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In March 2013, Global Nuclear Fuel (GNF) met the INPO challenge for zero-leaker 
fuel reliability, with GNF’s North American BWR customers operating over 1.4 
million rods with no leakers.  More than a story of success for GNF and its 
customers, achieving this milestone opens the door on a new era of fuel reliability 
expectations.  It is also an occasion to look back at the road to, and lessons learned 
in, achieving zero-leaker fuel reliability; to reflect on the cost of leakers on plant 
performance and what operating leaker-free means; and to consider what we must 
do to maintain leaker-free performance. 
 
How is zero-leaker fuel reliability achieved? 
 
Implementation of lessons learned from failure events has played the most 
important role in the systematic identification and elimination of failure 
mechanisms.  Because GNF has the largest BWR installed base, and GNF fuel is 
exposed to the widest variety of BWR operating conditions, fuel reliability 
challenges have often been encountered first by GNF, and solved first by GNF. For 
example, today’s improved debris filters are a result of higher debris inventories 
faced in a small number of plants, but the challenge of solving the debris problems 
for those plants now yields benefits for the entire BWR fleet.  Similarly, when 
missing-pellet surface induced “duty-related” failures were first identified, 
corrective actions were taken for GNF fuel to fleet-wide benefit.   
 
GNF has collaborated closely over the years with utility fuel engineering teams and 
operational staff to solve these problems and reduce fuel failures.  Recently, this 
collaboration was reinforced by fuel reliability initiatives such as “Zero by 2010” 
and “Driving to Zero” supported by INPO and the EPRI Fuel Reliability Program, 
which increased the visibility and importance of fuel reliability among utility 
senior management.  These programs enable more widespread implementation of 
innovative fuel designs and facilitate exchange of operational experience.  The 
success of these efforts is indicated by the decreased fuel failure rate in recent 
years, as outlined in Figure 1.   



   

 

 
Figure 1:  40+ year path to zero fuel failures  



   

With respect to the specific challenges overcome on the way to reaching zero 
failures, there are four broad failure mechanisms that have affected BWR fuel 
over the past twenty or so years:  debris fretting; duty-related or PCI (pellet-clad 
interaction) type; manufacturing defects; and crud or corrosion.  Three of these 
challenges have been largely resolved in recent years, as crud/corrosion has not 
affected a US plant in approximately 10 years, manufacturing related failures have 
been eliminated for the most part, and PCI-type failures are rare now, largely due 
to widespread implementation of operating practices to reduce the duty applied to 
the fuel.   
 
Recently, debris fretting has been the failure mechanism that has affected the most 
plants, caused the most fuel failures, and has been the most difficult to eliminate.  
Three factors are most important in the U.S. BWR fleet debris failure rate 
improvement seen from 2006 through today: 

• Reloads with “non-line of sight” DefenderTM lower-tie plate debris filters 
began operating in 2006 and are now near 100% of most GNF supplied 
cores. 

• GNF communicated to plants the increased susceptibility to debris failures 
in BWRs with pumped forward feedwater heater drains.  Most plants with 
this configuration, including a BWR/5, a BWR/6 and two BWR/4 units in 
the U.S., installed strainers in the heater drain lines to help protect this 
otherwise unfiltered stream that is approximately 35% of feedwater flow.  
All have seen their debris fretting failure rate decline dramatically.  A BWR 
in Swedenopted to switch to cascade drains during a 2011 mid-cycle outage 
and has operated since that time without a failure (after experiencing 19 
debris failures in 5 annual cycles just before this change). 

• Many plants where repeat debris failures had occurred significantly 
strengthened their Foreign Material Exclusion (FME) programs and 
practices. 

 
Cost of fuel failures 
 
The drive to zero leakers is rooted in the substantial costs associated with fuel 
failures.  Traditional wisdom in U.S. BWRs is that avoidance of a mid-cycle outage 
(especially during a peak electricity demand period)is of paramount importance.  
A mid-cycle outage is typically about seven days in duration, and includes the dose 
impact of an extra reactor disassembly evolution.   For most plants,  this will result 
in failing to meet long-term efficiency and dose goals, and these costs (direct and 
indirect) are far larger than those associated with continued operation with a 
failure. Nonetheless, some plants have decided that proactively shutting down to 
remove a fuel failure, to remove the associated uncertainty and operational 
complications, as well as mitigate the next-cycle core design impacts is a better 
course of action. 
  
In any event, operating with a leaker for an extended period of time is still a costly 
option. The largest costs are the direct impacts on plant capacity factor.   The 
actual cost is dependent on the size of the plant, time of year, and other factors, 
but main impacts include: 

• Up to two days at ~65% power to locate the failure (Power Suppression Test 
(PST)) 



   

• Early coastdown near end of cycle 
• Maneuvering restrictions (deeper load drops, slower ramp rates) 

 
Figure 2 illustrates graphically the capacity factor impacts directly attributable to 
operation with a failure.   

 
Figure 2: Costs of fuel failures 

 
Other potential impacts include: 

• Plant and engineering staff diverted to focus on leaker related issues during 
operation 

• Increased chemistry sampling during operation 
• Additional costs due to fuel sipping and inspection during outages 

 
Additionally, a fuel failure usually adversely impacts the next cycle’s core design:  

• Suppressed bundles may require channel exchange for distortion 
management 

• Suppressed bundles are loaded near the periphery (in low duty locations) or 
softer power ascension rates are proscribed for the BOC startup 

• Control blades used for suppression may require earlier replacement 
 
Another important consideration is that leakers may result in indirect dose costs, 
depending on the size of the leaker.  For small “offgas-only” failures, when there is 
little or no secondary damage, the dose effect is limited mainly to increased 
chemistry sampling during operation.A U.S. BWR/6 plant completed a cycle in 
2013 with such a leaker, where application of failed fuel management practices 
resulted in dose impacts attributable to the failure being only those for inspection 
of the failure.  For larger failures, dose effects have been seen during outages from 
carryover of iodine activity to secondary plant areas such as the low-pressure 
turbines, and occasionally as a fission-product isotope contribution to piping dose 
rates (normally controlled by Co-60).  Several U.S. plants have experienced these 
types of impacts within the past decade. 
 



   

Finally, the presence of a fuel failure has a significant adverse impact on a plant’s 
INPO scores.  Not only is there an indirect impact, as shown in Figure 2 for 
capacity factor , but there is also a direct impact, as 10 of a plant’s 100 points are 
tied to fuel reliability.  Of these 10 points, four points are lost if a fuel failure is 
present, and six points are tied to long-term reliability (weighted according to the 
number of months operating with a leaker in the last 48 months.    
 
Maintaining zero-leaker performance 
 
The BWR industry has seen dramatic improvements in fuel designs.  Exposure and 
energy capabilities have increased by approximately a factor of three, while 
reliability has improved by several orders of magnitude.  It is now “expected” that 
fuel will operate without failures.  However, this success cannot be taken for 
granted and maintaining today’s zero-leaker level of performance requires 
sustained focus.  It is critical to pay attention to individual plant details:  A single 
reactor maneuver or maintenance activity can result in unexpected failures.  It will 
remain important to keep in place effective defensive measures, such as the 
Defender™ lower tie plate debris filter, the latest generation of debris mitigation 
technology in GNF fuel, which has been critical in reducing failures from the 
leading failure mechanism in the BWR industry.  Underpinning all such efforts we 
must of course maintain a safety and quality culture, as employed by GNF and 
BWR operators in helping GNF meet the challenge for leaker-free operations in 
North America.   
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