
 
A SunCam online continuing education course 

 

 

 

Reliability in Wastewater Systems 
 

by 

 

Daniel L. Spradling, P.E. 

  



 
Reliability in Wastewater Systems 

A SunCam online continuing education course 
 

 
www.SunCam.com  Copyright 2011 Daniel L. Spradling, P.E. Page 2 of 28
 

Course Outline: 
 
Introduction 
Definitions and Terms 
RELIABILITY Engineering 
RELIABILITY Classification 

Class I 
Class II 
Class III 

Works Design Criteria 
Piping Requirements 
Component Maintenance and Repair 
Component Access and Handling 

Systems Design 
Reliability Requirements 
Reliability Maintenance Design 
Electric Power Systems 
Instrumentation and Control Systems 
Auxiliary Systems 

Summary and Review 
Further Study and Reference 
Examination 



 
Reliability in Wastewater Systems 

A SunCam online continuing education course 
 

 
www.SunCam.com  Copyright 2011 Daniel L. Spradling, P.E. Page 3 of 28
 

Introduction: 
 
The intent of this seminar is to augment the Federal, State, Regional, and Local Design 
Guidelines for wastewater treatment facilities with regard to minimum standards for 
RELIABILITY for systems and their components.  Although each jurisdiction will have its own 
requirements, the criterion set forth in this seminar is of a general nature and should be adapted 
to individual jurisdiction requirements. 
 
A healthy discussion on definitions and terms common to the works and reliability will be 
included.  This portion is to aid the diverse engineering disciplines associated with a wastewater 
treatment system with the common terminology of the RELIABILITY design criteria. 
 
One term of high importance is RELIABILITY.  RELIABILITY will be defined and its 
classifications will be discussed.  Examples of each classification will be included. The 
RELIABILITY design criteria will then be transposed upon the works design.  Items such as 
location, expansion, piping, and maintenance will be presented. 
 
The next step is application of the RELIABILITY principles on to the systems design.  Systems 
such as wastewater treatment, sludge handling, electrical power, and control systems will be 
included. 
 
Finally, an examination on the course content will be included. 
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Definitions: 
 
COMPONENT – A single piece of equipment which performs a specific function.  This can 
either be a system component (sedimentation basin or vacuum filter) or a discrete component 
(pump or valve). 
 
CONTROLLED DIVERSION – Diversion in a controlled manner of inadequately treated 
wastewater around some or all of the treatment works into navigable waters.  This is not a good 
situation and is only done to keep an even worse thing from happening. 
 
EFFLUENT LIMITATIONS – Any restriction established by Federal, State, or Local 
Authorities on quantities, rates, and concentrations of chemical, physical, biological, and other 
constituents which are discharged from point sources into navigable waters, the waters of the 
contiguous zone, or the ocean. 
 
RELIABILITY – A measurement of the ability of a component to perform its designated 
function without failure.  RELIBILITY pertains to system components and the maintainability of 
those components. 
 
UNIT OPERATION – Operation involving a single physical or chemical process such as 
comminuting, mixing, sedimentation, aeration, or flocculation. The typical unit operation 
contains multiple components. 
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RELIABILITY Engineering: 
 
RELIABILITY engineering is an engineering field that designs the works with the ability of a 
system or component to perform its required functions.  RELIABILITY is often measured with 
terms such as probability of failure, mean time between failures, measure of availability, and 
maintainability. 
 
RELIABILITY engineering for complex systems, such as wastewater treatment works, requires 
a more elaborate systems approach than RELIABILITY for a simpler system.  RELIABILITY 
engineers should have broad skills and knowledge of the processes within a works.  Most 
industries (such as wastewater treatment) do not have specialized RELIABILITY engineers, and 
the RELIABILITY task becomes a part of the design engineer’s responsibility. 
 
Basically, RELIABILITY engineering is mainly concerned with costs.  It relates events that 
transform into a particular level of revenue loss for the client.  These costs can be due to loss of 
production, treatment quality, man-hours, etc.  Any event that keeps a treatment works from 
properly operating is costing the client and needs to be remediated.  It is the function of the 
RELIABILITY engineer to minimize these events, and thus minimize the costs. 
 
RELIABILITY engineering is an emerging discipline that refers to the process of including 
RELIABILITY into products and systems.  One of the most important design techniques is 
redundancy or backup.  This means that if one part of the system fails, there is an alternate path, 
such as a backup system.  The reason why this is the preferred choice is related to the fact that to 
provide absolute RELIABILITY is often very costly.  By creating redundancy, along with a high 
level of control and the avoidance of common mode failures, any system can be made reasonably 
reliable to the task. 
 
Typically, RELIABILITY is classified into three main categories. 

Class I – High RELIABILITY 
Class II – Medium RELIABILITY 
Class III – Low RELIABILITY 
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RELIABILITY Classification: 
 
Generally, wastewater treatment works have RELIABILITY classifications within the three 
following categories as listed by the Environmental Protection Agency. 
 
Class I – (High RELIABILITY) Works which discharge into navigable waters that could be 

permanently or unacceptably damaged by effluent which was degraded in quality for 
only a few hours.  
Examples: near drinking water reservoirs, near shellfish beds, near swimming areas 
 
The photo below shows a wastewater treatment works on a river in a populated 
industrial area and near a potable water plant. Even a very short duration discharge 
could cause unacceptable damage.  Therefore, these works are classified to include 
high RELIABILITY. 
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RELIABILITY Classification (continued): 
 
Class II – (Medium RELIABILITY) Works which discharge into navigable waters that would 

not be permanently or unacceptably damaged by short term effluent quality 
degradations, but could be damaged by continued effluent quality degradations.  
Examples: into recreational lakes or wetlands 
 
The photo below shows a treatment plant in a woodland marsh setting.  Plants in 
rural areas with adjacent woodlands and marshes are capable of withstanding short 
duration discharges since there is not a direct water path to drinking water areas and 
similar areas.  Since there is still a possible path to these high priority areas, these 
works are classified to include medium RELIABILITY. 
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RELIABILITY Classification (continued): 
 
Class III – (Low RELIABILITY) Works not otherwise classified as Reliability Class I or II. 

Examples: pumping or lift stations remote from the treatment works 
 
The photo below shows a lift station in a residential area.  Works that are remote 
from waterways are typically classified with low RELIABILITY.  The reasoning is 
that the discharge would be locally “contained” since there is not a waterway path to 
high priority areas. 
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Works Design Criteria: 
 
The works location is of prime concern when considering the RELIABILITY of the works.  The 
potential for damage or interruption of operation due to flooding should be considered when 
designing the treatment works. 
 
Flood levels for ten (10) years, twenty-five (25) years and one hundred (100) years should be 
considered.  Typically, the treatment works should remain operational DURING a 10 year or a 
25 year flood event.  Additionally, good design practice warrants that the treatment works are 
operational AFTER a 100 year flood event. 
 
The location selection is a primary factor in RELIABILITY. 
 
The photo below demonstrates a treatment works that has been flooded.  It is obvious that these 
works are not operational and probably will require heavy maintenance before being operational.  
Note that if the works had been located across the road, there may have been higher 
RELIABILITY. 
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Piping Requirements: 
 
The works should have provisions for flushing and draining of pipes such as slurry lines, scum 
lines, sludge lines, and all other pipes that are subject to clogging.   The design should be such 
that flushing and draining can be accomplished with due care exercised to route drained fluids 
back through the treatment works without causing violation of effluent limitations.  Reclaim 
water is an excellent flush liquid for pipes.   
 
Proper execution of flush and drain cycles is paramount to maintaining good pipe health and 
RELIABILITY.  One engineer related this to his father teaching him to clean his tools after 
working on his car.  His father told him that “clean tools always work better and last longer”. 
 
The photos below show a poorly maintained pipe (left) and a well maintained pipe (right).  
Fluids with suspended solids can clog or restrict the flow in a pipe.  This can reduce the 
operating capacity of a system. 
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Component Maintenance and Repair: 
 
Every vital component (components include pumps, bar screens, valves, etc.) in the works shall 
be designed to enable repair or replacement without violating the effluent limitations or causing a 
controlled diversion.  Violations of effluent limitations and controlled diversions are not 
desirable to the environment and are typically regulated by local jurisdictions.  Minimizing the 
violations is a very good practice and the intent is to provide a means for maintaining the 
components without violations. To comply with this criterion, it is typical for batch plants to use 
the internal storage capacity of a treatment works to stop the processing cycle for a time period 
to facilitate the maintenance.   
 
An example is the replacement of the discharge valves on the wastewater pumps.  Valves are the 
most difficult component to replace since they are usually the demarcation point for isolating the 
fluid flow. Typically, the discharge valves are piped to a common header; and to facilitate the 
replacement of the valves, the header pipe must be emptied, flushed and drained.  The internal 
storage capacity of the supply system to the pumps must be adequately sized to facilitate the time 
period to remove and replace components such as these valves.   
 
Another typical design element, applicable to both batch and continuous operations plants, is the 
use of isolation valves to allow for component maintenance without impact to operations.  In this 
scenario, components can be isolated while the parallel component continues operations. 
Redundant components are the key factor. 
 
Pumps and filters are easier to replace due to isolation valve arrangements.  The isolation valve 
arrangements facilitate points at which the component can be removed from service and not 
affect the processing cycle for short periods of time. 
 
The objective is to provide the plant operators with a well designed works which can be 
maintained without causing violations. This is a characteristic of good RELIABILITY. 
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Component Access and Handling: 
 
Adequate access, handling and removal space should be provided around all components to 
facilitate maintenance, removal and replacement. This criterion is applied to components either 
inside a building or in an exterior environment. For components in interior spaces, adequate 
access for lifting and removing a valve or pump should be planned in the building design.  Either 
portable or fixed lifting devices need to be planned such that heavy components may be handled.  
The structure needs to be designed so that hoists, trolleys and cranes can be used to facilitate 
maintenance.  For exterior components, typically large tanks and similar equipment, ample 
access for maintenance vehicles and lay-down areas are required for normal disassembly and 
removal.  Typically, large equipment (such as trucks mounted with jib cranes) may be required.  
Proper access planning is strongly recommended. 
 
The objective is to provide the plant operators with a well designed works which can be easily be 
maintained in an orderly and expedient manner. The goal is to get the repair done as quickly as 
possible and reduce the outage time. This is a characteristic of good RELIABILITY.  The photo 
below is an example of the typical equipment used in wastewater treatment works maintenance.  
Note the access space for the maintenance crew. 
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Systems Design: 
 
Wastewater Treatment systems include all components from (and including) the inlet bar screens 
to (and including) the works outfall.  The system should be designed to include the following 
items. 
 

Remove or Comminute Trash – The system should contain components to remove and/or 
comminute trash and all other large solids contained in the wastewater. 
 

 
 
Grit Removal – The system should contain components to remove grit and other heavy 
inorganic solids from the wastewater. 
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Systems Design (continued): 
 
Settled Solids Removal – All components (filters, channels, wells, pumps, and piping) 
prior to the grit removal should be accessible for cleaning out solids. 
 

 
 
Controlled Diversion – Wastewater treatment works should be provided with a diversion 
channel or pipe to handle peak wastewater flow.  The actuation of the controlled 
diversion shall be a last resort and be by gravity overflow.  All internal storage capacity 
of the works must be utilized prior to the diversion operation.  Typically, the diversion is 
after the trash removal. Remember, that this is a bad situation and should not be done 
unless absolutely necessary. 
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Systems Design (continued): 
 
Unit Operation Bypassing – The design of the works should include provisions for 
manual bypassing around each unit operation.  

 

 
 
These are only a few systems within a wastewater treatment works.  Although this seminar is not 
a lesson on the detailed systems and subsystems within a treatment works, this section is for 
familiarizing the audience with general system descriptions.
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RELIABILITY Requirements: 
 
Requirements for components are specified below for the three classes of RELIABILITY. 
 
Class I Works (High RELIABILITY): 
 
The following wastewater treatment components should have the backup indicated. 

 Bar Screens and Comminute Equipment – Twice the Number Necessary (2N) 

 Pumps – 2N 

 Primary Sedimentation Basins – Number Necessary Plus 50% (N + ½ ) 

 Filters – Number Necessary Plus 75% (N + ¾ ) 

 Final and Chemical Sedimentation Basins – N + ¾  

 Aeration Basin – 2N 

 Aeration Blowers and Air Diffusers– Number Necessary plus one (N+1) 

 Chemical Flash Mixer – 2N 

 Flocculation Basins – 2N 

 Disinfectant Basins – N+1 
 
The following sludge handling components should have the backup indicated. 

 Holding Tanks – Number Necessary (N) 

 Pumps – N+1 

 Digestion Tanks – N (but not less than two components) 

 Mixers – N (but not less than two components) 

 Aeration Basin – N 

 Aeration Blowers and Air Diffusers– N (but not less than two components) 

 Filters – 2N 

 Centrifuges – 2N 

 Incinerators – N 
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RELIABILITY Requirements (continued): 
 
Class II Works (Medium RELIABILITY): 
 
All of the CLASS I requirements should apply except the following. 
 

 Primary Sedimentation Basins – N + ½  

 Final Sedimentation Basins – N + ½  

 Trickling Filters – N + ½  

 Chemical Flash Mixers – N 

 Flocculation Basins – N 

 Chemical Sedimentation Basins – N 

 Filters – N 
 
The following sludge handling components should have the backup indicated. 

 Same as CLASS I 
 
 
Class III Works (Low RELIABILITY): 
 
All of the CLASS I requirements should apply except the following. 
 

 Primary Sedimentation Basins – N 

 Final Sedimentation Basins – N 

 Aeration Basins – N 

 Aeration Blowers – N (but no less than two components) 

 Trickling Filters – N 

 Chemical Flash Mixers – N 

 Flocculation Basins – N 

 Chemical Sedimentation Basins – N 

 Filters – N 
 
The following sludge handling components should have the backup indicated. 

 Same as CLASS I 
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RELIABILITY Maintenance Design: 
 
Each component should have provisions to enable isolation from the flow stream for 
maintenance without interruption of the works operation.  This criterion is facilitated with either 
installed redundancy as listed for the RELIABILITY classification, or through proper design 
planning for batch cycle operations. 
 
In the case of installed redundancy, isolation valves on the suction and discharge of pumps are 
typical examples of the means and methods of separating the desired component from the flow 
stream. This enables the maintenance procedures for a pump to proceed while keeping the plant 
operational. 
 

 
 
Designing for component maintenance design is an extremely important design element.  It is 
much more than the application of isolation valves to equipment.  It entails the proper sizing of 
tanks, basins and pipes so that storage of wastewater can be facilitated to aid in component 
maintenance.   
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Electric Power System: 
 
Two separate and independent sources of electric power should be provided to the works from 
either two separate utility substations, or from a single utility substation and a works based 
generation system.  One of the power sources should be designated as the preferred source and 
the other as the backup source.  As a minimum, the capacity of the backup power source should 
be as follows. 
 
Class I – Sufficient to operate vital components of ALL the primary and ALL the secondary 

systems during peak flow conditions as well as critical lighting and ventilation 
systems. 

 
Class II – Sufficient to operate vital components of ALL the primary systems and ONLY the 

secondary systems pertaining to the sedimentation and disinfection processes during 
peak flow conditions as well as critical lighting and ventilation systems. 

 
Class III – Sufficient to operate vital components of ONLY the screening facilities, main pumps, 

primary sedimentation basins, and the disinfection system during peak flow 
conditions as well as critical lighting and ventilation components. 

 
Simultaneous use of both preferred and backup powers source is a common practice.  With the 
prevalence of automatic switching arrangements, having the two power sources and each 
providing 50% of the power demand is possible.  This methodology does provide longer life in 
medium voltage power cables, thus having some RELIABILITY benefits. 
 
In any arrangement, the key to electrical system RELIABILITY is having multiple power 
sources capable of handling the necessary loads.  
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Power Distribution External to the Works: 
 
The independent sources of power should be distributed to the works site in a way to minimize 
common mode failures from affecting both sources.  Separate paths to the site are desirable such 
that catastrophic physical interruption of one source does not affect the other source.  Separation 
of the following elements is typical. 

 Manholes 

 Duct Banks 

 Utility Poles 

 Utility Substations 

 Primary Switches 
 
Each utility power source to the works should be transformed to a useable site voltage with a 
physically separated transformer. One common rule of thumb used when describing reliability is 
“no one component failure should impact the operations of the works”.  This accurately 
describes the prevention of common mode failures.  Physical separation of equipment and 
pathways is a key to electrical RELIABILITY.  The photo below demonstrates a substation with 
a protective wall between the transformers for separation.  Coordination with the local utility 
company is a must for RELIABILITY in external power distribution systems. 
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Power Distribution Internal to the Works: 
 
The internal power distribution system should be designed such that no single component failure 
will disrupt works operations.  Therefore, vital components shall be designed with separate 
power sources from separate motor control centers and distribution panels.  An example is 
sourcing the power for a duplex set of pumps from two separate motor control centers.  This 
separation is such that if a fault occurs in either motor control center, the other can then be used 
to operate the remaining pump. To facilitate this RELIABILITY criterion, the following items 
should be included. 
 

Power transfer from the preferred source to the backup source should be seamless and 
controlled to ensure the works operations are not compromised. The photo below shows 
the internal power connections of an automatic transfer switch. 
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Power Distribution Internal to the Works (continued): 
 
Selective coordination of all over-current devices should be designed into the electrical 
power system.  This will allow the source of a fault to be quickly isolated from the 
working components without disruption of the entire works. 
 

 
The photo above is a typical example of a selective coordination chart.  The goal is for 
the smaller branch breaker (20A CB) to trip and isolate the fault without affecting the 
upstream breakers (200A CB and 800A CB).  A recent bad occurrence of non-
coordination was the addition of a frozen yogurt machine in a works cafeteria. The yogurt 
machine was faulty and “knocked” the entire plant offline by tripping the main plant 
service.  Many hours were spent tracing the fault and no yogurt was ever frozen. Proper 
RELIABILITY design through selective coordination could have prevented this 
unnecessary outage. 
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Power Distribution Internal to the Works (continued): 
 
Switchgear, motors, distribution panels and motor control centers should be located 
above the one hundred year flood plain, even if elevation of the equipment is necessary. 
The photo below shows this power house and transformer on an elevated platform. 
 

 
 
To avoid common mode failure, conductors to preferred and backup components should 
not be routed in the same conduit, duct bank, manhole, or cable tray. The photo below 
demonstrates the use of multiple cable trays. 
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Power Distribution Internal to the Works (continued): 
 
The electrical distribution system should be designed to permit inspection and 
maintenance of discrete components without the individual equipment being energized, 
and without causing a violation of the effluent limitations.  Thus, switchgear and similar 
equipment should be redundant and equipped with isolating equipment to allow 
maintenance in a powered-down state of the preferred equipment, while the backup 
equipment keeps the works in operation.  This photo shows redundant (or double ended) 
electrical equipment.  It is almost as if the equipment is mirrored about the center 
protection bollard.  Note the multiple conduit and cable tray sets.  Also, the equipment is 
above any flood or ground water levels.  
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Instrumentation and Control Systems: 
 
Automatic control systems whose failure could result in a controlled diversion or a violation of 
the effluent limitations should be provided with a manual override.  These controls should have 
alarms to indicate malfunctions which require the use of the manual override.  The means for 
detecting the malfunction should be independent of the automatic control system such that no 
single failure will result in disabling the automatic controls, manual control and the alarms.  An 
example of this is a tiered control system including a plant wide supervisory control and data 
acquisition (SCADA) system on the first tier.  The second tier is the local control panel with a 
Hand-OFF-Auto control switch for manual control.  The third tier is the local alarms.  A typical 
system example would be a level switch controlled sump pump that was monitored through the 
plant SCADA as well as having a alarm horn on the local control panel.   
 
Instrumentation should be provided with a backup for redundancy.  The backup component 
could be located at a different location as long as the same function is performed.  Examples are 
sump pump high level and high-high level switches.   
 
Alarms should be provided to monitor the condition of equipment whose failure could result in a 
controlled diversion or a violation of effluent limitations.  Using the same sump pump example, 
typical sump pump controls include flashing lights or horns when overflow conditions are 
present.  The photo below (left) is of a very interesting sump pump alarm bell.  The photo below 
(right) is of a higher technology duplex sump pump control panel with automatic and manual 
controls. 
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Auxiliary Systems: 
 
Auxiliary systems whose failure could cause a controlled diversion or a violation of effluent 
limitations should have backup equipment.  The redundancy should be the number necessary 
plus one (N+1) but not less than two components.  An example would be a duplex chemical 
pump skid. 
 
Auxiliary systems whose failure could not cause a controlled diversion or a violation of effluent 
limitations do not require backup equipment.  An example would be a flush water pump. 
 
The photo below demonstrates the multiple components of these systems.  
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Summary and Review: 
 
RELIABILITY – A measurement of the ability of a component to perform its designated 
function without failure.  RELIABILITY pertains to system components and the maintainability 
of those components. 
 
RELIABILITY engineering is mainly concerned with minimizing downtime costs. 
 
One of the most important RELIABILITY design techniques is redundancy. 
 
There are three classifications of RELIABILITY. 
 
Class I – (High RELIABILITY) Works which discharge into navigable waters that could be 

permanently or unacceptably damaged by effluent which was degraded in quality for 
only a few hours.  
Examples: near drinking water reservoirs, near shellfish beds, near swimming areas 

 
Class II – (Medium RELIABILITY) Works which discharge into navigable waters that would 

not be permanently or unacceptably damaged by short term effluent quality 
degradations, but could be damaged by continued effluent quality degradations.  
Examples: into recreational lakes or wetlands 

 
Class III – (Low RELIABILITY) Works not otherwise classified as Reliability Class I or II. 

Examples: pumping or lift stations remote from the treatment works 
 
Location selection is a primary factor in RELIABILITY. 
 
Proper execution of flush and drain cycles is paramount to maintaining good pipe health and 
RELIABILITY. 
 
Every vital component in the works shall be designed to enable repair or replacement without 
violating the effluent limitations or causing a controlled diversion.   
 
Two separate and independent sources of electric power should be provided to the works from 
either two separate utility substations, or from a single utility substation and a works based 
generation system.   
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Summary and Review (continued): 
 
The internal power distribution system should be designed such that no single component failure 
will disrupt works operations.   
 
Automatic control systems whose failure could result in a controlled diversion or a violation of 
the effluent limitations should be provided with a manual override and alarms. 
 
Auxiliary systems whose failure could cause a controlled diversion or a violation of effluent 
limitations should have backup equipment.   
 
Further Study and Reference: 
 
The seminar relies heavily on the Environmental Protection Agency Design Criteria for 
Mechanical, Electric and Fluid System Component Reliability as a base document.  The 
document is available as a downloadable reference from the EPA website.  
 
Several equipment manufacturers also have very good application guides available on their 
websites devoted to the wastewater market.  Major equipment suppliers such as Siemens, 
General Electric, Schneider (Square D), and Eaton Cutler Hammer are only a few of the 
suppliers that have very informative applications materials for reference. 
 
Some North American Universities that offer courses in Reliability Engineering are listed.  All of 
these engineering programs offer reliability courses and some even offer advanced degrees. 
 

University of Tennessee  
University of Maryland 
Concordia University  
 

In addition, there are many conferences and industry training programs (such as this one) 
available for RELIABILITY engineering.  Several professional organizations exist for reliability 
engineering including IEEE Reliability Society, the American Society for Quality and the amply 
named Society for Reliability Engineers. 


