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Introduction 

Over the past 20 years, a number of power plant chimneys 

have suffered from severe fire  damage. The risk of catastro-

phic fires is even more relevant today as large amounts of 

combustible construction materials are used in Flue Gas Desul-

phurization (FGD) systems. Power plant stacks are often close 

to the FGD plant, and in case of an FGD fire the stack can be 

exposed to very high temperatures. With an average of about 

60 structural fires a year in power plants reported by the Na-

tional Fire Incident Reporting System (NFIRS) in the United 

States, the risk of fire is real. Consulting firm Exponent studied 

the performance of different chimney flue designs when ex-

posed to fire. 
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Picture 1: Chimney and absorber 

Picture 2: Pennguard lining application in steel f lues  
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This paper is divided into five parts. In part one a typical FGD 

wet stack project is described. Then, two fire incidents which 

affected power station chimneys are investigated and de-

scribed. Part three presents the results of two fire exposure 

tests executed by Exponent to determine the performance the 

Pennguard Block Lining System under fire conditions. Part 

four describes the results of a fire modeling study which was 

used to compare the Pennguard Block Lining System perform-

ance with two other types of chimney flue designs. Part five 

presents overall conclusions. 

1. Coleson Cove Power Station –  

A typical FGD wet stack project 

Coleson Cove power station is a 3 x 350 MW heavy fuel oil 

fired power station, located in Canada and owned by New 

Brunswick Power. In 2004, the owner decided to install an 

FGD system. As part of the conversion project, two B&W 

absorbers were installed and wet electrostatic precipitators 

(wet ESP’s) were placed on top of the absorbers to minimize 

emissions of sulphur trioxide and fine particles (picture 1). 

Directly downstream of the two absorbers and wet ESP’s, a 

new 183 m high concrete chimney with two 7.0 diameter car-

bon steel flues was built for wet stack service. The carbon steel 

flues were protected with a Pennguard lining (pictures 2 and 3) 

This project is a typical example of how FGD chimneys are 

placed very close to the FGD plant. This makes the chimney 

vulnerable to any fire that might occur in the FGD system. 

2. Investigation of actual fires 

More than a thousand structural fires in power plants were 

reported in the United States by the National Fire Incident 

Reporting System (NFIRS) between 1983 and 1998. Some of 

these structural fires resulted in major chimney damage. 

At the Kansas City Power & Light La Cygne station, on July 1, 

1995, a fire started in the FGD ductwork following a boiler trip 

with very high temperatures. The coating system in the outlet 

ducts and chimney flue caught fire, generating enough heat in 

the flue to weaken the steel. As a result of the weakening of 

the steel, the 220 m high flue buckled at approximately 70 m 

high level causing a partial collapse of the flue. Replacement 

of the lower 122 m was required and it took 12 weeks of 

around the clock construction work to refurbish the chimney. 

Picture 4: Freestanding steel chimney directly 

next to the FGD unit 

Picture 6: Pennguard Block facing glazed,  

adhesive joints deteriorated 

Picture 7: No structural damage.  

Only localized discoloration of  external coating  
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Picture 11: Inside of  test chamber during the  

ASTM E-119 test 

Figure 1:  The temperature measurement results during 

the ASTM E-119 test  

survived the incident. As a result of the thermal insulation 

properties of the Pennguard lining, the chimney did not col-

lapse.  

Fire incident at Endicott Power Station in Michigan - An over-

view in pictures: 

Picture 12: Pennguard lined wall af ter the two hour ASTM E-119 test  

3. Fire exposure tests: Performance of 

Pennguard lining under fire conditions 

Exponent executed two fire exposure tests. The first test was 

performed to determine the behaviour of the Pennguard lining 

system under fire exposure. The second test was performed to 

determine the fire propagation properties of the exposed sur-

face o f the Pennguard lining system. 

The first test was executed according to test procedure ASTM 

E-119, a Standard Test Method for Fire Tests of Building Con-
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Picture 13: After the test, the backside Adhesive is still f lexible  

structions and Materials. For this test a Pennguard lined carbon 

steel plate of 1,5 m x 2 m was used and attached to a fire 

chamber with gas burners. The backside of the steel plate was 

instrumented with thermocouples to follow and register the 

temperature of the surface of the Pennguard Blocks and the 

backside of the steel plate.  

Figure 1 shows the temperature measurement results during 

the two hour ASTM E-119 test. The Pennguard lining in the 

chamber was exposed to temperatures of up to 1.000 °C. The 

test shows that the Pennguard Blocks have good thermal resis-

Figure 2: Summary of  f lame propagation test results  

tivity. The steel temperature never exceeds the 240 °C, which 

proves that the Pennguard Blocks were able to protect the steel 

surface fro m heat damage over the entire duration of the test. 

At a temperature below 240 °C, the steel will not have suffered 

any heat damage and the loss of yield strength would have 

been negligible. 

The second test was performed to determine the fire propaga-

tion properties of the exposed surface of the Pennguard lining 

system. The goal was to determine if a small fire capable of 

igniting the Adhesive could propagate along the joints and 
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result into a fire inside the chimney flue covered with the 

Pennguard lining system. For this test two Pennguard lined test 

panels of 45 cm x 150 cm were used. Two different joint pat-

terns, aligned and staggered, were used. 

For both flame propagation tests, with aligned and staggered 

joints, the flames self extinguished in eight minutes or less 

once the burners were turned off. The flame never propagated 

upward more than 30 cm following the turning off of the 

burner for the aligned joint and no more than 5 cm in case of 

the staggered joints. 

The results of this set of tests on flame propagation indicate 

that a localized ignition of the Pennguard Adhesive on a verti-

cal wall would not propagate away from the initial location of 

the flames. 

4. Fire modeling results 

A numerical model was developed to reproduce the heat flux 

through the Pennguard lined wall for the ASTM E-119 test 

presented in part three. This in order to determine the heating 

process of the wall as well as to understand the thermal protec-

tion behaviour of the Pennguard lining system at those high 

temperatures. The model was then used to determine the per-

formance  of alloy C-276 clad carbon steel and FRP, two other 

commonly used chimney flue construction designs, under the 

same fire conditions as performed in the ASTM E-119 test for 

the Pennguard Block Lining System. Figure 3 shows that the 

steel temperature of a Pennguard lined wall remains low. 

In an C-276 alloy clad flue, the carbon steel plate temperature 

reaches 550 °C after 60 minutes. At this temperature the car-

bon plate looses it’s strength and the structural integrity of the 

chimney flue is at risk. 

Figure 5 shows the modeling results for an FRP flue with a 

thickness of 19 mm   

It appears that the midpoint of the FRP will have reached a 200 

°C temperature in about 20 minutes. With liner temperatures 

exceeding 200 °C for half to all of the wall thickness, the 

chimney treathens to collapse. When the inner temperature 

reaches 500 °C after 25 minutes, combustion of FRP material 

is likely, even with fire retardants. 

5. Summary and Conclusions 

• Fires from FGD and other sources can reach a power 

plant chimney; 

• Behaviour of the chimney flues in power plant fires 

should be part of the fire risk evaluation for the plant; 

• Pennguard lining system performed well during 1996 

Edicot Plant fire; 

• Fire Exposure Tests and Fire Modeling confirm safety 

performance of Pennguard lined steel flues in a fire; 

• Other chimney flue designs do not offer similar per-

formance. 

Figure 3: Comparison of  test data and modeling results for the Pennguard lined wall test 






