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ABSTRACT 

A Midwest nuclear power plant utilizes 345 kV oil circuit breakers (OCBs) rated at 2,000 amps with an 
interrupting capacity of 63,000 amps. OCBs are independent-pole, pneumatically operated breakers: air to 
close; spring to open. A hot spot was identified on the test tap cover of the A phase, on bus 10 side of OCB 
10-11. The hot spot exhibited a difference in temperature (∆T) of 12°F when compared with B and C phase 
tap covers on the same OCB. This is considered a non-line-of-sight component. It was determined through 
discussion with experts from the transmission department that if the source of the heat was behind the cover, 
it could be a serious problem. Per the Thermography Procedure, the condition was considered “red” with 
Action 3 Criteria requiring immediate planning and corrective action. 

PdM personnel increased frequency of monitoring to daily. Visual inspection indicated a slight oil leak near 
the bottom of the cover. PdM personnel and transmission experts created the following scenario: 

• Oil leaks out of tap compartment. 

• Moisture gets into tap compartment. 

• Tracking ensues along the moisture trail. 

• Electrical breakdown occurs along the porcelain cone surface. 

• The longer the tracking or arcing continues, the more deeply eroded the cone becomes. 

• If erosion continues and compromises the porcelain cone, tracking could pass to an adjacent 
compartment, causing an explosion and resulting in catastrophic failure. 

Repairs were completed on September 18, 2003. Images are available upon request. 
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POWER PLANT THERMOGRAPHY – WIDE RANGE OF APPLICATION 

One of the most difficult tasks for predictive personnel is to quickly determine the severity of an identified 
anomaly. This is true in almost any industry, and it is certainly true of the power industry, where so much is at 
stake. A single failure can potentially cause millions of dollars of lost production. It is not always easy to 
determine whether an identified temperature rise is a serious problem or just a minor deviation. Of course, it’s 
even more difficult to determine “How long will it last?” Nuclear power plants operate a variety of equipment 
that provides a formidable challenge to predictive maintenance (PdM) personnel. Thermography has proven 
to be a useful diagnostic tool for much of this equipment. 

 
BACKGROUND 

Our specific plant is a dual-unit boiling water reactor design with 1,200 megawatt generators. Our company 
operates nuclear power plants throughout the Midwest and extending to the East Coast. The age and design 
of the plants vary greatly, challenging the PdM professional to be well versed in a variety of component and 
system designs. Our company is fortunate to have highly experienced personnel in this area. Many of these 
people have 15 years or more of experience and are typically versed in multiple PdM technologies. This 
serves us well, since we often consult each other when faced with difficult problems. Following a recent 
merger, PdM personnel from the various plants teamed up to revise the guidelines and procedures 
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associated with PdM, including thermography. In the area of thermography, the goal was to come up with 
standardized temperature criteria that could be applied across a large variety of components. The end  

products are very good, but be cautious of generic standards. It is imperative to understand the design of the 
equipment prior to making recommendations for repair. The following examples illustrate this point. 

 
Alterrex Exciter Rectifiers 

The Alterrex Exciter is a small AC generator that provides field excitation for the main generator. 
Thermography is performed annually on the generator, generator brushes, Alterrex brushes, and control 
cabinet. Scans are planned for February or March each year to allow time for repairs prior to summer, should 
a serious problem be identified. Much of the thermography performed during February and March is geared 
toward summer reliability, as the desired goal of our utility is 100% availability during the summer. In March 
2003, a hot spot was identified in a bank of rectifiers on the Unit 2 Generator Alterrex Exciter. The exciter has 
4 banks of rectifiers attached to contact bars that also act as heat sinks. Conductive grease is used at the 
connection point. The rectifier in question had a ∆T of approximately 50°F as compared to other rectifiers. 
Measured temperature was 185°F versus 126°F for the other rectifiers. Correspondence with the OEM 
determined that a reasonable upper limit for operation would be 266°F. This particular hot spot is scheduled 
for repair during our next refuel outage in 2005. 
 

 
Figure 1.      Figure 2. 

The single largest challenge in a nuclear power plant is that certain components can be repaired only during a 
shutdown. The fact that we utilize two-year fuel in our reactors makes accurate predictive maintenance even 
more important. This hot spot was identified about a month after startup from the last refuel. Additional 
monitoring, the latest conducted in March 2004, indicates that the temperature is stable. A similar problem 
was identified in 2002 on the opposite unit and was repaired early in 2004 during a refuel outage. Results 
from the inspection indicated the conductive grease was degraded, causing a high-resistance connection. No 
serious damage was observed. This provides a good basis for the repair plan on the current hot spot; i.e., the 
repair can wait until the refuel outage, since past experience tells us it will last. Comparative analysis between 
similar components is always beneficial 

 
Transformer 81 Cooling Fan Contactor 

Thermography is performed in our switchyard on a semiannual basis. That is, a complete “hand-over-hand” 
scan is conducted that includes all bus connections, metering, switches, over-current breakers, control 
cabinets, low-voltage transformers, high-voltage transformers, expansion joints, and more. This particular 
issue was discovered during a fall surveillance of the switchyard, conducted October 8, 2003. A hot spot was 
identified on the right side contactor inside the control panel. This transformer is 138 kV, oil-filled; and it feeds 
local communities in the area. It has 4 banks of radiator-type cooling fans. Each bank is equipped with a 



   
 

InfraMation 2004 Proceedings                                                                            ITC 104 A 2004-07-27 
 
 

circulating pump to move oil from the transformer through the radiators. Each contactor in the control panel 
feeds 2 banks of fans. Loss of cooling during summer months would be a concern, although the transformer 
is not critical to plant operation. The center phase of the contactor appeared to have a hot spot at the cable 
connection. Testing was repeated for verification the next day, and an action plan for repair was developed. 
 

 
Figure 3. Before     Figure 4. After 

The job was placed in the 13-week work cycle process. The working department elected to replace the 
contactor, since it was ~ 20 years old. Figure 4 shows that the hot spot at the center phase is gone, but it also 
shows that the new contactor body operates cooler than the companion contactor. The companion contactor 
is still original equipment on this transformer. The work was completed on December 5, 2003. However, since 
cooler weather prevailed from that point until spring, the post-maintenance testing was not completed until 
April 2004. 

 
kV Tower Connections Line 0101 – 345  

Following a violent storm, an increased temperature (33°F above ambient) was recorded on the B phase 
tower insulator connection. The hot spot was discovered on July 13, 2003. By July 21, 2003, the rise above 
ambient was approximately 65°F, and the ∆T was 48°F. During that summer we experienced a lot of wind 
and found that it had a significant effect on the temperature of certain hot spots, particularly this one. Most 
experienced thermographers know the effect of wind on structures. In this case we plotted the wind effect to 
provide some qualified data for comparison (Figure 5). 
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Figure 5. Plotting of wind speed versus temperature drop 

The tower is about 100 feet tall, and the bolted connection to the under-slung insulator is readily exposed to 
the wind. As one might expect, the design of a structure, along with proximity to the ground and surrounding 
structures, will influence the level of effect that wind has on temperatures. We found a lot of variation of wind 
effect on hot spots on the lower structures. Wind generally has less effect on the components closer to the 
ground, assuming there are other structures in close proximity. Suffice it to say, wind speed and direction 
should always be recorded and considered when assessing the severity of hot spots. 
 

  
 
Figure 6.    Figure 7.    Figure 8. 

By late August the ∆T was approximately 87°F, and the measured temperature was 185°F. Our standard at 
that time categorized this component as “red” due to the ∆T. Experts from our transmission and distribution 
division determined that the line would be taken out of service if the measured temperature exceeded 275°F. 
This decision was based on the metallurgical degradation that would be expected at that temperature. By 
September 2003, cooler outside air temperatures and sustained wind allowed the temperature to drop, and 
temperatures remained stable until repairs were made in the autumn. However, when the repair was made, 
workers reported they could see daylight between the contact surfaces of the bolted connection. There was 
some heat-related damage, but it was not severe. It was surprising that such a poor connection did not result 
in higher temperatures and more serious damage. 
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Figure 9. 

In addition to what was observed about wind effect on hot spots, we also learned something about the wind 
effect on our switchyard. Discussion with one of our other power plants, with a similar switchyard 
configuration, indicated that the S bus design, shown in Figure 9, has some susceptibility to wind. That is, 
strong winds can work the bolted connections loose, resulting in hot spots. If you recall, this hot spot was 
discovered after a violent storm. 

 
Leak Detection 

Thermography in the power plant setting is not limited to electrical components. We apply the technology to 
leak detection as well. Condensate polishers are components used to purify the condensate before returning 
it to the reactor vessel. The polishers are a series of filters and resin beds that remove impurities from the 
water. Occasionally, one or more of the ball drain valves from the filters will develop a leak. The filters drain to 
a common header, so it is difficult to determine which valve might be leaking. Thermography offers a quick 
and reliable answer to this problem. Figure 10 is an image of a properly sealed drain valve. Figure 11 is an 
image of a leaky valve. 
 

  
 
Figure 10. A properly sealed drain valve  Figure 11. A leaky valve 

Leak detection in the steam cycle is also very valuable to the organization. Figure 12 demonstrates a leak on 
a large valve that should be isolated and was leaking back to the condenser. Even though the line was 
insulated, the exposed flange demonstrates leakage past the valve. Routine thermography is conducted in 
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the heater bay to identify such leaks. The heater bay houses much of the condenser and condensate reheat 
piping and valves. The results are useful in planning outage work and typically improve the efficiency of the 
plant. 
 

 
 
Figure 12. A leak on a large valve 

The ability to quickly identify leaks is a great aid to troubleshooting and simplifies repair plans. Because leaks 
can potentially come from multiple valves, thermography is very useful in pinpointing leaks. 

 
Oil Filled Circuit Breaker 

Our power plant utilizes 345 kV oil circuit breakers rated at 2,000 amps with an interrupting capacity of 63,000 
amps. OCBs are independent pole, pneumatically operated breakers: air to close, spring to open. 

A hot spot was identified on the test tap cover of the A phase, on bus 10 side of OCB 10-11. The hot spot 
exhibited a ∆T of 12°F when compared with B and C phase tap covers on the same OCB. This is a non-line-
of-sight component. It was determined through discussion with experts from the transmission department that 
if the source of the heat was behind the cover, it could be a serious problem. Per the Thermography 
Procedure, the condition was considered “red” with Action 3 Criteria requiring immediate planning and 
corrective action (Figures 13 and 14). 
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Figure 13.     Figure 14. 

PdM personnel increased frequency of monitoring to daily. Visual inspection indicated a slight oil leak near 
the bottom of the cover. PdM personnel and transmission/distribution experts surmised the following scenario: 

• Oil leaks out of tap compartment. 

• Moisture gets into tap compartment. 

• Electrical breakdown occurs along the porcelain cone surface. 

• As tracking or arcing continues, deeper erosion occurs in the cone. 

• If erosion continues and compromises the porcelain cone, tracking could pass to an adjacent 
compartment, causing an explosion and resulting in catastrophic failure. 

Repairs were completed on September 18, 2003. Figures 15 and 16 demonstrate the test tap cone and show 
the tracking that occurred within. 
 

  
 
Figure 15. Test tap cone   Figure 16. Tracking within the test tap cone 

This is a good example of a relatively low temperature differential that could have caused major equipment 
damage and lost production. Luckily, this item stood out as quite different from the norm, even though the 
temperature was not severe. PdM personnel were able to quickly diagnose the problem by contacting the 
right people and developing a plan of action that repaired the problem with minimal damage to equipment and 
no loss of production. 
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CONCLUSION 

In summary, this paper demonstrates the wide range of thermography diagnostics that can be applied in a 
power plant, either nuclear or fossil. The cost of downtime is astronomical, making predictive techniques more 
important than ever. Also, the ability to plan work versus reacting to failure is very valuable to the 
organization. It is important for the thermographer to understand the design of the equipment and to inspect 
open equipment at every opportunity. It is also imperative to develop a network of experts inside and outside 
the company that can be consulted when necessary. Thermography in power plants had traditionally been 
applied only to electrical applications, primarily in the switchyard. Over the years, a myriad of other uses have 
been developed that help identify problems early and diagnose the repair accurately. 
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