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Abstract / Introduction 

 
As mitigation against the risks associated with the loss of bulk and station power, there are various 
standby generation assets installed at all nuclear facilities.  All of these standby AC power generators 
are maintained in a poised state. These reliable standby power systems are a cornerstone in a 
defense in depth philosophy; providing reliable nuclear safety support and capable of immediate start 
to cool, control and contain the associated nuclear assets. 
 
Challenges to maintaining these critical safety support systems at optimal health are increasingly 
related to aging equipment and parts obsolescence. Provision of qualified parts based on 
fundamental needs and failure mode assessment, ranging from individual components to entire 
generating plant is a fundamental need in maintaining system health. Increasingly, the sourcing of 
qualified parts, meeting all design base conditions cannot be achieved by simply approaching the 
original component vendor. Often that vendor is no longer in business, or due to the market driven 
need for constant product development, can no longer supply an identical part.  
 
This paper deals with the challenges of maintaining a qualified parts base for aging standard 
industrial platforms in a nuclear safety support environment where equipment reliability, performance 
and predictability are paramount. Today's absence of specific nuclear-experienced vendors involved 
in the emergency generator market place makes design change and plant configuration management 
challenges especially acute. 
 
Vendors that understand the requirements of operating within a nuclear framework, having access to 
engineers who understand the fundamental needs and facilities with the required quality systems can 
help in meeting these needs.  
 
 
 

 

Author 
Steven Poyner Has worked extensively in the development and application of standby and emergency Power in nuclear 

environments.  He has worked for many years in the turbine and standby power industry and is currently retained in the 
position of senior engineering manager for HPI-llc.  
 
HPI-llc has been engaged in the supply of control systems, emergency generators, engineering studies and reliability 
assessments for Ontario Power Generation and Bruce Power. 

Page 1 of 8 24.10.2012



COG  
Emergency Power Supply Workshop 

3rd December – 6th December 2012, Toronto, Ontario, Canada 
-------------------------------------------------------------- 

Mitigation of Parts, System Obsolescence and Improving System Health 
 

 

Standby Power – Functional Elements 

System Function 

Standby and Emergency power is required to assure safe reactor 
shutdown, continuous core cooling after a shutdown, and to supply other 
essential loads. 
 
Standby Generators (SGs) supply standby Class III power in the event that 
the primary bus is lost. Class III power is designated a Group C safety 
system. Emergency Power Generators (EPGs) are not installed in all 
CANDU facilities, where applicable, they supply emergency busses should 
a design basis event occur rendering the SGs incapable of operation.  
 
The Emergency Power System (EPS) is a separate electrical distribution 
network powered from the EPGs that can provide sufficient power to 
safety-related systems for reactor shutdown, forced primary coolant 
circulation and monitoring after a common mode incident (e.g., seismic 
event, fire, etc.) has left all or portions of the normal Group 1 Class I, Class 
II, Class III and Class IV power systems non-functional. 
 
EPG's and the busses they supply are designated a Group B safety 
system. For the purposes of clarity throughout this paper emergency power 
supplies shall refer to both SG’s and EPGs. 
 
SG’s and EPG's as applicable are installed in redundant configurations, 
where a single unit failure will not render the emergency power system 
unavailable. Loss of redundancy does however severely restrict 
maintenance, reduces operational confidence and imparts a significant 
burden on plant personnel to restore equipment to service in a timely 
manner. 

 

Figure 1 Typical Emergency Generation Plant 

Operational Frequency 

Functional requirements of an emergency generator are largely similar no 
matter what the application, the predominant requirement being the ability 
to start on demand after a prolonged period of poised operation. 
 
Routine operational tests establish the equipment can start on demand, 
although it only definitively demonstrates the equipment was available in 
the preceding period, it cannot predict with certainty the availability for 
future periods. 
 

The frequency of start testing is established based on probability of start 
and is established in station operational procedures. Depending on system 
health trends the frequency may be increased; excessive start testing is 
not desirable, it increases stress on poised equipment and increases 
operational costs. 

Operational environment 

All equipment associated with critical systems should be installed in a 
manner that protects devices from adverse operating environmental 
conditions. Maintaining a stable operational environment positively impacts 
assessed component life.  
 
Emergency generation is outside of the powerhouse and not subject to 
environmental impact from steam breaks or radiation. Dependant on plant 
design certain emergency generators are required to operate during and 
after a seismic event. 

System Elements 

All emergency power systems installed in CANDU plants are based on 
standard, proven technologies. Although the principles of generation may 
differ, the basic designs are comprised of commercial units, generally 
ranging from 2 to 25 MW. 
 
All systems are comprised of the following basic functional sub-systems: 
 

 Prime Mover: Predominantly either a Diesel motor or Gas 
Turbine. Whatever the configuration the basic function is to 
convert a fuel source (Light Distillate Fuel Oil) into kinetic energy 
to drive a generator. 

 Generator: Normally a salient pole machine with integral exciter, 
sized to complement the prime mover and electrical output 
requirements. 

 Auxiliaries: Lubrication, air, hydraulic and cooling systems to 
operate the prime mover and generator load. 

 Transformer: As required to match generator output to Bus 
requirements. Predominantly indoor dry type design. 

 Electrical Distribution: Switchgear to connect and isolate 
generators and loads including auxiliaries. 

 Batteries: Provide sufficient power to enable a multiple start of 
the generator without an external energy source. Energy to crank 
the prime mover can be supplied from battery, air or hydraulic 
supplies. 

 Controls: Systems to automate operation of the generation plant 
and provide protection in the event of malfunction and enable 
operators to monitor system status. 

 
All of the above noted systems are normally supplied by a single supplier, 
or Original Equipment Manufacturer (OEM), as previously noted these 
systems are based on commercially available plant. Commercial systems 
normally have a large user pool; this provides significant benefits, namely: 
 

 Large OPEX base 

 Large spare marketplace 

 Available support 

 Maintainability by OEM and alternate specialized vendors 

 Standardized designs 
 
With the benefits of standard OEM packages come certain drawbacks, the 
principle one being marketplace obsolescence. OEM product cycles are 
driven by a continual need for product improvement, this otherwise positive 
attribute creates issues associated with component obsolescence. 
Commercial installations can usually accommodate changing designs; in a 
nuclear safety environment product evolution introduces a significant 
obstacle. Chasing evolving designs is simply not an option; this can result 
in rapid obsolescence and inability to support. 
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System Health – Requirements and 
Challenges 

System Health 

To ensure the emergency power system will function on demand a series 
of routine tests are performed, depending on plant configurations they may 
require a successful start and operational run every two weeks for a period 
of an hour or so. The exact requirements being determined by plant 
governance. 
 
Emergency Power equipment in a nuclear environment requires a 
significantly higher level of operational health than many other 
environments. These requirements require a significant amount of 
diligence that impacts operations and maintenance. The poised nature of 
the system requires continuous monitoring to identify equipment 
degradation prior to failure on demand. Run to failure is simply not a 
credible option. 
 
Start-on-demand applications encompass a host of differing requirements 
compared to equipment that operates for extended periods. Ability to start 
on demand becomes the predominant requirement. The Probability of 
Failure on Demand (PFD) imparts differing requirements than simple Mean 
Time To Failure (MTTF) analysis. 
 
Mean Time To Repair (MTTR) additionally impacts system availability, 
where parts are not immediately available the resultant repair times can 
become significant. A worse case situation may result in significant 
unplanned plant modifications, resulting in significant costs and outages. 

Maintainability 

Maintaining emergency power supplies in optimal condition and minimizing 
the probability of failure on demand requires equipment is maintained in 
accordance with a defined preventative maintenance plan.  
 
Tasks associated with maintaining aged control systems increasingly 
become extensive, random failures, sometimes intermittent, can render 
equipment unavailable for extended periods. System health is impacted by 
the lack of diagnostic tools; post trip trouble shooting relies on significant 
guesswork and often results in a replace till fixed strategy.  
 
The components of the distribution system that are energized during 
normal plant operation are effectively continuously verified to be operable. 
This includes all buses, transformers, battery rectifiers and fuses. 
 
The benefits of a correctly implemented proactive predictive maintenance 
program cannot be overstated. Correctly implemented it allows for the 
timely discovery of system degradation. Maintaining system health imparts 
a significant cost of ownership. However, in a nuclear environment 
wholesale replacement carries a significant financial penalty, and as noted 
introduces new risks. 

Reliability 

System reliability is best described by unavailability and the Probability of 
Failure on Demand, they define the predominant poised operation and 
running requirements. 
 
Reliability and definition of the requirements is determined at the time of 
design but is often expressed as: 
 

 The prediction that something is fit for a purpose with respect to 
time expressed as availability, the reciprocal being unavailability. 
For an Emergency generator in a redundant system the 
unavailability targets are in the order of 1E-02 to 8E-03. 

 The probability that a functional unit will perform its required 
function under stated conditions. For an Emergency generator in 
a redundant system the probability is expressed as a start 
confidence in the order of 98 % with a confidence factor of 75% 
(i.e. 0 failures in 69 start attempts). 
 

Controls are energized and active during poised and operational modes, 
therefore they are subject to increased failure probability. In addition 
control relays and electronic devices tend to have only two functional 
states, working and failed. 

 
Poised mechanical equipment is subject to minimal wear, a review of 
recent failures across a number of sites returned similar data showing 
aging controls as the principle cause of machine failure, see Figure 2. 
Generally as poised systems most equipment has significant remaining 
mechanical operational life. Component failure trends in general appear to 
increment at around the 20 year service life; this is consistent with most 
component aging associated with relays, electrolytic capacitors and 
polymers.  
 

 

Figure 2 Compiled Site Component Failure Trends 

Control system failures often result in system trips or failed starts; system 
design and lack of diagnostic capabilities, specifically in relay based 
systems are such that dormant faults are only exposed when the 
generators are called to run.  Mechanical and electrical issues have their 
respective place, but for a poised system that has few running hours, the 
primary impediment to start is control system failure. 

 
Over a 25 year period assuming adequate preventative maintenance is 
performed, emergency generators will return excellent performance; after 
all they were designed to do so. However, due to system component aging, 
reliability will experience a negative trend; this can largely be attributed to 
the classic bathtub curve phenomenon. The curve is shown in Figure 3. 
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Figure 3 Bathtub Curve 
 
The emergency generators spend 99% of the time in poised mode and 1% 
of the time in operating modes (2k hrs in 25 yrs). In poised mode, the only 
active systems are the control system, battery chargers/batteries, 
generator space heater, room heaters, and ventilation.  The starting 
system only operates for a very short period of time; however, it is 
designed for intermittent operation only.  System components still age even 
if they are not active, although at a reduced rate.  
 
As illustrated in Figure 3  many of the system components are at or near 
end of life after 25 years.  The reliability of components that are at end of 
life cannot be effectively modeled by MTTF calculations because MTTF 
only models random occurrences; end of life is not random. In a system 
where "run to failure" is not a viable option this presents a significant issue 
to ongoing plant safety. 
 
For this type of equipment, the aging mechanisms are control relays failing, 
insulation breakdown, capacitor failure, aged semiconductor junctions, 
springs deforming non-plastically, de-polymerization of the polymers and 
premature failure of equipment in heavy use or marginal design 
applications. In short, springs get weak, insulation hardens, seals/O-rings 
get hard and crack, and components fail. 
 
Wholesale package replacement also carries significant risk and resets the 
bathtub curve to one where an initial high failure rate can be expected. 

Life Evaluation 

With a conservative life evaluation, it is assumed component failure is a 
function of age related wear, where run-to-failure cannot be tolerated the 
parts need to be replaced prior to functional failure. The life approach 
ensures that all components are retired before the failure.  
 
This methodology follows a “cycles to failure” criterion, with a minimum life 
capability established statistically through extensive mechanical testing of 
components under simulated service conditions.  Such a life cycle program 
is applied to gas turbines where typical safe life times are in the order of 
20-25k hrs, and where each start is credited with 10 additional hours. 
 
Each routine system test imparts stress on the associated components; 
this is especially true for gas turbine fired plant. After a period of 25 to 30 
years equipment may only have as little as 2k operating hours, but as 
many as 1.6k starts. Dependant on the technology employed 15k-25k hrs 
would be a major overhaul cycle limit. 
 
The advantages of the life approach are that the maintenance 
requirements are kept to a minimum. Disadvantages are that the life 

approach is overly conservative because components are retired with a 
significant amount of useful residual life. Under such conditions, the supply 
of qualified spares may be a serious problem, which due to obsolescence 
is often the case for older legacy engines. 
 

Obsolescence 

Often maintenance cannot be carried out simply because replacement 
parts are no longer available. Obsolescence is a principle reason impacting 
maintainability, simply put without parts repair becomes impossible and 
equipment cannot be maintained. 
 
Increasingly, sourcing of qualified parts, meeting all design base conditions 
cannot be achieved by simply approaching the original component vendor. 
Often that vendor is no longer in business, or due to the market driven 
need for constant product development, can no longer supply an identical 
part. These components need to be identified and a qualified replacement 
program initiated. 
 
When parts are no longer available it results in a significant time to repair 
penalty, time to repair is a direct contribution to system availability. 

Quality Control 

Quality control requirements place challenges on securing OEM 
components, in many cases quality requirements can impact the ability to 
source replacement parts or systems.  
 
Where acceptable quality control is not forthcoming from an OEM 
numerous methods are available to ensure the required quality is obtained. 
In most cases these methods are well understood. Either applying in house 
processes or engaging the services of third party dedicators can overcome 
quality gaps. Quality systems although important should not be considered 
obstacles to parts procurement. 

Remedial Actions – Identify and Prioritize 

Determine Actions 

In many ways the issues impacting reliability are no different from any 
other system in a nuclear facility, the accepted course of action when a 
plant approaches end of design life is to assess the possibility of life 
extension. 
 
Applying a similar approach to emergency generators will allow for the 
useful life of the assets to be extended, as noted many devices that have 
low operating hours have many years of useful life. Replacing components 
that have reached end of life not only makes sense financially; it also 
eliminates the infant mortality associated with installing replacement 
generators.  

Modifying the Bathtub 

Extending equipment life entails extending the rehabilitation time, to the 
point where replacement is the only viable option, effectively when non 
serviceable parts reach their end of life. A combination of effective 
maintenance and pro-active parts replacement can effectively be move the 
replacement point to align with station end of life. 
 
To modify the bathtub curve identified in Figure 3 it is necessary to perform 
the following steps: 
 

 Identify the components in the system 

 Identify components critical to operation 

 Assess reliability to prioritize replacement 
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Figure 4 Modified Bathtub Curve 

Not only will the life extension facilitate a lower cost and risk solution, it 
also reduces outage time as individual components can be replaced in 
more manageable outages, in some cases aligned with scheduled 
outages. 

Component Identification 

Most stations identify all materials by a unique identifier they generally 
record information on material supplier, quality requirements and stock 
quantities to be maintained. These records need to be reviewed, the 
relevant information verified and, where necessary, changes identified for 
revision. This should be considered an ongoing task. 

FMEA Evaluation 

Failure Mode Effects Analysis (FMEA) is a reliability analysis tool used to 
identify the possible modes of failure on a component-by-component basis, 
the probability of those failures occurring in service, and the potential 
consequences of failure. Identifying the most critical components will allow 
for a more efficient corrective action plan. Performing an FMEA requires a 
detailed knowledge of the equipment, the functions of each device and the 
postulated failure mechanisms. 
 
The FMEA analysis effectively filters devices that are not essential for 
operation, meaning, devices not required for emergency operation or that 
can be discounted by operator actions. 
 
Many devices are only catalogued at a high level; a review needs to be 
conducted to ensure all parts are identified to the lowest possible 
serviceable level. Only those components deemed critical by FMEA would 
be assessed. Definition of the lowest possible service level shall be part of 
the initial component identification phase.  

Reliability Assessment 

The impact of component aging needs to be assessed; both the poised 
and operational states need to be considered. A reliability assessment is 
required to determine the capability to function under prescribed 
conditions. Results of the reliability analysis are presented as probabilities.  
 
Reliability assessments are based on a quantitative assessment of each 
component based on industry accepted values. Where applicable, 

reliability assessments are provided for all sub-systems in accordance with 
industry accepted standards such as MIL-HDBK-217F. 

Control Systems – Refurbishment Strategy 
Tasks associated with maintaining aging analog and relay systems 
become extensive. Relays and timers critical to sequence logic have a life 
of approx 20 years, beyond this point they become unreliable and need to 
be replaced.  
 
System health is severely impacted by a lack of diagnostic tools inherent in 
legacy relay based design; post trip restoration relies on significant 
troubleshooting and often results in a replace till fixed strategy.  
 
Specialized control boards and analog controllers quickly become 
obsolete; unless there are sufficient spares available identical component 
replacement is impossible.  
 
A very rudimentary FMEA study will quickly conclude that the controls are 
without doubt critical to operation; they are responsible for startup, loading, 
governing and protection. As noted in Figure 2 the controls account for a 
disproportionate magnitude of failures. Control systems are always 
energized, therefore, after approximately 20 years they are beyond their 
design life.  
 

 
Figure 5 Control Systems 

Path Forward 

Pursuing a component level rehabilitation of the controls is simply not 
possible, the interfaces and engineering required to replicate control 
boards and displays requires more effort than replacement. 
 
Replacement of aged systems and application of digital equipment is a 
significant step forward; it ensures control equipment reliability and extends 
equipment health for many years. These strategies have been pursued by 
multiple operators, some with limited success, principally due to poor 
execution. In certain circumstances a failure to understand the basic 
requirements resulted in replacement controls that did not perform with 
sufficient reliability. 
 
As shown in Figure 5 legacy control systems have many more individual 
components, terminals and wiring interfaces. The digital controller depicted 
replaces all of the circuit boards and wiring into a single controller; wiring 
and analog circuitry is replaced with software. Numerous enhancements 
can be incorporated, i.e. transmitters replace Boolean switches allowing 
process displays for all monitored parameters. Marketplace reality is also a 
significant driver of digital technology; resultant benefits include 
diagnostics, minimal drift and reduced maintenance. 
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When selecting replacement controls vendors it is vital that parties 
specializing in the systems undergoing upgrade are engaged, either the 
OEM or qualified third party. Often with nuclear qualified systems the 
paperwork can overwhelm a vendor that is not engaged in a nuclear 
marketplace. Therefore, a vendor that has a core business specialized in 
the system and nuclear governance is ideally suited to undertake such 
work. 
 
The in service failure rate of an always energized mature retrofit controls 
design is generally excess of 10k operational hrs. This vastly exceeds the 
requirements that normally specify 1.5 to 2k hrs. Modern components in 
isolation are typically specified with MTTF values in excess of 50k hrs; 
overall probability of failure to start on demand is 0.66% all of which 
exceed the requirements by a considerable margin. 
 
Once the decision to proceed with a control system replacement has been 
made it is critical to pursue a one-off lifetime spares purchase. Modern 
control system manufacturers follow market driven need, product cycles 
can be extremely short, especially with regard to software and firmware. A 
prescient obsolescence plan can remove the need for further design 
change and ensure the controls last till end of equipment life. 

Mechanical Systems – Refurbishment 
Strategy 

Mechanical systems differ significantly from the control systems as they 
are subject to few running hours, spending a predominant period of time in 
a poised configuration. So long as the equipment is located in a suitable 
environmental condition, and is properly maintained, the poised operational 
mode does not contribute significantly to MTTR. 
 
FMEA analysis will reveal many devices that are deemed critical to 
operation. Based on operational hours their reliability may be insignificant 
to overall generator reliability, individual components having significant 
remaining functional life. Emergency Generators with only 2k hrs of 
operation over 25 years have significant operational life remaining in key 
mechanical components.  
 
Mechanical health for poised equipment is predominantly driven by failure 
of polymers and springs due to aging, continual maintenance and 
inspection is paramount. Unfortunately, many of the related issues only 
manifest themselves during a demand driven failure. Run to failure, for 
critical components, should not be an option. 

Addressing Mechanical Health 

When monitoring reveals an issue associated with a critical component 
immediate action is required. A recent example of an issue impacting an 
emergency generator is related to a hydraulic pump, in this example it 
supplies fluid to a turbine cranking motor. It is therefore critical to system 
operation. 
 
During maintenance activities it was noted the pressure and flow was 
deteriorating, this manifested itself as an extended crank time. Presently 
failure is attributed to worn polymer shaft seals on the positive 
displacement pump. Clearly a failure of this pump would result in a loss of 
starting capability. The pump is shown in Figure 6. 
 
Investigation revealed there were no spares available, the vendor was no 
longer available and the pumps long since obsolete. Without urgent action 
the emergency generator was at high risk of a protracted forced outage. 
 

 

Figure 6 Hydraulic starting pump 

The solution was to initiate a set of actions to source a replacement pump, 
this entailed the following: 
 

 Determine if a vendor can be found 

 Obtain original design documentation 

 Generate a set of specifications that fully document the 
requirements 

 Define the required quality standards 

 Procure replacement identical pumps from the new vendor 

 Conformance tests to verify requirements are met 
 
Fortunately the original OEM information was available, the company had 
gone through many structural changes, and importantly the original moulds 
to cast the units were available, along with all the design details. 
 
After conducting a quality grade survey it was concluded the company had 
the required quality practices in place, a detailed series of specifications 
were prepared and new pumps were ordered. Tracking all the information 
and generating the required specifications and test plans requires 
significant resources. For this particular component the result is the original 
specification OEM replacement component, previously considered 
obsolete can be sourced.  
 
A positive outcome requires a detailed understanding of the application 
and performance requirements, the extent of the original design material 
available impacts the level of effort required.  

Borescope Inspections 

Borescope inspection can reveal information regarding system health of 
components not normally accessible. This is especially relevant to turbine 
blades and hot gas path components. Health of internal components can 
reveal significant issues that if left unchecked could result in catastrophic 
mechanical failure.  
 
A recent inspection of an epicyclic gearbox revealed the presence of 
degradation to an internal surface. Here the hardened epoxy finish was 
liberating, as shown in Figure 7, liberated material is capable of embedding 
in soft babbitt material, causing serious damage to bearing surfaces. 
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Figure 7 Gearbox internal surface. 

 
The findings have allowed for a gearbox overhaul to be injected into 
outage scope. The early detection allowed for vendor interaction and 
preparation of resources required to conduct the work. As of writing the 
remedial actions are scheduled for action in the next available outage. 

Redundancy - Increasing Operational Margins 

Original Design 

From analysis at various nuclear facilities it can be seen that the initial 
designs met or exceeded reliability targets, after 25 years in service the 
reliability of the original design suffers due to certain components reaching 
end of life. 
 
As noted a strategy to upgrade targeted components can restore much of 
the margin. Overhaul times for upgrades (such as a control upgrade) will 
often significantly exceed the maximum scheduled outage time; rendering 
the system vulnerable due to loss of redundancy.  
 
Often routine maintenance and pre-defined preventative maintenance is 
deferred due to the inability to provide the required outage time. This is 
increasingly the case. When aging equipment failures increase, station 
confidence in loss of redundancy does not allow for effective outages. The 
inability to perform maintenance generates a spiral of continuing system 
degradation. 

Increasing Redundancy 

Most emergency generator applications are designed with some level of 
redundancy, the exact configuration dependant on initial design 
considerations and the required availability target for the emergency power 
system. 
 
Increasing overall system reliability can be achieved by simply adding more 
units in a redundant configuration. Adding generation units to a redundant 
system will tend to increase the overall reliability of the emergency supply, 
it will however increase the failure rate, simply put there is more to go 
wrong. 
 
If a system has an N+1 redundant design then the addition of a new 
generator to provide an N+2 configuration will allow for a significantly 
increased outage time on one of the units, this time can be used to perform 

controls and mechanical upgrades. Recent developments and upgrades at 
various CANDU facilities have concluded the need for additional 
redundancy. Updated assessment of the vital importance of emergency 
power is also driving a requirement for additional redundancy. 
 
An approach that resulted in a minimal footprint and minimal site 
installation time, provision of modular skid mounted standard designs 
meeting the requirements provided the answer.  
 

 

Figure 8 New Rapid Installation Emergency Generator 

Challenges include purchasing of a qualified generator, the design 
modifications required to install and the physical space requirements for 
the new generator. Often the physical space required for a multi MW sized 
generator is simply unavailable. 
 
Additional issues exist with connecting the new emergency generator into 
existing emergency supply busses, modifications to switchgear on these 
sensitive busses require significant engineering effort. 
 
Currently such a modification is underway at a CANDU facility; the new 
generator will allow a prolonged outage to conduct a significant upgrade 
program. 

Training - Knowledge Is Golden 
Training employees is an essential activity for all organizations. Training 
provides employees with the key knowledge and skills, needed to perform 
their job and ensure systems are operated and maintained in optimal 
health. 
 
Learning is a continuous process: 
 
1. Employees learn through their actual personal experience and from 

the experience of others, defined as knowledge based skills. This 
training can provide strong skills; it can also impart techniques that 
sometimes do not produce the required results. A knowledge based 
approach does not always provide for a detailed understanding of the 
equipment. 

2. Employees can learn step by step, from known to unknown, simple to 
complex in a structured environment. Such training provides a skill 
based approach and a fundamental understanding of operation. 
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Without adequate skills training or support, implementing maintenance and 
troubleshooting becomes reliant on procedural or limited knowledge based 
methods. When correctly defined and where routine processes are 
required, relying on these methods is acceptable. Where events require 
complex troubleshooting, beyond procedural and routine processes, these 
methods achieve limited results. 
 
Skills based training imparts the necessary specialized knowledge and 
skills to comprehend system operation and define trouble shooting; in 
reality a combination of skills based and knowledge based training 
provides the ideal combination.  
 
The benefits of training to system health cannot be understated. 

Summary - Increasing Operational Margins 
Aging of components is the cumulative effect of service time, quality of 
maintenance and the nature and conditions of operation. The rates of 
damage accumulation are difficult to predict due to uncertainties in 
operating conditions and, occasionally, changing requirements.  
 
Aging damage reduces component structural integrity and is therefore 
detrimental to emergency generator reliability and nuclear safety. When 
reliability exceeds allowable limits, or when component lives dictated by 
design are reached, the components should be replaced. Replacing 
service-damaged or life-expired parts is a significant challenge to 
emergency power system reliability. 
 
Quantifying replacement parts based on a FMEA, OPEX and reliability 
analysis provides for a tailored approach that can focus resources on those 
parts with the most significant failure effects and degraded reliability. 
 
Run to failure is simply not an option for these systems, similarly nor is a 
requirement to repair critical parts that should be a stock item. Only those 
components with significant capital cost i.e. the generator should be 

repaired onsite. Where possible parts should be repaired to restock; this is 
especially applicable to obsolete parts. 
 

 Do not wait for component obsolescence and lack of spares to 
render critical spares unavailable. Take all necessary action to 
source suitable replacements. 

 A complete maintenance program is an absolute requirement, 
maintenance should not be sacrificed to schedule and delays 
should be avoided. 

 Appropriate training is required at all station levels to ensure 
experience and knowledge levels are maintained. 

Parts Strategy 

A credible parts replacement strategy is paramount, maintaining availability 
when critical spares are not stocked and no longer available is risking a 
prolonged forced outage. There are four basic methods available: 
 

 Rebuild obsolete parts when design and manufacturing 
information is available. 

 Source suitable used parts and refurbish and re-qualify. 

 Engineer an identical form fit function replacement. 

 Redesign the system to remove the obsolete parts. 
 
For a controls system the most cost effective method is to design a new 
replacement control system. For the generator, depending on the failure a 
rebuild offers the optimal solution. 
 
Addition of redundancy will also provide the ability to increase scheduled 
outage times on the older generators. The ability to have a prolonged 
outage will ensure maintenance backlogs can be resolved and increase 
overall system health. 
 
In practice a balance of all methods will be required. Correctly performed 
the approach can extend the life of the emergency generators to align with 
the main station end of life. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 Upgraded SG Controls 
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