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MAINTENANCE AND RELIABILITY OF A 
WATER PUMPING STATION 

EK Briggs & MR Hodkiewicz 
The University of Western Australia 

Summary: This paper examines the maintenance and reliability of equipment in a clear-water 
pump station before and after a major electrical upgrade program. Techniques including failure 
mode and effect analysis (FMEA), Pareto analysis and risk assessment are used to identify the 
critical types of failure. Each of the failure modes are then analysed using reliability engineering 
tools such as Weibull analysis and availability. The results demonstrate the value of these 
techniques to assess the success of equipment modification and replacement programs on 
equipment reliability. 
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1 INTRODUCTION 

Maintenance is performed to ensure that physical assets continue to function to the capacity for which they were designed 
(Moubray 1997). The benefits of a well-maintained plant include a lower rate of failures and downtime, cost efficiency and 
higher productivity. Maintenance was once regarded as a minor, but necessary aspect of running a plant. However, increases in 
equipment, personnel, safety and environment costs have resulted in significant increase in the profile of maintenance groups 
within organisations and major developments in maintenance and reliability theory. In the workforce, the prevailing attitude 
has progressed from the simple ‘fix it when it breaks’ approach to the concept of selecting from a variety of reactive, predictive 
and preventative techniques depending on the reliability and economic costs of the system. Reliability is the probability that an 
item will perform its intended function without failure for a given period of time under specified conditions (Lewis 1996). 
Reliability engineering allows the frequency of failures to be quantified and determines the mode of failure of the item or 
system. From this it is possible to (1) determine the most appropriate maintenance program to reduce the likelihood of failures, 
and (2) identify equipment with poor reliability and high repair costs for replacement.   

2 BACKGROUND 

The water pump station examined in this paper was opened in 1975. It is one of a number of similar pumps stations operated 
by the Asset Owner (AO). This station has five clear-water pumps and two back-wash pumps. The clearwater pumps are 
operated in parallel, with there are three to four pumps on-line. Each pump has an accompanying piping, motor, starter and 
control cubicle and operated through the plant process control system. In 2003 an upgrade was performed on the electrical 
system. This was prompted by the age of the equipment, lack of spares and technical support, and on the recommendation of 
the Contract Maintenance Company (CMC). The electrical upgrade included replacement of the main switchboard and starters. 
There was no reliability study conducted prior to the 2003 upgrade. This report is a retrospective comparison of the situation 
for the periods before (1999-2003) and after (2003-2004) the upgrade. 

3 DATA COLLECTION AND ANALYSIS 

To conduct the reliability analysis, data on the history of faults and failures is required. The following sources were used; the 
AO work order database, the CMC work order database, the operator logbooks, and operator/maintenance technician 
interviews. The data available from both databases was sometimes incomplete and considerable data cleansing was required. 
Fault codes and details on individual work orders were confirmed through interviews with the operators and tradespersons. 
These interviews provided valuable information with the interviewees recalling details many of the recent faults. From these 
sources a master database of work orders was developed. 

Data completeness and integrity are common issues and not unique to this AO. Data issues are discussed by Jardine, Makis, 
Banjevic & Ennis (1998). Christer and Whitelaw (1983) argue that it is often difficult to complete a study into the effectiveness 
of maintenance when the information that is collected and available is inadequate in comparison to the ‘true’ information that 
is required. There is often discrepancy between the information required to conduct reliability analysis and that actually 
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collected. In the experience of the authors, work order records are frequently incomplete. This is due to (1) lack of motivation 
to record information, (2) inadequate or inappropriate failure codes, (3) lack of training in use of the failure codes, (4) 
inadequate or absent auditing processes, and (5) lack of a clear criteria concerning what the information is used for. Unless 
procedures for initiating, tracking and recording faults are in place and enforced, data is lost and reliability analysis cannot be 
performed with confidence.  

4 ANALYSIS OF MAINTENANCE RECORDS 

The techniques used to analyse the maintenance records were FMEA, risk assessment and Pareto analysis. FMEA identifies 
failure modes and ascertains the effects associated with each mode. Each work order in the master database was examined to 
determine the fault that had occurred. Generally there was insufficient detail to determine the root cause of the failure, so 
initially general fault groups were defined. They included: control system failure, pipe and valve failure, electrical and 
instrumentation failure. Using the historical data for the number of each fault type, the associated direct cost, and discussions 
with personnel, a risk matrix of likelihood and consequence was developed. The work orders also broken down into planned 
and unplanned work-orders. The unplanned work orders were broken down into two groups; emergency and priority-two 
maintenance. Emergency maintenance must be carried out immediately, whereas priority-two maintenance may be completed 
within 24 hours of the work order being generated. 

The key results from analysis on historical data prior to the upgrade are as follows. 

1. Over 90% of the faults were electrical.  

2. The only mechanical faults were broken flow switches, pipe fittings and valve leakages. 

3. There were no occurrences of major mechanical pump failures such as seal or bearing faults. This is probably 
due to the age-based pump overhaul strategy prior to 2003. 

4. The majority of work orders and maintenance costs were associated with unplanned maintenance.  

5. The analysis confirmed the 2003 recommendation of the CMC that electrical and control system faults need to 
be targeted to improve the availability of the pumping station. 

The work orders in the master database were separated into eight modes of failure, each of which had occurred more than once 
in the period of the analysis (November 1999 to August 2004). These are summarised in Table 1. 

Fault Description 

Contactor fault This may be due to the wear of the contactor or PLC problems. It is fixed by resetting the pump. It 
only takes down the pump on which the fault occurs. 

‘Reset’ (Pump failure - 
cause unknown). 

A reset is required as the pump has either failed to start or failed during operation. This may also be a 
contactor or motor protection faults that has not been correctly identified. It is a general fault code used 
when the cause of the fault is not known. It only takes down the pump on which the fault occurs. 

Motor Protection A fault occurs with the soft starter. This may be attributed to a variety of reasons. It is fixed by 
resetting the pump. It only takes down the pump on which the fault occurs. 

Citect Control system faults, these include logic scan errors, control system crash and communication errors. 
Generally all pumps are affected.  

Power Bump The power into the pump station is interrupted. All pumps are affected. 

Thermal protection The thermistor in the  motor detects elevated motor temperature. The pump switches off automatically. 
Only the pump on which the fault occurs is affected. 

Flow switch Occurs when the flow instrumentation detects a ‘no flow’ reading. The pump switches off 
automatically. Only the pump on which the fault occurs is affected. 

Leakage Water leakage is detected at valves and pipe fittings. Does not require usually the pumps to be 
switched off immediately. 

Table I: Fault Group descriptions 

Pareto analysis was conducted to determine if a number of critical faults are responsible for the majority of failures. The Pareto 
principle states that a small number of vital factors are usually responsible for producing 80% of problems (Tweedale 2003). 
The results are illustrated in Figure 1. For this data set 80% of the faults are caused by three faults, however by including the 
next most serious fault, 94% of all faults are included. These faults are in the ‘Reset (cause unknown)’, contactor, motor 
protection and Citect categories. 
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Figure I: Pareto analysis of faults 

5 RELIABILITY ANALYSIS 

Reliability techniques were used to quantify improvements as a result of the 2003 electrical upgrade. Weibull analysis is a 
technique to fit a statistical distribution to the data, allowing predictions to be made about the failure rate of the component. 
Weibull analysis was conducted on each data set to determine a shape parameter ( β ), scale parameter (η ), and the mean time 
between failures (MTBF). This is known as two-parameter Weibull analysis. The β  andη  parameters are used in reliability 
equations to determine lifecycle qualities of the data set.  For example, the parameters may be used in Equation 1 to determine 
the hazard rate of the component with respect to time. 
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The hazard rate is the ratio of the number of items that fail during a specific interval, to the number of items operational at the 
start of the interval. The hazard plot demonstrates the failure rate of the asset over time. Common modes of failure include 
‘random’, ‘wear in’, ‘wear out’ or a combination of the three. The failure rate of the asset is critical in determining the correct 
maintenance strategy. For further information on Weibull analysis refer to Jardine (1973). 

Availability is the probability that the system or component will be available for use when it is required. Ebeling (1997) 
discusses the numerous approaches and mathematical formulas that can be used to calculate availability. This paper uses 
operational availability as it quantifies the average availability over a period of time, and includes all sources of downtime, 
such as administrative and logistical downtime. It is defined in Equations 2 and 3. 

MTTRMLDTMTTF
MTTFAO ++

=        Equation 2 

MTTRMTBFMTTF −=         Equation 3 

Mean time to repair (MTTR) and mean logistical downtime (MLDT) were calculated using the master database. It is assumed 
that emergency faults are repaired on the same day that the work order is generated, therefore logistical downtime is assumed 
as zero. Priority-two work orders have a logistical downtime of 24 hours. 

To improve the speed and accuracy of the Weibull analysis, Relcode, a computer program for calculating reliability was used. 
The data sets accurately fit a two-parameter Weibull distribution. Relcode conducts Maximum model accuracy tests on each 
distribution to determine whether the statistical model is accurate enough to accept. Each distribution was found to have high 
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accuracy and was therefore accepted. The availability of each of the components was calculated to quantify improvements in 
the system since the electrical upgrade. For a critical asset the availability should be very high, preferably above 99%. MTBF 
also quantifies improvements as this value represents the time between failures. Therefore a high MTBF is desirable. Table 2 
summarises the results for each data set. 

Failure β  η  MTBF (hrs) Availability (%) 

Contactors 0.46 274.31 646.05 97.77 

Reset .57 423.99 689.68 97.15 

Protection .87 722.56 774.54 97.54 

Citect 1.11 805.98 775.44 96.45 

Power bump .57 4384.27 7012.44 99.95 

Leakage .42 55839.53 158828.51 99.98 

Flow 1.35 7363.68 6749.91 99.64 

Thermal 1.25 8298.74 7725.35 99.73 

After electrical upgrade 

Citect 0.47 3083.75 7102.71 99.61 

Protection 0.52 1913 3538.76 99.46 

Reset 0.45 1391.22 3514.78 99.44 

Table II: Summary of Weibull analysis. 

The results in Table 2 were used to assess the effectiveness of the electrical upgrade. Since the upgrade the availability and 
MTBF of the electrical components due to Citect, Motor protection and Reset faults, have increased to an acceptably high 
level, demonstrating significant improvement. Figure 2 illustrates plots of the hazard rate (Equation 1) for the leakage and flow 
faults along with the Citect, Motor protection and Reset faults since the upgrade. Power bumps and thermal faults were not 
considered further as they are not key areas of concern.  
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Figure II: Hazard Rate Plots 

A high hazard rate indicates high levels of failures. This can be used to identify areas that should be improved. Figure 2 
implies that Motor protection, Reset, Citect (control system) and flow switch faults are currently the highest problem areas. 
The flow switch demonstrates a ‘wear out’ mode of failure, which is expected for a simple mechanical component subject to 
stress and deterioration. A preventative or predictive maintenance strategy is suited to this type of failure mode. The remaining 
components display ‘wear in’ failure modes. This means that as time goes on, fewer failures occur, however there are a large 
number of failures in the early life stages. This is the most common failure mode for electrical system components (Jardine 
1973).  
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6 FINDINGS AND RECOMMENDATIONS 

The main technical findings of this work are as follows: 

• The number of motor protection and reset/contactor faults has decreased since the electrical upgrade. These 
demonstrate a ‘wear in’ mode of failure as expected. However, failures do still occur and the root cause of these 
failures is under investigation. Once the root cause and consequence of the fault is determined, an appropriate and 
cost-effective maintenance strategy can be developed.  

• The number of Citect (control system) faults have decreased since the electrical upgrade and the MTBF has increased 
ten fold.  

• Flow switch faults display a ‘wear out’ mode of failure. Possible strategies for the flow switch include the current run-
to-failure approach, periodic replacement or a routine condition testing to determine functionality and wear. This is an 
inexpensive problem that occurs rarely, so an economic assessment will have to be made to determine the appropriate 
strategy. 

• The leakage faults demonstrate a ‘wear in’ rate of failure. It is possible that the problems are due to failure following 
installation and repair work. The resolution of faults that may relate to work practices and procedures require the 
cooperation and support of the maintenance and operation teams 

• Unplanned work orders, particularly emergency orders require further investigation and a system developed to reduce 
the percentage of unplanned to total work orders.  

7 CONCLUSIONS 

The data collection and analysis methods demonstrated in this paper have been used to assess an electrical upgrade on the 
reliability of components in a pump station. This retrospective analysis of equipment replacement programs is useful for 
assessing the effectiveness of the upgrade. The results can be used to support future upgrade proposals.  

During the project, useful information was collected about the work order database system. This has lead to examination of 
data collection procedures, including failure/fault codes and maintenance job history. Improvements in data quality will 
enhance the ability of the AO to undertake future reliability assessment projects.  

New maintenance methods and preventative maintenance procedures are being considered for some of the electrical 
components and the flow switches. The development of future maintenance strategies based on a understanding of the failure 
modes and hazard functions of the system components will result in increased reliability of the pump station. 
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