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Abstract  

With the increase in maintenance and repair costs, as well as changing expectations towards the growth 

of efficiency and increasing the life cycle of equipment, detecting the possibility of failures before they 

occur and reducing the time of breakdowns and stops, maintenance and repairs and condition monitoring 

of equipment have become more important. Reliability-centered maintenance is one of the methods and 

strategies that are systematically related to equipment maintenance and repairs. Since the pumps are the 

center and axis of the treatment plants, their study can be of great significance. This is because the output 

of the water and sewage industry is very important because of its connection with people's lives. The 

current research is focused on investigating the impact of RCM strategy on water treatment plant pumps 

by using the Analytical Hierarchy Process. Questionnaires were designed based on objectives and criteria, 

and the weighting of data was done by the AHP method. Also, information worksheets and RCM decision 

worksheets for pumps were designed and completed. In total, the MTBF index of clear water pumps was 

investigated in two time periods (from June 2021 to June 2022 and June 2022 to June 2023). The data 

analysis shows that the value of this index increased in the second period compared to the first period, 

which indicates the positive effect of Reliability Centered Maintenance activities. 
 

Keywords: Maintenance, Reliability Centered Maintenance, Water Treatment Plant Pump, 

Analytical Hierarchy Process, MTBF Index. 
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1. Introduction 
As our reliance on physical assets within 

organizations grows, so do the associated costs 

of ownership and operation. Maximizing the 

return on capital investment requires efficient 

utilization of these assets over their lifespan. 

Reliability-Centered Maintenance1 is a strategy 

aimed at enhancing system reliability through the 

implementation of innovative maintenance and 

repair techniques (Moubray, 1995). It focuses on 

proactive fault analysis to prevent critical failures 

and selects the most suitable maintenance 

approach through effective failure management. 

Certain equipment, such as pumps, plays a 

crucial role in industries like water and 

wastewater management. The importance of 

pumps has been magnified as countries prioritize 

the development of pumping infrastructure. With 

economic growth, and increased focus on health, 

safety, and environmental concerns, energy 

efficiency has emerged as a key priority, 

underscoring the significance of pump-related 

issues. This study assesses the efficacy of 

implementing RCM in achieving organizational 

objectives, performance metrics, and the 

identification of optimal criteria using the 

Analytic Hierarchy Process2 methodology. The 

application of RCM results in the development of 

a comprehensive maintenance and repair 

program. Decisions related to planning and 

executions for each failure are systematically 

 
1 Reliability-Centered Maintenance (RCM) 
2 Analytic Hierarchy Process (AHP) 

grouped to streamline the overall maintenance 

and repair process. Fig. 1. show hierarchical 

model of research.

2. Materials and methods 
This study focuses on the AHP, which is a 

comprehensive system designed for multi-criteria 

decision-making. Since its development in the 

late 1970s, this method has been the foundation 

of numerous studies (Zanjirchi, 2011). In multi-

criteria decision models, the objective is to 

choose the best option or solution from various 

alternatives using multiple criteria. The AHP 

allows for formulating the problem hierarchically 

and considering various quantitative and 

qualitative criteria when examining the study 

issue. Additionally, it enables the inclusion of 

different options in decision-making and the 

analysis of the criteria's sensitivity. 

 

3. Discussion and analysis 
In the present study, based on the expectations of 

the set, equipment status, needs assessment, and 

objectives, criteria were identified as significant 

through brainstorming and discussion. The 

criteria: 1- Flow rate criterion (C1); 2- Head 

criterion (C2); 3- Cost of repairs criterion (C3); 

4- Number and duration of stops criterion (C4) 

were key factors influencing pump selection. The 

research options consist of 4 pumps: 1- Clear 

water pump (A1) 2- Raw water pump (A2) 3- 

Chemical pump (A3) 4- Site Water pump (A4).

 

Fig. 1. Hierarchical model of research 
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To establish the importance and weight of 

research factors, pairwise comparisons of criteria 

were developed and shared with experts. After 

completing the pairwise comparison matrices, the 

inconsistency rate of each was calculated, all of 

which were below 0.1, indicating the stability 

and consistency of the matrices. Subsequently, 

experts' pairwise comparisons were aggregated 

using the geometric mean method and inputted 

into the Expert Choice software to determine the 

weights. The outcomes of pairwise comparisons 

and weights reveal that the flow rate criterion 

(C1) with a weight of 0.561 holds the top 

position, the head criterion (C2) with a weight of 

0.212 secures the second position, the number 

and duration of stops criterion (C4) with a weight 

of 0.146 ranks third, and the cost of repairs 

criterion (C3) with a weight of 0.081 ranks 

fourth. The final weights of the options are 

calculated by multiplying the criteria weights by 

the relative weights of the options. Consequently, 

the Clear water pump (A1) with a weight of 

0.552 ranks first, the Raw water pump (A2) with 

a weight of 0.191 secures the second position, 

the Chemical pump (A3) with a weight of 0.145 

ranks third, and the Site Water pump (A4) with a 

weight of 0.112 ranks fourth (Fig. 2). 

 

 

Fig. 2. The final weights of the alternatives 

 
Therefore, it was determined that the clear 

 water pump is more crucial in the large water 

treatment plant in Gilan. The RCM information 

sheet is a vital document for initiating the RCM 

 

process execution. This sheet includes essential 

information collected to serve as the foundation 

for decision-making. To create the information 

sheet for the clear water pumps, a table prepared 

by John Moubray and Aladon Company was 

utilized. The decision-making sheet is the 

subsequent document used to summarize the 

decision-making process after the information 

sheet. Consequently, the information sheets and 

decision-making sheets of RCM were prepared 

and finalized for the clear water pumps. 

Subsequently, the MTBF index was assessed. 

 

4. Conclusion 
One of the key indicators for assessing 

maintenance and repair based on RCM is the 

utilization of the MTBF indicator. This indicator 

calculates the average time interval between two 

equipment failures. In essence, it serves as a 

measure and indicator of reliability, indicating 

how long a piece of equipment typically 

functions before encountering a failure. This 

indicator illustrates the average number of hours 

a device can operate smoothly (without failure). 

Comparing the MTBF1 indicator across the 

mentioned time intervals reveals that its value 

has roughly doubled in the 2022–2023-time 

frame compared to the 2021-2022 period, which 

is a positive development. This signifies an 

enhancement in the system's reliability, 

indicating that the duration for which a device 

can operate smoothly has doubled, showcasing 

the effectiveness of maintenance and repair 

strategies based on RCM for clear water pumps. 

To be more specific, a higher MTBF indicator 

indicates an extension in the equipment's useful 

life due to consistent and accurate 

implementation of maintenance and repair plans 

for critical equipment, as well as highlighting the 

beneficial impact of monitoring techniques and 

status assessment methods on improving the 

quality of operational results. 
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Fig  1. Hierarchical model of research 
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Table 1. Pairwise comparisons of the main criteria

 C1 C2 C3 C4

C1 2.93 4.561 5.441

C2  2.362 1.985

C3   0.32 
C4    

 

 
Fig. 2. The weights of the main criteria 
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Table 2. Pairwise comparisons of the alternatives 
compared to the flow criteria (C1)

 A1 A2 A3 A4

A1 3.104 5.165 4.745

A2  2.555 1.774

A3   1.563 

A4    

 

 
Fig. 3. The weights of the alternatives compared to the 

flow criteria (C1) 
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Table 3. Pairwise comparisons of the options 
compared to the head criteria (C2) 

 A1 A2 A3 A4

A1 3.519 2.745 4.125

A2  0.375 0.573

A3   2.012 
A4    

 

 
Fig. 4. The weights of the alternatives compared

 to the head criteria (C2)
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Table 4. Pairwise comparisons of the options compared 
to the repair cost criteria (C3) 

 A1 A2 A3 A4

A1 5 7.237 6.125

A2  1.252 2.450

A3   1.252 

A4    

 
Fig. 5. The weights of the alternatives compared 

to the cost of repairs criteria (C3) 
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C4

Table 5. Pairwise comparisons of the options compared 
to the number and time of stoppages (C4) 

 A1 A2 A3 A4

A1 2.178 3.225 3.471

A2  2.045 1.985

A3   1.252 
A4    

 
Fig. 6. The weights of the alternatives compared to the 

number and time of stoppages criteria (C4) 
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Fig. 7. The final weights of the alternatives 
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Table 6. Clear water pump information worksheet 

Information worksheet

RCM 
BB1 , Type: RDL 400-540A Power: 800 KW Q: 2700 𝐌𝟑/h  System: Clear Water Pump 

Subsystem:

Function
Functional failure

(loss of function)

Failure mode

(cause of failure)

Failure effects 

(What happens when 

 it fails) 

Transporting clear and 

purified water to the main 

urban plumbing system

A
Loss of pump 

flow

1

Propeller stuck and 

pump shaft not rotating.

Part of the strainer went 

into the pump casing and 

caused the propeller to 

get stuck and the pump is 

unable to continue 

pumping.

1 

Corrosion of the 

propeller 

spring due to the effect 

of chemicals in water 

(chlorine-ferric)

 

Reducing the amount of

water flow 

2 Propeller corrosion due 

to cavitation

Creating vibration and 

noise in the pump

B Flow reduction

3 Wear of the pump 

impeller 

Wear of the pump 

impeller due to high

operation (higher than the 

life of the impeller), 

which causes

noise in the pump and 

drop-in flow rate.

4 Corrosion of wearing 

rings 

Flow reduction, abnormal 

sound inside the casing 

and sometimes vibration 

of the casing

 

5
The metal mesh of the

pump housing is dirty

Stuck on small foreign

objects such as pieces of 

wood, and even pieces  

of the filter 

 



 

Table 7. Clear water pump decision worksheet 

Decision worksheet RCM II
© 1996 ALADON LTD

System: Clear water pumpSystem number:Facilitator:DateSheet

Subsystem:Subsystem number:Auditor:Dateof

Information 
reference

Consequence evaluation
H1 
S1 
O1 
N1

H2 
S2 
O2 
N2

H3 
S3 
O3 
N3

Default action

Proposed task
Initial 

interval
Can be 
done by

F FFFMHSEOH4H5S4

1 A 1 N    NY   

Dismantling the pump shell and pulling 
out part of the separated strainer inside 
the impeller and casing. Use of high-
quality mesh against water pressure and 
corrosion.

Yearly

Mechanic 
technician 

Purchasing 
Manager

2 B 1 N    NNY   
Dismantling the pump shell and viewing 
the pump parts and replacing the 
impeller

Yearly
Mechanic 
technician

3 B 2 Y N N Y Y   

Measure the amount of vibration with a 
vibrometer. According to the experience 
of the personnel, the type of sound 
should be recognized. Ceramic coating 
can be used for the propeller.

Every 6 
months

Mechanic 
technician 

Purchasing 
Manager

4 B 3 N    NNY   
Dismantling the pump shell and viewing 
the pump parts and replacing the 
impeller

Yearly 
Mechanic 
technician

5 B 4 N    Y   

With a vibrometer, the amount of 
vibration of the casing chamber is 
measured and if it is higher than the 
permissible limit, the pump shell is 
opened and the wear rings are replaced.

Every 6 
months

Mechanic 
technician

6 B 5 N    N Y   

Dismantling the pump shell and cleaning 
the interior and removing foreign objects 
such as pieces of wood, plastic, etc. 
Installing a strainer with smaller springs.

Yearly
Mechanic 
technician

 

 

tel:1996
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Fig. 8. Working hours of clear water pumps 

Table 8. Operating hours of clear water pumps in 
Guilan's large water treatment plant in two time periods 
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Table 9. The number of stoppages in two time periods 

Number of 

stoppages 

(2022-2023)

Number of 

stoppages 

(2021-2022)

Number of              

stoppages 
Pumps

01
Clear water pump 1 

 (CW1-PP01)

14
Clear water pump 2 

 (CW1-PP02)

44
Clear water pump 3 

 (CW1-PP03)

24
Clear water pump 4 

 (CW1-PP04)

23
Clear water pump 5 

 (CW1-PP05)

 

Fig. 9. The number of stoppages of clear water pumps 
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Fig. 10. MTBF in two time periods 2021-2022 and 
2022-2023
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