.| Check and tignten/No. of No. of 4 times a year 4
gland packings of| punps pumps
pumps

p;+/W | Greese pumps No. of No, of 4 times a year 4
bearings pumps pumps

py/W | Clean pump No. of | No. of 180 times - vear 180
suction pumps pumps
ctrainers

(.4/W Clean pump drain |No. of | No. of 4 times a year 4
lines and gland | pumps pumps
feeder lines

[ .:,/4 Record readings | No. of No. of 360 times a year 360
of "suction and pumps pwnps [T
delivery gang3s —

i




9¢T

Form No. 6/W
WORK QUANTITY PLANNING CRITERIA FOR ANNUAL MAINTENANCE PROGRAMME
SHEET_2 ___OF__4 _ __ ___
' ACTIVITY WORK ' INVENTORY PLANNING
ANNUAL PLANNING CRITERIA FACTOR
(oDt i DESCRIPTION MEASUREMENY  1TEM
26/W| Check alignment | No. of | No. of 2 times a 2
of pumps and hold] pumps pumps
down bolts
27/W Strip down pump | No. of No. of B1 annually 0.5
and' clean inside | pumps pumnps -
28/H Test pressure No, of No. of Annually 1
gauges on pumps | pumps pumps
29/3! Grease motor No. of No, of 4 times yaar 4
| bearings motors motors
Po/w Cleen ond check |No, of | No. of 2  times year 2
inside of motors | motors motars
31/W Exercise valves | No. of No. of 4 times year 4
" valves valves
,I41/w Slean adjacent | o, of | No. of 180 tines year 180
i area and ezerciad plants Plants
| T B e !,rcn.t-! - e e
e




WORK QUANTITY PLANNING CRITERIA FOR ANNUAL MAINTENANCE PROGRAMME

-

Form No. 6/W

OF 2 e
ACTIVITY WORK  |INVENTORY PLANNING
ANNUAL PLANNING CRITERIA EACTOR

(oGt DESCRIPTION MEASUREMENT  ITEM .

42/ Clean and No. of | No, of 4 - times a year 4
lubricate: plants plants
equipments of
treatment plant

51/H Service air No. of No. of 2 times a year 2
vailves of pe. valves valves
main

52/W Open wash outs No. of No. of 4 times a year 4
of p. main valves valves

53/W Check leaks of km. km of 52 times a vear 52
p. main main

61/4 Segvice z2ir | No. of | No. of 2 timasg 2 2
valves of vaives | valves
digtribution

62/W] Open wzsh outs | No. of | No. of 3 times a year 3.
of distribution | valves | valves

63/51 Check leaks of im 36 times a .year 36

' l distribution N

S l
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WORK, QUANTITY PLANNING CRITERIA FOR ANNUAL MAINTENANCE PROGRAMME

Form No. 6/W

I SR
ACTIVITY WORK  |INVENTORY PLANNING
_ : ANNUAL PLANNING  CRITERIA EACTOR
COCE DESCRIPTICN MEASUREMEN ITEM :
64/H Check and test No. of |No. of Every 5 years 0.2
meters meters |meters




ANNUAL MAINTENANCE PROGRAMME WORKSHEET Form No. 7/W

6¢€T

PROGRANME YEAR. _ __ __________ _ sMeeT_ 3 _op___3_ _____
. l .
ACTIVITY Ihventory IPlnnnmg Annual Crew MAN DAYS
INVENTORY = =_l work ¢ PRODULTIVITY | = - -
Days Tokal Eouip. |Maint.
oot DESCRIPTION ITEM Amont Faclor Quantity © Oper.  [Worker
11/# | Clean intake No. of 360 o 2 per crew day 360 - 20
externally intakes 2 72 - o .720 : /
12/H | Clean intake No. of 12 2
adjacent arsa pumpa 2 & % per crew day 48 /192 | - /172
21/W| Check and tighten ... No. of It 360 440 |45 per cres day 78 /192 | = (192
. gland packinga of pumps .
punps .
P2/H Grease_pump bearing No. of [f 4 /8 4 per crew day & g8 - 2
. pumps
23/w| Clean pump suction .. 3 No. of 180 180 720 12 per crew day £0 120 | - /20
strainer” . . punps
24/w | Clean pump suction No. of [,_ 4 l1¢é 6 per crew day 3 6 - 6
lines and gland pwops
feeder lines
25/% | Record readinga of No. of
suction and delivery purps 4— 160 1440 40 per crew day 36 72 - 72
gauges
|
’ i




oyl

W
ANNUAL MAINTENANCE PROGRAMME WORKSHEET Form' No. 7/
PROGRAMME YEAR_ _ __ __________ - SHEET__ 2 __oF___3_____
ACTIVITY Ihventory lanning { Annual Crew MAN DAYS
INVENTORY . u = | work * PROCULCTIVITY = - :
. Oays Equip. [Maint.
CODE DESCRIPTION 17E8 Amont Factor Quantity Total Oper. {Worker
29/M} Creasec motor No. of [/_ 4 14 4 per crew doy l/. 8 7]
bearings mtors iy

30/H| Exercise valves No, of 4 g 24 per crew day 2

valves 12 ‘/- : l’- lf‘
I

4‘\./H Clean adjacent area and No. of 180 2 per crew day /
exerciso valves of plants /
treziment plant ><\

42/W | Clean and lubricate all Xo. of 4 2 per crew day /
equipments in treatoenf pl ts &/
Plant /./ \

51/W | Service all the air No. of 2 292 4 per crew day 5 /5 15°

' valves of puaping/ valves ]
gravity oain .

52/% |Open washout valves Ho. of 4 4 211. 3 per ‘crew day -3 14 - /6
and flusa pumpigg/ valves
gravity maing

53/W | Check leaks of pumpinﬁ/ Bn of 1y 52 8528 S per crew day 17/ 17/ 17{
gravity main mains . :




i

; ANNUAL .MAINTENANCE PROGRAMME _WORKSHEET !

Form No. 7/W

PROGRAMME YEAR_ _ __ ____ _____._ _ SHEET_ 3 _ ___ OF_ ____ 3____
ACTIVITY iventory _ Plenning § Annual . Cren MAN DAYS
INVENTORY x = | work v PRODUCTIVITY | = - -

] Days 1 Equip. {Maint.
€ont DESCRIPTION ITEM Amont Factor | Quantity ol oper. |Worker
61/W | Service air valves of| No. of 2 & velves per cre \

distribution valves day r ></
62/W |- Open washouts and No. of S 3 15 3 per crew day =Y 1o 10
* flush distribution valves -
system
63/4 | Check leaks of ko of mair 22 36 /8 Skm per crew day | /74 1744 174
digtribution
64/n | thedk ad test water | No. of 0.2 2 5 per crew day / 2 2
meters meters lo
71/W |  Other maintenance 254 25%
Total Reguiremgnt- 19661 — 11766
To \r—«‘, v anclac thbr contin ous
ackivities Tifw, [afw, 23| 25w =|liog .
Men vequiyec] =14 | = 3-07
. ! . e
Tec il Vandayr (Fer chier e nuified 762
¢ Flen TEg voef = 7262 |= 337
SO = 7 '
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PLANNING CRITERIA FOR_MATERIALS QUANTITIES

Form No.8/W |

WORK ACTIVITY

ESTIMATED  QUANTITY
PER CREW DAY

CODE DESCRIPTION
22,/w Grease pump bearings 1kg grease

ikg cotton waste
29/H Grease mote~ bYearings ikg grease

1kg cotton wastd
42/w Clean and lubricate all equipment 1kg grease

4 litre oil

&g cotton wasta
51/H Servicing of air valves gravity/pumping kg cotton waste

main

61/w Servicing of air valves distribution system kg cotton waste




eVl

MATERIAL REQUIREMENT FOR ANNUAL WORK PROGRAMME

PROGRAMME YEAR___1986__ __ __

Form No. 9/W

WORK ACTIVITY ANNUAL GREASE LUBRICANT |COTTON WASTE
CREW DAYS Kg. Ltr, Kg. TOTAL
UNIT COST
{ODE DESCRIPTION RATE Rs. g0.-00 30 00 2-50
‘i &
l'l/ Gireas Ui beavin -
W rease  Pump 33 &+ 320-00 /0 00 330 90 |
: 4 4
‘26/0(/ G*ﬁ%(ﬁ. MO\'DF ‘Deav.ngg 390 + oD 1000 330 - 00
Service aiv vel RS b, 5]
' ives of gqravity [ Purpin
Si|w e / 3 1250 12-50
6//W Service a'r valws of a(;/:*vr'-buj:{on -
—t ]
i
MATERIALS 31 I3
TOTAL ANNUAL REQUIREMENT
cost CHO D 30-50 672-50




ol

Form No. 10/W
MAINTENANCE PERFORMANCE BUDGET SHEET. _  OF. ___ ¢ 2
' PROGRAMME YEAR _ o __._._._
WORK ACTIVITY ANNUAL WORK PROGRAMME | UNIT COST- RUPPEES ANNUAL. COST - RUPEES
CREW | WORK | WORK  |PER CREW |PER WORK !

CobE DESCRIPTION pavs  louvanTmy | unim pay_ |uwit LABOUR |EQUIPMENT [MATERIAS | TOTAL
/4] lean intake externally 360 | 720 ?:4:kis 10c00) SO-00| 360000 3ecen-
12/H| Clean intake adjecent area 13 pn f;::jnhoci 2 coco| 400-00| P400-00 400
21/W| Check and tighten pump glaund - packings 96 440 ’},ac;,,,ogs [25 00| ©-33 |/2000 /2000-3
22/H| Grease purp beatings b 16 | hed | 1sa-50| 4563 | poooo 33000| 7404
'..3/Ht Clean pump suction strainer 6O 720 };)i'f’ofs‘ [00°00 £:33 | Jocow Nseco-0o
4 /w | ?ﬁiiﬁrp‘l’ﬁeiu"mn tines and gland 3 /é I;,i':,;"s (0000 | 14 EE .3“00'0: 30006
25/H Record readings of pressure gauges 34 /My 0 ;ﬂi'éi_f joc 00 D50 (340000 13¢00:co
26/w Gre:ase motor bearings L,L /é }:‘f;off [82-50 '//_5-. £3 //00 o0 33004 Jooco
p1/ | Bxepcise valves 2 | w8 "ok lwo | sy | 20000 200-c2|
14/ | Clean and flush treatment plant - _ ‘;‘&:2@ IS¢ 00| 7500 |

e I A - e R

51/y Service air valves of pumping/gravity 5 | 22 Zj,ujj |52:5cf 3%:i3 | 750 1250 | 76250
52/W| Open was:g;;s and flush pumping/cravity Q 2 [}_ f?:l.ui{ (0o-col 3333 | 200 cc ‘aoo'rr}
53/v (fheck leaks of pumping/gravity main 1y 281 fert Sc ol 16-c0 | 550 3550 (:,;
f1/%| Servics air valves of distribution i "“_’l : ;'.) [57 R _
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MAINTENANCE PERFORMANCE BUDGET

Form No.10/W

SHEET_2_ ___Of.__2____.
PROGRAMME YEAR _ _ _ —_ - _
WORK ACTIVITY AHNJAL WORK PROGRAMME UNIT COST- RUPPEES ANNUAL . COST - RUPEES
CREW WORK WORIC PER CREW |PER WORK _
(0Dt DESCRIPTION DAYS  |QUANTITY | UNIT DAY UNIT LABOUR |EQUIPHENT [MATERIAS | TOTAL
62/H| Open whashouts and flush distribution he: of , . . 0000
5 /S belues | 100709 33-33 | Soorto 5 o0
63/'r€ Check leaks of distribution /74_ $7/-2 | k™ 5p:00| [OCO 3700.5_-@ R oD
' ho.o ' o
64/ Check water meters | 2 bn):hri [00.00 | 3333 J0000 /00D
Allow for items marked with asterisks 20,0007 [0, 00 +0D| 36,0005}
iz Fig.4
Allow for other maintenance 16185 D I6c0-88 |17785 88
Total direct cost 1240851 12273-33|13635838
Maintenance Engineering Q) Lo 20, 0c04T 41 000D
Engineering management @2p0| fegoid poicT|IAL2C
Total budget requirement /St e08 - 2208011 /425338 703783
T 7 4

a v e vy

bawesasnrwrasse, i -«L-~

a4 0 nomed

| et~ !
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MAINTENANCE PERFORMANCE BUDGET

Form No. 10/W

SHEET _2_ __.. OF___2_ ___.
PROGRAMME YEAR _ _ _ __ ___
WORK ACTIVITY ANNUAL VIORK PROGRAMME | UNIT COST- RUPPEES ANNUAL. COST - RUPEES
. CREW WORK WORIC  [PER CREW [PER WORK
cooe DESCRIPTION 0ars  |auantity | unm DAY UNIT LABOUR |EQUIPMENT |MATERIAS | TOTAL
62/W| Open whashouts and flush distribution ho of , - , o000
5 [S | belves | 1P0700] 33:33 | Spo-co SR
63/W| Chock leaks of distribution /74,_ -2 | k™ 506:00| |o0o 3700 3 0o
, ho.of '
64/W| Check water moters / 2 meters |100:00 | 33:33 | 1pp.00 o022
Allow for items marked with asterisks 20,0004 /0, 000+0D| 30 p00-1P
1% Fig.4
Allow for other maintenance /b /85';‘"73 16Ce 88 /7795,33
Total direct cost 1240850 1227333|13635848
Maintenance Enginmering Q) Loon| 20 ceoer 47 800D
Engineering management D2puml 2ema RE20T| /aLass
Total budget requirement ISQees - 2208001 /4293-38 /703783
|
- e e 4IRS I X Vel AL R G R M LT 2 LA Pl o R N ORRPEENIRLR




FORM 11/W
EXAMPLE

Programme Year 986

DIRECT COSTS

Direct

243 Man Days at _S0+00 _ per day (24 050-00
Direct
Days Rata/Day Annual Cost
e X ——— =
x =
e X o emme =
x =
X =
pYe =
x =
x =
X =
x =
Sub-Total,Equipment. Cost -
Direct
Unit Amount Unit Cost Annual Cost
Grease k4 B _x 8000 = 61O+ O
Cotton < _13 x 280 = 32-50
othee . NA ____x = lléoo-00
x =
X = -
x =
N _ -
b4 =
x =
Sub-total,Materials Cost 1227250
Estimated Total Direct 136 329250

Cost

147



FORM 11\

(Contd.)
MAINTENANCE ENGINEERING .
1
|
l General Forman Ks 1800 [ month 2l boa-ce
Sub-Total, Labour Cost 21 60000
'Eguigmeht: -
| P}c\z-up truck for parttime 20 000:¢D
L. : }
_ use
Sub~total, Equipment Cost RO 000+ 6D
Associated Costs:
:
Sub-total, Associated Cost Q
Estimated Maintenance Il éc
Engineering
Percent of Direct Cost
ENGINEERING MANAGEMENT
Labour:
lPe\‘cen-\rt«@)e ot ‘nend office ' _8320-¢»
syaff ?ar‘\"\a“qr on maink.
\
wm“z
Sub-total, Labour Cost BI20 D

148



rUKEL LA W

(Contd.)
s
gguip_ment:
Yarf, office of Mur\kd-\’)n-l 2080 D
. 1
,En.’aa-bﬂ-" apperiionc ] o
‘maln‘renanc.e, o
Sub-total, Equipment Cost OO VD
Associated Costs:
Otfice oPcm'\irm cosks 2.020:0D
(eloc. %e?.e.?l«one, elc )
= /
Sub-total, Associated Cost 2020 'UD
Estimated Engineering N
Management : |2 420 L1
Percent of Direct +
Maiatenance Engineering
‘. o, .
ESTIMATED TOTAL COSTS |76 9250
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PREVENTIVE MAINTENANCE CHECK LIST FOR WATER SUIPLY SYSTEMS BUILDINGS, STRUCTURES AND EQUIPMENT

Annex 5

GnC.H DZ3CRIZJION LATHILLALCE Ru3IMLSTIIITITY TASK T0 BZ PCHFCILLZD NATZRIALS, SPARZ PARTS,L'TDRXCALCTSw
PUICD - Tz ETC, REQUINCD
1 A Inpounding Reoervoir 3 months L o0,a Clean intake and edjacent &rea, cut
tzll Tirams
{ year o,L 8,n,0 Inopect sanjitary conditions, ingpect Building materials
structure and repair ag neceasary
B3 Mountain stream 3 pontha L 0,8 Clcan intake end adjzcent srea, cut tall i
grana near access road,
1 Year D,L 0,5, Inapect sanitary condition, inapect Building materiels
m structure and rapair an neceasary.
Q R )
™ i
5 c Laxe ) aonthe L - Clean intexe snd adjacent ares, cut tall | HTH aclution
@ D River gross near eccess road, clean intake
>e ci:annel, clean collection chamber and
> dizinfect with chlorine
fa
3 1 year D,L 8,0,0 Ingpect sanitary corndition, inspect
r‘ ! atructurc and rconir as necessary. Buildinz naterials
o
a1 B Coarse Screens 1 doy L o Renove floating meterial attached to
g screen
2
a 6 months L ) Inppect 1ifting gear and oii or grease l 0il an’® grease
ag required —
1 vear b,L i, 0 Inspect for sigao of corrosion and paint Anti corrosion paint
4f neces.ary. Inspect liftinz gear for
ni -ns of wear and repsir if necessary.
| 4 Pine Screens 1 day L o Remove floa%ting material stiached to
acreens
6 months L [-] Inapect lifting gear and oil or grease as 0il and srease
required
1 Year D,L e,n,0 Inopcct for signs of corroaion and paint Anti corrosion paint
i nccessary. Inzpect lifting gear for
eims of wear and repair if necessery,
G Penptocka/Valves 6 nontl:a L (] Open and close, apoly grease to spindles Grease
and muide gurfaces above water level
1 year D,L m,0 Inopect for signo of wear and repair if
neceasary.
| 2 4]
Level: L = local, D= District, Re Hegion zZ
Crews e » ergineer/tecanical officcr, m= maintenance tcam, o= plant operator, a = adiitional labour (or contract labour) as recuired E e
- w o

£ST

11" 98/S12/SRD/0HN
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11°99/513/500/0RN

PREVENTIVE MAINTENANCE CHECK L1ST FOR WATER SUPPLY SYSTEMS BUILDINCS, STRUCTURES AND EQUIPMENT
GACUP I DESCRIPTICN wAIiTZHALCE RESIPCHSIIILIVT TAS.. TO BZ FIRFQC.LED LATZIALS, SPARE PARTS, LUSRICALTS EOC,
K r=310D Tov-L Gt RETVIRZD,.
1 H dorehvles ) months L o,a Clcan adjacent arca, cut tall grass near
. 1 D wells access road.
- — —
> b 1 year R,L e,%,0,0,a | Clcan casir; and acrecng viith appropri- |Cheaicals, speciai tooln and equiytent
] . ate tools mnd cacmicals. i.easure well
n output beforec and after cleanineg,
By . recordin: total flow a:ud opecific
°Q cepucitye Ciccx pipes aud juide bear-
2 ks inzs
Qe * . ;
Fgu ) yecra R.2,L €,¥,I%,0 Remove puapin< unit for complete overhaul| Spore varts as veq.ired, 5Spare puz:ing
9 at NMe:ioncl worishopo. iteplice vwith spare! unit of similar t;pe.
w:it .
J° Infiltration ,
Galleory 5 years D,L e,n,0,a Exanine pipes end repair if neceasary
LCYs

Levelt L= local, D= District, Rs Nezion

Crovis o= engineer/ter' nical officer, Om maintonance tsam, 0 = plant opecrator, cla potor/awitchzear eloctrician, as= ml.i‘t.h::m;ll labour(or cciiract labeur)
as rcguired, wa gpecianl toawn for servicing decp wahl/borcholes.




GqT

PREVENTIVE MAINTENANCE CHECK LIST FOR WATER SUPPLY STYSTEMS BUILDINCS, STRUCTURES AND EQUIPMENT

2:0"p - TON AL LJELACE AC32CNSIJILITY . . «ATERIALI, SPARE FARTS
SHE0UP DESCHIPTION TIHICD Do s2s & B o voy S TASK TC 3E PERIOLGIED LUHRICA;T&, ETC RIWIHTD
II 41 Pump House 1 day L -0 Clean and eweep floor, wipe end clean walls and
pipins clean and sweep exterior mite, tend lawn Cleaning materials
asd gaden, N
2 yeurs 3,L e,m,0,8 Check and regair ary leaks in roof. Paint iraide and
! e outaide walls 2nd jpiping. . Juilding saterisls, Paint
B} Puel tarxs 1 day L [o] vaeck fuel level ard refill if necessary. Record
fuel cousuzed during previous day. Clean outside.
o
o 6 wsoxnths 2 0 Jdrain and wagh fuel tark, wash and clean filter,
é clenr fuel tasd vent pipe.
E C] Puups 1 day L (o} decord rcadinio of suction and delivery g-ujes.
< check puckiig 3lcids to leak 31igitly duri.g
= oJeration. Check tizhisess of ruts aad bolts, check
5 lubrication of oeuri:gs
o
6 .onutiio Dy L]|mr,0 Aeplace arease/oil in tearings witnout disapsenbly
choel: mii;mme..t of coulliing, replace packing in sreaze/otl
xalidae packing material
- yeirs R,O,Lje,m,p,a domove puap for complete overhaul in Resional .
Cepending P e worraheps. Hepalce defective parts as necessary avare parts as reauired.
on circu=~
notances)
KXY 3
LZ/EL 3 L = Local, D, = Diatrict, R, = Rezion
C=xZ. 1 ¢ = Enziner/tecktnical Officer, m = mairtcnznce tean

© = plant operator, p =

purcp oectanic

1z a9vd

$1°99/S13/ SN0/ 0HA
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PREVENTIVE MAINTENANCE CHFCK LIST FOR WATER SUPPLY SYSTEMS BULLDINGS, STRUCTURES AND FQUIPHENT

27 »3ed

t1°29,/513/$mD/0HA

GROUP DESCRIPTION MAINTENANCZ | RESPCHSIBILITY TASE TO B£ PERPORMED Msterials, spare parts,Ludricarts,
PrRIOD LoVl CHEY etc, required
!
11D Diessl Engines 1 day L (o) Check 0il level and top up 1f necessaary lubriceting oil
Lubricate all lubrication points, Record oil
. pressure, tecperatures, apeed and bettery chorge.
Record working houra and total since last oil
change/last overhaul. Clean outside parts,check
nuts &pd bolts for tightnese.
1 week L o] Wash and clean &ir filter '
© 1 month DL 8,0 Piszantle injector and test spray, replace defective | Injector nozzles as necessary
x nozzlees if necesssry.Check and sdjust Y bolt tension '
E /coupling slignment as applicable,
B 3 months D,L. B,Py0. Clean and ipspect injectors and valve clearances, t
o check apd clesn cil filters. Pit new fuel elemente. fuel filter elements, epgine
o Check starting system, Change engine oil cr ino ludbricatjog oil.
i sccordence with manufactures manual,
>
] 9 year b,L B,Py0. Check and regrind valves and sdjust valve clearances,
Clean deposite frow cylinder head and pistona.
Disassecble snd check clutch ayatem,if applicadble.
2 years ReDyLe L - 1{-M Newove ongine for complete overbaul in Regional Spare parts as required
workshopo. Replace with spare reconditioned engine.
KEY:
Level:t L = Local, D= District, R = Region
Crew: e = engineer/technicsl officer, m = maintensnce team, o = plant operator, p = pump/engine mechanic




LST

PREVENTIVE. MALNTENANCE CHECK L1ST FOR WATER SUPPLY SYSTEMS BUILDINGS, STRUCTURES AND EQUIPMENT

GRCTP

SESCRIATIOK

KAILTLWICE

-

Cddd

T.5% 70 3E PERZCIL.ED

LATZRIALS, 3PARE 2i07T3,

FEMICD LZVEL LU3HICA:TS, ETC. HUQUIRZD
11 B | Electric .iotors 1 day ) 0 Check motor bearings
6 months Dy L | my0,01 Caeck alignnent of conpli..g, change lvbricating
011/zreege v.ithout disacntling Zubricating oil/greass
1
S years R,2,L{ m,e8}l,0 Remove totor for coaplote overhaul at resional
P Pee workshops. Reslace motor of similar lvpe, if 3:&1‘/’011"' bearirgs, if nece-
availeble. . e
? | Switchgear 1 dey L [s) Record voltaga, current arnd KW nr meters
Q ‘ 3 nontas D, L | m,cd C..eck strrter and clean cofzcta. Check setting
by of overload rali;s.
B )
- 1 ycar D m,ol Clenr,/repl:_.na“co:tu«.ts ar neccssery. Calibrate gtarter contacts, if necessary
I_I! measuriny inatrurents
. deyee - -
Z ¢ ;;‘33;""“* Instr 3 yeaors RyD e,M. Disrantle and sernd to specialised contractor for
= i calibiation and/or rcpair
H Water maoctor me
ters 3} yours R, D, m Dismcntle and s:rd to Resional worksnops for
cinocking and calibretion
I | nains 1 year 0 check for leaxs and repair if necegpcry
3 yeors D,L m,0 Pcint expooed pipes witii anti-corrosive paint Anticorrosive paint
J Valves 1 year L 0 Zheck valve glod and repack if neceesary Packing materials
Close fully oand open
=Y
LZVZL 1 = local, D = District, R = Nesional
.24 ¢ = ergineer/technical Cfficer, m « ..ainterance team,
¢ = plat operutor, el = motor, switchgear slectrician,

cz »8vd

11°99/512/5A0/08A
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PREVENTIVE HAIHTENANCE CHECK LIST POR WATER SUPPLY SYTEMS BUILDINCS, STRUCTURES AND EQUIPMENT

vz 3led

11°98/512/500/0HA

GROUP DESCRIPTION PAIRTNANCE RESFONSIBILITY TASK TO BE PLRFOMED HATERIALS, SPARE PARTS, LUBRICAKT
PERIOD LEVL] O ETC.REQUIRED ! S
IIJ A . Chemicale stors| 1 week L 0 Clean and sweep fioor, clean outside, Chemicels
replenish stocks.
1 year D,L e,n,0 Inspect structure, check all lifting gear
B Alum preparation ’ ’
g tanks 1 day L 0 Prepare correct strength solutions;clean
. outside Of tapks and valves
hA D Bypochlorite
g (BTH)Prep.tsnks
x r Boda Ash Prepa-
© ration Tanks
1 year DL »,0 Inspect struoture and protective paint Paint, liniog saterial,
. /liping and repair as nocessary.Examine
velves, pips cornections and repair ae
necessary
C Alun Doeing 6 monthsa D,L B,C Dispantle gravity feed doser, clean and
E Aypochlorite reassexble
(HTH)Docing
8oda Ash Dosing] 1 yesr R.D,L |eo,m el Overhaul: dismantloc dosing puzps and replace Epare parts as necessary, raint
defective parts. Zxamine electric motors and
ewitchgear, Paint all metal surfaces
A1I| B Flocculatora 1 ysor D, L ¢ ,M,0 Inspect structure, clean walla inside and BTR solution, paint
Xl outside, disinfect ineide wslls, paint
*{; 1 g::i:entltion metal nﬁrfaces, paint outside walls
2=
I1I] J Slov Gand Filtem 1 yoar D, L 8,5,0,8 Inspect sanitary condition, inspect atructure.| Packing material
Clean =djacent ares, close valves fully cnd -
5 open, tighten valve glands and add packing
] paterial . {f necessary
3 S years 2,D,L Je,m,0,a Stop filter,rake off top filtering sand lzyar
o] and replace with new filter send of corroct
[ grade, disinfect and run filtered water to
i~ waste foriday using enough HTH solution
KEXs ’
Tevel:t L= Local, D= District, Re Ragion
rew: e» engineytechnical officer, m = maintenance tean, O = operator, elemotor/switchgear electrician, a « additionsl labour (or contract labour)

&8 required,


http:material.if

PREVENTIVE MAINTENANCE CHECK LiST FOR WATER SUPPLY SYSTEMS BUILDINCS, STRUCTURES AND EQUIPMENT

GROUP DESCRIPTION MAINTENANCE] RESPORSIBILITY TASE TO BE PERFOHMED MATERIALS, SPARE FARTS, LUBRICANTS
PERIOD LoVl - CREW ETC, RESUIRED ’
188 K Rapid gravity 3 months L o Inspect sanitery condition, disinfect inside Hypochlorite (9TH) solution
Pilters of structure above lavel of 2und bed
L Pressurs FPilter
S5 years ’R,D,L je¢,m;0,a Overhaul: Remove filtering media, inspact Sypochlorite(HTH)nolution, filter
laternls end strainers and rvepair as laterals and strainers a3 nscessary,
necessery. Disinfect inside walls. Waah, filtering nadia.
screen, disintect filtering media and
. replece in filter adding new filtering
media as necessary
s n [Filter valves & contiol g g n¢pg L 0 Examine filter valves and controls for Gland pecking material
- | Loss of Head
3] Gauges correct functionirg,repack glande as
| . NeCesBEry.
&
E 2 years R,D o,m Calibrate loss of head gauges and flow Paint
. recorders by spacialized contractor,paint
all valves
(] Air Blowers/
Compressors 1 day L 0 Check motor and coepressor becrings
1 ysar D,L m,el 0 Change lubricating oil/gresse without Lubricating oil/greass
dispantling, checl. elignment o’ coupling,
exapine and clean motor and sxitchgear -
contacts.
5 years R,D,L e, Overheul: Complete dismentling, clearing Spare parts as required
! el,0 and replaceament of defective perte
XEY:

Level: L = Local, D = District, Re Regxion
e [ -onsinu/cochnieal officer, m = maintenance team, O = Flant operaior , sl = motor/switchgear electricisn.

Cr 4]

6ST

¢z o¥ed

1*99/512/500/ORR
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PREVENTIVE MAINTENANCE CHECK LIST FOR VATER SUPFLY 3YSTEMS BUILDINCS, STRUCTURES AND EQUIPNENT

9z o%ed

t1°98/513/5M0/0RN

GROUF DeSCRIPTION MAINTNANCE RESFONSISBILITY TASE TO Be PLAFURMED MATERIALS, SPARE PARTS, LUBRICARTS
PERICD LVl | CRed ETC, RSQUIRED ! !
1v A Puxp House 1 day L o Clean and sweep floor, wipe and clean walls Cleaning materials
and piping, clean and swesep exterior site,
tend lawn and garden
2 yoxrs D,L o,0,0,8 Check and repair eny leako in ~oof, paint Buildicg materials, paint.
inside end outaide walls and piping.
B Fuel tanks 1 day L o] Check fuel lavel and refill if necessary.Record
fuel consumed duriog day, Clean outside.
6 months L o] Drajin and waesh fuvl taok, wash and clean
o filter, cloar fuel tank vant pipe
x.
™ [ Pusps 1 day L 0 Record readings of zuction end dslivory gauges.
E Check pscking glends to leak slightly curinz
operatjon, Check tightness of nuts and bolts.
o Check lubrication of besarings
&
> 6 months D,L ByPeOe Replace grease/oil in bearings without dieasantliog
5 Check aligoment of coupling. asplace packicg ip Grease/oxl
3 glands Packing scterial
& 3 years R,D,L a,R,P,0 Completa overhaul: Reaove pump for everhaul in Spare parts as required
Regional workahops. Clean and replace ull
defective parts.
EET:

Level: Le Local

rew;

f

. Do Digtrict, R= Region

e= engineer/technical officer, == maintanance

taam, oeplent operator, pepump mechanic.



TREVENTIVE MALNTYNANCE GUECK_1IST FOR MATEK SUPYLY SYSTENS BUILDINGS, STRUCTURES AND RQUITSTNT

GROUP

DESCRIPTION FAINTENANCE
PERIOD

L

RESPONSIBILITY

A

TASK TO BE PZRFORMED

MATERIALS, EPARE PARTS, LUBRICANTS
ETC, REJUIRLD

Iv D

TREATED WATZR PUMPING

Diesel Engines 1 day

L

Q

Check o0il level and top up if necessary
Lubricate all lubrications points. Record
0il pressure, temparatures, spsed and
battery charge. Record working hours and
total since last oil change/last overhaul,
Clean outnide parts, check nuts and bolts
for tightness.

Ludbricating oil

1 week

wegh and clean air filter

14 month

D,L

Dismantle injectom and test spray. Replace
defective nozzles if necessary. Check and
adjust V belt tensjion/ Coupling aligument as
applicable

Injector nozzles ar necesssry

3 months

D,L

B,D40

Clean and inspect injectors and valve Cleare-
nces. Check and clean oil filters. Pit pew fuel
filter elements. Check starting systeo.

Change engioe oil or in accordance with
panufactures msnual.

Puel filter elepents, engine
lubricating oil.

1 year

B4PyO

Check and regrind valves and adjust valve
clearances, Clean deposits from cylinder heads
and pistons. Dismpantle clutch system,if
applicable.

2 Yyears

R,D,L

A,D,0

Remove engine for complete overhaul in Regional

Spare parts as reguired

workshops. Replace with spare reconditioned engine
. 1

XET:
Level:
Crew:

191

L= Local, D= District, R = Region
e = engineer/technical officer, » -

saintance team, o « plint operator, p = pusp/engine mechanic

Ly ated

14 5@/513/S0/0RA
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PREVENTIVE MAINTENANCE CHECK LIST FOR WATER SUPFLY SYSTEMS_BUILDINGS, STRUCTURES AND EQUIPHENT

GROUP DESCLIPTION NAINTEZNALLE RourPQiSISLIN TA3R7T0 JE PUUIUCHMED A SPARC 3.0 :
PTRI0D LivoL]  Chow 2&?‘,‘.3\‘3;,;;;;““‘ PARTS, LIS ICK.TS,
v Electrioc Lotors 1 day L 0 Check motor bearinss
6 months D,L m,0 Check alirmment of coupling,change lubricating Ltubricating oil/grease

oi}/creope wituout disuantlang,

H
-5 years R,D,L [ m,0l,0 Reove rotor for co.glete overhaul at ite:ional | Ball/roller bearings if necessary.
worknhopa, rcpluce witi notor of sirilar type,
if available,

——— —— - —n —_—

-4 Switchgedr ‘. 1 day L 0 ltecord voltarn, current end ITkr meter
3 contho D m,el Cheea at.rter and clean ccatsctg.Cheei:
seizing of overload relayce
!
1 yoar D n,el Cleai/rcplace contacis as neccosarys.~.librate 3tarter contacts, 1T nccoczary.
aaacaring inatruaci.is
Q ¢} ieasuring Instruue- 3 yoars iX,D e,n Jiszantle w.u se:sd to apecialized cortructor
E nts . fer rapair and calibrztion
‘;é —
H water ~aster .ctors ) yours ",D [ nismantle end scud to :io:lonal workoihops for
3 repair ai.d caliorition
3
:1 I Laina 1 year L o] check for leaks and repair,if necaasary
3
a ) years 2,L 0,0 Faint expooed pipes vith anticorrosive paint | _Anticorrosive paint
& J Valves 1 your L (4] Check valve ~land nnil rcpack, i nece3aary. Packing caterial
KEYs
Level; 1 = local, D= uintrict, Re lisgional

Crevy ] ensinonr/tcchr.icul officer, o= maintenance team, C= plant operator, el = wwator/oviitchpgenr electriciaz,

gz ofvd

11°99/518/500/08A
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PREVENTIVE MAINTENANCE CHECK LIST POR WATER SUPPLY SYSTEMS BUILDIMCS, STRUCTIMES AXD EQUIPMENT

DESCRIFTION

-GRCUP MAIRTMANCE xS 3 T3AK TO BZ PZRFORMED MATZRIALS, GPARE PARTS,
PzRIOD LEVZL CHew LUBRICANTS ETC REQUIRED
A4 Bervice Reses-
voirs 1 month L o] Check float vlave, check leaks in piping snd
[+ Valves and repair if neceasery o
D Level gauges
i 1 year D,L B,0,a Inspect structure. Drein reservolr, waah snd Bypochlorite (ETH) solutiom.Clend’
clean inside and outside. Dieinfect floor packing. Psint.
and walls with hypochlorite{(HTHE) solution.
Check 21l valves, open and close and repcir,
if nece .aary. Check level gauges. Paint
cutside of steel reservoirs,
B Xlyvated Reser~] 1 month L 0 Check float valve, check lerks in piping and
voirs repair, if nocessary
c Valves and
D Lavel gauges
1 year D,L »,0,8 Inapect etructurs. Drain raservoir, wash and Hypochlorite (ETH) solution.
clean inside and outside, Pisicfect floor Gland packing. Paint
and walls with hypochlorite (HTH) sclution.
" Check all valves, opon and close and repeir,
2 {f necessary. Check level gauge. Paint
& outside and supporticg structure of steel
2 reservoirs.
n N
E VUster Mzeter
. Meters 3 yoeore R,D »n DMspantlie¢ and send to Regionel workshops for
repair and calitration
KEZ:
Level: L=Local, De District, R o Regionsal
Crew: s= engineer/technical officer, D= msintenence toam, o= plant operator, & = additional labour (copsract labour), as necessary.
-
-
L]
[ -
-
[
(22
w

11 98/313/300/08R
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v
:E
. ~
£2
5
FREVENTIVE MAINTENANCE CHECK LIST FOR WATER SUPPLY SYSTEMS BUILDINGS, STRUCTURES AND EQUIPMENT E
-»
GECUP DESCRIPTION MAINTZNANCE Z3E BILITY T+SE TO BE PERFORM:D AATERIALS, EPARE PARTS, LUBRICANTS,
PLRIOD LeVel CrcwW ETC, RegqUIRED
L2 A Diesel sengine 1 day L [»] Check oil level and top up, if necessary Lubricating oil
Generstor Lubricete all lubricentinn points. Record Puci eid
)] o1l pressure, itemperatures, speed and
battery charge.Record working hours and
¢ Bvitchgoar total aince last oil change/last overhsul,
. Clean outside parts.Check nuts and bolts
for tightness. Check alternator bearings.
Checik fuel level in fuo} tank and refill
a 1 week L o] Wagh and clesn air filter
|4
0
©
g 1 ponth D,L »,0 Dismantle injectorsand test spray, Replacs Injector nozzles
g Cefective nozzles if necessary.
o | 3 months D,L B,pysl,0 Clean and inspect injeztors,check valve .
o clearanced-Check and c.ean o0il filters. Fuel filter element
b Fit new fucl filter sleseats. Check sterting Engine oil
E syster. Change engins 0il or in sccordance
<4 . with manufacturers Buaual. Chock switchgear
E and setting of overload relays
~]
a 9 year DL n,p,0 Check alignment of coupling. Check and regrind
a velves ard adjust valve clearances.Clean
desposits from cylinder heads ard pistons
2 years R,D,L ®,2,p,01,0 | Ovarhaul: Cosplete dismantling, cleaning and Spare parts 25 necesenry
dapending on replaceaent of defective parte
rvnnins hours .
KEY:
Level: 1=Local, DeDistrict ReRegion

rews

oeengineer/technica

1

offioer, m=ssintenance teesm, p= engine/pusp mechanic, el= slectrician, o=plant operstor.



PREVENTIVE HAIRTENANCE CHECK LIST FOR WATER SUPPLY SYSTEMS BUILDINCS, STIUCTURES AND EQUIPHERT

sIc? DXSRIPTION LATNTLZ.ALCE BMTLONEI ) 9 V4 T.5u TC DS PLUICiiED sATFRIAL3, $2/RT PARTS, LUBRICAITS
PN IOD LEle Cat 3 £TC, TO BC U3ZD
YI1 dind lills 3 monthe L 0 Clear. adjacent area, cut tsll grass '
1 year H,D,L| e,n,w,5,a ; Clean casing and acrecns with apyrcariate tcols
and chericala, Lecaure well cutput before and
after cleaning, recording total {low and
specific capacity.Change oil in gearbox.Examine lubricating bil.
superatructure for signe of corrosion and paint Anti corrosion peint
5 yoars HyI3,L | o,m,0,a Comdlota overhaul: Dismantlc pucp and gearbox and Sparuy paris, &s necessary,
recondition ot Negional worxsliora
| & ¢

Levelt L = local, 0 = District, R = iiegion.

® = snzineer/tec.:nical of icer, m = mcintznanco tea:, © = plant operator, & =« additional labour {or contract labour) a3 requirel,
% = sF:cial tem. for pervicir; deepy ticlls,

SOt

1c o9sd

11°v8/$12/910/0BA
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WORKLOAD

DISTRIBUTION BY QUARTERS

Form No.12/W

1

SHEET. . '__.

PROGRAMME YEAR_ 1986

WORK ACTIVITY

ANNUAL PROGRAMME

PLANNED MaM DAYS

15t 2nd 3yrd uth
{00t DESCRIPTION (REw Size CREW Dars MANDAYS QUARTER QUARTER QUARTER QUARTER
]r_1ﬂ Clean intgke externally 2 360 720 130 |80 | RO 180
:#H Clean intake adjacent area Lf LR / C]Q Z+ e L1-8 L% LYLR
g1/u Check and tighten gland packing a g4 199 43 48 48 L8
?2/!4 Grease pump bearings c;_ [{_ 2 9 3 a9 2
?3/&1 Clean pump suction strainer 9 £o 120 20 20 20 20
?4/H Clean pump suction lines 2 3 _L 2 / aQ /
~25/H Record readings cof pressure gauges 2_ 3¢ " 9 K /8 /8 /8
.29/H Craass motor bearings a9 /n 8 Q o 2 2
31/4 | Exerciss valves 2 0. 4. / / / /
>41/H Clean and flush treatment plaut 2 .
42/ | BRI I e 2
51/ | Service air valves of pumping main 3 s S 3 4 3 S
52/w Open washouts of pumping main N < 16 Y 4 L 4
:53/&1 Chedk leaks of pumping main ] 17/ 17/ 403 4'2 l?_’? 43
61/% | Service air valves of distitbution 3 )
}?/n Open washouts of distribution 2 s /0 2 R 2. 2
63/\" | Check lesk of distribution / |74 78 43 Lty Ll 43
64_/'—; Check meters 2 / 2 - / / - =
71/¥ | Other maintenance 254 X 64 &4 4
] “ctal man days i76 é 4‘- 7 2 4" 72 l/" 7/ [f 72
L 2emuired rumber of employ'ees 7 7 7 7 7

S I SRR - S

[ce

Porm 7

- grianc duas per year and 56 working
vintineucus activatiee .

QY5 per ruarter cuce;d for


http:tineuc.us
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QUARTERLY WORK SCHEDULE

Form No. 13/\! PROGRAMME  YEAR _ 777 __

SHEET_..L_oF___/____._
QUARTERLY SEMI-MONTHLY MAN DAYS ASSIGHMENT [
PROGRAMME . N o ‘
CREW MONTH MONTH MCHTH
CODE DESCRIPTION CREW | MAN :
SIZE DAYS | pars | 15Tarz L 2% aua | ast quz | gnd gy | gst gy | gndy
11/H] Clean intake externally 2 g0 180 20 S0 30 30 3C S0
12/':1 Clean intake adjacent area L;- 23 q_g 3 R 3 ® 2 g
21/W Check and tighten gland pac.ing s} 2y L g < 8 e % 3 2
22/W | Grease pump bearings 9 / 2 2
23/W | Clean pump suction strainar 03 5 30 g 5 o 5 5 5
24/H | Clean p.ump suction lines o) / 2 2
25/W | Récord readings of pressure gauges 2. 57 1R 3 3 3 3 3 3
29/W | Grease motor bearings 2 ] 2 2.
31/W | Exercise valves 2. oS / ) /
41/¥ | Clean and flush treatment plant 2 _ - B
42/W | Clean and lubricate equipment of plant 2 - —
51/4 | Service air valves of pumping main 3 | 3 2
22"/H Open washcuts ©f pumping main 2 2 Lf‘ _:,Z“__ 2
23/ Sheck legks of pumping main i ip3 43 7 7 = 3 4 R
61/H | Service air valves of distribution 3 — -
62/4 | Gpen washouts cf distribution 2 -5 3 3
63/v | Pheck lesks' .of distributiga ! / 43 3 é 3 6 7 s
64/W | Check meters P! a5 / /
71/W | Other maintenance 6 /i /o /0 // /o /2
Total P2 ps2 182 182 | w2 |ga |82




168

SEM! -MONTHLY ASSIGNMENT AND REPORT
( WORK SHEET)

Form No.l4/wW

QUARTER: MONTH:

Aty Ly Lad e |s |6 et |1 [12]13] 14 5 ToTAL

KD Lo sattstaptaod as 12023424125 F 126 013013 Dars
e o |2 l2f2l2]2lz|at2l2]2]|2]|2|2(2 20 0f B¢ ric v
12 {10 b |4 gl o
P 2, 212 CYAPY4EYAEYAPYAY Y 4K 2
fgl-l';Tlu Juw / L }/ / }/ S ol2 v -
22w 2 9 of2 s
53/t Ll 17/ Fof] v o
€3/l AR 112 S of | u
o ther 2222 2|1 7]

l
toraLons | 313 (7717171313317 17(7[717]3
*_ TLQSQ QCHUII\:\QS ‘\‘O \)Q_ Cr.rr‘.?:! g)ut b‘j "WO Civ s
throughout  the  year.




SEMI-MONTHLY WORK ASSIGNMENT AND REPORT

Form No.15/W

QUARTER: F RS T

691

MONTH. FIRST (TANUARY) oF .2 ___.
2 3 7 5
WORK ACTIVITY / LOCATION DATE
17118 TOTAL  |RZMARF
coDE NO.  [[w To b
2 Mai pi le bt
DESCRIPTION : Cleon Tnlake 3 ot Crew 30 |arned
ex{ema\\\j ot Equip. oLa.lllC;
2 opers,
_OCATION : ACCOMPLISHMENT NS
ODE NO: MW 23w 25w || Haint 57 oy
DESCRIPTION : Check. gland packimd & | Crev / IS |ie be
. 13 Equip. el by
clean p. strainers = .
T 2 opers. S“‘.f)\"
. . Record reaclings ok | T Th e
’ Yessuvre e S - e
LOCATION : P g OMPLISHMENT Nos c}d:g
oS5,
fODE NO: 29_/,',4) . Maint. )
SN - /o Ey Crew 2 D
DESCRIPTION : C}'\'FCASQ (TR '8 q
. ? F & Equip.
’Deanv\qs < opers.
_LUL‘ATION : COMPLISHMENT Nory
(0DE no: S3fw . | Mot
DESCRIPTION = Check, \eaks of| & | Cre I 7
: . : Equip.
Lo ~ A - <
Pu=pung o g | opers.
LOC ATION ACCOMPLISHME NT oh |
- Maint. o 3 / ~ i
_ > Crew - t A b/f
TOTAL MAN DAYS 3 |
L qQuip.
o

coor




oLT

SEMI-MONTHLY WORK ASSIGNMENT AND REPORT Form No. 16/W
QUARTER: FIRST MONTH: F1RST (IaNvany) SHEET . __ 1 ___OF_ 2~ ___._
|
2~ 3 | 4|5 |6 b4 |1 |12 |13 |10 (s
WORK ACTIVITY / LOCATION DATE
6117 118 119 120 129 122 123 124 126195 127 lopl99 30J31 ) TOTAL |REMARK
" CoDE NO. N w ‘
2 | taint 2[2 2 | 212 212
DESCRIPTION: ' clean Tnlakhe B aint. Crew | 222122l 2|2 10
externa l\d z Equip.
3’ < opers,
LOCATION : ACCUMPLISHMENT 30
CODE NO: RIJW 23w 250 | . Mainl. : : }/y:l }/ 2
9 .
DESCRIPTION : Check qland packings 2 E"-’?‘ |15
clean P Strainer ] OQlel:.P-
o= o, Recovd  reacdhin = pers. L
L. Ssi
Location’s F PSS Gavges |y ccoupLisument 1S
C00E NO: ALl W " Maint.
DESCRIPTION : Gipewse puwmpp g (E”"".' 1= =
. & quip.
. b@Y‘h%s g opers.
| LOCATION : ACCOMPLISHMENT | - _ . >
(0DE NO: S3fw o | Maint. ' = y
DESCRIPTION : Check Leaks | & Crew O Y I Y FIY |/ .X
. . . ! Equip.
o of P“‘“\m'\& hain | § ogeri.
LOCATION : , ACCOMPLISHMENT 30 kM
:_ ; | " Maint. - )
1 - , Ex Crew
JTOTAL MAN . DAYS ?  [taum
. ' £ npers.
7 . - ——— - —_— gy - d e o




APPENDIX H

Training Resources on Maintenance Management
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TRAINING _RESOURCES ON MAINTENANCE MANAGEMENT

SELF STUDY COURSES ON MAINTENANCE MANAGEMENT

1. American Management Association

Course Titles:

1. How to Manage Maintenance
2. Fundamentals of Inventory Management and Control

Available From:
American Management Association
P.0. Box 319

Saranac Lake, NY 12983
(518) 891-5510

2. California State University

Course Titles:

Small Water System Operation and Maintenance

Water Distribution System Operation and Maintenance

Water Treatment Plant Operation

Operation of Wastew~ater Treatment Plants

Operation and Maintenance of Wastewater Collection Systems

v W

Available From:

Office of Water Programs
CSU, Sacramento

6000 J Street

Sacramento, CA 95819-2694
(916) 278-6142 or 6366

3. Michigan State Univarsity

Course Titles:

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

Available From:

Self-Study Course Coordinator
7 Olds Hall

Michigan State University
East Lansing, MI 48824-1047
(517) 353-8711



SOQURCES OF TRAINING MATERIALS / BOOKS ON MAINTENANCE MANAVEMENT

1. American Water Works Association

American Water Works Association
6666 W. Quincy Avenue

Denver, Colorado 80235

(303) 794-7711

2. National Environmental Training Association

NETA
8687 Via de Ventura
Suite 214

Scotsdale, AZ 85258
(602) 951-1440

3.U.S. Environmental Protection Agency - Instructional Resource Center
Instructional Resource Center
1200 Chambers Road
Third Floor
Columbus, OH 43212
(614) 292-6717
4, Water and Sanitatjon for Health Project
1611 N. Kent Street
Arlington, VA 22209
(703) 243-8200
5. Water Pollution Control Federation

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

174
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Equipment/Distribution Inventory Worksheets-~Sri Lanka
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Form “o. 3B
INVENTORY SUMMARY SHEET: DISTRIBUTION SYSTEM DATE | =1 —
NAME OF THE SCHEME SERVICE  CONNECTIONS
NAME OF ROAD LENGTH PIPE SPECIALS { NOS ) DOMESTIC COMMERCIAL INDUSTRIAL Ho Hfo
No Ho. NfO o sn%n
o |wee Oia |DIA ISV GV WSV JDAV |SAV FH [No [Size f:efters No |Size ;;ers Ho |Sue 1oL | 'SP |boaras
b - :
Notjse Ra lcoo jC-T | (Lo [leo| | 2. g8 | 50 2|75 |1 Ly
2|50
Colombo Rd. ool c.1.| \s50 |150] | 115 1 50 4 75 /4
' 29|50
st Mary's Rel. 2780 c¢c.T 150 {150 | ! so0| 50 o
Rarker RA. 2360 ¢c-I.| 150 }150] | 21| So 3iso 2
Covaya RA. |3640|c-1.| 100 |100| | { 28| 50 2 |s0 2
Ferry Rd. 2260(c 1.\ 150 |I50| 1 14150 1| 5d /
Lane RA. 2980 ¢ - I|150 159 | 18 |50 /
h' :
2L Cross sk |2210{c 1) 150|150 | is |50 3|50 I
Brdqe RA. [4570( <1 100 |100] | 93|50 50 o
TOTAL C[‘).IO ¢.I.|j0o0 |100| 3 328 | SO ? 75
- -5 |150| 6 2l
i4g990| =2. {150 (02| 0
!



8LT

\S\(.

INVENTORY WORK SHEET: DISTRIBUTION SYSTEM Form HNo.3A /W
NAME OF THE SCHEME : -
NAME OF ROAD . : Noyse Rodl . DATE: | - /-®6
SERVICE CONNECTIONS No. No of
DISTANCE LENGTH PIPE SPECIALS [ NOS ) DOMESTIC CGHMERCIAL INDUSTRIAL of | sign
4 T . No. ] No. . N?- S.P {boards
From To ™ Type ﬂ'.f;, G»L'L SV |GV {wSv |Dav 15av | FH |No. il_zen mgfers No. S',f“ij m%‘ers No. |Size r&,m
o 300 {300 |lc-1.{l00 |lOoO] 25150 ) - 2175 ] ] 2
300 | 400 | 300 CI.ljioo |00 i 30|50} . l
6oo (900 300 |c.1.| DO :
{
900 licoo | 1o |c.T. oo | 100
. I { 33is0 2 150 !
|
i
TOTAL, lcco jc.T.| joo {1po] 2 38| so 21751 ! A
1 250




6LT

NAME OF THE SCHEME :
NAME OF ROAD .,

INVENTORY WORK SHEET: DISTRIBUTION SYSTEM

:Colevwbvo R,

Form No.3A/W

DATE: - ~86
SERVICL CONNECTIONS No. | No of
DISTANEE LENGTH PIPE SPECIALS [ NOS ) DOME S7IC COMMERCIAL INDUSTRIAL of sign
No. No. No. | 5P |board
From | To M [ Type iﬂg.ml Ols_[sv |6V |wsv foav |sav | FH [No. |size Lgfm No [Size | of | No. [Size moefm earcs
0 300 | 3co et |50 lofsot — |"6l7s - | -1 - |- -
3oo éoo Joo c.1, I50 {i1so ! 22| SO| — ? So| - - - ! -
600 qoo | 300 ¢.T.| 150 S|S0 Sol - | - — /
909 |{200| 300 c-1.| 150 g| so 7 so| -] _ ,
|20 l1soo oo -
¢.I.| tso|iso
‘ y | 5o 12|so] - | _ -
1Soo |1go0o | 366 c.1.| 156
1800 121001 300 Jc.1. | 50 g|so I 50 /
) So
N 2001300 o1t 50 /479 so {'{ 55_%
2400} 2700| 3 “ !
7co 3ooﬂ 3co |c.1| 150 1] so 2] 50 f
3coo| 3100 oo
|
- 6175
IOTAL [ Yelal I lso 'I)‘n ' ' l é
- o IS§ So
$4|50
i
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| 2
| INVENTORY SUMMARY SHEET : GRAVITY / PUMPING MAIN Form  No.ZB/W
HAME OF THE SCHEME :

DATE: | -1 - @4

LENGTH PIPF. SPECIALS { NOS ) SIGN
, — S
LOCATION i BOARDS REMARK
[m) .Type Dia. (mm.) DIA [SV |GV BV. {WSY |DAV [SAV { NOS.) ’ '
. ' m
'DaduﬂuO'dq ~Chillaw 7300 C. 1 s s 3 | 3
Eba lank — clollaw G150 Ac. 200 200

3 ]
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NAME OF THE SCHEME :

INVENTORY WORKSHEET : GRAVITY/ PUMPING MAIN

Form No.2A /W

LOCATION : Eba Yank 4o chillaw -ioesn DaTE: [ - [-86
DISTANCE LENGTH PIPE SPECIALS [ NOS) SIGN REMARKS
From To {m) Type Dia. DIA | SV |GV |BV [WSV DAY [sav BOARDS
- — . ™ m
o) 2000 | Lo0O k-C.| 200 |2op ! 2
2000 | Looool 2000 | A-c.| 200|200 /
coo :
L" booo 2000 A.cC. 200 200 ) 9
6000 opo
gooo | 2000 |ke. | 200|200 / o
%000 | 9450 (15
|5 O .
TOTAL G150 A-r R ol RO - =3
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INVENTORY WORKSHEET : GRAVITY/ PUMPING MAIN Form No.2A/W
NAME OF THE 3SCHEME: - .
LOCATION : Daduru D4 o chillew town OATE: ) —1 =86
DISTAN(E' .o LENGTH PIPE SPECIALS { NOS) SIGN REMARKS !
from 1o (m) Type Qin\ BiA | SV |GV | BV |Wwsv [DAV |sav BOARDS
4 — [ ]
© |acoo | 2000 |c-1.| 175 i !

2000 | 4000 | 2000 |c.T.]| 175
Looo |booco | 2000 C I, |17y

6000 17300 | 1300 |c.3.| j7s

7074 | : 7300 |c-1.} 17% 3 3
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INVENTORY NO.1: HEAD WORKS AND STORAGE

NAME OF THE SCHEME : o

rorm o 11 W

DATE : “"‘-86

puMp HOUSES Eba gk Lift Pu-.‘p Hose

STORAGE FACILITIES

INTAKE TREATMENT PLANT
Location : LOCATION AND TYPE: Location: Location :
PUMPS NO. 3 NO. 2 NO. 3 NO. &
Type : - Type : Type:
Hake b:%y—wnd S;av—o_hd
Capacity: Hodet : Copocity : Casacity :
. . Total head (m} (o]
Other details Cepacity i no Oetaits of Year of
P equipment : tonstruction:
(11 m37/hr loo oo
1) kw
Year af lnstall. 1969 1968 Location :
_ Type:
Location: MOTOR J ENGINE NO. 1 NO. 2 NO.3 NO. &
Capacity:
Type : Make Breeks Breoks Location:
) Modet . Year of
Capacity: Capacity thw) 30 a0 Type : construction:
H Yi 1 .
Other delails ear of Instoll 19¢6¢% 568 Capacity:
Detaits of Location:
equipment :
_ Type:
OTHER EQUIPHENTS: 6 Noc. ULalves Copacity:
Year of

construttion:




¥81

No. 1/ W

|-1-86

STORAGE FACILITIES

Location : CL\; Heaw toch

Type: Tower

Capacity: L0000 H 3

Year of
construction:

1968

Location : Dadur« qu
Type: 3 Nos Sw-ps
Cupacty: 250 43

Year of

construction: | 96 7

. _ . Form
INVENTORY NO.1: HEAD WORKS AND STORAGE '
NAME OF THE SCHEME : _ DATE -
INTAKE PUMP HOUSES TREATMENT PLANT
Location: Eba Yank [LOCATION AND TYPE: Daduru O4a ‘,kgﬁ\ Lift P’u...p Howuse | Location:
. PUMPS NO. 1 NO. 2 NO. 3 NO. &
Type: 'D\\‘Ecb ° Type :
. 3 Make S.‘.S\hond S;as—‘o,nr»l
Capacity: 2200 H Model ) Capacity :
. Tolal head (m) 98 99 :
Other details Copocity Setu;l:n :f,
1) m3/he 90 90 quipment:
1) kw
Year of lnstall. 1762 1962
Location: Dadiury oaq MOTOR 7 ENGINE NO. 1 NO. 2 NO.3 NO. &
Type: Diyreck Mcke Brooks Rrocks Location:
c . 3 Model
opacity: 2500 w Capacity (kw) 29 a7 Type:
Other details Yeor of Instail. 1962 1962 Capacily:
Details of
equipment :
OTHER EQUIPMEMTS: 6 Moy Valve

Location:
Type:
Capacity:

‘fear of
construction :




APPENDIX J

Equipment ID Numbering System
Used in U.S. Wastewater Treatment Plants
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Table 1.

FUNCTIONAL NUMBER SYSTEM

190

200

300

Ra
10

140

Woaste sater Station

Screening

t1i
1

Nar Screens
Conweyure

CGr.nding

12

Cr.nders

Wattewater Fluas

[R]]

3
11}
134
13%
136

Pumping

Va.ves and Gatee

Wet Well Leve: Control
Flow Measurement
Pump Seal Water
Compressed Air

Aumliary Sarvices

14}
RY]
143
144

Sump Pumping
Yentiiation
Hoiste

Electrical Supply

Pr.mary Treatmenrt
210 Primary Settling

230

240

21
212

N

Taoke and Cates
Siudge Collectore
Scum Laundere

Sludge Handling

221
222
22

224

Pumping

Pump Seal Water
Fl:w Measurement
Siudge Degritting

Scum Handling

23!
2
233

Purmmping
Pump Seal Water
Scurmn Weli Level Control

Aumiliary Services

24)
242
24)
244

Sump Pumping
Ventilation
Houste

Electrical Supply

Secondary Treatment
J10 Aerition

320

130

L SR
ne
33
314
316
e
n?
Asr
J21
J22
32)
124
2%
32

Tanke and Cates

Adjustable Weirs

Tank Air Diffusers

Incremental Feed “hanne! Air Diffusere
Tank ond Feed Cha nei Water Sprays
Mixed Liquor Flow Meascremant
Dilfuser Sock Washing

Delivery

Fiitere

Bloware

! low Measurement

Pressvre Relief

Chaanal Sparger Air Delivary
Compreseed Asr

Secondary Clariliers

3N

Mixed Liquar Chananel Air Spargers

332 Mined Liquar Channel Water Spraye
333 Clarifier Mechaniem and Gates

400

360

J1c

Mo

Chemical Trestment

M1l Flocculant Minung
342 }locculant Pumping
Return Sludge

151 Pumping

392 Pump Ses) Water
333 Retura Sludge Wet Well Lavel
354 Devwatering

3%¢ Tlow Measurement
Cxacees Sludge

361 Pumping

32 Pump Seal Water
343 Flow Meagurermaent
364 Dilutien

Scum

371 Scum Well Level Coatrol
312 Scum Pumping
Auxiliary Services

38) Sump Pumping

382 Ventilation

383 Hoiste

384 Electrical Supply

Chlorination and Effluent Flow
410 CRhlorination

420

430

440

al
a2
41)
414

Chlorine Handling and Weighing
Evasporation

Chlorinators

Chlorine Detection and Venting
419 Injectore and Diffusere

416 Contact Chambars

Residual Chlorine Analysie

421 Anmalyzers

412 Influent Sampling

423 Effluent Sampling

Elfluent Water

431 Weire and Gates

432 Level Measuremen?

4)) Return Water Pumpiag, High Lilt
434 Return Water Pumping, Low Lilt
4)% Pump Sesl Water

Auinliary Servicee

441 Sump Pumping

442 Ventilation

44) Hoiste

444 Clectrical Supply
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Table | (continued).

FUNCTIONAL NUMBER SYSTEM

I

188

$10 Suudgs and Sgum fracesning
510 Aumiliary Servicen
S Sump Pumping
t12 Ventilat.un
%3 Hoaieee
14 Electiac el Supply
$20 Siudge Thichening
&1 [hicheners
%22 Pumping
%23 Filow Meadurement
$24 Chlorination
32% Compressad Aur
930 >iudge Stursge and Mandling
531 Siudge Storage Tanh
532 Screw Feeders
$3) Pumpe
>34 Conveyorn
3% Flow Measurement
Sio Fluskring Water
%37 Hydraulic Powe:
C'8 Sumrp Purpirg
%4C Scum Ha Wling
%41 Werr Control
542 Pumping
350 Lime Treatment
$91 Dry l.ime Storege Tanh
3%¢ Leve’ Ind:cation
%93 Vibration
554 Dust “ollection
595 Dry Lime Feeding
556 lamre M-aing
547 Lime Siurry Pumpirg
560 Ferric Chlor de Treatrmern:
‘61 Storage Tarks
362 Compresscd Air Supply
%6) Dav Tanks
%64 Fumping
570 Poiymer Treatment
571 Miming
572 Pumping
580 Sludge Cunditioniny
981 Coarditioning Tankse
930 Vacuum Futrition
591 Vacuum Pumrping
592 Fadering
573 Filter Agitation
594 Filtrate Pun.ping

600 Incineration

610 Incinerators
611 Mechaniams

620 GCaes Supply
621 Oul Supply
631 Shuto/!
632 Fultration
63) Pumping
634 Flow Rate

700

640 Air 3uppiy and Foul Gases
641 Cooling Asr
642 Combustion Asr
643 Four C .0 Delivery
630 Scrubbing
650 Scrubbers
452 Flush Water
633 Exhaust Fane
660 Ash Handling
66l Elevators
62 Conveyore
63 Storage
444 Conditicning
53 Faeding
673 aumliary Servicet
¢} Sump Pumping
672 Venulation
673 Housts
474 Electricai Supply

Utilities and Services
710 Recorders and Meters
711 Flow
712 Presoure
71) Lavel
714 Coocentraiion
718 Electrical and Position
720 Lebaratory Facilities
121 Lab Equipment
710 Plant Servic: Equipment
731 Plam Water
732 Heating
733 Hot Water
734 Lighting
740 Outeide Utility Supply
141 Electricity
142 Gaa
743 Cousty Watar
750 Mustenance & Repair Facilities
151 Machine Skop
752 Mechanical Shon
v33 Llectrical Suop
160 Buildings and Crounds
170 Safety Equpmant
171 Fire Extinguiohere
772 Hydrazte
173 Emergency Lighting
174 First Aud equipment
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Table 2,

SAMPLES FROM EQUIPMENT CONFIGURATION LIST

D Lquipment Name 11.1 Location
520 SLUDGE THICKENING

321 Thichenere
82111 | Sludge Thichener No, | nj3 . N
$2112 | Stutge Thickener No. & nlr- ]
§2121 { Gear Motor Mo, | N N
82122 | Gear Motor No. 2 Nt ]
82131 | Chain Drive No. 4| 3 N
82132 | Chain Drive No. 2 4] 3  §
$2141 | Gear Reducer, No. | 4t N
52142 | Gear Reducer, No. < a9l
82151 | Ventilator, No. | Thichener n|J N
$2192 ) Ventilator, No, 2 Tt .chener 123
§2161 | Control. No. ! 333 N
$21wl2 | Coatrol, No, 2 3313 ]
82! Pumping
32211 | Duplex Plunger Pump ‘lo. | 22y3 . NwW
$2212 | Duplex Plunger Pump Ne. 2 2]J L NE
52213 | Dupten Plunger Pump No. ) 22| J L sw
32214 | Duplex Plunger Pump No. 4 2|3 L T
$2221{ Motor, Pump No. | MMjJ L NwW
§2222 | Motor, Pump No. 2 NnjJ v NP
822231 Motor, Pump No. 3 NnjJ v £
822.4 | Motor, Pump No. ¢ MjiJ L 5
52231 | Variable Speed Reducer, No. | alIJ L NwW
$2232 ] Varuable Speed Reduces, No. 2 all L NE
52233 | Var.able Speed Reducer, No. ) afjJ L sw
$2234 | Variable Speed heducer, No, 4 alfJ L T
2241 | Cear Drive, No. | 41{J L NwW
§2242 | Gear Drive, N2, 2 1] I L N
$224) | Gear Drive, No. } ajlJ L sw
2244 | Gear Drive, No. ¢ a1y J L SE
82281 | Reduction Gear Nu. | o} 3 L nw
82292 | Reduction Gear No. ¢ 411J L NE
92291 | Reduction Gear No. 411 J L sw
82294 | Reduction Cear No. ¢ e} s L T
$22¢1 | Control, No. 1 “J L Nw
82262 | Contiol, No. 2 NI L NE
82263 | Control, No. 3 . 33l J L sw
$2264 | Control, No. 4 NI L T
823 Flow Measurement
82311 [ Thickened Sludge Magnatic | lowmeter etjJ L
82121 | low Transmitter sl L
§2331 | Influent Sludge Channe] Level Recorderf 631 J O A J

Location areas (refer to pages 5 and 6):

J = gludge thickening
L = plant shop and service building
outside '

o
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Table A-1. EQUIPMENT TYPE CLASSIFICATION

10| Tanks and Tank Equipment
11| Tanki, Chaanels, Bine

121 Slide Gates, Stuice Gates
13 | Sludge sad Scum Collectors
14| Weira

20| Pumps, Campressotrs, Blowers

21 | Centritugal Pampe

22 | Piston Pumpe

23 | Cenr., Vane, Screw, Diaphragm Pumpe
24 | Air Compressors

291 Air Plowers

26| Sump Pumpa

27| Submereibie Pump 'Drive Assemblies
28] Vacium Pumpe

Y0 | Electrical Equipment

11 | Motors. Motor snd Drive Assemblics
32 | Supply Panels and Boxes

13 ] Controls

14] Transformcre, HY Power Supplies
3% | Delays Relays, Timerse

40| Mecharical Equipment
4l | Drives and Bearings
42 | Hoist: and Crancs

4 | Conveyors

44 ] Special Equipment

30| Mydraulic and Pneumatic Components
1| Strainers, Filters, Screans

821 Heat Fuchangero, Evaporators

43| Diffusers, !njectora., Nozgles

44 | Valves, Dampers

$3| Pressurc Reducers, Reliel Devicas
8¢ ] Silencers, Scrubbers

$7 | Miners, Agitators, Vibrators

88| Chlorinators, Feeders

$9 | Hydraulic Power Components

40 | Measurement and Coatral

61 | Flowrate Transducere

82 | Pressure Transducere

83| Level Transducers and Contrals

64 | Analyzers

4% | Scales

66 | Meters, Alarmo, Recorders

67| Float, Pressure. and Litnit Switches

70 | Plant Service Equipment
71 | Fire Extinguishers

72 | Heaters, Ventilators

73 | Laboratory Equipment
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Table A-1. EQUIPMENT TYPE CLASSIFICATION

10
i
12
1)
X ]

10
21
2

24
25
26
27
28

10

b4
33
‘4
35

40
41
42
4)
44

60
6!
62
6)
(1)
6%

[

k3]

T2
1)

Tanks and Tank Cquipment
Tanks, Channels, Bine

Slide Gates, Sluice Gates
Sludge and Scum Collecrors
Weirs o

Pumpe, Compressors, Bicwers
Cantrifugal Pamps
Piston Pumps

Gear. Vane, Screw, Diaphragm Pumps

Ay Compressors

Air Blowers

Sump Pumps

Submersible Pump’'Drive Agsemblies
Vacr.um Pumps

Electrical Equipment

Motors. Motor and Drive Assemblies
Supply Panels and Boxes

Controls

Transformers, HV Power Supplies
Delayr Relays, Timers

Mecharical Equipment
Drives and Bearngse
Hoiste and Cranes
Conveyors

Special Equipment

Hydraulic and Pneumatic Campanents
Strainers, Filters, Screens

Heat Fuchangers, Evaporators
Diffusers. Injectors. Noztles
Valves, Dampers

Pressure Reducers, Helief Devices
Silencers, Scrubbers

Mixery, Agitators, Vihrators
Chlorinators, Feeders

Hydiaulic Power Components

Measurement and Control

Flowrate Transducers

Pressur: Transducers

Level Transducers and Controla
Analyeers

Scales

Meters. Alarme, Recorders

Float, Pressure, and Limit Switches

Plant Service Equipment
Fire Extinguishers
tHeatera, Ventilatorsa
taboratory Equipment
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APPENDIX K

Distribution System Maps
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COMPREHENSIVE MAPS

PURPOSE:

An overall view of the water system

TYPES:
l. Distribution
2., Traansmission
3. Pressure
4. Index
S. Combination (one or more of the above)

MATERIAL:

Original - Heavy tracing cloth
Prints - Black line preferred

USE ACCURATE BASE - EXAMPLE:
County plats, U.S5. geological survey quadrangle maps
SCALE:

Preferred scale - 500 ft. per in.
Maximum scale - 1,000 ft. per in,

ITEMS TO BE SHOWN ON MAP:

Street names Orientation arrow

Sizes of mains Scale

Fire hydrants Date last corrected

Valves : Index key for sec:iional maps
Wells & sources Reproducible

Tanks & storage
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PORTION OF COMPREHENSIVE MAP
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SECT {ONAL MAPS

PURPOSE.:

A more detailed picture of the Distribution System. Area covered will

range from 1/8 to 1/2 section.

MATERIAL: Original - heavy tracing cloth; Prints - black line preferred

SIZE OF PLATS:

20 x 25 in. or 26.4 x 26.4 in., plus margins 2 to 3 in. wide

50 ft. per in., in congested areas

100 ft. per in. in residential areas

200 fr. per in. in rural areas

ACCURATE BASE - EXAMPLE: County Assessor's maps

ITEMS TO BE SHOWN ON PLATS:

Plat designation or number

Adjaceat plat numbers

Street ncmes

Ma:us and sizes

Material of main

Fire hvdrants, 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 tumbers

Water account numbers

Sizes of taps

Sizes and materisls of service lines

Date last corrected

Orientation or north arrow

Scale

Additioual information if space allows:
Distance from property line to main:
and services
Distance frem mains to property stot



PORTION OF SECTIONAL PLAT

SEL [LAT 17-28

ALL VALVES ON VALVE SHEET- 24"
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VALVE, HYDRANT AND INTERSECTION RECORDS

PURPOSE:

Provide detail information of an installation

TYPES:

1. Cards:
Card for each
Location, size, brand and model
Installation date
Number of turns
Maintenance and inspection record

2. Maps:
Detail drawving of each
Scale: 2' to 20' = 1"
Engineer and profile "as builts" can be utilized
Photographs

3. Combination:
Cards and maps

200



VALVE INTERSECTION PLAT
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PIPE SYMBOLS — MODERN ELECTRIC WATER COMPANY

FITTING

BUSHING
END CAP -

CROSS
REDUCING

STRAIGHT

ELLS
45°

g0°

JOINTS (COUPLINGS)

VARIATIONS

UNION

REDUCING FLANGE

REDUCER

TEES
REDUCING

STRAIGHT

VALVES
GATE
COoCK

FIRE HYDRANTS
4“

6

6 WITH PUMPER
PORT

FLANGED

b
e
'Fb

I

FLM

:

e
BiEE

e

AC
SCREWED (BELL & SPIGOT)

f

FL-AC
—{—
(ADAPTER)

MECHANICAL

JOINT

ofo-
o

{
e

6.90-7.'3

(TRANSITHWN)
—G—
—N_

Eypcpttd

—




APPENDIX L

System Equipment Forms—-Botswana
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NEPARTMENT OF WATER AFFAIRS

To be filled in triplicate

Arca Service Station

BOREHOLE EQUIPMENT SPECIFICATION (10 be attached 1o each application lorm)

A Borchole owner's Namie (.o viviiieeiienieiioneens BH/OMici No .o ivviiiiniiiaenas

or Syndicate Chairman

Official Use

LOCALION +vereneenrueensocsasasnssassons U 0 111 1 S R R TR R PR
B ENGINE Year of manulacture.............
Model Make coiviviieiinennnas. Ceerereerriionas Serial Nov.evevomes eieen [P
I Ko 2o veteereeeveeeseenen e tnsenaanantanns v RPM. e
Shalvdia ..., Ceeesretiresaranararraras veeneses Pulleydiai.ooveiiiiiiiianiiae,
C POWER HEAD Rising Maindia......... cerreavenas .
Model ’Miake v iveiiiieriietisrercessersnnes vevs Numberof Pipes.ooviiinanaa.s,
Pullevdia cooviieiveceianss Ceneretesransanavas Cylindersize.....ooooeiiiiinnni,
Strokes/min' covivieninens verenns
Pump Rod sizeeeiiiiiieniniinenn.,
D MONO HEAD Raising Maindia .......... reenes .
Type ooonn Creereneneee PP, etececerinaras Number of Pipe....oovoes vieasene .
PUley did cevenvirveivienseneessionsasessssesesss Pump Elementssize.....o... RTINS
Mono shaft sizes..o.ooiveies eenes .
EPuMp
L P U Make . ieiiianieinniirinnreinenns v
I T 7 .
F BELY
Typeof Belt oovieiiiiiiiniiiiiniiiiianee, P 1 oee
G RESERVOIR
Tank Gapacity oo oeieanens eerereranras veeesee M TYPe . oviiiiiiiiinianaen

WA FER METER

- A
Yes yee D Yo

Waorking

No D No

Fitted

] O

Please Gl in s accutately as possible, Conectinformation is of the utmost imparance, Ml supplementary infonmation aliout borehole

history of any.
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90¢

DISIHICT WalEx DECA.UMISNT.

Engine History sheet

Exgine type: Number: ReP.li,

year:

wate Place Bh,. no. Hours run Nature of work Parts

no,

office us




DISTRICT COUNCIL WATER MAINTENANCE UNIT Place Borehole No

*Z exnbtd

LOG OF PUMPING PLANTS Month 19 Type of engue
‘ Operator Engane No.
Oate OPERATION Of EMGHE e badalinl o m::;:-::w . Remarks, work Co/fnd out, DrOSACOWwTS oK
Saen Sp Saont S Saont 300 | eparotpm | Dwenett Ot Duesed Odt | pvicesart| olier mep M"‘"“

'

2

3

Y g

$

[ .

7 .

s ]

9

10

11

12

13

14

15

16

1? T ma s

18

19

20

n

2 -

2
T4

25 -
26 .

27 3

28 \

29 3

30

N -

GRAND TOTAL -

CONSUMPTION OF DUESEL & O | DIESEL | On OPERATION AND VIELD WATER LEVEL Remarks by San Oparatar Remasks by O in charge
Balance fiom previous month Debvovy of water - ) Exe O:"::‘ ‘;;::

Racawed Suring Lhe swonth No. of hours operated this month

Towd Yiokd (m water — Nours Yoerstecd)

Towal ysed during the month Consumption of fusl (il + m? wasor) H
Balance Consumgtion of ol {ml + hours operaied) Son Io. Son l“ E

L0C



