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Mean Time To Repair MTTR Hour

Downtime DT Hour

Failure Rate. λ       

Repair Rate μ       

Total Failures TFN ---

Number Failures 
Mechanism

FNᵢ ---

Percentage Failures 
Mechanism

P ---

Cumulative Percentage CP ---

Fault Tree Analysis 
Techniques

FTAT ---

Multi-criteria Decision 
Making

MCDM ---

Failure rate for failure 
pattern (A).

FR , λᴀ ---

Repair rate of failure 
pattern (A).

µᴀ ---

The probability of failure 
of the pattern (A)

FP (A) ---

The probability of failure 
of the pattern (B)

FP (B) ---

Activities A,B,C,D ---

The probability of the 
failure part  (в₁ , в₂)

FP(в₁ , в₂) ---
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The probability of the 
failure part  (C )

FPc ---

Planned Maintenance PM ---

Discovery D ---

Probability of Occurrence O ---

The risk priority umber RPN ---

Planning Corrective 
Maintenance

PCM ---

Severity S ---

Analytic Hierarchy 
Process

AHP ---

Criteria K ---

Total Productive 
Maintenance

TPM ---

eight pillars EPS ---

performance efficiency PE ---

quality rate QR ---

through the effectiveness 
of total equipment 

OEE ---

net equipment activities NEE ---

Number of equipment or 
parts

N ---

the underlying root of the 
binary comparisons matrix

λ max ---

Number of comparative 
items

n ---

consistency index CI ---

random index RI ---

consistency ratio CR ---

Preventive Maintenance PM ---

Predictive maintenance PrM ---
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Root Cause Analysis Technology to Improve Maintenance Management of 
Equipment in Water Treatment Plants 

Prepared By 
Hussein Abdullah Awad  

Supervised By 
Dr. Walid Emar

ABSTRACT  

The main objectives of this research are to identify the main challenges and 

success factors of operation and management of the water treatment system in 

Fallujah city Iraq; including analysis of the performance of the system; and to make 

recommendations on how the system can be improved and how lesions can be applied 

to similar type of systems in other areas in Iraq and Arab world.  

The water treatment plant is one of the most important facilities in the country 

because of its great importance to serve the citizens, especially in the current 

circumstances in Iraq, which suffers from weakness and a bad management in the 

provision of services provided and available to people, so it became necessary to 

maintain water treatment plants that cost the national economy huge sums of money . 

To clarify the contribution of the maintenance management to improving the 

performance of institutes and companies, especially those companies depending in 

their job on the watering systems, a case study is being conducted for the water 

treatment plant (WTP) in Fallujah city in Iraq. The case study company is important 

for the water treatment sector as it has an annual capacity to process and distribute 30 

million cubic meters of drinking water for all people in Fallujah city. 

This research work mainly refers to reducing sudden abandoned breakdown 

failures and enhancing the achievement of the current manufacturing capabilities of 

the water treatment plant. This could be achieved through the availability of the 
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application of good maintenance management just to improve the average time 

between failure and the average time between malfunctions of the vital components of 

the machine that require comprehensive maintenance techniques and skills. 

This study research shows that the policy of selected maintenance consists of 

three methods: The first is to perform a planned and predictive maintenance for all 

types of equipment and units that are highly critical depending upon measurement and 

analysis in the sense that this maintenance requires predetermined and preset 

conditions. The second is to perform the so-called preventive and planned 

maintenance before the breakdown and failure of equipment occur even when 

machines or the systems are in complete functional mode. The third one is the 

corrective maintenance which is performed after the failure of the non-critical modes 

or units of each station occur. 

 It has been shown through the application of Pareto analysis in parallel with 

fault tree analysis  for the frequency of failure occurrences and down times in the five 

projects at the Water treatment plants in Fallujah city that 10 equipment of a total 

number of 23 unit patterns in WTP are to be subjected to preventive and predictive 

maintenance . 

Furthermore, Analytic Hierarchy Process (AHP) has been used to determine the 

weights of each unit in WTP and to determine priorities in maintenance operations for 

water treatment plant equipment and units. Finally, the recorded data and the final 

results were evaluated by conducting a verification test with a questionnaire in 

cooperation with experts concerned in this field. 

1 
 

        Chapter One 

Introduction 

1.1 Background  

There is no doubt that maintenance has become an important issue in our lives. 

With the existence and invention of more complex systems and self-production, it has 

been found out that breakdowns with unknown and unexpected causes increased the cost 

in manufacturing processes. Most of the total maintenance costs have been wasted due to 

misconduct, and in some cases, unnecessary maintenance activity has been planned and 

implemented.

Infrastructure management and maintenance presents a major challenge to 

sustainable infrastructure development in third world countries. Maintenance strategy is 

not included in the life-cycle costs of infrastructure development at the planning stage in 

developing countries, despite the role of maintenance as a reliable infrastructure for a 

successful life. While recognizing the vital role of maintenance, and its impact on the life, 

Arab countries still neglect maintenance and still rely on the old random systems in 

dealing with it. 

Moreover, in the current economic crisis where there is a decline in the decision of 

new investments by companies and the many problems that exist due to the lack of water 

and electricity networks, the maintenance function could play an important role in 

maintaining the existing equipment, allowing its operation and reliability for a longer 

period. 

Maintenance went through different stages of development. With the beginning of 

the industrial revolution and until recently, the common method of maintenance was the 


