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The LWRS Program program hosted the Boiling Water 
Reactor Owners Group (BWROG) Feedwater System 
Improvement (FWSI) Committee Meeting from July 

30 to August 1, 2019, at Oak Ridge National Laboratory 
(ORNL). The meeting, with 33 attendees (see Figure 9) 
including staff from four U.S. Department of Energy (DOE) 
national laboratories—Oak Ridge National Laboratory, 
Argonne National Laboratory, Idaho National Laboratory, 
and Sandia National Laboratories; BWROG FWSI commit-
tee utility members; General Electric employees; and a 
Pressurized Water Reactor Owners Group (PWROG) repre-
sentative to discuss current boiling water reactor (BWR) 
and pressurized water reactor (PWR) feedwater system 
issues and challenges, 
as shown in Figure 
10. The discussions 
focused on identi-
fying component 
failures and evaluat-
ing applicable DOE 
resources that could 
be utilized to address 
design improvements 
that may reduce lost 
power generation 
caused by feedwater 
system outages. (An 
estimated 30-60 MWe 
is lost within the BWR 
or PWR feedwater 
system.)

Feedwater system 
component 
failures have a long 
history of being 
the number one 

cause of lost electrical generation for BWRs and PWRs. 
The economic costs associated with lost generation 
range up to $150 million per year for the fleet with a 
potential loss of additional income of up to $10 million 
per reactor per year due to original system design 
inefficiencies (based on 1960s/1970s technology). 
An analysis of the lost generation data suggests that 
improving the performance of heat-exchangers, valves, 
pumps, and valve operators would mitigate much 
of these lost generation trends. For example, Table 1 
shows the major causes of lost generation in 2018 for 
BWR feedwater systems. It should be noted that these 
numbers are representative of the components causing 

lost generation; 
however due to how 
lost generation is 
reported, the total 
lost generation is 
higher than the sum 
of each component.

In addition to system 
component issues, 
feedwater systems 
were designed more 
than 50 years ago 
and have generally 
not been updated to 
improve performance 
based on the latest 
technologies, except 
for instrumentation 
and control (I&C). 
Furthermore, the BWR 
feedwater system 
is complicated with 
multiple stages of 
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Figure 9. Utility, industry, and DOE national laboratory FWSI Committee 
Meeting attendees (July 30 – August 1, 2019, ORNL).
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Table 2. Summary of BWR Feedwater Component Failures in 2018 and Lost Generating Capacity. (Data provided courtesy of the BWROG)

Component Generation 
Loss Events MW-Hrs Lost Percent

Heat exchanger, condenser, steam generator 6 555,833 40%

Valves, dampers 9 385,737 28%

Pumps, eductors 6 322,776 23%

Valve operators 2 46,190 3%

Turbines (steam, gas) 1 38,988 3%

Motors (electric, hydraulic, pneumatic) 2 26,096 2%

Instrument controllers 3 17,405 1%

Integrator/computation module 1 2,627 0%

Transmitters, detectors, elements 1 109 0%

Total 31 1,395,761

heat-exchangers, pumps, steam jets, and flow diversions 
in which all components of the system must operate 
within design limits and respond predictably to the plant 
controllers.

Meeting attendees acknowledged that a multi-
disciplinary subject matter expert team comprised 
of DOE national laboratories and industry personnel 
may be able to improve plant reliability and economic 
competitiveness with an initial focus on feedwater 
systems. This could be accomplished by analysis and 
assessments of the historical and current causes of BWR/
PWR feedwater system failures and current maintenance 
practices along with the utilization and application of 
DOE’s capabilities and resources.

It was estimated that a 30 MWe improvement obtained 
at each BWR plant due to system configurations changes, 
could yield approximately 1,000 MWe of new generation 

capacity in the U.S. BWR fleet. An additional 2,000 MWe 
fleet-wide could be achieved if the reliability of existing 
feedwater systems were improved.

The following items were identified as the key areas in 
which DOE has unique technologies and R&D expertise 
to facilitate opportunities for improving feedwater 
performance:

• Commercialization of DOE technologies, such as 
advanced water level sensors

• Analytical techniques that identify common  
cause failures

• Adaptive control systems

• Artificial intelligence for sensor systems

• Improved inspection techniques (e.g.,  
feedwater heaters)

• Active sensors for crack detection

• Peel and stick sensors connected to plant WiFi systems

• Standard instrument packages for data collection

• Radiation hardened equipment/remote mobile 
equipment

• System modernization of components nearing  
end of life

• Standardized fleet Knowledge Transfer and Retention 
(KT&R) processes.

The subject matter experts across the LWRS Program 
research and development pathways plan to continue 
their engagement with the BWROG FWSI committee and 
will explore opportunities to improve feedwater system 
performance issues.

Figure 10. Participants discussing FWSI issues at the FWSI 
Committee Meeting




