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ABSTRACT

Performance measurement of maintenance function is a major issue for management, because
maintenance effectiveness is part of any organization's success. Maintenance seeks to reduce the
probability of failures by applying the preventive maintenance and reduce the severity of equipment
failures once they occur using corrective maintenance. This research is studying the performance of
Mechanical Maintenance Section at Water Transmission Directorate at Kingdom of Bahrain for

both types of maintenances to ensure the section achieves the desired performance.

Hundreds of defects recorded for 34 pumps from 2005 to 2011 for five water pumping stations
belongs to Mechanical Maintenance Section such as leakage and smoking of gland packing, leakage
form headers, noise and vibrations of bearings including many failures of non-return valves. The
continuity of reoccurrences of these defects, and why maintenance actions and repair works are not

reducing or eliminating these defects are the main issues of this study.

Suitable performance indicators are utilized to measure the performance of the maintenance section
using data collected from the field which cover the frequency of defects, time to repair and cost of
repair. Furthermore, the current applied practices of doing the maintenance repairs and inspections

are evaluated including the efficiency and effectiveness of their actions.

The study shows that unavailability of standard procedures for corrective and preventive
maintenance actions based on the best practices, and absence of a measurement process for
maintenance performance are the hurdles in front of Mechanical Maintenance Section to perform
efficiently and effectively. Furthermore, the results of the study indicate a need to conduct extra
training for maintenance workforce to improve the efficiency of their work, as well to provide basic
maintenance training for all operational personnel to create the integration between operation and
maintenance. There is a lack of efficient communications between the different levels within the
directorate and within the maintenance department. Identification of the existing problems and
tracking the repetitive equipment failures, their causes and consequences must be practiced in order

to reduce their occurrences.
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CHAPTER ONE
INTRODUCTION
1.0) Introduction

Maintenance is a supporting function in any organization. It is part of the production process
that transforms raw materials into final products (Arts, Knapp, and Lawrence, 1998), and if it
is utilized correctly it will save time, cost and effort. At Water Transmission Directorate
(WTD) there are many stations, these stations are responsible to transfer different types of
water from tank to tank or from station to another. The main equipment types in all of these
station‘; are tanks, elevated storage reservoirs and centrifugal pumps. Field Operation Section
at WID is responsible for monitoring the performance of all stations and solving any problem
that disturbs water supply from these stations in coordination with Maintenance Section. Field
section should raise a Defect Job Card for any kind of defects to the concerned section, like
mechanical, electrical or instrument. These defects are reviewed and discussed on a daily
meeting in order to be rectified. It was noticed through the daily meetings that many types of
defects are repetitive and keep reoccurring from certain stations, inspite being repaired and
rectified the defects were frequently reported again after a short period of time. The repetition

of the defects from certain stations that not rehabilitated was the Inspiration to start this

project.

It is intended to concentrate the effort of the Mechanical Maintenance Section since they are
responsible to maintain pumps running continuously and efficiently. Pumps are the heart of
the WTD system, without them the goal of keepin g supplying water to the network will not be
achieved. It is very important to repair any defects or failures belonging to pumps, keeping in
mind that if these defects are not repaired they will affect the performance of the station

where the pump belongs to and the other stations as well because all stations are connected.

Tracking the performance of maintenance activities and operations should be an important
key management practice for success in any corporation or organization. Therefore, the main
purpose of maintenance management is to minimize the adverse effects and number of
breakdowns and to maximize productivity and availability of the system at minimum cost
(Hans Lofsten, 1998).

1.1) Problem Statement

This research focuses on centrifugal water pumps and their accessories including suction and
discharge valves, and suction and delivery headers. These pumps are the heart of water
transmission process and they are the major equipment in every station within WTD. The

time for repairing these pumps should be questioned to ensure high reliability and availability,
1




The focus is on Mechanical Section since most of the defects are of mechanical nature such as

gland packing, noise, vibration, and leakage.

There are many repetitive defects reported by Field Operation for Mechanical Section and
specifically for pumps, mainly from five stations. Some examples of these defects are "gland
packing of the pump is leaking”, “drain valve is blocked", "leakage from discharge header"

and "check valve leaking". The repetition is not only for the station, it is also for individual

pump.

1.2) Research Objective
The objective of this research is to study the performance of mechanical maintenance and the
maintenance methods implemented by WTD Maintenance Section and it will be evaluated for

improvement.

1.3) Research Locations

Only five stations are considered in this study out of twenty two major stations representing
the fotal number of stations within WTD network. These five stations were not rehabilitated
vet and all of the pumps are the originally installed since commissioning of thesc stations.
This decision is taken in order to have in depth study of the maintenance activities
implemented on these stations, because all main pumping equipment within these stations
were not modified or changed, no additional pumps installed or removed. These pumps are
equipped with gland packing systems not mechanical seals like new pumps, and both suction
and discharge headers with their valves were not replaced. Furthermore, the number of defects

for these stations was large. The stations covered in this project are as follows:

1. Hamad Town Distribution Station (H.T. DS)

2. Hamala A2 Gorund Forwarding Station ( Hamala A2 GFS)
3. West Riff'a #2 Blending Station (W.R. #2 BS)

4. Hamad Town Blending Station (H.T. BS)

5. West Riff'a #] Blending Station (W.R. #1 BS)

1.4) Research Equipment

This work focuses only on pumps, since they are the most critical equipment in the
directorate, any failure took place to these pumps will affect the water supply to the network.
In these stations there are 43 pumps and all of them are centrifugal pumps. Summary of the
pumps in each station is shown in Table 1. Details of individual pumps are available in

Appendix A.




Table 1 - Number of pumps and commissioning year of each station

_ No. of ‘ .
No. Station Commissioning Year (Age)
Pumps
1 Hamad Town Distribution Station (DS) 2 1989 (23 years)
2 Hamala A2 Gorund Forwarding Station (GFS) 5 1970 (42 years)
3 West Riff'a #2 Blending Station (BS) 7 2002 (10 years)
4 Hamad Town Blending Station (BS) 8 1985 (27 years)
5 West Riff'a #1 Blending Station (BS) 12 1970 (42 years)

1.5) Data Collection

The data collected for this work was gathered from local Computerized Maintenance
Management System (CMMS). This integrated system gathers all information related to the
concerned maintenance section including type of defect, priority of the maintenance repair,

location of the defect and brief description of defect.

Data was collected for the period from 2005 till 2011. The system was introduced on 2005
and all important data was fed into the system from that year, the previous practice before
2005 was only on papers, unfortunately all the old files were scrapped, hence, no data

available before CMMS implementation.

Most of the data was gathered from Planning Section, and some specific data for pumps was
gathered from Mechanical Section. CMMS data and Mechanical Section data were in table
format, but Planned Preventive Maintenance (PPM) data was in task sheet. Required data

from all sources was gathered and fed into separate tables.

1.6) Thesis Overview
Chapter 1: Introduction
This chapter gives an overview of this thesis work, such as the problem statement, objective,

locations of the.equipment, and data collected.

Chapter 2: Literature Review
In this chapter the main concepts and definitions of maintenance performance measurement,
maintenance function, and other definitions will be explained. Also a brief description of

types of maintenance will be introduced.




Chapter 3: Problem Background

The first section of this chapter is a small summary about the history of water supply in the
kingdom. The summary describes the production of water from different production plants
and the types of water of each plant. Also it summarizes the main functions of Water
Transmission Directorate, and the types of water received in the different stations and the
blending process. The second section is dedicated to describe the activities of the
Maintenance Department and more concentration on mechanical section which is the subject
of the study. Organization structure, main activities and major equipment of this section will
be explained. Types of maintenance and procedures implemented by the scetion are briefly

explained.

Chapter 4: Methodology
This chapter is dedicated to describe the methodology of the thesis. It explains how the data is
collected, validated and presented. It explains how the data is analyzed for both the corrective

and preventive maintenance data

Chapter 5: Data Collection

This chapter is purely introduced to show the data collected from the maintenance
management system for target stations. Selection of the mechanical section for this study is
justified, and the defects of each individual pump in every station covered in this research

are identified and their occurrence frequencies are established.

Chapter 6: Data Analysis of Mechanical Defects
The data of the previous chapter is analyzed in different formats. More concentration is given

for the more frequent failures and their causes.

Chapter 7: Conclusions and Recommendations
This chapter concludes and highlights the main outcomes of this study and suggests some

recommendations to solve or reduce the defects frequency.




CHAPTER TWO
LITERATURE REVIEW
2.0) Introduction

This chapter provides a review of literature in the area of maintenance and how to measure its
performance. The aim is to create a conceptual and theoretical foundation that can be used to
analyze the performance of maintenance section mainly on the corrective and preventive

maintenance.

2.1) Definitions of Maintenance

Defining maintenance should be done first before measuring it, fixing broken items is the
most traditional perception of maintenance's role.. taking such a narrow view, maintenance
activities will be confined to the reactive action of repair things or item replacement (Tsang,
1999). Thus, this approach is known as reactive maintenance, breakdown maintenance, or
corrective maintenance.

Maintenance is defined as "The combination of all technical and associated administrative
activities required to keep equipments, installations and other physical assets in the desired
operation conditions or restore them to this conditions" (BSI, 1984; Pintelon et al., 1997;
Pintelon an VanPuyvelde, 2006). Also it can be defined as "the combination of all technical
and administrative actions, including supervision intended to retain an item or restore it to a
state in which it can perform a required function" (International Electro- technical

Commission, 2006).

The Maintenance Engineering Society of Australia (MESA) defines the maintenance as "The
engineering decisions and associated actions necessary and sufficient for the optimizing of
specified capability". "Capability" in this definition is the ability to perform a specific
function within a range of performance levels that may relate to capacity, rate, quality and

responsiveness (Tsang, 1998).

Another definition of maintenance is defined by (Geraerds, 1985) as "all activities aimed at
keeping an item in, or restoring it to the physical state considered necessary for fulfillment of
its production function". According to this definition, maintenance also includes the proactive
tasks like normal routines servicing, annual inspection, preventive, replacement and condition

monitoring (Andrew, Jardine and Kolodny, 1999).

1.2) Maintenance Function
The purpose of maintenance function is to reduce the adverse effects of breakdown and to

maximize reliability and availability at minimum cost (Hans 1998). Deterioration of
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manufacturing or service systems occurs, when the system is commissioned and little
attention is given to maintenance (Peter, Liliane, Ludu and Harry, 2010). In normal
conditions, normal wear will occur if the system run within specified design limits, but if the
system pushed to run above its design limits failure may take place due to operational errors.
Some of the operational errors outcomes will be quality problems, safety hazards, or loss in
production or service. These outcomes will affect the customer satisfaction, productivity,
continuity of services and company image as well, it will give a negative impact to the
reputation of the company. In order to keep the plant operating within required limits and
ensure its production meets the target, management should concentrate on the maintenance
part of the plant, and maintenance people should decide what are the maintenance objectives

and strategies that should be met (Peter, Liliane, Ludu and Harry, 2010).

Maintenance objectives and maintenance strategies must be determined and linked together to
have good maintenance, and both of the objective and strategies should be derived from
company policy and manufacturing policy (Swanson 1997: Johnsson and Lesshamar, 1999;
Swanson 2001; Pinjala et al., 2006). According to some authors (Kelly 1989; MESA 1995;
Tsang, 1999; Visser and Pretorious, 2003), maintenance objectives are linked to fulfillment of
production target at predetermined quality, and without breaking the constraints of the system
operating condition and safety. In addition, every resources available within maintenance
must be used efficiently and effectively in order to keep manufacturing or service equipments
in good condition, and the plant must meet its design life, safety standards and energy

consumption must be optimized (Dekker, 1996).

2.3) Maintenance Importance

Impact of maintenance on any plant performance such as productivity or reliability has
increased. If there is any output loss even for one day due to unplanned shutdown will not be
recovered without cost being paid, for example overtime for people who repair the problem of
the stoppage. It is very important to realize the importance of maintenance function, because
of its role to keep and improve the availability, quality of products, environmental
requirement and also performance efficiency and total plant cost effectiveness at high levels
(Al-Najjar, 1997, 1998, 2000a, b; Riis et al., 1997; Mckone and Elliott, 1998).

Maintenance is still considered as a cost centre, researchers has highlighted the impact of the
maintenance function on the overall plant performance, i.e. productivity and profitability (Al-
Najjar, 2000a; Al-Najjar et al., 2001; Carter, 2001; Kutucuoglu et al., 2001: Al-Najjar and
Alsyouf, 2004).




Stoppages and disturbances in production or service system due to maintenance or any other
causes will bring down the productivity and availability, and it will raise the product cost, at
the end it will reduce profitability. Any failure in equipments or facilities will cause loss of
productivity, and also cause loss of timely services to customers, and may even lead to safety
and environmental problems which destroy the company reputation and image. It is important
to show how maintenance could contribute to the overall business objective.

"Maintenance has been considered as a necessary evil, but in fact it is a profit centre rather
than just unpredictable and unavoidable expense" (Al-Najjar et al., 2001; Al-Najjar and
Alsyouf, 2004). Through utilization of effective policies, failures can be minimized to
minimum level, and due to this minimization savings can be guaranteed. Maintenance has an

impact on quality, safety, cost and capacity as well.

2.4) Maintenance Approaches

Usually, maintenance actions are generated with an aim to reduce the consequences of
failures of plant or equipment as much as possible. Breakdown and preventive maintenance
are examples of these actions. An example of preventive maintenance is replacing parts at
predetermined time based on historical failure data, or based on condition-based maintenance
(CBM) using condition monitoring techniques. In all cases, decision must be made to select

from applicable maintenance approaches the right policy for each equipment or part.

"A maintenance strategy involves the identification, researching and execution of actions such
as repairing, replacement and inspection" (Kelly, 1997). The aim of this strategy is to
formulate a plan for the plant and its equipments, also formulate an optimal maintenance
schedule for the plant with coordination of all parties like production people.

In the maintenance strategy, an events like failure and condition will give an indication about
the type of maintenance action to be taken such as inspection, repair or replacement. A
maintenance strategy consists of a mix of policies and or techniques, which vary from firm to
firm (Dekker, 1996; Zeng, 1997). It depends on several factors like the objectives of
maintenance, the nature of the equipment to be maintained, and the work environment

(Gallimore and Penlesky, 1988: Pintelon and Gelders, 1992).

2.4.1) Maintenance Methods
Maintenance is required for all types of machinery and applies also to pumps, different types
of maintenance can be performed to ensure equipment are running efficiently during its

design life. Two types of maintenance will be presented, corrective maintenance and




preventive maintenance, also two types of preventive maintenance will be explained, the

scheduled and condition based maintenance.

1. Corrective maintenance

Corrective maintenance is basically the "run it till it breaks" also known as operate to failure,
corrective maintenance, repair at failure, run to failure. This type of maintenance is defined as
"maintenance carried out after fault recognition and intended to put an item into a state in
which it can perform a required function" (Maintenance terminology, Svensk Standard SS-EN
13306, 2001).

The main objective for the corrective maintenance is to bring the component to an operating
condition state, repairing or replacement of the failed component are the solutions to return
the system to functioning state (Gertabakh, 2000). The breakdown strategy should reduce the

preventive maintenance cost to the minimum.

2. Preventive maintenance

Preventive maintenance is defined as "maintenance is carried out at predetermined intervals or
according to prescribed criteria and intended to reduce the probability of failure or the
degradation of functioning of an item" "(Maintenance terminology, Svensk Standard SS-EN
13306, 2001). The preventive maintenance is performed regularly in order to keep the

equipment in working condition and to prevent failures from occurrin g.

Preventive maintenance is an activity used to increase the reliability and availability of an
equipment. Implementing preventive maintenance can reduce the probability of failure
occurring after applying this type of maintenance (Moghaddam S. Usher, 2010). Any
equipment in the plant like pumps or motors, should have its own prescribed maintenance
procedure and schedules from the manufacturer in order to reduce the risk and cost of

equipment failure.

There are two different types of preventive maintenance: the scheduled maintenance and the
condition based maintenance. The main difference between these two are the way of deciding

when to conduct the preventive maintenance task.

a) Scheduled maintenance

Scheduled maintenance is defined as "Preventive maintenance carried out in accordance with
an established time schedule or established number of units of use "(Maintenance

terminology, Svensk Standard SS-EN 13306, 2001). Scheduled maintenance means that
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preventive maintenance is carried out in accordance with an established time schedule. The
time schedule for the preventive maintenance is performed based on number of revelation, or
number of running hours or sometimes based on the age of the components. Preventive
maintenance performed at scheduled intervals should be designed to reduce the probability of

failures. Maintenance cycle times will be matched to the requirements of the system.

b) Condition based maintenance
Condition based maintenance is defined as preventive maintenance based on performance
and/or parameter monitoring and the subsequent actions. Performance and parameter

monitoring may be scheduled on request or continuously.

Condition based maintenance is a type of preventive maintenance that is based on the
performance of the system, by keeping close monitoring to the main parameters of the
system. With this type of preventive maintenance, equipments are monitored to collect
machine data. The condition monitoring may be scheduled or achieved through continuous

monitoring or by request from operation.

The collected data from the machine can show some indications for predicted failure.
Maintenance is initiated when a condition variable approaches or passes a threshold value.
The system components will be operated to a defined condition of wear and fati gue: When
this condition is reached, the component needs to be maintained or replaced. Examples of
condition variables that the system monitors are vibration, temperature, number of particles in

the lube oil etc.

2.4.2) Comparison between maintenance methods

According to Salonen and Deleryd (2011), preventive Maintenance can be regarded as value
adding while corrective maintenance is regarded as waste. It is a fact, machineries need
regular maintenance to run in an optimal way. Any stoppages and breakdowns can relate to
lack of preventive maintenance, human error, or other kinds of problems that can be avoided,

therefore it is considered as waste (Adolfsson, Dahlstrom, 2011).




Corrective maintenance Preventive mainfenance

Indispensable corrective Valid preventive maintenance’
maintenance:
Preventive Maintenance, necessary to
Cost of Corrective Maintenance due to: uphold necessary dependability
Conformance | . Failures with random distribution and no Improvements intended to increase the
measurable deterioration reliability of equipment
- Failures which are not financially justified to
prevent
Non-accepted corrective Poor preventive maintenance:
maintenance:
£ Unnecessary Preventive Maintenance
Cost of Non- Cormective Maintenanee due to: Poorly parformed Preventive Maintenance

conformance | | ack of preventive maintenance
- Poorly performed preventive maintenance
- Poor equipment reliability

Figure 1, Cost of conformance / non-conformance in relation to maintenance {Ben-Davya and
Duffuaa, 1995)

Figure 1 above shows how each type of maintenance is important, both corrective and
preventive maintenance are equally important parts in any maintenance department of an
organization, because the preventive maintenance should be carried out to ensure a satisfying
working condition while the corrective should handle random distributed error and failures

that are financially justified to repair (Salonen and Deleryd ,2011).

Corrective maintenance cost is higher than preventive maintenance since preventive can be
planned and it can be executed at a preferred date and time (Campell and Jardine 2001). The
correclive maintenance needs to find material quickly, and the maintenance team should do
the preparatory works, these will increase the cost according to Campell and Jardine (2001).
Corrective maintenance in general cost more than planned stoppages, and breakdowns cost
more than planned stoppages. "the cost aspect is a driving for producing companies shift from

corrective to preventive maintenance" (Adolfsson, Dahlstrom, 2011).

There are many advantages and disadvantages of each type of maintenance, Table 2 shows

advantages and disadvantages of corrective and preventive maintenance.

Table 2, Advantages & disadvantages of different types of maintenance

Method Advantages Disadvantages

e Low maintcnance costs during | » High risk consequential

. . operation. damages resulting in
Corrective Maintenance p . g, _g
e Components will be used for a extensive downtime.
maximum lifetime. e« Np maintenance
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scheduling is possible,
e Long delivery periods for
parts are likely,
* Expected down time is low. * Components will not be
¢ Maintenance can be scheduled. used for  maximum
Scheduled | ® Spare logistics can be made life@e.
available. ¢ Mainfenance cost are
% higher' corgparcd to
5 corrective maintenance,
g » Components will be used up to | »  Reliable information
= almost their full life time. about the  remaining
.E * Expected downtime is low. lifetime of the components
g | Condition | ® Maintenance activities can be is‘required.
A based scheduled. * High effort to purchase
s Spare parts logistics can be condition monitoring
made available if failure can be hardware and software is
detected early in time, required,

{John Ribrant, 2005)

2.5) Maintenance Performance Measurcment

Due to current global competition and increasing demands from stakeholders, improvement of
manufacturing performance becomes the basic business demand. The performance and
competitiveness of manufacturing companies is dependent on the reliability and productivity
of their production facilities (Coetzee,1997; Madu, 2000; Fleiser et al., 2006). The equipment
maintenance and system reliability are very important factors which affect organization's
ability to deliver the required quality and timely services to customers. Therefore, the
sustainability of the performance for any plant is linked with the maintenance function of this

plant,

Maintenance Performance measurement (MPM) has received a great amount of attention
from researchers and practitioners in the sccond half of last century's recent years due to a
paradigm shift in maintenance. Technology was not in a state of advanced development, therc
was no other choices to avoid failure, generally the attitude to maintenance was "It cost what
it costs”. Now with all the developments and technological changes, maintenance become an

important support function for production and manufacturing (Parida and Kumar, 2006).

During 1950-1980, with the new techniques such as preventive maintenance and condition

meonitoring, philosophy of maintenance cost changed to "It can be planned and controlled.”
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Today maintenance is considered as an integral part of business process and it is perceived as
"It creates additional value" (Liyan and Kumar, 2003). The measurement of maintenance
performance becomes a fundamental requirement for any indusiry today. "Performance
measurement (PM) has become one of the most popular subjects over the last two decades for
the researchers and managers from the industry. The efficiency and the effectiveness of the
maintenance system play vital role in the organization's snccess and survivability” (Aditya
and Kumar, 2006).

2.6) Performance Measurement

Performance measurement is a fundamental principle of management, it is important in
managing maintenance function (Muchiri, Pintelon, Geldres, and Martin, 2010).
"Performance measurement is the process of quantifying action and can be defined as
measuring the efficiency and effectiveness of action” (Neely et al., 1994; Neely et al., 1995).
The main function of any performance measurement system is to control the operations of an
organization. Performance measurement is the process to measure work accomplishments. In
addition, Performance measurement provides an important link between the strategies and
management action and thus support implementation and execution of improvement
initiatives (Kaplan, 1983; White, 1996; Necly et al., 2005).

Organizations recognizes the importance of performance measurement and its benefits
therefore it is being implemented and documented {Kaplen and Norton, 1992). Furthermore,
the efficiency and effectiveness measurements concentrate on the central issues of the
business like cost, quality of the product or services, delivery of the product, customers,
suppliers, markets and any new product which will be introduced to the market (Bicheno,
2000; Kaplen and Norton, 1992;1996). Performance measurement can help maintenance
Mmanagers to concentrate on maintenance staff and resources to particular areas of the

production and service systems that will affect system performance.

Here in this work the concentration of performance measurement is on the quality of
mainienance services, corrective or preventive maintenance, conducted to the machinery

equipment such as pumps.

2.7) Maintenance Performance Mcasurement Approaches
Measuring the efficiency and effectiveness of maintenance should be linked with performance
measurements, all factors that affect performance should be reflected (Niebel, 1994; Jardine,

1970). Measurement can be defined as a method of knowing where an organization is now,
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by utilizing the term of measurement will help the organization to plan where they want to be
and when they will reach to their target (Amartunga and Baldry, 2002). The measurements
provides the base to the entity whether or not they are moving towards their objectives, helps
to identify the areas of strengths and weaknesses, and decision for future initiatives will be
taken in order to improve the performance. Therefore the measurement of maintenance
performance become an essential requirement for the industry of today (Parida and Kumar,
2006), because the efficiency and effectiveness of the maintenance system play a common

role in the organization's success and survivability" (Parida and Kumar, 2006).

There are some approaches proposed for measuring maintenance performance that can help
analyze maintenance organizations, they are discussed and described hereunder,

Ben-Daya et al. (2009) suggest some important factors as a framework for evaluating and
measuring maintenance productivity. These factors should be incorporated with the strategy at
different hierarchal levels in the organization in order to have comprehensive picture.

The framework contains six parts, value created by the maintenance; allocation of resources;
health, safety and environment; knowledge management; new trends in operation and
maintenance strategy; and change in organizational structure. These are covering most
important parts of the maintenance productivity but not all aspects.

1) Value created by the maintenance. It is the most important factor because it is
related to business, it is needed to create value in all business.

2) Allocation of resources. Resources are the heart of the maintenance, the focus
here on the effectiveness of them. It is very important to evaluate if the right
resources exist and they are used in the right way. Here either more investments
are needed or wrong investments have been made.

3) Health, safety and environment. Any organization must look at health, safety and
environment factors, it is essential to have low number of incidents and accidents
to be an efficient organization.

4) Knowledge management. Business today use more technology, information and
communication. To handle the change, the existing knowledge in the organization
need to be taken care of, and there is a need for systematic approach for obtaining
knowledge.

5) New trends in operation and maintenance stra tegy. For every company, the
strategy must be adjusted with changes in the environment, the strategy should be

revised continuously.

13




6) Changes in the organizational level The productivity measurements need to

reflect the focus of the organizational structure.
The above factors are important to be looked at, also the strategies at different levels of the
organization must be considered. Ben-Daya et al. (2009) give some examples of some

measurements that can be used at different levels in Figure 2 below.

Su bjective

Plant/Organizationat

Strategic/Management

i

Tactical/Supervisory

]

Functional/Operator

T2- Production rate
_ T3~ Quality
T4 Maintenane & Cos tion,

@ F1-Down fime .
F2 ~Unplanred mantenance s ks
. F3- Number of incigents/accidenis efe -\,
Sub-System/Equipment /.

Objective.

System/Departmen

Figure 2, The hierarchal leveis (Ben-Daya, et al. 2009)

The different hierarchal levels should be considered for designing measurements. Some
examples of these measurements are unplanned maintenance tasks in functional level,
availability at the tactical level, and the overall equipment effectiveness (OEE) at the strategic
level. This model cnsures the information flows smoothly within organization and create

automatic evaluation of the measurements.

It is important to ensure an effective and efficient maintenance organization, it is possible to
achieve this by using performance measures. There are many general performance
measurement frameworks, but not much for the area of maintenance performance
measurements (Parida, 2006). Parida suggests a framework which is based on factors
influencing the maintenance effectiveness. Parida identified factors and divided them under
seven criteria, the factors are presented in Figure 3 below with examples for each criteria, the
hierarchical level is presented as well.

As per Parida (2006), “there is no standard refercnce for the performance measures proposed”.
It is part of the organization to set their goals and kecp measuring the performance, this is a

basis for orgamization continuous improvement. The framework in Figure 3 covers
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maintenance as a whole, therefore some adaptation is required to fit the corrective

maintenance specifically.

Campbell and Jardine (2001) propose a framework which express the most important

categorics that must be measured in order to achieve the overail goals of a maintenance

departments. There are six main categories according to Campell and Jardine (2001):

I3

Maintenance productivity: Some examples for measuring preductivity is labour,
materials, tools and equipments. These are different resources and productivity
should measure the different resources.

Maintenance organization: This category measures the effectiveness of the
organization and planning activities. ratio between planned and emergency work
orders is an example of measures.

Efficient maintenance work: Different aspects of how the maintenance keeps up
with the work load is measured in this category such as response time and work
order turnover,

Maintenance cost; It is a common category in order to evaluate the mainienance,
one example for this category is the total cost of corrective and preventive
maintenance,

Maintenance quality: This category is often overlooked, thc maintenance should
put things right, any problem in maintenance quality could indicate a need of
training or requirement of new skills. Repcated jobs and breakdowns can be used
as a measure for this category.

Overall maintenance results: This category has more strategic focus and relates to
measurements that are used in Ben-Daya et al.(2009) and Parida (2006) under

strategic and tactical levels.
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Hierarchical Level I Level II Level 11T
EVEL OF i 4
MPIs Straregic/Senior Tactica )[ fadie munctiona
) manager: Operators
MULTI- Manager/ . ; é y
- sysiem; Equipment!
CRITERIA FPlanr . : ;
OF MPIs subsysten tem
1. Availability

: : 2. Downtune(hours)
Equipment’ 1. OEE 3. Performance 1.No of stop
Process {Total production) | speed 2.Downtime(hours)
related 4.Impact of quality

Cost-relared’
Financial

2 Maintenance cost
Per ton
3.Production cost
per ton

3. Mainrenance cost
6. Production
Cost/ton

Maintenance
Task-relared

7.Change over ume
8 Planned
mamtenance tasks
9. Unplaimed tasks

2.Change over time
4. Planned
maintenance tasks
5. Unplanned tasks

Learning &
Growth’

4 Number of new
deas generated

10.Number of new
ideas generated

6. Nunber of new
ideas generated

S 5.8kill 11.8kill 7.5kl
Innovation improvement & improvement & | improvement &
training training raining
. 12 Quality
Customer | g Quality complaint numibers | 8.Quatity
Satisfaction | complaint numbers | 13 Quality remam complaint numbers
relared 7.Quality renumn 9.Quality remam
Health. 10.No of accidents
safety & 8.6 6 nccidints 14.?“3 of accidents | or mcujcpts
; i WAt or incidents 1 1. Environmental
environment | 9HSE complaints | < pep complaints | standards/
(HSE) complaints
realf
Euga{o% < 10. Employee 16.Eniplovee 12 Emplovee
Satistaction complaints complaints complaints

Figure 3, The maintenance performance measurement framework (Parida. 2006)

Peter, Liliane, Ludu and Harry (2010) propose a conceptual framework that satisfy
maintenance function towards performance demanded by manufacturing objectives. This
framework which is shown in Figure 4 below directs the maintenance efforts to achieve the
required performance as well as continuous improvements of the production equipments
performance. The first section seeks to align the maintenance objective with manufacturing
strategy, the performance requirements for the manufacturing system can be defined by

reviewing stakeholders requirements, once these requirements is defined the maintenance

objectives is derived also.
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Manul. Roquirements : Leading Performance Indicators : Lagning Permance indicators

Figure 4, The performance measurement framework for maintenance (Peter, Liliane, Ludu and

Harry, 2010)

The second section is the maintenance effort and processes, and there are four main key

processes as follows,

1.

Work identification. This process is to identify the right work to be performed at the
right time by the maintenance team keeping in their mind meeting maintenance
objectives.

Work planning. This process is to develop work orders and procedures for the
maintenance activities identified, for example identification of resources and
instructions required to handle the job.

Work scheduling. This process is responsible to evaluate the availability of all
resources required to perform the job as well as the time required to perform the
work.

Work execution. This process ensures that the scheduled activities above are executed
within allocated resources and time. This process completes the loop of maintenance

process and ensures the maintenance work done effectively.

The third section is for the monitoring of the maintenance results. The analysis of

maintenance results is important, because it supports the identification of performance gaps,
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the analysis should involve a comparison between the achieved and the target results, also the

results must be compared with the historical data.

The authors proposed leading indicators for the maintenance process and lagging indicators
for the maintenance results since they are known after the maintenance is done. The proposed

leading indicators for the maintenance process section are shown in Figure 5 below.

Category Measures / Indicators | UNITS | Description Recommended
Targets
Percantages of o Man-hours envisaged for ‘,oactive T5% - 80%
Proactive work work/Tolal man hours available
Percentage of %6 Man-hours used for reactive work/Total | 10% - 15%
i Reactive work man-hours avallable
Waor
Identification | Fercentage of Yo Man-hours used for improvemeant & 5% - 10%
Improvement work modification/T otal man-hour available
Work request response | % Work requests remaining in ‘request’ 80% of requests
rate status for <5days/Tolal work requests
Flanning Intensity/Rate | % Flanned work / Total work done 95% of all work
orders
CQuality of planning Y Percentage of work orders requiring = 3% of all WO
Work rework due to planning/All WO
Pianning
Planning % Percentage of WO in planning status for |> 80% of all WO
Responsiveness =Sdays/ All WO
Scheduling Intensity %% Scheduled man-hours/ Total avaitable = B0% of available
man-hours man-hours
Quality of scheduling % Percemntage of WO with delayed = 2%
Wark execulion due te malerial or man-power
Scheduling s rcdule realization % WO with scheduled date earlier or equal | > 95% of all WO
raie to late finish date/Al WO
Schedule Compliance Yo Percentage of wok orders cormnpleted in =00%
scheduled period before late finish dale
Mean Time To Repair Hours | Total Bowntime/No. of failures
{MTTR) 1
Manpower WUtitization S Total Hours spent on tasks [ Available = B0%
Work rate Hours
Exoouiion Manpower Efficiency Yo Time Alliocated to Tasks/Time spent on
tasks
Woaork order turnover Y No. of completed tasks/ No. of received
iasks
Backlog size Yo No. of overdue tasks/ No. of received
tasks
Quality of Y% Percentage of maintenance work <= 3%
Execution{Rework) requiring rework

Figure 5, Leading performance indicators (Peter, Liliane, Ludu and Harry, 2010)

For work identification, maintenance should identify the potential failures and it should try to
prevent the causes of failures. An example of the indicators for work identification is man-
hours for the precautionary work over specified period. Planning and scheduling are important
processes in order to maximize maintenance efficiency. For work planning, the percentage of
planned work indicator and percentage of work orders requirin g rework indicator are some of
the important indicators. For the work scheduling, an important indicator for this process is
scheduling intensity (percentage of scheduled man-hours to the total available man-hours).
The execution work indicators help in monitoring the effectiveness such as quality of work
and efficiency like manpower and resources utilization. Percentage of reworks and percentage
of completed task over all received tasks are some indicators for measuring work execution
process.
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The lagging indicators are used to measure the maintenance results in terms of equipment
performance and maintenance cost. The results of maintenance process such as reliability and
availability are important elements that maintenance seeks to measure. It is important to note
the maintenance crews trying their best to achieve their objectives at an optimal cost, so it is
essential to measure cost effectiveness of the maintenance activities. A summary of lagging

maintenance indicators are shown in Figure 6 below.

CATEGORY MEASURES / INDHCATORS funiTs DESCRIPTION
No, of Failures MNa. No, of Failires classifisd by their
consequances: Operational, Non-
operational, safety etc
Failure / Breakdown Ne./ Unit Time Ne. of fallures per unil time {A measure of
Megsures of Frequency Reliability)
Equipment MTSBF Hours Mean Time Between Faiksre (A measure
Performance of Relfabiity}
Avaitability % MTBF/MTEF + MTTR} = Uptime/(Uptime
+ dowitime)
OEE o, Availability * Performance Rate* Quality
raiz
{irect Maintenanca Cost $ Total comective and Preventive Maint, cost

Measures of Cost

Breakdown Severity

%

Breakdown cost f Direct Mainl, Cost

Maintenance Intensity

$/ Unit production

% of Maint. Cost per unii of products
produced in & period

% Maint, Cost component
over Manufacturing cost

%

% Maint. Cost/ Tolal Manufacturing cost

ERV {Equipment Replucement
Value)

%

Maint, Cost/ New condition Valye

Parformance -
Maintenznce Stock turmover Ne. Ratic of cost of materials used from stock
within @ perind
Percenlage Cost of Personnel 1% Staft Cost  Totel Maintenance Cost
Perceniage Cost of % Exprenditure of Subcontracting / Total

subcontractors

Maintenance cest

Percantage cost of Supplies

Yo

Cost of Supplies / Total Maintenance Cosi

Figure 6, Lagging performance indicators (Peter, Liliane, Ludu and Harry, 2010)

This thesis mainly follow Ben-Dyan et. Al (2009), Parida (2006) and Peter et al. (2010)
frameworks. Whatever data available from these sources will be used to evaluate the
performance of maintenance. Many data related to some of the measurements are not

available from these sources.
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2.8) Maintenance Performance Indicators (MPIs)

"An indicator is a product of several metrics (measures), when used for measurement of
maintenance performance in an area or activity, they are called the maintenance performance
indicators "(Wireman, 1998). MPIs are mainly used in order to evaluate the effectiveness of
maintenance carried out (Wireman, 1998). It compares the actual conditions with a specific
set of reference conditions (requirements/targets) (EEA, 1999). MPIs can also be defined as
“the means to measure the efficiency and effectiveness of maintenance and related

performance.”

"A performance indicator is a measure capable of generating a quantified value to indicate the
level of performance, taking into account single or multiple aspects. Performance indicators
are applied in order to find ways to reduce downtimes, costs and wastes, operate more

efficiently, and get more capacity from the operational lines" (Aditya Parida ,2006).

Developing maintenance performance indicators and implement them to the entire
organization is a way to measure maintenance performance. MPIs are linked to the reduction
of downtime, costs and wastes, and the enhancement of capacity utilization, productivity,
quality, health and safety (Arts et al. 1998). The maintantence performance indicators can be
used to monitor the performance of employees, health, rating of safety and environment
(HSE), overall equipment effectiveness (OEE) and customer satisfaction when it is linked
with financial reports.

(Campel, 1995) classifies the commonly used measures of maintenance performance into
three categories based of their focus, the first category measures equipment performance such
as availability, reliability and overall equipment effectiveness. The second category measures
the cost of performance like operation and maintenance labor cost and maintenance cost. The
third category measures process performance like the ratio of planned and unplanned work.
The first and second category are the main measures utilized in this project in order to
measure the maintenance performance of the Mechanical Section, the third category requires

information which are not available.

Some examples of maintenance performance indicators are maintenance budget, system
availability targets, meantime between failures (MTBF) and mean time to repair (MTTR),
maintenance reliability and downtime. The establishment of a link between the lagging and
the leading indicators helps to monitor and control the performance of the process, and the

indicators to be linked are selected in line with the chosen maintenance strategy (Kumar and
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Ellingsen, 2000). The selection of maintenance performance indicators depends on the way in
which the maintenance performance measurement is developed. When designing MPIs, it is
important to relate them to both the process inputs and the process outputs. If this is carried
out properly, then MPIs can provide or identify resource allocation and control, problem
areas, the maintenance contribution, benchmarking, personnel performance, and the

contribution to maintenance and overall business objectives (Kumar and Ellingsen, 2000).
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CHAPTER THREE
PROBLEM BACKGROUND
3.0) Introduction

This chapter is dedicated mainly for the Water Transmission Directorate (WTD) where this
study is conducted, initially started with historical background of water including water
transmission network and a small description about the different types of water. Also in this
chapter there will be more elaboration about the Mechanical Maintenance Section, its
structure, main responsibilities, and activities implemented by the section including the

corrective and preventive maintenance tasks.

3.1) Historical Background

The beginning of public water supply in Bahrain can be traced back to the year 1924 when the
first mechanically drilled borehole was sunk for pumping ground water from aquifers for
public supply. The responsibility for water supply in Bahrain was divided between Public
Works and Rural Affairs Directorate till 1961 when it was entrusted to the newly established
Water Supply Directorate. Nevertheless, the pipe water was brackish having total dissolved
solids (TDS) content far above the acceptable levels of 1000 Parts Per Million (PPM). So for
potable uses people preferred “sweet water” drawn by divers in sheepskin bags from sea bed
springs which were known to have lower TDS content in the past. Later on tanker water from

private water purification plants formed the bulk of the drinking water.

The first water desalination plant of five .mi]Iion gallons per day (MGD) capacity was
established at Sitra Power & Water Station (SPWS) in 1976. By 1985 the SPWS capacity was
raised to twenty five million gallons per day (MGD) and another ten MGD reverse 0smosis
plant at Ras Abu Jarjur came on stream. Thereby blended water was provided to the public in

most of the areas.

A second reverse osmosis plant of ten MGD capacity at Al Dur and another Multi Stage Flash
(MSF) plant of thirty MGD at Hidd Power & Water Company (HPWC) were commissioned
in 1990 and 2000 respectively which boosted the availability of desalinated water meeting the
rising demand. Potable water from ALBA coke calcinations plant too started flowing in to
Sitra C station since February 2004. An expansion of Hidd Power Company took place in
2004 raising the production of water to ninety MGD by adding sixty MGD. The last project of
water production is ALdurr Power and Water Company (AlDurr PWC), it is under private
sector which should produce forty eight MGD of potable water to national network and it is

under final stage of commissioning.
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3.2) Water Transmission Directorate

The main goal of the Water Transmission directorate (WTD) is to provide an adequate,
reliable and safe supply of water for distribution to the public. The Department is headed by
Director, Water Transmission. There are 350 employees ( excluding trainees) under WTD, and
210 of them (i.e. 60%) are working on shift to run the system round the clock. WTD network
encompasses the piping mains water production plant boundaries and up to water distribution
main take off valves. The water transmission network comprises of the following:

®  Desalinated water forwarding stations.

® Borehole and ground water forwarding stations.

° Blending stations.

@ Water transmission piping mains.

e  Storage tanks and distribution towers.

. Water control center.

e  Laboratory and corrosion control laboratory.

*  Maintenance and workshop facilities.
Plants and equipment in the WTD network are scattered all over the island as shown in
Figure 7. There are four main water production plants, Hidd Power Company, Alba Calcining
Plant, Addur Sea Water Reverse Osmosis Plant, and Ras Abu Jarjur Plant. The area of study
is concentrated on five stations as mentioned earlier, West Riff'a 1&2 Blending Stations,

Hamad Town Blending Station, Hamad Town Distribution Station and Hamala A2 Station

which is a forwarding station for ground water only.

Each block in Figure 7 represent a station which includes ifs name, the lines connecting the
blocks represent water pipelines connecting the stations together. The red lines represent the
distillate water while the green colored lines represent ground water, and the dark blue lines
are for potable and blended water. The light blue colored lines represent the water supplied
for consumers from the distribution station, and the dark blue circles represent the Elevated

Storage Reservoirs (ESRs) which are used to store water and feed distribution network.

To easy understand the usage of this network diagram, an example is given, West Riff'a BS
1&2 receive distillate water from Ras Abu Jarjur Reverse Osmosis plant and Sitra distillate
forwarding station, the ground water for both stations comes from Hamala A2 Ground
Forwarding Station. Blending process is carried out inside the stations and then the blended
water will be stored in the ESRs. Hamad Town BS also receives distillate water from West
Riff'a 1 BS, ground water from Hamala A2 GFS, blending takes place within the station, and

blended water is stored and supplied to consumers using the ESRs.
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WD receives different types of water from different plant as shown in Table 3:

Table 3 - Plants names and type of water for each plant

Plant Name Type of Water
Hidd Power & Water Company Potable Water (PW)
Sitra Power & Water Station Distillate Water (DW)
Aldurr Reverse Osmosis Plant Reverse Osmo;is Water (ROW)
Ras Abu Jarjur Plant Reverse Osmosis Water (ROW)
Alba Plant Potable Water (PW)
Aldurr Power & Water Company Potable Water (PW)

The desalinated water (Distillate & RO) required post treatment for corrosion control, this water
will transfer to various blending stations (BS) which are generally located near their associated
distribution zones. All desalinated water at this stage is not fit for human consumption, it should

have treatment either at production plant or at blending stations to make it drinkable and usable.

At production station the post treatment concentrate on the water ph & chemical parameters. At
the blending stations, the desalinated water is blended with ground water which is abstracted
from site borehole or nearby ground water complying to specifications set by GCC standards (GS
194/1993) and World Health Organization (WHO) Guidelines for Drinking water Quality,
Blended water is then supplied to each distribution zone maintaining the pressure regime set for
each area. WTD also receives potable water from Hidd Power and Water Company and ALBA

water plant. This water is directly distributed to consumers since it is ready for drinking,

3.3) Types of Water
There are five main types of water within the network, these types of water are classified starting
from production plants as follows:
a. Distillate water (DW): It is a desalinated water from multi stage flash
evaporation process. This water mainly coming from Sitra Power and Water
Station, the most important water quality parameters are :

* Conductivity (us/cm) : 160
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o Turbidity (NTU) : 0.05
e PH:95

b. Potable Water (PW): It is a desalinated water from multi stage flash evaporation
process and it is processed within the production plant to be a drinkable water.
This water mainly coming from Hidd Power & Water Company, the most
important water quality parameters are

» Conductivity (us/cm) : 430
e  Turbidity (NTU): 0.1
e PH:75

¢. Reverse Osmosis Water (ROW): It is a desalinated water from TEvVerse 0sInosis

water process. There are two production plants responsible for this type of water,
the first one is called Al-Durr Reverse Osmosis Plant and it is producing water
from the sea and the quality parameters are:

s Conductivity (us/em) : 3100

¢ Turbidity (NTU): 2

e PH:75
The sccond plant is Ras Abu Jarjur Reverse Osmosis Plant, and it is producing
water from ground aquifer and the quality parameters are :

» Conductivity (us/cm) : 330

o  Turbidity (NTU): 1

¢« PH:82

d.  Ground Water (GW): It is the ground water which extracted from boreholes all
around the kingdom, the main water for this thesis is extracted mainly from
Hamala area, There are twenty boreholes available and this water is used mainly
for blending process with either distillate water or reverse osmosis water. The
quality paramcters of this water are :

¢ Conductivity (us/cm) : 3000 to 6500
o  Turbidity (NTU): 0.2
s PH:7-72
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e. Blended Water (BW): it is the water generated from mixing ground water with
either distillate or reverse osmosis water. This water is pumped to public network
for drinking and general utilization. The water quality parameters (for stations
covered in this thesis) are :

e Conductivity (us/cm) : 1000 to 3000
e Turbidity (NTU): 0.2
e PH:7-8

3.4) Blending Process

Blending process take place at Blending Station (BS) which are generally located near their
associated distribution zones, and often nearby ground water sources. These blending stations are
supplied with groundwater and desalinated water through pipes network called transmission
network. Each blending station consists of ground storage tanks, a pumping station and an
clevated Tank. The Blending Process is executed at each individual Blending Station at a
specified blending ratio of groundwater to desalinated water. This ratio varies from one location
to another, depending on several different criteria.

Figure 8 explains how the blending process takes place at the blending stations. The ground water
pump and distillate water pump will pump water through one header where the blending will take

place between the two types of water, this water will be stored in the blended water tank.

Following the blending process, chlorine gas is added to the blended water for sterilization, and
then pumped to the Elevated Towers, within the blending stations. From the elevated tower, the
blended water is allowed to flow down into the distribution network by gravity. To maintain a
certain pressure in the distribution network, it is being controlled by throttling of the elevated
towers’ outlet valve. All flows and quality parameters are measured locally by Water Control
Center (WCC). The blending-ratio is controlled through the variable speed ground-water pumps,

by means of pumps’ speed adjustment.

An important issue should be mentioned here, for every set of pumps such as distillate, ground or
blended water pumps and even potable pumps, standby pump should be available for every single
type. As an example, if there are two pumps for certain type of water in a station, one should be
running and the other must be standby and it will be used in emergency, and if there are three

pumps, two must be running and the third one will be standby. The standby pumps will be used
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weekly as an exercise done by Operation and System Control Department, and one of the

running pumps will be stopped and it will be considered as a standby pump.

This means there will be no stoppage of supply facility towards consumers or towards other
stations as well. Continuous supply of all types of water is done and controlled by Water Control
Center (WCC).
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3.5) Maintenance Department

The Maintenance Department under Water Transmission Directorate (WTD) undertakes the
sole responsibility for up-keeping the water pumping stations, piping network & process
control equipment, ensuring its failure-free operation all times at the maximum capacity with
optimized efficiency by adopting cost-effective techniques. In line with this philosophy a
systematic corrective, preventive maintenance and predictive maintenance programs were
developed and put in practice using the available and limited resources of machinery and
manpower. To cater for the urgent Off-site maintenance requirements, WTI) utilizes the

facilities available at its own workshop located at Salmabad premise.

WTD recognizes that the elements for achieving optimization in equipment reliability and
maximization of assct availability are continual process of learning, reviewing, bench
marking and adopting best practices in the ficld of maintenance. In line with this vision and to
integrate with changing business philosophy of Electricity & Water Authority (EWA), the
Maintenance Department has initiated various steps to “Deliver Opcrational Excellence”
through various strategic measures, which were outlined in the Balance Score Card (BSC)

Program. (Maintenance Handbook — 2012)

3.5.1) Organization structure maintenance department

Water Transmission Directorate is headed by a director and there are two chiefs, the first onc
for Operation and System Control (OSC) and the second one is for maintenance. Under chief
of maintenance there is head of tanks and frunks. The remaining structure is shown in the
organization structure chart in Figure 9, the important structure for this research 1s highlighted

inred color for easjer understanding of whom are related to mechanical section.
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3.5.2) Mechanical maintenance section

Water Transmission Directorate has the capacity of pumping around 150 MGPD of water
using more than 271 pumps and associated accessories installed at 40 different stations on the
island. Out of these about 206 pumps of different capacities varying from 61 liters per second
to 879 liters per second, installed at twenty two blending, pumping and forwarding stations at

various parts of the island.

Maintenance of these pumps, associated equipment and accessories, keeping the plant at peak
efficiency reducing the down time and increasing the life of the plant is the main objective of
the Mechanical Maintenance Section. This section is located at Salmabad Workshop and it is

one of major sections of the Maintenance Department.

Major equipment
Mechanical Maintenance Section is responsible for the maintenance of different types of
equipment, such as:

1. Pumps (a wide variety of different types of pumps, depending on their usage such as:
water forwarding pumps "ground, distillate, blended", submersible pumps, chlorine
booster pumps, sump pumps. . .etc).

2. Valves (gate valves, check valves, butterfly valves, safety valves).

3. Air compressors, Overhead cranes, Ventilation fans and Diesel generators.

Mechanical maintenance main activities

Water Transmission Directorate has established a committee to document every single
activity within the firm in one manual, the purpose of this document is to define and describe
the WTD maintenance program and to provide general procedures for all activities that
constitute various maintenance practices. This documentation provides guidance to engineers
and technicians to achieve and sustain a productive and effective overall maintenance
program. The manual is divided into chapters describing each maintenance elements or
activities. The subsections in the handbook describe the procedures and code of practices for
maintaining the WTD’s water transmission system (See Appendix B for activity description
example). This will ensure that maintenance policies are practiced perfectly to the extent
possible, this maintenance handbook has been brought forth as the key source of learning and
understanding, as well as, a reference document. Here under are some samples of the main

activities handled by the Mechanical Maintenance Section from the maintenance handbook.
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a. Planned preventive maintcnance (PPM) activities
1. Preventive activities for pumps and their auxiliaries (routine).
2. Predictive activities for pumps (condition monitoring}.
3. Preventive activities for air compressors and their auxiliaries (routine).
4. Preventive activities for stand-by diesel generator and their auxiliaries (routine).
5. Preventive activities for ventilation and their auxiliaries (routine).
b. Corrective maintenance for work request card:
1. Major and minor correction activities for pumps and their auxiliaries.
2. Major and minor correction activitics for air compressors and their auxiliaries.
3. Major and minor correction activitics for stand-by diesel generator and their
auxiliaries
4. Major and minor correction activities for ventilation fans and their auxiliaries.
3. Major and minor machining activities.
6. Major and minor welding activities.
¢. Qutsourcing jobs:
1. Overhauling of pumps

2, Reconditioning of valves.

AFS]

Replacement of headers, elbows, ventilation fans, ducts, etc.

4. Major overhaul for stand-by diesel generator.

3.5.3) Planned Preventive Maintenance (PPM)

Basically planned preventive maintenance defined as the periodic inspection of planned assets
and equipment to uncover conditions leading to production breakdown. The PPM system
consists of a checklist that intended to convey to the worker, what work is required to be done
to a specific item or component. For equipment within water transmission system, the
frequency of conducting planned preventive maintenance is decided by the concemed section
based on several criteria, it will be discussed in the coming sections, based on these criteria
the concemed section should decide whether the PPM should be conducted monthly,

quarterly or half yearly.

Prime responsibility of mechanical maintenance section will be to execute the PPM program,

including the foliowing tasks:

* To coordinate with planning unit and operation section in preparing the yearly master

schedulc.
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* To follow up on weekly basis for the implementation as per schedule.

* To analyze the PPM activities with corrective maintenance for improvement of
equipment performance.

* To carry out study for replacement of equipment on the basis of PPM history.

* To return the completed PPM cards to planning unit as per due date and advise the
status of all delayed and un-attended PPM jobs.

Reference can be made to PPM standard procedure no. WTD-S-06-1998 at Appendix C.

Pump planned preventive maintenance

There is a task sheet prepared by maintenance and planning section for recording every
important item related to the pump during the PPM visit or inspection. In this sheet a lot of
information and details are filled about every single devices and equipment related to the
pump like flow rate, suction and discharge pressure, oil level, pump body condition,
foundation bolts, leakage from suction and discharge valves, bearings grease and oil level,
non-return valve condition, and other parameters about the alignment and temperature. (See
Appendix D for full details of Pump Task Sheet)

Pumps PPM criteria
In any plant, there must be certain criteria to be taken under consideration when preparing
PPM program for any equipment. The following points are the criteria considered for the

PPM program.

a. Manufacturer recommendations:
Intervals and activities are identified by request for maintenance in order to run the equipment

with high performance and availability.

b. Experiences:
By knowing the plant and have full appreciation of its equipment, which will give some
confidence to the management staff to take an action for reducing the maintenance cost from

either or both ways, the downtime and the shutdown activities.

¢. Condition based monitoring technique:

This type of technique will give some guidance for such an action to be taken by recording
parameters such as temperatures, vibration, leaks and other which called in terms of an
objective condition monitoring. All these types will lead to know how far this equipment last
and operate before its failing time. In addition, it will give some guidelines for keeping the
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equipment in service or taking it out of service during its bad condition.

d. Aging:

Long term of operation of an equipment causing un expected failure, which leads to decrease
its reliability. At the same time, it might affect other machine/s to be failed and so, the plant
reliability will decrease even more. Because of that, plant experienced staff will make a
decision to continue repairing or rehabilitate the equipment or scraped the old by a new one.
In conclusion, aging of equipment will cause an increasing of down time, increasing

maintenance cost and decreasing of the plant reliability.

Overhauling program

Mechanical Maintenance Section had made program to overhaul pumps and related
equipment as part of planned program based on physical condition of the equipment,
maintenance experience and manufacturers instruction, According to this program the
schedule overhauling frequency is once every four years. To keep this frequency between 18
to 28 number of pumps of different capacities are planned to overhaul every year. The actual
plan for pumps overhauling are shown in the table attached in Appendix E. which shows the

year of overhauling of every individual pump.

3.5.4) Corrective maintenance

Corrective maintenance is defined as maintenance carried out to restore (including adjustment
and repairs on items) machine from failure, which has raised to meet an acceptable condition.
An average of seventy number of work request cards per month received to carry out

corrective maintenance at different stations all over the country.

Corrective maintenance procedure

Mechanical Engineer will review the defect or job described in the Work Request Card
(WRC) and will approve the WRC, and will forward it to senior engineering technician and
technician for job scheduling. Mechanical engineer will discuss the defect and jobs with
technicians as per the priorily assigned, tasks involved, and availability of spare parts and

material, as well as the manpowecr and time required for completion of the job.

Accordingly, the job schedule will be prepared and planned start time and planned completion
will be entered on the work card and this will be given to the assigned crew. The assigned
crew will carry out the work as scheduled, and after completion of the work, the original

WRC will be returned to Planning Unit signed by the requester as "Accepted" and engineer or
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senior technician tick as "Completed" with the required entries for man-hours spent, material

used and actual period of work. See Appendix F for WRC procedure.

3.5.5) Condition monitoring program

Detection and diagnosis of machinery problems is obviously the most desirable way to
maintain machinery. If a problem can be detected early, when defects are minor and do not
affect machine operation, and if the nature of the problems can be diagnosed as the machine
runs; then shut down for repairs can be scheduled for a convenient time. A work schedule,
together with the requirements for manpower, tools and replacement parts can be prepared
before the scheduled shutdown. Extensive damage to the machine resulting from forced
failure can be minimized. Repair time can be kept to a minimum, resulting in less machinery
down time. An effective condition monitoring program is a total program of detection,

analysis & correction.

This 1s a logical sequence of steps. The program first helps to detects the onset of a problem.
It then provides means for analyzing the problem in order to determine its cause. Finally it

puts you in a position to correct the problem, effectively and efficiently, at a convenient time.

Detection

The first step in the program is the detection of the problem. This means for example keeping
track of a machines' level of vibration and noting any increase that indicates developing of
mechanical trouble. All machines in this program should be tested in this fashion, or
monitored, according to a prescribed schedule. Some kinds of machines can be scheduled for
monitoring one time every couple of months, some every several weeks, some daily and in

the case of particularly critical machines, the monitoring can be done continuously.

Analysis

Vibration measurement with a meter, data collector or monitor is only the detection part of the
total program to control machinery condition. Once trouble has been detected, the next step is
to determine the nature of the problem, this is the purpose of analysis to pinpoint a specific
machinery problem by identifying its unique vibration characteristics. The analysis of

machinery vibration is done by a special instrument Data Pack Vibration Analyzer.

Correction
When the basic steps of a condition monitoring program been used, to detect and analyze a

problem in its early stages, the work then can be scheduled for correction of any problems
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raised. Machinery faults such as bad bearings, looseness or misalignment can be then

corrected. Generally most of the problems being with followng:

L7
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Vibration: Each machine will have a vibration while it is in operation, so, limits of
vibration should be specificd to know "how much® for that particular machine
considering the initial installation, rolling element bearings, gear teeth class of the
machine, site conditions ete. So the vibration readings has to be checked and
analyzed periodicaily to pin point the reason and predict the type of maintenance
required.

Bearing condition: Bearing replacement is an expensive proposition, and most
bearings are replaced long before their designed life is reached. Using proper
instruments bearing faults such as dry running, rubbing, slipping and other
imperfections of rolling elements and raceway are identified and corrected.
Cavitation: This occurs when the fluid forms bubbles in the pump, which results
low efficiency and the impeller and housing damage. This cannot be heard or
identified without the help of proper instrument.

Unbalance: Unbalance can take place for the rotating assembly and this can be
identified by proper monitoring instrument.

Misalignment: This complain can be developed even within short time course and
shall be identificd and corrected in order to prevent leading to further defects and

damages.

Condition monitoring devices

It 1s very important to show the main devices used for detection of any abnormal level of

vibration, temperature and noise. Here are the main devices within condition monitoring

group:

1. Vibration device: this device called SKF Microlog MCXAS0, this device purchased in

2001.

It 1s used for taking measurement of vibration for rotating machinery, it is

supported by software PRISM4, which has the capability of data presentation, analysis,

reporting, history & record keeping,

2. Temperature device (SKF TMD T2): it is digital device and used mainly to measure the

bearing and body temperature.

3. Sound level device (Martel 325): it is used for measuring noise level around the rotating

machinery to notice any abnormal noise.
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CHAPTER FOUR
METHODOLOGY

4.0) Introduction
In this chapter the approach used throughout this research work is discussed. There are many
steps that are implemented in order to reach final results and the analysis process. All of these

steps are explained below.

4.1) Problem Definition
Some common types of mechanical defects are continuously occurring on a regular basis

mainly on pumps, here are some examples of these defects:

* Leakage from gland packing of the pumps
* Leakage from discharge header

* Check valve is not working properly

* Inboard bearing is noisy

* Outboard bearing temperature is high

e Drain valve is blocked

The concern here for the above examples can be expressed by some questions like: why are
these defects repeated? why do they occur continuously? what are the actions implemented to
repair these defects? what are the actions implemented by Mechanical Section to prevent or to
eliminate them from occurring? are these defects anticipated? is there any preventive

maintenance for pumps and is it efficient?

4.2) Relevant Data Collection

There are two main sources of data for this research, the first one is the Planning Section and
the second is the Mechanical Section and both of them are under the umbrella of Water
Transmission Directorate. Planning Section is responsible to monitor all the Work Request
Cards (WRCs). These WRCs for the defects are issued by the Field Operation Section on
every individual equipment in pumping station. All of these defects are stored in the
Computerized Maintenance Management System (CMMS). There are some basic information
for each individual WRC, like the name of the equipment, description of the defect, date of
reporting defect, the type of repair action by maintenance section, cost of material, date of

repair completion and other information. All of these information are in Excel format.
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The second source of data is the Mechanical Section. It provides the history of overhauling
programs of the pumps, and the Planned Preventive Maintenance (PPM) task sheets, these
hard sheets contain the date of PPM visits, and the number of people attending the visit

including number of hours.

4.3) Data Validations and Verifications

There are two types of data collected, the first one as a soft copy collected in Excel format
which contains the main information about each WRCs, and the second type is normal hard
copies mainly related to preventive maintenance tasks which contains the date and time of
each task and the number of people conducting this task.

The soft data consumes extra effort to validate and verify only the related data belonging to
the system of each station. Any data not related to the individual station under consideration
are removed to reduce its sizc. The data are also verified by the mechanical maintenance

technicians and engineers.

4.4) Data Classification

This section will give a brief explanation of the steps taken to classify and segregate available
data. It is important here to mention that there are two types of data, corrective maintenance
data and preventive maintenance data. Corrective maintenance data include the WRCs and it

will be explained first since it represent the major data collected.

1. Corrective maintenance data classification
Data of corrective maintenance are in Excel format, it is mainly the WRCs raised by field
operation staff to planning section, reporting certain types of defects on equipment, the
classification process of these data are explained in the following steps:

a. First process of classification is to segregate the data or the WRCs based on
each individual station (this project includes five main stations). All data for
each station are collected in one Excel sheet.

b. The second step is to remove the WRCs which are not related 1o the pumps,
fittings and other equipment connccted with the pumps. All other data for
cxample related to motors, tanks, and elevated storage reservoirs are removed
from the lists,

¢. The third step is to segregate the data based on each individual pump, all WRCs

that belongs to each pump kept in one Excel sheet.
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d. Forth step is to classify all WRCs based on their date and year of issuance, each
one has its own number and date. This process helps to know how many defects
are reported in each year for every individual pump in each station.

e. New Excel sheets are generated for every station. These sheets contain mainly
frequency of defects (all types of defects) for all pumps, time of repair actions
for individual defects, and cost of repair actions. These formats are shown in
Appendices H, I, J, K and L.

f. The final step of classification is to extract all the information of the mechanical
defects for each individual pump in each station. All electrical, instrumentation
and telecommunication defects for the pumps are removed since the study is for

the Mechanical Section.

2. Preventive maintenance data classification

These data are available in hard format. Each individual pump has its own sheet which
contains the date of PPM visit, duration of the visit, number of technicians and their
grades. All of the data available in the task sheets are presented in tabular format, where
the final format of tables can show the following data

e Number of PPM visits for each pump

e Total visit times for each pump

e Total man-hours of each pump

* Total cost of man-hours for each pump

4.5) Data Analysis and Results

The analysis of the available data for both the corrective and preventive maintenance is
conducted in steps as well, the focus of analysis is based mainly on the frequency and time for
repair. Because the budget allocated to Maintenance Department is huge compared with the
cost of repairing, it is decided to concentrate the analysis of corrective maintenance data on
their frequency not their cost. From a broader point of view, the common link for all stations
is the Maintenance Section, since all stations have the same equipment and same types of
water. Maintenance crews responsible to conduct repair or preventive works for all pumps in
all stations are the same. If the maintenance crews manage to conduct proper corrective and
preventive maintenance tasks, the frequency of defects, time and cost definitely will be

reduced for all stations.

Initially the corrective maintenance analysis is conducted as follows:
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¢ The data of all types of mechanical defects related to pumps only are summarized
and presented in tables showing their frequencies, the time and cost of repair
actions,

* Parcto chart (20/80 rule) is drawn for each station showing the major mechanical
defects for the pumps, and comparative analysis is conducted among stations,

¢ From Pareto charts, a new table is generated showing the major types of defects
for all pumps in all five chosen stations, this table is utilized for further analysis of
the defects based on tﬁcir frequencies.

e The first five major defects are analyzed thoroughly by calculating mean time
between failures, failure rate, mean time to repair, availability and reliability of
cquipment. Also analysis is done based on the cost of repair actions.

* Analysis is conducted based on the defect, how it is being repaired, and how
many times this type of repair is repeated. This analysis 1s conducted for major

defects.

The preventive maintenance analysis is conducted as well based on the collected data. The
analysis concentrates on the averages of PPM visits and the cost of visits for each pump,
number and cost of technician man-hours conducted for PPM visits. Relationship analysis
between the corrective and preventive is conducted .also to have an indication about the
effectiveness of the preventive maintenance and its reflection on the corrective mainienance.

These are the main categories of preventive maintenance analyses.

4.6) Discussion Conclusion and Recommendations
The final step of the methodology is the discussion of the findings and possible explanations
about the state of the corrective and preventive maintenance. F inally, conclusion and

recommendations are drawn.
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CHAPTER FIVE
DATA COLLECTION
5.0) Introduction

This chapter will cover the data collection for all stations covered in this project. The data are
mainly covering the corrective maintenance represented by the defects cards and preventive
maintenance represented by preventive maintenance task sheets containing all data related to
this type of maintenance. Initially the corrective maintenance data collected cover all
maintenance sections, it will be sorted out to have only the one related to mechanical

maintenance. The preventive maintenance data belong to Mechanical Section.

5.1) History of Data

Since 2005 an integrated Computerized Maintenance Management System (CMMS) was
introduced within WTD in order to reduce the huge paper work which was the normal
practice before year 2005 for reporting defect, its number, priority, date of failure, location,
equipment name, type of failure, time of failure, and reporter name. These inttial information
are significant and essential for maintenance sections to understand the nature of defeet and

plan for rectifying it.

After completion of work by maintenance section, many other information arc added like
defect repair date, time consumed, man-hours utilized, material consumed, cost of manpower,

equipment utilized and approver name.

All the above information used to be recorded manually in papers, but after creating the
CMMS all of the information fed to the system. The CMMS was created locally by one of the

technictans who utilized Microsoft Access to create this system.

5.2) Sources for Data

A summary of the sources of data that will be used in the thesis is given below:

* All defects and failure data were collected from localized CMMS mcluding all
information from issuing the defects' cards until its clearing and cancelations.,

e All PPM tasks data were collected from PPM cards, and the Planning Section keeps
these cards in the documents’ room.

s History of overhauting for the pumps were collected from Mechanical Maintenance

Section.
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5.2.1) Time span of data
The time span of the data collected for this work is from 2005 up to 2011, i.e. the data
collected from CMMS since it was created. Data before year 2005 is not available because it

was scraped (Data were on files only).

3.3) Reasons for Selecting Mechanical Maintenance Section
A question will be raised about the focus of this thesis on Mechanical Maintenance Section

rather than other sections, the answer for this question can be summarized in the following ~

paragraphs.

a. Summary of data from MMS:
The data collected from MMS for all the five stations covered in this thesis, shows that the
majority of defects belong to the Mechanical Section, the summary of the different

sections defects and their percentages are listed in Table 4 hercunder.

Table 4 - Summary of defeets for each maintenance section

Rank | Maintenance Section | No. of Defects Percentage (%)

1 Mechanical 1098 2493

2 Instrument 1057 23.69

3 Electrical 967 2195

4 Civil 618 14

5 Process 350 7.94

6 Tanks 241 | 5.5

7 Operations ! 63 1.43

8 Trunk 8 0.18

9 | Planning 4 0.1

Total 4406 100 % |

The total number of defects for all stations are 4406, this covers all types of defects for all

maintenance sections, almost 25% of defects is registered to mechanical only.

43




b. Analysis of pumps defects and its accessories:
Deep filtration is conducted to all data from MMS to extract the defects related to pumps
and any defect for any equipment connected to pumps. Examples of some defects related

to pumps are summarized in Table 5.

Table 5 - Sample types of defects for maintenance sections

Type of Defect Maintenance Section W
Gland packing of pump is leaking | Mechanical
Shaft is jammed Mechanical
Inboard bearing is noisy Mechanical
Outboard bearing temperature is high Electrical
Load breaker switch is not functioning Electrical
Pump trip on under current Electrical
Speed controller is not working Instrument
Pump failed without alarm Process
| Pump is not working on remote Process
L RPM is not working Instrument

The above examples cover some of maintenance sections except Civil, Tanks and Trunk
Sections, where there were no defects recorded linked with pumps. In Table 4 there are
4406 defects registered for all stations and all sections, but in Table 6 the total defects

related to pumps only are 1139 for the main four maintenance sections.

In the process of filtration, main information related to each defect were recorded whether

itis related to the pump itseif or its accessories, information like,

1. Types of defects
ti.  The concerned maintenance section
. Frequency of defects
iv.  Cost of repair defects

v.  Time to repair defects

Table 6 shows these data categories for the different maintenance sections
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Table 6 - Summary of frequency, time and repair cost for each maintenance section

Defects details

Maintenance

Section Frequency | Frequency | Total Time | Time | Total Cost Cost

{Nos.) (%) (Hrs) (%) (BD) (%)

Mechanical

. 660 5795 10784.69 67.01 52,976,72 60.62
Maintenance

Electrical

. 164 10.%8 2250.55 4.63 19,575.00 3.36
Maintenance

Instrument |

. 123 14.4 745,92 13.98 293931 224
Maintenance

Electronics

. 192 16.86 2313.78 14.38 11,899 44 13.62
Maintenance

Total 1139 1609494 87,390.46

Furthermore, the percentage of each category (Defect Frequency, Time and Cost) was
plotted separately to show which category should have to be focused on. The above table
and Chart_l below show that most of defects, time and cost were mainly exercised by
Mechanical Maintenance Section (MMS) only, and these evidences guide us to

concentrate on Mechanical Section rather than other sections.

80 -

-

67.01
60.62

70 4

57.95

60

50

40 ® frequency (%)

30 W Time (3)

-0 B Cost (%)

10

0

Mechanicai Electrical Instrument Electronics
Maintenance Maintenance Maintenance Maintenance

Chart 1 - Percentage of pump's defect frequency, time and cost for each maintenance section

45




5.4) Pumps' Defects Analysis by Station

This section covers the five stations under investigations, brief description is given for each
station and some information about the incoming water from other statjons and water supply
te the network. Then more elaborations about the types of defects, their frequencies, time of

maintenance and cost of repair are included.

5.4.1) Hamala A2 Ground Forwarding Station (GFS)

a. Station description

Hamala A2 GFS is located in Hamala village, the station is designed to receive ground water
from all ground water boreholes (Hamala A2, B, C, D, E, F, and Jasra). The received ground
water is stored within three ground storage tanks (the capacity of each tank is one million
gallon) and forwarded to West Riffa-1&2 Blending Station and Hamad Town Blending
Station.

b. Ground water abstraction in year-2011
* Hamala A2 has six Boreholes ~Total abstraction of 1395.31 MG during year 2011.
* Hamala B, D, E and F have six Boreholes-Total abstraction of 1016.30 MG during year
2011,
* Hamala C has six Boreholes- Total abstractions of 1130.30 MG during year 2011.
¢ Jasra has two Boreholes-Total abstractions of 236.4 MG during year 2011.

¢. Average incoming supply

The station received ground water from Hamala A2,B,C,D, E, F, and Jasra with an average
of 10.34 MG/day, the total abstraction was 3778.18 MG 2011, The station forwards
ground water to Hamad Town Blending Station through 600 mm pipeline with an average of
5.99 MG/day in year 2011, and for West Riffa no. 1&2 through another 600 mm pipeline
with an average of 2.01 MG/day in year 2011.

d. Stafion site layout
Figure 10 shows the main details of the Hamala A2 GES Station.
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€. Total defects reported for Hamala A2 GFS
The defects' data for the above mentioned station are summarized for each year from 2005 to

201land for each individual pump as shown in Table 7

Table 7- Details of number of defects for each individual pump at Hamala A2 GFS

Sr.No. | Pump Name 2005 2006 | 2007 | 2008 2009 | 2010 | 2011 Total
1 W.R. BS#1 6 9 9 I 7 3 2 50
2 W.R BS#2 5 4 5 13 6 5 2 40
3 W.R. BS#3 3 6 6 8 4 8 1 36
4 HT BS #1 5 5 4 2 2 8 2 28
5 HT BS #2 15 3 9 6 2 7 2 44
Total per 5 pumps 34 27 33 41 21 33 9 198

The above table shows the numbers of defects raised from Field Operation Unit to all

maintenance sections. So there were 198 defects raised from year 2005 up to 2011 in total.

f. Analysis of defects

Initial analysis is done for all defects issued for every single pump at Hamala A2 station by
extracting the information from these defects such as types of defects, frequency of each
defect, time spent for repair, and finally the cost of repair. All of these details are tabulated
and shown in Appendix H. Table 8 below shows the types of defects, total frequency, time

and cost for all Hamala A2 pumps and maintenance sections.

As a summary, 198 defects recorded for all pumps took 3731.38 hours to repair with a total

maintenance cost of 19313.59 BD .

Table 8 - Summary of defects, frequency, time and cost for all Hamala A2 pumps

Total Summary
No. Types of defects Frequency Total Time Total Cost
(No.) (Hrs) (BD)
1 | Leakage from discharge line 12 177.70 675.10
2 | Gland packing of the pump is leaking 81 1,577.53 8,354.39
3 | Gland packing of the pump is smoking 6 57.50 155.65
4 Glagd packing of the suction valve is 1 20.49 38.27
Jeaking
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5 gﬁ(ﬁg packing of the discharge valve is 0 0.00 0.00

6 | Check valve is passing 5 127.50 382.93
7 S;;Z};;alve is hammering / not working 4 174.00 500.30
8 | Drain valve is blocked /leaking/broken 11 138.66 330.81
9 | Suction pressure gauge is not working 14 44.00 194.55
10 | Discharge pressure gauge is not working 8 28.75 278.60
11 | Casing is leaking from pin hole 2 208.00 2,091.50
12 | Inboard bearing is noisy 13 347.25 3,702.06
13 | Outboard bearing is noisy 3 94.50 39491
14 | Inboard bearing temperature is high 2 11.00 35.20
15 | Outboard bearing temperature is high 4 105.50 292.30
16 | Inboard bearing grease is coming out 3 35.00 93.46
17 | Outboard bearing grease is coming out 0 0.00 0.00
18 | Problem in load breaker switch 10 409.00 1,148.73
19 | Problem in power supply 2 43.00 134.90
20 | Tripping due to under current 4 11.00 29.00
21 | Tripping due to over current 1 4.00 11.20
22 | Tripping due to over load 1 8.00 22.80
23 | Pump not working on remote 7 85.00 340.95
24 | Motor inboard bearing is noisy 2 11.00 50.30
25 | Motor outboard bearing is noisy 0 0.00 0.00
26 i;;iﬁée;f;t;h 1s not functioning / ? 13.00 55.70

Total 198 3,731.38 19,313.59

5.4.2) Hamad Town Blending Station (HTBS)

a. Station description

Hamad Town blending station is located in Hamad Town area. The station is designed to
receive reverse osmosis water and distillate water from West Riffa #1 Blending Station, as
well as ground water from Hamala A2 GFS, blending process will take place utilizing ground
and distillate water pumps. The blended water will be stored in the tanks and then will be

supplied to consumers and Hamad Town Distribution Station.

b. Incoming and outgoing water supply

The station receives ground water from Hamala A2 GFS , with an average of 5.99MG/day
during year 2011. In addition, the station received reverse osmosis desalinated water from
West Riffa #1 BS with an average of 14.35 MG/day during year 2011.
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The station forwards blended water 10 Hamad town distribution station, with an average of
'7.65 MG/day during year 2011, the elevated storage reservoir supplies Hamad town area with
an average of 4.42 MG/day in year 2011 and the ground storage tanks supplies customers
using gravity with an average of 7.34 MG/day in vear 2011. The average total dissolved
solids of the supplied water was 1521 PPM with PH of 7.42.

¢. Station site layout

Figure 11 shows the main details of the Hamad Town Blendin g Station,

50




Sumelp uone)§ Supus[g umo] pewel — | | amdty

15

ERAUEL]

MEQEN 3 TIFI

FELEY]
—
r_.L CIn T O
¥ Wl m;
[TNLE Ty B —_
0Ly i -
J b ; Fme eqpnd W
aumazany P L
T[—r .m
_.:ﬂ|.._ 1= e [T
b | .
‘/J_.m_l _ _ ] WiEF] WA A5
] fer R il TG L S
Lujalilieag
amgsang

-
[
[L1]
A gsch waeen B
Ll o ¢
R T
L, PHRIAJE “
#1585 :

PRV

ah
g

LTI
7 uneig)

LINQUIRILL St

I31E My 0[] 1300 &
COHUSAG dUNS ©
{me) ey popualg e
(TN 10 M0 5]

(MO) 1mes punus; @ (ADN) 3ujes pazuniopy

(AW 24[RA dEe3pPy 0y
e |diieg smess
UL But )i sexue),
(L) a3 ma).|

InpEA JIAY Y
Cafilaes oen

™|
i
A1) BARA Apisuni [
el

[

sy
FTR v

L B L TRTIFTYT

NOLNEIELS BHINIVMHOE

ODNIAONZTA4
NMOL AVINVH

L5

BRIONHTE




d. Total defects reported for HTBS

The defects' data for the above mentioned station are summarized for each year from 2005 to

2011, and for each individual pump as shown in Table 9.

Table 9 - Details of number of defects for each individual pump at HTBS

No | Pump Name | 2005 2006 2007 2008 2009 | 2010 2011 Total
Dastillate
1 Water #1 7 6 5 1 4 2 3 32
Distillate
2 Water 42 5 6 3 7 7 2 7 37
Ground
3 Water #1 5 7 1 6 4 4 2 29
Ground
4 Water £2 7 3 3 3 14 7 3 36
5 TO""";IP bmp | 3 5 0 2 7 1 20
6 TOW‘*;; ump | 6 3 5 i1 0 4 29
Hamad Town
7 DS #1 o 11 10 i 2 3 2 35
i Hamad Town
8 9 12 6 8 4 & 7 52
DS #2
Total per 8 pumps | 45 56 40 32 45 3t 31 278

The above table shows the numbers of defects raised from Field Operation Unit to all

maintenance sections. So there were 278 defects raised from 2005 up to 2011 in total.

e. Analysis of defects

Initial analysis is done for all defects issued for every single pump at Hamad Town Blending

Station, by extracting the information from these defects such as types of defects, frequency

of each defect, timc spent for repair, and finally the cost of repair. All of these details are

tabulated and shown in the Appendix I Table 10 below shows the types of defects, total

frequency, time and cost for all HTB pumps and all maintenance scctions.

[n summary, 278 defects recorded for all pumps took 3619 hours to repair with a total

maintenance cost of 22795 BD to repair the defects.
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Table 10 - Summary of defects, frequency, time and cost for all HTB pumps

Total no. of Defects

No. Types of defects Frequency | Total Time | Total Cost
(Nos) (Hrs) (BD)
1 leakage from discharge line 25 399.5 1103.89
2 Gland packing of the pump is leaking 49 608.58 2099.39
3 Gland packing of the pump is smoking 11 148.5 497.6
4 Gland packing of the suction valve is leaking 0 0 0
5 Gland packing of the discharge valve is 0 0 0
leaking
6 Shaft is jammed 3 56.5 153.54
7 Coupling is damaged 4 95 1023.61
8 Pump is not sucking water 2 13 46
9 Relieve valve is blocked 8 61 144.6
10 Check valve is passing 10 172.66 401.1
1 ;Irlz);(;l;l;aive is hammering / not working 3 4 1122
12 Drain valve is blocked /leaking/broken 12 103.66 672.95
13 Suction pressure gauge is not working 14 61.16 145.25
14 Discharge pressure gauge is not working 16 85.42 266.23
15 Casing is leaking from pin hole 2 18 27.3
16 Inboard bearing is noisy 13 382.83 1215.69
17 Outboard bearing is noisy 2 16 49.4
18 Inboard bearing temperature is high 1 5 26.25
19 Outboard bearing temperature is high 1 10 33.1
20 Inboard bearing grease is coming out 0 0 0
21 Outboard bearing grease is coming out 0 0 0
22 Problem in load breaker switch 0 0 0
23 Problem in power supply 7 44 159.16
24 Tripping due to under current 0 0 0
25 Tripping due to over current 0 0 0
26 Tripping due to over load 0 0 0
27 Pump not working on remote 15 129 389
28 Motor inboard bearing is noisy 9 249.5 839.32
29 Motor outboard bearing is noisy 5 165 550.51
30 Pressure switch is not functioning / tripping 0 0 0
pump
3] Am;?ere meter is hunting/not giving correct 13 382 8059.00
reading/not working
32 Capacitor is burnt out 8 96 386.05
33 Display screen is not working/no reading 6 69 220.08
34 Speed controller is not working 8 111 874.97
35 RPM is not working 4 28 92.7
36 Cooling fan is not working 2 11 36.45
37 failed without alarm 5 56 3170.1
Total 278 3619 22795
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5.4.3) Hamad Tewn Distribution Station (HTDS)

a. Station description

Hamad Town Distribution Station is located in Southemn area. The station is designed to
recelve blended water from Hamad Town Blending Station, the blended water is stored within

three ground storage tanks and one elevated tank with one million gallon capacity of each.

b. Average incoming and outgoing supply

The station receives blended water from Hamad Town Blending Station through 600 mm pipe
line. Average incoming blended water from HTBS was 7.65 MG/day during year 2011. The
station distributes blended water to Southern villages with an average of 2.59 MG/day during
year 2011 using gravity flow from the ground siorage tanks. The elevated storage reservoir
supplies distribution network with an average of 5.23 MG/day during year 2011. The average
TDS of the supplicd water is 1521 PPM.

¢. Station site layout

Figure 12 shows the main details of the Hamad Town Blending Station.
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d. Total defects reported for HTDS

The defects' data for the above mentioned station are summarized for each year and for each

individual pump as shown in the Table 11.

Table 11 - Details of defects for each individual pump at HTDS

No | PumpName | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | Total
1 Towe;f“mp 4 6 7 2 1 1 4 25
g | TowaPomy | 9 0 2 1 2 3 18

#
Total per 2 pumps 6 15 7 4 2 3 7 44

The above table shows the numbers of defects raised from Field Operation Unit to all

maintenance sections. So there were 44 defects raised from 2005 up to 2011 in total.

e. Analysis of defects

Initial analysis is done for all defects issued for every single pump at Hamad Town

Distribution Station, by extracting the information from these defects such as types of

defects, frequency of each defect, time spent for repair, and finally the cost of repair. All of

these details are tabulated and shown in the Appendix J. Table #12 below shows the types

of defects, total frequency, time and cost for all HTDS pumps and all maintenance sections.

In summary, 44 defects recorded for all pumps took 357.533 hours to repair with a total

maintenance cost of 2972.43 BD.

Table 12 - Summary of defects, frequency, time and cost for all pumps at HTDS

Total no. of Defects

No. Types of defects Frequency | Total Time | Total Cost

(Nos.) (Hrs) (BD)

1 | leakage from discharge line (Header) from Pin hole 1 16 50.6

2 | Gland packing of the pump is leaking 2 17 72

3 | Gland packing of the pump is smoking 1 13 527

4 | Gland packing of the suction valve is leaking 0 0 0

5 | Gland packing of the discharge valve is leaking 3 36 89.65

6 | Suction /discharge valve is jammed 0 0

7 | Coupling cove to be re-fixed 0 0

g Propl.em in discharge MOV /Actuator/stuck in 0 0 0

pOSl[lOI‘l
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9 | Problem in suction MOV /Actuator/stuck in position

10 | Check valve is leaking 23 55.2

11 Check valve is hammering / not working properly /

" 56 124.9
Passing

12 | Drain valve is blocked /leaking/broken 53 101.6

[9%]
T
b2

13 | Suction pressure gauge is not working

—
b2
(98]
b2

14 | Discharge pressure gauge is not working

o
=]

15 | Actuator is leaking water from gear box

Lh
73]
o

16 | Inboard bearing is noisy

17 | Outboard bearing is noisy

18 | Inboard bearing temperature is high

19 | Outboard bearing temperature is high

20 | Inboard bearing grease is coming out

21 | Outboard bearing grease is coming out

o |o|lc|lo|lo|o
o |o|lo|lo|o|lo

29 Vibration sensor is not reading / Tripping on high
vibration

w
o
—_
o
d
in

23 | Problem in power supply

24 | Tripping on LCP

25 | Tripping on phase unbalance

26 | Problem in DCS / data is stuck in display screen

27 | Pump not working on sequence

28 | Motor inboard bearing is noisy 20.53 42.68

29 | Motor outboard bearing is noisy

30 | Level switch is not functioning / alarm standing

31 | Motor current reading is low

32 | Capacitor is is giving low readings

33 | Smell is coming from Resistance box

34 | Motor is tripping frequently

35 | Motor is heating / high winding temperature

36 | Speed cannot be controlled

37 | Filed to start 10.5 30.8

h'—‘D'—‘MODOONLﬂWOOO-&-DQDOC}'—‘MDMHﬂmL;JO
]
[

Total

i

357.533 2972.43

5.4.4) West Riff'a #1 Blending Station (WR #1 BS)

a. Station description

West Riffa #1 Blending Station is located in West Riffa area. The station is designed to
receive reverse osmosis water and distillate water from Ras Abu J arjur Plant and Sitra Power
and Water Station, respectively, also ground water. from Hamala A2 G.F.S., in addition the

station receives potable water from Salmabad Forwarding Station.
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b. Storage capacity

The station has six ground storage tanks: three blended tanks, one for ground water tank and
two for distillate storage tank. All tanks are with one million gallon capacity, also, there are

two elevated storage reservoirs with capacity of one MG for each one.

<. Incoming and outgeing water supply

The station receives ground water from Hamala A2 GFS with an average of 2.54MG/day in
year 2011, Also, it receives reverse osmosis with an average of 21 MG in year 2011 from Ras
Abu Jarjur and distillate water from Sitra DFS with an average of 12 MG/day in year 2011.
The station forwards R.O. and distillate water to HTB Station with an average of 14.35
MG/day in year 2011. In addition, it forwards blended water to Tsa Town towers utilizing
gravity flow with an average of 8.47 MG/day in year 2011, and it forwards blended water to
A'ali with an average of 2.52 MG/day in year 2011. All blended water is supplied with TDS
of 1159 PPM.

d. Station site layout
Figurc 13 shows the main details of the West Riff'a #1 Blending Station.
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e. Total defects reported for West Riff'a #1 BS
The defects' data for the above mentioned station for each year from 2005 to 2011 and for

each individual pump is shown in Table 13.

Table 13 - Details of defects for each individual pump at WR#1 BS

No. | Pump Name | 2005 | 2006 2007 2008 2009 2010 2011 Totaﬂ
1 Distillate 5 7 6 4 4 1 5 32
Water #1
b) Distillate 1 6 1 1 3 6 4 22
Water #2
3 Distillate 4 5 2 4 3 3 1 22
Water #3
4 Ground 4 2 3 2 4 2 1 16
Water #1
5 Ground 3 1 0 1 6 2 4 17
Water #2
6 Hamad 4 4 2 4 2 2 1 16
Town BS #1
7 Hamad 3 3 4 2 2 0 1 15
Town BS #2
8 Hamad 6 3 3 1 2 2 2 19
Town BS #3
9 East;“lower 2 6 2 9 6 3 2 30
10 East?;gower 0 4 2 4 11 12 5 38
11 West#'ll"ower 0 2 2 3 4 2 0 14
12 | West Tower 6 2 0 2) 10 3 0 23
#2
Total per 12
35 43 25 35 52 37 22 264
pumps

The above table shows the numbers of defects raised from Field Operation Unit to all

maintenance sections. So there were 264 defects raised from 2005 up to 2011 in total.

f.  Analysis of defects

Initial analysis is done for all defects issued for every single pump at West Riffa BS #1, by

extracting the information from these defects such as types of defects, frequency of each

defect, time spent for repair, and finally the cost of repair. All of these details are tabulated

and shown in the Appendix K. Table 14 below shows the types of defects, total frequency,

time and cost for WR#1 BS and all maintenance sections.
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In summary, 264 defects recorded for all pumps took 3853 hours to repair with a total

maintenance cost of 25708 BD.

Table 14 - Summary of defects, frequency, time and cost for all pumps at W.R#1 BS

Total no. of Defects

No. Types of defects Frequency | Total Time | Total Cost
(Nos.) (Hrs) (BD)

1 | Leakage from discharge line (Header) from Pin hole 38 867.74 2,984.32
2 | Gland packing of the pump is leaking 49 569 6,935.43
3 | Gland packing of the pump is smoking 11 73.74 596.67
4 | Gland packing of the suction valve is leaking 7 74.5 195.61
5 | Gland packing of the discharge valve is leaking 3 22 56.50
6 | Shaft is jammed 0 0 0.00

7 | Coupling is damaged 0 0 0.00

8 | Pump is not sucking water 0 0 0.00

9 | Relieve valve is blocked 0 0.00
10 | Check valve is leaking 22 227 584.50
11 g:se;?légvalve 1s hammering / not working properly / 20 54042 492324
12 | Drain valve is blocked /leaking/broken 10 81 167.80
13 | Suction pressure gauge is not working 4 33.33 110.40
14 | Discharge pressure gauge is not working 10 43.25 104.03
15 | Casing is leaking from pin hole 0 0 0.00
16 | Inboard bearing is noisy 7 104 518.91
17 | Outboard bearing is noisy 2 495 95.89
18 | Inboard bearing temperature is high 0 0 0.00
19 | Outboard bearing temperature is high 0 0 0.00
20 | Inboard bearing grease is coming out 0 0 0.00
21 | Outboard bearing grease is coming out 0 0 0.00
22 | Problem in load breaker switch 0 0 0.00
23 | Problem in power supply 2 8.5 26.70
24 | Tripping due to under current 0 0 0.00
25 | Tripping due to over current 0 0 0.00
26 | Tripping due to over load 1 20 118.95
27 | Pump not working on Auto mode / Remote 16 251.55 493.95
28 | Motor inboard bearing is noisy 6 70.5 239.82
29 | Motor outboard bearing is noisy 5 46 155.92
30 | Pressure switch is not functioning / tripping pump 0 0 0.00
3] ;6;1;1[}\2;”0 trnwe;:( . gis hunting/not  giving correct 14 171 5,105.34
32 | Capacitor is giving low readings 1 144 765.69
33 | Smell is coming from Resistance box 15 328.5 1,111.20
34 | Motor is tripping frequently 2 51.5 160.10
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35 | Motor is heating ; 4 11.5 42.40
36 | Cooling fan is not working 3 17 57.20
37 | Failed without alarm 6 47.73 157.27

Total 264 3853 25708

5.4.5) West Riff'a #2 Blending Station

a. Station description

The West Riffa #2 Blending Station is located in West Riffa area. The station is designed to
receive R.O. water from Ras Abu Jarjur Plant and distillate water from Sitra Power and Water
Station (SPWS), and G.W. from Hamala A2 GFS. The station has five ground storage tanks,
two blended tanks with capacity of 5 M.G. each, one ground tank with capacity of 2 M.G. and
two distillate tanks with capacity of 2 M.G. for each one.

b. Incoming and Outgoing water supply

The station receives ground water from Hamala A2 GFS with an average of 2.02 MG/day in
year 2011. [n addition, it receives R.O. water and distillate water from Ras Abu Jarjur and
Sitra DFS with a total average of 20 MG/day in the year 2011. The station forwards blended
water to WR-1 East and West towers, with an average of 17.96 MG/day in year 2011. The
average TDS of blended water supplied is 1003 PPM.

€. Statjon site layout

Figure 14 shows the main details of the West Riff'a #2 Blending Station.
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d. Total defects reported for WR#2 BS
The defects' data for the above mentioned station are summarized for each year from 2005 to

2011 and for each individual pump as shown in Table 15.

Table 15- Details of defects for each individual pump at WR#2 BS

No Pump Name 2005 2006 2007 2008 2009 2010 2011 Total
1 Dhsbliae 10 11 13 1 8 5 7 65
Water #1
9 Distillate 3 9 17 . ; 10
Water #2 2 S8
Ground Water
3 41 3 4 4 0 8 17 0 36
Ground Water
4 7 2 6 2 8 8 10 43
#2
Tower Pump
5 6 12 9 14 8 6 6 61
#1
Tower P
6 o g 5 7 5 11 6 5 42
#2
Tower Pump
i 11 9 8 i 4 7 4 50
#3
Total per 7 pumps 44 53 64 47 51 55 41 355

The above table shows the numbers of defects raised from Field Operation Unit to all

maintenance sections. So there were 355 defects raised from 2005 up to 2011 in total.

e. Analysis of defects:

Initial analysis is done for all defects issued for every single pump at West Riff'a BS #2, by
extracting the information from these defects such as types of defects, frequency of each
defect, time spent for repair, and finally the cost of repair. All of these details are tabulated
and shown in the Appendix L. Table 16 below shows the types of defects, total frequency,

time and cost for all maintenance sections.

In summary, 355 defects recorded for all pumps took 4533.45 hours with a total
maintenance cost of 16601.13 BD .
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Table 16 - Summary of defects, frequency, time and cost for all pumps at WR#2 BS

Z
5

Types of defects

Total Summary

Frequency | Total Time | Total Cost

(Nos.) (Hrs) (BD)
1 leakage from discharge line (Header) from Pin hole 0 0 0.00
2 Gland packing of the pump is leaking 57 649.17 2,356.81
3 Gland packing of the pump is smoking 0 0 0.00
4 Gland packing of the suction valve is leaking 1 4 9.60
5 Gland packing of the discharge valve is leaking 1 120 359.12
6 Suction / discharge valve is jammed 1 35 101.73
7 Coupling cove to be re-fixed 1 14 29.00
8 Problem in discharge MOV /Actuator/stuck in position 35 420.5 1,208.88
9 Problem in suction MOV /Actuator/stuck in position 12 114.25 364.75
10 | Check valve is leaking 20 360.42 913.85
1 }(3;1;?:1? gvalve is hammering / not working properly / 13 223 573.35
12 Drain valve is blocked /leaking/broken 23 136.5 257.40
13 Suction pressure gauge is not working 1 4 10.80
14 Discharge pressure gauge is not working 0 0 0.00
15 | Actuator is leaking water from gear box 8 483 2.259.57
16 Inboard bearing is noisy 11 287.31 1,263.71
17 Outboard bearing is noisy 1 0 0.00
18 Inboard bearing temperature is high 3 25 84.70
19 Outboard bearing temperature is high 1 75.5 27291
20 Inboard bearing grease is coming out 0 0 0.00
21 Outboard bearing grease is coming out 0 0 0.00
2) \Yj;)britiloor? sensor 1s not reading / Tripping on high 37 289 1,353.45
23 Problem in power supply 6 62.5 201.45
24 Tripping on LCP 20 174 1,091.20
25 | Tripping on phase unbalance 5 64 167.60
26 | Problem in DCS / data is stuck in display screen 30 179.75 591.74
27 Pump not working on Auto mode / Remote 19 165 642.87
28 Motor inboard bearing is noisy 7 165.5 417.98
29 Motor outboard bearing is noisy 2 64 132.80
30 Level switch is not functioning / alarm standing 2 14 49.70
31 Motor current reading is low ] 7.8 19.11
32 | Capacitor is giving low readings 0 0 0.00
33 Smell is coming from Resistance box 1 6 14.40
34 | Motor is tripping frequently 2 19 50.30
35 | Motor is heating / high winding temperature 10 110 319.40
36 | Speed cannot be controlled 2 12 41.70
37 | Filed to start 22 24925 1,441.28

Total 355 4533.45 16,601.13
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5.4.6) Summary of defects, time and cost for stations

Further effort carried out to classify all the above mentioned information according to

maintenance section within the station itself, this will help to identify which section has the

majority of defects. Each defect is reviewed thoroughly for classification, and the whole

exercise is summarized into the following table which shows total defects frequency, total

time to repair these defects and finally the total cost of all repairs for each maintenance

section.

Table 17 — Summary of Defects, time and cost for each maintenance section for all stations

Hamala A2 GFS
Section Frequency (Nos.) Total Time (Hrs) Total Cost (BD)
Mechanical 149 3085.63 17097.17
Electrical 18 475 1346.63
Instrument 24 85.75 528.85
Process control T 85 34095
Total 198 3731 19314
Hamad Town BS
Section Frequency (Nos.) Total Time (Hrs) Total Cost (BD)
Mechanical 160 2546.74 8996.47
Electrical 54 561 8733.37
Instrument 30 146.58 411.48
Process control 34 365 4654.16
Total 278 3619 22795
Hamad Town DS
Section Frequency (Nos.) Total Time (Hrs) Total Cost (BD)
Mechanical 29 267.53 2655.53
Electrical 7 54 2133
Instrument 20 51.2
Process control 3 16 52.4
Total 44 357.5 2972
West Riff'a #1 BS
Section Frequency (Nos.) Total Time (Hrs) Total Cost (BD)
Mechanical 180 2725.39 17454.61
Electrical 48 752 7387.57
Instrument 14 76.58 214.43
Process control 22 299.28 65122 |
Total 264 3853 25708

West Riff'a #2 BS
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Section Frequency (Nos.) Total Time (Hrs) Total Cost (BD)
Mechanical 142 2159.39 6772.95
Electrical 37 408.55 1894.14
Instrument 50 417 1733.35
Process control 126 1548.5 6200.69
Total 355 4533 16601

Table 18 shows an overall summary of the data collected and classified based on the

specialty of the maintenance section

Table 18 - Total summary for frequency, time and cost of defects for each maintenance section

Section Frequency (Nos.) Total Time (Hrs) Total Cost (BD)
Mechanical 660 10784.69 52976.72
Electrical 164 2250.55 19575.00
Instrument 123 745.92 2939.31
Process control 192 2313.78 11899.44
Total 1139 16094.94 87390.46

As was discussed earlier the Mechanical Section is chosen to be the main section this work
should focus on, because it's frequency, time and cost have the highest values. Furthermore,
to be more specific the mechanical defects on pumps only will be considered since they are

the heart of the Transmission Directorate.

From here onwards the discussion, analysis and penetration on every single defect belong to
the Mechanical Section which has been chosen, in order to find the main reasons, factors or

problems behind the increase in frequency, the time and the cost of pumps' maintenance.

5.5) Preventive Maintenance of WTD Pumps

Preventive maintenance activities generally consist of inspection, cleaning, lubrication,
adjustment, alignment, painting, and replacement of some parts if required. Obviously,
preventive maintenance involves a basic trade-off between the costs of conducting
maintenance and replacement activities and the cost savings achieved by reducing the overall
rate of occurrence of system failures. Designers of preventive maintenance schedules must
weigh these individual costs in an attempt to minimize the overall cost of system operation.
They may also be interested in maximizing the system reliability, subject to some sort of

budgetary constraint.
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5.5.1) Preventive maintenance data collection

Maintenance Department at Water Transmission Directorate is doing planned preventive
maintenance (PPM) for all pumps at all stations, they are doing the task based on different
principles like aging or manufacturer recommendations. For every pump there is a PPM Task
sheet which contain the main details of the pump, the dates of PPM, people who did the task
and the time for each task.

The frequency of PPM for each station is common, every 4 months PPM must be conducted
for each pump except Hamala A2 pumps which is decided to be monthly due to their
importance and due to high conductivity of the ground water, the time of decision for
conducting monthly preventive maintenance for Hamala A2 pumps is not known and it is not
documented.

All information is tabulated for every pump, and a sample example for one pump is shown in
the Table 19 (Ground water pump #1 at West Riffa #1 BS ) hereunder. Table 19 shows that
there are 24 PPM visits for this pump from beginning of 2006 till end of 2011, with a total
cost of BD 357.15 for all technicians attended for the PPM visits and the total man hours are
108.5 hours. The average duration between the PPM tasks is around 3 months, therefore each
pump must have four preventive maintenance tasks to be conducted every year. Every

individual pump has its sheet similar to the above table.

5.5.2) Summary of PPM cost and duration of visits for all stations

Every individual pumps PPM data is collected from the planned preventive maintenance
sheets and tabulated in Table 20, the total number of PPM visits, duration of visits, number
of man hours, cost of man hours for individual pumps or individual stations. These are very
important data to monitor the PPM activities, it shows if the preventive maintenance task is
done in an effective, correct way and within planned schedule and proper timing or not. The
tables below cover the conducted PPM tasks, unfortunately most of the data collected from
the task sheets are not started from 2005 for this study because most of the old task sheets
were scraped, they are started from year 2006 for all stations except for Hamala A2 GFS
which started from 2008.
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Table 19 - Basic information from PPM Task Sheets from 2006 to 2011 for ground water pump #1 at
WR#1 BS

No of persons attended, grades with total hours of visits & man

:f hours of technicians
Zd o E‘r No. of No. of No. of No. of
‘é £=° % E No. Man No Man No. Man No Man
g § - g of hours of hours of hours of hours
g | & € | G8 | forG8 | G7 | forG7 | G6 | forG6 | G5 | for G5
S| staff | (Hrs) |staff| (Hrs) | staff | (Hrs) | staff| (Hrs)
1 25/10/2011 | 1 0 0 2 g 2 2 0 0
2 21/7/2011 1 0 0 1 1 1 1 0 0
3 23/4/2011 | 1.5 | 0 0 1 1.5 I 1.5 0 0
4 10/1/2011 1 0 0 1 1 2 2 0 0
5 20/10/2010 | 1 0 0 1 1 2 2 0 0
6 7/7/2010 | 1.5 0 0 ] 1.5 2 3 0 0
7 12/4/2010 | 1 0 0 2 2 1 1 0 0
8 14/1/2010 | 1.5 | 0 0 2 3 2 3 0 0
9 | — |26/102009] 2 0 0 1 2 2 4 0 0
10 | & [ 1272009 | 15 | 0© 0 1 1.5 3 45 0 0
11 5 25/42009 | 1 1 1 1 1 1 1 0 0
12 | & | 322009 | 25 0 0 2 5 ] 2.5 0 0
13 § 25/10/2008 | 1 0 0 1 ] 0 0 0 0
14 | g |23/6/2008 | 1 0 0 3 3 2 2 0 0
15 | 2 | 2042008 | 2 1 2 0 0 1 2 0 0
16 | & | 622008 | 15 | 0 0 1 1.5 1 s 1 1.5
17 21/102007 | 1.5 | o0 0 1 1.5 2 3 0 0
18 16/7/2007 | 2 0 0 0 0 1 g 2 4
19 5/4/2007 2 0 0 0 0 2 4 ] 2
20 18/1/2007 | 2 1 2 1 2 ] 2 1 2
21 30/102006 | 2.5 | 0 0 0 0 1 2.5 2 5
22 6/8/2006 2 0 0 0 0 2 4 0 0
23 22/4/2006 | 1.5 0 0 0 0 1 15 1 1.5
24 2/1/2006 2 0 0 0 0 2 4 0 0
Total hours of visits | 3~ 5 3 23 36 8
(Hrs)
Total man hours of 5 31.5 56 16
technicians (Hrs)
Rate: BD / Hr 4.2 3.7 33 3
Total cost of 21 116.55 171.6 48

technicians (BD)

Where G8: Mechanical Technician

G7: Lead Mechanic
G6: Mechanical Fitter
GS5: Trade Worker
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Table 20 - Number PPM visits, duration of visits, man hours and man hours cost for individual

stations & pumps
]
Total visit Total cost for
Station | Serial Pumps Names No. of PPM time for PPM | 1 otal man man hours
Tasks done (Hrs) hours (Hrs) (BD)
= 1 West Riff'a Pump #1 24 48.5 138 481.55
=
~
cxla 2 West Riff'a Pump #2 27 59 189.5 662.6
=
8 3 West Riff'a Pump #3 27 54 158 550.1
wl
4
S 4 Bamad T#"]“"“ i 26 465 135 471.65
L} T
<
P 5 Hieawgun Purp 28 54 161.5 564.3
E #2
= Total 132 262 782 2730.2
Total visit Total cost for
Station | Geria Pumps Names I;z; ;:i gr:: time for PPM hT';?lil 3_1;:_2) man hours
i (Hrs) (BD)
1 Hamad Town DS 23 33 107 364.2
pump #1
2 Hawad Tow D 24 37 1125 381.9
= pump #2
§ 3 Tower Pump #1 23 36.5 123 421.1
I
S 4 Tower Pump #2 26 39 113 384.15
=
2 5 i i?tcr g 25 335 101.5 346.15
=
g 6 s ﬁ;‘er Fump 25 345 110 375.45
= Distillate Water
=
5 7 Pump#| 27 41 113 387.6
= 3 Distillate Water )8 395 106 4679
Pump#?2
Total 201 294 886 3127.75
= Total visit Total cost for
Station | geria] Pumps Names I,:,g;ﬁ: s‘l:l?g time for PPM hT(;?lt:sl gln{?"sl) man hours
(Hrs) (BD)
= 1 Tower Pump #1 23 33 107 364.85
e
N
;‘5 = 2 Tower Pump #2 24 37 103 350.15
~
=
= Total 47 70 210 715
Total visit Total cost for
Station | gerjg) Pumps Names ?2;:::‘ g(}):ll\q time for PPM hthlil g‘;:) man hours
¢ (Hrs) ° (BD)
SE82 1 roand Wetes Fuinp 24 37.5 108.5 357.15
eaxs :
E-S
227 Ground “#’;‘” Piop 2 39 1175 396.85
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Distillate Water

3 23 36.5 111.5 377.55
Purnp# 1
4 Distillatc Water 24 33 87 292 85
Pump#2
5 Distillate Water 24 34 100 341.35
Pump#3
6 Hamad Town BS 2 34 101 338.95
pump #l1
7 Hamad Town BS 21 30.5 83.5 278.55
pump #2
8 Hamad Town BS 21 34 96.5 330.7
pump #3
9 East Tower Pump # 1 23 325 91 310
10 East Tower Pump # 2 23 325 91 310
11 West Tower Pump # 1 22 32 £9.5 3013
12 West Tower Pump # 2 22 29.5 83 280.8
Fotal 271 405 1156 3916.65
Total visit Taotal cost for
Station | gerjq Pumps Names ?:;E: (Ii,rx time for PPM hrl;l::: 3}5:_2) man hours
(Hrs) (BD)
1 Ground ¥ater Pump 2 41 120 406.1
= Ground Water Pump
= 2 " 24 48 147 4933
& 3 Distillate Water 23 15 1315 443.4
€ Pump#1
= 4 Distillate Water 20 40 121 405.85
% Pump#2
:': 5 Tower Pump # ] 21 375 121 407.15
o~
%‘ 6 Tower Pump # 2 22 41 132.5 446.1
§ 7 Tower Pump # 3 22 43 130.5 440.7
Total 154 2955 903.5 3042.6
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5.5.3) Average cost and time of planned preventive maintenance for pumps

The average number of tasks, time and cost of each pump is calculated for each station yearly

based on data collected from Table 20, the average data can give clear picture of the

distribution of tasks, time and cost per year for each pump. Table 21 shows the averages of

tasks, time and cost.

Note: The number of PPM years for Hamala A2 is 4 years, while for other stations is 6 years

based on information's available from WTD.

Table 21 - Average number of visits, cost and time per year for each individual pump

= Avg. —‘
© = Avg. no. of - Avg.
g ‘5 . Total man | Avg. cost | Total visits | hours per
g 5 s visits/ _ cost /
= o = hours (BD) per time for pump / .
= © A pump / visit
2 S s cost (BD) | pump/Year | PPM (Hrs) Year
Z S Year (BD)
p (Hrs)
o
g O 5 | 132 6.6 2730.2 136.51 262 13.1 20.68
&
T <
B
= g % 8 201 4.18 3127.75 65.16 294 6.13 15.58
= =
2 e
EZ2Q 2 47 3.92 715 59.58 70 5.8 15.19
s oA
E E
B ow 12 | 27 3.76 3916.05 54.39 405 63 | 14.46
5 = A . 54. 5 4
€A
[
(o]
= 3k
B @0
; g 4 7 154 3.66 3042.6 72.44 295.5 7 19.79
5
Total 34 805 13531.6 1326.5

Hereunder are samples for basic calculations for the averages shown above.

Average number of PPM tasks for Hamala A2 pumps = 132 / (5 pumps x 4 years of PPM)
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Average cost of man hours for PPM for Hamala A2 pumps = 2730.2 / (5 pumps x 4 years )
= BD 136.51 per pump per year

Average number of PPM hours for Hamala A2 pumps = 262 / (5 pumps x 4 years)
=13.1 hours per pump per year
Average cost per task for Hamala A2 pumps = 2730.2 /132
=BD 20.68

Pumps at Hamala A2 GFS have the highest average number of visits, cost and time because
the PPM visits of pumps are done on monthly basis, but gencrally most of the numbers are

close and the difference or variation in figures is limited.
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CHAPTER SIX
DATA ANALYSIS OF MECHANICAL DEFECTS
6.0) Introduction
The purpose of this chapter is to analyze the mechanical defects, all defects that are mainly
related to pumps and its accessories will be covered. Initially the analysis will be based on

individual stations and then it will be based on individual defects.

6.1) Data Analysis of Mechanical Defects for Stations

This section concentrates on mechanical defects that are directly related to the pumps and the
equipment related to it. The figure below shows the main pumping system related to this
study which consists of main centrifugal pump (3), suction and discharge valves (2&5), non-
return(Check) valve (4) and finally both suction and discharge header (1&6).

' 1 2 3 4 5 6
-

u

o 9
~ ¢
° E
= o]
9 2
7 &

. Check valve
‘ Centrifugal Pump ,
Suction Valve Discharge Valve

Figure 15 — Main pumping system within Water Transmission Directorate

There are some other components related to the above pumping system but cannot be shown
because they are built within the pump itself such as bearings, shaft, stuffing box and drain
valve or air valve. Valves also have small components like gland packing. It is important to
mention that motor's bearings monitoring is part of mechanical maintenance task, if there is
any deviation in vibration and temperature from normal limits, Electrical Maintenance must
be notified to take necessary action either to repair or to overhaul the motor. All data related
to mechanical defects only is collected from the previous chapter and summarized in Table 22

below showing all mechanical defects, the real repair time and cost of repair.
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There are some important outcomes and relationships that can be extracted from the above
table. There is a direct proportional relationship between the number of pumps and the
number of defects, time for repair and cost of repair. As the number of pumps increases, the
other parameters such as the cost of repair and time of repair also increase. There are two
pumps at HTDS and only 29 defects recorded, but for West Riffa #1 BS there are 12 pumps
and there are 180 defects for this station. Also the number of defects is directly proportional
to the production capacity, as the production capacity increases the number of defects also

increases.

The most important observations from the table above is related to Hamala A2 GFS, this
station contains only five pumps but the percentage of frequency (22.58%) {Defect frequency
of Hamala over total number of defect frequency X100} is higher than West Riff'a 2 BS
(21.52%) which contains 7 pumps, and almost the same percentage as for HTBS (24.24%).
The percentage of time for the same station (28.62%) is higher than the other ones {West
Riff'a # 1 BS (25.27%), West Riff'a # 2 BS (20.02%) and HTBS (23.62%)}, and its
percentage of cost (32.27%) is high as that from both West Riff’a#2 BS (12.78%)and HTBS
(16.98%), but similar to the percentage of cost for West Riff'a #1 (32.95%) which contains 12
pumps. This indicates that Hamala A2 station must be treated differently, by increasing the
preventive maintenance tasks and using special types of materials that can withstand the salty

water, such treatment reduce or eliminate the causes of the frequent defects.

The three main categories for analyses is the frequency of defects, the time of repair and the

cost of repair. The analysis of each category is covered hereunder.

a. Analysis of repairing cost
The cost of repairing all mechanical defects is related to the manpower and material cost,
the total cost for corrective maintenance is BD 52976.725, and the total cost of preventive
maintenance is BD13531.6, both types of cost cover the period from year 2005 up to year
2011. The analysis which based on the cost will be limited in the coming sections since
the budget allocated to Mechanical Maintenance Section (for both corrective and
preventive maintenance) is large compared to the actual cost of corrective and preventive
maintenance. The budget allocated to the Mechanical Maintenance Section is BD 242,000
for year 2011 only. The actual corrective maintenance cost for the seven years is
representing around 22% only of the allocated budget for year 2011, and the actual

preventive maintenance cost for the seven years also is representing 5.6% (the total
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percentage of both costs for both types of maintenances is 27.6 %). Pareto chart of

mechanical defects and their cost is shown in Chart 2 below.
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Chart 2 — Pareto chart for the types of mechanical defects and their cost

The first six types of defects are costing 81.87 % from the total repairing cost, the major
repaining cost is for the repairing of leakage from the gland packing which represent

37.4% from the total cost, this defect has the highest number of frequency as well.

Analysis of repairing time

The repair time here is defined as "the time consumed by technicians to restore the
equipment to their operating conditions", the total repair time of mechanical defects for all
stations i1s 10784.69 hours and this is only the real repair time consumed to conduct actual
repair works. The indirect time, which is the time taken by the technicians to reach the
stations from their office, is not considered in our data, but it can be assumed that an
average of 0.5 hour is needed to reach any station and also 0.5 hour to return back to
office, therefore one hour can be added to each repair time for any defect. For example for
the first defect, which is the leak from discharge header, the frequency is 76, which means
that 76 hours can be added to the actual repair time, which is 1460.94 hours. So the total
time to repair the leak in discharge header is 1536.94 hours combining the trip time with

actual repair time.
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Repairing time of defects will be addressed since it is related to the mechanical
maintenance team which is common for all stations. Each station can be considered as an
independent system, each one has its own pumps and operators, but all stations defects are
repaired by the same maintenance team. Focusing on repair times can lead to know which
main defects consume more time and how it can be reduced. Pareto chart of mechanical

defects and their repair time is shown in Chart 3 below.
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Chart 3 — Pareto chart for the types of mechanical defects and their repair time

The first seven defects are representing 83.73% from the total repair time of all defects,
here again the leakage from gland packing of pumps is the major defect with a value of

31.8 % of the total time, and the second one is the leakage from discharge header.

Analysis of frequency of defects

The frequency of defects is the most important factor for analysis of all stations, the
mechanical team is the common link for all stations and they are responsible to repair the
mechanical defects in all stations, if the number of defects reduced the number of visits
will be reduced as well as the time and cost of repair. The main question is how to reduce
the number of defects or how to eliminate them from occurring in order to reduce their
effects. There are 660 defects distributed over all stations, Pareto chart below shows the

main defects that has major frequencies.
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Chart 4 — Pareto chart for the types of mechanical defects and their frequencies

The first seven defects covers around 83.94 % of the total defects, the major defects is the
leakage from gland packing of the pumps with a value of 36.1%, and the second one is
the leakage from the discharge header. More analyses for the defects and their frequencies
will be conducted in the coming sections.

In the coming sections, the analysis will be initially on individual stations focusing on
main and major defects’ occurrence based on their frequencies. These analyses will help

to extract the major common defects for all stations, which will be analyzed individually.
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6.1.1}) Hamad Town DS
This station is small compared to other ones, it includes only two pumps. Only eleven defects
related to mechanical section are experienced in this station. Frequency, time and cost for

each defect are recorded in Table 23 and plotted in Chart 5

Table 23 - Mechanical defects data for HTDS pumps

_ ~ Defects Corrective maintenance
No. Frequency Time Cost
Type Count % (Hrs) [ BD %
Drain valve is blocked !
1 feaking/broken 7 24.14 53 101.6 3.83
2 Motor inboard bearing is noisy 5 17.24 20.53 42.68 1.61
3 Qland _packmg of the discharge valve 3 1034 6 89.65 338
is leaking _
4 Check valve is leaking 3 10.34 23 552 2.08
5 Chec%c valve is hamrpermg ! not 3 10.34 56 1249 470
working properly / Passing
6 Gland packing of the pump is leaking 2 6.90 17 72 2.71
7 Motor outboard bearing is noisy 2 6.90 18 2036.2 76.68
3 leakage from discharge line (Header) ) 3.45 16 50.6 191
from Pin hole ’ ) )
9 Glanq packing of the pump is : 3 45 13 527 1 98
smoking
19 . Inboard bearing is noisy 1 . 345 15 30 113
11 Qutboard bearing is noisy 1 3.45 ] 0 0.00
Total 29.00 100 267.53 | 265553 | 100
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Chart 5 - Mechanical defects at HT DS
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The above chart shows that The first seven defects (64% of the defects) cover 86.21% of the
total failures. The major defect is due to "malfunction of the drain valve of the pump" and the
second one is the "noise in the inboard bearing". In this station, there is no blending process,
the blended water comes from HTBS directly to the ground storage tanks and by using tower
pumps water is forwarded to the distribution network. The average TDS of blended water is
similar to that of HTBS which is between 1600 to 2000 PPM. The average number of planned
preventive maintenance visits is 3.92 per pump per year with an average of 5.8 hours per year

for each pump.

6.1.2) Hamala A2 GFS

The station contains five pumps as mentioned earlier only for ground water, the main defects
collected which are directly related to mechanical section are listed in Table 24 below.
Fourteen different types of defects are identified for the pump and its main equipment like
discharge valve, check valve, casing, bearings, gland packing and other accessories. The data

is plotted in Chart 6 to bring up the major defects that affect reliability and availability of the

pumps.
Table 24 - Mechanical defects data for Hamala GFS pumps
Defect Corrective Maintenance
Frequency Time Cost
No. Type :
» Count % (Hrs.) BD %

{ | Gland packing of the pump is 81 5436 | 157753 | 835439 | 4886

leaking
2 | Inboard bearing is noisy 13 8.72 347.25 3702.06 21.65
3 | leakage from discharge line 12 8.05 177.70 675.10 3.95

Drain valve is blocked
4 Aesdkisadbeks 11 7.38 138.66 330.81 1.93
5 | Glend ‘packing lof the pump is 6 4.03 5750 | 15565 | o091

smoking
6 | Check valve is passing 5 3.36 127.50 382.93 2.24
- Chec%c valve is hammering / not 4 2.68 174.00 500.30 293

working properly
g ]E)iziboard bearing temperature is 4 268 105.50 29230 171
9 | Qutboard bearing is noisy 3 2.01 94.50 394.91 2.31
10 Eft")ard bearing grease is coming 3 2,01 35.00 93.46 | 055
11 | Casing is leaking from pin hole 2 1.34 208.00 2091.50 12.23
12| Inboard bearing temperature is high 2 1.34 11.00 35.20 0.21
13 | Motor inboard bearing is noisy 2 1.34 11.00 50.30 0.29
14 Qland 'packmg of the suction valve 1 0.67 20.49 3827 022

is leaking

Total 149.00 100 3085.63 | 17097.17 100
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Chart 6 - Mechanical defects at Hamala A2 GFS

Charl 6 shows that the first 5 Defects (i.e.36% of the total defects) cover 82.55% of the total
frequency of the failures. The major problem for the station's pumps is "the leaking of gland

packing of the pumps” and the second major defect is "the noisc in the inboard bearings".

The major five defects are mainly due to two main reasons, the first one is due to the ground
water, this station forwards only ground water to other stations, the conductivity of the water
is high compared with other types of water like potable and distillate water {as per the
statistical report of 2011, the average TDS was between 3200 to 7100 PPM). This type of
water affect other equipment like the discharge header, valves and the drain valves, Generally,
TDS above 1000 PPM indicate ability to conduct electric current, which is enough to cause
serious electrolytic corrosion (USACE, 1994). 1t is important to mention that the dosing of
chlorine gas is high (1Kg/Hr) at this station for disinfection due to availability of Total
Coliform Bacteria, higher concentration of chloride (more than 1 PPM) increases the rate of
corrosion. The presence of chloride in water promotes corrosion and pitting of iron and
copper (Seneviratne, 2007). Because chloride ions form strong acid, this tend to increase the
acidity of water.

The second reason is due to the workforce, the level of experience of the work force is not

adequate to do the corrective and preventive maintenance in a perfect way. Continuous
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repetition of repairing gland packing defect using one technique which is mainly the
adjusting and tightening of the packing is a good indication of low level of work force.

The average planned preventive maintenance visits for each pump at this station is 6.6 visits
per year with an average of 13.1 hours per year (Table 21). Each pump visited at least six
times a year and two hours per visit for inspection, lubrication and taking vibration readings.
The time and frequency of PPM task should minimize the number of failures that may occur
yearly since the task must ensure that the equipment is working properly. Any malfunctioning
in the running of a pump such as high vibration or excessive ]eakage from gland packing must

be rectified at the time of preventive maintenance.

6.1.3) West Riff'a #2 BS:
Seven pumps are located in this station, data collected about the frequency, time and cost for

every failure recorded for mechanical section is tabulated in Table 25, and plotted in Chart 7.

Table 25 - Mechanical defects data for WR#2 BS pumps

Defects Corrective maintenance
No. Frequency Time Cost
Type
Count % (Hrs.) BD %
1 Gland packing of the pump is leaking 57 40.14 649.17 2,356.81 34.80
p |Drain = valve  is  blocked [ 16.20 1365 | 25740 | 3.0
/leaking/broken
3 Check valve is leaking 20 14.08 360.42 913.85 13.49
4 Check valve is hammermg /' not 13 915 223 573.35 g 47
working properly / Passing
5 Inboard bearing is noisy 11 774 287.31 1,263.71 18.66
6 Motor inboard bearing is noisy 7 4.93 165.5 417.98 6.17
7 Inboard bearing temperature is high 3 2.11 25 84.70 1:25
8 Motor outboard bearing is noisy 2 1.41 64 132.80 1.96
9 G{ar}d packing of the suction valve is 1 0.70 4 9.60 0.14
leaking
10 Qland .packmg of the discharge valve I 0.70 120 359.12 530
is leaking
11 Suction / discharge valve is jammed 1 0.70 35 101.73 1.50
12 | Coupling cove to be re-fixed 1 0.70 14 29.00 0.43
13 Outboard bearing is noisy 1 0.70 0 0.00 0.00
14 | Outboard bearing temperature is high 1 0.70 75.5 272.91 4.03
Total 142.00 100 2159.4 6772.95 100 |
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Chart 7 - Mechanical defects at WR#2 BS

The chart shows that the first five defects (i.e. 36% of defects) cover 87.32% of the total
failures. The major one is the "leakage from gland packing of the pumps" and the second one
is the "drain valve blocking". The average TDS of blended water is 1000 PPM and for the
ground water it is similar to that of Hamala A2 GFS as per the statistical report of 2011. The
average mumber of planned preventive maintenance visits is 3.66 per pump per year with an

average of 7 hours per year for each pump.

6.1.4) Hamad Town BS

This station contains eight pumps that are used for different types of water, The same practice
carried out in Section 6.1.1 is implemented here, seventeen different types of mechanical
defects are identified and listed in Table 26 below, together with their frequency, time for

repair and the cost of repair. The data is plotted in Chart $.

Table 26 - Mechanical defects data for HTBS pumps

Types of Defects Corrective Maintenance
' No. ) Frequency Time Cost
I'vpe H !

Count (Ye) (Hrs.) BD %

y | Cland packing of the pump is| o 30.63 608.58 | 209939 | 23.34
leaking

2 | leakage from discharse line 25 15.63 399.5 1103.89 12.27
3 | Inboard bearing is noisy 13 8.13 382.82 1215.69 13.51

84




Drain valve is blocked

orking properly

e

4 fleaking/broken 12 7.50 103.66 672.95 7.48
s |Gland packing of the pump is B 6.88 148.5 497.6 5.53
smoking
6 | Check valve is passing 10 6.25 172.66 401.1 4.46
7 | Motor inboard bearing is noisy 9 5.63 249.5 839.32 9.33
& | Relieve valve is blocked 8 5.00 61 144.6 1.61
9 | Motor outboard bearing is noisy 5 3.13 165 550.52 6.12
10 | Coupling is damaged 4 2.50 95 1023.61 11.38
11 | Shaft is jammed 3 1.88 56.5 153.54 1.71
12 Chec}c valve is hammering / not 3 1 88 4 1122 125
working properly
13 | Pump is not sucking water 2 1.25 13 46 0.51
14 | Casing is leaking from pin hole 3 1.25 18 273 0.30
15 | Outboard bearing is noisy 2 1.25 16 49.4 0.55
16 | Inboard bearing temperature is high 1 0.63 5 26.25 0.29
17 }(l)il;::oard bearing temperature is | 0.63 10 331 037
Total 160.00 100 2546.74 8996.47 100
60 —‘ - 100%
50 e |
=
)
40 e 3 %
€ = -~ =2
& E o i [ o
Z 30 - z 2 @ 2 g
- =] = s = o
o 2 7 ] g 5 g = =
s &% T g 42 7 E E ¢ % - k]
£ 20 . = 7 £ 2 § % = B & 2
g » 2.2 & B 3 £ E 2p 4 W @ 3
= s 58 « ® ¢ % 8§ 5 2 = 5 ©
4 =B G S &8 2 £ = = g B8 B
~ a2 & @ B 3 EE 8 % % -
Hl. . S £ v = ;—“D 2
S« £ F ¥ E oz £
r,g'; % ’04":

mzmm \/jtal Few

Chart 8 - Mechanical defects at HT BS

Type of defects

&

—t— Cumulative%

Chart 8 shows that the first seven Defects (i.e. 41 % of the defects) cover 81.65% of the total

failures. The same defects are repeated in this station, "the gland packing leakage" is a major

defect and the second one is the "leakage from discharge line or valves". The conductivity of

the water here is the main factor that lead to all these defects. The ground water in HTBS

comes from Hamala A2 GFS with high conductivity, and the blended water, which is a
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mixture of ground water with distillate water and it is also of high conductivity (blended
water conductivity between 1600 to 2000 PPM as per the statistical report of 2011).

The average planned maintenance for each pump is 4.18 visits every year with an average of
6.13 hours per year. The inadequate workforce experience factor will be valid in this station,
the quality of the PPM tasks are not done in an efficient way that can reduce the failure rate.
Most of the above failures must be discovered during the preventive maintenance. PPM task
is done every 2.8 months and this type of maintenance cover most parts of the pumps as per

planned preventive task sheet.

6.1.5) West Riff'a #1 BS:

There are twelve pumps in this station for diferent types of water. Only twelve defects are
related to these pumps and issued for repairing to the Mechanical Section. Table 27 below and
Chart 9 show the extracted data for the frequency, time and cost for every type of defect for
West Riff'a BS.

Table 27 - Mechanical defects data for WR#1 BS pumps

Defects Corrective maintenance
No. Frequency Time Cost
Type
Count % (Hrs.) BD %
1 Gland packing of the pump is leaking 49 27.22 569 6,935.43 39.73
p | leakage from discharge line (Header) 38 21.11 867.74 | 298432 | 17.10
from Pin hole
3 Check valve is leaking 22 12.22 227 584.50 3.35
4 |Check valve is hammering / mot| 1111 54042 | 492324 | 2821
working properly / Passing
5 Gland packing of the pump is smoking 11 6.11 73.74 596.67 342
6 | Drain valve is blocked /leaking/broken 10 5.56 81 167.80 0.96
7 Glar}d packing of the suction valve is 7 3.89 145 195.61 112
leaking
8 Inboard bearing is noisy 7 3.89 104 518.91 297
9 | Motor inboard bearing is noisy 6 3.33 70.5 239.82 1.37
10 | Motor outboard bearing is noisy 5 2.78 46 155.92 0.89
" Glar?d packing of the discharge valve is 3 1.67 27 56.50 0.32
leaking
12 | Outboard bearing is noisy 2 1.11 49.5 95.89 0.55
Total 180.00 100 2725.40 | 17454.6 100

86




60 } r 100%
50
" - ittty L el LR - 80%
G
@ =
® 40
o E £ 5 *® 2 &
= ¥ B 2 g - 60% &
=] - g E S v =
= o v E PO 53
9 30 B = g £ B 5 = =
5 ix 2 % S : I3 <
3 E s 2 £ - B o 2
- g - & ®BOE o 2 - 40% .2
g 2 <N I T N A :
v T =5 & %2 23 3 E
2 2 2 £ T ¥ ® % 3
2y § F £ 32 Z - 20%
& £ £ =] = = ©
10 [ H =2 2
= =} = = Z
SN EEels 2 2D <
Sohen ; i &
0 lﬁ .‘-;I. T T T T~ 00/0

Types of defects

mam Vital Few ——Cumulative%

Chart 9 - Mechanical defects at WR#1 BS
The first six defects (50% of the total defects) cover 83.33% of the total frequency, and the
major defect is the "leakage from gland packing of the pumps”, and the second one is the
“leakage from pin hole in the discharge header of the pumps". The average TDS of blended
water is 1000 PPM and for the ground water it is similar to that of Hamala A2 GFS as per the
statistical report of 2011. The average number of planned preventive maintenance visits is

3.76 per pump per year with an average of 5.63 hours per year for each pump.

87




6.2) Common Major Defects of Stations

Table 28 shows comparisons of the major defects among stations. In this table the first seven

major defects are listed in descending order of their frequencies for each station. Each type of

defect in the table is colored by the same color to compare its position in the defects list

among the stations. The total percentage of frequency is shown at the bottom of the table for

each station. Each station listed defects are representing more than 80 % of the total defects

associated with that station. Seme types of defects are common in all stations with different

percentages. These common defects are discussed in the following paragraphs

Gland packing is leaking

Gland packing is part of stuffing box, this part is mainly used to prevent the high
pressure of water from leaking to the suction or to the cxternal environment. The
packing used when leakage from pump is not costly, packing squeezes against the
pump shaft and requires frequent adjustment to maintain proper amount of cooling and
lubrication leakage. Packing life depends on service conditions, the quality of the
packing material and the care during installation and ad justment.

This defect occurs in all stations where it comes first with highest frequency
percentage (the percentage ranges from 6.9 to 54.36 %) cxcept at Hamad Town
distribution station where it has low frequency. At this latter station specifically the
pumps are not running continuously for 24 hours, they run only for couple of hours
then stopped for the remaining day due to low demand. This is the reason behind the
low frequency of the leaking of gland packing in this station. In the other stations the
pumps are running continuously for 24 hours, even though there is a redundancy in

these stations.

Leakage from discharge line

The function of discharge header or line is to deliver or supply water to the second
point (either elevated storage reservoir or another station). All stations suffer from this
defect except West Riffla # 2 blending station because it is new and provided with
excellent internal and external coating and it is new compare to other stations, while
other stations' headers are old and have no internal pamt coating. For HTD there is no
defects related to the discharge header because there is no ground water in the station,

the water comes from HTBS is blended water and there is no blending process.
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Drain valve is blocked, leaking or broken

This defect exists in all stations, it is the first defect at HTDS with frequency of
24.14%, second one at WR#2 BS with a frequency of 16.2%, for the other stations the
defect ranges between 5.5 to 7.5 %. The main reason for this defect is the quality of
water which most of the time have high conductivity resulting into corrosion scales
and salt scales. These scales block the valve and the drain line. Also the type of
material used for this drain line is galvanized pipes, this type of material cannot

withstand the condition of water at these stations,

Check valve is hammering or not working properly and it is leaking

These two type of defects exist in all stations, at Hamala A2 GFS the percentage of
frequency for these defects together is 6.04%, while it varies between 20 to 23 % for
HTD, WR#1 BS and WR#2 BS. The reason behind these defects’ occurrences in
Hamala A2 GFS is due to the age of the check valves, they run for long period without
replacement or even planned preventive maintenance, only corrective maintenance is
applied in case of request raised from operation. while in West Riffa #2 BS the main
reason 1s due to poor quality of the valves as per mechanical maintenance group

opinion.

Inboard bearing is noisy {(pumps or motors) and temperature is high

These types of dcfect exist in all stations with different percentages, here it is
important to mention that the operating conditions have large impact on these types of
defects. There are some factors accelerating the bearing wear like high Joads, poor
lubrications, high operating temperature, and vibration. Preventive maintenance
techniques such as vibration analysis, temperature checks and oil analysis can improve

the effectiveness of scheduling bearings replacements.

Gland packing is smoking
This defect exists in three stations in Table 28 above, the real cause of this defect is
the inadequate lubrication which will lead to overheat of the packing and will generate

smokes.
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6.3) Analysis of Common Types of Defects for all Stations

Tables 23 to 27 show that there are many mechanical defects raised for repairing, some types

of these defects are common among stations and some others are not. Collection of all defects

in one table is done in Table 29 for easy analysis and to have wider picture about the main

causes that affect the reliability of these pumps. (all the defects are listed in descending order

of their frequencies)

Table 29 - Final list of defects for all stations including frequency, frequency percentage, time and

cost
Total Summary
No. Description of Defects Frequency | Frequency Tim? for Cos.t ?f
(Nos.) (%) repairing | repairing
(Hrs.) (BD)
1 Gland packing of the pump is leaking 238 36.06 3421.28 19818.03
2 | leakage from discharge line (Header) 76 11.52 1460.94 4813.92
3 Drain valve is blocked /leaking/broken 63 9.55 512.83 1530.56
4 g,h;szli‘ng"ilr";aim:;n;"rki“g propesty 58 8.79 1335.58 7018.02
5 Check valve is leaking 45 6.82 610.42 1553.55
6 Inboard bearing is noisy 45 6.82 1136.39 6730.37
7 | Gland packing of the pump is smoking 29 439 292.74 1302.62
8 | Motor inboard bearing is noisy 29 4.39 517.03 1590.09
9 | Motor outboard bearing is noisy 14 2.12 293 2875.43
10 ](_ziﬁggpackmg of the suction valve is 9 136 98 99 243 48
11 | Outboard bearing is noisy 9 1.36 160 540.19
12 | Relieve valve is blocked 8 1.21 61 144.6
13 l(;xizll{rilggpackmg of the discharge valve is 7 1.06 178 505.27
14 | Inboard bearing temperature is high 6 0.91 41 146.15
15 | Outboard bearing temperature is high 6 0.91 191 598.31
16 | Coupling is damaged E 0.61 95 1023.61
17 | Casing is leaking from pin hole - 0.61 226 2118.8
18 | Shaft is jammed 3 0.45 56.5 153.54
19 | Inboard bearing grease is coming out 3 045 35 93.46
20 | Pump is not sucking water 2 0.30 13 46
21 | Suction /discharge valve is jammed 1 0.15 35 101.725
22 | Coupling cove to be re-fixed 1 0.15 14 29
Total 660 100 % 10784.7 52976.725
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The above table shows the type of defects in descending order of their frequencies. The
“gland packing leakage" is the most comnton and major defect with the highest frequency,
time and cost, therefore it will be discussed and analyzed in details to know the cause behind
this defect and the relationship between planned preventive maintenance and corrective of the

gland packing.

The gland packing leakage has shown a frequency of 36.6 % of the total defects and
percentages of repair time and cost of 31.73% and 37.41, respectively. Also the "leakage
from discharge header” (12% frequency) and the "drain line leakage, blockage and breakage”
(9.5% frequency) will be discussed, thus 57.5 % of the defects will be discussed, and most of

the observations will be extracted from these three types of defects.

6.3.1) Gland packing leakage analysis

Gland packing as mentioned earlier is part of stuffing box, the main function is to protect the
pump against leakage at the point where the shaft passes out through the pump pressure
casing. It prevents air leakage into the pump and also prevents water leakage out of the pump.
The gland is a very important part of stuffing box, it gives the packing the desired fit on the
shaft. The main reasons behind using stuffing box because it's cheaper than mechanical seal
and it is easy to replace, despite these advantages, there are some disadvantages of using the
gland packing such as it needs frequent adjustment, it tends 1o wear the shaft or bush, and a
slight leakage is always required for cooling purposes. It is important to mention that all the

pumps covered in this study are provided with gland packing becausc of their age.

Alfter focused discussion with the mechanical maintenance officials, they attribute repetition

of this leakage from the gland packing to the following reasons and factors:

» Packing not properly installed

¢ Packing not properly adjusted

+ Shaft or shaft sleeve worn

* Degradation of the packing

* Fear to change the type of gland packing

* Misalignment or excessive vibration of the pump

¢ Lantern ring improperly located in the stuffing box

e Water quality is damaging the packing
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Reliability of gland packing

To measure the equipment performance there are many indicators used. For the gland packing
mentioned above, the best indicators available are

* Number of failures for the period studied (7 years)

* Mean time between failures in hours (MTBF)
* Auvailability in percentage given by
Availability = [ MTBF / ( MTBF + MTTR) ] x100

where MTTR is the Mean Time to Restore.

(1)

These are the main indicators that help to identify the reliability of the packing used for the
pump in water transmission assets. Three pumps are selected from each station which have
high frequency of defect in gland packing, except for Hamad town distribution station where
only one pump is selected. All data related to this type of defect is calculated such as, MTBF,
MTTR, availability and failure rate for each pump. MTBF is extracted using Weibull
distribution chart (J.S. Craver 1996). Summary of the data is shown in Table 30. (Refer to

Appendix M for more details).

Table 30 - MTBF, failure rate and availability for gland packing

s . - 28 = £
c EE | B3 |SEf|Esz|EZz|:tc|Elz Z s
= s 3 ES (252 |SS8E|EBE|553°|EEE| £
2 R~ = T o 8| &7 =3 =7 Z = s
z v = S < <
WR 18 3253.33 3400 0.0003 17.16 99.5
Hamala p“&‘[‘;#l 59 out of
A2 GFS i 8 22 - 2605.09 | 2600 | 0.00038 9.82 99.6
(5 pumps) WR
19 2363.38 2200 | 0.00043 14.17 99 4
pump #3
DW# 12 1836 3600 | 0.00026 | 19.13 99.5
HT BS u}??nl 26 out of
out o
g | i 6 " 5764.8 4000 | 0.00017 11.3 99.8
GW 8 7176 6400 | 0.00014 9.87 99.8
pump#2
HTD :
Tower 2 2outof2 | 8844 5700 | 0.00011 8.5 99.9
(2 pumps) | pump #1
e DW#I 4 13740 7400 | 0.00072 8.5 99.9
Riff'a #1 UIE“P A ¢
BS a3t 19 auEd 3124 2400 | 0.00032 7.74 99.7
az pump #2 57
East
pumps) | Lo #1 10 51912 5000 | 0.00019 7.03 99.8
West p ha) 1 4898.2 5000 0.0002 6.03 99.8
R ] 30 out of
Riff'a #2 Tower
BS e 11 45 5085.8 5100 | 0.00019 | 17.55 0.996
(7 pumps) | Tower 8 5697 5500 | 0.00017 10 0.998
pump#3
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Sample calculations:
A brief explanation is given hereunder for one pump (West Riffa pump #1 at Hamala A2
GFS) to show how the MTBF, failure rate, MTTR and availability figures in Table 30 are

calculated.

Table 31 - Gland packing defects' information for WR pump #1 at Hamala A2 GFS

. i : : s TTF (Hrs)in | % Cumulative Percentage of
Serial Date of failure Tie tolfallure Yame 10‘ Ppatt Ascending failure (failure no. / Sample
no. (TTF) in Hrs (TTR) in Hrs )
order size)
0 1-1-2005 0 0 0 0
1 26-1-2005 600 20 144 5.56
2 2-11-2005 6720 6 192 11.11
3 28-12-2005 1344 9.66 360 16.67
4 14-1-2006 408 6 408 22.22
5 8-4-2006 2016 245 408 27.78
6 14-11-2006 5280 95 576 3333
7 26-12-2006 1008 15 576 38.89
8 12-3-2007 1824 6.34 600 44.44
9 29-3-2007 408 18 1008 50.00
10 4-9-2007 3816 33 1344 55.56
11 19-9-2007 360 6 1824 61.11
12 11-8-2008 7848 22 2016 66.67
13 4-9-2008 576 55 3816 72.22
14 28-9-2008 576 25 4464 77.78
15 6-10-2008 192 21 5280 83.33
16 12-10-2008 144 10 6720 88.89
17 16-4-2009 4464 12 7848 94.44
18 7-9-2011 20976 10 20976 100.00
Total 58560 309

Table 31 above shows in the second column the date on which Field Operation reported the
leakage of gland packing. The third column shows the time in hours between two consecutive
gland packing defects, and the third column shows how many hours it took to repair the gland
packing leakage defect. The fourth column shows ascending order of the second column and
the last column is the percentage of cumulative percentage of failure. The last two columns
data are used to plot Weilbull Chart (Cumulative percentage of failure v.s. time to failure).
For example the second defect reported on 2 of November 2005 after 6720 hours from the
first defect and it was repaired within 6 hours only.

Note: the defect number zero is an estimated one because there are no data available before
year 2005, and the date mentioned is the starting date of the recorded data. Moreover, it is
assumed that 1 month is equal to 30 days, and every month represent 720 Hours.
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The parameters for Hamala A2 GFS WR pump #1 based on data of Table 31 are:

MTBEF calculated =Y TTF / no. of defects 2)
= 58560/ 18 = 3253.33 Hrs - (4.52 months)
MTTR =} TTR / no. of defects 3)
= 309/18=17.16 Hrs
Failure rate (1) = 1/ MTBF 4)
=1/3253.33 = 0.0003 failures / hour
Availability (A) = MTBF / MTBF+MTTR (5)

=3253.33/(3253.33+17.16) = 0.995

Figure 16 below shows a sample of Weibull Chart drawn for WR pump #1 at Hamala A2
GFS. The horizontal axis of the Weibull Chart represent the age of failure which is the fifth
column from Table 31 and the vertical axis represent the cumulative percent failures which is
the sixth column from Table 31. After plotting the cumulative percent failures versus age of
failures, best-fit straight line must be drawn through the plotted points. A perpendicular line
drawn from an estimation point in the upper left corner of the chart to the original line. Where
the perpendicular line intersects the Pu scale at the top of the chart, the value of the Pu to be
located on the vertical axis, and the originally plotted line to be used to read the
corresponding Mean Time Between Failure from the horizontal axis.

From the figure 16 below the value of the Mean Time Between failure for the WR pump#1 at
Hamala A2 is 3200 hours. Every individual pump listed in the table 30 above has a Weibull
Chart drawn for it and MTBF from the graph is extracted in order to compare the both values,
the calculated and the graphed one.

Lumped analysis of MTBF:

From Table 30 it is noticed that the number of defects in gland packings for Hamala A2
station is higher than the other stations because of the reasons mentioned earlier in the
beginning of Section 6.3.1. The calculated average MTBF for the gland packings of the three
pumps at Hamala A2 GFS is 2740.6 hours (3.8 months), while the average MTBF from
Weibull distribution chart is 2733.33 hours (3.8 months). This means that the packings in this
station should be attended every 3.8 months since both figures are identical to check its
situation (for example to adjust, add extra packings, replace or apply more tightening).

For Hamad town blending the calculated average MTBF is 5592.26 hours (gland packings to
be attended every 7.77 months) and the average MTBF from Weibull chart is 4733.33 hours
(gland packings to be attended every 6.57 months), the lowest value must be taken which is
6.57 months.

95




Weibull probability by 2-cycle log
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Figure 16 — Weibull Chart for West Riff’a Pump # 1 at Hamala A2 GFS

For West Riffa#1 station the calculated average MTBF is 7351.73, so in average the gland
packings should be visited every 10.2 months, while the MTBF from Weibull distribution
charts is 4666.66 hours (6.5 months), this means that the gland packings should be visited
every 6.5 months.

96




For West Riff'a #2 station the calculated average MTBF is 5227 hours (7.26 months), and the
MTBF from Weibull distribution charts is 5200 hours (7.22 months) , both of results are

almost same. Therefore the gland packings should be visited every 7.22 months.

The last station is Hamad Town Distribution and the calculated average MTBF is 8844
hours, implying that gland packings should be visited every 12.28 months, while the MTBF
from the Weibull chart is 5700 hours, indicating visits frequency of 7.9 months. Thus, it is

recommend to visit the gland packings every 7.9 months.

* Notice: In West Riffa #1 BS, there is big difference between the calculated MTBF and
the MTBF from the Weibull chart for Distillate Pump#1, this is due to the few number
of defects (only 4 defects) that cannot give a good estimate of MTBF, and in the
Weibull chart, it is difficult to draw best fit line for three or four points only. The same
explanation is valid for Hamad Town Distribution, it has only two defects, these two
will not give realistic MTBF neither for the calculated one nor from the graph.

» All Weibull plots show that the failure rate J. is decreasing with time (except for
HIDS, for this station there are only two defects, it is difficult to decide upon the

behavior of the failure rate based on two values only.)

From all the above it is noticed that each station has its own lumped mean time between
failure for the gland packings, the value vary from 2740 to 8844 hours for the calculated
MTBEF, and 2733 to 5700 for the graphed MTBF.

All of the above results are obtained from calculations and by using Weibull distribution
chart, but there are some data collected from the actual practices done by maintenance staff,

and it is analyzed here under. (details are available in Appendix N)

Further analysis of MTBF:

This study covers 7 years from 2005 to 2011, this means 84 months, In Appendix N for each
pump in the study the gland packing defects are shown with their dates and the dates of actual
corrective maintenance done to repair the leakage. The dates of overhauling and the dates of
preventive maintenance tasks are shown as well. Other details are shown and it will be
mentioned whenever required but in this part the concentration is only on corrective
maintenance to see the difference between the calculated and actual parameters. (for the
calculated parameters all defects will be considered whether they are correct or not, in the

calculation of the durations between maintenance visits, as real defect, but for actual
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parameters, the wrong defects will not be included in the calculation of the durations between
maintenance visits to repair gland packing leakage, this is the main difference between

calculated parameters and the actual parameters)

Generally, the following corrective actions for the gland packing leakage will be considered

for the actual parameters calculations as follows:

e Replace gland packing
e Adjust gland packing
e Tighten the gland packing
e Add packing
e Secure leak
These are the major corrective actions taken to repair the gland packin g, the remaining actions

like cancelled or duplicate will not be considered because it is part of error or wrong request

from operation side.

In Hamala A2 GFS, for West Riff'a pump # 1 there are 18 defects raised from field operation
section, 16 of these are real and correct requests for a maintenance action to be carried out and
two of them are false requests i.e. wrong. To calculate the average visits of maintenance to
repair the gland packing by dividing the total period of study (84 months) by the real number
of requests (16 number) the answer will be 5.25 months, this means that the maintenance
should wvisit this pump every 5.25 months to check and repair the gland packing not 4.5
months as calculated from Table 30. Table 32 below shows the values for remaining pumps

selected from other stations.

Table 32 - Average visits for repairing gland packing compared with calculated and graphed

MTBF
No. of No. of Average duration
Calculated
defects real between visits by Graphed
MTBF
Station Pump name raised by correct maintenance for MTBF
(Months)
field corrective | individual pumps (Months)
{Table 30}
operation action (months)
Hasiala WR pump #1 18 16 5.25 4.5 4.7
A2 GFS WR pump #2 22 19 4.42 5 3.7
WR pump #3 19 19 4.42 3.2 3
DW pump #1 12 12 7 5 5
HT BS HTD pump#2 5 5 16.8 8 55
GW pump#2 8 8 10.5 9.9 8.8
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HTD

| Tower pump#l | 2 2 42 12.2 7.9

West DW Pump #1 4 3 28 19 10.2

Riffa #1 |  Eagt pump #2 19 18 4.66 43 3.33

BS East pump #1 10 10 8.4 7.2 6.9

West DW Pump #1 11 11 7.63 6.8 6.9
Riff'a #2 | Tower pump#2 11 9 9.33 7 7

BS ‘ Tower pump#3 & 8 10.5 7.9 7.6

Additional table is generated from Table 32, showing only the averages of the durations
between each maintenance action, lumped calculated MTBF and lumped graphed MTBF for
all pumps selected for all stations, this step will lead to concentrate on one value only which is

the average.

Table 33 - Average visits of maintenance, average calculated and graphed MTRBF

Average duration '
between visits by Calculated MTBF | Graphed MTBF
Station Pump name maintenance for (Lumped) {Lumped)
individual pumps (Months) {Months)
{months)
WR pump #1 5.25 4,5 47
Hamala A2 WR pump #2 442 5 3.7
GFS WR pump #3 4.42 3.2 3
Average AT .42 3.8
DW pump #1 7 5 5
HT BS HTD pump#2 16.8 8 5.5
GW pump#2 10.5 9.9 8.8
Average 114 76 6.4
HTD Towerpump#1 [ - 42 S12.2 7.9
DW Pump #1 28 19 10.2
West Riff'a East pump #2 4.66 4.3 3.33
#1 BS East pump #1 8.4 7.2 6.9
Average 13.6 10 681
DW Pump #1 7.63 6.8 6.9
West Riff'a Tower pump#2 9.33 7 ' 7
#2 BS Tower pump#3 10.5 79 7.6
. Average 92 72 7.2

Tables 32 and 33 can help the Mechanical Maintenance Section to develop and modify

planned preventive maintenance for each pump and for each station especially for the gland

59




packing maintenance since it is the major defect faced. For example, at Hamala A2 GFS, the
actual average duration between visits for repairing the gland packing is 4.7 months, the
average calculated MTBF of the pumps is 4.2 months, and average graphed MTBF is 3.8
months. These figures tells that the planned preventive maintenance must be conducted for
these pumps every 3.8 months (minimum value), the gland packing must be inspected

carefully during the PPM and rectified in case of any defect exists.

The other figures of averages from Table 33 are varying from 6.4 months to 13.6 months, but
these values are large numbers, and it is not recommended to keep the pumps without planned
preventive maintenance for more than 3 months which is the most common interval for the
PPM. Therefore the best schedule for applying PPM is every 3 months which is already
implemented for all stations except for Hamala A2 GFS where it is carried out monthly. But
this does not mean that the frequency of defects of the gland packing is acceptable with
current maintenance practice, this mean that the PPM practices should be enhanced and

1mproved to reduce the occurrences of defects.

Types and cost of repairs for the gland packing

The types of repairing the gland packing were mentioned in previous section. The packing is
either adjusted or replaced. These are the main actions carried out to fix any gland packing
problem or leakage. These two repairing works may contain either improper installations or
over tightening, packing typically requires some leakage in order to remain lubricated and
cooled. If packing rings are over tightened, friction between the packing and the shaft will
generate excessive heat which can destroy the packing and possibly the shaft. Since the
packing is in direct contact with shaft, it wears over time and this leads to an increase in
leakage rate. Improper packing installation leads to uneven compression of the rings or loose

fit between the packing and the shaft and this results in excessive leakage .

More focus on these two actions in for each pump is elaborated in Appendices N & O, each
pump is analyzed and full details about the time of defect, the action done and the cost of each
action (Manpower and material) are represented in these two appendices. Table 34 is the
summary of actions taken by the Mechanical Maintenance Section and the cost of each action

for manpower and material.
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Table 34 - Summary of the cost related to replacement and adjustment of gland packing

Cost of Cost of
e e
— Ch e material No of Cost of material
£ related to : man-hours related to
=) Pump replacement hours for adjustment
= gland for gland
= name for gland replacement . for gland . ;
N ki (BD) packing ackin adjustment packing
P g replacement £ g (BD) adjustment
(BD) (BD)
o | R P 5 387.12 293 10 307.41 .
<
= @2 | WR pump
E é 4 5 130.76 20 10 465.32 86
= WR#%“mp 6 385.08 406.6 11 280.94 s
g |V 6 289.45 287 6 153.07 .
e
=3 pug% ) 2 12.15 : 3 109.03 :
& =
- I e 4 129.63 439 3 71.25 :
O i 1 42 - 2 28.3 s
8 #1
b East
& Tower 5 28.8 20 12 147.5 =
-:_5 Pump # 2
2 East
=z Tower 1 81.3 161 9 272.53 25
Pump # 1
T
g PV pum 1 2L6 - 9 147.8 -
= #1
iy
Sa Pz;g;rz, 4 426.51 448 4 70.38 64
S Tower
= Pump #3 2 64.63 32 6 123.05 -
Total 42 1999.03 2106.6 85 2176.58 236

= Information are not available

The above table contains samples of pumps from four stations which have the majority of
defect related to gland packing, the number of adjustments (85 times) is almost double of
replacements (42 times), but the cost of man-hours is almost same with very limited variation,
the difference is only BD 177.55. the major difference mainly in the material which is more

costly for the replacement of gland packing.

From Appendix N, it is recognized that there is no systematic approach or practice for
replacing the gland packing, it is replaced after one, two, three or up to five times of
adjustments. It means that the technician will start with adjustment only as a solution of the

leakage, or add extra packing or remove one packing, finally if the leakage does not stop the

packing will be replaced.
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It is concluded that the replacement of gland packing is done if no other solution can be taken
to stop leakage which means it is in worst conditions. Also it is concluded that it is not only
the packing which is replaced, other parts also may be replaced due to its bad condition
affected by the gland packing such as lantern rings, sleeve and /or even the shaft. All of this
adds to the cost of replacing the gland packing. But in the case of adjustment, the cost of
material is very low, nearly nil for some actions, while the cost of man hours is high
exceeding that of replacements. This may be due to inadequacy of experience resulting into
long time spent in trials to repair leakage and/or relaxation of maintenance crew in performing

their duties.

The Mechanical Maintenance Section must adopt a systematic approach to adjust or replace
the packing periodically at certain intervals to avoid the extra cost that ma y result from
damaging other parts in the pumps since the cost of packing material is cheaper than

replacing other parts which are more costly.

A maximum number for adjustments before packing replacement must be established for ea ch
pump type or station. This upper bound on number of adjustments becomes a maintenance

practice to be strictly followed.

Mean time to repair for gland packing defects
Mean time to repair is calculated in Appendix M, the table below shows the calculated mean

time to repair for selected individual pumps as well as the average time for MTTR.

Table 35 - Corrective maintenance of gland packing (MTTR)

Station Pump name Number of defect MTTR Calculated (Hrs) —‘
WR#1 18 17.16
Hamala A2 GFS WR#2 22 9.82
WR#3 19 14.7
DW pump #1 12 19.13
HT BS HTD pump#2 5 11.3
GW pump#?2 8 9.87
HTD Tower pump #1 2 8.5
DW Pump #] 4 8.5
West Riff'a #1 BS East pump #2 19 7.74
East pump #1 10 7.03
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DW Pump #1 11 6.03
West Riff'a #2 BS Tower pump#é2 11 17.55
Tower pump#3 8 10
Total g ' 149 ' K 147.33
Average 11.33

The table above shows the MTTR for different stations and different pumps, the values are
not similar even though the technicians are the same. The lowest MTTR is 6.03 hours and the
highest is 19.13 hours, and the average is 11.33 hours. The reason behind the difference
between the lowest and the highest is the conditions of the pumps, for example, if the pumps’
bolts and nuts are in good conditions without rust or corrosion, the task can be done in a
shorter time, but if the conditions are bad, it may take larger time to repair. Another main
important issue is the availability of the spares if some items got damaged like bolts, nuts,

gland follower.... etc. and if they are not available the time to repair the pumps will be longer,

The high MTTR figures shown in Table 35 are high, not reasonable and not acceptable. Tt is
discussed with mechanical technicians about these values and they said that the normal
adjustment time of packing will take around 15 to 30 minutes, and about 2 to 3 hours for
replacement of the packing. The remaining time is for monitoring the packing performance,
during the monitoring of the packing there should be no smoke or excessive water leak. The
packing may require re-adjustment or re-fixing again based on the running conditions, the
mechanical technician must not leave the site until the situation is acceptable for both
maintenance and operation. This means the monitoring time for the gland packing is around
10 hours if average MTTR is the reference value for an adjustment case and 8 hours for a
replacement case. The monitoring time is more than ten times the corrective maintenance for
the adjustment and about 3 times for replacement of gland packing, which are high and they
need to be justified.

To validate the timing of replacement and adjustment for the gland packing which is given by
the mechanical technicians, Table 36 is generated to calculate the averages for both types of

maintenance actions.
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Table 36 - Average MTTR for replacement and adjustment of gland packing

| Noof | . Avcrage No of Total time Average
o Total time of . . .
K= Pump replacement time of adjustment for time of
= replacement . .
% name for gland (Hrs) replacement of gland adjustment | adjustment
packing {Hrs) packing (Hrs) {Hrs)
R
o | VR pump 5 155.25 31.05 10 100.49 10
D, #1
v | WR
5 I, Whpume 5 48.4 9.68 10 61.5 6.2
g 0 #2
2 WR pum
= pump 6 195 325 11 825 7.5
#3
DW pump
g 41 6 162 27 6 57.5 9.6
= HTD pump
2]
-g A oy 2 14.5 7.25 3 42 14
= | OWpump 4 58 14.5 3 18 6
#2
W
o | PWpump I 16 16 2 8 9
A #1
= >
= s | East Tower
= 7.3 .
f‘f 2 | pump#2 5 97.33 19.46 12 36 3
S LEast Tower
1 11 45 .
= Pump # 1 11 9 53.45 5.9
o D“#p“mp 1 7.5 7.5 9 53.33 6.6
= I
S s Tower
= 4 48, 37. .
2 @ Pump # 2 148.08 7.02 4 30 7.5
§ Tower 2 205 10.25 6 555 9.25
Pump #3 ' ) ' )
Total 42 933.56 2231 85 608.27 94.55

The average time for replacing gland packing for all pumps is 5.3 hours (by dividing the total
average time of replacement over the total number of replacement actions, 223.21 / 42), and
the average time of adjustment is 1.1 hours (by dividing the total average time of adjustment

over the total number of adjustment, 94.55 / 85).

Therefore, it is reconumended to establish a standard time for replacing and adjusting gland
packing to keep a good monjtoring system for the performaice of the technicians.
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Relationship between PPM and corrective maintenance of the gland packing

Relationship between the planned preventive maintenance and corrective maintenance (CM)

1s inversely proportional, this means that if the number of PPM is increased the number of

corrective maintenance will decrease. In this section Appendix N is the reference where the

block diagrams show the dates of the PPM and CM actions. Some sample PPM and CM dates

are tabulated in Table 37 below to monitor the relationship between the two maintenance

types. (This table mainly concentrates on gland packing since the leak is easy to be noticed)

Table 37 - Relationship between PPM and CM of gland packing

Station PPM Pump name Date of PPM | Date of C.M. Mamte.:nance |
frequency action
7-8-2008 11-8-2008 Replaced
WR pump # 1 31-8-2008 4-9-2008 Tightened
8-4-2009 16-4-2009 Adjusted
27-2-2008 27-2-2008 Adjusted
28-4-2008 1-5-2008 Adjusted
26-5-2008 29-5-2008 Replaced
Hamala A2 WR pump # 2 2-6-2008 8-6-2008 Completed
G Monthly 17-3-2009 24-3-2009 Adjusted
8-4-2009 11-4-2009 Adjusted
5-7-2009 10-7-2009 Replaced
4-6-2008 17-6-2008 Add packing
10-8-2008 28-8-2008 Adjusted
WR pump # 3 2-9-2008 14-9-2008 Adjusted
16-10-2008 30-10-2008 Add & adjusted
7-4-2009 7-4-2009 Replaced
7-5-2006 7-5-2006 Replaced
HTBS Every 3 DW pump #1 28-10-2006 28-10-2006 Adjusted
3-5-2007 17-5-2007 Adjusted
months
GW pump # 2 12-10-2010 30-12-2010 Replaced
14-7-2011 21-7-2011 Adjusted
29-4-2006 29-4-2006 Replaced
East tower 5-11-2006 20-11-2006 Replaced
pump #2 4-2-2009 28-2-2009 Adjusted
WR #1ES Every 3 9-1-2011 16-1-2011 Ad]:usted
ronths Eust-towiar 20-4-2008 23-4-2008 Adjusted
—— 25-10-2008 29-10-2008 Adjusted
4-2-2009 28-2-2009 Adjusted
DW pump # 1 22-1-2007 24-1-2007 Replaced
DW pusiip £1 25-5-2008 13-6-2008 Adjusted
3-10-2010 4-10-2010 Leak secured
Every 3 29-5-2006 17-6-2006 Adjusted
WR #2 BS . Tower pump # 3-12-2007 17-12-2007 Packing added
5 Replace bearing
2-5-2011 21-5-2011 sleeve and
| alignment donu
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In the above table it is always noticed that there is gap between PPM and CM, many
corrective actions take place after finishing the preventive one, the maximum duration
between them is around 21 days. Four times only both dates are the same and this can be
explained that the leak from gland packing is discovered during the PPM and it is being
repaired at the same time with a request from maintenance to raise work request card. But for
the remaining dates in the list, the work request card is raised after the PPM has been
completed. The main explanation for this is the estimation of the condition of the gland
packing situation will vary among technicians, one technician may consider the situation is
good while another one may consider it bad, and based on the situation a decision will be
taken, either to repair or to keep the packing as it is. The skill and experience of repairing the
packing vary from technician to another, and this can lead to repetitive occurrence of this
type of defects.

6.3.2) Analysis of leakage from discharge line defect

This defect has the second frequency after the gland packing, the discharge header is a large
diameter pipe that accepts discharge from one or more pumps, the fluid in the discharge
header will be delivered to another tank or another station. The main problem is the line itself,
because line leakage means that the line is weak leading to reoccurrence of the defect. This
line leakage occurs as a result of corrosion, which should be prevented by proper internal
coating of the line. Table 38 below is extracted from Appendix P for MTBF, MTTR, and

availability of the discharge line.

Table 38 - MTBF, failure rate and availability of discharge line (from 2005 to 2011)

b Cost £
o Pump | NUmber | MIBF e | railurerate | Availa niley | oML | Costo
Station i of Calculated (Hrs) (Cailure/hour) (%) repair | material
AME ) defects (Hrs) % (BD) (BD)
WR 3 16664 16.65 0.00006 0.999 189.65 35
Hamala pump #1
A2GFS | WR 4 10944 18.75 0.000092 0.998 185.3 50
pump #3
HTD 4 14220 12.37 0.00007 0.999 129.99 15.1
HTBS | Bump#l
HTD 5 10761.6 10.5 0.000092 0.999 146,01 0
pump #2
West Dw 4 14352 15.13 0.00069 0.998 153.01 70
Sl Pump #1
Riff'a #1 W
BS At 6 8584 23.67 0.00011 0.997 411.23 0
pump #1
Total 26 75525.6 97.07 0.001114 5.99 121519 | 170.1
12588
Average / pump 4.33 (17.5 15.7 0.000185 0.998 202.53 28.35
months)
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The MTBF ranges between 8584 to 16664 hours for the pumps of Table 38 with an overall
average of 12588 hrs (17.5 months). The overall MTBF of about 1.5 years for discharge line
1s not acceptable, this equipment is designed to have long life without failure because of its
importance for delivery of water. The average availability of the discharge header is high
(0.998), and this is a good indicator for such important equipment. The MTTR values are

reasonable and there is an extremely high effort to repair the leaks as soon as possible.

Most of occurrences of this defect take place in the old stations where the lines have no
internal protection. The frequency of this defect is small compared with that of the gland
packing. However, it should be noticed from Appendix P that the occurrences of this defect
took place from 2005 till 2011, this means no major action or major maintenance is
considered to replace these headers since most of the repairs are not permanent. Seven years
passed and no provision of budget to eliminate the problem and this indicates no concern or

focus on such defect whose frequency is expected to increase with aging.

Cost of repair of the discharge line leakage

Referring to Appendix Q, the cost of manpower for Hamala A2 GFS is BD 374.95 and cost
of material is only BD 85, for Hamad town blending the cost of manpower is BD 276 and for
the material is BD 15 only, cost of manpower for West Riffa #1 blending station is BD
564.93 and the cost of material is BD 70 only. These figures are not high values because the
repairs are only temporary repairs, most of the repairs are only welding of small plate on top
of the line just to stop the leakage of water and sometimes if the leakage cannot be stopped by

this type of solution due to deterioration of the pipe a clamp will be installed.

The main observation here is the type of repair being temporary not permanent one. One
reason of this is due to lack of efficient communications between technicians who do the
repair job and senior management like engineers and senior engineers, the situation must be
clearly explained and analyzed, the consequences should be raised immediately to do the
necessary arrangement to provide the required budget for replacement of the discharge lines
that are of poor condition and not to keep it for seven years without complete and perfect
solution. The failure frequency of such lines are expected to increase as result of aging. The
second reason may be because of high availability of the line and low repair cost relative to

the replacement cost which is normally high.
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6.3.3) Analysis of drain line and valve leakage, blockage and breakage defect

The third major defect is the associated drain line and valve of the pump, this valve is mainly
used to drain water from the casing of the pump when needed. The number of occurrences of
this defect is 63 times and it represents 9.54% of the total number of mechanical defects.
Three pumps are selected in order to analyze this defect, and the basic information are
available in Appendix R, and the summary of the calculated data is in Table 39.

Table 39 - MTBEF, failure rate and availability for drain line and valve leakage, blockage and
breakage (from 2005 to 2011)

_ Number | MTBF | 'R | Failure rate | Availabi | ot eostyr
Station | Pump name of Calculated (Hrs) | (failurefhour) | lity (%) repair | material
defects (Hrs) W @p) | (BD)
HT DS Tower 7 8396.6 6.7 0.00012 0.999 | 985 3
pump #2
West | OW pump 5 4416 73 0.00022 0.998 | 73.05 0
. #2
Riff'a #2 Tow
BS oaver 5 7536 5.7 0.00013 0.999 50.2 0
pump #2
Total 17 20348.6 19.7 0.00047 2.996 221.75 3
6782.8 (9.5
Average / pump 5.6 et 6.6 0.00016 0.998 73.9 1

The calculated mean time between failures is high, i.e. this defect will not take place
frequently, the failure rate is supporting this observation also, the value is very low. The

availability is also high (0.99 %) is a good indication of the availability of the equipment.

In Appendix S which shows the cost of repairing the drain line leakage and blockage and
breakage, the cost of manpower to repair the leak for HTDS tower pump # 2 is BD 98.5, and
BD 3 only for the material. For West Riff'a #2 BS, the cost of manpower is BD 73.05 for
ground water pump #2 and BD 50.2 for the tower pump #2. This shows that the cost for
repairing this type of defect is not costly and the repairing works can be done during a short

period of time.

Referring to Appendix S again for the maintenance action, there are different actions
implemented to repair the defect, such as repaired, replaced with new one or cleaned. The best
action here is to replace the drain line from carbon steel pipe to PVC pipes which is cheaper
than stainless steel pipes, this type of pipes will not be corroded. Utilizing PVC material can
reduce the leakage and blockage problems and it is easier to clean PVC pipes since the

internal surfaces of the pipes are smooth.
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6.4) Maintenance Corrective Actions {Repair Works)

In this section the ways or the real corrective actions for every defect are identified from the
MMS, like how the gland packing or the leakage from discharge header is repaired?. Every
individual repair for the whole 22 mechanical defects is extracted and added in one table in

Appendix T. (Appendix T is obtained from the current corrective maintenance practices}.

The first six defects which contain 525 occurrences and represent 79.95 % of the total
number will be discussed in details. The main classification for this discussion will be based

on the following:

» Type of repair is a permanent, this means that the action taken to repair the defect is
final action that eliminate the problem from occurring and based on the best
maintenance practices, for example, if excessive leakage from gland packing of the
pump exists, the best maintenance practice is to replace the whole gland packing
since it is not functioning its role efficiently.

® Type of repair is temporary, this means that the action taken to repair the defect is
not according to the best maintenance practices and this action is only to keep the
system running. This type is implemented due to lack of spares, lack of resources or
due to criticality of the equipment, for example if a leak exist in the discharge header
at midnight, the best solution is to weld small plate on top of the leakage area, but the
best maintenance practices is to inspect the header and it may require to replace the
whole header in order to eliminate this type of defect from occurring,

» some of the repair actions are not defined, because the maintenance technician has
recorded some phrases like repaired or leakage secured, such undefined repairs will
be considered as temporary ones.

* The defects reported by the field staff may not be genuine, sometimes they report

incorrect defects, therefore, it will be classified either correct or incorrect defects.
The description of maintenance corrective actions will be as follows,

1. Gland packing of the pump is leaking,
There are 238 work request cards raised for this type of defect, from the table
mentioned in Appendix T, the packing was replaced 38 times which is permanent
and perfect action, 5 times Slade packing replace (Slade is a type of packing), 4 times
packing rcplaced with pump bearings (so total replacement actions arc 47 times).
The adjustment of gland packing implemented 147 times which temporary and was
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tightened for 7 times and this can be considered as an adjustment also. There were 5
times of duplicate work request cards and 2 times of cancelations and this is mainly
from field operation and can be considered as incorrect work request cards (incorrect
defects). By combining the similar permanent and similar temporary the final
outcome will be as follows,
s 47 times (19.7 %) the packing replaced completely and can be considered as
permanent corrective action.
* 1383 times (76.9 %) the packing either adjusted or tightened or repaired, and
this is considered as temporary corrective action.
e 7 times (2.9 %) the packing was good and the field operation section was not

correct when they raised the work request card.

2. Leak from discharge header,

There are 76 number of work request cards raised for this defect, the permanent
solution here is to replace the header, because if there is any leak this means the
condition of the pipc most likely is bad since it is not protected. Some repair actions
like welding, clamping or welding of metal plate are just temporary solutions.
Thercfore the outcomes are as follows,

¢ 1 times (1.3 %) the repair were permanent.

» 70 times (92.1 %) the repair were temporary

e 5 times (6.6 %) the WRC's were not correct.

3. Drain valve is leaking, blocked, or broken

There are 63 defects related to the drain valve, for the blockage it is enough to remove
the blockage from the scales but it is important to eliminate the source of the blockage
and thus cleaning will be considered as permanent solution. For the leaking and
broken pipes the appropriate solution is to replace the pipes with PVC pipe, this will
eliminate failure from taking place again since the quality of water will create this

problem continually with galvanized pipes . Thercfore the outcomes arc hereunder,
» For the blockage the actions are de-clogging and cleaning of the pipes as
indicated by the first two actions of Appendix T, both are completely
temporary actions (31 times) since the sources of the problems are not

eliminated.
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® For the leaking and broken drain pipes, 23 times (71.8 %) the repair actions
are permanent by the replacement of the defective part.

* 7 times (21.8 %) the repairing was temporary by welding or by securing the
leak.

s 2 tmes (6.3 %) of the WRC were not correct.

4. Check valve is not working properly (Passing or hammering),

There are 58 defects raised complaining that the non-return valve is not functioning
properly, it is very important to repair this valve because it is profecting pump set from
backflow from the discharge line, if this valve is not working properly the pump and
its main parts may be damaged from the back flow in case of power failure. The
appropriate solution is to overhaul the valve or to replace it if it is beyond repair. So
the ouicomes based on our classifications are as follows.

* 2] umes of repair actions were permanent (36.2 %).

* 28 times of the repair actions were temporary (48.3 %)

* 9 times of the WRC were not correct which indicated as a normal situation of

check valve.(15.5 %)

5. Check valve is leaking,
45 defects are about the leakage from the check valve, by replacing the parts that
responsible of the leakage or overhauling or cven replacing the valve, such repairs are
considered permanent. The {inal results for this type of defects are as follows,
» 17 times the repair works are permanent (37.7 %).
¢ 27 times the repairs are temporary (60 %)

* 1 times the defects are not real (2.2 %)

6. Inboard bearing is noisy, _

45 related defects to the inboard bearing, normally once there is noise in the bearing
the first action is to apply grease in bearing housing, if the noise does not stop, the
bearing must be replaced. Sometimes the bearing's housing is cleaned and Jubricated
with new grease. Therefore greasing and replacing of bearing are proper repair actions
for the noise. The results for this type arc as follows,

* 23 times the repair was properly applied (51.1 %)

¢ 16 times the WRC were not correct (35.5%).
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* 5 times the word "repaired” is mentioned ( 1 1.1%)

Summary:

The above discussion about the Mechanical Maintenance Section actions and Appendix T

shows the following findings,

L7
o

o

*

Repairing works of the defects are good and reasonable in some types of defects like
the bearings and drain lines defects, while for other types of defects they need
revision like for the leakage from discharge header.

Another findings which is very important is related to the field operation section, who
1s responsible of raising incorrect or inaccurate WRCs of defects specially the ones
related to bearings, the section used to miss judge the bearings' condition from the
noise, and it's staff must be trained and equipped with appropriate devices in order not
to raisc wrong work request cards.

In total 73 incorrect WRCs were raised from ficld operation section which represent
around 11.1 % of the total frequencies, 10 WRCs were duplicate, 6 WRCs were
cancelled, 3 WRCs were raised for check valve while it was functioning well, and 37
WRCs were raised for either incorrect vibration or temperature for bearings. It is
really worth to eliminate such practices in order to keep MMS to concentrate on real
defects.

Many times the mechanical maintenance Technicians are recording only the word
“repaired" or "leak repeired, secured”, 74 times these words are recorded as their
action for solving defects, this cannot describe what is the real action being
implemented. A simple, short, and proper description must be recorded for future
analysis purposes.

The Appendix T can help senior management to prepare the required budget and
quantities of spares and tools for most types of defects, and also they can understand
what are the defects faced and what are the real actions implemented at sites to enable

them undertake certain analysis.
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CHAPTER SEVEN
DISCUSSION, CONCLUSION AND RECOMMENDATIONS
7.0) Introduction
In this chapter more discussions will address many issues about the Mechanical Maintenance
Section, each one will be discussed elaborated and then final conclusion with
recommendation will be given based on analysis of data and results from this study. The first

1ssue is the preventive maintenance.

7.1) Discussion

a) Planned Preventive Maintenance

*+ The initial observation about the PPM is the unavailability of a specific preventive
maintenance procedure for the main equipment of the system like pumps, a general PPM
procedure for all maintenance sections is introduced in Appendix C which shows the role
of each sections. There should be a preventive maintenance procedure for major
equipment showing a detailed activities that must be carried out for each equipment based
on best preventive maintenance practices, frequency of PPM based on the situation of
equipment which should be identified from the condition monitoring group. The standard
readings like vibrations and temperatures based on the manufacturer recommendation
must be included in the maintenance procedure to know if the equipment running within

the limits or beyond.

7
*

%+ Referring to Appendix D, the PPM task of the pumps shows most of items that should be
covered during the PPM visit, it is a general sheet without basic design and manufacturer
data of the pump like the allowable or recommended vibration readings, allowable or
recommended bearings temperatures, and flow rate which can indicate that the pump is
performing within the designed range or not. Not only the temperature and vibration can
show the situation of the pump, the flow rates of the pump is an important indicator about
the health of pumps. If the recommended data of the pumps is not included in the PPM
task sheet, it is just only printing figures from the ficld to the sheet without knowing if the
pump is running smoothly or not.

% Another observation is the description of the situation for parts of the pump, it is either

"OK, Yes" or "No", and this cannot describe the reality, for example, the foundations of

all Hamala A2 pumps are bad, they are cracked, nevertheless most of PPM sheets for the

pumps show that it is "OK". The small details must be elaborated in better way like (good,

bad, to be replaced) for the foundations.
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Condition monitoring team has good devices that can enable the team to do his duties
efliciently, but there are some comments to be highlighted, the first one is the calibration
activity of the devices, no calibration certificates for any of the monitoring devices except
the thermometer device which was issued on 27 F ebruary 1998, it was valid for two years
from issuance. Till the moment of this report no calibration done for any device (See
Appendix G). Another comment is unavailability of a standard procedure explaining the
importance of the calibration process of condition monitoring devices and specifying the
frequency of this process bascd on the manufacturer recommendations.

There is no assurance about the accuracy of temperature readings or vibrations readin £s
since there is no third party certified the devices, and also there is no record for the date of
purchasing of these devices, the dates are required to help senior management to decide
whether they are coping with technology or not.

Referring to Sections 5.5.1, and 5.5.2, about the planned preventive maintenance Cost,
Table 19 shows an example of PPM data sheet collected for one pump, there are 24 visits
for conducting PPM task from 2006 to 2011 with total time of 37.5 hours. The average
visit duration is 1.5 hours ( by dividing total visits hours {37.5} over total number of tasks
{24}) which is acceptable. The average number of technicians attended can be obtained
by dividing total number technicians over the number of tasks conducted (70 / 24) , the
average is 2.9 =3 technicians for this pump only. And the average number of technicians
for individual pumps for all stations is 2.99 = 3 technicians, and this number is large
compared to the task to be conducted.

This practice is common for all other pumps in all stations, the minimum number of
technicians is 2 and the maximum is 4 and sometimes reaches 5, the PPM task can be
done by one qualified and trained technician to do fhe task. This practice should be
reviewed and corrected to reduce the cost of PPM and also to utilize manpower
effectively.

Table 21 shows diffcrent averages related planned preventive maintenance, the PPM
frequency for most of the pumps is 4 per year except for Hamala A2 GFS which 6.6 per
year, the frequency is reasonable and acceptable and it is good practice. The reason behind
increasing the PPM frequency at Hamala A2 GFS is due to their criticality and due to the
conditions of water and it is changed to be monthly based on this.

It was noticed during the PPM tasks for any pump, the technicians request field operation

staff to raise WRC for any defect with the pump in order to rectify it later. The defect will
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be repaired after one or two days not immediately because of the Maintenance Section
other engagements and also on the priorities of defects.

The overall PPM cost of man-hours is BD 13531.6 for 805 PPM task conducted, this cost
is generated from 6 years of PPM man-hours cost for all stations except for Hamala GFS
which covers 4 years of PPM man-hours cost. The cost of overhauling pumps is not
included and it is not known.

The overall corrective maintenance (CM) cost is BD 52976.725 for 660 defects attended.
The CM cost is almost 3.9 times the PPM cost, for example if MMS spend BD 1 for PPM,
they should spend BD 3.9 for CM, and this totally unacceptable, it should be in the other
direction, because PM reduces the amount of corrective maintenance to certain level.

This indication of preventive and corrective costs may tell that the PM is not efficient,
effective and it is not doing its purpose of reducing corrective cost.

One of reasons behind this is the manpower, most of the technicians have field experience
without scientific background and they don’t know why PPM is conducted, they trained to
do the PPM ftask, fill the required information in the sheets and then file the information.
People should be assessed and trained to understand importance of PPM and how to do it
efficiently, also they should know its role to reduce the corrective maintenance cost and
frequency.

Mean preventive cost = Total PPM cost / number of PPM tasks, this formula gives an
indication about the cost of each PPM task.

Mean preventive cost = 13531.6 / 805 = BD 16.8, each PPM task which takes between 1
to 2 hours cost this amount. The PPM should be evaluated to identify its effectiveness, it
is not worth to spend BD 16.8 to conduct PM, and then spend four times of this cost to do
corrective maintenance.

Corrective Maintenance

Detailed analysis is conducted for the corrective maintenance in Chapter 6, and hereunder are

the main findings and recommendations,

*
>
.0

*
A

There is no specific corrective maintenance procedure explaining how to repair certain
types of defects based on best maintenance repair practices such as gland packing defects,
high vibration of bearings, leakage from drain or discharge header.

The Mechanical Maintenance Section must adopt a systematic approach to adjust or

replace the packing periodically at certain intervals to avoid the extra cost that may result
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from damaging other parts in the pumps since the cost of packing material is cheaper than

replacing other parts which are more costly.

% Suction and discharge headers to be inspected at least once in a year, this can helps to

| assess the conditions of these pipes to take necessary measures.

% For the drain lines blockage, a special coating for the pump's drain area must be applied
during the overhauling of the pumps, and this process must be included in the tender
specification, this can eliminate scales creation that block the drain lines and valve. For
the leakage, it is worth to make plan to replace the steel pipes with heavy duty PVC pipes
since the cost will not be high. The replacement plan should be in batches distributed over
a number of years.

<+ Mean corrective cost = Total CM cost / number defects, this formula gives an indication
about the cost of each repair action.

%* Mean corrective cost = 52976.725 / 660 = BD 80.26, each CM task cost this amount, it
is a high value and must be reduced.

%+ Best Maintenance Repair Practices Manual should be generated as a reference for the
MMS. The reasons why the Maintenance Section does not follow the best practices
are

* The Maintenance Section is totally reactive, they should be predictive to
reduce and eliminate the failure occurrences.

* Maintenance personnel do not have the maintenance skills to perform the work
efficiently.

* The maintenance work force lacks the discipline and directions to follow the
best maintenance repair practices.

® There is a lack of communication between the different levels within
Maintenance Department. Communication between technicians who perform

the maintenance and their engineers.

7.2) Conclusion and Recommendations
a. Planned preventive maintenance
Standard planned preventive maintenance procedure to be introduced for every critical
equipment (like pumps, check valves) based on best preventive maintenance practices.
Detailed PPM task sheet to be created showing the recommended and allowable

parameters for the equipment and better description of situation for the equipment parts.
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The overhauling program of pumps has to be planned based on the conditions of the
pumps not based on the years (existing plan is once every four years), there is no need to
overhaul pump if it is running smoothly. Condition monitoring is important here, there is
no point to send a pump for overhauling because it is due after four years while another
pump in bad situation and cannot be overhauled because it is not due for overhaul.
Standard maintenance procedure to be introduced for the calibration process of condition
monitoring devices indicating the importance of this process and the frequency of the
calibration for each individual device based on the manufacturer recommendations.

The average visit time for each pump is reasonable, the frequency of PPM task is also
reasonable and acceptable, but every station should have its own frequency of PPM based
on the situation of pumps and based on the recommendations from condition monitoring
group. The average number of technicians attended for PPM is large and must be revised.
The way of distributing technicians must be changed instead of three technicians
conducting PPM task on one pump, each individual can do the task on separate pump. The
duration of PPM visit and the number of technicians should be indicated in the preventive
maintenance procedure.

During the PPM of the pumps, the manpower must be equipped and ready to rectify any
malfunction in the pump and they should do it immediately without waiting for issuing of
WRCs, attending defects after a period of time may create more problems and make the
situation worst, and the manpower must be utilized effectively if they are available in the
station.

b. Corrective maintenance

Corrective maintenance procedure explaining how to repair certain types of defects based
on best maintenance repair practices must to introduced to enhance the capability of the
technicians.

A minimum number for adjustments before packing replacement must be established for
each pump type or station including the standard time of replacement or adjusting the
packing based on best practices and experiences, the monitoring time of the packing after
maintenance task must be indicated as well. This upper bound on number of adjustments,
repair times and monitoring time must become a maintenance practice to be strictly
followed.

There should be better integration between field operation staff and maintenance, all
operational personnel should receive at least basic maintenance training. They should be

trained to assess the defect before raising the WRCs, they should know if the leakage or
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smoke from the packing is normal or excessive, they should also be equipped with
required devices to measure some parameters like the vibrations of bearings rather than
1ssuing wrong WRCs.

To implement “Best Maintenance Repair Practices™ some actions should be taken by the
Mechanical Section with management support,

e Maintenance Section must identify the existing problems and track the repetitive
equipment defects, their causes and losses. It is important to identify the true
causes of defects and the best ways to eliminate them.

e Maintenance Section must perform skills’ assessment to evaluate the technicians,
the workforce must have the required technical and practical skills to do required
maintenance actions.

® Maintenance Section should develop a plan to infroduce a proactive maintenance
program with planned preventive maintenance, this will provide more time for

performing maintenance utilizing the best maintenance repair practices.
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Appendix A, Details of Pumps in Each Individual Pumping Station

Table 1A - Llist of pumps for Hamala A2 ground Forwarding Station ( Commissioned in 1970)

Capacity . _ ;
No. :_"mp Model D}r{‘\‘; | RPM H;?d Slt)"tgb | Remarks
Name (WL/S) | (MG/D) ( ) (M) andby
GW TO
EBARA
1 WR 310 59 450 1490 101
PUMP 1 350x250xCINM
Two
GW TO
EBARA Duty &
2 WR 350x250xCINM 310 5.9 450 1490 101 One
PUMP 2 _
Standby
GW TO
EBARA
3 WR 310 59 450 1490 101
PUMP 3 350x250xCINM
GW TO
- HTB 350 EQ]:() CKNM 210 4.0 250 1490 86
PUMP 1 R One Duty
& One
GW TO Standby
EBARA
5 HTB 210 4.0 250 1490 86
2 M
PUMP 2 350x200xCKN
Table 2A -list of pumps for Hamad Town Distribution Station ( Commissioned in 1989)
Capacity .
No. ;ump Model ]?Er{ncr RPM I_::;ld S]t)utgg ; Remarks
i wss) | MGm) ) ) andby
BW TO
1 TOWER FIEIE?(EJEUO 150 2.85 90 1450 | 40.67
PUMP 1 ' One Duty
& One
BW TO Standby
2 TOWER FII;E?(;?)I;UO 150 2.85 90 1450 | 40.67
PUMP 2
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Table 3A - List of pumps for liamad Town Blending Station { Commissioned in 1985)

Capacity .
Diriv i
No. iu P Model {I?;:lr RPM He:d s?u?u;: . | Remarks
Name (L/S) | (MG/D) ) (M) andby
TOWER EBARA
X i
! PUMP 1 330x250xCGNM 260 4.94 1o 1490 35 One Duty
& One
TOWER EBARA Standby
.94
2 PUMP 2 350x250xCGNM 260 4 Ho 1490 35
GW “BAR
3 BLENDING 350)‘]:3350 CFNM 210 4.0 30 983 9.6
PUMP 1 X One Duty
& One
: GW Standby
4 1 BLENDING 350 %‘zo CENM 210 4.0 3¢ 983 9.6
PUMP 2 TR
DW
5 { BLENDING SOOEE?OR(?EM 575 10.92 110 990 10.2
PUMP 1 X One Duty
& One
DwW Standby
6 | BLENDING SOOiljg)RgEM 575 10.92 110 950 10.2
PUMP 2
BETD KUBOTA
7 { FORWARD DVL36FZZ 420 8.0 107 1450 | 24.27
PUMP 1 350x300 One Duty
& One
HTD KUBOTA Standby
8 | FORWARD DVL36FZZ 420 8.0 107 1450 § 24.27
PUMP 2 350%300
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Table 4A - List of pumps for West Riff’a £1 Blending Station ( Commissioned in 1970)

Capacity -
No. | Pump Name Model D}?\\ir RPM H:;}d S?ur;*t: Remarks
ws) | mcmy | EW ¢ amany
WEST
EBARA
1 ;"SE}I)EI]{ ssisnienn | 250 | % 150 | 1490 | 45 .
Duty &
One
WEST
2 | TOWER 350XE]530“IC“G‘NM 250 | 475 | 150 | 1490 | 45 | Standdy
PUMP 2 =
EAST
EBARA
3 g&\“;r]{ 350x350x0aNM | 250 | 475 150 | 1490 | 4s B
Duty &
One
EAST
4 TOWER 3503530‘&(:&(;1@1\,1 250 | 475 150 | 1490 | 45 | Standby
PUMP 2 i
GW
EBARA
5 | BLENDING | . “o* o | 400 7.6 75 | 985 | 14 -
PUMP 1
Duty &
One
GW
6 | BLENDING 4502803‘30":‘:1\”\4 400 | 76 75 | ogs | 14 | Standby
PUMP 2 %
DW
7 | BLENDING ‘2’320?; 470 | 8.93 765 | 740 | 11
PUMP 1
D WEIR SDA DEWO&
8 | BLENDING 470 | 893 | 765 | 740 | 11 W
400/500 B one
PUMP 2
standby
DW
I
9 | BLENDING \:(}E(}EUSOD$ 470 | 8.93 765 | 740 | 11
PUMP 3
HTB
10 | FORWARD 350%,]30‘&(:&1:141\4 280 | 5.32 110 | 1490 | 29
PUMP 1 RN
Two
HTB
11 | FORWARD | __ CBARA 280 | 532 | 110 | 1490 | 29 | Puv&
350x300xCFNM one
PUMP 2
standby
HTB
A
12 | FORWARD 350xi?mecA 280 | 532 110 | 1490 | 29
PUMP 3 FNM
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Table 5A - List of Pumps for West Riff’a #2 Blending Station ( Commissioned in 2002)

Capacity . | )
No. | Pump Name Model D;;‘:fr RPM H;;)d th)ut(}i-b | Remarks
ws) | memy | EW ( sandby
DW WEIR
1 BLENDING SDAAZ 880 16.7 250 740 15.8
PUMP 1 600/800 C One Duty
& One
DW WEIR Standby
2 BLENDING SDAAZ 880 16.7 250 740 15.8
PUMP 2 600/800 C
GW WEIR
3 BLENDING SDA 168 3.2 45 1460 | 18.5
PUMP 1 250/250 B One Duty
& One
GW WEIR Standby
4 BLENDING SDA 168 32 45 1460 | 18.5
PUMP 2 250/250 B
BW TO WEIR
5 TOWER SDAH 510 9.7 405 1480 | 47.5
PUMP 1 350/450 B
BW TO WEIR Di“’o&
6 TOWER SDAH 510 9.7 405 1480 | 47.5 Ot:e
B
PUMP 2 350/450 Standby
BW TO WEIR
7 TOWER SDAH 510 9.7 405 1480 | 47.5
PUMP 3 350/450 B
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Appendix B , Activity Description for Mechanical Section

1. Activity description of pump major maintenance

ACTIVITY TITLE ; . Pump major maintenance

Major Maintenance on pump shail include |
Inspection,  dismantling, Checking and
Assessment of all parts which are found
undergone wear & tear and judged beyond
- economical repairs or overrun its cost effective
' ACTIVITY DESCRIPTION . life cycle, then they are replaced with similar |
' ~or equivalent specification. The activity shall
include (i) Cleaning (ii) Bearings, sleaves,
bushes, packing, mechanical seal & wear rings
replacement (iii) Casing, Shaft & impeller
replacement if they are beyond economical -
repair  (iv) Dynamic  balancing (v)

 SCOPE OF ACTIVITY -

Pump routine PPM
Pump routine PPM shall include inspection,

checking and assessment of all parts. The °
activity shall include (i) Cleaning (i) Maintain
sealing (i) _ Lubrication (iv)  Vibration
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measurement (V) Recording Runnmg
parameters __|_e_, Ffow,_Pressur_e, Terp_p etc,___ _

SCOPE OF ACTIVITY - AL pumps in WD System.

. ACTIVITY PROCEDURES - " Task Sheet Attached

- RESPONSIBLE PERSONNEL . Mechanical Technician/Mechanical Fitter

FREQUENCY / CRITERIA Monthly or Quarterly as per the PPM Schedule

JOB CATI;&)RY ; | | ThIS actlwty i5 done in- house by mechanlcal
: . maintenance section.

V|bratron measurement and analy5|s mcludes _'
measurement of vibration level of the rotating
equipment at the supporting points —bearing-
to assess their health and diagnose any kind of :
mechanical/electrical problems at an early
stage or just after faiture initiation.

- ACTIVITY DESCRIPTION

SCOPE OF ACTIVITY All the rotating equipment —mainly pumps and |

motors — within WTD nefwork,

: ! Vibration measurement is carried out usmg SKF
. ACTIVITY PROCEDURES ' Microlog MCXAS0 with its associated software -
. PRISM4, which has the capability of: data :
presentation, analysis, reporting, history &
record keeping :

éRESPONSIBLE PERSONNEL Mechanical ~ Engineer/Sr.  Technician & |
: . Technician 5

'FREQUENCY / CRITERIA  Monthly

- JOB CATEGORY " This activity is done in house by mechanical -
: - maintenance section-condition monitoring group.
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Planned preventive procedure
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1.0 PURPOSE:-

To implement a Planned Preventive Maintenance procedure that will provide guide
lines for timely maintenance of the Water Transmission assets, in order to achieve
the pre-determined targets of Equipment Availability and Reliability.

2.0 GENERAL GUIDE LINES:-

Initially, the Asset Register (AR) is prepared manually or electronically with all the
necessary information such as Manufacturer's Details, Name Plate details, Service,
Identification Number etc. This Asset Register is updated as and when equipment is

replaced / added or any modification occurs in the system.

Based on the Equipment Asset Register, PPM list is prepared in consultation with
concerned Engineer, selecting the equipment to be covered by the PPM, and the
sequence prioritized considering (i) Safety & Criticality of the equipment, (i)
Productivity factor (iii) replacement cost (iv) Previous failure history and (v)
‘manufacturer recommendation. The frequency of PPM is decided for each
equipment depending on equipment performance ratio or failure history. The whole
PPM programme spanning the 52 weeks of the year wilt be termed as PPM "Master
Schedule”. Thereafter on monthiy basis, separate programme for each Pumping /
Blending station will be established fisting the selected equipment, completion due
dates with special instruction if any, which will be termed as PPM "Monthly
Schedule”. According to the equipment list, PPM cards are prepared.

This version supersedes the Standard Procedure WID-S-06-2011, issued in 20-11-2011
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3.0 PROCEDURE:-

The PPM programme will be prepared, executed and supported through systematic
& coordinated activities of Planning Group, Maintenance Section & Operation

Group.

3.1 Responsibilities of Planning Group: ( See Annexure -I )

Prime responsibilities of Planning Group will be to implement & Monitor the

PPM programme, the main task shall include:-

3.1.1  Prepare the "Master Schedule” in co-ordination with all concerned.

3.1.2  Prepare., the "Monthly Schedule" for the specified station with
equipment details and due dates for the PPM and forward to
concerned engineer along with PPM Card, Task Sheet and Costing
Sheet.

3.1.3 Receive from maintenance section the completed PPM cards, costing
sheet and record the status and re-schedule for the subsequent PPM.

3.1.4 Prepare monthly "Backlog Report” and attend PPM meeting review
and to co-ordinate for re-scheduling the delayed / un-attended PPM
job

3.1.5 Prepare "PPM Monthly Performance Statistics” and "Costing Sheet” for
evaluation and incorporation in WTD Monthly Report.

3.1.6  Receive, review, discuss and update any alteration in the PPM system
on yearly basis prior to preparing the master schedule of the following
year.

3.2 Responsibilities of Maintenance Sections: ( See Annexure-II)

Prime responsibilities of Maintenance Section will be to execute the PPM
programme. The main task shall include:

This version supersedes the Standard Procedure WID-S-06-2011, issued in 20-11-2011
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3.2.1 Co-ordinate with Planning Group in preparing vyearly "Master
Schedule”,

3.2.2  Receive the monthly PPM schedule from Planning, check the
availability of materials and resources, arrange necessary “Safety
Documents” and undertake the PPM jobs as scheduled.

3.2.3  Return the completed PPM cards to Planning Group along with costing
sheet and advise the status of all delayed / un-attended PPM Jobs.

3.2.4 If any abnormalities found during the PPM event {other than PPM
task) should be informed immediately to the Sr. Technician / Engineer
and remedial action to be taken to complete the job as early as
possible,

3.2.5 Attend the PPM meeting for reviewing Backlog Reports, Re-

scheduling the delayed / unattended PPM jobs and maintain all the
records.

3.26 On yearly basis review/study the PPM Master List for any changes
needed to improve the system and forward the same to Planning
Group.
3.3 Responsibilities of Operation Group:
Prime responsibilities of Operation Group shall include:

3.3.1 Co-ordinate with Planning and Maintenance in preparing the Master
Schedule,

3.3.2 Issue Safety Documents as per request and requirements.

3.3.3 Attend the PPM meeting for reviewing Backlog Reports, Re-
scheduling the delayed / unattended PPM Jobs.

3.3.4 Prepare and submit to all Maintenance Sections equipment
changeover schedule.

This version supersedes the Standard Procedure WID-S-06-2011, issned in 20-11-2011
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4.0 ENCLOSURE:-

$ PPM Card Copy — ( Front & Back Side)
é Flow Chart — Planning & Operation Group Actions ( ANNEXURE ~ I)
¢ Flow Chart ~ Maintenance Section Actions ( ANNEXURE — 1I)

ek ke e o ok ok ok sk ke ok sk ok ok sk koK

This version supersedes the Standard Procedure WID-S-06-2011, issued in 20-11-2011
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This version supersedes the Standard Procedure WID-$-06-2011, issued in 20-11-2011
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This version supersedes the Standard Procedure WID-5-06-2011, issued in 20-11-2011
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PLANNING & OPERATION GROUP ACTIONS (ANNEXURE - I)

PLANNING

FREPARE

Asse! Register

X

WATER TRANSMISSION DIRECTORATE

€5 3‘)[.&3

Prepare PPM master schedule

based on asset register and in |-
coordination with all concerned

+
Issue PPM cards to all

tancerned slong with PPM
monthly schedule.

Planning receive compieted or
unattended PPM cards for |« —
rescheduling

Update recerds and prepare
PPM statistics and costing for
monthly reports

L 4

Repeat the process for next
due cycie

This version supersedes the Standard Procedure WID-S-06-201 1, issnedin 20-11-2011
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|

Issue PPM Cards
And Schedules

Completed or
unattended FPM cards
for rescheduiing

¥

L 4 .
PPM .

Review Meeting

v

Update Records




Appendix D
Pump task sheet




WATER TRANSMISSION DEPARTMENT
MAINTENANCE DIVISION
PPM TASK FOR PUMP

LOCATEON - - - e EQUIP. CODE:-------na__-
SERVICE: - == ammmemmee o P.M. DATE:mcamooa PPM CARD NO:-ewmmmommmes
A RUNNING CHECK
! [HOUR METER READING HRS | 10 | LEAKAGE - FLANGEJOINT 4 BODY | YES | Mo
2z |CURRENT ABSORPTION AMPS| 11 [ATR VENT /BLEEDING LINE oK | No
3 [SPEED RPM | 12 |DRAINING LINE oK | nooes
4 |NO. OF PUMPS WORKING 13 [PUMP BODY CONDITION oK NC
5 [FLOW RATE L/5 | 14 |FOUNDATION BOLTS ok | No
6 [SUCTION PRESSURE M | 15 | BASEMENT FRAME &FOUNDATION | ok | NoO
7 [DISCHARGE PRESSURE M| 1p |SUCTIONVALVELEARAGE (BLAND ., | o0 1 1
BODY & JOINT)
& |sTUPFING 30X LEAKASE {7 |PTSCHARGE VALVE LEAKAGE (GLAND , ok | no
BODY & JOINT)
5 lOTLLEVEL OK | Low [HIeH| g [NRYLEAKAGE (GLAND, BODY, ok | no
JOINTS. SOUND ARM
B |TURN OFF cHECK
1g [INSURE THE PUMP SET IS OFF , EMERGENCY PUSH BOTTOM IS IN OFF POSITION AND "UNDER MAINTENANGE *
{NCTICE IS PLACED ON THE UNLT )} (CONFIRM THTS TN RECIEVED SHEET)
20 |BEARTNG GREASE /OTL LEVEL AND CONDITION oK LOW |HIGH
21 |OIL SEAL AND WATER THROWER oK NO
22 |RUBBER BUSHES/SPIDER FOR TEAR AND WEAR oK NO
23 |HOLBING BOLTS ANG NUTS 0K NO
24 |CHECH SUCTION, BISCHARGE , NON RETAURN VALVE, ROTATION / LUBBICATION oK NO
o5 [CHECK AND REGTSTER ALIGNMENT READING . (EVERY SIX MONTH)
REMARKS
ALIGNMENT COUPLING GAP
ToP
90°
180 ?
270

SPICTAL REMARKS/ INSTRUCTION

CARRIED OUT BY:

NAME:

SIGN/DATE:

MNAME:

CHECK BY :

SIGN/DATE:
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VIBRATION READING/ AFTER OVERHAULING / BEFORE OVERHAULING

= N —

LOCATION : - -
VL S e ——— SERVICE oot
TIME i--<- - - -- EQUIPMENT NO to-eee L
1 2 3 4 5 6
HVAHVAHVAHVAHVAHVA
DISPLACEMENT
(um)
VELOCITY (mm/sec)
1 2 3 4
HI{VIAI H{V]|A|HIV]ATH A
NOLSE LEVEL ATM
BEARINGS
TEMPERATURE(CC)
VERTICAL HORIZANTAL REMARKS
ANGULARITY OFFEST ANGULARTTY OFFEST
ALIGNMENT
ANBGULARTTY OFFEST ANGULARTTY OFFEST
LEGEND H= HORIZONTAL V=VERTICAL AzAXIAL
READING TAKEN BY & <-omoomeeemee L
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Pump overhauling plan
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Appendix F

Work request card procedure




OEWA

ig;k—:ﬂ*m

!n”

sk

335 ,00]

WATER TRANSME&S!G?@ DIRECTORATE

WTD - sfmm'@;mm PROCEDURES

REF. NO.

: WID-5-12-2013

| EFFECTIVE DATE ¢

20 - May - 2013

WORK REQUEST CARD (’WRC}
PROCEDURE 1
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2.0

WATER TRANSMISS

ION DIRECTORATE

Standard Procedure No. WTD — S - 12 — 2013

PURPOSE

To implement Work Request Card (WRC) procedure that will provide guide lines for
accomplishing various maintenance jobs, in order to keep the Water Transmission

Premises and Equipment at its optimized operating condition.

GENERAL GUIDE LINE

2.1  The database (Maintenance Management System - MMS) has been installed
earlier & in use for accomplishing various maintenance jobs in order to keep
all the records including raising new work request cards, Safety Documents,
various types of reports, costing, history and cancellation.

2.2 The WRC's are categorized as (1) for Defect Cards, (2) for Job Cards or (3)

Modifications. For this purpose WRC's are to be properly ticked and marked
as "Defect Card" when the job is to rectify a defect found on the
transmission network, "Job Card" for all other jobs that does not affect the
network operation whereas “Modification Card” for those jobs related to
improve the existing network. The staff who raises the WRC will be called
"REQUESTOR" and has to assign the priority for the job in accordance to
Priority List available in the database. All WRCs' to be entered in the MMS
by all groups under Operations & System Control Department (the list of
Responsibility of Entering WRC'’s is shown in ANNEXURE — 1A & 1B) shall be
accepted by the issuer and Planning Group to print out the summary for

distribution in the Planning Co-ordination Meeting held on daily basis to

This version supersedes the Standard Procedure WTD-S-1 2-2011, issued in 20-11-2011
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discuss the progress or action to be taken and work schedule of the WRCs'
issued on every working day. Maintenance sections database authorized
personnel can print out the WRCs' through their Office PCs' and necessary
safety documents can be raised through the system by Field Operation
Group. After completion of the job and if satisfied, the issuer to sign the
hardcopy of the WRC. Then the concerned maintenance section Engineer /
Technician will enter in the system the completion date and comments,
details of manpower hours utilized, materials etc. and forward the WRC

hardcopy te Planning Group to record/accept the WRC in the system,

3.0 MAINTENANCE MANAGEMENT SYSTEM (MMS) FACILITY

The following are the major functions/reports available in the MMS system which
will help all concerned sections to keep records and carry out maintenance activities
within the stipulated time. ( 7hese functions/reports can be updated according to
sections requirements)

3.1 MMS Functions/Reports enabling to:

a) Raise new Work Request Card (WRC)
b) Carry out searching and sorting as per Priority, locations, Dates,
Sections.
) Summarize:
» Total WRC raised by dates or periods.
¢ Pending WRC by sections.
» Total WRC pending by dates.
» Completed WRC details by section / period.
¢ Completed accepted WRC details.
» Completed - not accepted WRC details,

This version supersedes the Standard Procedure WID-5-12-201 1, issued in 20-11-2011
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d) Provide
e FLAG details.

» WRC Costing details.

»  WRC manpower hour details.

« Monthly report.

» Job status report.

»  WRC status/costing report.

»  WRC received by sections / equipment.
e Completed WRC by sections.

*  WRC Planning acceptance reports,

o IDA Report.

4.0 ACTION TO BE TAKEN IN CASE OF MMS FAILURE

4.1 Planning Group will co-ordinate with all sections responsible for entering

WRC's and issuing them on time or as early as possible every day.

4.2 To raise any safety documents, Operation Procedure No. 108, dated
22/05/2005 has to be followed. (See ANNEXURE — 5)

4.3  To raise internal WRC, the requestor has to raise the WRC manually and

fnform Planning Group Engineer/Technician to maintain record.

4.4 Planning Group will enter all the WRC transferring details in the system once

the system is restored.

4.5  Once the MMS is re-activated, all concerned maintenance sections to enter
the completion details and manpower hour details etc .. of all WRCS' raised

during system failure period.

This version supersedes the Standard Procedure WTD-5-12-2011 , issued in 20-11-2011
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5.0 RESPONSIBILITIES OF THE REQUESTOR

5.1 The requestor should provide as much necessary details as possible
and should verify that the specified defect/job is not already raised by any
other staff to avoid duplication of work.

5.2 He should then call either WCC or Filed Operations staff to furnish them with
the location, defect/job description, equipment details and reason for the
defect (if any) and the priority assigned. The concerned Operation Group will
then enter the defect/job details in the system and in-turn will provide the
requestor with the WRC number which is generated automatically in the
system for registering it in the Station Log Book for future reference on the
defect/job.

5.3  To raise any Internal Work Request Card (Section to Section, not through
Operations & System Control Department) the Requestor should provide
necessary details with contact person Name & Telephone Number. A new
WRC Serial Number (starting with alphabetic letter followed by four digits)
will be generated automatically in the system, which can be used for future

reference/records.

6.0 RESPONSIBILITIES OF WATER CONTROL CENTER ENGINEER /
TECHNICAN

To follow operation procedure No. 141, dated 23/11/2012, (See ANNEXURE - 4)

6.1  For all Defects of "Priority-1", he will immediately inform the Filed Operation
Engineer during working hours and Operation On-Call Engineer outside
working hours for concurrence on Priority-1 defect/job and if approved by
him, the WCC Engineer/Technician will enter the WRC in MMS system.

This version supersedes the Standard Procedure WTD-S-12-201 1, issued in 20-11-2011
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The Filed Operation Engineer or Operation On-Call Engineer should inform
their Respective Engineer/Technician and should proceed for remedial actions
as per instructions.

6.2 For non-miscellaneous nature defects/job under priorities (2} & (3) the WCC
Engineer/Technician should enter the defect/job details in the MMS system.

7.0 RESPONSIBILITIES OF OPERATION ENGINEER/TECHNICIAN

To follow Operation Procedure No.141, dated 23/ 11/2012, (See ANNEXURE - 4)

7.1 For all "Non-Priority-1" and miscellaneous defects/jobs, will be entered in the
MMS system by the Field Operation Group.

7.2 Filed Operation Group will then initial the WRC's for issuing appropriate
Safety Documents through MMS system,

8.0 RESPONSIBILITIES OF QUALITY AND CORROSION CONTROL

8.1 Any defect/job on any water quality measurement device or equipment in the
stations or in the laboratory will be collected and entered in the MMS system
by Chemical Engineer/Chemist.

9.0 RESPONSIBILITIES OF RECEIVING SECTION (See ANNEXURE ~ 2)

9.1 Maintenance Section Engineer will review the WRC described in the system,
approve it and plan/approve it with his concerned personnel.

9.2 Section Engineer will discuss the defect/jobs with Sr. Technician/Technician
as per the priority assigned, task involved, availability of spare parts and
materials, as well as the manpower and time required for completing the

jobs.

This version supersedes the Standard Procedure WTD-S-12-261 1, issued in 20-11-2011
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Accordingly, the work schedule will be prepared and "Planned Begin - Close
Time" will be entered on the work card and this will be given to the assigned
crew and at the same time raise Request For Permit (RFP) to Field
Operation Group for issuing Safety Documents,

9.3 The assigned crew will carry out the work after receiving the safety
documents as scheduled, and the work completion dates, work done
comments, material details, manpower details etc. will be entered in the MMS
system by the concerned maintenance section and hard copy will be returned
to Planning Group signed by the Requestor as "Accepted" and "Completed"
with required entries for Planning Group acceptance and verification.

10.0 RESPONSIBILITIES OF PLANNING GROUP (See ANNEXURE — 3)

10.1 WRC Work Category / Summary List.
Planning Engineer to generate WRC summary list through MMS system to
verify the "Work Category" of each WRC whether it is "Defect", "Job" or
"Modification” and distribute it to all maintenance sections and Field

Operation Group representatives' for daily meeting.

10.2 Planning Co-Ordination Daily Meeting.

This meeting will be held every working day for the purpose of planning and
scheduling the WRCs' as per priority and in consultation with Field Operation
representative regarding the time and period for issuing safety documents
and for the co-ordination required from other sections. Any
discrepancies/amendments, WRC transfer details, changing priority etc. will
be discussed accordingly, the work card entry for planned time" Begin and

Close" will be either confirmed or re-scheduled as per the requirement.

This version supersedes the Standard Procedure WTD-S-12-201 1, issued in 20-11-2011
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10.3  Pending Jobs Weekly Review Meeting.

This meeting is once a week to review pending jobs with each maintenance

section separately. The status will be discussed and updated accordingly.

11,0 ENCLOSURES
= |ist of Responsibility of Entering WRC's, ANNEXURE — 1A & 1B
® WRC Flow Chart, Maintenance Activity, ANNEXURE — 2
» WRC Flow Chart, Planning Activity, ANNEXURE — 3
® Operation Procedure, Issue of WRC through MMS, ANNEXURE — 4
# QOperation Procedure, Request for Permit, ANNEXURE - 5

This version supersedes the Standard Procedure WTD-S-12-201 1, issued in 20-11-2011
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ANNEXURE — 1A

list of Responsibility of Entering WRC’s

Issuing & Entering a WRC on Miscellaneous Devices
under Field Operation Responsibility

" Category Device Detail

Civil Work All Civil Works. m.the stations & any kind of paintings
{also pump painting).
All Wark Request Cards related to:
1. Service Water Leak.

. . 2. Toilets & Kitchens.

Premise Maintenance .
3. Service Tanks.
| 4. Car Park.
5. Station Drainage.
Sampling Point All Work Request Cards related to sampling points.
L L All Work Request Cards related to Irrigation Tap &
Civil frrigation
Hoses.
Cable Sealing All sealing Work Reguest Cards.

All Devices Corrosion works.
All Work Request Cards related to:
1. Sign Boards.

All Sign Boards 2. Caution Notices.

3. Device Numbering.
4. Tagging.

Chambers All Work Request Cards related to Chamber Civil

- Works & Valve Keys,

This version supersedes the Standard Procedure WID-S-12-2011, issued in 20-11-2011
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ANNEXURE — 1A (Continue)

All Lightings

All Work Request Cards related to Floodlights, ESR
Lightings, Warning Lights, Premise Fluorescent
Lights, Street Lights & Security Room Lightings.

Ventilation Fans

All Work Request Cards related to Ventilation Fans.

All Cooling Fans in Control Room Panel & Cl, PLC

Electrical Cooling Fans Syiten.
Exhaust Fans & Air | All Work Request Cards related to Exhaust Fans & Air
Fans Fans.
Mimic Panel Lighting & Indication Lamps.
S/B Generator Filling Diesel.
Overhead Crane All Electrical problems.
Sump Pumps All Work Request Cards related to Sump Pumps.
Storage Tanks All Work Request Cards related to Storage Tanks
(ESR‘sg& GST's) Drain Valves, Cathodic Protection, Transfer of Water
Mechanical from GST to GST.
Hi-Up All Work Request Cards related to Hi-Up.
Overhead Crane All Mechanical problems.
Instrument Chlorine System Chlorine Weighting Scale.

Process Control

Control Room Devices

Printers & Telephones.

Im ;
H::d Cfubaarfer First Aid Box, Control Room Cupboard, Telephone
Others Bill, Main Gate Intercom, Area Foreman or any
or . : .
: Salmabad Offices Miscellaneous Requirements.
Stations
Nete Any Work Request Cards on the above devices will be the responsibility of WCC

if it becomes Priority (1).

This version supersedes the Standard Procedure WID-S-12-2011 , Issued in 20-11-2011
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ANNEXURE - 1B

list of Responsibility of Entering WRC’s

WRC's Issuing & Entering under WCC Responsibility

_Category - . Device . o Detail -
Pumps Rotor shaft, coupling & any other
(including duty & standby) electrical preblems.

1. Motor Compiete Assembly.

2, RTD's up to motor terminal box.
3. Space heater.

4. Brush gear for slip ring motor.
5. Resistance Panel.

Electrical 6. Power cable .

| 7. Switches and Push Button.

Motor N .
(including duty & standby) 8. Sacrificing anodes for submersible
motors.
9. Cable.

10. Level electrodes & cables.
11. Isolators { Field )

12. Motor starter.

13. Protection relay.

14. indication lights.

All stations Main Power related

Main Power
prablems,

1. Transformer Unit.
2. Power Cables.
Power Transformers 3. Control Cables.

4, Temp. Indicators.
5. Silica Gel,

This version supersedes the Standard Procedure WID-5-12-2011, issued in 20-11-2011
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ANNEXURE — 1B (Continue)

|
Air compressor & All Work Request Cards related to Air

Accessories Compressors {(duty & standby).

1. Bus bar, ACB's & VCB's,

2. Switch Gear Protection Relays.
3. Power Dist. Board.

Panel Board + Switch 4. MCCB, Fuses, Isolators.

Gear & Accessories 5. Starter & Cables,

6. Protection Relay + CT

7. Ammeter, Volt meter

8. Cubica! Panel.

Electrical

Instrument MIMIC Panel Supply Cables
1. Moter & Starter
Chlorination System & 2, Power Cable.
Associated Equipment. 3. Main fuses.
4. Motor protection relay.

Lights & Fittings.

Battery Charger

Battery Cells

Gen. Control Panel,

Starter, Motor and Dynamo
Charger.

6. Elect. Heater and Fan Motor.
7. Alternator Unit and Exciter.
8. Voltage Regulator.

8. Motorized Louver Actuator.
10. Solenoid for the valve,

11, Voltmeter - Ammeter.

12, Changeover Panel.

13. Frequency Meter.

VThRowN e

S/B Generator Set,
Generator House,
Electrical Fittings.

This version supersedes the Standard Procedure WID-S-12-201 1, issued in 20-11-2011




SEWA

! Bhecrrichy & Water Astherity
Phivadiun of Balinadn

Oi . aniE{} 2‘\ S\)‘JE

WATER TRANSMISSION DIRECTORATE

ANNEXURE — 1B (Continue)

Surge Vessels & System.

1. Main Power Supply
2. Main MCB

3. Protection Relay.
4. Power Cahles.

Electrical Ground Storage Tank. Main Power supply to the CB, Valves,
Level Tx
1. MOV Power Supply
Elevated Tank 2. Power dist. Board
1. MOV Power Suppiy
Valves 2. MOV Main MCB
1-Suction & Discharge Valves.
PLMDS 2- Inboard & Outboard Bearings.
(includin mai:& standby) 3- Inboard & Outboard Gland Packing.
& Y 4- Pumps NRV.
5. 5DFS Cooling System.
Chlorination system & L Boqster Pump Assemb.ly.
. . 2. Maintenance of Chlorine Booster
Associated Equipment
Pump.
Mechanical

S/B Generator Set,
Generator House,
Electrical Fittings.

Diesel Engine Fatlure.

Surge Vessels

All Work Request Cards related to
Surge Vessel.

All Valves including MOV's &
Manual Valves

All Work Request Cards related to
Valves except Drain Valves.

This version supersedes the Standard Procedure WID-5-12-2011, issued in 20-11-2011
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ANNEXURE — 1B (Continue)

1. All DCS Systems in Stations.
Control Room Devices 2. All SCADA Systems & RTU's in
Stations.

1. Status of SIC terminal.

a) Running / Stopped

b) Normal / Failed

c) Remote / Local
Which are connected to SIC cabinet
2. VWVF (VSD)

Motor

1. Temp. / Vibration Monitoring.
2. PLC Control Panel.

3. Marshaliing Panel.

4, SCADA System / Cabinet.

Panel Board + Switch 5. RTU Cabinets.

Gear & Accessories 6. 48 VDC System Cabinets.

{UPS System )

Process Control 7. Communication System of those
stations with established links.

8. VVWVF drive unit { VSD )

1. Chlorination PLC in Seef Blending
Chlorination System Station.
2. Chlorination PLC in WR-II Stations.

1. Level Indication at SCADA & DCS.

Ground Storage Tank 2. MOV Actuators.
MOV Actuators of ESR Qutlet MOV, GST
Valves
_ Infet /Outlet MOV,
Pumping Mains Main Valves Actuators.
surge Vessel / Towers MOV Actuators,

This version supcrsedes the Standard Procedure WID-S-1 2-2011, jssued in 20-11-2011
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ANNEXURE — 1B (Continue)

Instrument

Chlorine System

1. Chlorination Gas or Water or
Chlorinated Water Leak,

2. Chlorine Change-Over Valve.
3. Chlorination System Failure.

Flow Transmitters

All Flow Transmitters {inside & outside
stations).

Distribution PTX

Distribution Pressure Transmitters.

Level Transmitters

All GST's & ESR's Level Transmitters.

Gauges or Meters

1. Pressure Gauges.

2. Pumps Temperature, RPM and
Vibration Meters.

3. Pumping Mains Pressure Switches.

Tanks & Trunks

General

1. Water Leaks.
2. Trunks Damages.
3. Accidents on Trunks.

1)

2)

Any Work Request Cards on the above devices will be the responsibility

of WCC regardless of the priority.

Any Work Request Card related to Incident, Damage & Accident Report

to be the responsibility of WCC regardless of the priority,

This version supersedes the Standard Procedure WID-5-12-201 1, issued in 20-11-2011
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ANNEXURE - 2

WRC FLOW CHART — MAINTENANCE ACTIVITY

PLANNING

Issua

Section Engineer .

// Generate WRC
summary list fram
MMS system

v

Ceoordination meeting to
review category, priority

Approval

v

Site visit, request for
safely documents,

Safety Documents - - arrange materials and
manpower
Respective section
for
“ACTION'
Clear safety docurnaents |- o
A
Combined test / - . Combinad test /
inspection i bl inspection
Obtain requestor
approval for compieted |- -
Work Request Card

Enter WRC work done
comment, manpower
and materials details in
the MMS system

¥

Concurred By

and work scheduling

Receive completed
w | WRC for verification and

Seaction Engineer

o approval in the MMS
system and filing

This version supersedes the Standard Procedure WID-§-12-2011, issued jn 20-11-2011
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ANNEXURE - 3

WRC FLOW CHART — PLANNING ACTIVITY

| PLANNING : MAINTENANCE

L]

Issue Work Request Card

—@e Work request Card

h 4

Generate Wark Reguest
Card summary list from

MMS system
w
fssue WRC summary list to all Review Work Categary,
concerned and conduct co- ol Fricrity,  arrange materials,
ardination rmeeting {dailty} for safety documents and man
work scheduling, and follow up power for ACTHON

!

WRC  weekly mesting  with
each section separately 1o
review the pending work
regquest card progress.

!

Bi-Weekly meeting with all
concerned engineer to discuss
the criticat pending job cards.

h 4

Obtain reguestar approval
ot for completed Wark
Request Card

Recaiva complated Waork
Reguest Card for verification
and approval in the MMS
system and filing

This version supersedes the Standard Procedure WID-5-12-201 1, issued in 20-11-2011
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Field Operation section
Operating Procedures / Instructions

ANNEXURE - 4

Operation Procedure No.: [4 1

Date: 23/11/2012

Sub: Issuing of Work Request Card
through MMS for Critical & Non-
critical Defects

I e et b ey ot g st |

Lobasdl by dslondi 5028 MMS

With effect from 1/12/2012 all Shift Field

Operation  Staff must adhere to  the

following:

« Al senior and Dblending plant
technicians should report to  their

supervisors for non-critical defect 1o
issue Work Request Card through
MMS system as per the attached list,

«  All WRC for critical equipment such
as pumps. motors, UPS, ete., should
be reported 1o Water Control Center
for issuing WRC.

e All priority {1} WRC should be raised
by WCC for critical and non-critical
equipments.

above

All should strictly  fallow the

sy 1/12/2012 g td el daed]
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ANNEXURE - 5

Water Tmnsmlssiun ereatorate R
Maintenance Section '

Operating Procedures / Instructions

Operation Procedure No. 108 Date: 22/ 572005

Subject: Request for Permit - Joall agslad 33l 2 gigoll
\With immediate effect, no permit 1o work FASUPET TR FLEE e el Ty

Shall be issued if the perniit request was sih gl S ad s St .y ;

ot pricded  from the computerized . L
MM prinde fron s omp e A ol BLES e B b el
manlenance  svstesn end  clearly  the . 3

it S B e Aon pal dgic LT

acceptance from the operation department o
SV PP EUR PR R U |

should be marked. In the case of the
swetem is down, the manual permit reauest

to filled and 10 be passed to the pianning

section for  staumping  and  approval,

F Planning scction should keep a copy

which 1o be registered laier in the system,

N ;
Prep. By : Ebrahim Rashid Al Aradi i)1&‘)&;;);:»&)\!9{2 by Amm Abbas Khamﬁs_
walsall W‘Jw‘ﬂfié@!_ N :.%. _' Mwhn ol 1 Adalgay
(allomdpocsis) "0 |GV (algall A dgila gundy)

This version supersedes the Standard Procedure WID-S-12-2011, jssued in 20-11-2011
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Calibration certificate of
thermometer




Appendix G : Copy of Calibration Certificate for TMD T2 Device
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Appendix H

Summary of defects, frequency,
time and cost for all Hamala A2
GFS pumps
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Summary of defects, frequency,
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Appendix L

Summary of defects, frequency,
time and cost for all WR#2
pumps
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Appendix M

Mean time between failure for
leakage of gland packing defect




Appendix M

Mean time between failure for leakage of gland packing defect

Assumption ; Failure rate is constant for all pumps

Station: Hamala A2 GFS

Type of defect: Gland Packing leakage

Equipment Name: West Riff'a Pump #1

Frequency: 18

Table 1M — MTBF table for WR pump #1 at Hamala A2 GFS

et [ Duteof | T e[ Time o epo | LT | 7 Comlae Peseiage o
no. [aiture {(TYF)in Hrs (TTR) in Hrs order = size)
0 1-1-2G035 0 ¢ 0 Q
1 26-1-2005 600 20 144 5.56
2 2-11-2005 6720 6 192 11.11
3 28-12-2003 1344 9.66 360 16.67
4 14-1-2006 4018 6 408 2222
5 8-4-2006 2016 24.5 408 27.78
6 14-11-2006 5280 95 576 3333
7 26-12-2006 1008 1.5 576 38.89
] 12-3-2007 1824 6.34 600 44.44
5 29-3-2007 408 I8 1008 50.00
10 4-9-2007 3816 33 1344 55,56
11 19-%-2007 360 6 1824 6l.11
12 11-8-2008 7848 22 2016 66.67
13 4-9-2008 576 5.5 3816 72.22
14 28-9-2008 576 2.5 4464 77.78
15 6-10-2008 192 21 5280 £3.33
16 12-10-2008 144 10 6720 28.89
17 16-4-2009 4464 12 7848 94,44
18 7-9-2011 20976 10 20976 100.00
Total 38560 | 309

MTBF calculated = 58560 /18 = 3253.33 Hrs

MTBF from Weibull probability chart = 3400 Hrs

MTTR =309/ 18=17.16 Hrs

A =1/ MTBF = 1/3253.33 = 0.0003 failure / hour
A = MTBF / MTBF-MTTR = 3253.33 / 3253.33+17.16 = 0.995
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Station: Hamala A2 GFS

Type of defects: Gland Packing leakage

Equipment Name: West Riff'a Pump #2

Frequency: 22

Table 2M — MTBF table for WR pump #2 at Hamnala A2 GFS

Serial Date of failure Time to faliure | Time to repair Tgiii{é;g in ?aiﬁlﬁéngaﬁszi izri'cgi%e l(c)f
no. (TTE)in Hrs | (TTR)in Hrs der £ irey P
t] 1-1-2005 0 0 0 0
1 3-11-2005 7344 2 24 4.55
2 20-1-2006 1872 6 72 9.09
3 2-6-2006 3648 5 96 13.64
4 3-9-2007 10536 10 96 18.18
5 25-11-2007 1992 10 120 22,73
6 25-12-2007 720 6 168 27.27
7 27-2-2008 1536 2 240 31.82
8 1-3-2008 72 54 312 36.36
o 1-5-2008 1464 6 408 40.91
10 29-5-2008 672 10 672 4543
11 8-6-2008 249 4 720 50.00
12 9-6-2008 24 4 1464 54.55
13 13-6-2008 96 3 1536 58.09
14 17-6-2008 96 34 1584 63,64
15 24-3-2009 6720 10.5 1872 68.18
16 6-4-2009 312 9 1962 72.73
17 11-4-2009 120 7 3648 77.27
18 28-4-2009 408 0 6696 81.82
19 5-5-2009 168 0 6720 86.36
20 10-7-2008 1584 14 7344 90.91
21 13-4-2010 6696 6 10536 95.45
22 | 1772011 10992 135 10992 100.00
Total 57312 216

MTBEF calculated = 47312 /22 = 2605.09 Hrs

MTBF from Weibull prebability chart = 2600 Hrs

MTTR =216/22 =9.82 Hrs

A =1/MTBF = 1/ 2605.09 = 0.00038 failure / hour

A = MTBF / MTBF+MTTR = 2605.09 / 2605.09-9.82 = 0.996
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Station: Hamala A2 GFS

Type of defects: Gland Packing leakage

Equipment Name: West Riffa Pump #3

Frequency: 19

Table 3M — MTBF table for WR pump #3 at Hamala A2 GFS

0 | et | et | o e | 05| 3, G P
no. (TTF)inHrs | (TTR)in Hrs o ie) P
0 1-1-2005 0 0 0 0
1 15-1-2005 336 28 216 5.26
2 15-2-2005 744 0 312 10.53
3 2-11-2005 6240 2 336 15.79
4 21-6-2006 5544 58.5 360 21.05
5 3-10-2006 2496 5 360 26.32
6 18-10-2006 360 5 408 31.58
7 7-3-2007 3360 19.5 744 36.84
8 25-11-2007 6312 14 744 42.11
9 8-12-2007 312 38.5 816 47.37
10 17-6-2008 4608 34 912 52.63
11 21-7-2008 816 12 1776 57.89
12 28-8-2008 912 35 2040 63.16
13 14-9-2008 408 15 2496 68.42
14 29-9-2008 360 7 3360 73.68
15 30-10-2008 744 4608 78.95
16 23-1-2009 2040 6 5544 84.21
17 7-4-2009 1776 12 6240 89.47
18 | 6-2-2010 7320 I 6312 94.74
19 15-2-2010 216 24 " 7320 100.00

Total 44904 2795 |

MTBF calculated = 44904 / 19 = 2363.38 Hrs

MTBF frem Weibull probability chart = 2200 Hxs

MTTR = 279.5/19 = 14.7 Hrs

A =1/MTBF = 1/ 2363.38 = 0.00043 failure / hour

A = MTBF / MTBF+MTTR = 2363.38 /2363.8+14.7 = 0,994
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Station: Hamad Town blending station

Type of defects: Gland Packing leakage

Equipment Name: Distillate water pump #1

Frequency: 12

Table 4M ~ MTBF table for DW pump #1 at HTBS

, . ) . .| TTF (Hrs) in % Cumulative Percentage of
Serial e Time to failure | Time to repair . . g e
o Date of failure (TTF)in Hrs (TTR) in Hrs Ascending failure (fallu_re no. / Sample
' ' order size)
0 1-1-2005 0 0 0 0
1 14-1-2005 312 92.5 0 8.33
2 6-2-2003 552 12 G6 16.67
3 1-10-2005 5688 3 312 25.00
4 26-10-2005 600 5.25 552 33.33
5 30-10-2005 96 32 600 41.67
6 7-5-2006 4536 13 888 50.00
7 7-7-2006 1464 11.25 1464 58.33
8 28-10-2006 2712 2712 66.67
9 28-10-2006 0 4152 75.00
10 19-4-2007 4152 14 4536 83.33
11 17-5-2007 888 29 5688 91.67
12 25-3-2010 25032 4.5 25032 100.00
Fotal 46032 229.5

MTBEF calculated = 46032 / 12 = 3836 Hrs

MTBF from Weibull probability chart = 3800 Hrs

MTTR = 229.5/12=19.125 Hrs

& =1/ MTBF = 1/ 3836 = 0.00026 failure / hour

A = MTBF / MTBF+MTTR = 3836 /3836+19.125 = 0.995
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Station: Hamad Town blending station

Type of defects: Gland Packing leakage

Equipment Name: Hamad Town Distribution pump #2

Frequency: 6

Table 5M — MTBF table for HTD pump # 2 at HTBS

381 [ e ortutae | T ol | Time o | TR [ % ConiePeeage |
nag. {TTF)in Hrs {TTR) in Hrs order £ size) ’ P
0 1-1-2005 0 0 0 0
1 30-11-2006 16752 9 480 20.00
2 17-3-2007 4032 29 1680 40.00
3 17-1-2008 5880 4 4032 60.00
4 27-3-2008 1680 4.3 5880 80.00
5 16-4-2008 480 19 16752 160.00
Total 28824 56.5

MTBF calculated = 28824 / 5= 5764.8 Hrs

MTBF from Weibull probability chart = 4000 Hrs

MITR=565/5= 11.3 Hrs

A=1/MTBF = 1/ 5764.8 = 0.00017 failure / hour

A=MTBF /MTBF+MTTR = 5764.8 /5764.8+9.3 = 0.998
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Station: Hamad Town blending station
Type of defects: Gland Packing leakage

Equipment Name: Ground water pump #2

Frequency: 8

Table 6M - MTBF table for GW pump #2 at HTBS

" TTF (Hrs) in

% Cumulative Percentage of

Sﬁg.al Date of failure T(I?.]]?Ft; ifa;_]l ?:e 1(-%1;%;8}]}?2 As(ifgiing failure (faihslir:cr)lo, ! Sample

0 1-1-2005 0 0 0 0

1 1-10-2005 6552 2 2712 12.50
2 17-4-2006 4752 14 4368 25.00
3 8-8-2006 2712 13 4752 37.50
4 17-5-2007 6768 2% 4872 50.00
5 22-3-2008 7440 6552 62.50
6 1-7-2010 19944 6768 75.00
7 30-12-2010 4368 7440 87.50
8 21-7-2011 4872 19944 100.00

Total 57408 79

MTRBEF calculated = 57408 / 8 = 7176 Hrs

MTBF from Weibull probability chart = 6400 Hrs

MTTR =79/8=9.875 Hrs

A =1/ MTBF =1/ 7176 = 0.00014 failure / hour

A =MTBF /MTBF+MTTR = 7176 /7176+9.875 = 0,998
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Station: West Riff'a # 1 RS

Type of defects: Gland Packing leakage

Equipment Name: Distillatc water pump #1

Frequency: 4

Table 7TM ~ MTBF table for DW pump #1 at WR #1 BS

Reﬁal | Date of failure Time to failure | Time to repair TESFCE:IJ;ICE): g Li?aifllizlélfla?liu‘;z erc-'@s]::ielzf

no. (TTP)inHrs | (TTR)inHrs | o g cize) P

0 1-1-2003 0 0 0 0

1 9-10-2005 6744 6 2928 25.00

2 24-9-2006 8400 12 6744 50.00

3 24-1-2007 2928 16 8400 75.00

4 | 10-4-201) 36888 0 36888 100.00

Total 54960 34

MTBF calculated = 54960 / 4 = 13740 Hrs

MTBF from Weibull probability chart = 7400 Hrs

MTTR =34/4=8.5 Hrs

A= 1/ MTBF = 1/ 13740 = 0.000072 failure / hour

A =MTBF /MTBF+MTTR = 13740/ 13740+8.5 = 0.999
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Station: West Riff'a # 1 BS

Type of defects: Gland Packing leakage

Equipment Name: East tower pump #2

Frequency: 19

Table 8M — MTBF table for East tower pump #2 at WR #1 BS

Setial | Date of failure | 1M to failure | Time to repair Tgfct(fll:lg?l)l 5 D);?allcullj:em;l ;;E:ri iszeg;glelzf
no. 8 : (TTF)inHrs | (TTR)in Hrs = g i) p
0 1-1-2005 0 0 0 0
1 29-4-2006 11592 13 0 5.56
2 22-5-2006 552 2 24 11.11
3 17-11-2008 21840 6.33 264 16.67
4 4-12-2008 408 6 264 22.22
5 14-1-2009 984 14 312 27.78
6 14-1-2009 0 14 408 33.33
7 27-1-2009 312 5 552 38.89
8 28-2-2009 768 12 672 44.44
9 21-4-2009 1248 13 768 50.00
10 18-6-2009 1392 1 912 55.56
11 24-9-2010 11112 4 984 61.11
12 5-10-2010 264 10 1248 66.67
13 28-11-2010 1296 6 1296 72.22
14 5-1-2011 912 6 1392 77.78
15 16-1-2011 264 10 2592 83.33
16 4-5-2011 2592 12 11112 88.89
17 1-6-2011 672 5 11592 94.44
18 2-6-2011 24 0 21840 100.00

Total 56232 139.33

MTBEF calculated = 56232 / 18 = 3124 Hrs

MTBF from Weibull probability chart = 2400 Hrs

MTTR =139.33 /18 = 7.74 Hrs

L =1/MTBF = 1/ 3124 = 0.00032 failure / hour

A = MTBF / MTBF+MTTR = 3124/ 3124+7.74 = 0.997
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Station: West Riff'a # 1 BS

Type of defects: Gland Packing leakage

Equipment Name: East tower pump #1

Frequency: 10

Table 9M — MTBEF table for East tower pump #1 at WR #1 BS

Aeeal Date of failure Time to failure | Time to repair Tzig[df;ﬁjﬂ I};Oaigll;?:lflaaitlﬁi izrcfe;l;iglelzf

no. (TTR)inHrs | (TTR)inHrs | CoCine e P
0 1-1-2005 0 0 0 0

1 21-3-2006 10656 3.5 264 10.00

2 1-4-2006 264 15 456 20.00

3 24-4-2006 552 4.5 552 30.00

4 22-5-2006 672 ] 672 40.00

5 23-4-2008 16848 1.25 1536 50.00

6 26-8-2008 3000 12 2472 60.00

7 29-10-2008 1536 7 3000 70.00

8 17-11-2008 456 11 10656 80.00

9 28-2-2009 2472 12 15456 90.00

10 4-12-2010 15456 4 16848 100.00

Total 51912 75.25

MTBF calculated = 51912 / 10 = 5191.2 Hrs

MTBF from Weibull probability chart = 5000 Hrs

MTTR =75.25/10 = 7.025 Hrs

A =1/ MTBF =1/5191.2 = 0.00019 failure / hour

A = MTBF /MTBF+MTTR = 5191.2 / 5191.2+75.25 = 0.998
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Station: West Riff'a # 2 BS

Type of defects: Gland Packing leakage

Equipment Name: Distillate water pump #1

Frequency: 11

Table 10M — MTBF table for DW pump #1 at WR #2 BS

TTF (Hrs) in

% Cumulative Percentage of

Sizél Date of failure TE?,;]:{;E;_}?? Eﬁ;%oi;eﬁ?_: As;f;l;irin g failure (faih;;n;er;o‘ / Sample

0 1-1-2005 0 0 0 0

1 10-7-2005 4560 4.5 24 9.09
2 23-10-2005 2520 8 192 18.18
3 23-11-2005 744 10.33 744 2727
4 13-6-2008 22392 4 840 36.36
5 23-12-2008 4632 < 2520 45.45
6 27-1-2009 840 8 4368 54.55
7 6-8-2009 4584 4 4560 63.64
8 4-2-2010 4368 5 4584 72.73
9 15-2-2011 9024 7 4632 81.82
10 16-2-2011 24 7.5 9024 90.91
11 24-2-2011 192 4 22392 100.00

Total 53880 66.33

MTBF =53880/ 11 =4898.2 Hrs

MTBF from Weibull probability chart = 5000 Hrs

MTTR=66.33 /11 = 6.03 Hrs

A= 1/ MTBF = 1/4898.2 = 0.0002 failure / hour

A=MTBF / MTBF+MTTR = 4898.2 / 4898.2+6.03 = 0.998
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Station: West Riff'a # 2 BS
Type of defects: Gland Packing leakage
Equipment Name: Tower pump #2

Frequency: 11

Table 11M — MTBF table for tower pump #2 at WR #2 BS

no. (TTF)inHrs | (TTR)in Hrs o size) P
0 1-1-2005 0 0 0 0
1 5-10-2005 6648 6.83 1416 9.09
2 17-6-2006 6120 7 1800 18.18
3 16-11-2006 3648 6 2616 27.27
4 30-8-2007 6888 9.75 3192 36.36
5 17-12-2007 2616 5.5 3648 45.45
6 9-8-2008 5664 10 5664 54.55
7 23-10-2008 1800 8 6120 63.64
8 5-3-2009 3192 7 6288 72.73
9 3-5-2009 1416 0 6648 81.82
10 1-9-2010 11664 7 6388 90.91
11 21-5-2011 6288 126 11664 100.00
Total 55944 193.08

MTBF =55944 /11 = 5085.8 Hrs

MTBF from Weibull probability chart = 5100 Hrs
MTTR =193.08 /11 = 17.55 Hrs

A =1/ MTBF = 1/ 5085.8 = 0.00019 failure / hour

A = MTBF / MTBF+MTTR = 5080.8 / 5085.8+17.55 = 0.996
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Station: West Riff'a # 2 BS

Type of defects: Gland Packing leakage

Equipment Name: Tower pump #3

Frequency: 8

Table 12M — MTBF table for tower pump #3 at WR #2 BS

TTF (Hrs) in

% Cumulative Percentage of

S;E‘a] Darte of failure T;?.?;;fg?;e ' T}?;;Oi]:eﬁi: Asgfélsring failure (failzirzeer)w.f Sample

0 1-1-2005 0 0 0 0

1 23-9-2005 6360 13.5 0 12.50
2 22-10-2005 696 10 696 25.00
3 29-1-2006 2376 13 1200 37.50
4 29-1-2006 0 13 2376 50.00
5 20-3-2006 1260 6 6360 62.50
6 8-1-2007 7056 7 7056 75.00
7 22-4-2009 20040 13.5 7848 87.50
8 15-3-2010 7848 4 20040 100.0G

Total 45576 86

MTBF calculated = 45576 /8 = 5697 Hrs

MTBF from Weibull probability chart = 5500 Hrs

MTTR =80/8= 10 Hrs

A =1 MTRBF =1/ 5697 = 0.00017 failures / hour

A=MTBF / MTBF+MTTR = 5697 / 5697+10 = 0.998
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Station; Hamad Town Distribution Station

Type of defects: Gland Packing leakage

Equipment Name: Tower pump #]

Frequency: 2

Table 13M — MTBF table for tower pump #1 at HTDS

TTF {Hrs) in

% Cumulative Percentage of

Sﬁz‘al Date of failure T(I.??}:;rfa&ge j;}r.r;;t)oi;eﬁi: As§irjlgring failure (failz;'zeer;o. / Sample
0 1-1-2005 0 0 0 0
H 14-6-2006 12696 4992 50
2 8-1-2007 4992 16 12696 100
Total 17688 17

MTBF calculated = 17688 /2 = 8844 Hrs

MTBF from Weibull probability chart = 5700 Hrs

MTTR=17/2= 8.5 Hrs

A =1/ MTBF = 1/ 8844 = 0.00011 failure / hour

A =MTBF /MTBF+MTTR = 8844 / 8844+8.5 = .999
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Appendix N

Relationship between Preventive
and corrective maintenance
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Table 1 N— Relationship between preventive maintenance of pumps and corrective maintenance of gland

packing for West Riffa pump #1 at Hamala A2 GFS

PPM task number Duration betweten planned preventive No c_)f corrective actions for gland
maintenance packing defect between PPM tasks

1 17-1-2008 to 27-3-2008 0
2 27-3-2008 to 4-6-2008 0
3 4-6-2008 to 3-7-2008 0
4 3-7-2008 to 7-8-2008 0
5 7-8-2008 to 31-8-2008 1
6 31-8-2008 to 13-10-2008 4
7 13-10-2008 to 13-11-2008 0
8 13-11-2008 to 1-12-2008 0
9 1-12-2008 to 22-2-2009 0
10 22-2-2009 to 16-3-2009 0
11 16-3-2009 to 8-4-2009 0
12 8-4-2009 to 25-5-2009 1
13 25-5-2009 to 26-8-2009 0
14 26-8-2009 to 17-9-2009 0
15 17-9-2009 to 4-1-2010 0
16 4-1-2010 to 18-2-2010 0
17 18-2-2010 to 19-7-2011 0
18 19-7-2011 to 9-8-2011 0
19 9-8-2011 to 19-9-2011 1
20 19-9-2011 to 28-10-2011 0
21 28-10-2011 to 29-11-2011 0
| Total 21 7

Explanation for Table 1N:

The first task for planned preventive maintenance for ground water pump #1 at Hamala A2 GFS
implemented on 17 of January 2008 and on 27 March 2008 as per the planned schedule for
mechanical maintenance section, there is no corrective action for gland packing between these two
days, but for PPM task 6, there were four times of corrective action took place to repair the gland

packing from leaking.
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No of corrective actions
[ o %]

® 3 o 5
\ o W "v < KU S S S I S S
A \(° \‘b S \\q’ AT F AT WV S R
< ,\;b' Rt SARC VoAE R N N o

Date of PPM task

Chart I N - Relationship between preventive maintenance of pumps and corrective maintenance of gland packing for
West Riff'a pump #1 at Hamala A2 GFS

Explanation for Chart 1N:

The above chart is representation of Table 1 N, no corrective maintenace done from PPM task 1
which conducted on 17-01-2008 up to PPM task 4 which conducted on 3-7-2008, but from PPM
task 6 to PPM task 7 (31-08-2008 to 13-10-2008), four corrective maintenance action carried out to

repair gland packing.
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Table 2 N- Relationship between preventive maintenance of pumps and corrective maintenance of gland

packing for West Riff'a pump #2 at Hamala A2 GFS

Duration between planned preventive No of corrective actions for gland
RN wsknumber mainufnance d packing defect between PPMgtasks
1 27-2-2008 to 27-3-2008 2
2 27-3-2008 to 28-4-2008 0
3 28-4-2008 to 26-5-2008 1
4 26-5-2008 to 2-6-2008 1
5 2-6-2008 to 2-7-2008 4
6 2-7-2008 to 10-8-2008 0
7 10-8-2008 to 2-9-2008 0
8 2-9-2008 to 14-10-2008 0
9 14-10-2008 to 13-11-2008 0
10 13-11-2008 to 30-11-2008 0
11 30-11-2008 to 19-2-2009 0
12 19-2-2009 to 22-2-2009 0
13 22-2-2009 to 16-3-2009 0
14 16-3-2009 to7-4-2009 2
15 7-4-2009 to 5-7-2009 3
16 5-7-2009 to 30-7-2009 1
17 30-7-2009 to 2-11-2009 0
18 2-11-2009 to 6-12-2009 0
19 6-12-2009 to 18-2-2010 0
20 18-2-2010 to 18-7-2011 2
21 18-7-2011 to 9-8-2011 0
22 9-8-2011 to 19-9-2011 0
23 19-9-2011 to 29-11-2011 0
Total 23 16
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Table 3 N~ Relationship between preventive maintenance of pumps and corrective maintenance of gland

packing for West Riff'a pump #3 at Hamala A2 GFS

pest ki | DT el e o oottt eons o g
1 22-1-2008 to 27-2-2008 0
2 27-2-2008 to 26-3-2008 0
3 26-3-2008 to 27-4-2008 0
4 27-4-2008 to 26-5-2008 0
5 26-5-2008 to 4-6-2008 0
6 4-6-2008 to 2-7-2008 1
7 2-7-2008 to 10-8-2008 |
8 10-8-2008 to 2-9-2008 1
9 2-9-2008 to 16-10-2008 2
10 16-1G-2008 to 12-11-2008 1
11 12-11-2008 to 30-11-2008 0
12 30-11-2008 to 1-12-2008 0
13 1-12-2008 to 23-2-2009 1
14 23-2-2009 to 12-3-2009 0
15 12-3-2009 to 7-4-2009 1
16 7-4-2009 to 26-5-2009 0
17 26-5-2009 to 30-6-2009 0
18 30-6-2009 to 30-7-2009 0
19 30-7-2009 to 30-8-2009 0
20 30-8-2009 to 23-9-2009 Q
21 23-9-2009 to 3-11-2009 0
22 3-11-2009 to 18-7-2011 2
23 18-7-2011 to 10-8-2011 0

Total 23 10
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Table 4 N- Relationship between preventive maintenance of pumps and corrective maintenance of gland

packing for DW pump #1 at HTB

FeM kaunber | DUeien e pamed reveaihe N of comerie sl o gnd
1 12-2-2006 to 7-5-2006 1
2 7-5-2006 10 10-8-2006 1
3 10-8-2006 to 28-10-2006 1
4 28-10-2006 to 25-1-2007 1
5 25-1-2007 to 3-7-2007 ]
6 3-5-2007 to 31-7-2007 1
7 31-7-2007 to 31-10-2007 0
8 31-10-2007 to 14-2-2008 0
9 14.2-2008 to 12-5-2008 0
10 12-5-2008 to 21-7-2008 0
11 21-7-2008 to 13-10-2008 0
12 13-10-2008 to 31-1-2009 0
13 31-1-2009 to 14-5-2009 0
14 14-5-2009 to 26-10-2009 0
15 26-10-2009 to 19-1-2009 0
16 19-1-2009 to 24-5-2010 1
Total 16 7 N

Explanation for Table 4 N:

Planned preventive maintenance for distiilate water pump at HTBS implemented on 12 of February
2006 and on 7 May 2006 as per the planned schedule for mechanical maintenance section. Between
these two days only one problem of gland packing came out and maintenance staff do the

neccesary corrective action to rectify the leak.
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Table 5N — Relationship between preventive maintenance of pumps and corrective maintenance of gland
packing for HTD pump #2 at HTB

PEM takmisinber Duration betwe;n planned preventive No c_»f corrective actions for gland
maintenance packing defect between PPM tasks

1 12-2-2006 to 6-5-2006 0
2 6-5-2006 to 10-8-2006 0
3 10-8-2006 to 28-10-2006 1
4 28-10-2006 to 25-1-2007 0
5 25-1-2007 to 2-4-2007 0
6 2-4-2007 to 1-8-2007 1
7 1-8-2007 to 1-9-2007 (overhauling) 0
8 1-9-2007 to 1-11-2007 0
9 1-11-2007 to 17-2-2008 1
10 17-2-2008 to 7-5-2008 2
11 7-5-2008 to 21-7-2008 0
12 21-7-2008 to 27-10-2008 0
13 27-10-2008 to 31-1-2009 0
14 31-1-2009 to 18-5-2009 0
15 18-5-2009 to 27-10-2009 0
16 27-10-2009 to 20-1-2010 0
17 20-1-2010 to 23-5-2010 0
18 23-5-2010 to 5-7-2010 0
19 5-7-2010 to 14-10-2010 0
20 14-10-2010 to 13-1-2011 0
21 13-1-2011 to 5-5-2011 0
22 5-5-2011 to 12-7-2011 0
23 12-7-2011 to 24-10-2011 0
Total 22 5
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Table 6 N — Relationship between preventive maintenance of pumps and corrective maintenance of gland
packing for GW pump #2 at HTB

[eoat ke | O e el pevnie [N oot oo gt
1 6-5-2006 to 10-8-2006 1
2 10-8-2006 to 28-10-2006 8]
3 28-10-2006 to 24-1-2007 0
4 24-1-2007 to 2-4-2007 0
5 2-4-2007 to 1-8-2007 (Overhauling) ]
6 1-8-2007 to 30-10-2007 0
7 30-10-2007 to 18-2-2008 0
8 18-2-2008 to 11-5-2008 1
9 11-5-2008 to 21-7-2008 0
10 21-7-2008 to 27-10-2008 0
11 27-10-2008 to 19-5-2009 0
12 19-5-2009 to 21-7-2009 0
13 21-7-2009 to 27-10-2009 0
14 27-10-2009 to 20-1-2010 0
15 20-1-2010 to 26-5-2010 0
16 26-5-2010 to 4-7-2010 1
17 4-7-2010 to 12-19-2010 0
18 12-10-2010 to 13-1-2011 1
19 13-1-2011 to 7-5-2011 4]

20 7-5-2011 to 14-7-2011 0
21 14-7-2011 to 24-10-2011 1
Fotal 20 6
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Table 7 N - Relationship between preventive maintenance of pumps and corrective maintenance of gland

packing for East tower pump #2 at WR#1 BS

PPM task number

Duration between planned preventive
maintenance

No of corrective actions for gland
packing defect between PPM tasks

1 4-2-2006 to 29-4- 2006 0
2 29-4-2006 to 7-8-2006 2
3 7-8-2006 to 5-11-2006 0
4 5-11-2006 1o 1-11-2007 (overhauling) 1
5 1-11-2007 to 3-2-2008 0
6 3-2-2008 to 20-4-2008 0
B 7 20-4-2008 to 24-6-2008 0
8 24-6-2008 to 25-10-2008 0
9 25-10-2008 t0 4-2-2009 5
10 4-2-2009 to 25-4-2009 2
11 25-4-2009 to 14-7-2009 1
12 14-7-2009 to 14-1-2010 0
13 14-1-2010 to 12-4-2010 0
14 12-4-2010 to 7-7-2010 0
15 7-7-2010 t0 19-10-2010 2
16 19-10-2010 to 9-1-2011 2
17 9-1-2011 to 21-4-2011 ]
8 2142011 to 25-7-2011 3
Total 18 19
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Date of PPM task

Chart 7 N- Retfationship between preventive maintcnance of pumps and corrective maintenance of gland

packing for East tower pump #2 at West Riff’a #1 BS
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Table 8 N - Relationship between preventive maintenance of pumps and corrective maintenance of gland

packing for East tower pump #1 at WR#1 BS

Duration between planned preventive

No of corrective actions for gland

PPM task number maintenance packing defect between PPM tasks
1 4-2-2006 to 29-4-2004 3
2 29-4-2006 1-10-2006 {overhanling) 1
3 1-10-2006 to 8-4-2007 0
4 8-4-2007 to 22-7-2007 0
5 22-7-2007 to 21-10-2007 0
6 21-10-2007 to 3-2-2008 0
7 3-2-2008 to 20-4-2008 0
8 20-4-2008 to 24-6-2008 1
9 24-6-2008 to 25-10-2008 1
10 25-10-2008 to 4-2-2009 2
I1 4-2-2009 to 25-4-2009 0
12 25-4-2009 to 14-7-2009 0
13 14-7-2009 to 25-10-2009 0
14 25-10-2009 to 14-1-2010 ¢
15 14-1-2010 to 12-4-2010 0
16 12-4-2010 to 7-7-2010 0
17 7-7-2010 to 19-10-2010 0
18 19-10-2610 9-1-2011 1
Total 18 9
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Date of PPM task

Chart 8 N- Relationship between preventive maintenance of pumps and corrective maintenance of gland

packing for East tower pump #1 at West Riff’a #1 BS
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Table 9 N — Relationship between preventive maintenance of pumps and corrective maintenance of gland

packing for Distillate water pump #1 at WR#1 BS

PPM task number Duration betwe_en planned preventive No qf corrective actions for gland
maintenance packing defect between PPM tasks

1 5-1-2006 to 22-4-2006 0
2 22-4-2006 to 1-8-2006 0
3 1-8-2006 to 1-11-2006 1
4 1-11-2006 to 22-1-2007 0
5 22-1-2007 to 5-4-2007 1
6 5-4-2007 to 15-7-2007 0
7 15-7-2007 to 1-9-2007 (overhauling) 0
8 1-9-2007 to 22-10-2007 0

9 22-10-2007 to 31-1-2008 0 0
10 31-1-2008 to 26-6-2008 0
11 26-6-2008 to 25-10-2008 0
12 25-10-2008 to 3-2-2009 0
13 3-2-2009 to 25-4-2009 0
14 25-4-2009 to 12-7-2009 0
15 12-7-2009 to 26-9-2009 0
16 26-9-2009 to 14-1-2010 0
17 14-1-2010 to 15-4-2010 0
18 15-4-2010 to 9-7-2009 0
19 9-7-2009 to 24-10-2010 0
20 24-10-2010 to 12-1-2011 0
21 12-1-2011 to 21-4-2011 1
22 21-4-2011 to 22-7-2011 0
23 22-7-2011 to 26-10-2011 0
Total J 23 3

210




No of corrective actions

Date of PPM task

Chart 9 N- Relationship between preventive maintenance of pumps and corrective maintenance of gland

packing for Distillate water pump #1 at West Riffa #1 BS
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Table 10 N ~ Relationship between preventive maintenance of pumps and corrective maintenance of gland

packing for Distillate pump #1 at WR#2 BS

e kot | DS T | ool g |
1 30-5-2006 to 10-9-2006 0
2 10-9-2006 to 27-11-2006 0
3 27-11-2006 to 27-2-2007 0
4 27-2-2007 t0 29-5-2007 0
5 29-5:2007 to 4-9-2007 0
6 4-9-2007 o 4-12-2007 0
7 4-12-2007 to 19-3-2008 0
8 19-3-2008 to 25-5-2008 0 |
9 25-5-2008 fo 14-9-2008 1
10 14-9-2008 t0 9-11-2008 0
11 9-11-2008 to 4-3-2009 2
12 4-3-2009 to 31-8-2009 0
13 31-8-2009 to 17-11-2009 0
14 17-11-2009 to 2-3-2010 0
15 2-3-2010 to 6-5-2010 0
16 6-5-2010 o 1-8-2010 (overhauling) 0
17 1-8-2010 to 3-10-2010 0
18 3-10-2010 to 28-11-2010 1
19 28-11-2010 10 2-3-2011 3
20 2-3-2011 to 1-5-2011 0 |
21 1-5-2011 to 6-9-2011 0
Total 21 7 J
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Chart 10 N- Relationship between preventive maintcnance of pumps and corrective maintenance of gland

packing for Distillate water pump #1 at West Riff’a #2 BS
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Table 11 N—Relationship between preventive maintenance of pumps and corrective maintenance of gland

packing for tower pump #2 at WR#2 BS

PPM task number |

Duration between planned preventive
majintenance

No of corrective actions for gland
packing defect between PPM tasks

1 3-3-2006 to 29-5-2006 0
2 29-5-2006 to 29-11-2006 2
3 29-11-2006 to 28-2-2007 0
4 28-2-2007 to 2-9-2007 1
5 2-9-2007 to 3-12-2007 0
6 3-12-2007 to 22-3-2008 1
7 22-3-2008 to 25-5-2008 0
8 25-5-2008 to 16-9-2008 0
9 16-9-2008 to 10-11-2008 0
10 10-11-2008 to 5-3-2009 0
11 5-3-2009 to 1-6-2009 0
12 1-6-2009 to 1-8-2009 (overhauling) 3
13 1-8-2009 to 6-9-2009 0
14 6-9-2009 to 16-11-2009 0
15 16-11-2009 to 4-3.2010 0
16 4-3-2010 te 27-9-2010 2
17 27-9-2010 25-11-2010 0
18 25-11-2010 to 3-3-2011 0
19 3-3-2011 to 2-5-2011 0
20 2-5-2011 to 12-9-2011 1
21 12-9-2011 to 14-11-2011 0
Total 21 10
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Chart 11 N— Relationship between preventive maintenance of pumps and corrective maintenance of gland

packing for Tower pump #2at West Riff"a #2 BS
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for Gland packing leakage




Appendix O

Cost of corrective action (repair) for gland packing leakage

1. Hamala A2 GFS:

Table 10 - Cost of repairing for West Riffa pump # 1 at Hamala A2 GFS

No. Mlzg]tga?;e Man-hours (Hrs) Me(m];a) B\)ver Material (BD)
1 Replaced 20 41 0
2 Adjusted 6 9.6 0
3 Adjusted 9.66 15.47 0
4 Adjusted 6 9.6 0
5 Replaced 24.5 56.1 175
6 Replaced 95 181.1 100
7 ey 13 : 0
8 Adjusted 6.33 i | 0
9 Replaced by 18 5747 0

contractor

10 Adjusted 33 82.69 0
11 Adjusted 6 12 0
12 Replaced 22 54.45 18
13 Tightened 5.5 14.85 0
14 Repaired 2.5 7.5 0
15 Tightened 21 58.8 0
16 Repaired 10 24 0
17 Adjusted 12 28.8 0
18 No comment 10 24 0

Total 308.99 694.53 293

Cost of replacing gland packing = BD 387.12

Cost of adjusting gland packing = BD 307.41

Cost of material related to replacement of gland packing = BD 293

Table2 O - Cost of repairing for West Riff'a pump # 2 at Hamala A2 GFS

No. Mﬁ?;gza};};e Man-hours (Hrs) Mzzné:’g\;er Material (BD)
1 Remove one packing 2 3:2 0
2 Adjusted 6 9.6 0
3 Adjusted 5 10.25 0
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4 Adjusted 10 22 0
5 Remove one packing 26 494 18
6 Adjusted 6 14.1 0
7 Adjusted 2 5.4 0
8 Add packing 54 149.66 40
9 Adjusted 6 16.2 0
10 Replaced 10 32.06 0
11 Completed 4 10.8 0
12 Add packing 4 10.8 0
13 Adjusted 3 8.10 0
14 Add packing 34 95.51 6
15 Adjusted 10.5 5.2 0
16 Replaced 9 234 0
17 Adjusted 7 18.9 0
18 Cancelled 0 0 0
19 Cancelled 0 0 0
20 Replaced 14 35.7 0
21 Adjusted 6 16.2 40
22 Replaced 1303 39.6 20
Total 232 596.08 124

Cost of replacing gland packing = BD 130.76

Cost of adjusting gland packing = BD 465.32

Cost of material related to replacement of gland packing = BD 20

Cost of material related to adjustment of gland packing = BD 86

Table 3 O - Cost of repairing for West Riffa pump # 3 at Hamala A2 GFS

No. Mﬁf;gza?ie Man-hours (Hrs) M?nﬁg‘;er Material (BD)
1 Replaced 28 46.3 30
2 Adjusted 0 15.93 0
3 Add packing 2 4 0
4 Replaced 58.5 105.3 231.6
5 Adjusted 5 10.6 0
6 Adjusted 3 11 0
7 Adjusted 19.5 375 0
8 Adjusted 14 329 0
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9 Replaced 38.5 106.15 30
10 Add packing 34 95.51 6
I Replaced 12 288 0
12 Adjusted 1.5 4.05 0
13 Adjusted 35 8.4 0
14 Adjusted 7 19.95 0
15 Add ﬁfﬁg and 8 22.8 55
16 Adjusted 6 15.6 0
17 Replaced 12 nz 50
18 Adjusted 1 2.7 0
19 Replaced 24 67.33 3s
Toil 27935 66602 476

Cost of replacing gland packing = BD 385.08

Cost of adjusting gland packing = BD 280.94

Cost of material related to replacement of gland packing = BD 406.6

Cost of material related to adjustment of gland packing = BD 61
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2. Hamad Town BS:
Tablc 4 O - Cost of repairing for Distillate water pump # | at HTBS
No. Mfzf;{[gzaiie Man-hours (Hrs) Ma(ug}](:))\)ver Material (BD)
1 New packing 92.5 163.85 ¢
2 Replaced 12 216 247
3 Adjusted 3 5.55 0
4 Adjusted 525 8.58 0
5 Replaced 32 56.90 o
o Replaced 13 13 40
7 Adjusted 11.25 24.84 0
8 Replaced 8 20 0
9 Adjusted 5 5 0
10 Adjusted 14 3885 0
11 Adjusted 29 70.33 0
12 J Replaced 4.5 14.10 ]
Total 229.5 425 287

Cost of replacing gland packing = BD 289.45

Cost of adjusting gland packing = BD 153.07

Cost of material related to replacement of gland packing = BD 287

Table 5 O - Cost of repairing for Hamad Town Distribution pump # 2 at HTBS

No. Mﬁ?:?tgﬁaiie Man-hours (Hrs) Mzztga[o)\;fcr Material {BD)
1 Adjusted 9 273 0
2 Adjusted 29 70.33 0
3 Tightenad 4 1.4 0
4 Replaced 4.5 12.15 0
5 Replaced ¢ Y 0
Tota T 0

Cost of replacing gland packing = BD 12.15

Cost of adjusting gland packing = BD 109.03
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Table 60 - Cost of repairing for ground watcr pump # 2 at HTRS

Action by

Manpower

No. Maintenance Man-hours {(Hrs) (BD) Material (BD)
1 Adjusted 2 37 ! 0
2 Slﬂi;iiféi“g 14 2.4 360
3 Adjusted 13 22.1 : 0
4 Replaced 29 T0.33 64
5 Leak secured 3 4.05 0
6 Replaced 9 225 ' 0
7 Replaced 4] 14.4 15
g [ Adjusted 3 8.1 e
To w 200 88 43

Cost of replacing gland packing = BD 129.63
Cost of adjusting gland packing = BD 71.25

Cost of material related to replacement of gland packing = BD 439
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3. West Riff'a #1 BS:

Table 70 - Cost of repairing for East Tower pump # 2 at West Riffa #1 BS

No. Mﬁfﬁﬁﬁaﬁ?ée Man-hours (Hrs) M?‘gﬁ‘;er Material (BD)
1 Adjusted 3.5 56 0
2 Adjusted 15 28 ¢
3 Adjusted 4.5 7.65 0
4 Adjusted 5 8 0
5 Adjusted 12 324 0
6 Adjusted 7 18.9 0
7 Adjusted 11 31.35 20
& Replaced 12 28.80 0
9 Adjusted 2 6 0
10 i Adjusted 4 9.6 0

Total 76 1763 20

Cost of replacing gland packing = BD 28.8

Cost of adjusting gland packing = BD 147.5

Cost of material related to adjustment of gland packin g=BD20

.Table 8 O - Cost of repairing for East Tower pump # | at West Riffa #1 BS

No. Mﬁ;ﬁzg;};e | Man-hours (Hrs) Me(mgIo)\)ver | Material (BD)
1 Replaced 13 26,5 31
2 Adjusted 2 3.2 0
3 Replaced 7 14 120
4 Adjusted 8 19.2 0
5 Adjusted 6 16.2 0
6 Adjusted 14 336 0
7 Adjusted 14 335 0
8 Adjusted 5 13.5 0
9 Adjusted 12 28.8 0
14 Replaced 13 31.2 0
11 Add packing 1 2.63 10
12 Replaced 4 9.6 10
13 Adjusted 10 24 0
P14 i Adjusted 6 17.1 0
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15 Add and adjust 6 144 Is
16 Adjusted 10 24 0
17 Adjusted 12 28.8 0
I8 Leak secured 5 13.3 0
19 Buplicate 0 0 0
L Total 148 353.83 186

Cost of replacing gland packing = BD 81.3

Cost of adjusting gland packing = BD 272.53

Cost of material related to replacement of gland packing = BD 161

Cost of materiel related to adjustment of gland packing = BD 25

Table 9 O - Cost of repairing for ground water pump # 1 at West Riffa #1 BS

No. Mﬁiizﬁaz};e Man-hours (Hrs) Me;ng](:))\)ver Material (BD)
1 Adjusted 6 11.2 0
2 Adjusted 12 17.1 0
3 Replaced 16 42 0
4 Cancelled 0 0 0
Total 34 703 0

Cost of replacing gland packing = BD 42

Cost of adjusting gland packing = BD 28.3
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4. West Riff'a #2 BS:
Table 10 O - Cost of repairing for distillate water pump # 1 at West Riff'a #2 BS
No. Mlzfxzigﬁa]z]};e Man-hours (Hrs) Mz(mé)g\;er Material (BD) ]
1 Adjusted 4.5 10.8 0
2 Adjusted 8 16.4 0
3 Adjusted 10.33 203 0
4 Adjusted 6 6 0
5 Adjusted 4 10.8 0
6 Adjusted 4 10.8 0
7 Adjusted 8 204 0
8 Leak secured 5 12.75 0
9 Adjusted 7 16.8 0
10 Adjusted 7.5 22.75 0
11 Replaced 8 21.6 0
Total 72.33 169.4 0
Cost of replacing gland packing = BD 21.6
Cost of adjusting gland packing = BD 147.8
Table 11 O - Cost of repairing for Tower pump # 2 at West Riffa #2 BS
No. Mﬁﬁgﬁaﬁe Man-hours (Hrs) Ma(“é’g‘)"er Material (BD)
1 Replaced 6.83 16.4 0
2 Adjusted 7 14 0
3 Adjusted 6 9.6 0
4 Replaced 9.75 1593 46
5 Slade packing added 55 10.18 64
6 Replaced 12 28.8 0
7 Add more packing 6 15 0
8 Cancelled 0 0 0
9 Adjusted i 18.9 0
10 Adjusted 1 2.70 0
11 Replaced 126 365.38 402
Total 187.08 496.89 512
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Cost of replacing gland packing = BD 426.51

Cost of adjusting gland packing = BD 70.38

Cost of material related to replacement of gland packing = BD 448

Cost of material related to adjustment of gland packing = BD 64

Table 12 O - Cost of repairing for Tower pump # 3 at West Riffa #2 BS

No. M‘:;ﬁgﬁa?;e Man-hours (Hrs) Mzzng]g\)ver Material (BD}

1 Adjusted 13.5 344 0
2 Adjusted 10 20.15 0
3 Add and adjust 13 24,05 0
4 Add and adjust 13 24,05 0
5 Adjusted 6 9.6 0
& Replaced 7 14 32
7 Replaced 13.5 50.63 0
8 Adjusted 4 10.8 0

Total 80 187.68 32

Cost of replacing gland packing = BD 64.63

Cost of adjusting gland packing = BD 123.05

Cost of material related to replacement of gland packing = BD 32
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Appendix P

Mean time between failure for leakage of discharge line defect

Assumption : Failure rate is constant for all pumps
Station: Hamala A2 GFS

Type of defects: leakage from discharge header
Equipment Name: West Riffa pump #1

Frequency: 3

Serial no, | Date of failure T(lgl,g;lfagie ](";l}%t)oﬁzcg;r |
1 1-1-2005 0 0
2 16-3-2008 28080 4
3 6-4-2008 504 3.5
4 15-9-2010 21408 42
Total 49992 49.5

MTBF =49992 /3 = 16664 Hrs

MTTR =49.5/3 = 16.5 Hrs

A=1/MTBF = 1/ 16664 = 0.00006 failure / hour
A=MTBF /MTBF+MTTR = 16664 / 16664+16.5 = 0.999
Station: Hamala A2 GFS

Type of defects: ieakage from discharge header

Equipment Name: West Riffa pump #3

Frequency: 4

Serial no. Date of failure T;?;;;ia]l_}r; ¢ ?p’g{t)oi;eg?g
1 1-1-2005 0 0
2 9-8-2006 14040 30
3 1-1-2007 3480 7
4 16-3-2008 10560 3
5 30-12-2009 156%6 35
Total 43776 75

MTBF =43776 /4 = 10944 Hrs
MTTR=75/4= 18.75 HUrs
A =1/ MTBF = 1/ 5697 = 0.000092 failure / hour

A =MTBF / MTBF+MTTR = 10944 / 10944+18.75 = (.998
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Station: Hamad Town Blending station

Type of defects: leakage from discharge header

Equipment Name: Hamad Town pump #1

Frequency: 4

Time 1o failure

Time 1o repair

1

Senal no, Date of failure (TTF)in Hrs (TTR) in Hrs
| 1-1-2005 0 0
2 26-10-2005 7152 7.5
3 5-4-2007 12624 26
4 17-1-2008 6888 6
h] 29-6-2011 30216 19
Total 56880 49,5

MTBF = 56880 /4 = 14220 Hrs

MTTR =49.5/4= 12375 Hrs

h=1/MTBF = 1/ 14220 = 0.00007 failure / hour

A=MTBF / MTBF+MTTR = 14220 / 14220+12.375 = 0,999

Station: Hamad Town Blending station

Type of defects: leakage from discharge header

Equipment Name: Hamad Town pump #2

Frequency: 5

Tine to failure

Time to repair

Serial no, Date of failure (TTF)in Hrs (TTR) in Hrs

[ 1-1-2005 0 0

2 24-11-2006 16608 5.5

3 17-1-2008 10056 4

4 18-1-2010 17568 21

5 1-2-2010 336 12

6 21-2-2011 9240 10
Total 33808 52.5

MTBF = 53808 /4=10761.6 Hrs

MTTR = 52.5/5= 10.5 Hrs

A=1/MTBF =1/ 10761.6 = 0.000092 failure / hour

A = MTBF /MTBF+MTTR = 10761.6 / 10761.6+10.5 = 0.999
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Station: West Riff'a #1 Blending station
Type of defects: leakage from discharge header
Equipment Name: Distillate water pump #1

Frequency: 4

Serial no. Date of failure TE?—?;;?;;Z i F{'I]P‘}E;(r)oirzeg?:;r—‘
1 1-1-2005 0 0
2 27-1-2008 26904 36.5
3 28-10-2008 6600 10
- 1-7-2010 14664 4
5 21-7-2011 9240 10
Total 57408 60.5

MTBF =57408 /4 = 14352 Hrs
MTTR =60.5/4= 15.125 Hrs
A =1/ MTBF = 1/ 14352 = 0.000069 failure / hour

A =MTBF /MTBF+MTTR = 14352 / 14352+15.125 = 0,998

Station: West Riff'a #1 Blending station
Type of defects: leakage from discharge header
Equipment Name: West Tower pump #1

Frequency: 6

Serial no. Date of failure Tg‘;’;‘;’ﬂi aﬂ;‘f E“}%“i;eﬂg

1 1-1-2005 0 0

2 7-6-2008 30072 10

3 16-2-2009 6096 30

4 1-3-2009 312 42

5 17-7-2009 3312 24

6 4-8-2009 432 1

7 17-11-2010 11280 35
Total 51504 142

MTBF = 51504 /6 = 8584 Hrs
MTTR = 142/ 6 = 23.67 Hrs
h=1/MTBF = 1/ 8584 =0.00011 failure / hour

A =MTBF/MTBF+MTTR = 8584 / 8584+23.67 = 0.997
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Appendix Q, Cost of corrective action (repair) for discharge header

i. Hamala A2 GFS:

Table Q1 - Cost of repairing for ground water pump # 1 al Hamala A2 GFS

No. Mﬁﬁ;ltzﬁa};)ée Man-hours (Hrs) Mf(mlg)](:)}\)ver Material (BD)
1 Repaired 4 10.8 -
2 Repaired 3.5 945 -
3 Welded 42 169.4 35
Total 49:5 189.65 35
Table Q2 - Cost of repairing for ground water pump # 3 at Hamala A2 GFS

No. M/:micl?tgga?ée Man-hours (Hrs) Ma(zngg\)ver Material (BD)
1 Repaired 30 79.9 48
2 Repaired 7 7 -
3 Welded 3 8.1 -
4 | Repaired 35 | 90.3 2
Total 75 1853 50

2. Hamad Town BS:

Table Q3 - Cost of repairing for HTD pump # 1 at HTBS

No. M‘zf;‘;ﬁabrfce Man-hours (Hrs) M?‘g’g‘)‘@r Material (BD)
1 Repaired 7.5 1225 -
2 Repaired 26 56.06 15.10
3 repaired & 17.10 -
4 Welded 10 44.58 -
Total 493 129.99 151
Table Q4 - Cost of repairing for HTD pump # 2 at HTBS
No. Miicr?[g;lat;};e Man-hours (Hrs) Ma(mg;\;’er Material (BD)
1 Welded 5.5 8.8 -
2 Welded 4 114 -
3 Welded 21 58.8 -
4 Welded 12 38.51 -
5 Welded 10 28.5 -
Total 52:5 14601
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3. West Riff'a #1 BS:

Table Q5 - Cost of repairing for distillate water pump # 1 at West Riff'a #1 BS

No. Mﬁ?:t(e}ga?::e Man-hours (Hrs) | Me(mg[o)\)ver Material (BD)—!
R g
2 Welded 10 40.5 -
3 Welded 4 12 -
4 Welded 10 255 -
Total 60.5 1537 70
Table Q6 - Cost of repairing for West Tower pump # 2 at West Riff'a #1 BS

No. M)":?;gﬂa?ée Man-hours (Hrs) M'cznf];g\;’cr Material (BD)

1 Completed 10 25.36 -
2 Repaired 30 99.17 -
3 Welded 42 111.30 -
4 Welded 24 73.50 -
5 Cancelled 1 34 -
6 Welded 35 94.5 -
Total 142 41123
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Appendix R

Mean time between failure for drain line and valve leakage, blockage or hreakage

Assumplion : Failure rate is constant for all pumps

Station: Hamad Town Distribution station
Type of defects: drain valve is blocked or broken
Equipment Name: Tower pump #2

Frequency: 7

: . Time to failure Time to repair

Senal no, | Date of failure (TTF)in Hrs (TTR) in l]-JIrs
1 1-1-2005 0 0
2 15-5-2005 3216 9
3 15-5-2005 0 G
4 17-9-2006 11760 14
5 12-11-2006 1344 5
& 13-11-2006 24 Q
7 27-11-2009 26640 4
8 16-9-2011 15792 6
Total | 58776 47

MTBF =58776 /7 = 8396.6 Hrs

MTTR=47/7= 6.7 Hrs

A= 1/MTBF = 1/ 8396.6 = 0.00012 failure / hour

A =MTBF / MTBF+MTTR = 8396.6 / 8396.6 + 6.7 = 0.999
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Statien: West Riff'a #2 BS

Type of defects: drain valve is blocked or broken

Equipment Name: GW pump #2

Frequency: 5

) L Time to failure | Time to repair
Serial no. Date of failure (TTE)in Hrs (TTR) in Hrs
1 1-1-2005 0 0
2 7-2-2003 888 6.5
3 23-6-2005 3264 2
4 8-7-2005 360 6
5 29-11-2005 3456 13
6 10-7-2007 14112 9
Total 22080 36.5
MTBF =22080 /5 = 4416 Hrs
MTTR=36.5/3= 7.3 Hrs
A=1/MTBF = 1/4416 = 0.00022 failure / hour
A=MTBF /MTBF+MTTR = 4416 / 4416+7.3 = 0.998
Station: West Riff'a #2 BS
Type of defects; drain valve is blocked or broken
Equipment Name: Towcr pump #2
Frequency; 5
. | . Time to failure Time to repair
Serial no. Date of failure (TTF)in Hrs (TTR) in Hrs
1 1-1-2005 0 ]
2 23-6-2005 4152 2
3 30-7-2005 888 10
4 21-11-2005 11496 6.5
5 26-7-2006 5928 6
6 20-4-2008 15216 4
Total 37680 28.5

MTBF =37680/5 = 7536 Hrs

MTTR =285/5= 5.7 Hrs

A=1/MTBF =1/ 7536 = 0.00013 failure / hour
A = MTBF /MTBF+MTTR = 7536/ 7536+5.7 = (.99
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Appendix S

Cost of corrective action (repair) for drain line and valve leakage, blockage or breakage

1. Hamad Town DS:

Table 1S - Cost of repairing for Tower pump # 1 at HTDS

No. Mﬁﬁi‘;gﬁi};e Man-hours (Hrs) Me(m]gg\;fer Material (BD)
1 Repaired 9 13.5 0
2 Repaired 9 13.5 -
3 Replace old. line with 14 20.3 0

new pipes
4 Replaced 5 1 0
5 Duplicate 0 0 8
6 Replaced 4 16.2 1.5
7 Replaced with new 6 24 1.5
one
Total 47 98.5 3

2. West Riff'a #2 BS:

Table 28 - Cost of repairing for ground water pump # 2 at West Riffa #2 BS

No. M‘:?;igﬁaz};e Man-hours (Hrs) Me;ngg\;rer Material (BD)
1 Repaired 6.5 14.3 Y
7 De-clogged 2 2.9 0
3 Repaired 6 106 0
4 Made free 13 28.6 0
5 Cleaned 9 16.65 0
Toial 36.5 73.05 0

Table 3S - Cost of repairing for Tower pump # 2 at West Riffa #2 BS

No. | Maintename | Mam-hours (Hro MBS | Material BD)
] De-clogged 2 2.9 0
2 Cleaned 10 14.8 0
3 Made free 6.5 13 0
4 Cleaned 6 87 0
5 Cleaned 4 108 0
Total 285 50.2 0
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Appendix T

Mechanical Maintenance
practices for repairing pumps
defects
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